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EMERGING PERSPECTIVE-BIODIVERSITY AND ITS 
CONSERVATION IN INDIA 

K. VENKA T ARAMAN* 

National Biodiversity Authority, 475, 9th South Cross Street, 
Kapaleeswar Nagar, Neelankarai, Cltennai 600 041 

ABSTRACT 

This keynote address summarizes what is known of the biological diversity of India and their various 
ecosystems, from past literature, museum records and other lesser-known sources of information. The synthesis 
suggests that the number of species known could be of the order 45,000 species of flora and 90,000 species of 
fauna or higher. However, the inventory is very detailed only in the case of commercially important groups and 
is very weak with respect to minor phyla or microbial organisms. In terms of spatial coverage, probably only 
two-thirds of the total area has been covered till today and the remote islands and other ecosystems still virtually 
remain untouched. It is, therefore, likely that true inventory of biodiversity could be several times higher than 
what is known today. Lack of trained taxonomists, however, is a serious constraint to achieve this. Conserving 
what we have today is hampered by lack of management measures including outreach and our ability to predict 
what would live in India and lack of data relating changes in biodiversity to those of environment. 

Keywords: Conservation, Biodiversity, ecological communities. 

INTRODUCTION 

Biodiversity encompasses the variety of all 
life on earth. India is one of the 12 mega 
biodiversity countries of ,the world. With only 
2.50/0 of the land area, India already accounts 
for 7.8% of the recorded species of. the ~wor1d. 
Biodiversity also includes countless millions of 
races, subspecies and local variants of species 
and the ecological processes and cycles that link 
organisms into populations, communities, 
ecosystems and ultimately the entire biosphere. 
A more easily recognized element of biological 
diversity is the distinct species. An association 
of species in an area is another recognizable 
element of biological diversity which is termed 
as community. Communities form the biotic 
components of ecosystems. Biologically diverse 
communities contain sufficient compOSitional, 
structural and functional variety that they are 

ItEmail: venkyzsi56@yahoo.com 

assured a high prospect of continued presence 
and ecological influence in an area. Biodiversity 
is mainly recognized at three levels, namely 
species level, genetic level and ecosystem level. 
Genetic diversity refers to variation within 
individual species; species diversity pertains to 
be variety of species; and ecosystem diversity 
refers to diversity of ecosystems and habitats~ 
Biodiversity is dynamiC at all three levels, the 
genetic composition of species changes over 
time in response to natural and human-induced 
selection pressures; occurrence and relative 
abundance of species in ecological communities 
change as a result of ecological and physical 
factors, ecosystems strongly respond to external 
dynamics and internal pressures. 

PHYSICAL FEATURES OF INDIA 

India is located in the South of Asia, between 
latitudes 6° and 38° N and longitudes 69° and 
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970 E. The Indian landmass, extending over a 
total geographical area of about 329 m ha, is 
bounded by the Himalaya in the North, the 
Bay of Bengal in the East, the Arabian Sea in 
the West, and Indian Ocean in the South. In 
terms of landmass, it is the seventh largest 
country in the world. Its coastline of about 8000 
km extends over 200 nautical miles in the off
shore forming an Exclusive Economic Zone 
(EEZ) of 2.02 million sq km. India has a tropical 
monsoon climate. The south-west monsoons 
and North-east monsoons bring rain into India. 
Rainfall is unevenly distributed and it varies 
both temporally and spatially. Western Ghats, 
along the States of Goa, Maharashtra, Karnataka 
and Kerala, West Bengal, and Assam receive 
an annual rain fall of 2000 mm. Maharashtra, 
Bihar,'and Madhya Pradesh along the Vindhya 
Moun~ains receive annual average rainfall of 
1000-2000 mm. South coastal plains and North 
Western Deccan and upper Gangetic plains 
receive an annual rain fall of 500-1000 mD1. Hot 
desert areas of Rajasthan and Gujarat and the 
cold desert areas of Ladakh in Jammu and 
Kashmir and Lahul-Spiti in Himacttal Pradesh 
receive an annual rainfall of 100 mm. 

ECOSYSTEMS OF INDIA 

The wide variety. in physical features ~d 
climatic situations have resulted in diversity of 
ecological ~abitats like forests, grasslands, 
wetlands, .coastal and marine ecosystems and 
desert ,ecosystems, which harbour and sustain 
the immense biodiversity. 

Forest Ecosystems 

Forest cover of the country is 7,65,210' sq 
kin (23.42%

) wNle forest cover analysed by the 
satellite is 6,3,9,900 sq km, (19.470/0) (ICFRE, 
2000). India is endowed with diverse forest, 
types ranging from the Tropi~al wet evergreen 
forests in North-East to the Tropical Thorn 
forests in the Central and Western India. The 
forest of the country can be divided into 16 
major groups comprising 221 types. 'The 
following are the forest type~ : 1. Tropical wet 
evergreen (North East and South, and 
Andaman arid Nicobar Island), 2. Tropical semi 
evergreen (South and East), 3. Tropical moist 
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deciduous (Central and East), 4. Tropical littoral 
and swamp (Along the coast East and West), 5., 
Tropical dry deciduous (West and Central), 6. 
Tropical thorn (West and Central), 7. Tropical 
dry ever green (Central and South), 8. 
Subtropical broad leaved hill forests (South), 9. 
Subtropical pine (Sub-Himalayan tract), 10. 
Subtropical dry evergreen (North-East and 
South), 11. Mountain wet temperate (Himalaya 
and Nilgiris), 12. Himalayan Moist temperate 
(Temperate areas of Himalaya), 13. Himalayan 
dry temperate (Dry temperate areas of 
Himalaya), 14. Sub-alpine (Himalaya), 15. Moist 
Alpine shrub (Himalaya) arid 16. Dry alpine 
shrub (Himalaya). 

Thes~ forests provide several essential 
seryices to mankind. Forests are the source of 
a number of food items, fuel, wood, fodder, 
medicine and timber. Other economic uses 
include providing raw material for forest based 
industries. Some of the minor forest produce 
include gums, resins, honey etc. Forests perform 
important ecological functions' 'such as 
maintaining delicate ecological. 'balance, 
conserving soil, controllmg floods, drought and 
pollution., Forests provide habitats for 
innumerable plants animals and 
~icroor6anisms. Forests' are a source of 
recreation and religious inspiration. 

Most of the forest ecosystems in India are 
under acute form of degradation mainly due 
to i. lo~~ .of forest land due to agriculture, 
ind ustries . and human settlement, ii. loss of 
forest land due to multipurpose projects, 
construction of roads, erection of transmission 
lines, quarrying, shifting cultivation etc. iii. 
Degradation due to illicit felling lopping for 
fodder and fuel wood, overgrazing, forest litter 
removal, forest fi!e~, over felling, conversion to 
monoculture, mining, army operations, 
introduction of e~otics, fire anq. pollution and 
iv. human and cattle population exploitation 
around forest land. The .other causes of 
degradation of. this ecosystem are poverty, 
landlessness, derivation o{ livelihood from 
forests, lack of land ,use planning, biotic 

... interferences and lack of restrictive covenants 
and punitive legislations. 
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Grassland Ecosystems 

Grassland means a landscape in which the 
grasses are the dominant plants. Grasslands are 
found in regions where climatic and edaphic 
conditions are such as to prohibit growth of 
trees. Lesser rainfall and frequent light showers 
keep the upper layers of soil moist so that grass 
continues to grow. In India grasslands occur in 
the form of village grazing gr.ounds to extensive 
low pastures of dry regions to alpine Himalaya. 
The total area of grassland is estimated to be 
3.90/0 or 12 m ha. Grasslands in the country 
also exhibit a diversity range from semi-arid 
pastures in Deccan peninsula, humid semi 
water logged grasslands of Terai belt, rolling 
shoal grasslands on the hill tops of Western 
Ghats, and the high altitude alpine pastures of 
Himalaya. There are five types of grasslands 
which have been recognized in the country viz. 
i. Sehima-Dichanthium type, ii. Dichanthium
Cenchrus-Leaiurus type, iii. Phragmites
Saccharum-Imperata type, iv. Themeda
Arundinella type and v. Temperate-Alpine 
type. It is also estimated that the Indian 
grasslands harbour about 1,256 species 
belonging to 245 genera. Grasslands are of 
considerable economic value. Grasslands 
primarily support a large number of herbivore 
species from mi~ute insects to the largest land 
animal-the elephant. This in turn makes 
grasslands hunting grounds of various 
carnivorous species of different sizes. Most of 
g~asslands are used for production of milk, 
meat, wool and hides. A good stand of grasses 
and legumes on the soil checks erosion, 
prevents the loss of nutrients by leaching, 
improves the physical properties of soil and 
maintains a well balanced water regime. They 
are home for variety of organisms including 
wild mammals and birds. Some grasses are of. 
medicinal value. Grasses exhibit a fairly good 
degree of endemism in India. There are about 
18 genera endemic to India of which 13 of them 
are restricted to peninsular India. Natural 
calamities like forest fires, floods etc.; 
overgrazing and various socio-economic 
developmental activities 'are the factors 
threatening grasslands. Severe destruction was 
caused to the natural vegetation in north-east 

India due to "Jhum" (shifting) cultivation. Most 
of the grasslands remain under severe grazing 
pressure throughout the year. The high altitude 
pastures and the arid and semi-arid grasslands 
in Uttar Pradesh, Madhya Pradesh, Haryana, 
Punjab, Rajasthan and Gujarat suffer from 
severe seasonal grazing stress by migratory 
livestock. 

NATURAL AQUATIC ECOSYSTEMS 

Wetland Ecosystem 

Wetlands have been defined by more than 
fifty different ways to include a wide spectrum 
of habitats. The 1971 Ramsar Convention has 
defined wetlands as "areas of marsh, fen, peat 
land or water, whether natural or artificial, 
permanent or temporary, with water that is 
static or 'flowing, fresh, brackish or salt 
including areas of marine water the depth of 
which at low tide does not exceed six meters. 
Wetland is defined as transitional zones that 
occupy intermediate position between dry land 
and open water. These ecosystems are 
dominated by the influence of water, they 
encompass diverse and heterogeneous habitats 
ranging from rivers, flood plains and rain fed 
lakes to swamps, estuaries and salt marshes. 
India by virtue of its extensive geographical 
stretch and varied terrain and climate, supports 
a,rich biodiversity of inland and coastal wetland 
habitats. It is estimated that India has about 4.1 
m ha of wetlands (excluding paddy fields and 
mangroves), of which 1.5 m ha are natural and 
2.6 m ha are man made. 

Indian wetlands cover the whole range of 
the ecosystem types found. In addition to the 
various types of natural wetlands, a large 
number of man-made wetlands also contribute 
to the faunal and floral diversity. These man
made wetlands, which have resulted from the 
needs of irrigation, water supply, electricity, 
fisheries and flood control, are substantial in 
numl;>er. The various reservoirs, shallow ponds 
and numerous tanks support wetla,nd 
biodiversity and add to the country's wetland 
wealth. Wetlands in India occupy 58.2 Million 
hectares, including areas under wet paddy 
cultivation (Directory of Indian Wetlands). 
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Majority of the inland wetlands are directly or 
indirectly dependent on the major rivers like, 
Ganga, Bhramaputra, Narmada, Godavari, 
Krishna, Kaveri, Tapti. 

Lotic Ecosystems 

The Indian sub-continent, bounded by the 
Great Himalayan Arc in the north and by deep 
sea in the east, west and south, is traversed by 
large number of rivers, which played a major 
role in shaping the history of human civilization 
in the sub-continent. It has very rightly been 
said that the River Ganga has been the cradle 
of civilization in the Indian sub-continent. The 
rivers have extensively been used for various 
purposes including irrigation, drinking water, 
recreation, fishing, transport etc. The rivers in 
India have been revered as mothers and 
worshipped as goddesses in this part of the 
world. In the last few decades, an exponential 
growth in human population, rapid 
urbanization and industrialization, intensive 
agriculture and growing demands for energy 
have severely affected the rivers of the region. 
The regulation of river flows and the discharge 
of domestic wastewater and industrial effluents 
have degraded the water quality of the rivers 
and declined the biological resources. 

Wetlands are one of the most threatened 
habitats of the world. Wetlands in India, as 
elsewhere are increasingly faCing several 
anthropogenic pressures. Thus, the rapidly 
expanding human population, large scale 
changes in land use/land cover, burgeoning 
development project3 and improper use of 
watersheds has all caused a substantial decline 
of wetland resources of the country. Significant 
losses have resulted from its conversion threats 
from industrial, agricultural and various urban 
developments. These have led to hydrological 
perturbations, pollution and there effects. 
Unsustainable levels of grazing and fishing 
activities have also resulted in degradation of 
wetlands. Most problems pertaining to India's 
wetlands are related to human population. In 
the Indian subcontinent due to rice culture, 
there has been a loss in the spatial extent of 
wetlands. Alternative farming methods and 
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fisheries production has replaced many 
mangrove areas and continues to pose threats. 
The shrimp farms also caused excessive 
withdrawal of freshwater and increased 
pollution load on wat~r like increased lime, 
organic wastes, pesticides, chemicals and 
disease causing organisms. 

Pollution is a major cause for the degradation 
of lotic ecosystems. While urbanization is often 
an integral part of development, rapid and 
unplanned growth may result in a wide impact 
on natural resources and the environment. 
Water pollution and freshwater depletion are 
currently viewed as the top environmental 
problem in Asian region. In India, pollution of 
surface waters has become more severe and 
critical near the urban areas due to high 
poll u tion loads discharged wi thin short 
stretches of rivers from urban activities. 

It is believed that the major sources of 
pollution in Indian rivers are point sources, viz. 
domestic sewage, industrial effluents etc., as 
most of the information available concerning 
pollution in Indian rivers are those of poirit 
sources of pollution. Very little is known about 
the non-point sources of pollution. Moreover, 
many of the Indian rivers have large catchment 
area from where the pollutants from non-point 
sources flow into the rivers. The pollutants like 
organochlorines, organotins, and heavy metals 
in the rivers are mainly from the non-point 
sources of pollution. 

Coastal and Marine Ecosystems 

Coastal ecosystem plays a vital role in India's 
economy by virtue of their resources, 
productive habitats and rich biodiversity. India 
has a coastline of 7,516 km of which the 
mainland accounts for 5,422 km, Lakshadweep 
132 km and Andaman and Nicobar islands for 
1,962 km. Nearly 250 million people live within 
a distance of 50 km from the coast. The coastal 
area is assuming greater importance in recent 
years, owing to increasing human population, 
urbanization and accelerated developmental 
activities. The coastal regions are thus a place 
of hectic human activity, and the coastal 
ecosystems are now highly disturbed and very 
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much threatened. Current approaches to the 
management of coastal resources are not 
capable of sustainable development and the 
coastal environments and resources are being 
rapidly degraded and eroded in India. 

The Indian mainland coast is divided into 
two parts: West Coast and East Coast. The West 
Coast is fronted by the Arabian Sea and the 
East Coast by the Bay of Bengal. Other than 
these mainland coasts, there are three island 
groups-Lakshadweep in the south Arabian Sea, 
Andaman group and Nicobar group, both in 
the eastern Bay of Bengal. The east and west 
coasts are markedly different in their geo
morphology. The West Coast is generally 
exposed with heavy surf and rocky shores and 
headlands. The East Coast is generally shelving 
with beaches, lagoons, deltas and marshes. It is 
also relatively low lying with extensive alluvial 
plains and deltas. The physical regime of the 
Indian coasts is characterized by different types 
of co-astal and shore ecosystems like 
promontories (near Beypore in Kerala State), 
sa"nd spits (at Karnataka and Andhra Pradesh), 
barrier beaches (along Kerala coast), 
embayments (Mirya bay in Maharashtra), 
estuaries and offshore islands 

Further, the coastal zone of India is also 
endowed with a very wide range of coastal 
ecosystems such as estuaries, lagoons, 
mangroves, backwaters, salt marshes, rocky 
coasts, sandy stretches and coral reefs which 
are characterized by unique biotic and abiotic 
properties and processes. More than half of the 
Indian coastline is sandy. The west coast of 
India is predominantly rocky consisting of 
rocky flats or lime stone rocks, often with 
overhanging cliffs formed of green to black 
basalt. Sandy areas, rivers and creeks interrupt 
the rocky coasts, and back waters of the coastal 
regions of India. On the East Coast, small 
stretches of rocky formations occur along Tamil 
Nadu and Andhra Pradesh. 

Realizing the importance of the coastal 
ecosystems and their multiple uses, the ever
increasing human populations exploit not only 
the biological resources but also interfere and 
modify the basic coastal processes. 

Traditionally, coastal areas are highly populated 
and developed because they are the places 
where trade, transport, communication and 
civilization are well developed. In India, out of 
the three mega cities with population more than 
10 million, (Delhi-13.2 million, Bombay-16 
million and Calcutta-16.5 million), two are 
coastal cities ie. Bombay and Calcutta. The 
population density is also much more in coastal 
areas than the national average. For example, 
in the state of Tamil Nadu, the population 
density in coastal areas is 528 per sq. km against 
372 per sq. km, which is state average. In parts 
of coastal metros like Bombay, Calcutta and 
Madras the population den,stty ranges from 
20,000 to 50,000 per sq km. The increased 
population pressure has led to resource 
depletion and environmental degradation due 
to coastal pollution, disposal of domestic wastes 
and industrial wastes. As in most of the 
developing nations, the coastal environmental 
problemS and issues in India are also concerned 
with the following three main conditions: 
environmental degradation, resources reduction 
and user conflicts. The Integrated Coastal Zone 
Management (ICZM) plan has been recognized 
as a tool for addressing options that ensure 
livelihood security and environmental stability 
in coastal zones. 

Coral Reef Ecosystems 

Coral reefs form the most dynamic 
ecosystem providing shelter and nourishment 
to thousands of marine flora and fauna. They 
are the protectors of the coastlines of the 
maritime states. A few genera of corals are 
supposed to be older than prairies. This unique 
ecosystem is most productive because of its 
ability to retain and recycle nutrient elements 
within the ecosystem as well as within animal
plant associations. Though they are the builders 
of the most massive structures ever created by 
living beings in the world, they are very fragile 
and vulnerable to natural disturbances and 
human activities. Coastal populations mostly 
depend upon the coral reef ecosystem for their 
day-to-day life. 

In India, all the three major reef type~ (atoll, 
fringing and barrier ) occur, and the region 
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Fig 1. Map showing the major coral reef areas of India. 

includes some of the most diverse, extensive 
and least disturbed reef areas of the Indian 
Ocean, many of which are among the least 
sCientifically known. The mainland coast of 
India has two widely separated areas containing 
reefs: th~ Gulf of Kachchh in the northwest, 
which has some of the most northerly reefs in 
the world, and Palk Bay and Gulf of Mannar in 
the southeast. There are patches of reef growth 
on the West Coast, for example at Malvan. The 
Andaman and Nicobars have fringing reefs 
around many islands and a long barrier reef 
(329 km) on the west coast. The reefs are poorly 
known scientifically but may prove to be the 
most diverse in India and those in the best 
condition. The Lakshadweep reefs are oceanic 
att>lls but these are equally poorly studied. 

Reefs are home to more species than any 
other ecosystem in the sea. The total number 
of reef species in the world is still unknown, 
but up to 3,000 species can be found together 
on a single reef in south East Asia and over 
1,000 on a single Caribbean reef. Only tropical 
rainforests, estimated by some to be home to a 
staggering 30 million insects, have a greater 
number of species, although due to the vast 

number of fish that inhabit them, reefs contain 
a larger number of vertebrates than rainforests. 
Reefs also contain many more major animal 
groups (Phyla) than any other ecosystem on 
land or in the sea. 

The richest reefs, with the greatest diversity 
of plants and animals are in the region bounded 
by Indonesia, Malaysia, the Philippines and 
southern Japan. Of the 700 or so reef coral 
species that are known in the world, 600 are 
found in this region; over 400 are found in the 
Philippines and Japan, and abou~ 350 in 
Indonesia, although there are probably many 
more to be discovered here. Up to 200 corals 
may occur on a single reef in South East Asia. 
This high diversity extends equally to other reef 
associates and is partly because of the greatest 
area of reefs found here and partly because of 
its geological history. When the sea level was 
lower, the region comprises of three separate 
basins, within each of which numerous species 
evolve. The variety of species on a reef 
decreases eastwards across the Pacific. 

In India, the reefs are distributed along the 
east and west coasts at restricted places. 
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However, all the major reef types are 
represented. Fringing reefs are found in Gulf 
of Mannar and Palk Bay. Platform reefs are 
seen along the Gulf of Kachchh. Patchy reefs 
are present near Ratnagiri and Malvan coasts. 
Fringing and barrier reefs are found in 
Andaman and Nicobar Islands. A toll reefs are 
found in Lakshadweep. The absence of reef in 
Bay of Bengal (North East Coast) is attributed 
to the immense quantity of freshwater and silt 
brought by the rivers such as Ganga, Krishna 
and Godavari. Satellite imagery (SAC, 
Ahmedabad) shows scattered patches of corals 
in, the intertidal areas and occasionally at 
subtidal depths along the West Coast of India 
notably at Ratnagiri, Malwan and Rede Port. 

A total of 199 species divided among 71 
genera are recorded from Indian reefs. Out of 
these 155 species are hermatypes (reef building 
corals) and 44 are ahermatypes (non reef 
building corals) (Pillai, 1996). A recent survey 
conducted jointly with the UNDP GEF and 
Indian experts in 12 areas of Andaman alone 
reveals an addition of 111 species of 
scleractinian corals from the shallow areas (up 
15 m depth). The above study revealed a total 
of 223 species of Scleractina from the Andaman 
Islands alone including the earlier report by 
Pillai, (1983). 

Mangrove Ecosystems 

Mangrove is one of the most extraordinary 
ecological formations occurring almost 
exclusively in the tropics. Like the tropical rain 
forests, the mangroves have also played a very 
important role in the economy of our coastal 
population for thousands of years, providing a 
wide variety of goods and services including 
wood production, support for commercial and 
subsistence fisheries, aquaculture, salt 
production, and shoreline and coastal erosion 
control. 

Mangroves are salt-tolerant forest 
ecosystems of tropical and subtropical intertidal 
coastal regions near river mouths. Between 
latitudes 300N and 3005, the shoreline ,marsh 
vegetation is replaced, by mangals (a 
community of mangroves is termed as mangal). 

They form highly productive ecosystems since 
the inorganic nutrients, brought in by the 
incoming freshwater from land run-off, are 
trapped to form the source of energy for many 
organisms. A mangrove ecosystem constitutes 
a reservoir, refuge, feeding ground and nursery 
f~r many useful and unique plants and animals 
confined to this region. Through the export of 
decomposable organic matter into adjacent 
coastal waters, the mangroves provide an 
important nutrient input and primary energy 
source for many tropical estuaries. The 
mangrove ecosystem also protects coastal areas 
from sea erosion and from the violent effects of 
cyclones and tropical storms. The warm, calm 
waterways of mangroves provide shelter and 
rich food for many juveniles and larvae of 
finfish and shellfish. 

India has only 2.66% of the world's 
mang~oves, covering an estimated area of 4827 
sq km. The East Coast is endowed with the 
world's largest mangrove forest, the Gangetic 
Sunderbans in West Bengal. The Sunderbans 
mangroves are of the deltaic type. The 2109 
km2 area of Sunderbans has 30 of the 50 species 
of the true mangroves in the world. The 
mangrove area in Orissa is nearly 200 km2 in 
extent and its degradation is placed at 20 km2 

over ten years, as per recent estimates. Andhra 
Pradesh has about 582 km2 of mangrove area. 
The area under mangrove ecosystem in Tamil 
Nadu is about 225 km2• One of the largest and 
most unspoiled mangrove forests in Tamil 
Nadu is at Pitchavaram in Cuddalore District, 
extending over an area of 1100 ha. Out of India's 
total area under the mangroves, about 57% are 
found on the East Coast, 23% on the West Coast 
and remaining 20% on the Bay Islands 
(Andaman and Nicobar). 

There are three types of mangroves in India 
viz., deltaic, backwater-estuarine and insular 
categories. The deltaic mangroves occur on the 
east coast (Bay of Bengal) where the mighty 
rivers make the deltas. The backwater-estuarine 
type of mangroves of the west coast exists along 
the typical funnel-shaped estuaries of major 
rivers (Indus, Narmada, Tapti) or backwaters, 
creeks, and neritic inlets. The insular mangroves 
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are present in Andaman and Nicobar Islands, 
where many tidal estuaries, small rivers, neritic 
islets, and lagoons support a rich mangrove 
flora. The multiple uses of the coastal zone, in 
general, and the mangroves in particular, like 
recreation, tourism, forestry, agriculture, 
aquaculture, housing and commercial fishing 
are all well known, as also the fact that this 
zone is very highly productive and also thickly 
populated. A major concern with the increasing 
use of this zone and its resources, not only for 
the present but also for posterity, relates to 
coastal pollution by domestic industrial, 
municipal and agricultural wastes and of late 
due to oil exploration. 

Sea grass and Seaweed Ecosystems 

Sea grasses occur in the infra tidal and 
midtidal zones of shallow and sheltered 
localities of sea, gulf, bays, backwaters and 
lagoons. They are submerged 
monocotyledonous plants and adapted to the 
marine environment for completion of their life 
cycle under water. They occur along the east 
and West Coast, and Andaman and Nicobar 
Islands. They form a dense meadow on sandy 
and coral rubble bottoms and sometime in the 
crevices under water. In India, the earlier 
studies revealed that about 14 species are found 
along the Indian coast. The dominant species 
are Cymodium rotundata, Enhalus acorodies, 
Halodule pinifolia pinifolia, H. uninervis, H. wightii, 
Halophila beccarii, H. deeecipiens, H. ova lis, H. ovta, 
H. stipulacea, Syringodium isoetifolium and 
Thalassia hemprichii. About 9 species are 
extensively found in Andaman and Nicobar 
Islands. The unique ecological importance of 
the seagrasses for the conservation of rare and 
endangered animals like marine turtles, 
dugongs, some common echinoderms, juvenile 
prawns and fishes is very well known. 

The seaweed communities prefer somewhat 
flat and rocky coastal wetlands that gradually 
slope towards the sea with marked tidal effect 
of complete submergence during high tide and 
successive exposure during low tide. Their 
distribution extends from open shore formation 

Zoological Research ;n Human Welfare 

to interdial lagoons, bays, rock pools, and 
puddles or in creeks and inlets beyond the low 
tide mark along the infralittoral region of the 
coast. Different species are abundant along the 
West Coast, Andaman and Nicobar Islands and 
Lakshadweep. Except for places like Chilka, 
Pamban and Cape Comorin, their occurrence 
along the East Coast is very scanty. 

About 120 species of seaweeds have so far 
been recorded from the coastal wetlands in 
India. Some of the important seaweeds are 
Enteromorpha compressa, Ulva lactllCfl, Acetabularia 
crenulata, DichJosphaeria cavernosa, Chaetomorpiza 
media, Caulerpa corynepllOra, C. paltata, Odium 
iyengarii, C. tomentosum, Halimeda macroloba, 
Dictyota atomarica, Ectocarplls breviarticvulatus, 
Polysiphonia variegata, Grateloupia indica and 
Sargassum duplicatum. These plant communities 
serve as sustainable life support in the field of 
food, shelter, fertilizer, production of iodine, 
potash, glue, agar, algin, vitamin, antibiotic and 
others. Detailed studies on Indian seaweeds, 
their survey, quantitative assessment and 
different problems for extracting valuable 
products for commercial export are to be given 
more emphasis in the future. 

Desert Ecosystems 

The district Rann of Katchchh or Kutch-Buj 
in Gujarat state forms separate agroclimatic 
zone within the Thar Desert of India and it 
spreads over 62,180 sq km which comes to 
about 22.340/0 of the entire Thar. This ~cosystem 
exhibits a spectacular biological diversity 
because of its evolutionary histqry, geographical 
location and ecological uniqueness of the Thar 
Desert. Unfortunately, this region of Indian 
desert remains significantly unexplored for 
biodiversity, especially eastern Kachchh. 
Because of the unique ecological conditions and 
habitats some of the species are endemic to this 
region. The analysis of the literature reveals 
that there are about 700 species of flowering 
plants of which 345 species are indigenous to 
Kachchh. The Kachchh Coast of Arabian sea is 
about 338 km long consisting of an area of about 
2500 sq km of which 709 sq km is covered with 
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mangrove forest. Fauna of this ecosystem is 
virtually underexplored. Several groups of 
marine invertebrates, viz. Coelentrates (36 spp 
ot corals), 11 species of echiurans, 72 species of 
molluscsa, 42 species of bryozoans have been 
reported from this area. In the hot desert of 
Thar only a few species of the major phyla like 
Protozoa, Cnidaria, Platyhelminthes, Nematoda 
have been reported till date. The members of 
the phylum Arthropoda constitute the largest 
and one of the most economically important 
groups of animals. They are represented by 23 
species of Isopoda, 6 species of Diptera, 10 
species of Coleoptera, 20 species of Lepidoptera, 
6 species of Odonata, 9 species of Metasigmata 
(Acari) and a few others. The information on 
the distribution of scorpions, pseudoscorpions, 
ticks and spiders is almost nil from this 
ecosystem. The vertebrate fauna of Thar Desert 
except the fishes has drawn considerable 
attention of the zoologists. In all, about 317 
species of vertebrates are known from the Great 
Kachchh region. This includes 20 species of 
fishes, 6 species of amphibians, 35 species of 
reptiles, 220 species of birds and 36 species of 
mammals. 

BIODIVERSITY 

India is very rich in terms of biological 
diversity due to its unique bio-geographic 
location, diversified climatic conditions and 
enormous eco-diversity and geo-diversity. India 
embraces three major biological realms, viz. 
Indo-Malayan, Eurasian and Afro-tropical and 
is adorned with 10 bio-geographic zones and 
26 biotic provinces. 

PLANT DIVERSITY 

About 850 species of bacteria, 14,500 species 
of fungi 6,500 species of algae and 17,500 species 
of flowering plants are reported from India till 
today (Botanical Survey of India web site) 
(Table 1). At national level the information on 
flowering plants is being document~d in the 
form of Fascicles of the Flora of India and the 
Flora of India. So far, 24 Fascicles have been 
brought out by the Botanical Survey of India. 
Till date eight volumes covering general aspects 
of Flora of India, such as physiography, 
geology, climate, botanical. history, phyto
geographical divisions, endemism, centers of 
diversity and phyto-geographical affinities, 
exotics; ethno-botanical, medicinal and plants 
of other economic value, plant based industries, 
wild relatives of cultivated plants, endangered 
plants, habitats and their conservation, 
protected area network, botanic gardens and 
the statistical analysis of the flora have been 
published by the Botanical Survey of India. 

FAUNA~ DIVERSITY 

Based on data collected from the ·experts of 
different animal groups, a total number of 
species belonging to the Kingdom Protista 
(Protozoa) and Animalia reported from India 
is 89,451 of which insects alone include 59,353 
species. Many lower groups of animals that 
occur in India have not received adequate 
attention, while others like Nemertinea, 
Nematomorpha, Priapulida, Pogonophora and 
Pentastomida are not known at all in India. 

Table 1. The number of plant species belonging to major group expected to occur in India/ 
World. 

Group No. of Species Described No. species Guess Estimates 

India World India World 

Bacteria 850 8050 85000 400000 

Fungi 14500 70000 328570 1000000 
Algae 6500 40000 12500 200000 
Seed Plants 17500 250000 20247 300000 
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It reveals that amongst invertebrates, 
parasitic forms (eg. Mesozoa, Acanthocephala 
and Platyhelminthes), some Meiofauna 
(Kinorhyncha, Gastrotricha) and Soil Fauna 
(Annelida) exhibit a very high degree of 
endemism at species level. Overall 34.90% of 
insect species are endemic to the Indian region, 
whereas more than 400/0 of Indian leech, 
freshwater sponges and molluscs also show 
endemism. Among vertebrates, highest degree 
of endemism at species level is seen in 
Amphibia, followed by Reptilia, Aves, 

Mammalia and Pisces. 

Invertebrate Fauna (other than arthropods) 

Protista (Protozoa) is represented by 1330 
parasitic species (52%) and 1247 free-living 
(48%) totaling 2577 species in India as against 
320/0 parasitic and 68% free living species in the 
world. It may be mentioned that the parasitic 
species are well studied because many of them 
are associ a ted with certain dreaded diseases of 
man and animals. However, it is estimated that 
the number of species in Protozoa so far known 
is only one-fourth of the species expected to 
occur in India. 

The Mesozoa, known in India by 10 species 
as against 71 species in the world (approx. 14%) 
remains as a subject of further research. 

Porifera is represented by 486 species of 
which 455 are marine and 31 freshwater 
accounting for over 100/0 of the species known 
in the world. It may be mentioned that the 
marine fauna known in India shows a close 
relationship with those in the Australian region, 
the Pacific Ocean and the Red Sea. 

While there are 842 species of the Cnidaria 
known in India as against 9916 species in the 
world (8.49°10), the Ctenophores register only 
12 in number. 

The Platyhelminthes or flat worms are 
mostly parasitic and constitute only 9.27°10 of 
the world-fauna. The free-living Turbellarians 
with only 47 species (approx.1°10 of the world 
fauna) have received very little attention. Of 
the trematodes, most of the Monogenea 
numbering 295 are known from freshwater 

Zoological Research in Human Welfare 

fishes, but there is a big lacuna with regard to 
marine-fishes. The other groups like Trematoda 
and Cestoda with 750 and 530 species 
respectively are required to be explored with 
the multiplicity of hosts available in our 
country. 

Among the plankton, rotifers constitute a 
dominant phylum with 330 species, a little over 
13% of the world fauna. A critical analysis of 
the Indian freshwater rotifers indicates that 
various planktonic and semi-planktonic taxa are 
fairly known from this country but periphytic, 
benthic, colonial, sessile and bdelloid rotifers 
are still to be much studied. Of the marine 
meiofauna, 110 species represent Gastrotricha 
and Kinorhyncha respectively, accounting for 
3.33% and 10% of the species known in the 
World. It is interesting to note that there is high 
degree of endemicity in these groups. The 
groups like Sipuncula and Echiura with 35 and 
43 species in India account respectively for 
about 24% and 34% of the world-fauna. All 
these groups exhibit very high biological 
diversity in Andaman & Nicobar Islands. 

Nematodes constitute about 90% of all 
metazoa in the world and occur in every 
possible type of habitat, free-living or 
predaceous or parasitic in plants and animals. 
Animal parasitic nematodes numbering 1,000 
and plant, soil and other nematodes recording 
1850 species account for 9.5% of the world 
fauna. Our knowledge on the nematode 
parasites in vertebrate animals is satisfactory, 
but plant, soil and aquatic (both freshwater and 
marine) nematodes are poorly known. 

Acanthocephala, is known to occur· in India, 
form nearly 290/0 of the world fauna. Among 
other minor phyla, Phoronida and Brachiopoda, 
represented by 3 species each, are the least 
know~ groups in India. However, Bryozoa with 
200 species is known better than the Entoprocta 
(10 species) or even the Chaetognatha (30 
species) and the Tardigrada (30 species). 

Annelida in India constitute about 6% of the 
world-fauna and. though polychaetes are 
comparatively well known, knowledge of 
brackish water groups is far from satisfactory. 
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,Molluscs are of great diversity with 5070 species 
and account for about 8% of the world fauna. 
Our knowledge on the marine molluscs as 
compared to the land and freshwater ones is 
far from satisfactory. It is interesting to note 
that both the land arid freshwater molluscs have 
a number of endemic genera and species. 
Echinoderma ta, represen ted in India by 765 
species (nearly 12.5% of the world fauna), is 
well studied except for the deep-water forms 
of the Indian region. 

Although the Onychophora as a group is 
extremely rare, it is known by a single species 
discovered at the foot of the eastern Himalayas 
in North-east India. 

ARTHROPODA 

The phylum Arthropoda is remarkable in 
having the largest number of classes, orders, 
families, genera and species in India. Crustacea 
is one of the major classes of the phylum with 
2934 species being over 8% of those in the 
world. Arachnida, another major class is known 
by 5818 species, which is also nearly 80/0 of the 
world fauna. Chilopoda and Diplopoda with 
100 and 162 species are only over 3% and 2% 
respectively of the fauna in the world. The other 
groups under the 'Arthropoda except the Insecta 
are poorly known. The Xiphosura is ~f special 

interest with 2 species in India. All these groups 
need special attention because much remains 
to be known about them. 

Insects 

Insects so far known in India are grouped 
in 27 orders, of which 4 are apterygotes and 
the remaining 23 are pterygotes. 

Apterygota 

Among apterygotes in India, Collembola is 
known better than the other 3 groups. It is 
represented by 210 species (above 4.0% of the 
world fauna) under 86 genera as against 451 
genera in the world. The other 3 groups, viz., 
Thysanura, Diplura and Protura are known by 
31 species (nearly 2.5%) under 16 genera, 16 
species (4.5%

) under 7 genera and 20 species, 
(nearly 7.7%) under 8 genera respectively. It 
may be mentioned that the endemism is quite 
remarkable in the groups with 22 genera and 
45 species in the Collembola, 12 genera and 23 
species in the Thysanura, 3 genera and 12 
species in the Diplura, and 4 genera and 16 
species in the Protura are found only in India. 
Indeed, our know ledge on the Indian 
apterygote groups is poor and therefore, much 
more attention'requires to be paid in order to 
reveal the tremendous biodiversity among 
them. 

Table 2. The number of species of major group of plants and micro organism described and 
estimated form India and world 

~ 

No. of species Ratio of Estimated 
Plant Groups 

described Indian sp.l number 
India World World sp. World 

Virus Bacteria 850 8,050 10.6 9,00,000 

Algae 6,500 40,000 16.3 3,50,000 

Fungi 14,500 72,000 20.1 10,00,000 

Lichens 2,021 13,500 15.0 20,000 

Liverworts 845 7,500 11.3 9,000 

Mosses 1,980 7,000 28.3 9,000 

Pteridophytes 1,200 10,000 12.0 12,000 

Gymnosperms 48 650 7.4 650 

Angiosperms 17,500 2,50,000 7.0 3,00,000 
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Pterygota 

Of the pterygotes, Coleoptera is the largest 
of all the Orders and is known by 15,500 species 
(nearly 4.5% of the \-vorId fauna), followed by 
Lepidoptera with 15,000 species (over 10.5%

), 

Hymenoptera with 10,000 species (over 80/0), 
Hemiptera with 6,500 species (over 8%) and 
Diptera with 6,093 species (over 6.00/0). As 
regards the endemic species of these groups in 
India, it is estimated that Hymenoptera contains 
9,000 species and 516 genera in 65 families, 
Coleoptera with 3,100 species and 923 genera 
in 104 families, Hemiptera has 2,421 species and 
579 genera in 77 families, Diptera with 2,135 
species and 107 genera in 87 families and 
Lepidoptera nearly 1,500 species and 100 genera 
in 84 families. 

Besides the above major groups, Orthoptera 
is ranked next with over 1750 species that 
account for over 10.0% of the fauna i~, the 
world. There are 77 endemic genera and over 
200 species in this order. 

So far in India, two orders, viz., Trkhoptera 
and Thysanoptera that register 812 species 
under 112 genera and 693 species under 249 
genera respectively. Trichoptera has 650 
ertdemic species while Thysanoptera possess 
520 species. 

The diversity of the following 5 orders is 
extremely interesting, viz., Odonata with 499 
species under, 139 genera, Phthiraptera with 
400 species under 85 genera, Neuroptera with 
335 species under 125 genera, Dermaptera with 
320 species under 74 genera and Isoptera with 
253 species under 54 genera. Endemicity in 
these groups are high, Odonata with 115 
species, Phthiraptera with 16 species, 
Neuroptera with 262 species, Dermaptera with 
117 species and Isoptera with 170 species. 

Five groups of insects that register less than 
200 species are viz., Blattaria represented by 
186 (nearly 4.00/0 of the world fauna), Mantodea 
with 162 species (a little over 7.0%), Phasmida 
with 146 species (nearly 6.5%

), Plecoptera with 
113 species (nearly 5.50/0) and Ephemeroptera 
with 106 species (nearly 5.0%), that includes 
60, 86, 70, 66 and 72 species respectively as 
endemic to India. 
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The fauna of the last five remaining orders, 
i.e., Psocoptera, Siphonaptera, Embioptera, 
Mecoptera and Strepsiptera are insignificantly 
known with 90 species (over 3.00/0), 52 species 
(over 2.5%), 33 species (16.50/0), 15 species (over 
4.0%) and 18 species (over 3.00/0) respectively. 

Vertebrate Fauna 

Protochordates includes two subphyla viz., 
Cephalaochordata and Tunicata exlusively 
distributed in marine environment, the total 
number of species from the Indian marine water 
is 119, thus a share of 5.65 percent of the 
estimated taxa of the world. 

Pisces 

Fishes comprise about the half the number 
of vertebrate species described so far from the 
world. The world's fish diversity is estimated 
to be 21,723 extent spec'ies under 4,044 genera, 
445 families and 50 orders. The Indian fish 
diversity represents 11.72% of the world, 
comprising of 2546 species under 969 genera, 
254 families and 40 orders. The class 
Chondrichthyes comprises 131 species under 
67 genera, 28 families and 10 orders, while the 
class Osteichthyes is represented by 2415 
species belonging to 902 genera, 226 families 
and 30 orders. 

Amphibia 

The Indian amphibia comprises of 211 
species under 38 genera, 9 families and 3 orders. 
The amphibian species are not evenly 
distributed throughout India, the highest 
concentration is found in Western Peninsula 
followed by Northeast. Interestingly all the 
three living orders of Amphibia viz. 
Gymnophiona, Caudata and Anura are 
distributed in North-east India, the Western 
Peninsula has Gymnophiona and Anura while 
the rest of the country harbours only Anura. 

Reptilia 

Reptiles were the dominant group of 
vertebrates during the mesozoic period, the end 
of Triassic established most of the orders of 
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reptiles and some became extinct at that time. 
Of the 19 orders of reptiles, only 4 survive today 
(Crocodilia, Testudines, Squamata and 
Rhynchocephalia). Reptilian fauna has great 
affinity to the Oriental Region as well as a close 
relationship to the Indo-Chinese and Indo
Malayan Region. 

Aves 

Birds evolved about 150 million years ago, 
occupied all ecological niches and are 
distributed in all habitats. The sub-continent 
avifauna includes Palearctic, Oriental, 
Ethiopian, and Australasian zoogeographic 
elements, and has about 176 endemic forms and 
350 species and subspecies which winter in the 
Indian territory, while a few migrate from India. 
9026 species under 1800 genera, 182 families 
and 30 orders of birds are recorded till date in 
the world. About 437 are designated as 
threatened for their survival. The Indian 
subcontinent has 1232 species, 2123 species and 
subspecies under 78 families and 20 orders 
representing 13.66% of the world diversity. 
About 47 species have been designated as 
threatened, 3 are suspected to be extinct. 

Mammalia 

The mammalian fa una of the world is 
represented by 4629 species belonging to ·1135 

genera, 136 families and 26 orders (Wilson and 
Reeder, 1993). Of these, 390 species belonging 
to 180 genera, 42 families and 13 orders are 
found in the Indian Union. Another 13 orders 
do not occur in our country. The egg-laying 
mammals belonging to the order Monotremata 
are found only in Australia, Tasmania and New 
Guinea; 7 orders of Marsupials in Australia, 
Indonesia and South America, orders 
Hyracoidea. Tilidentata and Macroselidea in 
Africa; order Xenarthra in South America; and 
order Dermoptera in Java, Sumatra and the 
Philippines. 

THREATS TO BIODIVERSITY 

Biological resources have traditionally been 
a major source of food for local inhabitants and 
of major economic value in terms of commercial 
exploitation. The human exploitation of 
biological resources has increased dramatically 
in the last few decades for reasons, both 
commerce and subsistence living. Ecosystems 
and biological diversity of India have been 
exploited since long time but it is only in the 
last century that the rate of exploitation has 
increased dramatically, due mostly °to the 
increase in the human population. Except for 
some of the Andaman~Nicobar Islands, no 
pristine area exists today. At the end of the last 
century or in the beginning of this century, very 

Table 3. The dominant plant families of India and there pr9portion to the global diversity 

Family Number of Genera 0/0 of India to Number of species Percentage 
The World of Indian 

India World India World species 

Poaceae 260 500 52.0 1200 8000 15.0 
Fabacea 191 590 32.4 1152 14200 8.1 

Orchidaceae 166 800-1000 20.7-16.6 1141 25-35000 4.6-3.3 

Asteraceae 167 1100 15.2 950 20000 4.75 

Rubiaceae 115 450 25.6 659 6500 10.14 

Cyperaceae 38 70 54.3 545 4000 13.6 

Euphorbiaceae 84 300 28.0 528 7500 7.0 

Acanthaceae 92 250 36.8 510 2500 20.4 

Roseceae 40 100 40.0 492 3000 16.4 

Lamiaceae 72 200 36.0 454 3200 14.2 
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few areas of India remained unaffected, 
whereas most were partially deteriorated and 
a few were severely affected. 

Natural threats 

The major stresses on terrestrial ecosystems 
removal of top soil by flash flood and 
destruction by earth quake, and the marine 
ecosystems by storm and waves, particularly 
cyclones. Cyclonic disturbances develop during 

Estimated number of described species 
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October-Nove~ber along the coast. These 
cyclones have sustained winds with speed 
ranging from 65 to 120 km per hour. High
speed winds cause extreme wave action that 
kills many fauna and flora, also breaks coral 
into rubbles and sometimes-large amounts of 
sand and other materials may be dumped onto 
the coral reef. Also freshwater runoff kills many 
fauna and flora in semi-enclosed bays and 
lagoons by lowering salinity and depositing 
large amounts of sediments and nutrients. 

Taxonomic group No. of species Percentage 

World India of Indian species 

PROTISTA (Protozoa) 31250 2577 8.24 

ANIMALIA 

Mesozoa 71 10 14.08 

Porifera 4562 486 10.65 -
Cnideria 9916 842 8.49 

Ctenophora 100 12 12.00 

Platythalminthes 17500 1622 9.22 

Nemertinea 600 - -
Rotifera 2500 330 13.20 

Gastrotricha 3000 100 3.33 
Kinorhyncha 100 10 10.00 
Nematoda 30000 2850 9.50 

Acanthocephala 800 229 28.62 
Sipuncula 146 35 24.14 
Mollusca 66535 5070 7.62 . 
Echiura 127 43 33.86 
Annelida 12700 840 6.61 
Onychophora 100 1 1.00 
Arthropoda 987949 68389 6.90 
Crustacea 35534 2934 8A26 
Insecta 867391 59353 6.83 
Arachnida 73440 5818 7.90 
Pycnogonida 600 16 2.67 
Chilopoda 3000 100 3.33 
Diplopoda 7500 162 2.16 
Symphyla 120 4 3.33 
Merostomata 4 2 50.00 
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Taxonomic group No. of $pecies Percentage 
. World 

Phoronida 11 
Bryozoa (Ectoprocta) 400.0 
Entoprocta ·60l 

Brachiopoda 300 
Chaetognatha 111 
Tardigrada 5i4 
Echinodermata 6.,223 
Hemichordata 120 
Chordata 48451 
Protochordata' 2106 
Pisces 21723 
Amphibia 550 
Reptilia 5817 
Aves 9026 
Mammalia 4629 
Total (Animalia) 1196903 
Grand Total 1228153 
(Protista + Anim-alia) 

Human impacts 

Varied human activities, which are, a cause 
for concern over and above the natural 
disturbances, include habitat destruction due 
to development, industrialization, pollution, 
eutrophication due to bad agricultural practices, 
runoff and sedimentation from development 
activities (projects), eutrophication from sewage 
and agriculture, physical impact of maritime 
activities, dredging, collecting, and destructive 
fishing practices, pollution from industrial 
sources and oil refineries and the synergistic 
impacts of anthropogenic disturbance. A 
general rule for coastal zone is: whatever is 
used on land today ends up in the aquifer or 
coastal zone tomorrow. The amount of 
sediments and chemicals the runoff water 
carries to the sea has profound effects on 
fertilization of eggs of marine species. Likewise, 
the quality of runoff water can affect the 
metamorphosis of the larvae of many species. 
Oil pollution induces mortality, decrease 

India of Indian spedt·· 

3 27,27 
200 5.00 
10 16.66 
3 1.00 
30 27.02 
30 5.83 
765 12.2() 

12 10.00 
4962 10.22 
119 5.65. 

2546 11.72 
219 -4.20 
456 7.84 
1232 13.66 
390 8.42 

86874 7.25 
89461 7.28 

fecundity and fail recruitment. India has three 
mega cities, many small, medium ai ld major 
ports and industries around the 8000 kln coast. 
The ~qactment of Water Pollution Act in 1974 
and Environment Protection Act, 1986 have 
helped in r~gulating the disposal of wastes from 
the industries. These measures have resulted 
in reduction of pollution loads of the coastal 
waters to certain extent. f\,l.)jor industries like 
fertilizer, petro and agrochemical and chemicals 
are mainly located along the coasts. Besides 
industrial and municipal wastes, port related 
operations such as continuous movemen! of 
Inarine vessels in the major ports including oil 
transport as also the wastes of aquaculture and 
agriculture farms are increa~i ngly posing 
threats to the coastal water q~l~\lity and to the 
biodiversity. 

Fishir.g is a major activity in the \. ,-"lSt,)i 
regions of India and at present in the 3651 
fishing villages situated along the 8129 kIn 
coastline of India, about one million are 
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occupied full time in marine capture fisheries. 
The value of the annual marine fish production 
of 4.6 million tones during the year 2002-2003 
and the value of marine products export was 
Rs 6,881.31 .crores (US $ 152.92 m). This is 
mainly due to the introduction of bottom 
trawlers, which was introduced in the Indian 
water in the -early 1960s. Several types of net 
fishing have also been responsible for over
exploitation of marine resource. The use of fish 
traps made of long-lasting materials with small 
mesh sizes results in the capture of pre
reproductive juveniles .affecting future 
populations and the death of fish when traps 
become dislodged during storms, continue to 
capture fish, which eventually. starve. Fishing 
operations with latest technologies are causing 
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damage to the marine living resources. Along 
with increase in the targeted catch, a number 
of untargeted fish and other biota are removed 
from their habitat and discarded as waste. 
Shrimp trawlers probably have the highest rate 
of by catch bringing in up to 900/0 more of II trash 
fish" Random capture techniques destroy 
immature fish and other non-targeted marine 
species. Gill nets used to catch fish bring in a 
host of other animals such as dolphins, turtles 
etc. Because of the large size of the areas 
concerned (Gulf of Mannar and Andaman and 
Nicobar Islands or other areas in India), and 
the general lack of resources for enforcement, 
awareness appears to be more successful than 
legislation in controlling these practices. 
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ABSTRACf 

The conservation of biological diversity has become an international issue since adaptation of "Convention 
on Biological Diversity" in 1992. India as a signatory to the convention has completed the current status survey, 
an action plan for future and enacted a law to conserve and utilize biodiversity in a sustainable manner. The 
paper discusses the current issues of access and benefit sharing and management of biodiversity at the local level 
on a participatory mode as also the declining human resources necessary to document biodiversity. Major 
concerns for future strategic implementation have been focused at the end. 

Keywords: Conservation, Biodiversity 

INTRODUCTION 

'Biological Diversity' has become a global 
concern since 1992. The United Nation's 
conference on Environment and Development 
(UNCED), held at Rio de Janeiro iJ;t 1992 after 
prolonged deliberations agreed on two major 
conventions-(a) "Convention on Bi<?logical 
Diversity" (CBD) and (b) "Framework 
convention on Climate Cnattge" (FCC). (UN 
1992). 

CBD for the first time acknowledged 
sovereign rights of each country over its 
territorial biological resources (save and except 
less than one percent protected under Indian 
Wildlife Protection Act 1972 as in India or other 
countries). 

CBn placed a roadmap for future 
conservation of biodiversity and its sustainable 
use. It proclaimed for the first time a concept 
of "Prior informed consent" on "Mutually 
agreeable terms" to access and transfer 
biological resources between providers and 
users. It also supported a mechanism of "benefit 
sharing" between providers and users of 
biological resources or for uses of traditional 
knowledge. 

INDIAN PROFILE 

Lidia with 329 million hectare of land offers 
an enormous range of diversity at ecosystem, 
species and genetic level; while the extent of 
diversity has been fairly well documented at 
first two levels, the understanding of extent of 
geOnetic diversity is yet to emerge. 

It is well established that India is one the 
few developing countries who have gained 
from old institutional back up system. The 
Botanical Survey of India (estd 1890) and the 
Zoological Survey of India (estd. 1916) during 
colonial period established the bases for floral 
and faunal explorations in the wild. The setting 
up of National Bureau ~f Plant Genetic 
Resources (NBPGR), Animal Genetic Resources 
(~TBAGR) and Fish Genetic Resources (NBFGR) 
and more recently Microbial Genetic Resources 
(NBMGR) offered a strong foundation to 
domesticated biodiversity at agriculture, animal 
husbandry and fishery. 

The survey consortium was also extended. 
to "Forest Survey of India" and "Fishery survey 
of India". Historically while such institutional 
build up was continued, the chain of Indian 
Universities both general and agricultural 
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CURRENT SCENARIO science ensure support by way of human 
resource development. CSIR and ICAR 
established ecosystem based research institutes The enactment of Biological Diversity Act 
e.g. National Institute of Oceanography. in 2002. and Rules i~ 2004 has put India in a 
National Bot'lnicalResearch Institute of CSIR _sele~t I~st of c,?untnes (GOI, 2005). The act 
and Ceri'tt1( Grass and Fodder 'Researc'h~: ~nvisaged a three tier decentralized system: a 

Institute etc. and series of fishery institute (for 
cold water, fresh water etc.) under ICAR furthe~; 
lent support to the 1I111,ierstanding of biological 
n'sources of India, its diversity and dependency 
of vast rural community on such resource base. 

All these happened before 1992. What was 
lacking is an assessment of our knowledge of 
Indian biological dive~sity vis-a-vis its position 
in the' global scenario. 

Status of Biodiversity in many parts of the 
World still remains largely unknown. Based on 
the avaiiable figures some countries have peen 
designated as countries of Mega diversity, 
(MoEF, 2006) India being one of them. With 
only 2.4% global space, India has so far 
documented nearly' 8% of global' biodiversity. 
Scientists, estimate that only 5% of the global 
diversity' has'so far ~een documented, the vast 
grey ,area remaIns with reference to the 
k/no,w~ed'ge on' invertebrates and m'icro~ 
orga~~inS' .. As. ~',!, '1 India's biodiversity stat~ 
is to apt to rise in St,l]ew,ith more explorations., 

T~~. ~o,~servation .measu~es so far adopted 
largely'~en~e'red around spe'cific ecosy~tem and 
biome~.~ A total of nearly 60b prqte~t~d areas, 
in the form of Biosphere Reserves (14), Wildllfe 
sanc6.iaries (sOO)! National, Parks' (92), ·Tiger 
Rese.rves (?~)~Elephant Reserves '(30), 
Mangroves -(38), Coral reefs (4) and Wetlands 
of N~~ional Importance constitute this P A 
system: Much ~riticism however has been made 
on the man.1oement of speci~s oriented reserves 
like Tiger r~~erves in India. 

Besides national level designations, wetlands 
of institutio~l importance find place in' the 
"Ramsar sites" The numbers of Ramsar sites 
have bee~ in~reased from 6 to 22 in recent years. 
India's comnlitment in the past has been 
evidenced in the signing of Convention of 
International Trade in end~ngered species of 
flora and fauna (CITES). (Ghosh, 2007) 

National. Biodiversity Authority (NBA) as the 
ape,x body, a State Biodiversity Board (SBB) at 
each State and a Biodiversity Management 
ComnUttt~e (BMC) at the' local level have now 
been accepted under the act and rules. Each 
BMC is supposed to look after local biological 
resource, document local biological diversity

,: both wild & domesticated and their current uses 
as also record the wealth of traditional 
knowledge. But how suc~ a document will be 
made? It is envisaged that a Peoples 
Biodiversity Register (PBR) will be prepared at 
the iocallevel to empower the BMC for effective 
management of local resource'. The PBR has to 
make with participation 'of the ·local language. 
A total of 17 states have so far formed SBB but 
the number of BMC~s so far constituted remain 
unknown. Prescribed format for access and 
transfer have been made to enable the foreign 
user to apply to NBA but exact mode of benefit 
sharing is yet to emerge. 

ISSUES 

Major Issues that can be flagged of now are: ' 

o Whether PBR will make 'the community 
vulnerable to bio piracy? 

o To exact mode of benefit sharing - who 
decides? 

o Th~ vast agro bio diyersity is based 9~ 
wild relatives and farmers varieties (not 

, . '1' " 

breeders varieties)-How farmers rights 
are to be ensured? 

o A dangerous trend of decline itl the 
number of professional taxonomist will 
make documentation q~estionable or 
impossible.- How to oV,ercome such 
problem? 

o How to protect illegal transfer from 
seaports and airports ,unless a trained 
and vigilant ,group of customs and 
immigration officials are put to work? 
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a What may be the impact of global 
warming and climate change on the 
Indian biodiversity. 

Each of these issues can be elaborated. One 
group of professionals and activists feel that 
PBR should only be made with consent of the 
local community and should -never ~e linked 
with a national network to prevent biopiracy. 
In case of secret traditional knowledge only 
codified information with the consent of the 
community should find place in the PBR. 

The mode of benefit sharing continues to be 
a major issue. The situation becomes more 
complicated if the same traditional knowledge 
exists in two unrelated communities. How to 
decide the quantum of share? 

The Government whlle ensuring Farmers 
Right earlier has drafted a new "Seed Bill" 
seriously challenging the concept by way of 
prescribing compulsory registration of all seeds 
and importing a threat to penalise for use of so 
called unregistered seeds. Will this be a 
disincentive to save farmers varieties? How 
millions of farmers can go through the process 
of registration? 

The major Survey Departments have all time 
lowest number of experts. Why taxonomy has 
never been made a thurst area for study and 
research? In absence of trained taxonomists can 
p~rataxonomists be trained? India has a large 
pool of superannuated taxonomists can they 
be professionally utilised to help in the process 
of preparing PBR? 

India still lacks a strict system of vigilance 
to ward off biopiracy. How effectively the 
current employed officials or future recruites 
be trained to prevent biopiracy through sea 
ports and air ports? 

There is hardly any research currently being 
done in India on the impact of changing climate 
on biological diversity. There is no data on 
possible change in timing of flowering of plants 
or change in 'the pattern of animal migration or 
chance in plankton diversity and bio mass in 
Indian coastal and marine system: All these are 
deemed vital to understand the process of 
unholy alliance between climate change and 
bio-diversity . 
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The issues raised above are only illustrative 
and are not exhaustive but demand serious 
attention. 

CONCERNS 

Obviously all the issues raised are rna tter of 
serious concern for any conservation biologist. 
The rich biodiversity of India with an 
impressive percentage of endemism is fac i 'lg a 
crisis of existence specially the elements which 
have never been documented. 

The issue of conservation and sustainable 
use of biodiversity should not be isolated from 
the basics of documentation. Unexplored and 
ill explored regions are likely to yield many 
new or hitherto unrecorded taxa. Vast array of 
microbial diversity in the soil from different 
agroclimate zone remains very poorly known. 
With land use and land cover changes 
(identified as the major threat to biological 
diversity) much of the biological diversity may 
be lost before being documented. 

In such a scenerio, the system of governance 
has great responsibility. On one side impact of 
development projects on biodiversity need to 
be more focussed in E.LA. exercises and on the 
other human resource development to 
document country's vast bio resource seems to 
be the call of the day. Taxonomy need to be a 
thrust area having direct linkage with 
biodiversity survey and documentation. All 
major funding agencies viz CSIR, ICAR, ICMR, 
DST, UGC and MoEF need to appreciate the 
role of taxonomic research and training while 
Government of India remains' primarily 
responsible for effective action, the role of Civil 
Society should never be undermined. As such 
a vigilant network of CBOs and NGOs can 
sensitize the local community and help them 
document local bio resources. NBA and SBB 
need to identify such bodies and effectively co
relate their activities through funding support. 

All Panchayat Samities and Gram Sabhas 
also need to be trained on the need of fOrnl(l tion 
of BMC and preparation of PBR on a time 
bound programme. Urban Local Bodies (ULBs) 
have equal responsi! ility to form BMC and 
document urban biodiversity. 
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ABSTRACT 

A total of 35 species under 19 families, comprising of 26 species of gastropods and 9 species of bivalves have 
been recorded. Cerithidea (Ceritizideopsilla) cinglliata was recorded as the most dominant species in all the stations 
surveyed whereas Ceritllidea (Cerithidea) alata was dominant only in the lower littoral zone of the Matla riverbed. 
Quantitative studies have revealed the highest population density of macrozoobenthic molluscs at manmade 
Viswabank bheri, Canning (2014.81 ind/m2) in postmonsoon season and at natural Matla char (507.41 ind/m2) 
in monsoon season. The highest estimated biomass of 447.16gm/m2 in premonsoon season was observed at 
Nikarighata bheri, Canning, while the lowest in the Matla riverbed (124.71 gm/m2). In general, molluscan 
diversity was observed highest in Sagar Island (28 species) over others. F-indexing analysis has revealed that 10 
species of gastropods {Assiminea beddomeana, A. brevicula, Neritina (Dostia) vioiacea, Stenothyra deltae, Gangetill 
miliacea, Cerithidea (Cerithideopsilla) cinglilata, Cerithidea (Cerithidea) alata, Telescopium (T.) telescopiltm, Auricula Spa 
and Pythia plicata} and 2 species of bivalve (Pelecyorn trigona and Meretrix meretrix) can be distinguished as 
constant species, 8 species of gastropods {Nerita (Amphinerita) articulata, Stenothyrn blan/ordiana, Littornrill 
(Uttorinopsis) meianostoma, Stenothyrn bian/ordiana, Thiarn (Mainwaringia) pailidomoidea, Cerithidea (Cerithidell) ObtllSfl, 
NaSSllrilis stolatus and Thais blanfordi} and 5 species of bivalves (Anadara granosa, Strigilla splendida, MacoNla birma"ica, 
Theora opalina and Donax incarnatlts) as almost common and remaining 8 species of gastropods and 2 species of 
bivalve were almost rare at these sites under investigation. 

Key words: Brackishwater wetlands, molluscan macrobenthos, diversity, frequency of occurrence, seasonal 
abundance, biomass, cluster analysis 

INTRODUCTION 

Brackishwater ecosystems are highly 
specialized transitional environment between 
saltwater and freshwater systems. It has 
attained greater importance for the aquatic 
species of mixohaline environment and also for 
the marine species that penetrate these habitats. 
The mixing of saline and freshwater plays an 
important role in the distribution and 
abundance of fa una inhabi ting in this 
ecosystem. The substratum types and different 
grades of salinity in the bheri system, creeks 
and mangroves existing in this brackishwater 

ecosystem offer diverse niches along with 
diversity of macrozoobenthic invertebrates. 
Among the macrozoobenthic community 
molluscan elements mostly dominate this 
ecosystem, both in diversity and density. Even 
then, the molluscan community studies from 
brackishwater ecosystems of We')t Bengal are 
not so weJI -documented (Stoliczka, 1869; 
Chaudhury et al., 1980; Subba Rao et al., 1983, 
1987, 1995; MandaI and Misra, 1985; Misra and 
Barua, 1987; Patra et al., 1990; Nandi and Das, 
2003; Paul and Nandi, 2003; Dey et al., 2005). 
Since the knowledge about molluscan 

If-Aquaculture Research Unit, Zoology Department, Ballygunge Science College, 35, B. C. Road, Kolkata-700 019, 
Email: mousum_iroy@rediffmail.com 
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community composition, distribution and 
abundance in this ecosystem especially from 
manmade bheries is inadequate, the present 
work is undertaken to understand the benthic 
molluscan communities, both qualitatively as 
well as quantitatively, from six selected areas 
in and around Hugli-Matla estuarine ecosystem 
of West Bengal. 

MATERIALS AND METHODS 

Study Area 

The work is based on results obtained from 
fortnightly surveys in and around Matla 
estuary, Canning and also from seasonal 
surveys along Hugli estuary during April, 2004 
to March, 2006. During the course of survey 
six study areas were selected as follows: 

Matla cllar, Canning: This station is located 
between the latitude of 22°17.838' north and 
longitude of 88°40.700' east in the Matla 
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riverbed at Canning, close to scattered 
mangroves. It has a nullah on one side, The 
littoral region of this station has been 
demarcated for the purpose of survey work as 
upper, mid and lower littoral zones from where 
fortnightly samples were collected. 

Viswabank Blleri, Canning : This is an 
unmanaged brackishwater impoundment used 
for finfish and shellfish culture, located between 
the latitude 22°18.049' to 22°17.843' north and 
longitude 88°40.606' to 88°40.627' east near river 
Matla at Canning and fed by salt water from 
river Matla. 

Nikarigltata Bheri, Canning: The Nikarighata 
Bheri is a privately owned fully managed 
brackishwater system used for finfish and 
shellfish culture, located between the latitude 
22°17.691' N to longitude 88°40.517' E near the 
Matla River. It is also fed by the saltwater from 
river Matla. 

NOTE 
1. Jadavpur 
2. Regent Park 
3.BehaIa 
4. Thakurpukur 
5. Kasba 

Fig. 1. Map of South 24 Parganas district of West Bengal showing the study stations 
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Kulpi bheri, Kulpi : This station is about 20 
km south from Diamond Harbour, situated 
along the HugH River and fed by estuarine 
water from the river for the purpose of paddy 
cum fish culture. 

Sagar Island creek, Sagar Island: This is located 
in between the latitude of 21°31' to 21°53' N 
and 88°02 1 to 88°15' E longitudes and is 
dominated with mangrove vegetation. The mud 
flat of this creek gets inundated and exposed 
during tide. 

Kakdwip mudflat, Kakdwip : This station is 
situated about 25 km away from the mouth of 
the HugH estuary and about 50 km away from 
Diamond Harbour. The mudflat of this area is 
mixed with sand, while the bottom substratum 
at the adjacent jettyghat area is relatively sandy. 

STUDY METHODS 

Qualitative samplings were done seasonally 
from all the six wetlands (viz., Matla char, 
Viswabank Bheri and Nikarighata Bheri, 
Canning; Kulpi bheri, Kulpi; Sagar Island creek, 
Sagar Island and Kakdwip mudflat, Kakdwip) 
along HugH-Matla estuary, South 24-Parganas 
district, West Bengal, using sampler, sieve as 
well as by hand picking at low tide during April 
2004-March 2006. Quantitative samplings 
comprising of six replicates of macrozoobenthic 
samples were collected fortnightly during low 
tide using box type sampler with 0.225 m2 area 
(Paul and Nandi, 2003) in each of the sampling 
stations (viz., Matla char, Visvabank Bheri and 
Nikarighata Bheri) at Canning throughout these 
two years. For data analysis, the frequency of 
occurrence of macrobenthic molluscan species 
was calculated using F index (Guille, 1970) : 

F = Pa/P x 100 

where Pa = the number of stations where the 
species occurred and P = the total number of 
stations. 

The macrobenthic molluscan species were 
classified as : constant species (F > 50%), 
common (10% < F < 49%) and rare species (F 
< 10%) based on the above formula. The density 
and dry weight biomass of macrozoobenthic 

moll uscs were estimated and expressed as the 
mean number of individuals/m2 and gm/m2 
respectively. Biological data were also analyzed 
following Sorensen index (1948), and cluster 
analysis (Spellerberg, 1982) was made to show 
the pattern of similarity among the six study 
stations. 

RESULTS 

During the course of survey the ecological 
features of the six selected stations along the 
HugH-Matla estuaries were ascertained and 
presented in Table 1. Both qualitative and 
quantitative samplings from these six study 
stations have revealed the presence of 35 
molluscan macrozoobenthic species under 19 
families as shown in Table 2. However, a 
thorough survey of the entire stretch 
undertaken one-time at Sagar Island revealed 
the presence of two more species piz., Onchidillm 
tenerum (Stoliczka) and Oncllidillm tigril1(l 
Stoliczka that occurred in soft mud banks and 
mudflats of mangrove vegetated lower littoral 
zone of Sagar Island. The population density 
of the collected macrobenthic molluscs along 
with estimated biomass from three selected 
stations at Canning are determined and 
presented in Table 3. 

Ecological condition 

It has been observed that out of the six 
selected brackishwater wetlands, two bheries 
(Viswabank Bheri and Nikarighata Bheri), one 
char (Matla char) and one creek are high saline, 
while one char (Kakdwip char) and one bheri 
(Kulpi Bheri) are medium saline. 

Diversity of species 

The present investigations have revealed that 
out of a total of 35 species of macrobenthic 
molluscs under 19 families (Table 2) the highest 
diversity of species was encountered at Ganga 
Sagar creek of Sagar Island (28 species, 80%), 
the lowest diversity of species was observed at 
Nikarighata bheri, Canning (9 species, 25.7%). 
The low diversity at Nikarighata bheri might 
be due to manmade habitat condition and 
frequent fisheries activity. 



28 Zoological Researclr in Hllman Weifo" 

Table 1. Ecological characteristics of the wetlands surveyed from South 24 Parganas district of 
West Bengal 

Chatracteristics Canning Kulpi Sagar Kakdwip 

Matla Viswabank Nikarighata Bheri Island char 

char Bheri Bheri creek 

Type of wetland Natural Man made Man made Man made Natural Natural 

Ecological condition High High High Medium High Medium 
saline saline saline saline saline saline 

General condition Disturbed Semi- Disturbed Disturbed Un- Disturbed 
disturbed Disturbed 

State of utilization Used for Unmanaged Managed Paddy- Unutilized Used as 
boat fisheries fisheries cum-fish mudflat Jetty ghat 

activities activity culture 

Soil condition Silty Silty Silty Silt}' Muddy Sandy 

Vegeta tion cover 45% 20% 40% 70% 60% 10% 

Vegeta tion type Grass and Aquatic Weed and Weed and Grass and Grass 
mangrove weeds mangrove _paddy mangrove 

Salinity (%0) 4-27.9 3-28.4 4-33.1 0-9.5 18-31.5 5-12.8 

Total hardness Very hard Very hard Very hard Medium Very hard Very hard 
hard 

Anthropogenic activity High Low High Medium Negligible Very high 
(Shell (with oil 

collection) spillage) 

Dafaecation/ Waste Medium Medium Nil Nil Less High 
disposal 

Table 2. Occurrence of macrozoobenthic molluscan species in the selected brackishwater wetlands 
of West Bengal 

SI. Species Canning Kulpi Sagar Kakdwip 
No. Matla Viswa- Nikari- Bheri Island char 

char bank ghata creek 
Bheri Bheri Bheri 

GASTROPODA 

Family NERITIDAE 
1. Neritina (Dostia) violacea (Gmelin) + + + + + 
2. Neritina (Vittina) smithi Wood - +" 
3. Nerita (Amphinerita) articulata Gould + + 
4. Theodaxlis (elithon) ollalaniensis Lesson + 

Family LITIORINIDAE 
5. Littoraria (Palustrina) melanostoma (Gray) + + 
6. Littoraria (Littorinopsis) scabra scabra 

(Linnaeus) + + + 
7. Littoraria (Littoraria) undlilata Gray + 

Family STENOTHYRIDAE 

8. Stenothyra deltae (Benson) + + + + + + 
9. Stenothyra blanfordiana Nevill + + + 

10. Gange/ia miliacea (Nevill) + + + + + + 
Family ASSIMINEIDAE 

11. Assiminea beddomeana Nevill + + + + + + 
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Table 2. Contd. 

SI. Species Canning Kulpi Sagar Kakdwip 
No. Matla Viswa- Nikari- Bheri Island char 

char bank ghata creek 
Bheri Bheri Bheri 

12. Assiminea bretl icula (Pfeiffer) + + + + + + 
Family THIARIDAE 

13. Tlriara (Maimuaringia) paludomoidea 
Nevill + + + 
Family POT AMIDIDAE 

14. Ceritlridea (Ceritltidea) obtusa (Lamarck) + + 
15. Ceritltidea (Ceritlrideopsilla) cingulata 

(Gmelin) + + + + + + 
16. Cerithidea (Cerithidea) alata (Philippi) + + + + 
17. Telescopillm (T.J telescopium (Linnaeus) + + + + + + 

Family NA TICIDAE 
lB. Natica tigrina (Roeding) + + 

Family RANELLIDAE 
19. Gyrineunl natator (Roeding) + 

Family MURICIDAE 

20. Tlrais blanfordi (Nevill) + + 
21. Thais lacera (Born) - + 

Family NASSARIIDAE 

22. Nassnrirts stolatus (Gmelin) + + + 
23. Nassarius foveolata (Reeve) :. + 

Family SCAPHANDRIDAE 
24. Tornatina estriata (Preston) + 

Family ELLOBIIDAE 
25. A ltriell/a sp. + + + 
26. Pythia plicata (Ferussac) + + + 

BIVALVIA 

Family ARCIDAE 

27. Anadara granosa (Linnaeus) + + 
Family MYTILIDAE 

2B. Modiolus striatfllrts (Hanley) + 
Family TELLINIDAE 

29. Strigilla splendida (Anton) + + 
30. Macoma birmanica (Philippi) + + 

Family SEMELIDAE 

31. Theora opalina (Hinds) + + + 
Family OONACIDAE 

32. Donax incarnatus Gmelin + + + 
Family CORBICULIDAE 

33. Polymesoda (GeJoina) bengalensis (Lamarck) + 
Family VENERIDAE 

34. Meretrix meretrix (Linnaeus) + + + + 
35 .. Pe/eqlora trigona Reeve + + + + 

Total = 35 species 23 12 9 10 28 20 

Note: Two gastropod species viz., Onchidillm tener"m (Stoliczka) and Onclridium tigr;Ila Stoliczka were also 
observed at Sagar Island creek outside the selected site. 
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Table 3. Seasonal abundance and biomass of macrozoobenthic mollusca in the wetlands of 
Canning region, West Bengal 

Place Premonsoon Monsoon Postmonsoon 

Matla char 

1. Population density (no/m2) 272.22 (±331.63) 507.47 (±633.43) 340.12 (±582.93) 

2. Total biomass (gm/m2) 185.16 (±260.32) 234.59 (±232.19) 124.71 (±174.99) 

Viswabank bheri 

1. Population density (no/m2) 1914.20 (±1773.13) 1001.85 (±589.47) 2014.81 (±1259.54) 

2. Total biomass (gm/m2) 333.90 (±183.16) 422.36 (±179.20) 241.30 (±107.80) 

Nikarighata Bheri 

1. Population density (no/m2) 1002.47 (±452.20) 812.34 (±304.69) 732.34 (±451.24) 

2. Total biomass (gm/m2) 447.16 (±469.08) 345.99 (±201.25) 256.32 (±138.25) 

Frequency of occurrence 

According to the frequency of occurrence (F 
value, Guille, 1970) 10 gastropod molluscan 
species Assiminea beddomeana, A. brevicula, 
Neritina (Dostia) violacea, Stenothyra deUae, 
~angetia miliacea, Cerithidea (Cerith ideops ilia) 
clngulata, Cerithidea (Cerithidea) alata, Telescopium 
(T.) telescopium, Auricula sp. and Pythia plicata 
and two bivalve species Pelecyora trigona and 
Meretrix meretrix are classified herein as constant 
species. Eight species of gastropods, such as, 
Nerita (Amphinerita) articulata, Stenothyra 
blanfordiana, Littoraria (Littorinopsis) melanostoma, 
Littoraria (Littorinopsis) scabra scabra, Thiara 
(Mainwaringia) paludomoidea, Cerithidea 
(Cerithidea) obtusa, Nassarius stolatus and Thais 
blanford; and five species of bivalves, viz., 
Anadara granosa, Strigilla splendida, Macoma 
birmanica, Theora opalina and Donax incarnatus 
are identified as more or less common species. 
The remaining eight gastropods and two 
bivalves are considered as almost rare species 
in this region. The occurrence of Tornatina 
es~riata (Preston) solely from the unmanaged 
Vlswabank bheri, Canning and that -too in the 
post-monsoon season only presumably related 
to specific non-vegetated soft silty-clay 
substratum as well as ecological condition and 
narrow niche/habitat preference of the species. 

Seasonal abundance and biomass 

Quantitative studies indicate that among the 
manmade wetlands the highest population 

density of macrozoobenthic molluscs was in 
Viswabank bheri, Canning (2014.81 ind/ m2) 
with biomass of 241.30 gm/m2 and at the Matla 
char, Canning (507.41 ind/m2) with biomass 
234.59 ind/ m2 among the natural brackishwater 
habitats. The highest density in manmade 
Viswabank bheri may be due to habitat 
suitability as well as favourable cultural 
practices in this wetland. The highest estimated 
biomass of 447.16 gm/m2 (1002.47 ind/m2) in 
premonsoon season was observed at 
Nikarighata bheri, Canning, while the lowest 
in the upper littoral zone of Matla riverbed 
(159.99 ind/m2) in post-monsoon season (Fig. 
2). The average seasonal maximum population 
density of molluscan macrozoobenthos exceeds 
1000 ind/ m2 in the bheries of Canning region 
whereas the station-wise population density 
was recorded minimum under natural habitat 
condition in the Matla char. At the upper littoral 
zone of Ma.tla ri~erbed the population density 
and diversity of molluscan macrozoobenthos 
species were the lowest (159.99 ind/m2 in 
postmonsoon season, representing five species) 
and in the lower littoral zone the popUlation 
density of eight molluscan species was recorded 
highest (1127 ind/m2) in monsoon season. The 
variation in population density and biomass is 
related to size of the species as well as breeding 
season of the species concerned. The species 
Telescopium (T.) telescopium was scarce in 
quantitative samplings from the Matla char but 
the presence of large sized Telescopium (T.) 
telescopium was evident at this station. The 



ROY et al. : Molluscan Macrobenthic Diversity of Brackishwater Wetlands ... 31 

2500 ------------. 
~ 
'; 2000 -1--------+-----1 c: 
G» 
"a ~E 1500 -t--------f------i 
c: ....... 

CChar-U 
.Char-M . :8 g 1000 -1------1---

as"'-" 
::I 
Do 500 -I----=F-o a. o 

.Char-L 

Premon Monsoon Postmon 

Season 

Fig, 2. Population density of macrozoobenthic mollusca in the upper, mid and lower littoral zones of Matla char, 
Can~ing 

absolute dominance of Cerithidea 
(Cerithideopsilla) cingulata was observed in the 
bheries whereas Cerithidea (Cerithideopsilla) 
cingulata and Cerithidea (Cerithidea) alata were 
found throughout the year in the littoral zone 
at Matia char, Canning but Cerithidea (Cerithidea) 
alata was dominant in the lower littoral zone of 
Matla river, Canning. The juveniles of the 
bivalve species at the littoral zone of Matla char, 
Canning were dominant among the bivalves as 
reported earlier by Misra and Barua (1987). The 
highest population density at Matla char was 
observed in the monsoon season might be due 
to the highest density in the lower littoral zone. 
The Viswabank bheri showed most dense 
population in post monsoon season and in 
Nikarighata bheri in pre monsoon season may 
be associated with the intensity of piscicultural 
activities. 

Cluster Analysis 

Similarity indices have been used as a basis 
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V 0.3636 

N 
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S 

for cluster analysis, showing affinities between 
samples and thus providing a baseline for 
monitoring programmes. Cluster (Dendrogram) 
analysis of the selected stations (Fig.3) showed 
two prominent clusters (A and B) and three 
intermediate clusters (C, D and E). Cluster 'A' 
denotes the highest cluster between Nikarighata 
bheri at Canning and Kulpi bheri at Kulpi from 
amongst the selected wetlands. Both these sites 
are manmade and used for fish culture 
activities. Similarly cluster 'B' is formed between 
Sagar Island creek and Kakdwip char showing 
the maximum similarity from amongst the 
natural wetlands in so far as the habitat, soil 
and substratum conditions are concerned. 
Cluster 'e' shows the similarity between cluster 
'A' and Viswabank bheri, Canning, which is 
less managed in respect to fish culture. Cluster 
'D' denotes the affinities between Cluster 'B' 
and Matla char, Canning, which is even though 
less disturbed exhibits habitat differences. The 
intermediate cluster 'E' shows least similarity. 

Ku S K 
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Note: M = Matla char, Canning; V = Viswabank Bheri, Canning; N = Nikarighata Sheri, Canning; Ku = Kulpi 
Bheri, Kulpi; 5 = Sagar Island cr~k; K = Kakdwip char 
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Fig. 3. Dendrogram showing percentage similarity values of the six selected sampling sites 

DISCUSSION 

The existing earlier reports on the 
composition and diversity of molluscan species 
in the estuarine wetlands of West Bengal 
(Choudhury et al., 1980; MandaI and Misra, 
1985; Nandi and Choudhury"1985; Subba Rao 
et al., 1983, 1987, 1995; Nandi and Pas 2003 
and Dey 'et al., 2005) indicate a wide range of 
diversity of species varying from place to place. 
Mandai and MisJ;a (1985) reported 16 molluscan 
macrobenthic species (9 gastropods and 7 
bivalves) from mudflats 'of Matla riverbed at 
Canning. Misra' and Barua (1987) recorded 21 
species of macrobenthic mollusca (14 
gastropods and 7 bivalves) also from Matla 
riverbed, Canning. The number of 
macrozoobenthic molluscan species found in 
the littoral zone' of Matla. char, Canning (23 
species) was higher when compared to the 
earlier reports. The absences of gastropod 
species like Haminea crocata Pearse, and 
bivalves, Pharella javon~clls (Lamarck) and 
Laternula trlll1cat,a (Lamarck) have been 
encountered from Matla c;har, Canning, in the 
present study within the period of 20 years. 
This might be due to greater human-induced 
stresses' and increasing environmental pollution 
from 'various sources. The gastropod 
Telescopillm (T.) telescopillnl and bivalves 

Pelecyora trigona and Meretrix meretrix are 
extensively exploited for harvesting their shells 
as source of calcium carbonate in the lime 
i,ndustry and in the poultry feed fact~ry. The 
indiscriminate, and ~cientific exploitation as 
well as the gradual silting up of the e~tuary 
has resulted destruction of natural beds of these 
bivalve molluscs inhabiting littoral zone (Misra 
and Barua, 1987)- and as a result the populations 
of these bivalve species were drastically reduced 
or absent from the littoral zones of Matla char, 
Canning during the course of present survey. 
The highest diversity representing 28 species 
was recorded at Ganga Sagar creek, Sagar 
Island. This may be due to naturalness and 
undisturbed mudflat with considerable 
mangrove vegetation cover. It is, however, 
mentioned that earlier Dey et al., 2005 reported 
31 species of molluscs from Sagar Island. 

In so far as macrozoobenthic molluscan 
community in the brackishwater wetlands as a 
whole is concerned, Cerithidea (Cerithideopsilla) 
cinglilatn was predominant, while Telescopiitm 
(T.) telescopillm was abundant and Stenothyra 
deltne occurred as less abundant in the littoral 
zones of ,the selected natural wetlands surveyed. 
Misra and Barua (1987), on the contrary, 
observed that the lower littoral zone of Matla 
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char was dominated by Meretrix meretrix and 
Natica tigrina. The present study revealed that 
these species were distributed in patches on 
the Matla riverbed. It was also observed that' 
Assiminea beddomeana, A. brevicula, Telescopium 
(T.) telescopium, Cerithidea (Cerithideopsilla) 
cingulata, Cerithidea (Cerithidea) alata, Stenothyra 
deltae, . Macoma birmanica, Theora opalina and 
Strigilla splendida prefer mud banks and 
mudflats .as their ecological niches as reported 
earlier by Dey et al. (2005). Like-wise Nassarius 
stolatus, Natica tigrina, Donax incarnates and 
Meretrix meretrix were found to inhabit lower 

littoral· z9P~~)ldominated by sandy silts. It is 
mentiQ~ed.hthat Choudhury et al. (1984) 
recorded dorrun~ce of molluscan species in the 
mangrove hciHitat (72.2%) than in the tidal creek 
(46.2%) of Prentice Island, Sundarbans. 

The estimated biomass of macrobenthic 
molluscan species was apparently lower in the 
Matla char and Viswabank bheri, Canning than 
Nikarighata bheri, Canning. The presence of 
mollusc species of larger size such as 
Telescopium (T.) telescopium at Nikarighata bheri, 
Canning was responsible for the higher biomass 
at this station than the others. 
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ABSTRACT 

. Two year studies were carried out on the occurrence, diversity and abundance of macrophyte associated 
macroinvertebrates and related physico-chemical parameters of water quality of two varying freshwater wetlands 
of southern 'West Bengal, one a sewage-fed bheri and the other an ox-bow lake. The macrophyte associated 
fauna of both the wetlands comprised mainly of gastropod mollusks, annelids, arachnids, crustaceans, larval 
stages of dipterans, ephemeropterans and odonates, both nymph and adult stages of hemiptera and adult stage 
of coleopteran insects. However, there were great variations in the faunal composition, diversity and density 
of the two wetlands. Altogether 39 species were recorded from the two wetlands (33 species in the ox-bow lake 
and 26 in the bheri). The density was considerably high in oxbow lak~ (annual mean of 3659/m2) than in the 
bheri (annual mean of 2046/m2). Gastropod mollusk was the dominant fauna with a ~lative composition of 
61.2% in oxbow lake and 35.4% in the bheri. The rich diversity and abundance of macroinvertebrates in the 
oxbo'Y lake may be attributed to diverse habitat and niches provided by diverse and dense macrophytes, 
whereas" due to high organic enrichment, sparse vegetation and intense grazing pressure in the bheri both 
density and diversity \Vas reduced. 

Keywords: Macrophytes and associated macroinvertebrates, Gastropods, Coleoptera, Hemiptera, diversity, 
density and seasonal variations. 

INTRODUCTION 

Aquatic -vegetation, both floating and 
submerged, especially in the littoral region of 
the freshwater wetlands represents a complex 
habitat. Besides playing an important role in 
the energy -dynamics of the ecosystem, they 
provide significant support, protection and food 
to the animal communities. It has been reported 
that the diversified aquatic plants support 
considerably rich biodiversity of various aquatic 
phytophilic macroinvertebrates by providing 
diverse microhabitats (Sozeka, 1975; Crowder 
and Cooper 1982; Hanson, 1990; Diehl, 1992; 
Mitra, 1997; Feldman, 2001 and Khan, 2002) and 
by affecting light penetration and dissolved 
oxygen in the water column (Caraco & Cole, 
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2002). Though there has· been a large number 
of studies involving such communities in many 
parts of the world (Rosine, 1955; Harrod, 1964; 
Junk, 1976; Rooke, 1984; Kornijow, 1989; Bailey 
& Litterick, 1993; Muli, Mavuti and Ntiba, 2000 
and Tessier et al., 2004), in India the work on 
such lines is mainly confined to those done 
earlier by Michael (1968), Sarma et al. (1975) 
and more recently by Khan (2002) on two 
freshwater bodies of Calcutta, Bhuamik et al. 
(2004) on two floodplain wetlands of West 
Bengal and Pal and Nandi (2006) on two urban 
lakes of Kolkata. 

The present paper reports the result of the 
detailed studies carried out on the species 
diversity, community structure and numerical 
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density of macrophyte associated macro 
invertebrate communities of two varying 
freshwater wetlands. 

MATERIALS AND METHODS 

1) Description of the study area, 

East Kolkata Wetlands (No. 4 Bheri) : Located 
on the eastern fringes of the city of Kolkata 
between 22°25'-22°40'N latitude and 88~O'-
88°35'E are many marshy wetlands known as' 
East Kolkata Wetlands, covering a large area 
of around 250sq km, which have recently been 
described as wetlands of International 
Importance, according to the Ramsar 
Convention (1971), because of their immense 
ecological values and wise use (Fig. 1). The 
history of the region picture it as marshy Salt 
lakes teeming with fishes and birds. This region 
was part of the mature delta of river Ganga 
and the wetlands are the "inter distributary 
marshes in the delta~" These salt-water marshes 
were between the river Hugli to the west and 
the Bidhyadhari River to the east, which opened 
into the Bay of Bengal through the river Matla.' 
Here the streams, which were once active, 
became dead due'to the shifting of the mam 
river and siltation and consequent loss of 
headwaters. These streams lost their connection 
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with the river completely in course of time and 
were converted into low -lying areas of marshy 
land with vegetation. These marshy wetlands 
were then taken up by the local fishermen who 
began to practice intensive fish culture drawing 
water from the nearby sewage canals. The ever
expanding city of Kolkata with its increasing 
demands for drainage and waste disposal thus 
found a useful and easy outlet in the form of 
these fishery ponds, locally known as "Bheri", 
where sewage water began to be used for 
fisheries and agriculture. The wetlands act in 
two ways-providing a sink for pollution load 
and producing a good quality and quantity of 
fishes and vegetables. In general these bheries 
are managed by the fishermen's society, which 
indulges in regular fishing activities, cleaning 
these by manually removing the weeds leaving 
some weeds at only the sid~s to prevent illegal. 
netting and theft of fishes. One such pond, "no. 
4 bheri" of the Sukantonagar Fishermen 
Cooperative Society was selected for study .It 
is a large pond covering an area of about 72 
acres, rectangular in shape and varying depth 
of around 1.2-1.5m.The periphery of the bheri 
is lined by abundant water hyacinth, Eichhornia 
crassipes (locally known as "kachuripana") and 
very little of other aquatic vegetation. 

Fig 1. A view of a portion of East Kolkata Wetlands (arrows) 
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Gopalnagar bnour -: Located at about 8 km 
west of the Bangaon subdivision (22°45'N) of 
North 24 Parganas district-is a small town, 
Gopalnagar, where the river Icchamati has 
formed a floodplain wetland (Fig. 2). This is an 
open type (having connection with the source 
at one side) of oxbow lake (locally known s 
"Bnour") formed by the meandering river in 
its lower course. It has an area of about 120 
acres and varying in depth between 2.4-3.6m 
during the different seasons depending on the 
influx. The ox bow lake is covered with dense 
and diverse aquatic vegetation in the littoral 
and pelagic zones belonging to the floating, 
submerged and emergent types. This Bnour is 
managed by the Barrackpore Fishe~men' s 
Cooperative Society at Beledanga in North 24 
Parganas. \ 

2) Collection of samples 

Monthly investigations were carriec1 out in 
both the wetlands during the period 2004-2006 

covering all the 3 seasons-Premonsoon (PRM, 
March to June); Monsoon (MON, July to 
October) and Pbstmonsoon (POM, November 
to February). Sampling was done at three 
selected stations situated considerably apart 
from each other at each of the study sites. 
Macrophyte associated macroinvertebrates 
were collected with the help of a hand operated 
D-framed net of the size of 50 cm length and 
25 cm breadth of the D. A net made of fine 
muslin cloth with approx. 200 mesh size was 
attached to the frame (Khan, 2002). The design 
and operation of the net was roughly based on 
that described by Junk (1977). Sampling was 
carried out from a boat at all the sampling sites. 
For collection of fauna the net was slowly 
pushed upside down to the bottom of littoral 
zone and quickly lifted after turning upwards 
the mouth of the net. (Khan, 2002). The 
vegetations projecting out from the net were 
cut off. The total area covered by the net was 
-calculated for enumeration of the quantitative 
data. 

-Fig. 2. ~ part of North 24 Parganas district showing the Bangaon region (arrow). 
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The macrophytic plants were first 
thoroughly washed several times in the net to 
remove all the attached fauna and then again 
the contents were washed on a sieve of O.Smm 
to retain the smallest possible invertebrate fauna 
.The organisms were first narcotized by putting 
them in a killing bottle containing benzene 
vapor and then later preserved in 700/0 alcohol. 
The collected animals were sorted into different 
taxonomic groups and identified up to the 
lowest possibl~ taxon under low powered 
dissecting binocular microscope under the 
guidance of the respective group experts at 
Zoological Survey of India. For relative 
composition and density measurements, 
quantitative samples were used. 

Simultaneously, su,rface and subsurface 
samples were collected from the wetlands for 
analyzing the physico-chemical parameters of 

-water quality such as dissolved oxygen, 
temperature, pH, alkalinity, transparency, 
conductivity, phosphat~ and nitrate. The 
chemical analysis was done following Standard 
Methods (APHA, 1998) : Winkler method for 
determination of dissolved oxygen, standard 
mercury thermometer (OO-SOOe) for 
temperature, pen type pH meter (Eutech 
instruments~ and pH paper (Qualigens) for 
measuring pH and Secchi Disk (black and white 
quadrants) of diameter'20 cm for transparency 
and Merck's field kit for total alkalinity-these 
were analysed in the field. Rest of the 
parameters were analysed in the laboratory. 

RESULTS 

a) Physico-chemical characteristics of water 

The monthly data of various water quality 
parameters recorded during the two years for 
the two wetlands were pooled together to 
obtain a mean value as summarized in the 
Tables 1 and 2 below. Both the wetlands have 
an alkaline nature with pH ranging between 
8.1-9.4 Secchi Disc transparency showed higher 
values in the ox-bow lake while the water in 
the bheri was turbid and had a certain green 
coloration .The conductivity values were higher 
in the sewage fed pond presumably due to the 
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high ionic content resulting from the presence 
of large concentration of nutrients (Muli, 
Mavuti and Ntiba, 2000). The dissolved oxygen 
content was higher in the ox-bow lake than in 
the sewage fed pond, where almost anoxic 
conditions prevailed. The phosphate and nitrate 
concentrations in the bheri were much higher 
than those in the ox-bow lake. 

b) Biological characteristics 

i) Macrophytes-

There were a large number of diverse types 
of aquatic vegetation in the ox-bow lake 
belonging to three main categories, namely 
floating, submer.ged and emergent types. 
Altogether 16 taxa of Macrophytes were 
recorded throughout the oxbow lake during the 
study period as listed in the Table 3. During 
winter and summer, the spread of the 
vegetation varied between 60-70% and 80-90% 
respectively. However, during monsoon, there 
was a considerable reduction in area coverage 
(30%-40%). Considering the area of coverage, 
the winter was recorded as most favourable 
season for the growth of the macrophytes with 
submerged group of vegetation found to be 
most dominant followed by free floating ones. 
Rooted and free-submerged group like 
Ceratophyllum sp., Hydrilla sp., Potamogeton sp. 
and Vallisneria sp. were the major contributors 
throughout the year in the bnour. Rooted 
floating macrophytes were represented by 
Limnophila sp. and Nymphaea sp. The marginal 
areas were infested with mainly Eicchornia sp~
followed by Pistia sp., Lemna sp. and Typha sp. 
But the scenario in the sewage fed pond was 
entirely different where th~ vegetation was 
confined to mainly monospecific strands of 
Eichhornia crassipes and a few limited number 
of species of Lemna sp. and Pistia sp. as shown 
in the Table 3. 

ii) Macroinvertebrates -

Qualitative studies reveal the presence of 
altogeth~r 39 commonly occurring species of 
macrophyte associated macroinvertebrate fauna 
belonging to almost all the major groups, from 
both the w~tlands (see Table 4) during the two 



Table 1. Pooled monthly data of the physico-chemical characteristics of water quality for two years (2004-2006) in the ox-bow lake 

.-

Parameters/Seasons March April May June July August September October January February 

Air Temperature rC) 35.4 32.7 36.6 38.4 37.3 39 31.8 40.5 26 33.25 

Water Temperature eC) 30.5 32.8 34.5 36.8 33.9 37.5 34.5 39 23.8 31.5 

Secchi Disc Transparency (cm.) 144.5 105.5 84.1 182 79.5 225 93 135 255.5 167 

Total Disolved Solids (mg/l) 0.369 0.139 0.129 0.274 NA 0.265 NA ,0.299 0.378 0.371 

Conductivity (mhos/ cm) 0.542 0.198 0.184 0.322 NA 0.378 NA 0.428 0.54 0.529 

pH 8.9 8.5 9.2 9.3 9.4 8.3 8.9 8.1 8.2 8.9 

Dissolved oxygen (mg/l) 9.9 10.1 6.3 10.9 8.2 2.2 8.1 4 11.35 12.6 

Total Alkalinity (mmol/l) 4 4.1 3.8 4.7 3.7 3.3 5.1 3.1 4.7 7.6 

Total rlardness (mg/l) 150.21 184.26 244.56 191.99 209.63 134 324.421 120 304.458 153.313 

Nitrate (mg/l) 0.002 0.004 BDL 0.044 NA 0.002 NA 0.129 BDL 0.098 

Nitrite (mg/l) 0.04 0.05 BDL 0.03 BDL 0.01 BDL 0.02 BDL 0.03 

Total Phosphate (mg/l) 0.158 0.25 0.25 0.342 0.25 0.296 0.25 1.228 0.183 0.992 

Chloride (mg/l) 28.1 24 14 22.5 8 24.14 24 17.04 114.5 24.75 

BDL = below detection level; NA = not available. 

Note: Data for the months of November and December could not be recorded due to fishing and cleaning activities in the bnour 



Table 2. Pooled monthly data of the physico-chemical characteristics of water quality for two years (2004-2006) in the sewage-fed pond 

Parameters I Seasons March April May June July August September October December January February 

Air Temperature (OC) 29.9 31.7 34.5 34.7 27.3 30.8 34 32 27.5 26.3 30.3 

Water Temperature (OC) 29.8 31.3 32.9 34.6 28.3 32.8 34.3 32.5 28.7 25 29.5 

Secchi Disc Transparency (cm.) 8.3 10 10.5 11.8 27.3 12.8 NA 16 10 12.3 9.8 

Total Oisolved Solids (mg/I) 0.0813 0.0767 0.9249 0.3862 0.2837 0.535 0.658 0.0691 0.0693 0.4317 0.107 

Conductivity (mmhos/ cm) 0.1162 0.1095 1.433 0.6276 0.4778 0.8585 0.94 0.0987 0.099 0.6167 0.1529 

pH 8.9 9 8.9 9.1 8.7 9.6 8.3 9.3 8.8 8.7 9.2 

Dissolved oxygen (mg/I) 7.7 2.9 4.3 4.6 4.3 12.1 3.3 10.7 7.9 2.9 4.9 

Total Alkalinity (mmol/I) 4.1 3.95 3.6 3.5 4.9 4.2 2.2 1.15 4.6 1 4.2 

Total Hardness (mg/I) 339.39 224.6 370 194.6 399.3 344.4 NA 270.768 1168.49 277 257.043 

Nitrate (mg/I) 10 10 10 BDL 0.378 BDL 10 10 BDL 10 10 

Nitrite (mg/I) BOL BDL BOL BDL 0.1 BDL 0.2 0.5 0.15 0.05 0.05 

Total Phosphate (mg/I) 0.25 0.25 0.25 0.5 1.758 1.5 0.5 0.25 0.25 0.25 0.25 

Chloride (mg/I) 224 208 242 226 196 186 NA 144 180 178 184 

BOL = below detection level; NA = not available. 
Note: Data for the month of November could not be recorded due to fishing activities 
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Table 3. List of macrophyte taxa recorded from the Ox-bow Lake and Sewage fed fishery pond 

Sites Ox-bow lake Sewage fed pond 
Plant species (Gopalnagar Bnoud (4 No. Bheri) 

Rooted floating 

Limnophila sp. + 
Nymphnen sp. + 
Free-floating 

Pistia sp. + 
Lemnn sp. + 
Spirodeila sp. + 
Tmpa sp. + 
Eic/,itornia sp. + 
Azolla sp. + 
Rooted submerged 

Cham sp. + 
Hydrilln sp. + 
Vallisneria sp. + 
Potamogeton sp. + 
Free-submerged 

Cemtoplryllum sp. + 

Emergent erect 

ScirpliS sp. + 
Typha sp. + 
Emergent prostate 

Ipomoea sp. + 

year period. These were represented by 11 
species each of Gastropod Mollusks and 
Coleoptera, 7 species of Hemiptera, 4 species 
of Annelids and 3 species each of Arachnida 
and Crustacea. Mollusca and Coleoptera had 
maximum represented species followed by 
Hemiptera and then Annelids. The number of 
species unique to each wetland was 11 sp in 
case of Bnour and 7 sp in case of bheri. The 
common fauna belonged to mainly 1 species 
each of Hi~udinea and Crustacea, 3 species each 
of Arachnida and Coleoptera, 6 species of 
Hemiptera and 9 species of Mollusca (Table 4). 

Wetland wise, the faunal diversity was 
higher in the bnour where 33 species were 
recorded, but it was comparatively lower in 
the bheri where 26 species were noticed. 
Gastropod Mollusks dominated the phytofaunal 
community in both the wetlands with 11 species 
in the Bnour and 9 species, in the bheri. The 
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decapod and ostracod crustaceans were 
obtained only in the Bnour. The hexapod fauna 
were comprised of a large number of species 
constituting the orders Coleoptera and 
Hemiptera of which both adult and nymphal 
forms were found while quite a few numbers 
of only the nymphs of Ephemeroptera, Odonata 
and Diptera were present. While 8 species of 
Coleoptera and 3 species of Hemiptera were 
recorded in the sewage-fed pond, the number 
was 7 each of coleoptera and hemiptera in the 
ox-bow lake. The arachnofauna was equally 
represented in both the wetlands with 3 species 
being present. A few number of oligochaetes 
such as Tubifex sp. and LimnodrilllS sp. occurred 
in the sewage -fed pond but their number was 
considerably reduced in the ox-bow lake. 
Hirudinea was consisted of 3 species in bheri 
and 2 species in Bnour. Since the immature 
forms of Dipterans belonging mainly to the 
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Table 4. Qualitative abundance of the macrophyte associated macroinvertebrate fauna of the two wetlands 
during different seasons. [PRM= Premonsoon, MON = Monsoon, POM = Post monsoon; II + " = 
Presence" - " = Absence]. 

MACROINVERTEBRATE OXBOW LAKE SEWAGE-FED FISHERY 
GROUPS (GOPALNAGAR BNOUR) POND (4NO. BHERI) 

PRM MON POM PRM MON POM 

ANNELIDA: OLIGOCHAETA 
(2 taxa) 

Tllbifex sp. + + + + + 

Limnodrillls sp. + + + + 
ANNELIDA: HIRUDINEA (4 taxa) 2 species 3 species 

Bnrbronin weberi (Blanchard) + 
Glnssophonia weberi (Blanchard) + + + - - -
Helobdelln nocivn Harding + 
Herpobdelloidea Interocllintn, Kaburaki + + + 
ARTHROPODA: CRUSTACEA 
(4 taxa) 3 species 

Stenocypris major (Baird) + + + 
Mncrobrnclzium inmarrei (H.M.Edwards' + + + 
Mncrobrachium dyanllm (Henderson) + + + 
Caridina sp. + + + 
Conchostraca + + + + 
Juvenile crabs + + + + 
ARTHROPODA: ARACHNIDA 
(8 taxa) 3 species 3 species 

Pardosa sumatrana (Thorell) + + + 
Tetrngnatira andnmanensis (Tikader) + + 
Zygoballus narmadaensis Tikader + + 
Hippasa sp. + 
lArinia sp. + + + 
Lycosa sp. + + 
Neoscona sp. + 
Pardosa sp. + + 
Tlzeridion sp. + 
Tetrngntha sp. + 
Lycosid spiderlings + + + + 
INSECTA: HEMIPTERA (7 taxa) 7 species 3 species 

Anisops bouvieri Kirkaldy + + + + 
Diplonychus rusticum (Fabricius) + + + + + 
Diplonychus annulatum (Fabricius) + + + + 
Laccotreplzes greseus (Guerin) + + + 
Mesovelia vittigern Horvath + + + 
Micronecta scuttellaris (Stal) + + + 
Plea litturata (Fieber) + + + 
Anisops nymphs + + + + 
Diplonychlls nymphs + + + + + + 
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Table 4. Contd. 

MACROINVERTEBRA TE OXBOW LAKE SEW AGE-FED FISHERY 
GROUPS (GOPALNAGAR BNOUR) POND (4NO. SHERI) 

PRM MON POM PRM MON POM 
INSECTA: COLEOPTERA (11 taxa) 7 species 8 species 

Amphiops simplex + + + -
Beroslts indiclls Motschulsky. + + + 
Canthydrlls morsbacchi (Wehllkee) + + + 
Canthydrlls laetabilis (Walker) + + + + + + 
Canthydrus luctuosus (Aube) + + + 
HelocJmres ancJlOralis Sharp + + + + + + 

Hydrocoptlls subvittulllS Motschulsky + + + + + 

Hydrovatus acuminatlls Motschulsky + + + + + + 

LaccophilliS anticatus Sharp + + + 
Regimbertia attenuata (Fabricius) + + + 

Sperchells gibbus Champion + + + 

INSECTA: DIPTERA (1 taxa) 

Chironomus sp. + + + 
Chironomid larvae + + + + + + 

INSECTA 

Ephemeroptera nymphs + + + + + + 

Odonata nymphs + + + + + + 

MOLLUSCA: GASTROPODA (11 taxa) 11 species 9 species 

Bellamya bengalensis (Lamarck) + + 

Digoniostoma cerameopoma (Benson) + + 

Giaru/us convexiuscllius (Hutton) + + 

Gabbia orcula Frauenfeld + + 

Indoplanorbis exustus (Deshayes) + + 

Lymnaea (P.) luteola Lamarck + + 
Lymnaea (P.) aCllminata Lamarck + + 

L. (P.) biacuminata Annandale & Rao + + 

Pila globosa (Swainson) + 

Thiara (T.) Iineata (Gray) + + 

Thiara (T.) tuberculata (Muller) + + 

TOTAL SPECIES 33 

GRAND TOTAL OF SPECIES 

family Chironomidae, could not be identified, 
these were not reckoned for computation of 
species diversity," 

c) Relative composition and Density 

The relative composition of the Mollusks was 
highest during all the seasons in both the 
wetlands, being 61.2% in Ox-bow Lake and 
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35.480/0 in sewage-fed pond biannually (Fig. 3 
and Fig. 4). Their contribution was almost 
substantial throughout the year with very 
narrow seasonal fluctuations. This was followed 
by Coleoptera, which had a contribution of 
19.1% in bheri and 11.1% in bnour. Next in 
abundance were Hemiptera .The mean density 
over the biannual season was highest in case of 
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gastropods in both the wetlands and lowest in 
case of ostracods and odonates in the Ox-bow 
Lake and sewage -fed pond respectively (Fig. 
5). The population density was highest during 
postmonsoon in both the wetlands. 

d) Diversity Innpx 

The faunal diversity in the two wetlands was 
clearly visible from comparison of the values 
of various diversity indices applied. There were 
marked differences in the values obtained. 
While the Simpson diversity index had a mean 
value of 0.119 in ox bow lake and 0.064 in 
sewage fed pond, the values of Shannon-Weiner 
diversity index (H) was always above 3 (with 
a mean. of 3.27) in ox-bow lake and around 1 
(with a mean of 1.65) in sewage fed pond. 

40 
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DISCUSSION 

It is well-known that higher density of 
invertebrates inhabits vegetated areas relative 
to the nonvegetated areas. This is attributed to 
the fact that vegetation adds colonizable surface 
area to the lake (Brown & Lodge, 1993). It is 
evident from the present studies also that since 
there was dense growth of diverse aquatic 
macrophytes in the ox-bow lake, larger number 
of fauna were obtained here than in the bheri 
where there was less growth of vegetation. 
While some workers (Laal, 1989 and Harod, 
1~6~) have reported that the mass of finely 
diVided roots of water hyacinth with luxurious 
growth of root hairs provide a large surface 
area and protection to the associate fauna from 
predation; these macroinvertebrates form good 
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Fig. 3. Number of taxa of each group in the two wetlands 

Fig. 4. Relative abundance of the macro invertebrates in the two wetlands 
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Fig. s. Mean Density of different macro invertebrate groups in the two wetlands 

food items of fish. Hence the growth of 
Eichhornia sp. indirectly encourages increase in 
fish production (Terry, 1992). But in the 
investigated wetlands, the studies revealed 
quite significant differences in the diversity of 
macrophyte associated macro invertebrates. The 
ox-bow lakes representing intermediate 
conditions between lotic and lentic ecosystems, 
with considerable variations at micro-ecological 
levels, serve as unique habitats for the 
colonization of rich and diverse faunal 
communities (Pieczynska & Ozimek, 1976). In 
this study it has been found that the rich 
diversity of macrophytic community ,consisting 
of 16 commonly occurring taxa provided 
diverse niches for the establishment of stable 
communities of faunal assemblage in the ox
bow lake. The lower diversity in the bheri is 
due to the profuse 'growth of water hyacinth, 
which covered the entire pond while other 
types of vegeta tion could not grow. The 
diversity is reduced, since only species that 

tolerate low dissolved oxygen, high 
conductivity, high nutrient content and toxic 
gases emanating from the fringe can exist. 
Analysis of the water quality parameters 
showed that the dissolved oxygen concentration 
in the sewage fed pond was low where on some 
occasions even anoxic conditions prevailed 
(with the value reaching below 4mg/l) than in 
the ox-bow lake. The conductivity values were 
high in sewage fed pond. This may be 
attributed to the high ionic content resulting 
from the presence of large concentrations of 
nutrients (Willoughby et al., 1993). The 
phosphate, nitrate and nitrite levels also point 
towards the eutrophic condition in the pond. 
Water in the ox-bow lake was found to be 
cleaner. The water temperature in the wetlands 
closely followed the atmospheric temperature. 
Both the freshwater wetlands were found to be 
alkaline in nature with pH values ranging from 
8.3-9.3 in the bheri and 8.1-9.4 in the Bnour. 
The high alkalinity may be presumably due to 
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the presence of salts generated through the 
death and decay of biotic components. 

Out of the 39 taxa recorded during the study 
period in the two wetlands together, the 
gastropod mollusks contributed maximum 
quantitatively and in terms of diversity in both 
the wetlands. However, qualitatively the 
aquatic and semiaquatic insects as a whole were 
the dominant component of macroinvertebrate 
fauna in both the wetlands. The insects 
belonging to the 5 major orders of Coleoptera, 
Hemiptera, Diptera, Odonata and 
Ephemeroptera comprised of 11 families and 
19 species. Oligochaetes such as Tubifex sp. and 
Limnodrilus sp. occurred in the sewage fed pond 
during postmonsoon in large numbers but their 
number was negligible in the ox- bow lake 
during the same period. Their availability in 
greater numbers in the fishery pond than in 
the bnour may be attributed to the inflow of 
nutrient-rich sewage (Mukherji, Pal and Nandi, 
1998). Moreover, these two species are 
biological indicators of pollution. Their 
comparatively less numbers in the ox- bow lake 
is an indication of less pollution. Again, the 
presence of chironomids is good indicator of 
greater degree of eutrophy (Barbhuyan & Khan, 
1992) in the sewage fed pond than in the ox
bow lake. The presence of Ephemeropterans in 
greater numbers in the ox-bow lake indicates 
clean water conditions (Hellawell, 1989). In 
general, the macroinvertebrate denSity was 
found to be highest in post monsoon and lowest 
in monsoon. This is due to the moderate 
temperature and increased primary 
productivity in winter. During monsoons, 
because of the influx of water from the river in 
Ox-bow Lake and accumulation of rainwater 
in the sewage-fed pond the speed of water is 
increased and the aquatic vegetation is 
dislodged and scattered. Thus the faunal species 
are unable to colonize the vegetation as the 
substratum gets loosened. Again, due to intense 
grazing pressure and high organic enrichment 
in the bheri both diversity and density are 
reduced. Analysis of habitat preference by 
macrofauna to particular type of vegetation 
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revealed the fact that gastropod mollusks show 
preference towards the submerged 
Macrophytes. Lymnaea sp. was found attached 
loosely to Cllara sp., Vallisneria sp. and Ipomoea 
sp. Coleopteran insects seemed to prefer 
Eichhornia sp. due to their bushy roots and leaf 
surface offering shelter for feeding and 
breeding. Hence they were found in greater 
numbers in the bheri than in the bnour. 
Coleoptera and Arachnida inhabited Pistia sp. 
The hemipteran insects were recorded in the 
submerged roots and below leaf sheath of the 
aquatic plants. The ephemeropteran nymphs 
occurred in all categories of macrophytic plants 
(Bhattacharya and Gupta, 1991; Pal et al. 1998). 

The application of diversity indices to 
analyze the macro invertebrate communities 
reveals the fact that the ox-bow lake supports 
comparatively richer diversity of fauna than the 
sewage-fed pond. A value of Shannon-Wiener 
index (H) above 3 indicates cleaner water 
conditions in the ox-bow lake. The value of 
Simpson diversity index reflects diversified 
resources available for diverse components of 
the aquatic faunal community in the ox-bow 
lake than in the sewage-fed pond. 

The nature of interactions and reJationship 
between the biotic and abiotic factors of two 
wetland ecosystems is not' simple. Th~ 
occurrence of aquatic faunal resources is 
dependent on several physiographical factors, 
analytical procedures and spatio-temporal 
factors. 
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ABSTRACT 

l\1~rine planktonic population shows great diverSity in terms of species richness. Total 52 plankton species 
have been identified among 12 groups namely-diatoms, dinoflagellates, green algae, copepoda, tintinnids, 
radiolaria, foraminifera, decapoda, urochorda, chaetognatha, rotifera and nauplii from the collected samples .The 
log-normal rank abundance graph shows the most dominant and most rare groups of collected plankton species. 
Among them diatom (phytoplankton) and copepod (zooplankton) are found to be the most dominant plankton 
group and observing the abundance pattern throughout the total study period and it seems to be that copepod 
may be the predator of diatom group. 

Keywords: plankton, diversity index, abundance, prey-predator relationship, dominant group. 

INTRODUCTION 

Planktons are the basis of the food chain 
and food web related dynamics in most of the 
natural aquatic ecosystem. The coastal regions 
of India harbour a lot of diverse biota, the 
interlinking food chains of which are based on 
the planktons. Also at the functional ecological 
level, the planktonic blooms a~e both beneficial 
and harmful for the marine biota. POSSibly this 
diversity of planktons adds to the stability 'of 
the marine community, apart from generating 
a rich source of energy for the higher trophic 
levels. Studies on the abundance and diversity 
. of planktons may help to understand the fqod 
webs and subsequent links among the 
orgAnisms inhabiting aquatic e~osy~tems like 
coasfat and open oceans. The phytoplankton 

-form the foundation stone of world fishery. The 
distribution and abundance of the commercially 
important fish and shellfish and their larvae 
are dependent on some species of the 
phytoplankton besides serving as their main 

·Department of Zoology, University of Burdwan. 

food source. Among the species of diatoms, 
Fragilaria oceanica and HemidisCliS hardmania 
have been recorded to indicate the abundance 
of the clupeid fish, Hilsa in the Hooghly estuary 
and oil sardine, Sardinella longiceps in the west 
coast of India. Similarly the colonial diatom 
Fragilaria antartica is known to indicate the 
abundance of the Antarctic Krill, Euphausia 
superba. Apart from the contribution of oxygen 
and removal of carbon-di-oxide in the 
atmosphere, there are various other substances 
and gases which are recycled by phytoplankton 
through a number of bio-geochemical cycles e.g. 
phosphorus, nitrogen, sulphur compounds etc . 
The production of organic matter is of-utmost 
importance because it initiates the whole marine 
food chain that terminates in the larger fishes 
and sea mammals. Ecological studies on the 
estuaries and coastal seas -in Indian sub
continent have been initiated in the early fifties. 
Since then, the contribution related to 
bioecology of plank tons and other fish and 

··Agriculture and Ecological Research Unit, Indian Statistical Institute. 
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crustacean landing is although substantial from 
Arabian sea along the west coast of India, such 
reports from Bay of Bengal of east coast, 
particularly north east coast is still in a state of 
infancy. In view of this and in continuation 
with the studies on the plankton in the coastal 
region of West Bengal, a survey was carried 
out during the period of May 2004 to May 2005 
on the, planktons to measure .their diversity as 
well as temporal abundance. 

MATERIALS AND METHODS 

The study area (Fig. 1) extends from Talsari 
(Orissa, India) to Digha Mohana (West Bengal, 
India). Geographically the area is situated 
between 21°37' Northern latitude and 87°25' 
Eastern longitude to 21°42' Northern latitude 
and 87°31' Eastern latitude. 

The collection of plankters was done by 
sampling the water from the seven stations 
between Talsari and Digha every two weeks 
interval at a depth of 0-2 meters with the help 
of a horizontal plankton tow (20mm mesh size 
and 30cm. diameter). The collected materials 
were kept in a ~mixture of 4% formaldehyde 
_and sea-water and were brought to the 
laboratory for counting and identification. 
Following identification the number of 
plankters (species and abundance) was counted 
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with the help of a Sedgewick-Rafter counting 
chamber under a microscope (x10xlO). 
Identification of individual plankton species 
was done following Tomas (1997). 

Total seven stations were selected and from 
each station water samples were collected to 
study the physico-chemical properties viz. 
water temperature, pH, dissolved oxygen, and 
salinity. Thermometer of standard type 
calibrated into centigrade scale (accuracy, 0.01° 
C) has been used to measure the surface water 
temperature. pH of water was estimated on 
board with the help of Lovibond comparator 
using BDH (England) colour disc and relevant 
indicator. The dissolved oxygen content of the 
sample water was estimated by standard 
modified Winkler's method as given by 
Stickland and Parsons (1969). Salinity was 
measured by using Salinity Refractometer 
(Erma, Japan). 

After identification and counting, the 
samples were placed in freshly prepared 
formaldehyde and preserved in the laboratory. 
The data obtained on species variety and their 
relative numbers vlere subjected to statistical 
analysis following. Zar et al. (1999) for 
measuring the diversity indices and correlation. 
between plankton density and water qualitY 
parameters. 

'lUIl~,.....-----------~~r--.,....----.............. - .... ""''''-''' 
MEDINIPUR DISTRICT 

(WEST BENGAL) 

Geographical Situation 
21°37' J\or.them Latitude Region Investigated -+ /l1I1i1 

. 87°31' Eastern Longitllde 

Fig. 1. Mal? of Coastal Region of West Bengal and part of Orissa, India (Source : CIFRI, Barrackpore, India) 



BANERJEE et al. : Study of Marine Planktonic Diversitl/ in Digha Coast ... 51 

loglO (Scale of abundance) 

I I I I I I I I I I I I. 
o 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 :'" 

AsttriOtIl!"" sp , .... d) 1..1 
Biddulphia sp (dia) 0 

Coscinodiscus oculus iridis (dia) D 
BiddulphiA regia (dia) 0 
Lilhodrsm;um undulalum (dia) 0 
emidiscus hilrdnuaniA(c:.ia) 0 Ii 

ChIlttocuos sp(dia) 0 
Bi 'ddulphiA sinensis(dia) 0 

Cose inodiscus eccmtricus(dia) D 
lotelln stelligtrn (dia) 0 eye 

Rhi zosolenia setigtra (dia) 0 
Orbltl i,,,, sp (dia) D 
lAude riA sp(dia) 
Oilyl 

Gyrosi 
um brightwelli(dia) 
gmasp(dia) 

Dityl" m $Ol(dia) 
Thnllns 

Skujnella 
iothrix nitzschoides(dia) 
sp(blue green algae) 

Peridini Utn sp(dino) 
Niwch' 

Ccrafium t 
til sp(dia) 
riops(dino) 

Planktonitl 10 sol(dia) 
Stephllnod' ISCtIS sp(dia} 

CIIndti,UI nit ido(fora) 
l..eptocylindri cus sp(dia) 
Pleurosigmn 

PflTalia sulcata 
sp(dia) 
(dia) H' = 3.3801 

TafJellar;a sp( 
Tetratdon sp (g 

dial Hie = 3.9512 
reenalgae) 

Dinophysis sp (d ino) 
Melosira sp (dia) 
Sphaerocapsa cru ciatll (radic) 

Protoptridinium sp(dino) 
P1onktos lmin tIatinosa p g ccn (gr algae) 

Paraca 
O"Cetl 

Nauplius larva D 
Ca/anus finmarchic.'ans (cope) 0 
OithoM sp (cope) 0 

lanus sp (cope) 0 
sp(rope) 0 

Oikopl eura sp (uro) 
Microstttl la sp (rope) 
Elltintinn us sp (tin) 
Euctllan us sp (cope) 

hac) 
IS sp (tin) 
p (cope) 

Sagi/a sp (~ 
TIntinnops 
Eu/crpina s 

LUciforsp 
Acari", sp (cope) 

Favella sp (tin) 
I<eratella sp (rotifer) 
Ilclicoslomel1o sp (tin) 
Larva of Balanus 

Fig. 2. Plankton species diversity and abundance in the Digha-Talsari coast. [dia-diato~s, ~in.o--:tinofl~gel.lates, 
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OBSERVATION AND DISCUSSION 

A total of 52 plankton species were identified 
with variation in their relative abundance. 
Among them 24 species were Diatoms, 4 were 
Dinoflagellates, 2 Foraminiferans, one 
Radiolarian, two green Alga, eight Copepods, 
four Tintinnids, one Chaetogna tha, one 
Urochorda and a group of Nauplii larvae. 
Depending on the relative abundance of 
planktons the log-normal rank abundance 
graph (Fig. 3) has been drawn which shows 

that a maximum 19 plankton species belong to 
log 3.6 to log 4 in abundance value and 12 
dominant (9 phytoplankton and 3 zooplankton) 
species among the 52 were noted, based on the 
cut of value of log 4.131 (Fig. 2). Amongst the 
phytoplankton species-, Asterionella sp, 
Biddulphia sp, Biddulpllia sinensis, Biddulpllia 
regia, Cyclotella stelligera, Coscinodiscus oculus 
iridis, Coscinodi~cus sp, Lauderia sp, LitllOdesmiu1n 
undulatum, Hemidiscus Izardmania, Rilizosolenia 
setigera, were dominant (Diatom group) and 
Calanus jinmardlicans, Oithona sp, Paracalaults 
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Fig. 3. Rank-abundance Graph for plankton species 

sp, Oncea Sp (Calanoid copepod) and the 
Nauplius larvae (of unidentified crustacean 
species) were dominant amongst the 
zooplankton species. To estimate the diversity 
of the collected sample, we have calculated the 
two important diversity indices -Shannon
W.einer index and Species evenness index. The 
Shannon-Weiner index (H') and Species 
evenness index (He') based on this data are 
3.3801 and 3.9512 respectively. 

The present study summarizes ·the 
abundance of different phytoplankton and 
zooplankton in the Digha.-Talsari offshore of 
Bay of Bengal. Taxonomically the copepods are 
found to be ~ the most dominant one among 
zooplankton and dia.toms amongst 
phytoplankton. Beside~ these we also found two 
~y(irological parameter Le. water temperature 
ana ·salinity playing an active or passive 
regulatory role on. the seasonal abundance of 
diatom and copepod population. During the 
study period we have also found some harmful 
phytoplankton-viz., Nitzchia sp, Chaetoceros spp. 
Skujael1athiebautii among Diatoms and 
Peridinium sp and Dinophysis sp among 
dinoflagellates. The toxin producing 
phytoplankton and their blooms impart an 
adverse effect on the standing crop of higher 
trophic level. Though termination of planktonic 
blooms by the toxin producing plankton 
regulates the overall planktonic abundance by 
decreasing the zooplankton grazing pressure 
has been proposed (Chattopadhyay et al., 2002). 

But in several such situations in recent years it 
has been found that the abundance of 
phytoplankton itself is dependent on the 
nutrients available· in water. The toxin 
producing planktons seem to be dependent on 
several nutrients for their blooming. Thus the 
role of environmental variables on abundance 
of phytoplankton needs to be addressed to 
understand the interactions of phytoplankton
zooplankton systems and diversity noted here. 

The abundance of the diatoms and copepod 
can form the base for the food chain link to the 
secondary carnivores like the marine fishes, and 
other plankton feeding organisms of economic 
importance. Though the prey-predator 
relationsrup amongst the plankters themselves 
could not be ?tudied individually but observing 
the abundance pattern, the copepods seem to 
be dependent on the diatoms (fig. 4) and may 
be responsible for regulating the population of 
less abundant species. This has been observed 
in the few studies carried out on the planktons 
of various regions. The environmental 
fluctuations have been found to playa key role 
in the oscillatory succession of the planktOnic 
abundance in terms of the major taxa noticed 
would reveal about the probable interaction 
governing such variation in abundance. 

ACKNOWLEDGEM·ENT 

This work was supported by Indian 
Statistical Institute. Kolkata. 



BANERJEE et al. : Study of Marine Planktonic Diversity in Digha Coast... 

c 
0 
i 
~ 
8-
e. 
c 

i 
(II 

"a 

roooo 

70000 

roooo 

5)000 

40000 

3)000 

-di&toms 

-copepod 

1 2 3 4 5 6 7 8 910111213141516171819 

collection diJtes 

53 

Fig. 4. Relationship between two dominant phankton species diatom (phytoplankton) and copepod .(zooplankton) 
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ABSTRACT 

The composition and abundance of Drosophila species, found in four districts of West Bengal are described. 
A well standardized sampling procedure applied on four different areas resulted in 684 samples. All males 
collected were identified by analyses of the genitalia. The progenies obtained from single gravid females were 
mainly used for the analysis of species ide{ltification and this being the only data set used in present investigation. 
Twenty five species were detected amongst the 7,389 males analyzed. From them 76% could be identifi~ as 
described species. On an average identified species were almost 7 times more abundant than unidentified ones 
and this difference was significant. One unidentified species is undescribed. The results illustrate the large 
richness of Drosophila species in the W. Bengal state, India. It also indicates that more than 24% of the species 
in the region remain to be described. 

Keywords: Diversity, Drosophila, new species 

INTRODUCTION 

The dipteran family Drosophilidae includes 
over 3000 described species that are distributed 
all over the world (Throckmorton, 1975; 
Wheeler, 1986). Observations and experiments 
over nearly a century have revealed an 
astounding breadth of morphological, ecological 
and behavioral diversity of Drosophila species. 
Most genera of Drosophilidae display high 
degrees of sexual dimorphism, including 
hypercephaly (Grimaldi and Fenster,~·1989), 
extensive foreleg and mouth part modification 
(Carson et al., 1970), and wing pattern diversity. 
The bulk of ecological and behavioral data 
suggested that the variety of ecological niches, 
occupied by Drosophilidae may be the 
causative factors for their morohological 
diversity (Markow and O'Grady, 2005). Though 
most species of the family breed in decaying 
fruits, plant and fungal matter (Carson, 1971; 
Heed, 1968, 1971; Grimaldi and Nguyen, 1999) 
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some are predatory, feeding other insect larvae 
and even frog and spider embryos (Ashburner, 
1989). The wealth of interspecific diversity in 
this family has therefore long been attracted to 
the attention of good number of both 
taxonomists and ecologist. 

Eberhard (1985) analyzed group of animals 
where either primary or secondary external 
male genitalia are used to distinguish species. 
. He suggested that the morphological traits 
directly involved in copulation, excluding 
internal reproductive organ (e.g. testes and 
accessary glands) act as a driving force for 
interspecific divergence. Accordingly, several 
taxonomist used Drosophila male genitalia, 
especially the aedeagus morphology as the 
criteria to recognize a species. Eberhard and 
Cordero (1995) and Civetta and Singh .(..1998) 
however indicated that higher divergence of 
reproductive traits is certainly not restricted to 
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genital organs. Some other structures are also 
involved (~emsen and O'Grady, 2002). 
Therefore, geneticists have carried out tests of 
reproductive isolation in the laboratory and on 
the field with application of genetic markers. 
In many cases, when sibling species are detected 
on the basis of genetic markers or reproductive 
isolation, differentiation of the male genitalia is 
observed. Indeed, differentiation of male 
genitalia, especially the aedeagus, is used as a 
gross quality for a species most frequently 
applied to this taxon (Gupta and Panigrahy, 
1987; Gupta and Sundaran, 1990; Kumar and 
Gupta, 1990; Powell, 1997; De and Gupta, 1994; 
Singh and Dash, 1998, Joshi et al., 2005). 

The Drosophila fauna of the oriental region 
is highly diverse (Singh and Gupta, 1977; Gupta, 
1985; 1993, Singh and Negi, 1989; Singh and 
Dash, 1998; Singh et al., 2004; Upadhyay and 
Singh, 2006). More than 150 species of 
Drosophilidae are so far known from India 
(Gupta 1985; 1993; Gupta and Panigrahy, 1987; 
Gupta and Sundaran, 1990; Kumar and Gupta, 
1990; Singh and Dash, 1998; Joshi et al., 2005). 
Unfortunately, the composition of Drosophila 
species diversity in West Bengal has never been 
worked out in detail. Thus, a vast area of great 
ecological interest in West Bengal, awaits 
exploration. 

We have, therefore, made an attempt to 
study the composition and abundance of the 
Drosophila species found in the four districts 
namely-Hooghly, Howrah, Medinipur (in the 
manuscript we described Purba and Paschim 
Medinipur as Medinipur, see Fig. 1) and 
Kolkata of the West Bengal, India from 2005-
2007. Our data reveal that 25 species belonging 
to 10 genera ar~ distributed in four district of 
West Bengal. Sopophora g.roup represented 
maximum number of species. Replitn and other 
group of prosophila are also abundant in the 
West Bengal. Multistate character study of 
species under each sub-genus was carried out. 
The list is an inventory of the Drosophila species 
group of in the four district of West Be~gal, 
India. 
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Fig. 1. Maps of West Bengal region showing collection 
sites. 

MATERIALS AND METHODS 

Samples were collected from four different 
districts of West Bengal from Jan 2005 to Jan 
2007. Figure 1 shows the collection localities of 
the Drosophila sp. These localities not only differ 
in their microclimatic conditions but also in 
ecological conditions. Collections were largely 
made by using both trap-bait and net-sweeping 
methods. A variety of fermenting fruits such as 
banana, pine apple and orange were used as 
baits in order to obtain a wide spectrum of 
species. Several males and females of 
unidentified species were collected over rotten 
flowers and fruits in urban park in Kolkat~. 
Other species were collected from bushes. The 
collected flies were brought to the laboratory 
for analyses. 

In the laboratory, the flies were etherized, 
ca tegorized and species were identified. The 
individual females that could not be identified 
at the first instance were isolated and allowed 
to breed in separate vials containing standard 
laboratory food medium. The progeny obtained 
from such single gravid females were used for 
species identification. All cultures were 
maintained on standard Drosophila medium at 
24°+ 1°C. The uncultura'ble specimens are 
preserved in 70% ethanol and stored in the 
laboratory. 

RESULTS 

A total of 7,389 Drosophila males were 
examined. Twenty five species were found: 14 
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from Kolkata, 6 from Hooghly, 11 from Howrah 
and 15 from Medinipur (Le. from Purba and 
Paschim Medinipur). Ninteen of these were 
found to be as described species, based on 
figures of the male genitalia. The identified 
species are listed in Table-I. Data in Table 1 
also show the total number of males / females 
per species along with their locality, as well as 
the references used for identification. Curiously, 
we observed that the invasive species Zaprionus 
indianus, Gupta is common in Kolkata and 
Howrah district. Figure-2 shows the 
distribution pattern of the 25 species in the four 
districts of West Bengal. As it appears from the 
figure, the recorded and unrecorded flies were 
higher in Medinipur (60%) and Kolkata (55%) 
areas. 

Besides 19 known species, we also observed 
the occurrence of six unidentified species, which 
has never been registered before in India (Table 
-1). One new species is cultured in our 
laboratory (see Table-I) and named as D. 
mukherjee The identification of the species were 
based on a comparison with the drawing of 
the aedeagus and of a holotype. provided by 
Gupta (1993) and others. 

Fig. 3 shows the morphology of the adult 
flies of the new species. The body color of the 
flies is black. The mean body length of male is 
2.51 mm and female is 2.99 mm. This species 
closely resembles Repleta group. However, they 
are distinctly different from other Drosophila of 
the group in having arista branches, and 

Table-I. Data showing the total number of male flies of each species and the collection sites. The 
references following the name of the each species correspond to the used references in 
identifications. In the numbers underlined the figure used represented a specimen from 
the type series. 

Genus Subgenus species No. of male Drosophila analysed 
from sample culture 

Medinipore Howrah Hooghly Kolkata Total 

Drosophila Sopophora melanogaster 
Meigen, 1830 57 155 173 222 607 

" " 
allanassae 
Doleschall, 1858 821 972 753 1045 3591 

" " 
bipec tina ta 
Duda, 1923 142 - - 271 413 

" " 
kikkawai, BurIa, 1954 34 42 24 47 147 

" " 
takahashi 
Sturtevant, 1927 6 5 - - 11 

" " 
raychaudh"ri 
Gupta, 1969 21 9 - 17 47 

" " 
rajasekari, Reddy 
& Krishnamurty, 1968 7 - - 6 13 

segflyi, Smart, 1945 11 - - 6 17 
" " 

" " 
bnmetti, Raychaudhuri 
& Mukhe~ee, 1941 - - - 21 21 

" " 
malerkotlialla, Prasad 
& Paika, 1964 87 18 - 51 156 

tnmkata, Okada, 1964 27 - - - 27 
" " 

Dorsi/opa buskii, Coquilett, 1901 7 - - 15 22 

" 
Hirtodrosoplzila pentavittata, Gupta 

& Raychaudhuri, 1970 - 3 - 9 12 
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Table-l. Contd. 

Genus Subgenus species No. of male Drosophila analysed 
from sample culture 

Medinipore Howrah Hooghly Kolkata 

" 
Scaptodrosoph ila bambflphila, Gupta,1971 3 4 5 5 

Drosophila repleta, Wollaston, 1958 13 4 - 12 

" 
im",igralls, Sturtevant, 
1921 10 - 6 -

" 
1Jasrtta, Lamb, 1914 - 4 8 -

" 
orissaellsis, Gupta, 1972 20 - - -

Zaprionlls Zapriolllls indian liS, 

Gupta, 1970 - 674 - 892 

A. Total no. of recorded male fly 

Unidentified 

Drosophila sp. I uc - - -
D. sp. II uc - - -
D. sp. III - uc - -
D. sp. IV - - - uc 

D. sp. V - - - uc 

D. sp. VI ( D. mukherjee) - - - 645 

uv = Unculturable 

B. Total no. of unrecorded male fly 

Total No. of Male fly analysed (A + B) 

Graphical representation of recorded and unrecorded 
Drosophila species collected from 4 districts of W es~ 

Bengal, 

E 
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645 
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7,389 

Fig. 2. Graphical representation of recorded and unrecorded Drosophila species collech:d from four districts of 
West Bengal. 
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Fig. 3. a-b. Photographs showing the morphology of 
the collected new species from Kolkata district 
of West Bengal, India. Figure 3a showing the 
dorsal view and (3b) ventral view of male and 
female of species. Note the black body color of 
the fly. 

anterior gonapophysis and posterior lobe of 
male genital appendages. The detail description 
of the two species will be published elsewhere. 

DISCUSSION 

The data presented in this paper describe 
the spatial distribution of some Drosophila 
species in the four districts of West Bengal, 
India. It may be noted here that as the 
restriction of the use of only one type of bait, 
one kind of trap, and the inclusion of all 
sampling points to a hom0genous area (except 
for the gradient studies) could have limited the 
chance to capture different species, we have 
used several collecting methods for the present 
investigation. Our results clearly show that 
samples obtained by employing all collecting 
methods may provide more accurate data in 
species inventories of Drosophila, with the 
additional advantage that it is possible to 
quantify sampling efforts. 

Large proportion of an inventory usually 
consists of rare species, and many species are 
detected on the basis of only a few individual. 

In contrast, the higher number of species found 
in our inventory probably refleGted the 
sensitivity of our identification method. Thus, 
the proportion of species detected with higher 
values in the four districts. The chance of 
detecting a species also diminishes as the list 
of species already detected increases, because 
of the increasing probability of its resembling 
a species detected in other parts of India. It has 
been reported that some species were not 
detected in the previous inventory of the same 
region (Gupta 1985, 1993). We believe that such 
species may have been overlooked because they 
were very similar to more abundant species 
already present in the list. Gupta and his co
workers (Gupta and Panigrahy 1987; Gupta, 
1993; Gupta and Sundaran 1990, 1995; Singh et 
al., 2004) also suggested that the low occurrence 
of Drosophila species in previous inventories in 
near by areas reflects its frequent inclusion in 
an unidentified group. Maximum sensitivity is 
therefore essential for the method used to detect 
species in an inventory project. Our results also 
indicate that the concentration of the 
identification effort on the male genitalia 
provides better results than when this criterion 
is applied only when doubts appear during 
identification based on external morphology, 
as is usually done. 

In brief, we have identified 19 described 
species (76% of the total) from the four districts 
of West Bengal, India. In reality, the proportion 
of identified species were 600/0 in Medinipur, 
40% in Howrah, 30% Hooghly and 52% from 
Kolkata. 

Some of our unidentified species have 
probably already been described. Five species 
have not been recognized because of the lack 
of detailed representation of aedeagus in the 
literature and they are probably a minority. One 
new species of this group is maintained in our 
laboratory. This species is undescribed and 
include unillustrated genitalia. It is therefore 
reasonable to suggest that majority of 
unidentified species are in fact undescribed. 

In summary, our data reveal that the 
combined use of standerized collecting 
procedures and a technique ·with a high and 



60 

consistent sensitivity for species identification 
allows us to quantify biological diversity in 
West Bengal, India. This approach highlights 
the great diversity of Drosophila species in 
different districts of West Bengal, India. 
Moreover, it indicates that least about 25% of 
the species in this region remain to be 
described. Drosophila genus is an exception 
between the mega diversified taxa of small 
forest dwelling invertebrates, by having 
received a significant taxonomic attention. 
Thus, our conclusions illustrate the actual state 
of knowledge about four districts of West 
Bengal biota, from which the proportion of 
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described species is estimated to be more. 
Moreover, it shows that Drosoplzila genus still 
needs intensive taxonomic effort as the most of 
our taxa. 
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ABSTRACT 

The environment of South-West Bengal is characterized by having hilly lateritic tracts endowed with rapidly 
depleting forest coverage, high temperature profile, low rainfall and turbid water bodies. An attempt has been 
made in the present paper to study species composition, density and distribution pattern of zooplankton from 
different wetlands along a stretch of about 150 kms. covering two districts of South-West Bengal viz. West 
Midnapore and Bankura. Altogether 7 wetlands having different morphometry and ecological conditions were 
selected for recording the zooplankton diversity in relation to the prevailing major ecological parameters. These 
wetlands can broadly be classified into four categories viz. an ecorestored forest-covered wetland at Gurguripal 
ecopark, two natural wetlands having different species composition of macrophytes and as well as different 
quantum of non-point pollution stress, one natural wetland devoid of any macrophyte and encircled by forest, 
one large culturable fish pond at the border of Midnapore and Garhbeta subdivision, one artificial impoundment 
at the foothill of Susunia hills receiving mining discharge and an important vast dam of Kangsabati river at 
Mukutmonipur of Bankura district A total of 52 zooplankta have been recorded, of which Rotifera, Copepoda, 
Cladocera, Protozoa, Nematoda and Ostracoda harboured 28, 10, 9, 3, 1 and 1 species respectively along with 
unidentified larval stages. It has been found that Rotifer zooplankton showed their maximum abundance in all 
7 different wetlands followed by Copepoda, Cladocera, Protozoa, Nematoda and Ostracoda. A total of 17 
macrophytic vegetations have been found to occur in 7 wetlands, only Sarenga wetland was devoid of any 
macrophyte. Considerable variations in physicochemical parameters have been observed among all those wetlands, 
of which variations in dissolved oxygen (DO), turbidity (TDS), conductivity and alkalinity were more pronounced. 
All environmental parameters in relation to the assessed diverSity revealed that there appeared no well marked 
effectiveness of any single environmental factor controlling the distribution of zooplankton. The different ecological 
parameters exhibited their effectiveness on some zooplankton forms but not on all. On the other hand, it was 
also noticed that there existed a distinct community interaction in different water bodies which was reflected by 
the significant positive correlations between different groups. Similarity indices revealed minimum relationship 
among different water bodies. The differential and spatial distributional pattern has been explained in respect 
to ecological, biotic and abiotic gradients. 

Keywords: Zooplankton, lateritic tract, southern-West Bengal, ecological gradients, wetlands 

INTRODUCTION 

Biodiversity has become a password in the 
world nowadays. Biodiversity is not just the 
assemblage of flora and fauna but is also their 
genetic and habitat diversity. Exploring 
diversity of aquatic organisms is considered as 
an important tool in today's world not only for 
giving an impression rtbout the productivity of 
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aquatic systems but also for acting as an 
important indicator of environmental changes. 
But the freshwater aquatiC ecosystems are 
considered very much threatened especially in 
developing countries like India (Salaln and 
Mahmood, 1988) because of several reasons 
such as-large scale abstraction of water for 
irrigation purpose, massive deforestation 
coupled with higher rate of erosion leading to 
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the dumping of the eroded products into bed 
of several freshwater wetlands and thereby 
reducing the volume and depth of water body, 
discharge of human wastes as well as 
agricultural wastes to those unmanaged water 
bodies converting, them into a eutrophicated 
one, multifarious human uses like bathing, 
washings, etc. (Pradhan et al., 2006a). 

An attempt has been made in this paper to 
explore diversity of zooplankt~n, an important 
biotic component of any aquatic system, fron:t 
different contrasting wetlands located along a: 
stretch of about 150 kms. covering two districts 
of South West Bengal viz. West Midnapore and 
Bankura. This paper also includes the study of 
species composition, density and distribution 
pattern of zooplankton, physicoch~mical 
parameters and morphometry of ,those 
wetlands. 

Study sites 

Altogether 7 wetlands having different 
morphometry and ecological conditions were 

Zoological Research in HUmlln Welfare 

selected (Fig. 1) as sampling zones for recording 
the zooplankton diversity in relation to the 
prevailing major ecological parameters. These 
wetlands can be broadly classified into four 
categories on the basis of nature of human use 
viz. ecorestored, natural, man managed and 
artificial wetlands: 

A. an ecorestored forest-covered wetland at 
Gurguripal ecopark, located almost 9 kms. 
away (on Jhargram Road) from Midnapore 
town (22.25°N, 87.65°E), selected as study 
site I; 

B. two n~tural wetlands having different 
species composition of macrophytes as well 
as different quanta of non-point pollution 
stress located at Barwa, near Keranichoti, 
selected as study site II and Sundra, 
selected as study site In respectively; one 
natural wetland devoid of any macrophyte 
and encircled by forest, located at Sarenga, 
selected as study site V; 

C. one large man-managed pond primarily 

Fig 1. Map of Midnapore and Bankura districts showing the location of different study sites. 
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used for fish culture at Salboni, the border 
of Midnapore and Garhbeta subdivision, 
selected as study site IV; 

D. one artificial impoundment at the foothill 
of Susunia hills, Bankura, selected as study 
site vn, receiving mining discharge and 
having sparse macrophytes; and an 
important vast reservoir created by the 
dam on Kangsabati river at Mukutmonipur 
of Bankura district (23.25°N, 87.07·oE), 
selected as study site VI. 

Each study site included 4 sampling sites at 
different sides of each of the respective 
wetlands from where water samples were 
collected and averaged for further study. 

MATERIALS AND METHODS 

The Zooplankton (and phytoplankton) 
samples were collected at monthly intervals for 
5 consecutive months starting from October 
2006 till February 2007, preferably between 7 
a.m. to 10 a.m. Collections were made from 
surface waters (limnetic part) of the water 
bodies at each sampling site with a plastic 
bucket (of 10 litres capacity), using a plankton 
net having 54 !lm mesh size. A total of 100 
litres of water was filtered from each sampling 
site and poured into small clean plastic vials. 
5% buffered formaldehyde was added at the 
rate of 4 drops per 15 m1 to the samples for 
preservation (Schaden, 1985). The zooplankton 
were identified to the greatest possible 
taxonomic level (order / genus/species) 
following Michael and Sharma (1988); Sharma 
(1992); Battish (1992) and Pontin (1978). 
Quantitative study of zooplankton was done 
under a compound microscope and a trinocular 
phase contrast microscope (model no. Zeiss 
1000 1098) with the help of Sedgewick Rafter 
counting cell and the values were expressed in 
numbers per litre. 

Simultaneously physicochemical parameters 
of water of the selected study sites were 
analysed during the above mentioned period 
with the aid of indigenously designed water 
analyzer (Water quality checker TOW A 22 A, 
Japan). Further volumes of water were carried 

in bottles for qualitative analYSis through 
Standard methods (A.P.H.A. 1995). In some 
cases, some of the qualitative analyses was 
performed by certain apparatus viz. water 
temperature was measured with mercury glass 
thermometer in centigrades, pH with griph pH 
meter, available nitrogen with TOA-ion meter 
(IM-40s), phosphorus with a systronics-20 
spectrophotometer, conductivity with 
conductivity meter (Systronics type 304), etc. 

RESULTS AND DISCUSSION 

Seven different wetlands located in different 
agroc1imatic zones within a stretch of 150 kms. 
covering 2 districts of South-West Bengal 
display different morphology as outlined in 
Table 7. Out of those 7 wetlands, study site VI 
is unique in its expanse by having the largest 
area and greatest depth. The study sites I and 
V possess similar depth but their areas are 
varying as the former has a moderate area 
whereas the latter has the second largest water 
area. Study site VII ranks minimum from the 
point of both area and depth. 

Species composition 

The planktonic species identified so far and 
enumerated in the wetland ecosystems of 
South-West Bengal are list~d in Table 1. It has 
been found that Rotifcra showed their 
maximum abundance in all 7 different wetlands 
followed by Copepoda, Cladocera, Protozoa 
and some miscellaneous groups like Ostracoda 
and Nematoda. A total of 52 invertebrate 
Zooplankton have been recorded from the 
selected study sites, ou" of which Rotifera were 
represented by 28 species that belonged to 12 
genera and 10 families namely Brachionidae, 
Lecanidae, Notommatidae, Trichocercidae, 
Asplanchnidae, Synchaetidae, Euchlanidae, 
Colurellidae, Filinidae and Philodinidae, 
according to Sharma and Michael (1980). The 
second most abundant group was that of micro 
crustacean zooplankton as class Copepoda. 
which comprised of 3 genera ~f· order 
Cyclopoida, 6 genera of order Calanoida; and 
as Cladocera which was represented by 4 
families namely Moinidae, Macrothricidae, 
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Chydoridae a!ld Sididae with 6 genera and few 
unidentified'larvaf stages of Crustacea i.e. 
nauplii. The presence of other phyla viz. 
Protozoa, Nematoda and Ostracoda which 
harboured 3, 1 and 1 species respectively were 
also marked at some of the study sites. 

The only zooplankton omnipresent in the 
seven study sites were the different stages of 
nauplii which are yet unidentified as they are 
supposed to develop -into either of the adult 
Crustacean groups as mentioned in Table l. 
Among all the investigated areas, study site I 
was found to be most diverse with regard to 
species composition (highest species richness = 
36) by possessing 22 species of Rotifera, 6 
species of Cladocera, 2 species of Calanoida, 3 
species of Cyctopoida and 1 species each of 
Protozoa, N~matoda and Ostracoda. Study site 
VI showed the second highest diversity (26) 
with a composition of 14 rotiferan species, 2 
Cyclopoids, 1 Calanoid, 5 Cladocerans, 3 
Protozoans and 1 Nematoda. Study site V 
harboured the third highest diversity (15) with
a composition of 9 rotiferan, 1 Cyclopoid, 1 
Calanoid, 2 Cladocerans and 2' Protozoans 
species. Study sites III and IV exhibited 
moderate plankton diversity having total 
number of species of 10 and 15 resp~ctively, 
whereas study sites II and vn were poorly 
diverse having total number of species of 5 and 
3 respectively. Notably, study site II, being 
located on roadside at the middle of a Village, 
is largely interfered by local people for domestic 
purpose. Within a short span, this wetland 
which was full of water and was covered with 
macrophytes turned into an almost dried pond 
whose water was perhaps drained out for 
i~rigation purpose, leading to loss of habitat 
{or planktons. On the othet hand, study site 
VII, as mentioned earlier, is an artificial 
impoundment built over barren land that was 
lJl~_~-ntAJor temporary storage of rainwater 
sffeaming downhill and at the same time'it 
happens to receive mining discharge from its 
surrounding, which has made it polluted and 
perhaps inappropriate for zooplankton 
inhabitation. This fact further strengthens the 
role, of zooplankton especially Rotifera in 
biomonitoring (Sharma 2001). Although 
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Rotifera are the dominant group inhabiting 
these freshwater wetlands, only in study site 
III the crustacean planktons outnumbered non
crustacean ones. This finding is in agreement 
with the ea-rlier findings and' has certain 
adaptive significance (Balkhi et al. 1984; Kumar 
1994 and Bath 1997). According to Syal (1991), 
copepods and cladocerans are tolerant groups 
of a wetland ecosystem and favour more stable 
environment (Allan, 1976; Schmid-Araya et al. 
1992) and this indicates the stability of study 
site III. Occurrence of nematodes at study sites 
~ and VI indicate the partial use of those 
wetlands for human or animal excretion. Also 
a small number of ostracods,. which are an 
integral part of any freshwater community, 
wete found only at study site 1. 

, -. 
Table 2 lists the number of individuals that 

were counted in eac!h group of zooplankton. 
Such quantification has been elaborated as 
relativ~ _ abundance of 6 major groups, viz. 
rotifera, copepoda, cladocera, protozoa, nauplii 
and miscellaneous species, separately at seven 
study sites with the help of charts in Figure 2. 
Wor~h mentioning in this study is that the larval 
formS-nauplii should have been considered as 
a part of crustacean groups, but due to their 
notable percentage of existence within the 
planktonic community, they have been simply 
pooled out as another countable group. Here 
rotifers seem to be the most abundant groups 
a~ all study sites except the ,reverse case in study 
SItes II and YII, wherein nauplius population 
are found to exceed the rest of groups. All major 
groups were present, although in varying 
percentages, at study sites t and VI, whereas 
study site VII had the mini~um variety of 
zooplankton. Study sites I, III, V and VI 
possessed the least percentage of protozoa and 
all other groups were dominated by rotifers. 
The miscellaneous groups were absent in study 
sites II, TIl, IV, V and VII but they were present 
in a higher percentage at study site VI as 
compared to rest of the sites. Study site IV 
showed the least percentage of cladocera and 
nauplii. 

Macrophytes play a vital role in the 
physicochemical nature of wetlands and 
phytoplanktonic and zooplanktonic abundance 



Table 1. Occurrence of Zooplankton species at 7 study sites of South-West Bengal during 2006-2007 

Group Family Sr. Species Site I Site II Site III Site IV Site V Site VI Site VII 
no. 

1. Brachionus calycifloTUs + + + 

2. Brachionus angularis + + + + 

3. Brachionus cmulatlls + + 

4. Braclrionus quadridentatus + + 

Brachionidae 5. Brachionus forficula + + + "-
6. Brachionus rubens + 

7. BrncJzionus diversicomis + + + 

8. Keratella cochlearis + + 

9. Kerateila tropica + + + + 

10. Keratella tecta - + 

Synchaetidae 11. Polyartltra sp. + + + + 
12. Lecane (Monostyln) bulla + 

Rotifera 13. Lecane (M.) qllndridentata + 
Lecanidae 4. Lecane (M.) sp." (Battish,1992) + 

15. !Rcane lunaris lunnris + 
T richocercidae 16. Triclzocerca sp. + + + 

Asplanchnidae 17. Asplanc1mn priodontn + + + 
Notommatidae 18. Cephnlodelln sp. + 

19. Scaridium sp. + + 

Euchlanidae 20. Ellchlanis sp. + + 

Col urellidae 21. Sqllatilleila sp. + 
Filinidile 22. Filinin sp. + + + 

Philodinidae 23. Plrilodinn sp. + + 

24. Unidentified sp. 1 + 
25. Unidentified sp. 2 + 

Unknown 26. Unidentified sp. 3 + 
27. Unidentified sp. 4 + 

28. Unidentified sp. 5 + + + 

Estimated number of Rotiferan species 22 1 3 7 9 14 1 



Group Family Sr. Species Site I Site II Site III Site IV Site V Site VI Site VII -_.-.. 
no. 

29. Mesocyclops sp. + + + 
30. Paracyclops sp. + + + + 

Cyclopoida 31. Eucyclops sp. + + 
32. Unidentified sp. + + + + 

Copepoda 33. Paradiaptomus sp. + 
34. Neodiaptomus schmackeri + + + + 
35. Phyl/odiaptomus sp. + 

Calanoida 36. AI/odiaptomus sp. + 
37. Heliodiaptomus sp. + 
38. Senecel/a calanoides + 

Estimated number of Cope pod species 5 4 3 4 2 3 1 

39. Moina brachiata + + + + 
Moinidae· 40. Moina flagellata + 
Macrothricidae 41. Macrothrix sp. + 

42. Chydorus barroisi + 
43. Chydorus hermann; + + 

Cladocera Chydoridae 44. Chydorus eurynotus br. + + 
45. Alona sp. + + 
46. Leydigia sp. , - + 

Sididae 47. Diaphanosoma senegal + + 

Es~ated number of Cladoceran species 6 0 2 1 2 5 0 

48. Arcel/a sp. + + 
49. Actinophrys sp + 

Protozoa 50. Unidentified sp. + + + + 
/ 

Estimated number of Protozoan species 1 0 1 0 2 3 0 

Nauplius Unidentified larva'! stages + .+ + + + + + 
Nematoda 51. Unidentified sp. + + + 
Ostracoda 52. Unidentified sp. 

Estimated number of miscellaneous species 0 
Total number of Zooplankton species 3 . , 
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Table 2. Quantification of major groups of Zooplankton (in nos./lt.)at 7 study areas 

Zooplankton groups Site I Site II Site III Site IV Site V Site VI Site VII 

Rotifera 94 2 54 
Copepoda 22 8 20 
Cladocera 9 0 12 
Nauplii 9 15 25 
Protozoa 2 0 3 
Misc. spp. (Nematoda, Ostracoda) 4 0 6 

6 % 1 0/03 % 

36 
16 
3 
3 
0 
0 

11 Rotifera 

t;) Copepoda: 

t:I Cladocera: 

~ Nauplii 

rJ Protozoa 

~ Misc. spp. 

40 47 
5 6 
7 8 
3 4 
2 5 
0 11 

Number of species at Site I 

8% 

32% 

Number of species at Site II 

28%~mlll 
62% 

Number of species at Site IV 

II Rotifera 

BCopepoda: 

rn Cladbcera: 

58% ~ Nauplii 
t') Protozoa 

eJ Misc. spp. 

Number of species at Site VI 

3% 

46% 

11% 

18% 

Number of species at Site III 

5<'/(1 4:;', 

9% 1 ••• -•••••• · 

Number of species at Site V 

67% 

Number of species at Site VII 

• The zooplankton groups found to be absent (i.e. 0%) in a particular area have been excluded from the respective charts 

Fig 2. Relative abundance of zooplankton at 7 study area 

1 
0 
0 
2 
0 
0 
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Table 3. Different physicochemical parameters at 7 study sites. 

Parameters Site I Site II Site III Site IV Site V Site VI Site VII 

Temp. (OC) 18.5 20.5 20 19 18.1 19 17.8 

pH 7.82 6.99 7.43 7.69 8.25 9.4 9.1 

Alkalinity (mg/l) 105 112 110 65 95 90 96 

Conductivity (mho/em) 122 165 172 118 238 136 212 

TDS (mg/l) 135 148 170 180 190 165 183 

TSS (mg/l) 70 67 65 55 70 52 50 
00 (mg/l) 5.48 4.95 4.84 4.92 5.32 5.06 4.3 
BOD (mg/l) 1.98 2.21 2.32 2.32 2.02 2.02 1.89 
COD (mg/l) 41 39 37 38 32 42 39 
Total Kjeldahl Nitrogen (mg/l) 2.02 2.38' 2.41 2.46 2.14 2.82 2.11 
Total Phosphate phosphorus (mg/l) 0.174 0.169 0.176 0.176 0.148 0.162 0.155 
Total Coliform (MPN/I00ml) 540 1600 1600 920 920 540 350 
Faecal Coliform (MPN /1 00m1) 220 

(Pahari et al. 2000). A total of 17 macrophytic 
vegetations have been found to occur in 7 
wetlands, out of which study site III had a 
n1Jximum coverage of plants on its water 
surface. Study site I had maximum variety of 
macrophytes. Study sites IV and VI had sparse 
macrophytic inhabitation. Only the wetland at 
study site V was devoid of any macrophyte 
(Table 8). 

The presence of phytoplankton was also 
observed in varying quantities at the different 
sites, of which study sites I, III, IV and VI had 
higher density of phytoplankton than the rest. 
The important phytoplanktonic algae 
represented by the family Chlorophyceae 
including Chlorococcales; Diatoms; Volvox sp., 
Spirogyra sp., Pediastrum sp. and few 
unidentified ones were also noted but not 
emphasized in the present study. 

Physicochemical Characteristics 

The physicochemical properties of water 
(Table 3) revealed considerable variations in all 
of these wetlands especially dissolved oxygen 
(DO), total dissolved solids (IDS), conductivity 
and alkalinity. 

Interrelationships between zooplankton and 
physicochemical parameters with the help of 
correlation data 

Table 4 displays correlation. coefficients 
among various zooplanktonic groups. There 

540 540 350 540 170 220 

existed significant positive correlation between 
Rotifera and Copepoda (r = 0.750) and 
Cladocera (r = 0.823) which corroborates the 
findings of Sharma (2001) and Pradhan et al. 
(2006 b). Cladocera and Copepoda also showed 
significant positive correlation between 
themselves (r =0.601). Worth mentioning is the 
significant correlation of Nauplii with 
Copepoda (r = 0.547) and Cladocera (r = 0.433) 
rather than any other groups strengthening the 
fact that nauplii are the larval stages of these 
microcrustaceans only and have no 
developmental relationship with Rotifera or 
metazoan parasites. 

In addition, the temperatures recorded in our 
study has been pooled as a representation of 
winter and adjoining months which is not 
enough for drawing relations 'between 
temperature variations and zooplanktonic 
species resulting over various seasons. Thus 
emphasis is more on spatial comparison. Table 
5 displays correlation coefficients between 
physicochemical parameters and zooplankton. 
From this table, the single effect of temperature 
seen to be exerted on any biotic variable of our 
study area is on density of nauplii (r = 0.773), 
which is also in corroboration with Hofinann's 
(1977) opinion. that temperature has significant 
direct influence on embryonic development of 
an organism. By studying pH of various study 
sites, it seems that study sites VI and vn have 
the highest' pH which might infer the alkaline 
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Table 4. Correlation coefficient between major groups of Zooplankton present in 7 study sites 

Zooplankton groups Rotifera Copepoda 

Rotifera 1 

Copepoda 0.591** 1 

Cladocera 0.928** 0.536** 

Nauplii 0.222 0.662** 

Protozoa 0.748** 0.108 

Misc. spp. 0.619** 0.174 

* Correlation is significant at 0.01 level (2-tailed) 
** Correlation is significant at 0.05 level (2-tailed) 

Cladocera Nauplii Protozoa Misc. spp. 

1 

0.453* 1 

0.804** 0.1484 1 

0.668* 0.214 0.927** 1 

Table 5. Correlation coefficient between zooplankton and physicochemical parameters of 7 
study sites 

Parameters Major Zooplankton groups 

Rotifera Copepoda 

Temp. -0.131 0.359 

pH -0.055 -0.596** -0.009 

Alkalinity 0.040 0.073 
Conductivity -0.461 * -0.637** 

TDS -0.421 * -0.511 * 
TSSO.416 0.458* 0.375 

00 0.734** 0.479* 0.531 ** 

BOD -0.023 0.533** 

COD 0.155 0.160 
Total Nitrogen -0.110 -0.079 

Total Phosphate 0.380 0.845** 

Total Colifonn -0.182 0.318 

Faecal Coliform -0.237 0.106 

* Correlation is significant at 0.01 level (2-tailed) 
** Correlation is significant at 0.05 level (2-tailed) 

nature of the wetlands at Bankura, whereas the 
rest of them moreorless had pH approaching 
ne:utrality. The pH factor also lacked positive 
correlation with any of the biotic or abiotic 
parameters which is again in accordance with 
Hoffmann ,1977) stating that although pH 
varies in space and time, little is known about 
its influence on population dynamics of rotifers. 
pH showed significant negative correlation with 
larval forms and copepods (r = -0.651 and 
0.596 respectively) as well as with TSS, BOD, 
Phosphorus, total and faecal coliform count (r 
= -0.672, -0.714, -0.605, -0.811 and -0.713 
respectively). This implies that nauplii 
developing into copepods prefer relatively low 
pH for their proliferation and not higher pH 

Cladocera Nauplii Protozoa Misc. spp. 

0.064 0.773** 0.033 0.171 

-0.651 ** 0.428 0.408 
0.214 0.663** 0.145 0.124 

-0.165 -0.097 -0.150 -0.404 

-0.143 -0.3 78 -0.100 -0.271 

0.460* -0.004 -0.202 
0.014 0.383 0.207 ~ 

0.142 0.590** -0.124 -0.049 

-0.068 -0.003 0.205 0.527** 

0.129 0.074 0.530** 0.648** 

0.244 0.569** -0.052 0.190 

0.1 09 0.804** -0.117 -0.131 

0.058 0.563** -0.225 -0.402 

i.e. alkaline waters. Alkalinity was only found 
to have significant positive correlation on larval 
stages like nauplii (r = 0.663). Another strong 
negative correlation observed was between 
copepod density and conductivity (r = -0.637) 
but the reason is not very clear, whereas 
negative significant correlation at 10/0 level is 
exerted by conductivity and TDS on rotifer 
density (r = -0.461 and -0.421); also between 
TDS and copepod density (r = -0.511). Thus it 
rna y be deduced that both rotifers and copepod 
prefer waters having low TDS i.e. they might 
have a liking towards transparent waters~ 

Since dissolved oxygen is an important 
determinant of the occurrence and abundance 
of rotifer communities (Dhanapathi, 2000), the 
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Table 6. Sorensen's Similarity indices between 7 study sites 

Site I Site II Site III Site IV 

Site I X 

Site II 0.11 X 

Site III 0.15 0.17 X 

Site IV 0.16 0.70· 0.25 

Site V 0.18 0.15 0.21 

Site VI 0.12 0.08 0.16 

Site VII 0.07 0.40 0.18 

Sorensen's quotient of Similarity value <0.5 => Dissimilar 

>0.5 =>Similar* 

Table 7. The morphometry of the 7 studied wetlands. 

Study site Area 

I 890 m. x 400 m. 

II 300 m. x 250 m. 

III 150 m. X 750 m. 
IV 280 m. x 220 m. 
V 1500 m. x 500 ill. 
VI 12000 m. x 6000 m. 
vn 200 m. x 40 m. 

Table 8. Occurence of Macrophytes in 7 study sites 

Name of Macrophyte Site I Site II Site III 

Ludwigia parvijlora + - -
ScirpliS artielliatlls + + -
OryZlle sativa + - + 
Braeh;nr;a sp. + - -
]unells sp. + - + 
Nymplto;edes eristatum + - -
Melnstoma malabarieum + - -
Eyperlls sp. + + -
Barleria sp. + - -
Hydrilla sp. - + -
Nymphaea nouehali - - + 
Eiehhornia sp. + + -
Utrieularia sp. + - -
Commelina bengnlens;s - - + 
Poiygonium sp. - - + 
Alternanthra sp. - - + 
Tenhydra sp. - - + 
Total no. of species 

.',,/11 

10 4 6 
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Site V Site VI Site VII 

X 

0.35 X 

0.06 0.20 X 

0.22 0.17 0.00 X 

Depth 

10ft. 

6 ft. 

8 ft. 
5 ft. 
9 ft. 

100 ft. 

4.5 ft. 

Site IV Site V Site VI Site VII 

- - - -
- - - -
- - - -
- - - -
- - - -
- - - -
- - - -
- + + -
- - - -
- - + -
- - - -
- - - -
- - - -
- - - -
- - - -
- - - -
- - - -
1 0 2 1 

present study also revealed strong positive 
correlation of DO equally with rotifers, 
copepods and cladocerans (r = 0.734,0.479 and 
0.531). Simultaneously, BOD manifested strong 

positive correlation with nauplii and copepod 
density (r = 0.590 and 0.533 respectively) but 
an inverse relationship wi~ rotifers which was 
not statistically significant. Both COD and total 
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nitrogen exhibited significant correlation on the 
miscellaneous group (r = 0.527 and 0.648 
respectively). The only zooplanktonic group 
showing least relation with any 
physicochemical parameter was that of the 
protozoans as they were observed to possess 
significant positive correlation with total 
nitrogen (r = 0.530). Significant positive 
correlation coefficient (r= 0.845) was found to 
exist between phosphorus and copepod density, 
and this might be an indication that the 
copepods prefer to live in water having high 
phosphorus content. Finally, worth mentioning 
is the significant impact of temperature on total 
and faecal coliform bacteria (r = 0.866 and 
0.580), otherwise there exists no interference of 
these bacteria with the presence of 
zooplanktonic communities in the studied 
wetlands. 

Similarity indices 

Sorensen's index of Similarity given in table 
6 with respect to various biotic components and 
abiotic parameters clearly indicate the 
contrasting nature of our 7 selected study sites 
as dissimilarities existed among those sites 
except study site II and IV which showed 
moderate similarity (S.S.I. value = 0.7). This 
implies that both these study sites have a similar 
size and depth and both of them suffer from 
anthropogenic interference influencing their 
abiotic attributes. This fact also strengthens the 
contrasting nature of the selected wetlands. 

CONCLUSION 

"' 
All environmental parameters in relation to 

the assessed diversity state that there appeared 
no well marked effectiveness of any single 
environmental factor controlling the 
distribution of zooplankton. The different 
ecological parameters revealed their 
effectiveness on some zooplankton forms but 
not on all. On the other hand, it was also noticed 
that there eXisted a distinct community 
interaction in different water bodies which was 
related by the significant positive correlation 
between different groups. All the zooplankton 
groups tended to occur as associated 
community rather than as isolated groups. 

Similarity indices revealed minimum 
relationship among different water bodies 
except few moderate relationships. The 
differential, temporal and spatial distributional 
pattern of zooplankton population has been 
explained in respect to ecological, biotic and 
abiotic gradients prevalent in south-west 
Bengal. 
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COMMUNITY STRUCTURE OF MACROBENTHIC MOLLUSCS OF 
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ABSTRACT 

Thirteen species of intertidal macrobenthic molluscan species were recorded from different tidal levels (Low 
Tide level, Mid Tide Level and High Tide Level) of three intertidal belts viz. Junput, Sankarpur and Talsari of 
Midnapore coast, West Bengal. Community analysis like dominance, richness, diversity, evenness, similarity 
index and relative abundance were made. Among thirteen species, Cerit!ziden cingllintn was the most abundant 
species throughout the year. The species diversity and species richness index were recorded maximum during 
monsoon season; while the evenness index and index of dominance were found to be higher during premonsoon. 
Maximum similarity was found in between low tide level and mid tide level in all study sites as revealed by 
similarity indices. 

Keywords : Benthic molluscs, Intertidal belts, Midnapore coast, Community analysis. 

INTRODUCTION 

The intertidal belt of Midnapore district 
supports a galaxy of macrobenthic fauna of 
which molluscs constitute an important 
component (Khalua et al., 2003). The coastal belt 
of Midnapore district represents 27% (60 Km) 
of West Bengal coastal tract--extending along 
the Hooghly estuary from New Digha (at the 
confluence of river Subarnarekha with Hooghly 
estuary) to the extreme South-West point of 
Midnapore District and then curving around 
Junput, Rosulpur, Khejury and Haldia on the 
east to further North-East upto Tamluk or even 
Kolaghat on the bank of Rupnarayan. Several 
works have so far been carried out on 
macrobenthic molluscan faunal abundance, 
their ecology and population dynamics in 
different parts of India (Radhakrishna and 
Janakiram, 1975; Untawale and Parulekar, 1976; 
Ansari et al., 1986; Das and Dev Roy, 1989; 
Mondal and Nandi, 1989; Subbha Rao et al., 
1995; Sunil Kumar, 1995; Surya Rao and Maitra, 

"Corresponding author: susantachakraborty@yahoo.com 

1998; Lerberg et al., 2000; Rajan and Murugan, 
2001; Khan, 2003). 

Although published doculnents are available 
on littoral molluscs from Sundarban mangrove 
ecosystem (Subba Rao et al., 1987, 1992, 1995; 
Mondal and Nandi, 1989; Chakraborty and 
Chouhury, 1993, Eleftheriou, 2000); almost no 
such attempts have so far been made from the 
coastal tract of Midnapore, West Bengal, 
excepting the occasional report by Subba Rao 
(1977); Subba Rao et al., (1992) and Bharati 
Goswami (1992). In the present paper, studies 
on the seasonal community organization of the 
macrobenthic molluscs from three tidal zones 
of respective three contrasting intertidal belts 
of the Midnapore coastal tract have been 
undertaken. 

MATERIALS AND METHODS 

The present study was carried out at three 
contrasting intertidal belts of Junput, 
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5ankarpur, and Talsari (longitudinal extension 
87°20' E to 88°S'E and latitudinal extension 
21 °30' N to 22°2' N). All three study sites 
possess different characteristics with regard to 
the textural composition of their intertidal 
zones. The study site-I Gunput) showed muddy 
substratum, while Sankarpur was with sandy 
and intertidal belt of Talsari was a blend of 
mud and sand. Different macrobenthic molluscs 
were collected at monthly intervals Guly 2000. 
to June 2002) from the intertidal mudflats of 
Junput (5 I), intertidal sandflats of Sankarpur 
(511) and intertidal muddy-sandy zones of 
Talsari (SIll) during low tide (Fig. 1)., Quadrats 

;
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Coastal Dunes 

I Index I 
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having 0.5/ m2 area were established for the 
quantification of the molluscs. Random 
samplings were made at different spots at 
consistent positions along the transects 
traversing the intertidal zone of each study site. 
Three transects were established in tidal zones 
viz. Low Tide Level (LTL), Mid Tide Level 
(MTL) and High Tide Level (HTL) on a 
particular study site, each including five 
samples. The fauna inhabiting the soil were 
unearthed with the help of a shovel and sorted 
out by a sieve with a mesh size of 0.5 mm. The 
species were ranked in order of abundance. The 
most numerically abundant species,was ranked 

Fig. 1. Map of coastal tract of Midnapore District showing the location of different study sites 
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as one (Shaw et al., 1983). Relative abundance 
(Tamura, 1967), index of dominance (Simpson, 
1949), species richness index (Menhinick, 1964), 
species diversity index (Shannon and Wiener, 
1963) and species evenness index (Pielou, 1966) 
were computed. Similarity indices of different 
tidal levels of different study sites were found 
out (Sorensen, 1984). 

RESULTS AND DISCUSSION 

The present study revealed the occurrence 
of thirteen macrobenthic molluscan species 

from three selected study sites during July 
2000 to June 2002 (Table-I) It was found 
that Cerithidea cingulata was the dominant 
species and exhibited higher abundance in 
study site I (64.92) followed by study site II 
(54.22) and study site III (49.49) and .thereby 
enjoyed the first rank in all three study 
sites. This has been considered as more sensitive 
and simpler method of detecting the dominants 
in an assemblage of organisms (Shaw et al., 
1983). 

Table 1. Occurrence and distribution of molluscan species along with their relative abundance 
and rank in selected study sites of Midnapore coast. 

SI. Species Junput (SI) Sankarpur (SII) Talsari (SIll) 
No. 

Class GASTROPODA Relative Rank Relative Rank Relative Rank 
abundance abundance abundance 

Order MESOGASTROPODA 

Family ASSIMINEIDAE 

1. Assiminea brevicual (Pfeiffer) 11.28 3 5.09 4 

Family LIITORINIDAE 

2. Littorina (Littoraria) melanostoma Gray 5.60 4 3.76 6 

Family POT AMIDAE 

3. Telescopium telescopium (Linnaeus) 19.36 2 2.98 2 20.06 2 

4. Cerithidea (Cerithideopsis) 64.92 1 54.22 1 49.49 1 
cingulata (Gmelin) 

5. Cerithidea obtusa. (Lamarck) 1.46 5 5.36 5 3.26 8 

Family NA TICIDAE 

6. Natica tigrina (Roading) 2.03 9 

7. Nassarius foveolatlls 8.04 3 
(Mss. Dunker Reeve) 

Family OLIVIDAE 

8. Arnalda ampla (Gmelin) 0.4 11 

Order SOLEOLIFERA 
" 

Family ONCHIDIIDAE 

9. Onchidium tigrinum Stoliczka 2.56 4 0.50 10 

Class BIVALVIA 
Order AROCOIDA 
Family AROCOIDA 

10. Anadara granosa (Linnaeus) 0.41 6 3.89 6 3.36 7 

11. Modiolus striatulus (Hanley) 0.10 12 

Order VENEROIDA 
Family Donacidae 

12. Donax (l.Jztona) incarnates Gmelin 5.73 3 

Family VENERIDAE 

13. Meretrix meretrix (Linnaeus) 2.19 7 3.87 5 
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Species diversity index 

Species diversity index (H) is a m~as~r~ment 
of relationship between number of IndIvIduals 
and number of species. Species diversity tends 
to be low in physically controlled ecosystems 
and high in biologically controlled ecosystems 
(Odum, 1977). The present study revealed that 
the species diversity index was highest in st~dy 
site-III, followed by study site-I and study slte
II. Monsoon registered the maximum species 
diversity index in all three tidal levels among 
all three study sites. This may help to reduce 
oscillations and hence increase stability in that 
season (Margalef,1968). The measures of 
diversity are frequently seen as indicators of 
well being of ecological system. According to 
Wilhm and Doris (1968); the value of diversity 
index less than one was considered as an 
indicator of higher pollution. The present study 
exhibited that out of three study sites the 
diversity scores at study site-II were least and 
varied from 0.14-0.60 (Table -3); such scores in 
study site-I were moderate and ranged from 
0.24-0.48 (Table-2); while in study site-III, it was 
maximum and varied from 0.11-0.79 (Table 4). 
Thus it can be stated that all three intertidal 
belts were under stress of pollution. In_ the 
present study, the comparatively higher H in 
LTL than MTL and HTL were supposed to be 
due to occurrence of more dominant species in 
LTL than MTL and HTL. 

Species dominance index 

In an intra-community assemblage, species 
or species groups normally controlling the 
energy flow and strongly affecting the 
prevailing environment of all other species in a 
community are known as ecological dominants 
(Chakraborty and Chowdhury, 1994). A 
dominant species in a community may exert a 
powerful control over the occurrence of other 
species. The degree to which dominance 
concentrates in any species or species groups 
can be expressed by an appropriate index of 
dominance (Odum, 1977; Krebs, 1985). Among 
the three study sites, the dominance index was 
maximum in study site-I followed by study site
III and study site-II at L TL. At MTL, this index 
was maximum in study site-III, followed by 

Zoological Rfst'(lrch in Human Wtlfort 

study site II and study site-I. At HTL, this index 
was maximum and equal in study sites-I, n 
and III (Table 2, 3 and 4). It was found that 
during premonsoon, the communities at all 
three study sites were dominated by fewer 
species. The index of dominance value is always 
higher where the community is dominated by 
fewer number of species and lower when the 
dominancy is shared by large number of species 
(Whittaker, 1965). The present study endorses 
the above statement to show the minimum 
dominance value during monsoon and 
maximum in premonsoon. 

Species richness index 

Species richness index is expressed simply 
by the ratio between total species and total 
individuals. It is known to increase with 
increased complexity in a community and 
decrease where simplification occurs within a 
community (Bhattacharya and Bhattacharya, 
1983). The value of richness index does not 
show any seasonal trend in any three study 
sites. It was maximum at study site-I (1.58), 
followed by study site-III (1.4) and study site
II (1.16) respectively (Table-2, 4 and 3). But it 
should be noted that the highest value of species 
richness was recorded from HTL than MTL and 
L TL respectively probably due to the occurrence 
of smaller number of individuals in HTL and 
less dominant species in HTL. 

Species evenness index 

Species populations or individual species 
organisms do not exist in nature by themselves 
only; instead they form a part of an assemb.lage 
of species population living together In a 
definite habitat enjoying the impact of certain 
ecological parameters of the locality (Krebs, 
1985). The quantified seasonal changes in 
community structure were demonstrably 
associated with net population change of 
species. Dynamic events like recruitment and 
mortality, occurring at the population level 
were thus related to the seasonal changes in 
structure as observed at the community level 
(Holland and Polgar, 1976). Species evenness 
index is the expression of abundance, i.e. how 
equally the species are abundant. High 
evenness occurs,. when species are equal or 



Table 2. Seasonal variation of different community indices at Junput (S I) during monsoon 2000 to pre monsoon 2002. 

2000 2001 2001 2002 

Community Monsoon Post monsoon Pre monsoon Monsoon Post monsoon Pre monsoon 

Indices LTL MTL HTL LTL MTL HTL LTL MTL HTL LTL MTL HTL LTL MTL HTL LTL MTL HTL 

Dominance 0.43 0.44 0.62 0~68 0.46 ,~ 0.48 0.51 0.51 1 0.50 0.32 0.68 0.57 0.40 0.44 0.48 0.47 0.63 
index 

I. 

i 

Diversity 0.36 0.46 0.30 0.25 0.45 0.34 0.48 0.40 0.24 0.41 0.46 0.26 0.39 0.47 0.40 0.38 0.39 0.24 
index \ 

Richness 0.48 0.49 0.76 0.34 0.64 0.65 0.50 0.54 1.58 0.39 0.54 1.02 0.57 0.47 0.90 0.38 0.51 1 
index 

Evenness 0.25 0.28 0.14 0.12 0.35 0.16 0.29 0.24 0.18 0.24 0.32 0.13 0.27 0.29 0.19 0.18 0.19 0.49 

index 

Table 3. Seasonal variation of different community indices at Sankarpur (S II) during monsoon 2000 to pre monsoon 2002. 

2000-2001 2001 2002 

Community Monsoon Post monsoon Pre monsoon Monsoon Post monsoon Pre monsoon 

Indices LTL MTL HTL LTL MTL HTL LTL MTL HTL LTL MTL HTL LTL MTL HTL LTL MTL HTL 

Dominance 0.35 0.35 0.65 0.47 0.36 0.60 0.35 0.62 1 0.41 0.27 0.54' 0.40 0.46 0.78 0.38 0.55 1 
index 

Diversity 0.54 0.52 0.31 0.43 0.49 0.31 0.46 0.24 0.14 0.49 0.60 0.34 0.47 0.47 0.14 0.44 0.32 0.14 
index 

Richness 0.46 0.45 1.03 0.59 0.58 1.16 0.44 0.50 0.50 0.51 0.54 0.95 0.44 0.73 0.70 0.41 0.63 0.50 
index 

Evenness 0.78 0.86 0.45 0.61 0.81 0.65 0.97 0.81 0.17 0.71 0.86 0.73 0.79 0.67 0.54 0.93 0.67 0 
index 



Table 4. Seasonal variation of different community indices at Talsari (5 III) during monsoon 2000 to pre monsoon 2002. 

2000-2001 2001 2002 

Community Monsoon Post monsoon Pre monsoon Monsoon Post monsoon Pre monsoon 

Indices LTL MTL HTL LTL MTL HTL LTL MTL HTL LTL MTL HTL LTL MTL HTL LTL MTL HTL 

Dominance 0.36 0.20 0.34 0.41 0.86 1 0.50 0.57 0.50 0.21 0.28 0.39 0.49 0.64 1 0.50 0.53 0.12 
index 

Diversity 0.73 0.79 0.53 0.50 0.11 0.13 0.34 0.27 0.30 0.79 0.67 0.49 0.41 0.28 0.19 0.35 0.36 0.21 
index 

Richness 0.63 0.72 0.85 0.55 0.38 1 0.42 0.55 1.4 0.73 0.73 0.87 0.55 0.46 0.50 0.44 0.84 0.13 
index 

Evenness 0.81 0.71 0.32 0.35 0.03 0.14 0.16 0.08 0.09 0.79 0.56 0.30 0.29 0.14 0.12 0.17 0.17 0.15 
index 

Table 5. Similarity index among different tidal levels of three study sites. 

51 52 53 

LTL MTL HTL LTL MTL HTL LTL MTL HTL 

51 LTL X 90.91 66.67 60.00 66.67 66.67 26.67 37.5 28.57 

MTL X X 80.00 66.67 61.54 54.55 61.54 57.14 50.00 

HTL X X X 44.44 54.55 75.00 44.44 60.00 100.00 

LTL X X X X 83.33 44.44 53.33 35.29 28.57 

52 MTL X X X X X 72.73 46.15 53.33 66.67 

HTL X X X X X X 44.44 72.73 100 

LTL X X X X X X X 66.67 28.57 

53 MTL X X X X X X X X 66.67 

HTL X X X X X X X X X 
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virtually equal in abundance. In the present 
study, evenness index did not display any 
seasonality although the values were tended to 
be higher during premonsoon in all three study 
sites. It was found that high evenness occurred 
in study site-II (Table-3). 

Similarity Index 

The index of similarity envisages the 
measurement of degree of similarity between 
the communities of two habitats. In the present 
study, degree of similarity varied from 44.44% 
to 750/0 (in between study site-I and study site
II) and 26.67% to 100% (in between study site
I and study site-III) while it showed 28.56% to 
100% (in between study sites-II and III). The 
higher similarity appeared to be due to the 
occurrence of muddy substratum in both the 
study sites. The index of similarity in the 
present communication revealed the highest 
affinity in between study site-I and II and in 
between study site-II and III which were 
supposed to be due to their similarity in 
environmental features and species composition 

through different months, seasons and years 
during the study period. It was also observed 
that the similarity index in between LTL and 
MTL varied from 66.67% to 90.19% in different 
study sites. This value in between L TL and HTL 
ranged from 28.57% to 66%. In between MTL 
and HTL, it fluctuated from 66.67% to 80% in 
three study sites (Table 5). The maximum 
~imilarity found in between L TL and MTL, 
probably due to more or less similar textural 
components of the substratum and as per as 
the other phsico-chemical parameters concerned 
that also revealed similar type of changes. 
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DIVERSITY OF RHOPALOCERA IN HASTINAPUR WILDLIFE 
SANCTUARY, UTTAR PRADESH, INDIA 
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ABSTRACT 

Thirty-six species of butterflies referable to twenty-eight genera and seven families i:e., P~pilionidae, Pi~ridae, 
Danaidae, Satyridae, Nymphalidae, Lycaenidae and Hesperiidae, are reported for the f~r~t tu~e from Hashnapur 
Wildlife Sanctuary, Uttar Pradesh, India. First six families belong to superfamily PaplhonOldea and last to the 
super(l\ll\i1y Hesperoidea. 

Keywords : Rhopalocera, Papilionoidea, Wildlife, Sanctuary 

INTRODUCTION 

Hastinapur Wildlife Sanctuary' lies along the 
banks of the Ganga in Western Uttar Pradesh. 
The sanctuary was established mainly to accord 
protection to Swamp Deer Cervus dllvauceli 
duvauceli, the state animal of Uttar Pradesh, and 
to conserve the fast vanishing, unique biome, 
locally known as Gangetic Khadar. It is uniq~e 
in that it contains a variety of landforms and 
habitat types such as .. wetland, marshe$, dry 
sand beds and gently sloping ravines known 
as Khola. Till a few decades ago (before 1980s), 
the Gangetic Khadar had extensive tracts of tall 
wet and dry grass, and khola had luxuriant 
forests. However, today much of the natural 
vegetation has been lost due to industries, 
human settlements and cultivation. Thus, the 
so-called sanctuary is highly disturbed 
protected area. The sanctuary is located 
between 780 08' 47"E longitudes and 290 32' 28" 
N latitudes. The temperature varies from 00

_ 

480 C and the rainfall is more than 1000 mm. 
The sanctuary supports 180 species of birds and 
the vegetation of the sanctuary can be classified 
into tall wet grasslands, dry short grasslands, 
scrub and plantations (Nawab, 2000). 

The butterfly fauna of Uttar Pradesh has been 
previously studied by Mal'~hall and de Niceville 

(1882), de Niceville (1886, 1890), Bingham (1905, 
1907), Evans (1932), Talbot (1939, 1947) and 
Wynter-Blyth (1957). A perusal of literature 
reveals that nothing is known about the insect 
fauna of the Hastinapllr Wildlife Sanctuary. The 
present work is an attempt to provide a 
comprehensive account of Rhopalocera found 
in the Sanctuary. The article deals with an 
account of thirty-six species, twenty-eight genera 
and seven families i.e., Papilionidae, Pieridae, 
Danaidae, Satyridae, 1'~ ymphalidae, Lycaenidae 
and Hesperiidae, of which first six belong to 
superfamily PapiUonoidea and last to the 
superfamily Hesperiodea. All the species dealt 
with this account are reported for the first time 
from this sanctuary. 

SYSTEMATIC ACCOUNT 

Phylum ARTHROPODA 

Class INSECTA 

Order LEPIDOPTERA 

Suborder RHOP ALOCERA 

Family 1. PAPILIONIDAE 

Genus.1. Papilio Linnaeus, 1758 

1. Papilio demoleus demoleus Linnaeus 

1758 Papilio demo/ellS Linnaeus, Syst. Nnt. (ed. 10) : 
464. 
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1939. Papilio demoleus demoleus Linnaeus : Talbot, The 
Fauna of Brit. India, Butterflies, 1 : 189. 

Common name: The Lime Butterfly. 

Material examined : 2 rJ, Hastinapur Range, 
10.ix.2005, ColI. N. Shatma; 2rJ, 1 ~, 13.ix.2OO5, 
Sukartal, ColI. N. Sharma. 

Distribution: India: Uttar Pradesh; Bihar; 
Delhi; Orissa; Madhya Pradesh; throughout 
India (Wynter-Blyth, 1957). 

Elsewhere : Pakistan, Sri Lanka and North 
Myanmar. 

2. Papilio polytes' romulus Cramer 

1775. Papilio romulus Cramer, Pap. Exot., 1 : 67. 

1939. Papilio polytes romulus: Talbot, The Fauna of Brit. 
India, Butterflies, 1 : 178. 

Common name : Common Mormon. 

Material examined: 2rJ, 10.ix.200S, 1 rJ, 1 ~ 
l1.ix.200S, Hastinapur Range, ColI. N. Sharma; 
1 rJ, 13. ix. 2005, Sukartal, CoIl. l'J. Sharma. 

Distribution: India: Uttar Pradesh; Madhya 
PrcMlesh; Andaman and Nicobar; Delhi; Bihar; 
Tamil Nadu; Sikkim; Assam; Manipur; 
Meghalaya; Tripura; Nagaland; Lakshadweep; 
West Bengal; North-West Himalayas. 

Elsewhere: Sri Lanka; Bangladesh; Myanmar. 

Genus. 2. Graphium Scopoli, 1777 

3. Graphium doson axion C & R Felder 

1864. Papilio axion C & R Felder, Verh.zool.-bot. Ges. 
Wien., 14 : 305. 

1939. Graphium doson axion :. Talbot, The Fauna of Brit. 
India, Butterflies, 1 : 223. 

Common name: The Common Jay. 

Material examined : 1 rJ ,I ~, 10.ix.2005, 
Hastinapur Range, ColI. N. Sharma; 3 rJ, 13 . .ix. 
2005, Sukartal, CoIl. N. Sharma. 

Distribution: India: Uttar Pradesh; West 
Bengal; Sikkim; Assa"m; Tripura; Nagaland; 
Arunachal Pradesh. 

Elsewhere : Bhutan; Burma; South China; 
Thailand; Vietnam. 
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Family 2. PIERIDAE 

Genus 3. Cepora Billberg, 1820 

4. Cepora nerissa phryne (Fabricius) 

1775. -t>iipH(o phryne Fabricius, Syst. Ent., : 473. 

, '" I 1939~ ~m ?ttNssa phryne ': Talbot, The Fauna of Brit. 
India, Butterflies, 1 : 362. 

Common name : The Common Gull. 

Material examined : 1 rJ, 10.ix.2005, 2c1,1 ~ , 
11.ix.20pS, 3rJ,1 ~, 14.ix.2005, Hastinapur Range, 
ColI. N. Sharma; 2rJ, 13. ix. 2005, Sukartal, Coll. 
N.' Sharma; 2 rJ, 18.ix.2005, Dhanora Range, 
CoIl. N. Sharma. 

Distribution : India : Uttar Pradesh; Assam; 
Bihar; Sikkim; Madhya Pradesh; Maharashtra; 
Tamil Nadu; North-West Himalayas. 

Elsewhere: Nepal. 

Genus 4. Catopsilia Huebner, 1819 

5. Catopsilia pomona (Fabricius) 

1775. Papilio pomona, Fabricius, Syst. Ent., : 479. 

1939. Catopsilia pomona : Talbot, The Fauna of Brit. 
India, Butterflies, 1 : 493. 

1993. Catopsilia pomona : Varshney, Oriental Ins., 27 : 
362. 

Common name : The Lemon Emigrant. 

Material examined : 2 rJ, ll.ix.2005, 1 c1 , 
14.ix.2005, 2 c1, 1 ~, 15.ix.2005,Hastinapur 
Range, CoIl. N. Sharma; 2 ~, 13. ix. 2005, 
Sukartal, CoIl. N. Sharma; 2c1, 18.ix.2005, 
Dhanora Range, ColI. N. Sharma. 

Distribution : India-: Uttar Pradesh; Madhya 
Pradesh; Andaman and Nicobar; Delhi; Bihar; 
Maharashtra; Tamil Nadu; West Bengal; 
Nagaland; Tripura;, North-West Himalayas. 

Elsewhere : Sri Lanka; Pakistan and 
Myanmar; S011th China; Australia. 

6. Catopsilia pyranthe pyranthe (Linnaeus) 

1775. Papilio pytanthe, Linnaeus, Syst. Nat. (ed. 10) : 469. 

1939. Catopsilia pyranthe pyranthe: Talbot, The FautUl of 
Brit. India, Butterflies, 1 : 497. 

Common name : The Mottled Emigrant. 
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Material examined : 2 c!, 10.ix.2005, 2 c! , 
11.ix.2005, Hastinapur Range, CoIl. N. Sharma; 
2c! ,1 ~, 13. ix. 2005, Sukartal, ColI. N. Sharma; 
2c!, 2 ~, 18.ix.2005, Dhanora Range, CoIl. N. 
Sharma. 

Distribution : India : Uttar Pradesh; Madhya 
Pradesh; Andamans; Assam; Tripura; 
Meghalaya; Nagaland; Gujarat; Tamil Nadu; 
West Bengal; North-West Himalayas. 

Elsewhere : South China; Burma; Java; 
Sulawesi; Philippines; Sri Lanka; Pakistan 

Genus 5. Terias Swainson, 1821 

7. Terias hecabe fimbriata (Wallace) 

1867. Terias fimbriata Wallace, Trans. Ent. Soc. Lond. 4 
: 323. 

1939. Eurema hecabe fimbratia : Talbot, The Fauna of Brit. 
India, Butterflies, 1 : 531-532. 

1993. Terias hecabe : Varshney, Oriental Ins., 27 : 363. 

Common name: The Common Grass Yellow. 

Material examined : 2 c!, 10.ix.2005, 2 d', 

11.ix.2005, 1 c!, 2 ~, 14.ix.2005, Hastinapur 
Range, ColI. N. Sharma; 3c!, 13. ix. 2005, 
Sukartal, ColI. N. Sharma; 2a, 1!f? ,18. ix.2005, 
Dhanora Range, ColI. N. Sharma. 

Distribution: India: Uttar Pradesh; Madhya 
Pradesh; Bihar; Assam; Delhi; Himachal 
Pradesh; Maharashtra; Karnataka; Tamil Nadu; 
West Bengal; Lakshadweep. 

Elsewhere : Sri Lanka. 

Family 3. SATYRIDAE 

Genus 6. Ypthima Huebner,. 1818, 

8. Ypthima inica Hewitson 

1865. Yptltima inica Hewitson, Trans. Ent. Soc. Lond., 
(3)2 : 284. 

1994. Ypthima inica: Varshney, Oriental Ins., 28 : 159. 

Common name : The Lesser Three Ring. 

Material examined: 2c!, 10.ix.2005, 2a, 
14.ix.2005, Hastinapur Range, ColI. N. Sharma;' 
2d',l ~, 13. ix. 2005, Sukartal, ColI. N. Sharma. 

Distribution: India: Uttar Pradesh; Central 
India; Punjab; West Bengal. 

Genus 7~ Mycalesis Huebner, 1818 

9. Mycalesis perseus blasius (Fabricius) 

1798. Papilio blasius Fabricius, Ent. Syst. Suppl, p. 426. 

1947. Mycalesis perseus blasius : Talbot, The Fauna of 
Brit. India, Butterflies, 2 : 140-143. 

Common name : The Common Bushbrown. 

Material examined : 1 a, 10.ix.2005, 3 c! , 
11.ix.2005, 2 ~, 14.ix.2005, Hastinapur Range, 
ColI. N. Sharma; 1 c! ,I !f?, 13.ix.2005, Sukartal, 
ColI. N. Sharma. 

Distribution: India: Uttar Pradesh; Punjab; 
Orissa; West Bengal; ~aharashtra; Tamilnadu. 

Elsewhere' : Sri Lanka. 

10. Mycalesis visala visala Moore 

1857. Mycalesis visala moore, Cat. Lep. Ins. E.l.C., 1 : 
230. 

1947.< Mycalesis visala visala : Talbot, The Fauna of Brit. 
India, Butterflies, 2 : 140-143. 

Common name: The Long Brand Bushbrown. 

Material examined : 2 d', 10.ix.2005, 1 ~ , 
11.ix.2005, 2c!, 14.ix.2005, Hastinapur Range, 
ColI. N. Sharma. 

Distribution: India: Uttar Pradesh; Madhya 
Pradesh; Arunachal Pradesh; Tripura; 
Meghalaya; Nagaland; Sikkim; Assam; West 
Bengal. 

Elsewhere : Myanmar. 

Genus 8. Melanitis Fabricius, 1807,. 

11. Melanitis leda ismene (Cramer) 

1775. Papilio ismene Cramer, Pap. Exot., 1 : 40, pI 26. 

1947 .. Melanitis leda ismene : Talbot, The Fauna of Brit. 
India, Butterflies, 2 : 366-369. 

Common name : The Common Evening 
Brown. 

Material examined : 1 c!, 10.ix.2005, 1 ~ , 
11.ix.2005, 2c!, 14.ix.2005, Hastinapur Range, 
ColI. N. Sharma; 1 c!, 13.ix.2005, Sukartal, ColI. 
N. Sharma; 1 c!, 1 ~, 18.ix.2005, Dhanora Range, 
ColI. N. Sharma. 

Distribution : India : Throughout India 
including Andaman and Nicobar Islands. 
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Elsewhere : Japan; Malaya; Sri Lanka; 
Myanmar; Sumatra; Taiwan. 

Family 4. NYMPHALIDAE 

Genus 9. Junonia Huebner, 1819 

12. J"nonia almana almana (Linnaeus) 

1758. Pl1pilio a/mana Linnaeus, Syst. Nat. (ed. 10); 472. 

1932. Precis a/mana almana : Evans, The identification of 
Indian Butterflies: 176. 

1994. }IlIlonia a/mana: Varshney, Orienta/Ins., 28 : 176. 

Common name : The Peacock Pansy. 

Material examined : 2d', 10.ix.2005, 1 d',1 ~, 
Il.ix.200S, 1 d', 14.ix.200S, Hastinapur Range, 
CoIl. N. Sharma; 1 ~, 1 ~, 13. ix. 2005, Sukartal, 
ColI. N. Sharma; 2d',1 ~, 18.ix.200S, Dhanora 
Range, ColI. N. Sharma. 

Distribution: India: Uttar Pradesh; Madhya 
Pradesh; Bihar; Delhi; West Bengal; Orissa; 
Punjab; Andamans; Nagaland; Sikkim; Tripura; 
Manipur (Widely distributed throughout India 
excluding Car Nicobar). 

Elsewhere: Sri Lanka; Myanmar. 

13. Junonia orithya s7vinhoe Butler 

1885. }unonia swinhoe, Butler, Ann. Mag. nat. Hist., 5(16) 
: 316. 

1932. ]unonia orithya swinhoe : Evans, The identification 
of Indian Butterflies: 176. 

1994. ]unon;a oritltya : Varshney, Orienta/Ins., 28 : 176. 

Common Harne: The Blue Pansy. 

Material examilled : India: I'd', 10.ix.200S, 2d', 
11.ix.200S, 1 d',1 ~ ,14.ix.200S, Hastinapur Range, 
CoIl. N. Sharma; 1 ~,2 ~, 13. ix. 2005, Sukartal, 
CoIl. N. Sharma; 1 d', 18. ix.200S, Dhanora 
Range, ColI. N. Sharma. 

Distribution : Uttar Pradesh; Madhya 
Pradesh; Bihar; Delhi; Orissa; Punjab; Himachal 
Pradesh; Tamilnadu; Maharashtra. 

Elsewhere: Sri Lanka; Baluchistan; Pakistan; 
Myanmar. 

14. Junonia lemonias persicaria (Fruhstorfer) 

1912. Precis persicaria Fruhstorfer, In Seitz; The 
Mncrolepidoptera of the World, 9 : 520. 
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1932. Precis lemonias persicaria : Evans, The idmtification 
of Indian Butterflits : 176. 

1994. Junonia lemonias : Varshney, Oriental Ins., 
28 : 176. 

Common name : The Lemon Pansy. 

Material examined: 1 exs., 10.ix.200S, 1 exs., 
11.ix.200S,2 exs. 14.ix.200S, Hastinapur Range, 
CoIl. N. Sharma; 2 exs.13.ix.200S, Sukartal, Coll. 
N. Sharma; 1 exs. 18.ix.200S, Dhanora Range, 
CoIl. N. Sharma. 

Distribution: India: Uttar Pradesh; Madhya 
Pradesh; Bihar; Himachal Pradesh; Orissa; 
Kerala; Tamilnadu; Maharashtra. 

Elsewhere : Sri Lanka. 

15. Junonia hierta hierta (Fabricius) 

1798. Papilio hierta Fabricius, Ent. Syst. Supp/., 4 : 424. 

1932. Precis hierta hierta : Evans, The identification of 
Indian Butterflies : 176. 

1994. ]lInonia hierta : Varshney, Orienta/Ins., 28 : 176. 

Common name: The Yellow Pansy. 

Material examined : 1 d', 10.ix.200S, 2d', 
11.ix.200S, 1 d' ,19, 14.ix.2005, Hastinapur Range, 
CoIl. N. Sharma; 1 d', 1 ~ I 13. ix. 2005, Sukartal, 
CoIl. N. Sharma; 1 d', exs. 18.ix.2005, Dhanora 
Range, ColI. N. Sharma. 

Distribution: India: l!ttar Pradesh; Madhya 
Pradesh; Bihar; Punjab; Delhi; Himachal 
Pradesh; Orissa. 

Elsewhere: Sri Lanka; Baluchistan; Pakistan. 

16. Junonia atlites (Linnaeus) 

1763. Papilio atlites Linnaeus, Centur. Ins., : 24. 

1932. Precis atlites : Evans, The identification of Indian 
Butterflies : 176. 

1994. ]unonia atlites : Varshney, Orienta/Ins., 28 : 176. 

Common name: The Grey Pansy. 

Material examined : 1 d' ,10.ix.200S, 2d', 
14.ix.2005, 1 ~, 15.ix.2005, Hastinapur Range, 
Coll. N. Sharma; 1 ~, 13.ix.200S, Sukartal, CoIl. 
N. Sharma; 1 cJ' ,1 9, 18.ix.200S, Dhanora Range, 
Coll. N. Sharma. 



SHARMA : Diversity of Rhopalocera in Hastillapur Wildlife Sanctuary, U.P. 87 

Distribution: India: Uttar Pradesh; Madhya 
Pradesh; Orissa; West Bengal; Andaman and 
Nicobar; Nagaland; Sikkim; Tripura. 

Elsewlzere : Sri Lanka; Myanmar. 

Genus 10. Hypolimnas Huebner, 1819 

17. Hypolimnas bolina (Linnaeus) 

1758. Papilio bolina Linnaeus, Sys. Nat. (ed. 10)1 : 479. 

1932. Hypolimnas bolina : Evans, The identification of 
Indian Butterflies: 174. 

1994. /unonia atlites : Varshney, Oriental Ins., 28 : 177. 

Common name: The Great Eggfly. 

Material examined: 2d', 10.ix.200S, 2d', 1 ~, 
11.ix.200S, Hastinapur Range, ColI. N. Sharma; 
1 ~, 13.ix.200S, Sukartal, CoH. N. Sharma. 

Distribution: India: Uttar Pradesh; Madhya 
Pradesh; Bihar; Delhi; Orissa; Arunachal 
Pradesh; Meghalaya: Nagaland; Sikkim; 
Andaman and Nicobar; West Bengal. 

Elsewhere: Pakistan; Myanmar; Sri Lanka. 

Genus 11. Phalanta Horsfield, 1829 

18. Pha.lanta phalantha phalantha (Drury) 

1770. Papilio phalantha Drury, Exot. Inst., 1 : 41, pI. 21, 
figs. I, 2. 

1905. Atella phalantha : Bingham, The Fauna of British 
India (Butterflies), 1 : 412-413, fig. 75. 

1932. Atella phalantlta : Evans, The identification of Indian 
Butterflies : 187. 

1980. Phalanta phalantha phalantha : Varshney et al., Rec. 
zool. Surv. India, Occ. Paper No., 31 : 18-19. 

Common name : The Common Leopard. 

Material examined : 1 d',1 ~ ,10.ix.200S, 1 ~, 
11.ix.200S, 2d', 14.ix.200S, Hastinapur Range, 
CoH. N. Sharma; 2d', 2 exs. 13. ix. 200S, Sukartal, 
CoIl. N. Sharma; 2d', 18.ix.200S, Dhanora Range, 
CoH. N. Sharma. 

Distribution: India: Uttar Pradesh; Madhya 
Pradesh; Bihar; Delhi; Orissa; Arunachal 
Pradesh; Nagaland; Sikkim; Tamilnadu; 
Nicobar; West Bengal. 

Elsewhere: Pakistan; Myanmar; Sri Lanka. 

Genus 12. Ariadne Horsfield, 1829 

19. Ariadne merione (Cramer) 

1777. Papilio merione Cramer, Pap. Exot., 2 : 76, pI.144, 
figs. G, H. 

1994. Ariadne merione: Varshney, OrIelltal Ins., 28: 167. 

Common name: The Common Coster. 

Material examined : 2d' ,I ~, 10.ix.2005, 2d', 
11.ix.200S, 1 ~, 14.ix.200S, Hastinapur Range, 
ColI. N. Sharma; 3d', 13. ix. 200S, Sukartal, CoH. 
N. Sharma; 1 d',1 ~, 18.ix.200S, Dhanora Range, 
CoH. N. Sharma. 

Distribution: India: Uttar Pradesh; Madhya 
Pradesh; Punjab; Delhi; Orissa; West Bengal; 
Nagaland; Sikkim; Arunachal Pradesh. 

Elsewhere: Pakistan; Myanmar; Sri Lanka. 

Family S. DANAIDAE 

Genus 13. Danaus Kluk, 1780 

20. Danaus chrysippus chrysippus (Linnaeus) 

1758. Papilio chnJsippus Linnaeus, Syst. Nat. (ed. 10) 1 
: 471. 

1947. Danalls chrysippus cllrysippus : Talbot, The Fauna 
of Brit. India, Butterflies, 2 : 20 

Common name : The Plain Tiger. 

Material examined: 2d',1 ~, 10.ix.200S, 2d', 
11.ix.200S, 1 ~, 14.ix.200S, Hastinapur Range, 
Coll. N. Sharma; 1 d',1 ~, 13. ix. 200S, Sukarta!, 
ColI. N. Sharma; 1 d' , 18.ix.200S, Dhanora Range, 
ColI. N. Sharma. 

Distribution: India: Uttar Pradesh; Madhya 
:pradesh; Punjab; Bihar; Delhi; Orissa; Manipur; 
Nagaland; Assam; Sikkim; Gujrat; Maharashtra; 
Tamil Nadu; Himachal Pradesh; Andaman and 
Nicobar; West Bengal. 

Elsewhere : Nepal; Pakistan; Bhutan; Sri 
Lanka; Myanmar; Indonesia; China. 

21. Danaus genutia (Cramer) 

1779. Papilio genlltia Cramer, Pap. Exot., 3 : 23. 

1947. Danaus plexippus plexipplls : Talbot, Tile Fauna of 
Brit. India, Butterflies, 2 : 25. 

1993. Danaus genutia: Varshney, Oriental Ins., 27 : 365. 
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Common name : The Common Tiger. 

Material examined : 1 a, 10.ix.200S, 1 a ,1 ~ , 
11.ix.200S, 1 a ~ 14.ix.200S, Hastinapur Range, 
ColI. N. Sharma; 2a, 13.ix.200S, Sukartal, ColI. 
N. Sharma; 1 a,l ~, 18.ix.200S, Dhanora Range, 
Call. N. Sharma. 

Distribution : India : Uttar Pradesh; Madhya 
Pradesh; Assam; Bihar; Delhi; Orissa; Punjab; 
Manipur; Mizoram; Sikkim; Nagaland; 
Rajasthan; Tamil Nadu; Arunachal Pradesh; 
Karnataka; Himachal Pradesh; Andaman and 
Nicobar; West Bengal. 

Elsewhere : Thailand; Nepal; Pakistan; 
Afghanistan; Bhutan; Sri Lanka; Myanmar; 
South China. 

Genus 14. Tirumala Moore, 1880 

22.Tirumala limniace leopardus (Butler) 

1866. Danalls Iimniace var. leopardus Butler, Proc. zool. 
Soc. Lond., : 52. 

1947. Danaus limniace leopardus : Talbot, The Fauna of 
Brit. India, Butterflies, 2 : 31. 

Common name: The Blue Tiger. 

Material examined: 1 a, 10.ix.200S, 1 a, 1 ~, 
14.ix.200S, Hastinapur Range, ColI. N. Sharma; 
2 a, 13.ix.200S, Sukartal, ColI. N. Sharma. 

Distribution: India: Uttar Pradesh; Madhya 
Pradesh; Assam; Bihar; Delhi; Orissa; Punjab; 
Uttarakhand: Manipur; Sikkim; Nagaland; 
Tamil Nadu; Karnataka; Himachal Pradesh; 
Andaman and Nicobar; West Bengal. 

Elsewhe.re : Thailand; Nepal; Pakistan; 
Afghanistan; Sri Lanka< Myanmar; South China. 

Genus 15. Euploea Fabricius 1807 

23. Euploea core core (Cramer) 

1780. Papilio core Cramer. Pap. Exot., 3 : 133. 

1947. Euploea core core: Talbot, The Fauna of Brit. India, 
Butterflies, 2 : 67. 

Common name: The Common Crow. 

Material examined: 2a, 10.ix.2005, 2a, 
11.ix.2005, 2a,l ~, 14.ix.2005, Hastinapur Range, 
ColI. N. Sharma; 3d', 13. ix.2005, Sukartal, Call. 
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N. Sharma; 1 ~, 18.ix.2ooS, Dhanora Range, Coll. 
N. Sharma. 

Distribution: India: Uttar Pradesh; Madhya 
Pradesh: Bihar; Delhi; Orissa; Sikkim; 
Uttaranchal; Tamil Nadu; Karnataka; Himachal 
Pradesh; Andaman and Nicobar; West Bengal; 
Nagaland. 

Elsewhere. : Northern Myanmar; Sri Lanka; 
Nepal and Pakistan. 

Family 6. L YCAENIDAE 

Genus 16. Tarucus Moore, 1881 

24. Tarucus alteratus Moore 

1882. Tarucus alteratus Moore, Proc. zool. Soc. Lond. : 
245. 

1932. Tarucus alteratus : Evans, The identification of Indian 
Butterflies : 216. 

Common name : The Rusty Pierrot. 

Material examined : 1 d', 10.ix.2005, 1 a ,1 ~, 
14.ix.200S, Hastinapur Range, ColI. N. Sharma; 
2d',2 ~, 13. ix. 2005, Sukartal, ColI. N. Sharma. 

Distribution: India: Himachal Pradesh; Uttar 
Pradesh; Central India. 

Elsewhere: Pakistan; Myanmar. 

Genus 17. Catochrysops Boisduval, 1832 

25. Catochrysops strabo strabo (Fabricius) 

1793. Hesperia strabo Fabricius, Ent. Syst. 3 : 287. 

1907. CatochnJsops strabo : Bingham, The fauna of British 
India (Butterflies), 2 : 211. 

1962. CatochnJsops strabo strabo : Cantile, The Lycaenidae 
portion (except the Arhopa/a Group) of Brigadier 
Evans 'The identification of Indian Blltierflies, 1932 
: 67. 

Common name : The Spotted Pierrot. 

Material examined : 1 a,1 ~, 10.ix.200S, 4d', 
5.ix.2005, Hastinapur Range, CoIl. N. Sharma; 
1 a ,1 ~, 13.ix.2005, Sukartal, Call. N. Sharma. 

Distribution: India: Uttar Pradesh; West 
Bengal; Bihar; Madhya Pradesh;· Maharashtra; 
Tamilnadu; Kerala. 

Elsewhere : Myanmar; Sri Lanka. 
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Genus 18. Euchrysops Butler, 1900 

26. Euchrysops cnejus (Fabricius) 

1798. Hesperia cnejus Fabricius, Ent. Syst. Supdt. : 430. 

1907. Catoc/l"jSOPS cnejus : Bingham, The Fauna of British 
India (Butterflies), 2 : 415. 

1962. Catochrysops cnejlls : Cantile, The Lycaenidae 
portion (except the Arhopa/a Group) of Brigadier 
Evans 'The identifietition of Indian Butterflies, 1932 
: 65. 

Common name : The Gram Blue. 

Material examined : 2 d',1 ~, 10.ix.2005, 
2d' ,11.ix.2005, 3d',1 ~, 15.ix.2005, Hastinapur 
Range, CoIl. N. Sharma; 2d', 13. ix. 2005, 

. Sukartal, CoIl. N. Sharma. 

Distribution : India : West Bengal; Uttar 
Pradesh; Madhya Pradesh; Andamans; Central 
and South Nicobars. 

Elsewhere: Myanmar; Nepal; Pakistan; Sri 
Lanka. 

Genus. 19. Zizina Chapman, 1910 

27. Zizina otis indica (Fabricius) 

1874. Lycaena indica Murray, Trans. Ent. Soc. Lond. (4) 
: 525, pI. 10, figs. 2, 3. 

1907. Zizera otis : Bingham, The Fauna of British India 
(Butterflies), 2 : 360. 

1962. Zizina otis indica : Cantile, The Lycaenidae portion 
(except the Arhopa/a Group) of Brigadier Evans 'The 
identification of Indian Butterflies, 1932 : 63. 

Common name : The Lesser Grass Blue. 

Material examined : 1 d', 10.ix.2005, 1 d' , 
11.ix.2005, Hastinapur Range, CoIl. N. Sharma; 
1 d',1 ~ ,13. ix. 2005, Sukartal, CoIl. N. Sharma. 

Distribution : India : Northern India; 
Andamans; Car and Central Nicobars. 

Elsewhere: Myanmar; South-East Asia. 

Genus 20. Zizula Chapman, 1910 

28. Zizula Itylax (Fabricius) 

1775. Papilio Izylax, (Fabricius), Syst. Ent. : 526. 

1907. Zizera gaika : Bingham, The Fauna of British India 
(Butterflies), 2 : 359. 

1962. Zizllia hylax : Cantlie, The Lycaellidae portion 

(except the Arltopala Group) of Brigadier Evans 'The 
identification of Indian Butterflies, 1932 : 65. 

Common name: The Tiny Glass Blue. 

Material examined : 1 d', 10.ix.2005, 1 d' , 

ll.ix.2005, 2exs. 14.ix.2005, Hastinapur Range, 
CoIl. N. Sharma. 

Distribution: India: Uttar Pradesh; Madhya 
Pradesh; West Bengal; Andaman & Nicobars. 

Elsewhere: Myanmar; Pakistan; Sri Lanka. 

Genus 21. Zizeeria Chapman, 1910 

29. Zizeeria knysna karsandra 

1865. Polyommatlls karsandra Moore, Proc. zool. Soc . 
Lond. : 505. 

1907. Zizera lysimon, Bingham, The Fauna of British India 
(Butterflies), 2 : 357. 

1962. Zizeeria knysna karsandra Cantlie, The Lycaenidae 
portion (except the Arhopa/a Group) of Brigadier 
Evans 'The identification of Indian Butterflies, 1932 
: 65. 

Common name: The Dark Grass Blue. 

Material examined : 3d',1 ~, 10.ix.2005, 
2d',1 ~ ,11.ix.2005, 2d', 14.ix.2005, Hastinapur 
Range, CoIl. N. Sharma; 1 d',1 ~, 13. ix. 2005, 
Sukartal, ColI. N. Sharma; 2d',2 ~, 18.ix.2005, 
Dhanora Range, CoIl. N. Sharma. 

Distribution : India: West Bengal; Assam, 
Arunachal Pradesh; Central to Northern India. 

Elsewhere: Myanmar; Pakistan; Sri Lanka. 

Genus 22~ Pseudozizeeria 

30. Pseudozizeeria maha maha (Kollar) 

1848. Lycaena maim Kollar, in Hugel's Kashmir, 4 : 422. 

1907. Zizera maim: Bingham, The Fauna of Britisllilldia 
(Butterflies), 2 : 355. 

1955. Pselldozizeeria maim maim: Beuret, 1955, Mitt. fl1t. 
Ges. Basel,S: 125. 

1962. Zizeeria maim maim : Cantlie, The LycaL'nidae 
portion (except tile ArllOpala Group) of Brigadier 
Evans 'Tile identification of Illdiall Blltterflies, 1932 
: 65. 

Common name : The Plae Grass Blue. 

Material examined : 3 d', 10.ix.2005, 2 d' , 

l1.ix.2005, 1 d' ,1 ~, 14.ix.2005, Hastinapur 
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Range, Coil. N. Sharma; 2d',1 ~, 13.ix.2005, 
Sukartal, ColI. N. Sharma; 2d'·, 18.ix.2005, 
Dhanora Range, CoIl. N. Sharma. 

Distribution: India: West Bengal; Assam; 
Central to Northern India. 

Elsewhere : Myanmar; Pakistan; Nepal; 
Baluchistan. 

Genus. 23. Castalius Huebner 

31. Castalius rosimon rosimon (Fabricius) 

1775. Papilio rosimon (Fabricius), Syst. Ent., : 523. 

1907. Castalius rosimon : Bingham, The Fauna of British 
India (Butterflies), 2 : 424. 

1962. Castalius rosimon rosimon : Cantlie, The Lycaenidae 
portion (except the Arhopala Group) of Brigadier 
Evans 'The identification of Indian Butterflies, 1932 
:31. 

Common name : Common Pierrot. 

Material examined: 3d',1 ~, 10.ix.2005, 1 d',1 ~, 
l1.ix.2005, 2d',2 ~, 14.ix.2005, Hastinapur Range, 
ColI. N. Sharma; 2d', 13.ix.2005, Sukartal, ColI. 
N. Sharma; 2d',1 ~ ,18.ix.2005, Dhanora Range, 
ColI. N. Sharma. 

Distribution : India : West Bengal; Uttar 
Pradesh; Widely distributed in India. 

Elsewhere: Myanmar; Pakistan; Sri Lanka. 

Genus. 24. Azanus Moore, 1881 

32. Azanus ubaldus Cramer 

1782. Papilio ubaldus Cramer, Pap. Exot. 4 : 209. 

1882. Azanus ubaldus : Moore, List of Lepidoptera 
collected by the Rev. J .H. Hocking chiefly in the 
Kangra district, N. W. Himalaya; with 
descriptions of new genera and species. Proc. 
Zool .. Soc. Lond. : 245. 

Common name : The Bright Babul Blue 

Material examined: 2d', 18.ix.200S, Dhanora 
Range Coll.- N. Sharma. 

Distribution: India: Himachal Pradesh; Uttar 
Pradesh; Central India. 

Elsewhere: Pakistan; Myanmar. 
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Family 7. HESPERllDAE 

Genus 25. Caltoris Swinhoe, 1893 

33. Caltoris cahira (Moore) 

1877. Parnara cahira Moore, Proc. zool. Soc. Lond.,": 593. 

1949. Caltoris cahira : Evans, A Catalogue of the 
Hesperiidae from Europe, Asia and Australia in Brit. 
Mus. (nat. Hist) : 452. 

Common name : The Colon Swift. 

Material examined : 2 d', 10.ix.2005, 1 d', 
14.ix.2005, Hastinapur Range, CoIl. N. Sharma; 
1 ~, 13 ix. 2005, Sukartal, CoIl. N. Sharma; 
1 d' ,1 ~, 18.ix.2005, Dhanora Range, ColI. N. 
Sharma. 

Distribution: India: Sikkim; Assam; West 
Bengal; Meghalaya; Manipur; Andaman and 
Nicobar. 

Elsewhere: Pakistan; Myanmar. 

Genus 26. Spialia Swinhoe, 1912 

34. Spialia galba (Fabricius) 

1793. Hesperia galba Fabricius, Ent. Syst., 3(1) : 352. 

1932. Syriclltus galba : Evans, The Identification of I"dian 
Butterflies : 347. 

1949. Spialia golba : Evans, A Catalogue of the Hesperiidae 
from Europe, Asia and Australia in Brit. Mus. (nat. 
Hist) : 452. 

Common name: The Indian Skipper. 

Material examined: 2d', 10.ix.2005, 2d', 1 ~, 
14.ix.2005, Hastinapur Range, CoIl. N. Sharma; 
1 d', 13. ix. 2005, Sukartal, ColI. N. Sharma; 1 d', 
18.ix.2005, Dhanora Range, CoIl. N. Sharma. 

Distribution: India: Uttar Pradesh; Madhya 
Pradesh. 

Elsewhere : Saudi Arabia; Baluchistan; 
Myanmar; Sri Lanka. 

Genus 27. Telicota, Moore,1881 

35. Telicota colon (Fabricius) 

1775. Papilio colon Fabricius, Syst. Ent. Insect o rid. : 
531 

1992. Telicota colon: Eliot, Butterflies of Malaya peninsula 
by A. Steven Corbet and H.M. Pendlebury. Mnlaya 
Nat. Soc. : 
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Common name : The Pale Palmdart. 

Material examined : 1 a ,1 ~, 10.ix.2005, 
1 a ,14.ix.2005, 2a , 15.ix.2005, Hastinapur Range, 
ColI. N. Sharma; 4a ,2 ~ ,13. ix. 2005, Sukartal, 
ColI. N. Sharma. 

Distribution: India: Uttar Pradesh. 

Elsewhere : Malaya, Philippines. 

Genus 28. Pelopidas Walker, 1870 

36. Pelopidas mathias mathias (Fabricius) 

1798. Hesperia mathias Fabricius, Ent. Syst. Suppl., p 
433. 

1949. Pe/opidas mathias mathias: Evans, A Catalogue of 
the Hesperiidae from Europe, Asia and Australia in 
Brit. Mus. (nat. Hist) : 441. 

Common name : The Swifts. 

Material examined: 2a, 18.ix.2005, Dhanora 
range, ColI. N. Sharma. 

Distribution : India : Uttar Pradesh; Madhya 
Pradesh; Assam; Central Nicobars; Jammu and 
Kashmir; Maharashtra; Rajasthan; Punjab; 
Sikkim; West Bengal; South India. 

Elsewhere: Papuan and Australian Region. 
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A COMPENDIUM AND A REVISED KEY OF THE GENUS 
APORCELAIMELLUS HEYNS, 1965 

(APORCELAIMIDAE: NEMATODA) 
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Kolkata-700053, West Bengal 

ABSTRACT 

Aporcelaimellus is the richest genus of the family Aporcelaimidae; and not less than 88 nominal species have 
been described under it, or transferred to it from other genera (Andrassy, 2002). In his overview of the genus, 
Andrassy (2002) omitted to include the species A. budauniensis, erected by Khatoon and Sharma, 2000. Since then, 
seven new species had been described under the genus Aporcelaimellus. A compendium of those eight species is 
being made along with a revised dichotomous key to the species of the genus. 

Keywords: Nematode, Apor~elaimellus, identification, compendium, dichotomous key. 

INTRODUCTION 

The genus Aporcelaimellus was first erected 
by Heyns in 1965, under the family 
Apocelaimidae Heyns, 1965. The diagnosis of 
the genus given by Heyns was based solely on 
'study of Aporcelaimellus obscurus (Thorne and 
Swanger, 1936) Henys, 1965. The genus belongs 
to the taxonomically rather difficult genera of 
soil nematodes. It is a widespread genus and 
cosmopolitan in distribution. Great problems 
for taxonomists are that several Aporcelaimellus 
species have rather inadequately been 
described, relatively ,few of them are 
unambiguously defined and that many nominal 
species have not been recovered since their first 
descriptions (Andrassy, 2002). Andrassy 
published an up-to-date overview of the genus 
in the year 2002. He also compiled a 
"tentative"determination key to the species of 
Aporcelaimellus. But he did not incorporate A. 
blldaul1iensis Khatoon and Sharma, 2000. Since 

that valuable review work, seven new species 
had been established under this genus by 
different scientists till date. A. faridpllriensis, A. 
jairajpurii and A. nawabganjense were erected 
by Singh, Sharma and Khatoon, 2002; A. futaii 
by Khan and Araki, 2002; A. amazoniCliS and A. 
insularis by Andrassy, 2004 and A. subhasi by 
Gantait, Bhattacharya and Chatterjee, 2006. A 
compendium of those eight species is being 
made in this paper (Table 1.). A revised key of 
the genus is also incorporated herein. 

DISCUSSION 

Heyns, 1965 proposed the genus 
Aporcelaimellus first to accommodate some 
spe~ies of the closely related genus Aporceiaimlls 
Thorne and SlA,ranger, 1936 and by transferring 
many species from the genus Eudoryiaimlls 
Andrassy, 1959. The generic characters made 
by Henys are as follows: medium sized (1-3 
mm) nematodes with rather robust body (a = 
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20-30); cuticle thickened mostly towards both 
the extremities, cuticle with fine but distinct 
transverse striae; oral aperture small, 
apparently hexagonal in shape; anterior part of 
pharynx appearing hexagonal in en face view; 
lips separated from one another; amphids with 
or without a median support, the chamber 
apparently never divided into two halves; axial 
spear with a large aperture, occupying from 
slightly less to more than half the length of 
spear; oesophago-intestinal disc absent; obscure 
ventromedian cuticular pores over entire length 
of the body; vulva with a small to medium 
sized pore-like opening, with or without 
cuticularized lips; mostly two eggs at a time in 
each uterus; tail relatively short, bluntly 
rounded, conoid or slightly digitate. 

Tjepkema, Ferris and Ferris, 1971 gave a 
general review of the genus. They had 
expressed that the genus Aporcelaimellus apart 
from being close to the genus Aporcelaimus of 
the fanuly Aporcelaimidae Heyns, 1965, is also 
close to the genus Eudorylaimus of the family 
Dorylaimidae De Man, 1876. They had 
recommended the following changes or 
additions to the generic characters : cuticle 
about as thick anteriorly as at mid-body; most 
species appear to have a thin outer layer and 
two thicker inner layers of cuticle; spear 
aperture usually 50% or more of spear length, 
rarely less than 50%; lips set off from body by 
a deep constriction; amphids duplex in most 
species; an oesophago-intestinal disc present. 

Determination keys to the species of the 
genus Aporcelaimellus was given by Baqri and 
J airajpuri, 1968 for thirteen species and 
subsequently by Thorne, 1974 for eleven 
species. Baqri and Khera, 1975 opined that the 
genus Aporcelaimellus is closely related to 
Aporcelaimus and Eudorylaimus and perhaps the 
genus Aporcelaimellus is intermediate between 
the other two genera. They revealed that apart 
from other characters, the location of 
oesophageal gland nuclei and their orifices 
should also be considered important characters 
to separate the genus Apocelaimellus from 
EudonJlaimus. According to them the distance 
between SIN} and S2N2 is larger in 
Apoce/aimellus spp. than in Eildorylaimus species. 
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The range of distance between SINl and ~N2 
calculated in percentage of neck length, in 
Apocelaimellus and Eudorylaimus is 4.2-15.2 and 
0.3-4.0 respectively. They had transferred 
twelve Eudorylaimus ~pecies to the genus 
Aporcelaimellus. 

Jairajpuri and Ahmad, 1992 provided the 
following diagonostic characters of the genus: 
medium-sized nematodes, usually with robust 
body; cuticle thickened mainly towards body 
ends, finely striated; body pores usually distinct; 
lip region set off by deep constriction; lips 
angular, separated from one another; oral 
aperture apparently hexagonal; odontostylet 
with wide lumen, aperture about one half 
length; amphids with or without median 
support, fovea may be duplex; thin cardiac disc 
may be present; female reproductive system 
amphidelphic; vulva transverse, slit or pore like; 
males with paired, well-built and heavily 
cuticularised spicules, identical in size and 
shape; lateral guiding pieces and non
contiguous ventromedian supplements; tail 
relatively short, bluntly rounded, conoid or 
slightly digitate, similar in sexes. They have 
listed 51 species under this genus. 

Andrassy, 2002 gave an up-to-date overview 
of the genus Aporcelaimellus. He summerised 
the following generic characters: robust animals 
of 0.8 to 3.5 mm body length; double layers of 
cuticle showing different refraction; labial 
region set off by deep constriction, lips more 
or less amalgamated; oral aperture transverse; 
short and thick odontostylet, aperture generally 
occupying one-half its length; oesophageal 
cylindrus strongly muscular; AS nuclei in 
different level, but always located in the anterior 
half of gubernaculum; female genetic system 
amphidelphic; vulva a transverse slit or 
transversely oval with sclerotized inner labia; 
males rare or unknown in several species; 
spicules paired, more or less identical in shape 
and size, well-built; ventromedian supplements 
5-21 (rarely 34); tail similar in both sexes, short, 
less than half-anal body width to two-anal body 
width long, conoid-rounded 0.· hemispherical, 
tail terminus broadly rounded; somatic muscle 
bands in dorsal side of tail greatly expanded. 
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Andrassy, 2002 enumerated 88 nominal 
species under the genus Aporcelaimellus. Out of 
them 41 species were listed ~s valid, 19 were 
synonyms and 24 species had already been 
transferred or should be transferred to other 
genera. He also grouped 4 species as II species
inquirendae". We listed here total 49 species 
under this genus as valid species. The lists of 
other nominal species are also provided. 

LIST OF VALID SPECIES 

Genus Aporcelaimellus Heyns, 1965 

Metaporcelaimus Lordello, 1965 

TYPE SPECIES 

1. Aporcelaimellus obtusicaudatus (Bastian, 
1865) Altherr, 1968. 

DonJlaimus obtusicaudatus Bastian, 1865 

Eudorylaimus obtusicaudatus (Bastian, 1865) 
Andrassy, 1959 

Dorylaimus perfectus Cobb, 1893 

Dorylaimus obtusicaudatus perfectus Cobb, 
1893 (Schneider, 1937) 

Dorylaimus ornatus Fuchs, 1930 

Dorylaimus obscurus Thorne & Swanger 1936 

Eudorylaimus obscurus (Thome & Swanger, 
1936) Andrassy, 1959 

Aporcelaimus obscllrus (Thorne & Swanger, 
1936) Goodey, 1961 

Aporcelaimellus obscurus (Thorne & 
Swanger, 1936) Heyns, 1965 

Dorylaimus quietus Kirjanova, 1951 

Eudorylaimus quietus (Kirjanova, 1951) 
Andrassy 1959 

Aporcelaimellus quietus (Kirjanova, 1951) 
Baqri & Khera, 1975 

Aporcelaimus spiralis apud Williams, 1959 

Aporcelaimellus williamsi Heyns, 1965 

Aporcelaimellus obscuroides Altherr, 1968 

Aporcelaimellus microhystera Altherr, 1976 

Aporcelaimellus sacchari Khan, 1989 

OTHER SPECIES 

2. Aporcelaimellus adriaani Botha & Heyns, 
1990 

3. Apocelaimelllls alills Andrassy, 2002 

4. Aporcelaimellus amazonicus Andrassy, 2004 

5. Apoceiaimellus ampiexor (Nesterov & 
Lisetskaya, 1965) Heyns, 1965· 

Dorylaimus amplexor Nesterov & Lisetskaya, 
1965 

6. Apocelaimellus amylovorus (Thorne & 
Swanger, 1936) Heyris, 1965 

Dorylaimus amylovorus Thorne & Swanger, 
1936 

Eudorylaimus amylovorus (Thorne & 
Swanger, 1936) Andrassy, 1959 

7. Aporcelaimellus baqrii Ahmad & J airajpuri, 
1982 

8. Aporcelaimellus budauniensis Khatoon & 
Sharma, 2000 

9. Aporcelaimellus chauhani Baqri & Khera, 
1975 

10. Aporcelaimellus cocophilus (Loos, 1949) 
Andrassy, 2001 

Aporcelaimus cocophilus Loos, 1949 

11. Aporcelaimellus conoidus Thorne, 1974 

12. Aporcelaimellus dubius (Thorne, 1974) 
Andrassy, 1986 

Eudorylaimus dubius Thome, 1974 

13. Aporcelaimellus dullOuxi (Altherr, 1963) Baqri 
& Khera, 1975 

Eudorylaimus duhouxi Altherr, 1963 

14. Aporcelaimellus estonicus (Krall, 1957) 
Andrassy, 1990 

Labronema estonicus Krall, 1957 

15. Aporcelaimellus faridpuriensis Singh, Sharma 
and Khatoon, 2002 

16. Aporcelaimellus futaii Khan and Araki, 2002 

17. Aporcelaimellus gerlachi (MeyI, 1956) Heyns 
1965 

AporcellJimus gerlachi, Meyl, 1956 '" 

18. Aporceiaimellus glandus Botha & Heyns, 1991 

19. Aporcelaimellus goldeni Khan & Fatima, 1980 

20. Aporcelaimellus heyns~ Baqri & Jairajpuri, 
1968 

21. Aporcelaimellus hylophilus Tjepkema, Ferris 
& Ferris, 1971 
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22. Aporcelaimelllls index (Thorne, 1939) 
Andrassy, 1986 

Dorylaimus index Thorne, 1939 

Eudorylaimus index (Thorne, 1939) 
Andrassy, 1959 

23. Aporcelaimellus insularis Andrassy, 2004 

24. Aporcelaimellus jairajpurii Singh, Sharma and 
Khatoon,2oo2 

25. Aporcelaimellus kikereensis Baqri & Coomans, 
1973 

Dorylaimus obtusicaudatus apud Seh. 
Stekhoven Teunissen, 1938 

26. Aporcelaimellus krygeri (Ditlevsen, 1928) 
Heyns,1965 

Dorylaimus knJgeri Ditlevs~n, 1928 

Eudorylaimus krygeri (Ditlevsen, 1928) 
Andrassy 1959 

Aporcelaimus krygeri (Ditlevsen,1928) 
Brzeski, 1962 

DonJlaimus pl.inipedius Merzheevskaya, 1951 

Eudorylaimus planipedius (Merzheevskaya, 
1951) Andrassy, 1959 

Aporcelaimellus planipedius (Merzheevskaya, 
1951) Andrassy, 1990 

27. Aporcelaimellus macropunctatus (Heyns, 
1967) Jimenez Guirado, 1994 

Makatinus macropunctatus Heyns, 1967 

Aporcelaimellus porcus Thome, 1974 

28. Aporcelaimellus maitai Yeates, 1967 

29. Aporcelaimellus malagasi Heyns, 1996 

"Aporcelaimellus macropunctatus Heyns, 1995 
nee Heyns, 1967 

30. Aporcelaimellus medius Andrassy, 2002 

Dorylaimus krygeti apud Lordello, 1956 

31. Aporcelaimellus micropunctatus Botha & 
Heyns,1990 

32. Aporcelaimellus nawabganjense Singh, 
Sharma and Khatoon, 2002 

33. Aporcelaimellus nivalis (Altherr, 1952) Heyns, 
1965 

Dorylaimus (Aporcelaimus) nivalis Altherr, 
1952 
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34. Aporcelaimellus odhneri (AUgen, 1951) 
Andrassy, 1990 

Dorylaimus odhneri AUgen, 1951 

Eudorylaimus odhneri (AUgen, 1951) 
Andrassy, 1959 

35. Aporcelaimellus papillatus (Bastian, 1865) 
Baqri & Khera, 1975 

Dorylaimus papiUatus Bastian, 1865 

Eudorylaimus papillatus (Bastian, 1865) 
Andrassy, 1959 

Dorylaimus domusglauci Cobb, 1893 

36. Aporcelaimellus paracentrocercus (De 
Coninek, 1935) Baqri & Coomans, 1973 

Dorylaimus paracentrocercus De Coninek, 
1935 

Eudorylaimus paracentocercus (De Coninek, 
1935) Andrassy 1959 

37. AporcelaimeUus paraconicaudatus (Meyl, 
]956) Feyns,. 1965 

Aporcelaimus paraconicaudatus Meyl, 1956 

38. Aporceiaimellu5 parapapillatu5 Botha & 
Heyns, 1990 

39. Aporcelaimellu5 productus (Thorne· & 
Swanger 1936) Baqri & Khera, 1975 

Dorylaimus productus Thorne & Swanger, 
1936 

Eudorylaimus productus (Thorne & Swanger, 
1936) Andrassy, 1959 

Dorylaimus submissus Kirjanova, 1951 

Eudorylaimus submissus (Kirjanova, 1951) 
Andrassy, 1959 

Aporcelaimellus submissus (Kirjanova, 1951) 
Baqri & Khera, 1975 

40. Aporcelaimellus propinquus (Thorne & 
Swanger, 1936) Tjepkema, Ferris & Ferris, 
1971 

Dorylaimus propinquus Thorne & Swanger, 
1936 

Eudorylaimus propinquus (Thorne & 
Swanger, 1936) Andrassy, 1959 

41. Aporcelaimellus punctatus Altherr in Altherr 
& Delamare Deboutteville, 1972 

42. Aporcelaimellus pycnus (Thorne, 1939) Baqri 
and Khera, 1975 
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Dorylaimus pycnus Thome, 1939 

Elldorylaimus pycnus (Tho"rne, 1939) 
Andrassy, 1959 

43. Aporcelaimellus samarcandicus (Tulaganov, 
1949) Baqri & Khera 1975 

Dorylaimus samarcandicus Tulaganov, 1949 

Eudorylaimus samarcandicus (Tulganov, 
1949) Andrassy, 1959 

44. Aporcelaimelllls seinhorsti (Meyl, 1957) 
Henys, 1965 

Aporcelaimus seinhorsti Meyl, 1957 

45. Aporcelaimellus stilus (Kirjanova, 1951) 
Andrassy, 1986 

Dorylaimus stilus Kirjanova, 1951 

Eudorylaimus stilus (Kirjanova, 1951) 
Andrassy, 1959 

Aporcelaimus mainillatus Williams, 1959 

Aporcelaimellus mamillatus (Williams, 1959) 
Heyns,1965 

46. Aporcelaimellus subltasi Gantait, Bhattcharya 
& Chatterjee, 2006 

47. Aporcelaimellus taylori Yeates, 1967 

Aporcelaimellus c1amus Thorne, 1974 

Aporcelaimellus raniensis Altherr, 1968" 

48. Aporcelaimellus. tritici (Bastian 1865) 
Andrassy, 1986 

Dorylaimus tritici Bastian, 1865 

Eudorylaimus tritici (Bastian, 1865) 
Andrassy, 1959 

Aporce/aimus vanderlaani Meyl, 1957 

Aporcelaimellus vanderlaani (Meyl, 1957) 
Heyns, 1965 

49. Aporcelaimellus vitrinus (Thorne & Swanger, 
1936) Baqri & Khera, 1975 

Dorylaimus vitrinus Thorne and Swanger, 
1936 

Eudorfjlaimus vitrinus (Thorne & Swanger, 
1936) Andrassy, 1959 

Aporcelaimellus iaevis Tjepkema, Ferris & 
Ferris, 1971 

SPECIES TRANSFERRED TO OTHER 
GENERA 

Apoceiaimellus adoxus Tjepkema, Ferris & 
Ferris, 1971 : to Metaporcelaimus 

A. atheri Baqri, 1991 : to EClImeniclIs 
monohystera 

A. capitatus (Thorne & Swanger, 1936) 
Heyns, 1965 : to Metaporceiaimlls 

A. coomansi Baqri & Khera, 1975 : to 
Metaporcelaimus 

A. efficiens (Cobb in Thorne & Swanger, 
1936) Baqri & Khera, 1975 : to 
Metaporcelaimus 

A. insignis Loos 1945 : to Thonus 

A. invisus Tjepkema, Ferris & Ferris, 1971 : 
to Metaporceiaimus 
A. mombucae (Lordello, 1965) Loof, 
J airajpuri & Ahmad, 1995 to 
Metaporcelaimus 
A. nothus (Thorne & Swanger, 1936) Baqri 
& Khera, 1975 : to Thonus 

A. paraobtusicaudatus (Micoletzky, 1922) 
Andrassy, 1986 : to Eudorylaimlls 

A. simplex (Thorne & Swanger, 1936) Loof 
& Coomans, 1970 : to Metaporcelaim~ls 

A. simlls (Andrassy, 1958) Andrassy, 1986 : 
to Makatinus 
A. sublabiatus (Thorne & Swanger, 1936) 
Thorne, 1974 : to Metaporcelaimlls 

A. warriari (Jairajpuri, 1965) Siddiqi, 1969 : 
to Moshajia 

SPECIES PROPOSED TO BE TRANSFERRED 
TO OTHER GENERA 

Aporcelaimellus canis Gagarin, 1984 : to 
Aporcelaimus 

A. cylindricus Ahmad, 1995 : to 
Metaporcelaimus 
A. littoralis Orselli & Vinciguerra, ·1999 : to 
Metaporcelaimus 
A. maxim us Rahman, Jairajpuri, Ahmad & 
Ahmad, 1987 : to Metaporcelaimlls 

A. monodelphus Jain & Saxena, 1993 : to 
Ecumenicus 
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A. parmus Thorne, 1974: to Metaporcelaimus 
A. placus Thome, 1974 : to Metaporcelaimus 
A. saprophiius Gagarin & Gusacov, 2001 : 
to Metaporcelaimus 
A. silvanus Vinciguerra & Giannetto, 1983 : 
to Metaporcelaimus 
A. tropicus Jana & Baqri, 1981 : to Thonus 

SYNONYMIZED SPECIES 

Aporceiaimellus clamus Thorne, 1974 : 
synonymized with Aporcelaimellus taylori 
Yaetes, 1967 

A. conicaudatus (Altherr, 1953) Monteiro, 
1970 : with Metaporcelaimus labiatus 
A. indicus Baqri & Heyns, 1968 : with 
Metaporcelaimus mombucae 
A. laevis Tjepkema, Ferris & Ferris, 1971 : 
with Aporcelaimellus vitrinus 
A. macropunctatus Heyns, 1995 : with 
Aporcelaimellus malagasi 
A. mamillatus (Williams, 1959) Heyns, 1965: 
with Aporceiaimellus stilus 
A. microhystera Altherr, 1976 with 
Aporcelaimellus obtusicaudatus 
A. obscuroides Altherr, 1968 with 
Aporcelaimellus obtusicaudatus 
A. obscurus (Thorne & Swanger, 1936) 
Heyns, 1965 : with Aporcelaimellus 
obtusicaudatus 
A. planipedius (MerzheevsJ<aya, 1951) 
Andrassy, 1990 : with Aporcelaimellus krygeri 
A. porcus Thorne 1974: with Aporcelaimellus 
macropunctatus 
A. quietus (Kirjanova, 1951) Baqri & Khera, 
1975 : with Aporcelaimellus obtusicaudatus 
A. raniensis Altherr, 1968 : with 
Aporcelaimellus taylori 
A. sacchari Khan, 1989: with Aporcelaimellus 
obtusicaudatus 
A.· shamimi Ahmad, 1995 : with 
Metaporcelaimus digitalis 
A. submissus (Kirjanova, 1951) Baqri & 
Khera, 1975 : with Aporcelaimellus productus 
A. vanderlaani (Mey!, 1957) Heyns, 1965 : 
with ~porcelaimel1us tritid 
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A. wilhelmschneideri (Altherr, 1965) Altherr, 
1974 : with Aporcelaimus eurydoris 

A. williamsi Heyns, 1965 : with 
Aporcelaimellus obtusicaudatus 

SPECIES INQUIRENDAE 

Aporeelaimellus barelicus Jain & Saxena, 1992 

A. concavus Xie & Feng, 1994 

A. radieus· Jain & Saxena, 1993 
A. subsimilis (Cobb, 1983) Baqri & Khera~ 

1975 

Tentative key to the species of 
Aprocelaimellus 

1. Tail as long as 1.5-2 anal body diam~ter 
....................................................................... 2 

Tail shorter than 1.5 anal body diameter 
....................................................................... 8 

2. Tail with concave dorsal contour ........... 3 

Tail with straight or convex dorsal contour 
....................................................................... 6 

3. Stylet 17-20 p.m long, aperture ~ of its 
length. (female: 1.0-1.4 mm; male: 
unknown) ..................................................... . 
............... A. chauhani Baqri & Khera, 1975 

Stylet 11-14 p,m long, aperture about 2/3 
of its length .............................................. ~ ... 4 

4. Lateral 'chord granular. (female : 0.9-1.2 
mm; male: unknown) ................................ .. 
.............. A. heynsi Baqri & Jairajpuri, 1968 

Lateral chord with large gland cells ...... 5 

5. Body shorter. (female: 0.8-1.0 mm; male: 
unknown) ................ A. maitai Yeates, 1967 

Body somewhat longe~. (female :.1.0-1.5 
mm; male: unknown) ................................. . 
................ A. glandus Botha & Heyns, 1991 

6. Tail straight. (female: 1.4 mm; male: 1.0-
1.3mm) .......................................................... . 
.. A. paraeonieaudatus (Meyl, 1956) Heyns, 
1965 
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Tail convex dorsally .................................. 7 

7. Body smaller. (female : 0.8 mm; male : 
unknown) ..................................................... . 
.A. dubius (Thome, 1974) Andrassy, 1986 

Body larger. (female: 1.48-1.71 mmi male 
: unknown) ................................................... . 
..................... A. subhasi Gantait et al., 2006 

8. Tail with concave dorsal contour, often 
mammillate (with shorter or longer peg-
like tip) ......................................................... 9 

Tail with convex dorsal contour, its tip not 
peg-like ...................................................... 24 

9. Very large species, more than 3 mmi 
ventromedian supplements about 20 ....... 
..................................................................... 10 

Average body length shorter than 3 mm, 
ventromedian supplements 15 or less ..... 
..................................................................... 11 

10. Female tail longer than anal body diameter; 
supplements continuous with the adanal 
pair. (female : 3.4 mm; male :. 3.3 mm) ... 
A. cocophilus (Laos, 1949) Andrassy, 2001 

Female tail shorter than anal body 
diameter; supplements well separated from 
the adanal pair. (fema'ie : 3.4 mm; ·male : -
3.3-3.4 mm) ................................................... , 
. A. estonicus (Krall, 1957) Andrassy, 1990 

11. Tail mammillate (with a short subdigitate 
projection) ...... ............ ............. .............. ..... 12 

Tail not mammillate ................................ 17 

12. Body small, less than 1.5 nun ............... 13 

Body over 1.5 mm ................................... 14 

13. Tail length equal to anal body diameter 
....... A. kikereensis Baqri & Coomans, 1973 

Tail quite short, only half of anal body 
diameter ........ A. insularis Andrassy, 2004 

14. Average body length 2.5 mm; cuticle 
heavily radially striated. (female : 2.2-3.3 
mm; male: unknown) ............................. .. 
..................... ......... A. malagasi Heyns, 1996 

Average body length 2 nun or less; cuticle 
finely radially striated ............................ 15 

15. Tail projection subterminal (ventrally 
shifted). (female: 1.9 mm; male: unknown) 

A. paracentrocercus (De Coninck, 1935) Baqri 
& Coomans, 1973 

Tail projection terminal ......................... 16 

16. Tail more or less conoid. (female: 1.9-2.2 
mm; male :,1.7-1.9 mm) .......................... .. 
....... A. gerlachi (Meyl, 1956) Heyns, 1965 

- Tail broad, conoid-rounded. (female: 1.5-
2.3 mm; male: 1.7 mm) .......................... .. 

A. stilus (Kirjanova, 1951) Andrassy, 1986 

17. Body small, 1.3 mm or less; vulva in 62 0/0 . 
(female: 1.1 mm; male: 1.3 mm) .......... . 
A. duhouxi (Altherr, 1963) Baqri & Khera, 

1975 

- Body larger, 1.5 mm or more; vulva more 
anterior ...................................................... 18 

18. Larger species, 2.5- 3.0 mm; stylet 25-30 
/Lm .............................................................. 19 

Smaller species, 1.5-2.3 mm; stylet 18-23 
/Lm .............................................................. 20 

19. Tail shorter than half an anal body 
diameter; AS2 nucleus close to the midd~e 
of glandularium. (female: 2.5-3.0 mm; 
male : unknown) ....................................... .. 
. A. knJgeri (Ditlevsen, 1928) Heyns, 1965 

Tail nearly as long as one anal body 
diameter; AS2 nucleus at the first quarter 
of glandularium. (female: 2.5-2.9 mm; 
male: 2.7 nun) ............................................. . 
A. pycnus (Thorne, 1939) Baqri & Khera, 
1975 

20. Tail longer than anal body width ....... 21 

Tail shorter than anal body width :~ .... 22 

21. Body large in size. (female: unknown; male: 
2.3 mm) ........................................................ . 

... A. seinhorsti (Meyl, 1957) Heyns, 1965 

Body small in size. (female: 1.62-1.73 mm; 
male: unknown) ......................................... . 
.................. A. amazonicus, Andrassy, 2004 
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22. Stylet 18-19 /Lm long; body shorter. (female 
: 1.5-1.7 nun; male: unknown) .............. . 
A. samarcandicus (Tulaganov, 1949) Baqri 
& Khera, 1975 

- Stylet 21-23 /Lm long; body longer ..... 23 

23. Tail as long as 0.5 anal body width or 
shorter, outer layer of cuticle (+ lacuna) on' 
tail tip as thick as or thinner than inner 
(transparent) layer. (female: 1.7-1.9 mm; 
male: 1.7 mm) ........................................... . 
........................... A. medius Andrassy, 2002 

Tail as long as 0.7-1.0 anal body width, 
outer layer of cuticle (+ lacuna) on tail tip 
always thicker than inner layer. (female: 
1.8-2.2 mm; male : unknown) ................. . 
..................... ......... A. alius Andrassy, 2002 

24. Small species, less than 2 mm ............. 25 

Larger species, 2 mm or more ............. 28 

25. Tail conoid with finely rounded tip.. 26 

Tail conoid with broadly rounded tip 27 

26. Tail with a pair of caudal pores on each 
side. (female: 1.0-1.9 mm; male: 1.0-1.5 
mm) .............................................................. . 
,A. budauniensis Khatoon & Sharma, 2000 

Tail without caudal pores. (female: 1.2 
mm; male : 1.2 nun) .................................. . 
.. A. productus (Thome &. Swanger, 1936) 
Baqri & Khera, 1975 

21. 'Spear-aperture occupying one-half of its 
length. (female : 1.1 nun; male : 1.1 nun) 

A. propinquus (Thorne & Swanger, 1936) 
Tjepkema, Ferris & Ferris, 1971 

Spear-aperture occupying less than one
half of its length. (female: 1.02-1.20 mm; 
male : unknown) ........................................ . 
................... A. jairajpurii Singh et al., 2002 

28. Stylet 30 p.m long ................................... 29 

Stylet shorter ............................................ 30 

29. Tail conoid-rounded. (female: 2.8 mm; male 
: unknown) .................................................. . 
... ~. A nivalis (Altherr, 1952) Heyns, 1965 
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Tail almost hemispherical. (female: 2.5-
2.7 mm; male: unknown) ....................... .. 
.. .............. A. golden; Khan & Fatima, 1980 

30~ Vulval lips not sclerotized .................... 31 

- Vulval lips strongly sclerotized ........... 35 

31. Body shorter than 2 nun. (female: 1.2-1.9 
nun; male: 1.6-1.8 mm) ........................... . 

f' .............. A. adriaani Botha & Heyns, 1990 

Body longer than 2 mm ........................ 32 

32. Lip region wider, 18-23 p.m; supplements 
less in number ......................................... 33 

Lip region narrower; 15-17 /Lm; 
supplements more in number .............. 34 

33. Mural tooth on the ventral wall of pharynx. 
(female : 1.9-2.8 mm; male : 2.0-2.5 mm) 
............. A. jaridpuriensis Singh et al., 2002 

Pharynx has no mural tooth. (female: 2.2-
2.8 mm; male: 2.1-2.4 nun) .................... . 
A. papillatu5 (Bastian, 1865) Baqri & Khera, 

1975 

34. Tail long, 45-50 p.m. (female: 2.0-2.9 mm; 
male: unknown) ......................................... . 
........... A. nawabganjense Singh et al., 2002 

Tail short, 35.5 p.m. (female : 2.1-2.5 mm; 
male : 2.3-2.4 mm) .................................... . 
..... .fl.. parapapillatus Botha & Heyns, 1990 

35. Body length near 2 rnm or less ........ ~ .. 36 

Average body length about 2.5 mm ... '45 

36. Tail short, about ~ anal body diameter. 
(female : 1.9-2.0 mmi male : unknown). 

A. odhneri (AUgen, 1951) Andrassy, 1990 -

Tail distinctly longer than ~ anal body 
diameter .................................................... 37 

37. Tail equal to anal body diameter or longer 
.................................................................... 38 

Tail shQrter than one anal diameter ... 42 

38. Stylet 20-22 p.m long ............................. 39 

Stylet 24-25 p.m long ............................. 41 
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39. Tail more convex ventrally than dorsally. 
(female: 1.7-2.1 mm; male: 1.9 mm) .... 

A. amylovorus (Thorne & Swanger, 1936) 
Heyns, 1965 

Tail more convex dorsally than ventrally 
................................................................... 40 

40. Body longer. (female: 2.1-2.3 mm; male: 
2.2-2.3 mm) ........... A. taylori Yeates, 1967 

Body shorter. (female: 1.3-1.6 mm; male: 
unknown) .................................................... . 
A. vitrinus (Thorne & Swanger, 1936) Baqri 
& Khera, 1975 

41. Pre rectum longer, 3-4 anal body widths. 
(female : 1.5-2.0 mm; male : unknown). 

A. conoidus Thorne, 1974 

Prerectum shorter, 1.5 anal body widths. 
(female : 1.6-2.1 mm; male : unknown). 

.. A. hylophilus Tjepkema, Ferris & Ferris, 
1971 

42. Stylet short, 10-12 ILm. (female: 1.8-1.9 
mm; male: unknown) ........... A. amplexor 
(Nesterov & Lisetskaya, 1965) Heyns, 1965 

Stylet 20 ILm or longer ........................... 43 

43. Tail more or less conoid with narrowly 
rounded tip. (female: 1.9-2.6 mm; male: 
unknown) ...... A. micropunctatus Botha & 
Heyns, 1990 

Tail blunt, conoid with broadly rounded 
tip .............................................................. 44 

44. Stylet 20-22 /Lm, broad. (female: 1.9 mm; 
male : unknown) ........................................ . 
.. A. tritici (Bastain, 1865) Andrassy, 1986 

Stylet 24-26/Lm long, slender. (female: 1.8-
2.0 mm; male: 1.9 mm) ........................... . 
.......... A. baqrii Ahmad & Jairajpuri, 1982 

45. Tail conoid with narrowly rounded tip. 
(female : 2.4 mm; male : unknown) ....... . 

A. punctatus Altherr in Altherr & Delamare 
Deboutteville, 1972 

Tail conoid-rounded or hemispheroid with 
blunt terminus ......................................... 46 

46. Ventromedian supplements more than 20. 
(female : unknown; male ": 2.4 mm) ........ 

A. index (Thorne, 1939) Andrassy, 1986 

Ventromedian supplements less than 15 
.................................................................... 47 

47. Supplements 11-14 in number. (female: 
2.0-3.3 mm; male: 2.1-3.0 mm) ............ .. 
A. obtusicaudatus (Bastian, 1865) Altherr, 

1968 

Supplements 7-10 in number ............... 48 

48. Inner cuticle with very strong radial 
striaion; stylet as thick as cuticle at same 
level. (female: 2.5-3.2 mm; male: 2.5-2.8 
mm) ............................................................. .. 
A. macropunctatus (Heyns, 1967) Jimenez 
Guirado, 1994 

Inner cuticle with weak striaion; stylet 
much thicker than cuticle at same level. 
(female : 2.4-2.9 mm; male : 2.6-2.9 mm) 
..................... A. futaii Khan & Araki, 2002 

ACKNOWLEDGEMENT 

We are thankful to the Director, Zoological 
Survey of India, Kolkata and the Vice 
Chancellor, Vidyasagar University, Medinipur, 
Paschim Medinipur of West Bengal, India for 
providing laboratory facilities and 
encouragement during" this work. We are also' 
thankful to Dr. A. K. Sanyal, Joint-Director
incharge, Nemathelminthes Section of 
Zoological Survey of India, Kolkata for his kind 
co-operation. 



Table 1. Measurements of eight species of Aporceiaimellus (L in mm, others in pm) 

Morphometric A. budauniensis A. /rltaii Khan and 
parameters Khatoon and Araki, 2002 

Sharma, 2000 

Holo Para Para Holo Para Para 
type type type type type type 

female females males female females males 
(n=4) (n=3) (n=5) (n=3) 

L 1.2 1.0 - 1.9 ·1.0 - 1.5 2.8 2.4 - 2.9 2.6 - 2.9 
(2.6 ± 
0.14) 

a 19.7 15.0 - 24.0 25 - 30 31 25 - 33 34 - 37 
(28.8 ± 

2.6) 

b 5.4 4.5 - 5.5 0.35 - 0.4C 4.6 4.1 - 4.6 4.3 - 4.5 
(4.4 ± 
0.11) 

c 35.7 30.0 - 40.0 30 - 35 80 60 - 80 55 - 58 
(69.3 ± 

5.4) 

c' 1.2 0.9 - 1.8 0.9 - 1.5 - 0.8 - 0.9 1.0 - 1.1 
(0.8 ± 
0.06) 

V 53 50 - 55 - 56 56 - 58 -
(56.3± 

1.4) 

Odontostylet 32 28 - 35 18 - 21 22 22 - 26 23-25 
length (23 ± 

1.2) 

Odontophore 32 27 - 36 17.2 48 40-48 46-48 
length (44 ± 

2.4) 

A. faridpuriensis 
Singh, Sharma &t 

Khatoon, 2002 

Holo Para Para 
type type type 

female females male 
(n=3) (n=4) 

2.4 1.9 - 2.8 2.0 - 2.5 
(2.4 ± (2.2 ± 

0.56) 2.51) 

21.6 20·- 27 20 - 23 
(24 ± (21 ± 
3.60) 1.52) 

4.3 3.9 - 4.7 4.0-4.5 
(4.3 ± (4.3 ± 
4.18) (2.64) 

67.2 56 - 69 73 -75 
(61 ± (74 ± 
7.0) 1.0) 

64 60-68 0.5 - 0.7 
(64 ± (0.6 ± 
5.13) 1.0) 

52.3 45 - 55 -
(SO ± 
2.44) 

36 35 - 39 73 -75 
(37 ± (74 ± 
2.44) 1.0) 

24 22-30 73 -74 
(25 ± (73 ± 
4.12) 1.0) 

A. jairajpflrii 
Singh Sharma 

&t Khatoon , 2002 

Holo Para 
type type 

female females 
(n=4) 

1.2 1.02 - 1.20 
(1.1 ± 
4.34 

26.3 25 - 35 
(29 ± 
4.20) 

3.7 3.0 - 4.0 
(3.4 ± 

0.34) 

53.6 50.0 - 59.0 
(53 ± 
3.87) 

0.85 0.5 - 1.5 
(1.0 ± 
0.20 

58.2 55 - 62 
(57± 
3.10) 

24 22-30 
(25 ± 
3.41 

32 30 - 35 
(31 ± 
1.38) 

Male 

Not 
found 

-

-

-

-

-

-

-

-

.... 
o 
tv 

-. --



Morphometric A. budauniensis A. futaii Khan and A. /aridpuriensis A. jairajpurii 
parameters Khatoon and Araki, 2002 Singh, Sharma & Singh Sharma 

Sharma, 2000 Khatoon, 2002 & Khatoon , 2002 

Holo Para Para Holo Para Para Holo Para Para Holo Para Male 
type type type type type type type type type type type 

female females males female females males female females male female females Not 
(n=4) (n=3) (n=5) (n=3) (n=3) (n=4) (n=4) found 

Oesophageal - - - 633 576 - 633 580 - 626 - - - 8.0 - -
length (599± 

18.6) 

Height of lip 8 - - - 7 -10 - 8.0 - - 16 - -
region 

Width of lip 20 - - - 21 - 27 - 20 - - 8 - -
region 

Guiding ring 65.2 - - - 14 - 16 - 16 - - 150 - -
from 
anterior end 

Nerve ring 146 - - - 195 - 216 - 140 - - - - -
from 

anterior end 

Length of 16 - - - 28 - 37 - - - - 40 - -
cardia 

Pre rectum 70 - - 128 85 - 128 130 - 150 145 - - 24 - -
(101 ± 
10.8) 

Rectum 50 - - 71 55 - 69 60 - 65 150 - - - - -
(61 ± 
4.4) 

Length of - - 34 - 39 - - 82 - 90 - - 50 - 55 - - -
spicule (51 ± 

2.51) 

Tail length· 36 35 - 45 34 - 37 .36 35 - 41 45 - 48 36 34 - 45 30 - 33 24 22 - 30 
{38.5 {40 ± {31 ± (25 ± -
± 2.4) 1.68) 1.68) 3.31) 



Table 1. Contd. 

I Morphometric A. nawabganjense A. amazonia,s A. ·ins.daris A. sllbhasi 
parameters Singh, Sharma 8£ Andrassy, 2002 Andrassy, 2002 Gantait et al. 2006 

Khatoon, 2002 

Holo Para Male Holo Para Male Holo Para Male Holo Para Male 
type type type type type type type type 

female females Not female females Not female females Not female females Not 
(n=3) found (n=2) found (n=8) found (n=l7) found 

L 2.2 2.0 - 2.9 - 1.62 1.63 - 1.73 - 1.39 ~.20 - 1.46 - 1.50 1.48 - 1.71 -
(2.4 ± (1.66 ± 

1.84) 0.06) 

a 3.4 3.3 - 3.9 25 21 - 23 18 14 - 18 25.7 24.6 - 29.0 -
(3.6 ±. (27.63 
3.0) ± 1.55) 

b 4.8 4.5 - 5.0 - 3.5 4.3 - 4.4 - 3.7 3.3 - 3.9 - 3.9 3.1 - 4.2 -
(4.7± (3.% ± 
2.64) ± 0.24) 

c 47.2 45.0 - 52.0 - 41 36 - 41 - 57 63 -70 - 27.9 26.5 - 29.0 -
(48 ± (28.52 
3.53) ± 0.79) 

c' 1.25 0.9 - 1.5 - 1.1 1.0 - 1.5 - 0.6 0.5 - 0.6 - 1.64 1.61 - 1.66 -
(1.1 ± 

~ 

(1.64 ± 
3.24) 0.02) 

V 60 58 - 65 - 49 44 - 45 - 54 52 - 54 - 52.4 50.6 - 53.4 -
(61 ± (52.91 ± 
3.60) 0.72 

Odontostylet 19.5 19.0 - 25.0 - 26 - - 28 28 - 30 - 19.83 19.0 - 21.4 -
length (22 ± (20.68 

3.53) ± 0.68) 

Odontophore 21.0 20 - 25 - - - - - - - 29.64 29.0 - 32.0 -
length (22 ± (30.91 

2.51) ± 1.04) 



Morphometric A. nawabga"jellse A. amazoll;cIIS A. insrdaris A. subhasi 
parameters Singh, Shanna & Andrassy, 2002 Andrassy, 2002 Gantait et ale 2006 

Khatoon, 2002 

Holo Para Male Holo Para Male Holo Para Male Holo Para Male 
type type type type type type type type 

female females Not female females Not female females Not female females Not 
(n=3) found (n=2) found (n=8) found (n=l7) found 

Oesophageal 458.33 - - - 380 - 450 - - 360 - 406 - 382.15 381.72 - -
length 387.36 

(384.93 
± 2.15) 

Height of lip 
region - 7-9 - - - - - - - - - -

Width of lip - 16 - 20 - - 18 - 19 - - - - - - -
region 

Guiding ring 6.48 - - - - - - - - 7.2 7.0 - 8.4 -
from 
anterior end 

Nerve ring 190.0 - - - - - - - - 134.4 132.0 -
from 146.0 
anterior end (140.9 -

± 
5.15) 

Length of 15 - - - - - - - - - - -
cardia 

Prerectum 244.5 - - - 64.6 - 91.2 - - 41.0 - - - - -
73.8 

Rectum 260.8 - - - 41.8 - - - 41.0 - - - - -
60.8 61.5 

Tail length 47 45 - 50 - 39.51 40 - 48 - 20.5 - - 54.12 53.6 - 66.8 -
(47 ± (62.47 
2.51) ± 5.61) 
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ABSTRACT 

The paper deals with the detailed distribution of the termite fauna of the Eastern Ghats including in its three 
distinct physiographic units, namely, Tamil Nadu Hills, Cuddaph Range (A.P.) and Orissa Hills: The object is 
to suggest which unit /species of termites deserves priority of conservation over others based on the relative 
importance of biodiversity values or criteria of species occurring in the different units. Out of 42 species known 
so far from the Eastern Ghats, Tamil Nadu Hills supports 34 species, while Cuddaph Range 19 and Orissa Hills 
13 species along with some common species in all the units. Biodiversity criteria or values of termites taken into 
accounts are taxonomic diversity and uniqueness, phylogenetic divergence, diversity enhancement, ecological 
roles, reproductive vulnerability, co-evolutionary relationship, species richness, etc. It has been concluded that 
the Tamil.Nadu Hills unit seems to gain priority of conservation as an area including its termite species over 
others, while Cuddaph Range and Orissa Hills remain in relatively decreasing importance. 

Key words: Isoptera, Conservation, Eastern ghats. 

INTRODUCTION 

Urgency impels now-a-days to conserve 
biological diversity including its habitats due 
to its rapid loss everywhere, caused by some 
natural and anthropogenic factors. No doubt 
the rate of losses is accelerated through our 
greed beyond need, stupidity and uncaring 
attitude. As such, it needs care and 
conservation. The strategies of conservation 
from its age old infancy were directed to some 
charismatic animals and colourful plants, then 
to the target species and its habitats, 
subsequently to the ecosystems and to day to 
biological diversity. 

Conservation of biodiversity in the recent 
past means conserving totality of life in the level 
of genetic, morphological and ecosystem 
diversities, conserving variety of ecological 
processes and life-supporting systems 

(agriculture, forest, fishery, etc.), conserving 
variety of rare breeds and cultivars, variety of 
population, etc. Since the task is enormous in 
considering the vas·t wilderness, the priority of 
conservation is about deciding which animal 
population and species to conserve, which 
habitats to manage, which areas of land, sea, 
water enriched with resources to take into 
account. 

India being a megadiversity country, its 
fauna is as vast as the counrty itself. It supports 
some 65,000 species animals except the 
microbials while many more remain unknown. 
As such, it is impossible to conserve all species 
and areas. Moreover, it cannot be pleaded fully 
to conserve a friendly or useful species and to 
indicate the harmful one when two are very 
much mixed together. As for example, termites 
(Isoptera) are predominently known as pest, 
but their immense role in increasing fertility of 
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soil is more important. Further, conservation 
strategy is normally directed to establish 
numerous fairly large nature reserves in our 
country ensuring the diversity of our living 
resources with main focus of charisma tic 
animals. But in reality, these reserves are not 
adequate to safeguard the vast diversity due to 
ill management, exploitation, insufficient in 
number and size, unsuitable location, etc. 

In any conservation efforts, it needs choice to 
be made on relative biodiversity values or criteria 
based on which priority of conservation clues 
could be traced. Nevertheless, the indepth study 
and understanding of biodiversity (as we 
conceive to day) of a given area or taxon, are 
sure to provide the clues of conservation in 
general and priority in particular. 

Biodiversity as we understand today is the 
variety and variability of organisms (species 
diveristy), of genetic material (genetic diveristy) 
and of ecosystem or community (ecosystem 
diveristy). This includes diversity within species 
(genetic diversity), between species (species 
diversity) and ecosystem or community 
(ecosystem diversity). In depth understanding 
of each of these three components, will certainly 
provide some clues of biological conservation 
priority based on relative biodiversity values 
or criteria of species. Keeping aside genetic and 
community diversities, if only species diversity 
is considered, then many aspects need to be 
addressed, the discussion of which is the main 
theme of the present contribution. For 
examples, species diversity does not mean only 
the number of species (species-richness). It 
includes many speices criteria, such as, 
relatively unique at the highest level of 
classification, primitiveness and phylogenetic 
divergence, biological and functionally 
importance, ecologically significant, 
vulnerability in reproduction and population, 
co-evolutionary roles, etc. These are the basic 
clues of conservation used on priqrity basis for 
fixing the conservation of species in isolation 
or species congregation in a particular area. 

The paper devotes to suggest which areal 
species deserves priority of conservation over 
others based on relative importance of 
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biodiversity values or criteria of termites as 
referred to above. 

TERGET FAUNA 

Termites belonging to small insect Order 
Isoptera, are one of the most vital components 
of tropical ecosystems inhabiting wood, soil and 
different types of self-made nests. They 
generally play very constrasting roles of both 
beneficial as decomposers and harmful as pests 
of anything of cellulosic origin. Predominently 
such soil inhabiting decomposers like termites 
face immediate dasaster with minor 
disturbances in the ecosystems caused by men 
as well as natural calamites. Hence, according 
to their merits of pests and beneficial roles, they 
deserve protection or management along with 
their habitats. The deep understanding of the 
conceptual biodiversity has certainly provided 
insight into the strategies of finding out some 
clues of conservation on priority basis. 

Although the first ever taxonomic work on 
Indian Termites was initiated in south India as 
early as in 1779 by Koning, but the exact locality 
from where collections made were unknown. 
There was no exact record of occurrence of 
termites in the Eastern Ghats until Bose and 
Das (1982), Bose (1984), Roonwal and Chhotani 
(1989) and Chhotani (1997) had reported many 
speices from the area (Table-I). Present paper 
is mainly based on these papers as well as has 
utilized the long experience of collection and 
study of termites by the author around the 
country including the Eastern Ghats. The 
phylogenetic trees of termite genera framed, 
have been devised and modified by the author 
based on the contributions of Ahmad (1950) 
and Krishna (1969). 

PHYSIOGRAPHY OF THE EASTERN 
GHATS 

The Eastern Ghats-a distinct and disrupted 
physiographic hilly unit of India-stretches from 
the Mahanadi in the north-east (Orissa) to the 
Shevroy Hills in the south-west (Tamil Nadu) 
via the districts of Nallamalai, Velikonda, 
Erramalai, Seshachalam and Palkonda range in 
the middle of· Andhra Pradesh. Due to its 
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Table-1. Distribution of Species in three different units of Eastern Ghats 

Tamil Nadu Cuddaph Range Orissa 
Hills (A. P.) Hills 

Family HOOOTERMITIDAE Desneux 

Subfamily HOOOTERMITINAE Desneux 

1. Anacant/zotermes viarum (Konig) + - -
Family KALOTEMITIDAE Froggatt 

Subfamily KALOTERMITINAE Froggatt 

2. "'Neotermes dhirendrai Bose + - -
3. "'N. fletcheri Holmgren and Holmgren + - -
4. "'N. krishnai Bose + - -
5. ProcnJptotermes dluzr; Roonwal and Chhotani + - -
6. Cryptotermes dudley; Banks - - + 

Family RHINOTERMITIDAE Froggatt 

Subfamily COPTOTERMITINAE Holmgren 

7. Coptotermes ceyloniclls Holmgren + + -
8. e. Izeimi (Wasmann) + - + 

Subfamily Heterotermitinae Froggatt 

9. Heterotermes balwanti Mathur and Chhotani - - + 
Family STYLOTERMITIDAE Holmgren and 
Holmgren 

10. Stylotermes fletcheri Holmgren and Holmgren + - -
Family TERMITIDAE Westwood 

Subfamily AMITERMITINAE Kemner 

11. Speculitermes dharwarensis Roonwal and 
Chhotani - + -

12. S. sinhalensis Roonwal and Sen Sarma + + -
13. Eurytermes buddha Bose and Maiti + - -
14. Elllzamitermes dentatlls Thakur and Chatterjee - + -
15. E. indicus Holmgren and Hotmgren + - -
16. Microcerotermes cameroni Synder - + -
17. M. ganeshi Bose + - -
18. M. minor Holmgren + + -
19. Eremotermes fletcheri Holmgren and Holmgren + - -
20. E. paradaxalis Holmgren + - -

Subfamily TERMITINAE Sjostedt 

21. Pselldocapritermes fletcher; (Holmgren and 
Holmgren) + - -

22. Pericapritermes topslipensis Thakur + - -
Subamily MACROTERMITINAE Kemner 

23. Macrotermes convulsionarius (Konig) + + + 

24. Odontotermes assmuthi Holmgren + - + 

25. O. bellahunisensis Holmgren and Holmgren + - -
26. O. boveni Thakur + + -
27. 0.\ brunneus (Hagen) + + + 

28. O. ce1Jlonicus (Wasmann) + - + 
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29. O. distans Holmgren and Holmgren 

30. O.leae (Wasmann) 

31. O. horn; (Wasmann) 

32. O. obeSltS (Rambur) 

33. o. redemanni (Wasmann) 

34. O. wallonensis (Wasmann) 

35. Microtermes incertoides Holmgren 

36. M. obesi Holmgren 

Subamily NASUTITERMITINAE Hare 

37. Naslltitermes anamalaiensis Synder 

38. N. brltnneus Snyder 

39. N. fletcheri (Holmgren and Holmgren) 

40. Trinervitermes bi/ormis (Wasmann) 

41. T. fletcheri Chatterjee and Thakur 

42. T. sensarmai Bose 

~pecies marked with asterisk are endemic to E.G. 

disrupted nature, three distinct units are named 
as Orissa Hills in the north, Cuddapah range 
in the central A.P. and Tamil Nadu Hills in the 
south-west. 

Although the vegetation of the Eastern Ghats 
is remarkable at places, but concentration of 
tropical, subtropical and temperate species and 
of evergreen at elevations above 1070 m above 
mean sea-Iey-el, is as a whole, typically 
deciduous and scrubjungle in nature in most 
places. 

The Eastern Ghats serve as an important 
repository of biological resources. Such 
important ecosystems including its fauna and 
flora is under severe threat due to development 
of ecotourism, extension of agriculture, 
industries and urbanization, grazing, clearance 
of forest, etc. Therefore, the fauna and flora of 
this crisis area need inventorization and 
conservation before any severe ecodisaster takes 
place in the area. 

OBSERV ATIONS 

Fauna Assessment 

The scrutiny of all the existing literature 
reveals the occurrence of 42 species of termites 
belonging to 19 genera under 5 families in the 
Eastern Ghats. Most of the genera are poorly 
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Tamil Nadu Cuddaph Range Orissa 
Hills (A. P.) Hills 

+ - -
+ + + 

+ + + 

+ + + 

+ + + 

+ + + 

- + -
+ + + 

- + -
+ - -
+ - -
+ + -
+ - -
- + -

34 19 13 

represented with about 2-3 species, except the 
most common genus Odontotermes with 11 
species. The area supports about 12.50 per cent 
of the total 337 species known from the Indian 
subregion. As a whole, it is not at all very rich 
in termite faunal strength. Neither the species 
occur uniformly throughout the entire rat:lges 
of the Ghat area, nor it is the homogeneous 
assemblage of fauna. Rather, the termite fauna 
seems to be an assemblage of heterogenous 
genera and species including its own endemics 
of nine species (vide, List of species, Table-I, 
with asterisk). 

Species Diversity Gradiant 

As already mentioned, there is hardly any 
uniformity in the distribution of either species 
richness or taxanomic diversity of termites in 
the Eastern Ghats. Rather nonuniformity exists 
everywhere. However, not a single process or 
theory can explain this complex phenomenon 
of unequal distribution. The discussion on these 
aspects may involve many ecological, 
evolutionary, geological and biogeographical 
process and how these processes interact 
(Huston, 1994) is beyond the scope of the 
present paper. However, only the latitudinal 
gradients of termite distribution is of some 
importance. 
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Latitudinal Gradient: It is observed in large 
majority of organisms that species richness 
decreases towards higher latitudes and 
increases towards lower latitudes. This is also 
no exception to termites of the Eastern Ghats. 
The Tamil Nadu Hill range situated in lower 
latitudes supports more species and higher taxa 
than the two units situated gradually toward 
higher latitudes in the north-east (Table-I). This 
observation remains quite tentative since the 
species richness is related to area in a very 
complicated manner. As such, caution calls 
forth in comparing the diversity of area that 
greatly differs in size. 

Con~~rvation Priority 

As already mentioned in the Introduction 
that the priority of conservation of species/ area 
is primarily based on the relative importance 
of biodiversity values or criteria. These criteria 
have been discussed here with notes of which 
unit of the Eastern Ghats deserve conservation 
priority over others on the basis of relative 
weight and richness of species. 

1. Taxonomic Diversity : Higher taxa 
richness or taxonomic diversity is not same in 
all three units of the Eastern Ghats. For 
examples, the number of families, subfamilies 
and genera recorded from the Tamil Nadu Hills 
indicates more taxonomic diversity with five 
families, nine subfamilies and 17 genera than 
those in the Cuddaph with two families, five 
subfamilies and nine genera and Orissa Hill 
ranges with two families five subfamilies six 
genera respectively (Table-I). More taxonomic 
diversity in Tamil Nadu Hill Unit generally 
indicates its more potentiality of occurrence of 
more species, yet to be explored. This criteria 
is one of the most important parameters for 
fixing conservation priority of area over others. 

2. Phylogenetic divergence and taxonomic 
uniqueness : The scrutiny of phylogenetic tree 
of termite genera clearly helps in determining 
the relative taxonomic uniqueness, phylogenetic 
divergence, primitiveness and evolutionary 
advance species of termites occur~ing in the 
Eastern Ghats (Table -3). These criteria of each 
and every species in an assemblage in a site are 

widely considered while fixing the priority of 
conservation of the species over the others, 
inspite of numerical strength of species being 
the ~irst priority. 

In the Eastern Ghats, the Tamil Nadu Hill 
Unit certainly gets priority of conservation over 
others with reference to all these consideration. 
There are 34 species on record from this unit 
amongst a total of 42 species in the Eastern 
Ghats. The examination of the phylogenetic 
sequence of termites occurring in the Tamil 
Nadu Hills (Table-2) show~ the presence of 
Anacanthotermes viarum (Koni ).This species 
represents a relict primitive family 
Hodotermitidae which has adapted to arid and 
grass land habitat in the latter stage of 
evolution, inspite of its tertiary temperate 
habitat (Emerson, 1955). Its taxonomic 
uniqueness is recognised, since its only close 
by related species A. macrocepalus (Desneux) 
occurs in the northern arid zone of India. 
Likewise, the members of the primitive wood
inhabiting genera Neotermes, Procryptotermes, 
Stylotermes, etc. are present in this unit which 
are absent in other units. As an area Tamil Nadu 
Hill unit gets priority of conservation over other 
units, both supporting more number of species 
(species-richness) and containing more 
conservation focused species as referred to 
above. 

3. Enhancement of diversity: All the termite 
species occurring in the Eastern Ghats do not 
have the same potentiality in contributing to 
the local biodiversity. The wood-eating termites 
belonging to the families Kalotermitidae and 
Rhinotermitidae harbour numerous protozoan 
flagellates in their guts as symbionts and help 
digestion of cellulose. The Tamil Nadu Hill Unit 
has 10 species of these higher wood-eating 
termites which have potentiality to add to the 
local diversity as regards total species richness. 
Only single species, Neotermes dhirendrai Bose 
support 5 species in its gut (Mukherjee and 
Maiti, 2007, in press) which is no doubt a very 
important conservation criterion (Table-4). 
Another species, Coptotermes heimi (Wasmann) 
occurring in Tamil Nadu Hil~ unit as well as in 
Orissa Hill Unit contains 18 flagellate species 
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Table 2. Phylogenetic Sequence of Termite Taxa (Eastern Ghats) 

:s 
." ..c: II .. (I) :I.,!! Z= c..eao 

Family Subfamily Genus i~ 
(1)_ - .... ·c .• .... :c 0= Ei u 

~ f Cryptotermes - - 1 

... r--Kalotermitideae - Kalotermitinae Procryptotermes 1 - -
~ 
C/) 

3 cu Neotermes - -(,J 

c <-
r-- Hodotermitidae Hodotermitinae - Anacanthotermes 1 - - -"'0 

• .-4 -0 
:t:: {stylotermitidae - Stylotermitinae - Stylotermes 1 - -cu -co 

1 I.. Rhinotermitidae -[ Heterotermitinae - Heterotermes - -

2 1 1 Coptotermitinae - Coptotermes 

_ Speculitermes 1 2 -

-~ Eurytermes 1 - -

~ Amitermitinae - Euhamitermes 1 1 -

~~icrocerotermes 2 2 --
Eremotermes 2 - -

..... Termitidae -- [ Pseudocapritermes 1 - -
.... Termitinae 

Pericapritermes 1 - -t Microtermes 1 2 1 

~ Macrotermitinae Odontotermes 11 7 8 

_ Macrotermes 1 1 1 

[ Nasutitermes 2 1 -
---Nasutitermitinae-

Trinervitermes 2 2 -
Total 34 19 13 

recorded from different parts of the Eastern 
India (Mukherjee and Maiti, 2007, in press). This 
criterion also deserves consideration while 
fixing priority of conservation, since these 
termites add to the total species ricimess. Single 
species protected helps conserving many 
species indirectly, whether those may be 
termites or others associated organisms. 

4. Distinctiveness of ecological role : 
Distinct ecological role played by some species 
of termites of the genera, Odontotermes, 
Microtermes and Macrotermes belonging the 
subfamily Macrotermitinae is another criteria. 
Odontotermes obesus-a most common mound 
building termite in India (common in the 
Eastern Ghats) helps growing many species of 
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fungus in its fungus-garden within the mounds. 
Among these fungus, Aspergillus flavus, A. 
aryzae, A. ustus, Allernaria sp., Currularia sp. etc. 
are commonly known. The sponge-like fungus
garden build from vegetable residues supports, 
as mycelium with white nodules of conidia and 
conidiospores (Sen-Sarma 1974, reported). It is 
believed that conidia might be used as food for 
newly hatched young nymphs, comb seems to 
be eatern by tennites and the fungus garden 
serves as the humidity regulator. Although,. the 
exact relationship of termites with fungi is 
unknown, there is little doubt that the termites 
are nutritionally and ecologically dependent on 
fungi. Such association scores well on the 
measure of ecological distinction for selection 
on priority basis. 

5. Vulnerability of species in relation to 
reproduction and population biology: This is 
another very important criteria of species for 
conservation. The primitive kalotermitid species 
with low reproductive rate (comparatively 
fewer eggs laid) needs more attention than 
others for protection, since it occupies distinct 
position in the evolution of termites from the 
ancestral roaches. The kalotermid species of the 
genera Neotermes (3 species), Procryptotermes (1 
sp.) and Cryptotermes (1 sp.) lay few eggs· 
resulting to smaller population in comparison 
with other species with production of thousands 
of population. Though there is no direct'l'ecord 
of low reproductive potentiality of speices 
occurring in the study area, reference may be 
made of a oriental species Neotermes tectonae. 
It's colonies nonp.ally contain about 3000 
individuals and reproductive forms (imagos) 
are not produced before six years. (Kalshoven, 
1959). However, these wood inhabiting 
kalotermitid species are represented in the 
Tamil Nadu Hills and absent in other two units. 
The unit supporting such species needs 
attention. 

6. Co-evolutionary relationship with other 
species in the nest : The most important 
termitophilous insects in India are Staphilinidae 
(Coleoptera) and Phoridae (Diptera).The 
distribution and phylogeny of the 
termitophilous are considered as the mirror 

images of those termites. The main 
specialization associated with termitophily, are 
physogastry, lumiloid outline of body and 
presenc of exudatory appendages. Generally 
termites lick the physogastric abdomen and 
exudatory appendages· of the termitophile 
insects which in return obtain shelter and food 
from the termites (Sen-Sarma, 1974). Although, 
there is no direct record of staphilnid-beetles 
from the nests of termites in the study area, 
some records are not uncommon. The 
staphilinids, namely, Termitodiscus heimi \Va~Jl\., 
T. butteli Wasm. and OdontoxenllS termitophilus 
are known to Occur in the nests of Odontotermes 
obesus and Hypotermes obscurriceps in India and 
SriLanka (Camaron, 1932). Such excellent co
evo·lutionary relationship needs to be 
considered. 

7. Practical factors: Besides these criteria, 
assessment of how seriously endangered a 
species is and its relationship to other sharing 
its probable fate within the frame work of 
concerned ecosystem.These crih.'ri,l are critically 
endangered, endangered and \·l'rnJrable. This 
triage status is not yet assessed in the termite 
fauna of the Eastern Ghat. 

8. Species richness and its related 
problems: Biodiversity can be measured at 
different levels of taxonomic hierarchy, such as 
species, genera, families, etc. of which species 
has been taken as the fundamental unit and its 
numerical list (species richness) becomes a 
indicator of biodiversity. Species diversity does 
not mean only the number species, but its 
includes many other biodiversity criteria which 
have been discussed above. 

These criteria are of immense help as and 
when the number of species are same in two 
different areas as studied below. 

For clarity, the study shows the presence of 
same number of species to a total of 20 in two 
different localities, namely, Coimbatore situated 
at -the western fringe of the Eastern Ghats and 
TopsIip on Nilgiri Hills situated at the junction 
of the Eastern and Western Ghats (Table--3). 
Although the number of species occurring in 
both the localities are same but they contain 
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Table 3. Distribution of Termite Species Localities (E.G.) 

Top (Nilgiri) Coimbatore 
Hills (Tamil Nadu) 

Family ~LOTERMITIDAE 
Subfamily KALOTERMITINAE 
Neotermes venkateshwara Bose + -
G,lyptotermes coorgensis Holmgren and Holmgren + -
Family RHINOTERMITIDAE 
Subfamily RHINOTERMITINAE 
Coptotermes ceylonicus Holmgren + 
C. heimi (Was mann) + + 
Family TERMITIDAE 
Subfamily AMITERMITINAE 
Speculitermes sinhalensis Roonwal and Sen-Sarma + + 
Eurytermes buddha Bose and Maiti - + 
E. topslipensis (Chatterjee and Thopa) + + 
Subfamily TERMITINAE 
~remo'termes fletcheri Holmgren and Holmgren - + 
E. paradoxali~ Holmgren + 
Homallotermes pilosus (Mathur and Thapa) + -
Dicuspiditermes gravelyi (Silvestri) + -

. Pericapritermes perparvus (Holmgren) + -
P. topslipensis Thakur + + 
,Pseudocapritermes fletcheri Holmgren and Holmgren + -
Subfamily MACROTERMITINAE 
Odontotermes anamallensis Holmgren and Holmgren + -
O. bellahunisensis Holmgren and Holmgren - + 
O. brunneus (Hagen) - + 

. -

0.' ceylonicus (Wasmann) - + 
O. feae (Wasmann) + +. 

O. glpbicola (Wasmann) - + 
O. horni (Was mann) + + 
O. obesus (Rambur) + + 
O. redemanni (Wasmann) + + 
O. wallonensis(Wasmann) .. - + 
Hypotermes obscuriceps (Wasmann) + -
Macrotermes convllisionarills (Konig) + + 
Nasutitermes anamalaiensis Synder + -
N. fletcheri (Holmgren and Holmgren) + -
Trinervitermes biformis (Was mann) - + 
T. fletcheri Mathur and Sen-Sarma - + 
Grallatotermes niger Chatterjee and Thapa + -

20 20 
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Table-4. List of Flagellates (Protozoa) known from Termite Hosts 

Host Flagellates 

Neotermes dhirendrai Bose Foaina costata Kirby 

F. gracilis Janicki 

,Caduceia bugnioni Kirby 

Trichomitopsis cartagoensis (Kirby) 

Coptotermes heimi (Wasmann) Holomastigotoides bengalensis ChakrabortY and 
Banerjee 

H. campanliia (De Mello) 

H. dharwarensis Karandikar and Vittal 

H. emerson; Das 

H. elongata Uttangi 

H. hemigynim Grassi 

H. magnus Uttangi 

H. ogivalis De Mello 

H. ray; Karandikar and Vittal 

H. saccllsiformis Uttangi 

H. sphaeroidalis De Mello 

H. turboformis l!ttangi 

Pseudotrichonympha subapicalis Karandikar and Vittal 
Spirotricllonympha bhadreshwarensis Tiwari 

S. roonwali Das ' 

Tricercomitlls divergens De Mello 

Concluding Remarks different composition of species with different 
criteria for conservation. 

The detailed examination of the fauna shows 
that the species of Top slip is more diverse and 
supports more species of relatively important 
conservation criteria or biodiversity values than 
that of Coimbatore. Occurrence of 20 species 
belonging to three families and, 15 genera in 
Top slip in comparison to two families and nine 
genera in Coimbatore clearly indicates its rich 
taxonomic diversity. Likewise, the former 
locality supports more primitive species of the 
genera Neotermes and Glyptotermes as well as 
nlore advanced species of Nasutitermes and 
Grnllntotermes, which are not yet recorded from 
Coimbatore. Similarly, ecologically significant 
species of Odontotermes, Microtermes, 
Mncrotermes, etc. are more in number in Top 
slip than those of Coimbatore. 

An attempt has been made to outline the 
strategies of conservation of the Eastern Ghats 
based on the biodiversity values of termites 
occurring in the area. This disrupted vast hilly 
tract, no doubt, offers ample scope of exploring 
more termite species as against only 42 species 
known by poor surveys done so far. Therefore, 
any discussion on conservation strate~ics based 
on such incomplete informa tinn 'II :'l,j y remains 
,tentative unless further detailed exploration is 
m~de. However, any Slh:h discussion is 
significant realizing the urgency of conservation 
of even a minor organism to safeguard our 
natural resources. Any attempt concerning 
conservation will however be incomplete, 
unless it takes into account of nonbiological 
environmental factors in which the species 
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occur. These include an assessment of how 
seriousl y endangered a habit to which the 
organisms are closely linked. To answ~r all 
these questions, it needs further research. 
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ABSTRACT 

Elasmobranchs (Chondrichthyes) are important part of marine and estuarine nekton and are of great commercial 
importance all over the globe, apart from being an important component in marine food web. The annual c~tch 
of elasmobranchs in India is around 70,000 tonnes, which is over 4% of total marine fish landings. 

According to MPEDA (1999) the annual average landing of elasmobranchs during 1995-98 was 75,037 tons 
and the estimated potential of this group is 1,68,000 tones. The major elasmobranchs contributing to. Indian 
fisheries are Rhizoprionodon oligolinx, lsurus oxyrinchus, Sphyrna bloch ii, S. moka"an, Rhynchobatus djiddensis, Rlzinobatus 
granulatus, Rhina ancyclostoma, Dasyatis sephen, D. uarnak, D. imbricatus, D. marginatus, Himantura alcockii, Aetobatus 
narinari, Aetomylaeus mehotii, A . . maculatus, Rhinoptera javanica, Gymnura poecilura and Mobula diabola. 

The lndian Sundarbans with a biosphere reserve area of 9630 sq. km. is one of the most taxonomically diverse 
mangrove dominated ecosystem of the tropics, sustaining a considerable population of shark species. The important 
shark species in and around mangrove dominated Indian Sundarbans are Scoliodon laticaudus, Carcharhinus 
dussumieri, C. limbatus, Sphyrna bloch ii, S. zygaena, Glyphis gangeticus, G. glyph is etc. 

The present paper is an attempt to highlight the seasonal abundance of elasmobrartchs in different locations 
(particularly fish landing stations) in and around Indian Sundarbans. The data collec~ed since 1994-95 to 2001-
02 indicates the rarity of Glyphis gangeticus in the gangetic stretch of the maritime state of West Bengal. 

Key words : Spatial and temporal variation elasmobranchs, Sundarbans. 

INTRODUCTION 

The Indian Sundarbans at the apex of the Bay 
of Bengal (between 21 °13' N to 22°40' N latitude 
and 88°03' E to 89°07' E longitude) is located on 
the southern fringe of the state of West Bengal, 
covering the major portions of the North 'and 
South 24 Parganas districts. The region is 
bordered by Bangladesh in the east, the HugH 
River in the west, 'Dampier-Hodges Line' in the 
north and the Bay of Bengal in the south. 

The Indian Sundarbans is extremely 
vibrating and dynamic in nat~re exhibiting a 
mixed characteristic of marine, estuarine and 
even "fresh water ecosystems. The deltaic lobe 

at the apex .of the Bay of Bengal may therefore 
be divided in three salinity regimes (Table 1). 

Almost all the physicQ-chemical 
characteristics of this famous mangrove 
ecosystem (like nutrient load, DO, pH, 
phytoplan~ton concentration, pollutant 
concentration etc.) show a significant temporal 
variation through out seasons. (Mitra, 2000). The 
seasonal climate in Sundarbans may be 
conveniently categorized into premonsoon 
(March to June), monsoon Guly to October) and 
postmonsoon (November to February). (Mitra 
and Pal, 2002). Each season has a characteristic 
feature of its own, which is very distinct and 
unique. 
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Table 1. Division of Indian Sundarbans on the basis of salinity 

Zone Areas Included 

High Saline Pathar Pratima, Namkhana, Sagar, Kultali, Gosaba and Basanti 

Medium Saline Canning I & n, Kakdwip, Mathurapur-ll, Jainagar-II 

Low Saline Diamond Harbour-I & ll, Kulpi, Mathurpur-I 

Source : A draft report on Sundarbans Wetland (2000), Govt. of West Bengal. 

The Sundarbans Biosphere Reserve houses 
diverse types of habitats ranging from mud flats 
to sand y beaches and extreme saline to almost 
fresh water zones each exhibiting distinct 
seasonal oscillations of physico-chemical 
variables like salinity, pH and dilution factor. 
The various species thriving in this vibrating 
ecosystem exhibit high degree of adaptive 
modifications as insurance against the 
fluctuating environmental conditions. Sharks 
are dominant species under elasmobranchs and 
playa vital role in both ecology and economics. 
The~ various direct and indirect products 
obt,lined from sharks are today used as food, 
tourism .and .pharmaceutical industries. Because 
of such multiple uses, the community is 
presently under threat due to overexploitation . 
and water quality deterioration. The 
deterioration of water quality due to effect of 
intense industrialization and urbanization has 
been reported by a large number of workers, 
which might pose an adverse impact on the 
population and abundance of Glyphis spp., 
which are highly sensitive to ambient water 
quality. .., 

MATERIALS AND METHODS 

The entire network involves the secondary 
da ta collection from Department of Fishery, 
Govt. of West Bengal, Department of Marine 
Science, University of Calcutta and some 
relevant publication in this field. Few field visits 
were done in different pockets of Indian 
Sundarbans to get an account of the quantum 
and diversity of shark species. The landing 
stations like Diamond Harbour, Kakdwip, 
Frezergunj, Roydighi, Canning, Namkhana and 
Sagar were visited in three different seasons 
during the tenure of the study and finally cross
checked with the secondary data. 

Physico-chemical variables like dissolved 
oxygen (mg/l), surface water temperature (OC), 
surface water salinity (5%0) and surface water 
pH were analysed as per standard procedure 
stated in Strickland and Persons (1968) (Table 2). 

RESULTS AND DISCUSSION 

The coastal zone of West Bengal is the 
dwelling place and migratory corridor of a 

Table 2. Protocol followed to measure different parameters 

Parameters Protocol followed 

Surface water temperature (OC) Monitored by Celsius thermometer. 

Surface water salinity (S 0/00) Checked in the field by Refractometer and crossed 
checked in the laboratory by argentometric method. 

Surface water pH Checked in the field by portable pH meter (Sensitivity 
= ±O.l). 

Dissolved oxygen (mg/I) Checked in the field by DO meter and crossed checked 
in the laboratory by Winkler's method. 
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variety of shark species. This is revealed from 
the significant catch percentage of shark species 
in the fish landing data during 1994-95 to 2001-

02 (Fig. 1-8). The entire aquatic system in the 
coastal West Bengal has contrasting feature of 
physico-chemical variables (Table 3 & 4) due to 

Table 3. Seasonal variation of physico-chemical characteristics in three distinct salinity 
regimes in coastal West Bengal (average of 1994 -1999) 

Season DO(mgll) Surface water Salinity pH 
temperature (OC) 0/°0 

Upper Stretch 

A 4.8 34.1 1.7 ~"OO 

B "5.7 33.7 0.0 7.52 

C 5.1 22.3 1.3 7.83 

Middle Stretch 

A 5.8 33.6 10.7 8.31 

B 6.3 33.4 1.2 7.90 

C 6.0 23.8 4.1 8.21 

Lower Stretch 

A 6.2 34.2 27.2 8.34 

B 6.9 33.6 10.l 8.15 

C 6.4 25.1 19.8 8.29 

A = Premonsoon, B = Monsoon, C = Postmonsoon. 

Table 4. Seasonal variation of physico-chemical characteristics in three distinct salinity regimes 
in coastal West Bengal (average of 1999-2002) 

Season DO (mgll) Surface water Salinity pH 
temperature (OC) %0 

Upper Stretch 

A 6.0 34.0 1.5 8.00 

B 5.9 33.5 0.0 7.48 
C 5.8 22.1 1.0 7.90 

Middle Stretch 

A 6.3 33.5 10.5 8.30 

B 6.2 33.0 0.0 7.89 

C 5.9 25.1 3.3 8.20 

Lower Stretch 

A 6.9 33.9 26.1 8.36 

B 6.8 33.2 8.5 8.12 

C 6.3 26.0 20.0 8.28 

A = Premonsoon, B = Monsoon, C = Postmonsoon. 
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Fig. 3. ~atch of shark (in 000' tonnes) in the major landing stations during 1996-97 
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Fig. 7. Catch of shark (in 000' tonnes) in the major landing stations during 2000-01 
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Fig. 8. Catch of shark (in 000' tonnes) in the major landing stations during 2001-02 

which species of shark often exhibit zone 
specificity. The important shark species in and 
around Indian Sundarbans are highlighted in 
Table 5 and the year wise proportion of catch 
of shark are shown in Fig. 9. 

The physico-chemical variables exhibit 
significant spatial and temporal variations. The 
salinity in all stretches of Indian Sundarbans 
was highest during premonsoon and lowest ~n 
monsoon; similar trend in pH was also noticed 
during study period, due to increased 
precipitation and run-off from adjacent 
landmasses (Mitra, 2000). The surface water 
temperature was also highest during 
premonsoon and lowest during monsoon and 

in case of dissolved oxygen a mosaic behaviour 
was observed. The environmental parameters 
regulated the shark diversity accordingly and 
interactions with the local fisherman through 
Questionnaire point towards spatial 
heterogeneity of shark population in and 
around Indian Sundarbans. The lower stretch 
of Indian Sundarbans is dominated by 
Carcharhinus limbatus, Carcharhinus dussumieri, 
Sphyrna bloch ii, Sphyrna zygaena, Galiocerdo 
cuvier, Carcharhinus leucus, the middle stretch 
exhibited the dominance of Scoliodon laticaudus 
and the upper most fresh water dominated zone 
is dominated by Glyphis gangeticus, Glyphis 
glyph is and Glyphis siamensis. 
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Table 5. Common shark species in and around Sundarbans 

Species Common Distribution Peak Diet Length 
Name Season 

Carcllnrlrinus Black-tip West Bengal Through out Fish (Sardine, Male-l40 to 
Iimbatrts shark coast and the year Mackerel, 150 cm, 
(IUCN status Sundarbans particularly Croaker) female -
: Lower risk) region from Cephalopods 150 -160 

September to & crustaceans. 
April 

Carcharhinus White- West Bengal September Small fishes, Male-65 cm, 
dllssrtmieri cheeked coast and to April squids and female-75 cm 
(IUCN status: shark Sundarbans crustaceans. 
Lower risk) region 

Scoliodon Indian dog West Bengal September to Small fishes, Male-30 cm, 
laticalldlls shark coast and April sqUids and female-35 cm. 

(lUCN status: Sundarbans crustaceans. 
Lower risk) region 

Sphyrna bloc"ii Slender Entire stretch March to May Fish, rays, 3 to 7 m long 
(IUCN status : hammerhead of coastal, cephalopods, 
Vulnerable) shark West Bengal. and crustaceans 

Sp/zyrna Hammer West Bengal January to Fish, rays, 2 to 6 m long 
zygaena headed shark coast and May cephalopods, 
(IUCN status : Sundarbans and 
Vulnerable) region crustaceans 

Glyph is River shark Hoogly-Ganges Through out Fish Max. length 
gangeticus, river system the year. is around 
(IUCN status : of West Bengal 200 cm. 
Extremely 
endangered; 
Wild Life 
Protection Act: 
Schedule I) 

Glyphis glyplzis Sharp teeth Hoogly-Matla Through out Fish Max. length is 
shark estuarine the year. around 100 

system cm. 

Glyph is Irrawady Hoogly-Matla Through llut Fish Max. length is 
Siamensis river shark estuarine the year. around 63 em. 

system 

Galiocerdo Tiger shark Entire stretch Through out Eels, ca tfish, Matured ones 
'rtvier of Indian the year. parrotfish, are 7.4 m. 
(IUCN status: Sundarbans & flatfish, flying 
Lower risk) aquatic phase fish, ska tes, 

of Bay of rays, marine 
Bengal turtle, sea snake, 

sea birds, 
sea-lion, dolphin 

Carcilarilinrts Bull shark Entire stretch Through out Unknown Matured ones 
lertcus of Indian the year. are 2.04 m. 
(IUCN status : Sundarbans & 
Lower risk) aquatic phase 

of Bay of 
Bengal 
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Fig. 9. Catch of shark (in ODD' tonnes) in the major landing stations from year 1994-2002 

Despite several threats operation on shark 
community like illegal catch, water quality 
deterioration etc. no pin pointed data has been 
achieved to identify the threats on shark 
community species wise. Today the Ganges 
Shark is known from the three museum 
specimens all collected in the nineteenth 
century. Glyphis gangeticus is listed as critically 
endangered in the 1996 IUCN Red List of 
Threatened Species. All these information 
indicate that the sharks are rapidly losing their 
identity from the aquatic ecosystem. Keeping 
the commercial, ecological, biomedical value of 
this cartilaginous community into 
consideration, proper conservation plan is 
needed which must incorporate the reduction 

of fishing pressure. In addition, proper 
monitoring and eco-restoration policy need to 
be undertaken to preserve the water quality as 
many as species of shark like Glyphis sp. exhibit 
a very slow rate of genetic change, making them 
unable to adapt to anthropogenic 
environmental changes. 
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ABSTRACT 

Our study was aimed towards understanding the pattern of avian community along the urban gradient of 
Kolkata and their response to fragmentation. During the study we measured diversity index, cumulative species 
richness, Chao1 species richness, Jackknife1 species richness, Bootstrap species richness, for all bird species and 
annual avian abundance for the resident bird species during 2004-2006 in 21 different locations situated at different 
areas along the urban gradient, which were selected for the present study. We also compared avian abundance 
between different habitat classes. Overall results showed fragment isolation as a significant predictor of species 
richness. It also showed significant relation to species richness in some of the seasons too. Linear correlation 
showed that area surveyed per site relate significantly to total birds recorded and to resident birds in some of the 
seasons too. Regression studies, however, revealed increasing trend in avian richness. Avian abundance for individual 
resident species, only, showed both positive and negative correlation to the area surveyed. On the basis of comparative 
studies of the avian abundance for the resident forms, the avian life can be categorized into three basic classes, 
which results in response to the degree of urbanization. High diversity was noticed in protected areas, wetlands 
and heterogeneous habitats with moderate periodic disturbances. As we traveled across the urban gradient into 
the urban core, avian diversity declined sharply, and species which adapted well in these impoverished conditions 
of urban core showed greater abundance resulting in a probable situation of biotic homogenization. 

Keywords: Avian diversity, Urban gradient, Urbanization, Biotic homogenization 

1. INTRODUCTION 

Progressive urban development results in 
progressive replacement of native species by 
non-native forms. With establishment of a city, 
a number of new features are introduced into 
the locality suddenly. This in turn regionalizes 
the natural and the man-made pastures of 
greenery into isolated patches. Thus, urban 
development produces full range of 
manipulations, from slightly altered open-space 
areas to highly-developed residential and 
commercial areas (Emlen, 1974; Melles et al., 
2003; Blair, 2004). Kolkata, situated along the 
banks of river HugH, is no different to this trend. 
Urban development tends to affect the avian 
community significantly, and causes a decline 

* Author for Correspondence: ghose_ps3@yahoo.com 

in the diversity compared to any adjacent 
natural habitat (Emlen, 1974; Bessinger and 
Osborne, 1982). As a matter of fact, full-gradient 
urban developments pattern the avian. life 
accordingly, with areas of moderate 
developments that are subjected to periodic 
disturbances promoting high avian richness 
(Blair, 1996). Urban life also enhances 
dominance of non-native tolerant forms too 
(Crooks et al., 2004; Blair, 2004). Though avian 
studies have been conducted in Kolkata since 
mid-eighteenth century both from the point of 
view of whole urban gradient as well as 
individual habitat levels (Roychowdhury, 1984; 
Mookherjee, 1995; Mookherjee, 1999; 
Mookherjee and Chatterjee, 1999; Mookherjee, 
2004; Ghosh, 2005), majority of these were 
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taxonomic reviews or were mere 
inventorisations. None of them actually 
investigated how urban developments have 
affected the overall avian life at the community 
level. In the light of above reasons, the present 
study was initiated with the following objectives 
- (1) assessments of distribution of the avifauna 
in the different microhabitats of the city and its 
suburbs; (2) analysis of the avian diversity 
indices (richness, diversity and abundance); (3) 
the variety of threats the avian community 
faces; and (4) development of an integrated 
strategy for conservation of the avian life. 

2. METHODS 

2.1. Survey Procedure 

The city of Kolkata (area-197.54 km2; lat-
22°33'N; long-88°20'E; alt-9 mts) is situated 
along River HugH. For the purpose of study 
we selected 21 sites within the city and its 
suburbs and conducted our study to assess the 
overall avian community along the gradient. 
All these sites were located within the Kolkata 
Metropolitan Area (KMA) (Anon., 1997). Of 
these 13 are situated within the core city area 
8 are located beyond the core city limits of 
Kolkata and were regarded as control sites. The 
study sites vary in size consider.ably as well as 
in character and can be categorized into six 
different major habitat classes (Table 1). 

We conducted periodic studies in these 
habitat fragments from December 2002 to 
March 2006. We divided the calendar year into 
four seasons-(l} Winter-December to February; 
(2) Summer-March to May; (3) Monsoon-June 
to September; and (4) Post-Monsoon-October 
and November. During the first thirteen months 
of the study (December 2002-December 2003) 
we collected data randomly at different sites to 
establish avian inventory for each site. From 
January 2004 onwards we collected data for the 
analytical studies. We conducted fixed radius 
point count at each site, taking points with 50 
met~r an~ 100 meter radius depending upon 
habitat size and visibility within the habitat 
with some improvisations to suit our stud; 
(~-Iutto et al., 1986). The 50 meter points were 
Situated at a minimum distance of 150 meters 
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from each other. On the other hand, the 100 
meter stations were situated at a distance of at 
least 250 meters to assure that there is no 
overlapping of observations. 

We collected data at each fragment twice 
every season. We conducted about 168 surveys 
per year in these 21 sites. Data collected each 
day was analyzed and we then elucidated the 
mean diversity indices, richness indices and 
abundance per day for a given season at the 
end of each season. We recorded the birds by 
sighting and by identifying their calls, and 
records were counted only if the species 
occurred within the dimension of the survey 
points. All the fly-overs that did not have any 
activity within the survey habitat were recorded 
as seen at the location but were excluded from 
analytical studies, except white-rumped vulture 
(Gyps bengalensis) because of the fact that this 
species is a highly endangered bird and we 
wanted to include it in our analytical studies. 
All the avian species were' considered for the 
purpose of analysis to understand the overall 
avian community along the gradient of 
urbanization. Surveys were conducted from 7 
a. m. to 11 a. m. in the morning.as this was the 
period during which the bird species were more 
active. During the study we did record some of 
the birds that are usually nocturnal in habit, 
like - Athene brama, Ketupa zeylonensis and 
Caprimulgus macrurus. We did not conduct any 
night surveys as such. However, whenever we 
noticed these species while surveying during 
the day, we included them in our record. 

2.2. Data Analysis 

We used area covered per site and the 
fragment isolation as suitable descriptors of 
patch characters and important predictors of 
occurrence of different avian species (Crooks et 
al., 2004). Mean area covered for the 21 
fragments is 19.29 hectares (S.D. = 12.88 
hectares; ranges= 3.93-50.24 hectares). Mean 
fragment isolation is 4349.63 m (S.D. =9260.46 
m; range = 0-43344.65 m) (Table. 1). All the 
sites are situated within 48 km of the city. 

Data collected during the Hetq surveys were 
used to calcula te Shannon Index 
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(Magurran,2004); cumulative species richness; 
Chao 1 species richness; Jackknife 1 species 
richness and Bootstrap species richness (Chao, 
2004) at per site per season basis, both for the 
total species recorded per site and for the 
resident forms. We also calculate~ species 
abundance for the resident species (Verma and 
Agarwal, 2000). Data relating to species richness 
were calculated using EstimateS (version 7.5.1, 
R. K. Colwell, unpublished). Multiple 
correlations was used to see whether different 
landscape variables, area surveyed per site and 
the fragment isolation, were related' significantly 
to species diversity, species richness indices and 
mean species abundance per site per year, for 
two years. We used multiple regression models 
to test whether the landscape variables were 
Significant predictors of the results obtained 
from diversity studies and abundance data as 
in multiple cor~elation study. Linear regression 
was used to test whether area covered per site 
was a significant predictor of diversity results. 
Linear correlation was u~ed to relate the 
diversity results with the total area covered per 
site. Relation between the total area surveyed 
per site and the mean species abundance per 
site per year for individual species were tested 
using Spearman's Rank Correlation. Twotailed 
t-t~t was used to test Significance of the. results 
for statistical analysis (Misra ~nd Misra, 1983). 
Results were considered significant when 
P<O.05 on a two tailed scale. 

We compared ~e mean abundance of each 
species of birds to elucidate a comparative ratio 
of the mean abundance of individual species 
between the six major habitat classes. 

3. RESULTS 

3.1. Community level analyses 

During the present study we recorded 212 
species of birds, in the different study sites. 
Nine of these species were recorded during the 
preparation of the inventory only, between 
December 2002 and December 2003. Hence they 
were not 'considered for later a~alysis. These 
species are Anas formosus, Anas creca, Haliaeetus 
lellcoryphllS, Porzana fusca, Recurvirostra avosetta, 
Tringaerytlzropus, Tringa stagnatilis, Tringa 

~eVillaria and Calidris ferruginea. Among the 212 
species recorded, 101 birds were resident 
species. Rest 111 birds were migratory, of which 
77 were winter migrants, which includes species 
like Phylloscopus coronatus (Eastern Crowned 
Warbler) from Chintamani Kar Wildlife 
Sanctuary that did not have any prior records 
from Kolkata; 19 were passage migrants; 11 
other seasonal migrants; one vagrant and three 
accidental migrants. Highest number of birds 
(121 sp.) was recorded at the bheri areas of 
Nalhan of which 65 sp. were residents. The 
lowest number of birds were recorded 
at Esplanade' and Talapark, 30 species each 
(Table 1). 

The mean seasonal species richness and the 
diversity indices are significantly lower in the 
core urban sites. Species richness and species 
diversity rises significantly in the habitats other 
than the urban core such as-urban parks and 
gardens, open spaces, protected areas, wetlands 
and heterogeneous habi ta ts. As a ma tter of facts 
diversity indices are marginally higher in the 
heterogeneous habitats. Diversity index, 
however, showed a downward trend at 
Santragachi in certain seasons though the 
species richness was moderately higher (Fig. 1 
arid Fig. 2). This is attributed to high abundance 
of few species in respect to others, which in 
turn reduces the overall diversity of the avian 
community of the area. 

Results of multiple regression studies show 
that total area surveyed per site and fragment 
isola tion individ uall y act as significan t 
predictors of the different species richness 
indices, species diversity and species abundance 
in some of the seasons during 2004-2005 and 
2005-2006 (P<0.05).This is applicable for both 
the total species and for the resident species 
encountered during the study (Table 2 and 
Table 3). Multiple correlation studies also 
suggest that the landscape variables show 
significant relations to the diversity parameters 
of total birds and resident birds recorded 
seasonally during the period of study (Table 2 
and Table 3). On the other hand, linear 
regression studies between resident birds and 
the total area surveyed per site showed that 



Table 1. Geographical details of the habitats studied with total avian species recorded per site. 

SI. Study Locality Latitude Longitude Altitude Area Approxi- Fragment 
(N) (E) Surveyed mate Isolation 

per site Area of (Meter) 
(Hectare) study site 

(Hectare) 

1 Esplanade 22°33'43.25" 88°20'58.36" 7 5.50 16.24 19.2 
Core Urban .. " 

Areas 2 Tala Park 22°26'36.04" 88°22'44.96" 9 15.70 36.08 3691.39 

3 lSI Baranagar- 22°38'51.68" 88°22'37.51" 8 3.93 2.07 3691.39 

4 Victoria 22°32'41.78 88°20'33.60 10 7.85 21.66 1654.58 

5 Rajbhawan 22°34'01.82" 88°20'50.55" 8 7.07 10.77 1921.4 

Urban Parks 6 Eden Gardens 22°33'53.21 " 88°20'27.19" 8 6.28 6.91 443.69 
and Gardens 7 AHSI 22°31'41.22" 88°19'59.21" 11 8.64 7.63 2433.81 

8 Subhash Sarovar -22°34'06.19" 88°24'04.28" 7 15.70 30~50 1821.91 

9 Rabindra Sarovar 22°30'36.05" 88°21'16.08 8 9.42 68.02 2433.81 

10 Maidan 22°33'09.88 88°20'49.04 6 25-.12 94.67 24.38 
Open Areas 

11 Kalyani University 22°59'17.48" 88°26'57.26" 9 37.68 111.28 43344.65 

12 Narendrapur 22°25'46.93" 88°24'02.46 8 4.71 8.16 874.47 

Protected 13 Botanical Garden 22°33'35.04 88°17'26.78 10 37.68 107.93 1520.68 

Places 14 Tollygunj Golf Club 22°29' 42.59" 88°20'37.47' 8 21.98 39.29 870.58 

15 Banabitan 22°35'14.77' 88°25'44.%" 4 21.98 41.61 1370.35 

16 Nature Park 22°31 '25.88" 88°17'33.28" 8 25.12 52.20 8616.29 

17 Bheri Areas, Nalban 22°33'57.46" 88~'31.84" 5 50.24 448.50 0 
Wetlands 

18 Santragachi 22°34'53.23 88°16'57.62 6 25.12 20.16 5821.91 

19 Kalyani Jheel 22°58'03.68" 88°26'12.34" 12 15.70 62.55 1121.1 

Heterogeneous 
20 11M, Joka 22°26'42.50 88°17'55.48 10 31.40 64.40 8209.41 

Habitats 21 Shyainkhola 22~5'24.28 88°23'37.05 8 28.26 631.96 1457.3 
J 

Approximate Total 
area covered Species 

by water of Birds 
bodies Sighted 

(Hectare) per site 

0.79 39 

1.60 40 

0.32 -45,0-

4.33 49-

0.06 40 

0.64 51 

0.22 58 

14.81 46 

28.66 58 

1.16 39 

1.88 73 

0.57 81 

7.33 63 

0.64 48 

5.34 75 

29.69 73 

408.58 121 

13.78 64 

21.56 58 

9.62 87 

5.24 96 

Resident 
Bird 

Species 
Sighted 
per site 

28 

30 

39 

43 

41 

40 

52 

41 

46 

35 

49 

60 

53 

43 

57 

64 

65 

46 

51 

72 

78 

N 
8 
~ 
fr -
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avian richness indices show a trend of increase 
with the increasing area. At the same time the 
landscape variable acts as a significant predictor 
of the richness indices during post monsoon 
2004-2005 (P<0.05). The linear correlation study 
with the total area surveyed per site show that 
the species richness indices and the Shannon 
index relates significantly to the total area 
surveyed per site in specific seasons only. 
Relation between area covered per site and 
Shannon index have been presented in Fig. 3. 

3.2. Species level analyses 

The correlation studies of the mean annual 
abundance of individual species and tota) area 
surveyed per site reveal that three groups of 
birds can be segregated on the basis of their 
relation to the area surveyed per site. One 
group of ·birds shows positive r~lation to the 
landscape variable in a two tailed scale during 
2004-2005 and 2005-2006. Another group of 
birds show negative significance in anyone of 
the two years during which the study was 
conducted: Yet another group show negative 
significance with the area surveyed per site in 
a tWo tailed scale during 2004-2005 and 2005-
2006. Numbers of birds included in this group 
are 3, 12 and 34 respectively. 

3.3. Habitat level analyses 

On the basis of comparisons of the avian 
abundance, Qetween different habitat classes 
and on the basis of their response to 
urbafiization, avian species can be categorized 
into three different classes-urbanization 
enhanced or urban exploiters, urbanization 
intermediate and urban sensitive or urban 
avoiders (Table 4) (Crooks et aI, 2004; Blair, 
2004). The urban exploiters comprise" mainly of 
cosmopolitan species and were recorded in all 
the habitat classes. Urbanization intermediate 
species were found almost all the habitat classes 
including the core urban sites. However, their 
abundance was much higher in the habitat 
fragments other than the urban core, reaching 
maximum values in the habitats with lesser 
degree of disturbance. There are 26 birds in 
this category. The species that avoid the core 

Zoological Researc11 in Hllman Welfare 

urban sites completely have been categorized 
as urban avoiders. They seem .to fail to adapt 
to the extreme level of urbanization, however, 
they may occur in the urban parks and gardens. 

4. DISCUSSION 

Constant urban developments have modified 
the environments of Kolkata to a great degree. 
This has regionalized the city habitats 
accordingly, with areas of moderate 
development lying towards the periphery along 
the sprawl end of development. On the other 
hand, high levels of development occur in the 
core city limits, which is usually depauperate 
in natural components. These zones with their 
variable levels of development and 
environmental conditions have patterned the 
avian community of the ~ity according to the 
resources on offer. 

Our study reveals that the urban 
developments have resulted in reduction in 
species diversity and species richness in the core 
areas of developments. This observation is in 
concensus with some other works too (Emlen, 
1974; Bessinger and Osborne, 1982; Blair, 1996; 
Crooks et al., 2004). This is attributed to the 
fact that urban developments are associated 
with introduction of extensive disturbances, 
like-loss of natural features of the locality, 
introduction of built-up areas, change in land 
use patterns, fragmentation, introd~ction of 
exotic vegetation components, increased 
pollution levels, increased noise level and 
others, in a given area, and its subsequent and 
constant maintenance over the following 
periods especially in the urban core. Such 
disturbances are associated to reduction of bird 
species in a given area, cosenquent patterning 
of avian species along the gradient· and 
progressive replacement of resident faunal 
forms (Emlen, 1974; Mills ~t al., 1989; .Blair, 1996; 
Crooks et al., 2004). This does not allow the 
locality to recover to a condition that occurred 
in the pre-disturbance conditions (Blair, 1996). 
This condition results in maintenance of low 
diversity indices in the core areas of 
development. Along with maintenance of low 
diversity indices, high and persistent levels of 



Table 2. Standard multiple regression table of effects of area studied per site and habitat isolation on species abundance, species richness 
(cumulative, Chao 1, Jackknife 1 and Bootstrap) and species diversity for all bird species concerned 

2004-2005 2005-2006 

P Intercept . Standard Error P p Intercept Standard Error P 

Cumulative Richness, Jackknife 1 Species Ric/mess, Bootstrap Species Richness"ln2 

Area Studied per site 0.76 26.73 7.46 <0.01 0.80 25.80 6.72 >0.10 

Isolation -0.16 >0.10 -0.06 <0.01 
""" Q) Chao 1b1b2 
E 
E Area Studied per site :s 0.72 27.16 13.26 <0.01 0.76 28 .. 98 10.81 <0.01 

U'J Isolation -0.22 >0.10 -0.13 >0.10 

Shannon Indexdc2 

Area S~died per site 0.36 2.21 0.29 >0.10 0.08 1.37 0.28 >0.10 

Isolation 0.11 <0.01 0.25 <0.01 

Cumulative Richness, Jackknife 1 Species Richness, Bootstrap Species Richnessd1d2 

Area Studied per site 0.65 23.95 6.56 >0.10 0.73 24.45 6.89 >0.10 

Isolation 0.10 <0.01 0.03 <0.01 c: 
0 Chao 1(1(2 
0 
'Jl 

Area Studied per site 0.50 c: 33.13 7.29 <0.05 0.75 27.14 7.59 <0.01 
0 

:E Isolation -0.06 >0.10 -0.05 >0.10 
Shannon Indexf112 
Area Studied per site 0.35 1.31 0.31 <0.10 0.56 2.14 0.28 >0.05 
Isolation 0.24 >0.001 0.10 >0.001 

Cumulative Richness, Jackknife 1 Species Richness, Bootstrap Species Richnest$lg2 

Area Studied per site 0.80 25.52 8.10 <0.01 0.49 30.47 9.26 <0.05 
c: Isolation -0.07 >0.10 0.01 >0.10 0 
0 Chao 1111112 'Jl c: 
0 Area Studied per site 0.68 36.62 10.73 <0.01 0.41 34.64 10.38 >0.05 :E 
t) Isolation -0.31 >0.10 0.04 >0.10 
0 Shannon Indexi1i2 c... 

Area Studied per site 0.24 1.92 0.60 <0.10 0.07 2.57 0.64 <0.10 
Isolation 0.11 >0.001 0.05 >0.001 



Table 2. Contd. 

2004-2005 2005-2006 

P 17ttercept Standard Error P p Intercept Standard Error P 

Cumulative Richness, Jackknife 1 Species Riclmess, Bootstrap Species RiclmessiIj2 
t 

Area Studied per site 0.81 25.30 9.71 <0.01 0.81 28.22 6.37 <0.01 
Isolation -0.31 >0.10 0.19 ,j .' >0.10 .... 
Clzao lklk2 Q) .... 

c:; 

~ Area Studied per site 0.82 30.95 13.32 >0.01 0.85 31.37 8.15 >0.01 
Isolation -0.40 <0.10 0.05 <0.10 
Shannon Index/1I2 
Area Studied per site 0.19 3.06 0.60 >0.10 0.03 2.01 0.64 <0.10 
Isolation -0.07 <0.001 0.15 <0.001 

aIR:? = 0.29; df = 18; P < 0.05; a2R2 = 0.034; df = 18; P < 0.05; bIR2 = 0.26; df = 18; P < 0.05; b2R2 = 0.29; df = 18; P < 0.05; c1R2 = 0.08; df = 18; P < 0.10; c2R2 = 0.04; 
df = 18; P < 0.10; dIR2 = 0.25; df = 18; P < 0.05; d2R2 = 0.29; df = 18; P <0.05; eIR2 = 0.12; df = 18; P < 0.10; e2R2 = 0.30; df = 18; P < 0.05;flR2 = 0.12; df = 18; P > 
0.10; J2R2 = 0.18; df = 18; P > 0.05; gIR2 = 0.32; df = 18; P < 0.05; g2R2 = 0.12; df = 18; P > 0.10; /rIR2 = 0.24; df = 18; P > 0.05; /,2R2 = 096; df = 18; P > 0.10; ilR = 
0.04; df = 18; P > 0.10; i2R2 = 0.005; df = 18; P > 0.10; jlR2 = 0.34; df = 18; P < 0.05; j2R2 = 0.40; df = 18; P < 0.02; kIR2 = 0.36; df = 18; P < 0.05; k2R2 = 0.39; df = 
18; P < 0.02; IIR:! = 0.019; df = 18; P > 0.10; 12R2 = 0.014; df = 18; P > 0.10. 

(al, bl, el, dl, el, fl., gl, h1, iI, jl, kl and l1 in superscript refers to the multiple correlation results obtained during 2004-2005 and a2, b2, c2, d2, e2,12, g2, It2, 
i2, j2, k2 and l2 in superscript refers to the multiple correlation results obtained during 2005-2(06) 



Table 3. Linear multiple regression table of effects of area studied per site and habitat isolatjon on resident bird species abundance, species C) 

richness (cumulative, Chao 1, Jackknife 1 and Bootstrap) and species diversity @ 

2004-2005 

Ii Intercept Standard Error P 

Mean abundance per site"l nl 

Area Studied per site 0.19 2.15 0.94 >0.10 
Isolation -0.14 <0.001 

$-< 

Cumulative Richness, Jackknife 1 Species Riclmess, Bootstrap Species RiclmessMbl 
Q) 

E Area Studied per site 0.59 27.67 6.05 <0.02 
E Isolation -0.22 >0.05 
~ 

CJ) Chao lc1cl 
Area Studied per site 0.64 28.27 8.95 <0.01 
Isolation -0.26 >0.10 
Shannon Indexd1dl 

Area Studied per site 0.17 2.45 0.29 >0.10 
Isolation 0.07 <0.001 

Cumulative Riclmess, Jackknife 1 Species Richness, Bootstrap Species Richnesse1e2 

Area Studied per si te 0.53 24.68 6.67 <0.05 

r:: Isolation 0.11 >0.10 
0 Chao 1/lf2 0 
f/) 

Area Studied per site 0.26 33.70 7.39 >0.10 r:: 
0 
~ Isolation 0.03 >0.10 

Shannon Inde~lgl 
Area Studied per site 0.27 1.31 0.31 >0.10 
Isolation 0.24 <0.001 

Cumulative Richness, Jackknife 1 Species Richness, Bootstrap Species Richness/11lll 

Area Studied per site 0.71 22.45 6.48 <0.01 
r:: Isolation 0.01 >0.10 0 
0 Chao li1il f/) 

r:: 
0 Area Studied per site 0.78 28.50 7.59 <0.01 
~ 
t) 

Isolation -0.30 >0.05 
0 Shannon Indexi1il c.. 

Area Studied per site 0.17 1.66 0.61 >0.10 
Isolation 0.14 <0.001 

2005-2006 

Ii Intercept Standard Error 

0.21 1.08 1.38 
0.04 

0.38 26.78 5.77 
0.22 

0.48 29.74 7.37 
0.17 

-0.15 0.86 0.3 
0.33 

0.63 26.11 7.73 
-0.06 

0.63 29.92 7.7 
-0.13 

0.5 2.61 0.3 
0.02 

0.42 25.93 8.34 
0.05 

0.32 28.8~ 8.91 
0.05 

0.05 2.28 0.65 
0.08 

P 

>0.10 
>0.10 

>0.10 
>0.05 

<0.05 
>0.10 

>0.10 
<0.001 

<0.02 
>0.10 

<0.02 
>0.10 

<0.05 
<0.001 

>0.05 
>0.10 

>0.10 
>0.10 

>0.10 
<0.001 

ttl 
~ 
::l 
0-
en » z 
~ 

~ 



Table 3. Contd. 

2004-2005 2005-2006 
i P Intercept Standard' Error P p Intercept Sta"dard Error P 

Cumulative Richness, Jackknife 1 Species Richness, Bootstrap Species Richnessk1k2 

Area Studied per site 0.60 24.72 7.70 <0.02 0.35 27.75 5.51 >0.10 
Isolation -0.32 >0.05 0.2 >0.05 

"'" Chao l11l2Chao 1 Q) 

C Area Studied per site 0.67 28.73 9.07 <0.01 0.37 29.67 6.25 >0.10 
~ Isolation -0.44 <0.05 0.17 >0.10 

Shannon Index",1",2 
Area Studied per site 0.10 3.18 0.61 >0.10 -0.1 2.11 0.63 >0.10 
Isolation -0.10 <0.001 0.13 <0.001 

aIR:! = 0.0004; df = 18; P > 0.10; n2R2 = 0.0009; df = 18; P > 0.10; b1R2 = 0.0324; df = 18; P > 0.05; b2R2 = 0.0169; df = 18; P > 0.10; clR2 = 0.0441; df = 18; P > 0.05; 
c2R:! = 0.0256; df = 18; P > 0.10; dIR2 = 0.0004; df == 18; P > 0.10; d2R2 = 0.0036; df == 18; p.> 0.10; e1R:! = 0.0324; df == 18; P > 0.05; e2R2 = 0.04; df == 18; P > 0.05;/lR2 

= 0.0016; df = 18; P > 0.10; f2R2 = 0.04; df = 18; P > 0.05; g1R2 = 0.0081; df = 18; P > 0.10; g2R2 = 0.0196; df = 18; P > O.W; II1R2 = 0.0784; df = 18; P < 0.05; 1.2R2 = 
0.01; df = 18; P > 0.10; ilR = 0.0961; df = 18; P < 0.05; i2R2 = 0.0036; df = 18; P > 0.10i j1R2 = 0.0009; df = 18; P> 0.10; j2R2 = 0.0001; df = 18; P > 0.10; k1R2 = 0.0361; 
df = 18; P > 0.05; k2R2 = 0.0121; df = 18; P > 0.10; I1R2 = 0.0729; df = 18; P > 0.05; 12R2 = 0.0121; df = 18; P > 0.10; mlR:! = 0.0001; df = 18; P > 0.10; m2R2 = 0.0001; 
df == 18; P == > 0.10. 

(al, b1, cl, dl, el, fl, g1, hl, il, jl, kl, 11 and ml in superscript refers to the multiple correlation results obtained during 2004-2005 and a2, b2, c2, d2, e2, f2, g2, 
1z2, i2, j2, 1c2, 12 and m2 in superscript refers to the multiple correlation results obtained during 2005-2(06) 
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Table 4. Ratios between the mean abundance indices of resident birds in. the different habitat classes selected for studies within urban Kolkata 
and its adjoining areas. Species are categorized as urbanization-enhanced, urbanization-intermediate, urban avoiders and birds recorded 
in specific habitat types 

Ratios 

cort core . core core core parks & parks & parks & p.rks & open open open pro tee- protte- ruet-
urban: urban: urban: urban: urban: gardens: gardens: gardens: gardens: areas: areas: areas: ted ted lands: 

Species parks & open pro tee- ruet- hetero- open protected lvet- hetero- protected rvet- hetero- areas: areas: hetero- Abundance index 
gardens areas ted lands geneous areas areas lands geneous ar.eas lands geneous luet- hetero- geneous 

areas habitats habitats habitat lands geneotls habitats 
habitats 

Urbanization-enhanced 

Milvus migrans (Boddaert) 1.29 1.20 1.04 1.27 1.32 0.93 0.80 0.99 1.03 0.87 1.06 1.11 1.23 1.28 1.04 

Streptopelia ehinensis (Sco~oli) 1.10 1.09 0.83 1.06 0.98 0.99 0.75 0.96 0.89 0.76 0.97 0.90 1.28 1.18 0.93 

Psittamla krameri (Scopoli) 1.04 0.85 0.84 1.64 1.35 0.82 0.81 1.58 1.29 0.99 1.92 1.58 1.95 1.60 0.82 

Eudynamys sc%pacea (Linnaeus) 1.04 1.14 0.90 1.26 0.95 1.09 0.86 1.21 0.91 0.79 1.10 0.83 1.40 1.06 0.76 

ApllS affinis a. E. Gray) 1.14 1.43 2.01 1.54 1.23 1.26 1.77 1.35 1.08 1.40 1.07 0.86 0.77 0.61 0.80 

Halcyon smyrnensis (Linnaeus) 1.28 1.22 1.09 1.16 0.95 0.95 0.85 0.91 0.74 0.89 0.95 0.78 1.07 0.87 0.82 

Megalaima asiatic (Latham) 1.11 1.24 1.08 1.34 1.07 1.12 0.97 1.21 0.96 0.87 1.08 0.86 1.24 0.99 0.80 

Megalaima haemacephala 
(P. L. S. Muller) 1.09 1.30 1.24 1.39 1.50 1.19 1.14 1.28 1.38 0.95 1.07 1.16 1.12 1.21 1.08 

Orioills .tanthornlls Linnaeus 1.11 1.30 0.94 1.23 1.09 1.17 0.85 1.11 0.98 0.72 0.95 0.84 1.31 1.16 0.89 

Stllrnus contra Linnaeus 1.37 1.24 1.19 1.04 1.19 0.91 0.87 0.76 0.87 0.96 0.84 0.95 0.87 0.99 1.14 

Acridotheres juSCliS (Wagler) 1.17 1.49 1.25 1.31 1.20 1.27 1.07 1.11 1.02 0.84 0.88 0.80 1.04 0.95 0.92 

Acridotheres tristis (Linnaeus) 1.27 1.11 1.06 1.03 1.19 0.87 0.83 0.81 0.94 0.96 0.93 1.08 0.97 1.13 1.16 

Corvus splendens Vieillot 1.23 1.21 1.10 1.03 1.25 0.98 0.89 0.84 1.02 0.91 0.85 1.04 0.94 1.14 1.22 

Pyenonotus cafer (Linnaeus) 1.09 1.34 0.90 1.03 0.71 1.23 0.83 0.94 0.66 0.67 0.77 0.53 1.14 0.79 0.70 

Copsyehus sau/aris (Linnaeus) 0.94 1.12 1.03 1.22 0.95 1.19 1.09 1.30 1.01 0.92 1.09 0.84 1.19 0.92 0.78 

Neetarinia asi'ltica (Latham) 1.00 1.10 0.84 1.09 0.71 1.10 0.84 1.09 0.71 0.76 0.99 0.65 1.30 0.85 0.65 

Dinopium benghalense (Linnaeus) 1.25 0.99 0.76 2.25 1.05 0.79 0.61 1.80 0.84 0.77 2.27 1.06 2.95 1.38 0.47 

Dendrocopos macei (Vieillot) 1.14 8.33 1.04 5.00 0.89 7.33 0.92 4.40 0.79 0.13 0.60 0.11 4.80 0.86 0.18 

Urbanization-intermediate 

Dicrums macrocerCllS Vieillot 1.37 0.92 0.86 0.84 0.77 0.68 0.63 0.62 0.56 0.93 0.91 0.83 0.98 0.90 0.91 

Sturnus malabaricus (Gmelin) 1.31 0.90 1.40 0.86 0.97 0.69 1.07 0.66 0.74 1.55 0.96 1.08 0.62 0.70 1.12 

Orthotomus slltorius (Pennant) 0.83 1.03 0.77 0.93 0.80 1.25 0.93 1.13 0.96 0.75 0.90 0.77 1.21 1.03 0.85 

Passer domestiells (Linnaeus) 1.18 0.89 1.35 0.86 0.92 0.75 1.14 0.72 0.78 1.52 0.96 1.04 0.63 0.68 1.08 

Columba Iiv;a Gmelin 0.90 1.83 0.67 0.71 2.02 0.74 0.79 0.37 0.39 1.07 



Table 4. Contd. 

Ratios 

core core core core core parks & parks & parks & parks & optn open opm protec- protu- fuet-
urban: "rban: "rban: urban: urban: gardens: gardens: gardens: gardens: areas: areas: areas: ted ud lands: 

Species parks & operr protec- fUet- helero- open protected loel- hetero- protectetJ fUet- hetero- areas: areas: hetero- Abundance index 
gardens areas led lands geneous areas areas lands geneous areas lands geneous luet- httero- geneous 

areas habitats habitats habitat lands geneous habitats 
habitats 

Centropus sinensis (Stephens) 1.06 0.57 0.33 1.12 0.36 0.54 0.31 1.06 0.34 0.58 1.97 0.63 3.41 1.08 0.32 

Alecdo atthis (Linnaeus) 0.73 2.54 0.69 0.65 1.10 3.46 0.94 0.88 1.50 0.27 0.25 0.43 0.94 1.60 1.70 

Halcyon capensis (Linnaeus) 0.95 0.95 0.63 1.75 0.53 1.00 0.66 1.83 0.56 0.66 1.83 0.56 2.79 0.85 0.30 

Dendrocitta vagabunda (Latham) 0.61 0.52 0.41 0.98 0.43 0.86 0.67 1.62 0.71 0.78 1.89 0.83 2.42 1.07 0.44 

Anastomus oscitans (Boddaert) 0.55 1.57 0.92 0.10 0.24 2.86 1.67 0.18 0.43 0.58 0.06 0.15 0.11 0.26 2.43 

Gyps bengalensis (Gmelin) 0.12 0.05 0.16 0.13 0.26 0.42 1.27 1.05 2.10 3.04 2.50 5.00 0.82 1.65 2.00 

Pycnonotus jocosus (Linnaeus) 0.69 0.70 1.94 1.06 1.02 2.82 1.55 2.76 1.52 0.55 

Phalacrocorax niger (Linnaeus) 0.19 0.72 0.20 0.33 3.76 1.03 1.70 0.27 0.45 1.64 

Ardeola gray;; (Sykes) 0.71 0.51 0.47 0.32 0.36 0.72 0.66 0.45 0.51 0.92 0.63 0.71 0.68 0.77 1.13 

Nycticorax nycticorax (Linnaeus) 0.02 1.00 0.40 0.04 0.04 41.25 16.50 1.66 1.82 0.40 0.04 0.04 0.10 0.11 1.10 

Cypsiurus balasiensis O. E. Gray) 0.48 0.40 0.47 0.27 0.18 0.83 0.99 0.56 0.37 1.19 0.68 0.44 0.57 0.37 0.65 

Corvus macrorhynchos Wagler 0.30 0.14 0.19 0.29 0.22 0.46 0.62 0.96 0.74 1.36 2.09 1.62 1.53 1.19 0.78 

Turdoides striatus (Dumont) 0.47 0.52 0.22 0.64 0.16 1.11 0.46 1.35 0.34 0.41 1.22 0.31 2.96 0.75 0.25 

Treron phoenicoptera (Latham) 0.35 0.34 0.26 0.09 0.96 0.75 ·0.26 0.78 0.27 0.34 

Nectarinia zeylonica (Linnaeus) 0.12 0.06 0.06 0.12 0.03 0.52 0.49 0.97 0.25 0.94 1.85 0.48 1.97 0.52 0.26 

Egretta garzetta (Linnaeus) 0.10 0.11 1.00 0.04 0.04 1.11 10.50 0.42 0.37 9.50 0.38 0.33 0.04 0.04 0.88 

Streptopelia decaocto (Frivaldszky) 1.50 0.39 3.00 0.38 0.32 0.26 2.00 0.25 0.21 7.60 0.95 0.81 0.13 0.11 0.85 

Dicaellm erythrorhynchos (Latham 0.07 0.04 0.02 0.02 0.52 0.34 0.30 0.66 0.58 0.89 

Loncltura pllnctulata (Linnaeus) 1.33 0.21 0.27 0.01 0.16 0.20 0.01 1.27 0.05 0.04 

Dicrurus aeneHS Vieillot 0.24 0.16 0.65 

Zoothera citrina (Latham) 0.15 0.11 0.72 

Urban avoiders 

Bubulcus ibis (Linnaeus) 0.22 0.15 0.15 0.19 0.67 0.69 0.86 1.03 1.28 1.25 

Phalacrocorax jllscicollis Stephens 55.89 1.21 1.35 0.02 0.02 1.12 

Accipter badius (Temminck) 0.14 0.08 0.39 0.10 0.54 2.72 0.72 5.06 1.34 0.26 

Amaurornis phoenicurlls (Pennant 0.34 0.41 0.45 1.23 1.35 1.10 

Psittacllia eupatria (Linnaeus) 0.32 0.22 1.11 0.71 0.68 3.50 2.25 5.17 3.32 0.64 

Hierococclfx varius (Vaul) 0.32 0.26 0.66 0.22 0.79 2.03 0.67 2.56 0.85 0.33 



Table 4. Contd. 

Ratios 

core core core core core parks f:t parks f:t parks f:t parks f:t open open open protec~ protec- ,od-
urban: "rban: "rban: urban: urban: gardens: gardens: gardens: gardens: areas: areas: areas: ted ted lands: 

Species parks f:t open protec- ,od- hdero- open protected ,od- hdero- protectetl ,ott- httero- areas: areas: hdero- Abundance index 
gardens areas ted lands geneous areas areas lands geneous areas lands geneous ,ott- hdero- geneous 

• areas habitats habitats habitat lands geneous habitats 
habitats 

Ardea cinerea Linnaeus 0.33 0.01 

Ardea purpurea Linnaeus 0.08 0.10 1.19 

Casmerodius albus (Linnaeus) 7.00 14.00 0.11 0.14 2.00 0.02 0.02 0.01 0.01 1.31 

Pernis ptilorhyncus (Temminck) 0.04 0.04 1.12 

Metopidius indicus (Latham) 0.04 0.03 0.05 0.60 1.24 2.05 

Athene brama (Temminck) 1.67 0.13 0.45 0.31 0.08 0.27 0.19 3.45 2.38 0.69 

Lanius schnch Linnaeus 0.67 0.25 0.31 0.06 0.38 0.46 0.09 1.23 0.23 0.19 

Aegithina tiphia (Linnaeus) 8.50 0.32 0.04 

Cisticola juncidis (Rafinesque) 0.23 1.00 0.12 0.02 4.33 0.50 0.09 0.12 0.02 0.17 

Prin;a ;nornata Sykes 0.08 0.40 0.03 0.01 5.00 0.38 0.14 0.08 0.03 0.37 

Parus major Linnaeus 0.09 0.36 0.06 4.09 0.63 0.15 

rachybaptus nificollis (Pallas) 0.19 1.08 5.77 

Mesophoyx intermedia (Wagler) 1.00 

lxobrychus cinnamomeus (Gmelin) 2.00 0.06 0.03 

lxobrychus sinensis (Gmelin) 0.38 0.33 0.89 

Dupetor flavicollis (Latham) 3.00 0.67 0.22 

Dendrocygna javan;ca (Horsefield 0.01 0.67 68.84 

Nettapus coromandelianlls (Gmelin) 27.22 

Spizaetus cirrhatu5 (Gmelin) 1.00 

Spilornis cheela (Latham) 0.13 

Rallina eurizonoides (Lafresnaye) 0.50 

Porphyrio porphyrio (Linnaeus) 0.79 

Vanellus indicus (Boddaert) 0.14 0.50 3.67 

Psittacula alexandri (Linnaeus) 0.33 4.89 15.00 

Clamator jacobinus (Boddaert) 0.05 0.17 3.17 

Cacomantis menllinus (Scopoli) 0.40 0.10 0.24 

Megalaima Iineata (Vieillot) 0.02 0.03 1.20 

Celeus b.rachyurus (Vieillot) 0.17 



Table 4. Contd. 

Ratios 

core core core core core parks ~ parks f::t parks f::t parks f::t open open open prouc- protte- lvet-
urban: urban: urban: urban: urban: gardens: gardens: gardens: gardens: areas: areas: areas: ted ted lands: 

Species parks f::t open protte- fvtt- hetero- open proteded wet- hetero- protedetJ tvet- hetero- areas: areas: hetero- Abundance index 
gardens areas ted lands geneous areas areas lands geneous areas lands geneo"s fvet- hetero- geneous 

areas habitats habitats habitat lands geneo"s habitats 
habitats 

Picus. xanthopygaeus 
O.E. Gray & G. R. Gray) 0.67 

Artamus fuscus Vieillot 1.11 

Rhipidura albicollis (Vieillot) 0.28 

Hypothymis azurea (Boddaert) 0.53 

Prinia jlaviventris (Delessert) 0.12 0.50 4.17 

MegaJurus paJustris Horsfield 0.10 0.23 2.31 

Anthus rufulus Vielliot 7.57 1.00 0.13 

Arachnothera Jongirostra (Latham) 1.00 

Zosterops paJpebrosus (Temminck) 0.21 

Ploceus philippinus (Linnaeus) 0.10 

Amandava amandava (Linnaeus) 0.89 

Lonchura striata (Linnaeus) 0.61 

Lonchura malacca (Linnaeus) 0.27 

Only in Specific Habitats wetlands only 

Anhinga melanogaster Pennant 1.05 

Mycteria leucoceplllllD (Pennant) 0.23 

Hydrophasianrls chirurgus (Scopoli) 0.02 

protected aretls only 

Ketupa zeylonensis (Gmelin) 0.03 

Caprimulgus macrurus Horsfield 0.08 

Pericrocotus cinnamomeus (Linnaeus) 0.22 

heterogeneous hab;tat~ 
onJy 

Mirafra assam;ca Horsefield 0.03 

Terpsiphone paradis; (Linnaeus) 0.06 

Dical'lIm agile (Tiekell) 0.03 

Lonchura malabarica (Linnaeus) 0.44 
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disturbances also promotes species with ability 
to attain maturity early (Conell, 1978), and 
showing adaptability to the overall conditions. 
This is very much prominent in the core urban 
sites where there is a predominance of these 
adaptable species. The five urbanization 
enhanced species and one urbanization 
intermediate species, such as-Corvlls splendens, 
Sturnus contra, Aeredotheres tristis, Apus affinis, 
Passer domestieus, and Milvus migrans, regarded 
as primary dominant species, tends to adapt 
well to the stressed conditions offered by 
urbanization and utilizes the resources on offer 
judiciously. In addition to these, there are 20 
other sub-dominant species that shows 
moderate levels of dominance in comparison 
to the primary dominant birds. These species 
include Streptopelia chinensis, Psittacliia krameri, 
Elldynamys scolopacea, Halcyon smyrnensis, 
Megalaima asiatica; Megalaima haemacephala, 
Oriolus xa.nthornlls, Acredotheres fuscus, 
Pycnonotlls cafer, Copsyehus saularis, Nectarinia 
asiatica, Dinopium benghalense, Dendrocopos macei, 
Dicrurus macrocetcus, Sturnus malabaricus, 
Orthotomlls slltorius, Columba livia, Centroplls 
sinensis, Halcyon eape~sis and Pycnonotlls jocosus. 
On the other hand species sensitive to 
urbanization show higher levels of abundance 
in the undisturbed and moderately disturbed 
areas (Table 5). Some of these results show 
parity with that !Jf Blair (1996), and Crooks et 
al. (2004). 

Species diversity and species richness 
increases progressively in the habitat types 
other than the l:lrban core, such as-urban parks 
and gardens, open spaces, urban protected 
areas, wetlands and reaches maximum in the 
heterogeneous habitats. Maximum species 
diversity and species richness in the 
heterogeneous habitats are attributed to the fact 
that they have even mosaic of human 
habitations and substantially diverse floral 
components, with a balanced mixture of 
resident and ornamental types. This allows 
more diverse avian species to utilize the 
available conditions optimally. Blair (1996) 
made similar observations too. At the same 
time, these habitats being situated at areas of 
moderate levels of developments are also 
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subjected to moderate levels of disturbances 
periodically. This is related to the fact that urban 
development are still in progress at this end of 
urban gradient. This event can be explained in 
the light of the 'intermediate disturbance 
hypothesis' (ConeU, 1978; Blair, 1996), which 
suggests that diversity tends to increase in areas 
that are disturbed at intermediate spatial and 
temporal scales. 

We also encountered high diversity at 
wetlands, such as-Nalban and Nature Park 
(Brace Bridge), and protected areas, such as
Botanical Garden and Chintamani Kar WLS. 
However, the diversity in these habitats were 
low compared to that of heterogeneous habitats. 
This is attributed to the fact that, the periodic 
disturbances in these habitats are either too 
regular, as in case of wetlands, or are very low, 
as in case of the protected places. Such 
conditions prevent attainment of maximum 
diversity in these habitats. In addition, high 
diversity levels in the heterogeneous habitats 
is also associated with the fact that, since these 
habitats are situated at the sprawl end of the 
city they occur at an interphase of high biotic 
limitations at the rural end and high physical 
limitations at the urban ends (Blair, 1996). This 
enables development of an edge habitat 
promoting high species diversity and richness. 

As is evident from the previous sections, 
urban development introduces large-scale 
disturbances in a given area. When such 
disturbances are constant and wide-spread 
results in the expansion in range of beneficiary 
species (designated "winners") and 
subsequently replaces the species which cannot 
survive these conditions (designated "losers"). 
This phenomenon is known as biotic 
homogenization (McKinney and Lockwood, 
1999). Such a phenomenon is, probably, in 
operation within the urban environment of 
Kolkata. The gradual expansion of the 
dominant, adaptable species have resulted in 
regionalization of the range of sensitive birds 
to specific habitats with suitable habitat 
components. Thus, there is a trend of 
progressive extinction of the sensitive species 



Table 5. Distribution of resident bird species in different habitat classes with a reflection on the probable loss of species across the urban 
gradient with increasing levels of development from a less developed habitat class to a highly developed region 

Habitat Classes 

Speciesll 

core urban urban parks large open protected wetland heterogeneolls 
areas and gardens areas areas areas habitat 

fragments 

Urbanization-enhanced 
Black Kite Milvus migrans (Boddaert) + + + + + + 
Spotted Dove Streptopelia chi1lensis (Scopoli) + + + + + + 
Rose-ringed Parakeet Psittacula krameri (Scopoli) + + + + + + 
Koel Eudynamys scolopacea (Linnaeus) + + + + + + 
House Swift Apus affinis G. E. Gray) + + + + + + 
White-breasted Kingfisher Halcyon smyrnensis (Linnaeus) + + + + + + 
Bluethroated Barbet Megalaima asiatic (Latham) + + + + + + 
Crimson-breasted Barbet Megalaima haemacephala (P. L. S. Muller) + + + + + + 
Black-headed Oriole Oriolus xanthoTnus Linnaeus + + + + + + 
Asian Pied Starling StUTnllS contra Linnaeus + + + + + + 
Jungle Myna Acridotheres fuscus (Wagler) + + + + + + 
Common Myna Acridotheres tristis (Linnaeus) + + + + + + 
House Crow Corvus splendens Vieillot + + + + + + 
Red-vented Bulbul Pycnonotlls cofer (Linnaeus) + + + + + + 
Oriental Magpie-Robin COpSyChliS saularis (Linnaeus) + + + + + + 
Purple Sunbird Nectarinia asiatica (Latham) + + + + + + 
Lesser Golden-backed Dinopillm benghalense (Linnaeus) + + + + + + 
Woodpecker 

Fulvous-breasted pied Dendrocopos macei (Vieillot) + + + + + + 
Woodpecker 

Urbanization-intermediate 

Black Orongo Dicrllrus macrocerclls Vieillot + + + + + + 
Chestnut-tailed Starling StllrTlllS malabariclls (Gmelin) + + + + + + 
Common Tailorbird Orthotonllls slltorius (Pennant) + + + + + + 
House S£arrow Passer domesticlls (Linnaeus) +. + + + + + 
Blue Rock Pigeon Columba livia Gmelin + + + + + 



Table 5. Contd. 

Habitat Classes 

Species· core urban urban parks large open protected wetland heterogeneous 
f 

areas and garde1ls areas areas areas habitat 
fragments 

Coucal Centropus sinensis (Stephens) + + + + + + 

Small Blue Kingfisher Alecdo atthis (Linnaeus) + + + + + + 

Stork-billed Kingfisher Halcyon capensis (Linnaeus) + + + + + + 

Rufous Treepie Dendrocitta vagabunda (Latham) + + + + + + 

Asian Openbill Stork Anastomus oscitans (Boddaert) + + + + + + 

Indian Whitebacked Vulture Gyps bengalensis (Gmelin) + + + + + + 

Red-whiskered Bulbul Pycnonotus jocosus (Linnaeus) + + + + + 

Little Cormorant Phalacrocorax niger (Linnaeus) + + + + + 
Indian Pond Heron Ardeola grayii (Sykes) + + + + + + 
Night heron Nycticorax nycticorax (Linnaeus) + + + + + + 
Asian Palm-Swift Cypsiurlls balasiensis a. E. Gray) + + + + + + 

Large-billed Crow Corvus macrorhynchos Wagler + + + + + + 
Jungle Babbler Turdoides striatus (Dumont) + + -+ + + + 
Yellow Legged Green Pegion Treron phoenicoptera (Latham) + + + + + 
Purple-rumped 5unbird Nectarinia zeylonica (Linnaeus) + + + + + + 
Little egret Egretta garzetta (Linnaeus) + + + + + + 
Eurasian Collared-Dove Streptopelia decaocto (Frivaldszky) + + + + + + 
Pale-billed Flowe!j>ecker Dicaeum erythrorhynchos (Latham) + + + + + 
Scaly Munia Lonchura punctulata (Linnaeus) + + + + + 
Bronze Orongo Dicrurus aeneus Vieillot + + + 
Oran&e Headed Ground Thrush Zoothera citrina (Latham) + + + 
Urban avoiders 

Cattle egret Bubulcus ibis (Linnaeus) + + + + + . 
Indian Shag Phalacrocorax /tlscic.ollis Stephens + + + + 
Shikra Accipter badius (Temminck) + + + + + 
White-breasted waterhen Amaurornis phoenicurus (Pennant) + + + + 
Alexandrine Parakeet Psittacula eupatria (Unnaeus) + + + + + 



Table 5. Contd. 

Habitat Classes 

SpeciesD 

core urban urban parks large open protected wetland heterogeneous 
areas and gardens areas areas areas habitat 

fragments 

Common hawk cuckoo Hierococcyx varius (Vaul) + + + + + 
<;;rey Heron Ardea cinerea Linnaeus + + + 

Purple Heron Ardea purpurea Linnaeus + + + 

Large Egret Casmerodius albus (Linnaeus) + + + + + 
Honey Buzzard Pernis ptilorhyncus (Temminck) + + + 
Bronze-winged Jacana Metopidius indicus (Latham) + + + + 
Spotted Owlet Athene brama (Temminck) + + + + + 
Black headed Shrike Lanius schach Linnaeus + + + + + 
Common lora Aegithina tiphia (Linnaeus) . + + + 

Zitting Cysticola Cisticola juncidis (Rafinesqueo) + + + + + 

Plain Prinia Prinia inornata Sykes + + + + + 

Great Tit Panls major Linnaeus \ 
+ + + + 

Li ttle Grebe Tachybaptus ruficol/is (Pallas) + + + 

Median Egret Mesophoyx intermedia (Wagler) + + 

Chestnut Bittern Ixobrychus cinnamomeus (Gmelin) + + + 

Yellow Bittern Ixobrychus sinensis (Gmelin) + + + 

Black Bittern Dupetor fiavicollis (Latham) + + + 
Lesser Whistling Teal Dendrocygna javanica (Horsefield) + + + 

Cotton Pigmy Goose Nettaplls coromandelianu5 (Gmelin) + + 
Changeable Hawk-Eagle Spizaetus cirrhatus (Gmelin) + + 

Creasted Serpent Eagle Spilornis cheeln (Latham) + + 

Slaty-legged Crake Rill/ina eurizonoides (Lafresnaye) + . + 
Purple Moorhen Porphyrio pOiphyrio (Linnaeus) + + 

Red-wattled Lapwing Vnnellus indicus (Boddaert) + + + 

Red-Breasted Parakeet Psittacula nlexandri (Linnaeus) + + + 

Pied Crested Cuckoo Clamator jacobinus (Boddaert) + + + 
Rufous-bellied Plaintive Cuckoo Cacomnntis merulilllls (Scopoli) + + + 



Table 5. Contd. 

Habitat Classes 

Speciesn 
core urban urban parks large open protected wetland heterogeneous 

areas and gardens areas areas areas habitat 
fragments 

Lineated Barbet Megalaima 1ineata' (Vieillot) + + + 

Rufous Woodpecker Celeus brachyurus (Vieillot) + + 

Lesser Scaly-bellied Woodpecker Picus xanthopygaeus G.E.Gray· & G. R. Gray) +. + 

Ashy Woodswallow Artamus fuscus Vieillot + + 

White Throated Fantail Rhipidura albicollis (Vieillot) .+ + 

Blacknaped Fly-catcher Hypothymis azurea (Boddaert) + + 

Yellow-bellied Prinia Prinia flaviventris (Delessert) + + + 

Striated Grass-Bird Megalurus pillustris Horsfield + + + 

Paddy Field Pipit ·Anthus rufulus Vieillot + + + 

Little Spider-hunter Arachnothera longirostra (Latham) + + 

Oriental White Eye Zosterops palpebrosus (Temminck) + + 

Baya Ploceus philippinus (Linnaeus) + + 

RedMunia Amandava amandava (Linnaeus) + + 
White-rumped Munia Lonchura striata (LinnaeuS) + + 
Black-headed Munia Lonchura malacca (Linnaeus) + + 
Only in Specific Habitats 

Darter Anhinga melanogaster Pennant + 

Painted Stork Mycteria leucocephala (Pennant) + 

Pheasant Tailed Jacana Hydrophasianus chirurgus (Scopoli) + 

Brown Fish Owl Ketupa zeylonensis (Gmelin) + 

Large-tailed Nighljar Caprimulgus macrurus Horsfield + 
Small Minivet Pericrocotus cinnamomeus (Linnaeus) + 
Bengal Bushlark Mirafra assamica Horsefield + 
Asian Paradise-Flycatcher Terpsiphone paradisi (Linnaeus) + 
Thick-billed Flowerpecker Dicaeum agile (Tiekell) + 
Indian Silverbill Lonchura malabarica (Linnaeus) .. ;, + 

4(Manakadan & Pittie, 2001) 
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over a greater area along which the disturbance 
persists. Homogenization, at the same time, is 
also associated with invasion of species and 
increase in their abundance, subsequently, in a 
given area. Invasion may occur naturally (Blair, 
2001), as is evident for Acredotheres fuscus in 
our case, or it may occur through deliberate 
introduction locally. Deliberate introduction in 
respect of Kolkata's environment has occurred 
for species like Psittacula alexandri and P. 
ellpatria which have established themselves in 
the locality with great effect, and they compete 
with the resident species, P. krameri, for food 
and space. In addition, small-scale killings, 
trapping and trading of birds in local markets 
pose serious threats to the avian life in and 
around Kolkata. Though occasional raids are 
being conducted by state forest Departments 
which does put a temporary halt to the trade, 
it can hardly put an end to the trade totally. 

In the light of above observations we would 
like to suggest that to improve the avian life 
following things be looked upon to sustain the 
suitable avian life-

(i) identification of suitable habitats, for 
which urban parks and ga'rdens as well 
as cemeteries are suitable; 

(ii) improvement of the habitat conditions 
through improving of floral components 
within the selected habitat to .suit avian 
life; 

(iii) provide legal protection of the avian 
species; and, 

(iv) promoting awareness among general 
mass regarding importance of better 
environmental conditions in protection of 
suitable animal life. 
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ABSTRACT 

The Chironomidae is a cosmopolitan family of dipteran insects occurring in all zoogeographical regions of 
the world including Antarctica. The immature stages of most species occur in freshwater, but many terrestrial 
and marine species are also known. Chironomid midges have been known as pests and have nuisance impact 
on human health and agriculture for a long time. Chironomid related medical problems are primarily human 
allergies arising from the larval hemoglobin and epidermiS of the adults, causing conjunctivitis, rhinitis, hay 
fever and or asthma. About 186 species under 67 genera have been found associated with the paddies around 
the world causing significant damages to the rice and other field crops. In Indian subcontinent,' 313 species 
belonging to 4 subfamilies and 59 genera were reported. The important subfamilies ;tre Diamesinae, Tanypodinae, 
Orthocladinae and Chironominae. From Kolkata and surrounding areas a total of 9 species belonging to 2 
subfamilies and 7 genera were encountered. The most predominant genus was Chironomus followed by Tanypus. 

Keywords : Chironomidae, Diptera, Midges 

INTRODUCTION 

The Family Chironomidae has a worldwide 
distribution and is frequently the most 
abundant group of insects in fresh water. 
Chironomid, the non biting midges have been 
known as pests and have nuisance impact on 
human health and agriculture for a long time. 
About 186 species under 67 genera have been 
found associated with the paddies around the 
world causing significant damages to the 
paddies and other field crops. Chironomids are 
considered as indicators of water pollution, 
acidification and assessment of biodiversity. 
Studies on the chironomid communities in 
different ecosystem of India have been made 
extensively by several workers from time to 
time (Singh and Kulshrestha,1975; Kulshrestha, 
1979; Chaudhuri et al., 1981, 1983 and 1988, 
2001; Chaudhuri and Ghosh, 1986; 

Bhattacharyay et aI, 1991; Mazumdar et al., 1998; 
Hazra et al., 2002) The comprehensive studies 
of rice field Chironomids were made by 
Chaudhuri, et al. (1984), Chaudhuri and 
Chattopadhyay (1990), Dutta and Cnaudhuri 
(1994). There are four stages in the life cycle of 
Chironomid such as egg, larva, pupa and adult. 
The adult stage of Chironomid is rather short, 
lasting from a few days to several weeks. 
Seasonal patterns of emergence are closely 
related to larval development time and this 
varies considerably from one species to 
other.The present work was undertaken to 
explore the diversity of Chironomids from some 
freshwater ponds of Kolkata metropolis. 

MATERIAL AND METHODS 

Ad ults were collected during the period of 
December, 2005 and November, 2006 by 

IfoDepartment of Zoology, the University of Burdwan, Golapbag, Burdwan 713104. India 
ltltgkszoo@rediffmail.com 
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Fig. 1. Sites of Collection 

sweeping with 'insect net and' larvae were 
collected from the bottom mud in fresh water 
pond with the help of sampler~ Larvae were 
collected and reared in the laboratory in plastic 
tray containing tap water and a bottom layer 
of autoclaved inud. The cultures were aerated 
with pump and the water was changed every 
alternate day. The phenol-balsam technique as 
used by C~audhuri and Guha (1987) was 
followed for microslide preparation of larvae, 
pupae and adults. 

RESULT AND DISCUSSION 

. In Indian subcontinent, 313 species 
belonging to 4 subfamilies and 59 genera were 
reported. The important subfamilies are 
Diamesihaei Tanypodinae, Orthocladinae and 
Chi~onominae. A total of 9 species belonging 
to 2 subfamilies and 7 genera (Table 1) were 
identified from 'fre~h water habitat in Kolkata. 

Chironomus circ,,,ndatus (Kieffer) 
(Fig. 2) 

Tendipes circumdatus Kieffer, 1916. AnnIs Hist. Nat. Mus. 
Natn. Hungarici., 14 : 110. 

Material examined: 3d', Ballygunge, June 
2006. 

Fig. 2. Chironomus circumdatus (Kieffer) 



NANDI et al. : Chironomid midges of the fresh water ponds of Kolkata metropolis -151 

Table-l. List of chironomid species reported from fresh water habitat of Kolkata metropolis 

Family Sub-family Tribe 

Chironomidae Chironominae Chironomini 

Tanytarsini 

Tanypodinae Tanypodini 

Differential diagnosis: 1. Blunt anal point, with 
5-7 basolateral setae. 2. Gonocoxite with 10-13 
setae. 3. Gonostylus with 6 setae on inner apical 
margin and 3-4 setae on outer margin. 4. 
Superior volsella curved with 5 setae at base. 
5. Inferior volsella straight with 14-18 incurved 
setae near ~apex. 

Chironomus striatipennis Kieffer 
(Fig. 3) 

Chironomus striatipennis Kieffer, 19io. Mem. Ind. Mus., 
2 : 236; -

Material--examined : 1 larvae, 3 ~ and 4d', 
Patuli, AuguSt 2006. 

Differential diagnosis: 1. Long curved anal 
point with 4-8 basolateral setae. 2. Gonocoxite 
with 24 setae, 3. Gonostylus wider in the middle 
with 6 setae at its inner apical margin. 
4.Su~erior volsella curved with 6-10 setae at 

Fig. 3. Chironomus striatipennis I<ieffer 

Species 

Chironomus circumdatus (Kieffer) 

Chironomus striatipennis Kieffer 

Glyptotendipes verrucosus (Kie£fer~ 

Kiefferulus barbatitarsis (Kieffer) 

Polypedilum nudiceps Chaudhuri, Guha & Das Gupta 

StiCtochironom"us obscurus (Guha & Chaudhuri) 

Tanytarsus fuscimargihalis Chaudhuri, Guha & Ghosh 

Tanypus bilobatus (Kieffer) 

Tanypus tucidus Chaudhuri, Das & Debnath 

base. 5. Inferior volsella long -curved with -14~ 
18 -incurved setae near apex. 

Glyptotendipes verrucosus (Kieffer) 
(Fig 4) 

-Chironomus verrucosus Kieffer, 1911b Rec.Indian Mus., 6 

: 140. 

Glyptotendipes verrucosus (Kieffer) : Sublette & Sublette, 

1973. Univ. Press, Hawaii, 1 : 404. 

Material examined: 1 pupae and 1 d' , Uluberia, 
Feb. 2006. 

Differential diagnosis : 1. Hypophygium 
with tubular anal point having dilated apex. 
2. Gonostylus moderately bent inward and 
blunt. 3. Superior volsella hook like and 
with 6-8 setae at its base. 4. Inferior volsella 
stout and digitiform with 32-34 incurved apical 
setae. 

Fig. 4. Glyptotendipes verrucosus (Kieffer) 
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Kiefferullls barbatitarsis (Kieffer) 
(Fig 5) 

CI,irollonms bnrbntitnrsis Kiefferl 1911b. Rec. Indian MilS., 
6 : 154. 

Kie!ft>m,lrts barbnUtnrsis (Kieff~r) : Chaudhuri & Gh sh, 
1986. Syst. £nt., 11 .: 227. 

Material exanlined : 2 tarv,ae, 1 pupae, 2 '~ and 
4d, Jagrasisar, May 2006. 

Differential di,agnosis : 1. Anal point weU 
developed; tongue like with about 20 small 
setae basally. 2. Gonocoxite weU developed with 
16-18 long setae. 3. Gonosty 1 us widest 
prOXimally, narrowed apically, with 24-26 setae 
along inner margin. 

Fig. 5,. Kiefferulus barbatitarsis (Kieffer) 

Polypedilflm nlldiceps 'Chaudhuri, Guha & 
Das Gupta 

(Fig. 6) 

Polypedilum nudiceps Chaudhuri, Guht'l '& n.1S Gupta, 
981. Tijdschr. Ent., 124: 133. 

Fig. 6,. Polypedi,lum nudiceps ChaudhurL Guha & Das Gupta 
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Material examined : 1 d, Uluberia, December 
2005. 

Differential diagnosis : l.Anai point long, 
pOinted with 7-8 small setae at each basal 
margin. 2.'Gonocoxite short with 6 setae, 
3.Gonostylus long, little bent inward. 

Sticto,chiro.IJomrts ObSCII"'S (Guha & 
Chaudhuri) 

(Fig 7) 

Pent,apedilum obs,curlls Cuha ,& Chaudhuri, 1983. J. 
Bombay N(lt. Hist. Soc., 79(3) : 673. 

St,;.::to,cltirouomusobs(.'urus (Guh,a cSt Chaudhuri): 
Ch,audhuri & Chattopadhyay, 1990. Tijdschr. 
Ent., 133(2) : 165. 

Matl'rial examined: 2 larvae, 1 pupae, 1 9 and 
30, Patuli, November 2006 

Differential diagnosis : 1. Anal point long, 
strong dista ly narrowed. 2. Superior volsella 
narrowly digitiform, curved sometimes distally 
hooked. 3. Inferior volsella long narrow and 
curved. 

Fig. 7. Stictochir:onomu$ obscurus (Guba & Chaudhuri) 

Tanytarsus filscimarginaUs Chaudhuri, Guha 
& Ghosh 
(Fig. 8) 

T(ll1yt(lr~us /uscim(lrgin(llis Chaudhurl, Guha &: Ghosh, 
1984. Ori{'ntil1 Ins' l 18 : 33. 

Matedai (Ixamined ': 1 a, Dumdum, February 
2006 . 

Differential di~gno5is : 1. Anal point stout with 
5~7 spinulae in a row. 2. Gonocoxite with 5 
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setae. 3. Gonostylus long and attenuated at tip, 
hC(lfing 7~lO set~~ over it. 

Fig. 8. Tanytarsus fuscima.rginalis Chaudhuri, Guha .& 
Ghosh 

Ta"yp"s ,bilo,bahls (Kieffer) 
(Fig 9) 

Proclad,;us bilobaJr,IS Kieffer, 1913b. Re<:. Indian Mus., 9 
; 155. 

Tanypus bilobatus (Kieffer): Chaudhuri, Nandi &: Ghosh, 
1983. Aflch.HydrobioL, 97(1) : 123. 

Material examined; 4a, l agrasisar, May 2006 

Differential diagnosis : 1. Gonocoxite robust 
with a pr'ominent median notch and 12-16 long 
setae along outer margin. 2. Gonostylus folded 
inward devoid of set.ae and a promi nent 
bifurcated tooth ,at "pex. 

Fig. '9. Tanypus bilQbatus (Kieffer) 

Tanypus iu,cidus Chaudhuri, 
D,as & Debnath 

(Fig. 10) 

TaIlYP"S luddltS Chaudhuri, Das & Debn(lth, 1988. 
Polskie Pismo Ent., 55 : 103. 

Materia'! examined: 2a J Dumurjoia, December 
2005 

Diffe~el1tial Idiagnosis : 1. Gonocoxite evenly 
curved with 10~12 long setae along outer 
margin. 2. 'Gonostylus relatively feeble and 
folded inward with tooth at apex. 3. Anal point 
triangular. 

From the above, in subfamily 'Chirononlina,e, 
the genus Cllironomlts, G/yptot,endipes, Kieffi7r.rtlus, 
Polype,dilum, S.tictodlironomus, .and Tanytarsus 
and in subfamily Tanypodinae, only the 
genus TanYPlis were identified. Th,e .most 
predominant genus w,as CI.zi.ronomus follovvcd 
by Tal1yplls. 

Fi,g. 10. Tanypuslucidus Chaudhuri, Das & Debnath 
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ABSTRACT 

The present paper reports the results of preliminary observations made during January-March, 2007 on 
diversity of mite fauna collected from different types of stored products from some areas of Hooghly district and 
Kolkata. A total of 15 samples from 5 major habitats like, seed, pulses, cereals, dry fish and farinaceous products 
were screened. The collected mite fauna belonged to 15 species under 10 genera and 6 families covering all the 
3 major orders like, Astigmata, Mesostigmata and Prostigmata. Out of these, there were 6 species under 5 genera, 
the occurrence of which in stored products were earlier unknown in West Bengal. Among these, the mites 
belonging to the family Acaridae were grain-feeders, those belonging to Uropodidae were fungivorus, the members 
of the family Cheyletidae and Ascidae were predators while the rest like, Raphignathidae and Glycyphagidae 
were free-living or of accidental occurrence. Among injurious mites, the members of the family Acaridae were 
the most dominant and among predatory mites, those belonging to family Cheyletidae were most prevalent. The 
occurrence of others was rather scarce. This paper lists the mite species collected from stored products of 
different habitats, discusses their nature of damage, food habits, distribution and provides collection data, etc. 

Keywords: Seeds, cereals, pulses, dry fish, farinaceous product, habitat, mites. 

INTRODUCTION 

Mites infesting stored grains are of double 
importance. Firstly, they feed on grain contents 
damaging the grains in such a way so that they 
become useless for human consumption as well 
as for germination. Secondly, they increase the 
humidity of granaries which, in turn, invites 
the fungal growth making the grain totally or 
partially unmarketable. Hence, the mites 
infesting various types of grains have received 
the attention of entonlologists and acarologists 
and a fairly good amount of work has been 
done from different parts of India like, Uttar 
Pradesh (Girish et al., 1971,1973; Lal et al.,1973; 
Maurya and Jamil, 1981; Maurya et al.,1983), 
Haryana (Mathur, 1979; Mathur and Mathur, 
1983; Kumud, 1987; Mathur and Minocha, 
1989), Punjab (Kapil and Bhanot, 1973), Bihar 

* gkszoo@rediffmail.com 

(Nahar and Gupta, 1980), South India (Nangia 
and ChannaBasavanna, 1989). However, very 
little information is available from West Bengal 
and excepting Gupta et ale (1991) nothing else 
is known from this state. Hence, an investigation 
has been undertaken to find out the diversity of 
mite fauna infesting different types of grains and 
other stored products like, stored seeds, pulses 
and cereals, wheat flour, dry fish and farinaceous 
products, etc. and a preliminary result of that 
study is reported herein. 

MATERIAL AND METHODS 

The samples of stored products were 
collected during January-March 2007 from 
different places of Hooghly district and Kolkata. 
Some of the samples were examined under 
stereo-binocular microscope to collect the mite 
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RESULTS AND DISCUSSION specimens with the help of fine brush moistened 
wi th ethyl alcohol. In some cases, the collected 
stored product samples were put into Tullgren's 
Apparatus and mites were extracted by heat 
desiccation method. The mites were mounted 
in Heinze's medium and were studied and 
identified under research microscope. 

The present paper reports a total of 15 
species belonging to 6 families, 10 genera under 
3 orders (Table 1). The habitats and localities 
from where those were collected, the nature of 
damage and key for their identification are 
given in the table 1. 

Table 1. List of stored product mites with their habitats, nature of association and damage done, 
if any. 

I. Order ASTIGMATA 

Family Species Habitat Nature of Nature of Remarks 
Association Damage 

Acaridae Acarus gracilis Bengal gram Grain feeder Made holes on grain This is the first 
Hughes seed surface, had eaten record of this 

away the endosperm, species from 
grains turned West Bengal 
blackened and 
shriveled, population 
was very high 

Acarus s;ro L. Groundnut, Grain feeder Made holes on nut 
Suji, Wheat surface, the severely 
flour damaged seeds became 

powdery. Population 
was very high 

LArdoglyplllls Dry fish Feeder of dry Dry fishes due to This is the first 
konoi (Sasa and fish feeding by this mite record of this 
Asanuma) turned powdery. The species from 

flesh portion was West Bengal. 
completely eaten away 

Su;dasia Groundnut, Grain feeder Made holes on 
medanens;s Wheat flour nut and fed on 
Oudemans grain contents 

making the grains 
powdery. In wheat 
flour the infestation 
of this mite 
made the flour 
crumpled 

Suidasie; nesbitti Groundnut, Grain feeder Made holes on This is the first 
Hughes Watermelon seeds, fed on record of this 

seed grain content species from 
making the West Bengal 
grain powdery 

Tyro/ic/Ills casei Bread Fungal This mite was This is the first 
Oudemans associa tion seen amidst fungal record of this 

mycellia grown species from 
on bread surface. West Bengal 
The bread was 
almost 20 days 
old. Population 
was low. 
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Table 1. Cantd. 

Family Species Habitat Nature of Nature of Remarks 
Association Damage 

Glycyp- Glycyphnglls Bengal gram Fungal feeder Found associated 
hagidae domesticus seed with mould grown 

(De Geer) on seeds. 
Population was 
very high 

Lepidoglyphus Bengal gram Fungal feeder No damage done 
destructor seed 
Schrank 

II. Order MESOSTIGMA TA 

Ascidae BlattisociliS Suji, bread Associated Predated upon 
tnrsnlis (Berlese) with Acarus Acarus siro. 

siro Population was 
very low 

Uropodidae Fuscllropoda Ground nut Fungal feeder Fed on fungal 
marginata mycellia 
C.L.Koch 

III. Order PROSTIGMATA 

Cheyletidae ehey/ellls aversor Watermelon Associated Probably fed upon This is the first 
Rohdendrof seed, Cake- with Acarid S. nesbitti and record of this 

dust, Dry fist mites L. konoi species from 
West Bengal. 

eheylelus fortiS Seeds of Associated Probably fed upon This is the first 
Oudemans Bengal gram with Acarid S. nesbitti and record of this 

mites L. konoi species from 
West Bengal. 

eheyletlls sp. nr. Seeds of Associated Probably fed upon 
fortiS Bengal gram with Acarid S. nesbitti and 

mites L. kono; 

eheyletus Ground nut Associated This was found 
malaccensis with Acarid abundant in the 
Oudemans mites sample. Known as 

effective predator 
of Acarid mites. 

Raphigna- Raphignathus sp. Seeds of Fungal Accidental occurrence, This is the first 
thidae Bengal gram association its role in the sample report in stored 

is uncertain. products in India. 
Population was 
very low. 

Among the species reported here, the 
population of Acarus sira on groundnut and 
Lardaglyphus kanai on dry fish was very high 
and every sample was found infested with this 
mite. The occurrence of Suidasia medanensis on 

groundnut, Blattisacius tarsalis on suji, Clzey/etlls 
aversar on seeds of watermelon and G/ycyphagus 
damesticus on Bengal gram were earlier 
unknown. Earlier, Gupta et al. (1991) reported 
25 species from West Bengal, of those Acarus 
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siro, Cheyletus malaccensis, Raphignathus sp., 
Fuscuropoda marginata, Blattisocius tarsalis and 
G1YCtJPIUlgus domesticus, which are reported here, 
were found common with every sample. The 
species forming new records from West Bengal 
are Acarus gracilis, Lardoglyphus konoi, Tyrolichus 
casei, Suidasia nesbitti, Cheyletus aversor and 
Cheyletlls fortis. 

Key to the orders, families, genera and 
species of stored product mites from 

West Bengal 

1. Pedipalpal apodeme represented by a tined 
seta situated near the inner basal angle of 
the tarsus, stigmata situated dor~al to coxae 
n-IV and usually with elongated peritremes, 
tritosternum usually with lacinia ............ .. 
................. ........ ...................... Mesostigmata, 3 

- Apotele completely absent on pedipulp, 
stigmata never situated near dorsal to coxae 
n-IV ................................................................ 2 

2. Ambulacrum of legs comprising of a median 
claw with a prominent pretarsus or an 
associated membranous pad or a stalked 
sucker like .organ, chelicerae chelate, 
trichobothria never present on idiosoma, 
stigmata and tracheae absent ................... ~. 
..................................................... Astigmata, 4 

- Ambulacra of legs not as above, chelicerae 
chelate or variously modified into piercing 
stylets or hook-like organ, idiosoma often· 
with trichobothria, a respiratory system 
usually present ............................................ * 

* Propodosoma trichobothria when present 
usually wHhout conspicuous stigmata, 
chelicerae rarely chelate, dentate, pedipalp 
often with thqmb-claw complex by tibia and 
~arsus, tracheae when present open by a 
paired stig~ta between chelicerae or on 
dorsal surface of propodosoma and often 
with associated peritreme, usually weakly 
sclerotized ............................. Prostigmata, 12 

3. Hypostomal setae 2 and 3 forming" a 
transverse row posterior to hypostomal 
setae I. Tritostemum usually removed from 
coxae I, no leg grooves ............ Gamasina,' "* 
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Ad ults with 5 pairs of setae in J series 
arising from the posterior region of the 
dorsal shield, corniculi not forked distally 
........................................................ Ascidae, •• 

** Peritreme reaching to about the posterior 
margin of coxae II, fixed digit of chelicera 
very short, without teeth, pilus dentilis 
relatively long ................ Blattisocius tarsalis 

- Hypostomal setae 1,2 and 3 in linear series. 
Tritostemum usually partially or completely 
covered by the enlarged, flattened coxae I. 
Leg grooves present .................................... . 
..................................................... Uropodina, • 

Metapodal plates present, female genital 
shield often with anterior projection ........ 
................................................ Fliscuropoda, ** 

** Idiosoma tapering towards posterior end, 
pulvili of legs I are three fold, those of legs 
IT-IV -5 fold, second pair of legs bear stouter 
spines ........................ Fuscuropoda marginata 

4. Propodosoma and hysterosoma mayor may 
not be separated by a suture. Dorsal setea 
foliate or bilaterally pectinate ................... * 

Skin tough, granular, scale-like or densely 
striated, dorsal body setae pectinate or fan-
like, free living .................. Glycyphagidae, 5 

- Propodosoma and hysterosoma separated 
by a suture, skin smooth, scale-like or 
wrinkled, some dorsal body setae long and 
whip like ...................................... Acaridae, 6 

5. With a sub tarsal scale and without a crista 
metopica .............................. Lepidoglyphus, * 

Sigma on genu 2 not thickened in either 
sex, in female the posterior pair of genital 
setae arises behind the posterior edge of 
the genital opening ...................................... . 
................................ Lepidoglyphus destructor 

- without a subtarsal scale, usually with crista 
metopica .................................. Glycyphagus,· 

Setae vi inserted almost in the middle of 
the crista metopica, d2 arising at the level of 
d3 .............................. Glycyphagus domesticus 

6. One genu I, solenidia sigma 1 at least. 3 
times longer than sigma 2 and tarsal se~e 
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long and slender, male with strong ventral 
spur on femur I ............................. Acarus, 7 

- Sigma 1 less than 3 times length of sigma 
2, or if 3 times longer, then some· tarsal 
setae spine like, male femur I normal .... 8 

7. Dorsal 'seta d2 not more than 2 times length· .. 
of d1 ............................................................... , ... Acarus siro 

- Dorsal seta d2 4-5 times longer than d1 .... 

. ~ ................................................. Acarus gracilis 

8. Female with bifid claws on all legs, males 
always heteromorphic with the 3rd leg 
ending in 2 conspicuous processes ........... . 
................................................ Lardoglyphus, ,.. 

Setae d4 almost equal in length to d3' leg I 
and II of male with undivided claws ....... 
.. ~ ....................................... Lardoglyphus konoi 

- Female without bifid claws, homomorphic 
males usually found, though heteromorphic 
ones also occur ............................................ 9 

9. Both hysterosomal setae d1, L2 short, equal 
in length ...................................... Tyrolichus,'" 

Setae la 4-6 times longer than d1 ................... .. 

................................................ Tyrolichus casei 

- Setae d1 only short seta on the hysterosoma 
.............................................................. ; ....... 10 

10. Seta he conspicuously longer than hi, males 
with no anal suckers .................................. .. 
................. ........... .... ............... Suidasia nesbitti 

- Setae he about the same length as hi, large 
flat anal sucker present in male .............. .. 
........................................ Suidasia medanensis 
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11. Cheliceral bases closely fused with 
gnathosoma and without indication of 
suture, periterme usually M shaped may 
be present in gnathosoma ......................... * 

,.. Palp with strong claw, thumb short, may 
or may not have comb-like and sickle like 
setae, tarsi II, III and IV usually with claws 
and empodia ......................... Cheyletidae, * 

Dorsal idiosoma setae simple, lanceolate, 
never fan shaped .................... Cheyletus, 12 

- Cheliceral bases fused with each other but 
not with gnathosoma, suture conspicuous, 
. peritreme present in interior position of 
propodosoma ............................................... * 

Chelicera form a stylophore, coxae IT and 
ITI contiguous Raphignathidae ................. .. 
.................................... ~ ........ -Raphignathus sp. 

12. Palp claw with large basal tooth ............. .. 
................................................ Cheyletlls fortis 

- Palp claw with more than one basal tooth 
...................................................................... 13 

13. Inner comb of palp tarsus with 30 teeth, 
peritreme 6 segments .................................. . 
............................................. Cheyletus aversor 

- Inner comb of palp tarsus with 24 teeth, 
peritreme 4-5 segments .............................. .. 
...................................... Cheyletus malaccensis 
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DIVERSITY AND DOMINANCE OF MIGRATORY WATERBIRDS IN 
SIX WETLANDS OF SOUTHERN WEST BENGAL, INDIA 
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ABSTRACT 

Several wetlands in the southern West Bengal serve as important roosting grounds for migratory avifauna. 
The present survey was undertaken to study the composition, diversity and dominance of several trans-Himalayan 
migratory, resident-migrant and resident aquatic avifauna in Nalban Bheri (Kolkata), Santragachi Jheel (Howrah), 
Saheb Badh (Purulia), Bakreshwar Barrage (Birbhum), Tilpara Barrage (Birbhum) and the wetlands inside Ballavpur 
Wildlife Sanctuary (Birbhum). Of all the wetlands studied, population of migratory waterbirds was highest in 
Ballavpur Wildlife Sanctuary (11,362). However, maximum number of migratory (including both migratory and 
resident-migrant) species and resident species were recorded from Tilpara Barrage (21 species and 12 species 
respectively). Major migratory aquatic avifaunal species are Lesser Whistling Duck (Dendrocygna javallica), Northern 
Pintail (Anas acuta) and Gadwall (Anas strepera). It is interesting to note that where the total number of waterfowl 
is very high, one or two species usually predominate. This is supported by the fact that the diversity index of 
the Tilpara Barrage is highest (0.998) and the dominance index is lowest (0.178). On the contrary, the dominance 
ind~x of the Santragachi Jheel is highest (0.94) and the diversity index is lowest (0.073) of all the sites studied. 
This result reflects the idea that the eominance and diversity of a particular study area are inversely related to 
each other. 

Keywords: Migratory water birds, wetlands, southern West Bengal. 

. INTRODUCTION 

Several wetlands in the southern West 
Bengal serve as i~portant roosting grounds for 
migratory avifauna. The present survey was
undertaken to study the composition, diversity 
and dominance of several migratory (both 
trans-Himalayan and locally migrant) and 
resident aquatic avifauna in six wetlands 
situated at the southern part of West Bengal 
that are known to be the roosting grounds for 
the migratory waterbirds. 

STUDY SITE AND METHODOLOGY 

During the course of present study, 
waterfowl census was conducted in the 

• Prakriti Samsad, 65, Golf Club Road, Kolkata-700033 

following wetlands of southern West Bengal, 
namely, Nalban Bheri (Kolkata) [henceforth 
NB), Santragachi Jheel (Howrah) [henceforth 
SJ), Saheb Badh (Puruiia) [[henceforth SB), 
Bakreshwar Barrage (Birbhum) [henceforth BB), 
Tilpara Barrage (Birbhum) [henctUorth TB) and 
the wetlands inside Ballavpur Wildlife 
Sanctuary (Birbhum) [henceforth BWLS) [Fig. 
1]. In the region under study, migration 
generally completes at the end of December 
and during last week of December and first 
week of January the total population of 
migratory waterfowl reaches its peak 
(Mazumdar et al., 2005). Therefore, the present 
survey was conducted during January, 2006 
when the wetlands are expected to show 

+Present address: Dept. of Zoology, Shibpur Dinobundhoo College, 412/1, G. T. Road (South), Ho~rah-711102 
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Fig. 1. Location of the study sites in West Bengal 

maximum aggregation of the migratory respectively of the total migratory waterbirds at 
waterfowls. 

In all the study sites, 'total count' 
methodology was followed and the waterbirds 
were counted using binoculars and telescopes. 
All the waterbirds present in the waterbodies 
were counted and species and the number of 
individuals were recorded. The large 
waterbodies were divided into imaginary blocks 
and the waterbirds in each block was counted 
in succession on the same visit. Species 
Diversity Index and Species Dominance Index 
were obtained following Shannon Weiner's 
Diversity Index and Simpson's Dominance 
Index respectively. 

RESULTS AND DISCUSSION 

Present observation revealed that in southern 
West Bengal the major migratory aquatic 
avifaunal species are Lesser Whistling Duck 
(Dendrocygna javanica), Northern Pintail (Anas 
aClIta) and' Gadwall (Anas strepera) comprising 
64.5(~{/ 15.7°1<, and 4.1% respectively of the total 
population of migratory waterfowls counted in 
all the sites. Lesser Whistling Duck (Dendrocygna 
iavnnicn) was observed to be the most 
~predominant species at 51, SB and BWLS 
contributing to 96.9%, 74.8% and 57.0% 

each site. Of all the wetlands studied, population 
of migratory waterbirds was highest in BWlS 
(11,362) followed by 5J (9,789), 5B (3,228), BB 
(1,876), TB (1,430) and NB (1,105). Maximum 
diversity of wetland birds was recorded at TB 
(33 species) followed by BWLS (27 species), SB 
(26 species), NB (25 species), BB (21 species) and 
SJ (16 species). However, maximum number of 
migratory (including both migratory and 
resident migrant) species was recorded at TB 
(21 species) followed by NB (19 species), SB and 
BWLS (16 species each), BB (15 species) and S1 
(9 species). Among the sites studied, TB showed 
highest species diversity of trans-Himalayan 
wetland birds (10 species) as well as resi~ent 
spec~es (12 species). Maximum nuniber of 
resident-migrant species is recorded at NB 
(12 species.) followed by TB (11 species), SB 
(8 species), BB and BWLS (7 species each) an~ SJ 
(4 species) [Table 1 & ~, Fig 2). 

lt is interesting to note that in the sites where 
the total number of waterfowl is very high, one 
or two species usually predominate. In the 
present study, dominance index of 5J and 58 is 
0.94 and 0.572 respectively an~ the dominant 
species is Lesser Whistling Duck (Dendro~ygntl 
javnnica) [Table 11. In BWLS, Lesser Whistling 
Duck (Dendrocygna javanica) and Northern 
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Table 1. Status of wetland birds in different study area of southern West Bengal 

Nalban Santragachi Saheb Bakreshwar Tilpara Ballavpllr 
Bheri (=NB) Jheel badh Barrage Barrage WLS 

(=Sj) (=SB) (=BB) (=TB) (=BWLS) 

Total number of 
mi~ato~ lVaterfolVl 1,105 9,789 3,328 1,876 1,430 11,362 

Mi~ato~ species 7 5 8 8 10 9 

Resident-migrant species 12 4 8 7 11 7 

Resident species 6 7 10 5 12 11 

Vagrant species 0 0 0 1 0 0 

Shannon Weine~s 
Diversity Index 0.805 0.073 0.464 0.724 0.998 0.399 

Simpson's 
Dominance Index 0.199 0.940 0.572 0.250 0.178 0.430 

Table 2. Comparison of the wetland birds and wetland-associated birds encountered in the six 
study sites : 

Species Status 
(Ali, NB SJ SB BB TB BWLS 
1996) 

Waterbirds 

Little Grebe Taehybaptus rufieollis R 0 0 " " 0 " 
Great Crested Grel;le Podieeps cristatus M 0 0 0 " " 0 

Little Cormorant Pludacrocorax niger RM " " " " " " Indian Cormorant Phalacrocorax fuscieollis RM " " " 0 0 0 

Great Cormorant Plullacrocorax carbo RM " 0 " " " 0 

Darter Anhinga melanogaster RM 0 0 0 0 0 " Little Egret Egretta garzetta R 0 0 0 " " " Great Egret Casmerodills albus R 0 0 0 u " 0 

Cattle Egret Bubulcus ibis R " " " " " " Indian Pond Heron Ardeola grayii R " " " 0 " " Grey Heron Arden cinerea RM " 0 0 0 0 0 

Yellow Bittern lxobrychus sinensis RM " 0 0 0 0 0 

Fulvous Whistling-Duck Dendroeygna bieolor RM 0 " " 0 0 0 

Lesser Whistling-Duck Dendrocygnn javanica R 0 " " 0 " " Greylag Goose Anser anser M 0 0 0 " " " 
Bar-headed Goose Anser indieus RM 0 0 0 .I " 0 

Ruddy Shelduck Tadorna ferruginea RM o~ 0 0 " " 0 

Cotton Pygmy-goose Nettapus coromandelianus R 0 " " 0 " " Gadwall Anns strepera M " " " " " " Falcated Duck Anas falcata V 0 0 0 " 0 0 

Eurasian Wigeon Anas penelope M 0 0 0 " " .I 
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Table 2. Contd. 

Species Status 
(Ali, NB 
1996) 

Northern Shoveler Anas ciypeata M " Northern Pintail Anas acuta M 0 

Garganey Anas querquedula .M " Common Teal Anas creeea M 0 

Red-crested Pochard Rhodonessa rufina M 0 

Common Pochard Aythya ferina M 0 

Ferruginous Pochard Aythya nyroca RM 0 

Tufted Duck Aythya fuligula M 0 

White Breasted Waterhen Amaurornis phoenicurus R " 
Common Coot Fulica atra RM 0 

Purple Swamphen Porphyrio porphyrio R 0 

Common Moorhen Gallinula chloropus R " Pheasant tailed Jacana Hydrophasianus chirurgus R 0 

Bronze Winged Jacana Metopidius indicus R 0 

Little Ringed Plover Charadrius dubius RM " 
Red-wattled Lapwing Vanellus indicus R 0 

Grey-headed Lapwing Vanellus cinereus M 0 

Pintail Snipe Gallinago stenura M " Swinhoe's Snipe Gallinago megala M " Common Redshank Tringa totanus RM 0 

Green Sandpiper Tringa ochropus M " Wood Sandpiper Tringa glareola M " Common Sandpiper Actitis hypoleucos JtM " . Wetland-associated species 

Eurasian Marsh Harrier Circus aeruginosus 

Pied Harrier Circus melanoleucos 

Greater Spotted Eagle Aquila danga 

Asian Openbill Anastomus oscitans 

Wooly-necked Stork Ciconia episcopus 

Stork billed Kingfisher HalctJon capensis 
White Throated Kingfisher Halcyon smyrnensis 

Common Kingfisher Alcedo atthis 

Pied Kingfjsher CmJle rudius 

Bam Swallow Hirundo rustica 

White-browed Wagtail Motacilla maderaspatensis 
White Wagtail Motacilla alba 

Citrine Wagtail Motacilla citreola 

Yellow Wagtail Motacilla flava 

M = Migrant; RM == Resident Migrant; V = Vagrant; 

" = Recorded; 0 = Not recorded 

M 0 

RM 0 

RM 0 

R 0 

RM 0 

R 0 

R " RM " R ./ 

RM " R 0 

RM " RM " RM " 
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SJ SB BB TB BWLS 

" " " " " 
" " " " .I 

0 " 0 0 0 

0 " 0 0 " - .-

0 " " ". " 
0 " 0 0 0 

" " 0 " " 0 " " " " 0 " 0 0 0 

0 " " 0 " 0 " 0 " " " " 0 " " 
0 0 0 " " " " 0 " " 0 0 0 0 0 

0 0 0 " 0 

0 0 0 " 0 

" 0 0 0 0 

" 0 0 0 0 

0 0 " " 0 

0 0 0 " 0 

0 O· 0 0 0 

0 0 -0 " 0 

0 0 0 0 " 0 0 0 " 0 

0 0 0 0 " 0 0 " " 0 

0 0 0 0 " 0 0 0 0 " 
" " 0 0 0 

0 " 0 0 0 
-0 0 0 0 0 

0 0 " " 0 

0 0 " 0 0 

0 " 0 " " 0 0 0 0 0 

0 0 0 " 0 
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Fig. 2.. Comparison of the migratory, resident-migrant and resident species of wetland birds in the study sites 
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Fig. 3. Comparison of the Dominance and Diversity Indices of the study sites 
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Pintail (Anas acuta) contribute to a significant 
portion of the population present and the 
dominance index of this site is 0.43, [Table 1, 
Fig. 2]. On the contrary, in TB total number of 
individual waterbird is much lesser as 
compared to BWLS, SJ or even SB, yet 
maximum number of trans-Himalayan 
migratory, resident species and second largest 
number of resident-migrant aquatic avifaunal 
species was found in this site. As expected, one 
or two species do not dominate this site and 
the site shows high diversity and low 
dominance of the waterfowl species. This is 
supported by 'the fact that the diversity index 
of the TB is highest (0.998) and the dominance 
index is lowest (0.178) of all the sites studied. 
In terms of diversity of waterfowl, TB is 
followed by NB (0.805), BB (0.724), SB (0.464), 
waterbodies of BWLS (0.399) and SJ (0.073). SJ, 
on the other hand, had maximum dominance 
index of 0.94 that is followed by SB (0.572), 
BWLS (0.43), BB (0.25), NB (0.199) and TB (0.178) 
[Table 1]. 

From the present observation it can be said 
that all these sites serve as good wintering 
ground for a good number of migratory and 
locally migrant avifaunal species. This result 
reflects the idea tha t the dominance and 
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diversity of a particular study site are inversely 
related to each other [Fig 3]. In the study site 
where the dominance index is high showing 
values more than 0.5 in communities, one or 
two species c~ntribute quite significantly. On 
the contrary, in the study area where the 
dominance index is low and one or two species 
do not dominate, the diversity increases as all 
the species are more or less evenly distributed. 
However, additional observations at these sites 
at other times of the year and over different 
years are needed to provide a deeper insight 
into the value of these wetlands to waterbirds. 
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ABSTRACT 

Freshwater fishes are the most diverse group of India's vertebrates with minimum of 600 species. National 
Bureau of Fish Genetic Resources (NBFGR), Lucknow in 1992 had identified nine endemic fishes from north east 
region of India as most threatened. These are Ompok pabda, Ompok pabo, I..Jzbeo dyocheilus, Semiplotlls semiplotus, 
Olyra longicaudata, Psilorhynchus homaloptera, Noemacheilus elongatus, Balitora bruce; and Barblls dukai. In the six 
districts of North Bengal namely Darjeeling, Jalpaiguri, Coochbihar, Maldah, North and South Dinajpur remarkable 
fish diversity is seen. In North Bengal hill stream" species of fish comprise the fish fauna of the river Tista and 
its tributaries. Over 125 species of fish have so far been recorded from this area. But recent studies reveal that 
a remarkable number of fish species have become "endangered in North Bengal districts. Name of the fishes 
which have become endangered in all the six districts of North Bengal are-Tor putitora (Golden Himalayan 
Mahaseer), Tor tor (Red finned Mahaseer), Barilius sp (BoroH), Nandus nandus (Nados), Ompok pabda and Ompok 
pabo (Pabda). The major drawback in this regard !s the lack of effectful surveys on fish species. The destruction 
of the habitat (ecology) of hill stream especially in the river Tista during the flood of 1968, coupled with 
destructive methods of fishing in the deep pools in course of the river are the main cause of declination of hill 
stream fish fauna in the state. Measures should be taken to avoid further destruction. 

Key words: Endemic fishes, endangered, fish diversity, declination. 

INTRODUCTION 

One of the global crisis at present point of 
time is rampant loss of the World's Biological 
Wealth. The Biodiversity Convention of Rio de 
Janeiro in June 1992 was thus articulated to 
help growing global concern for saving" and 
sharing the genetic wealth of our planet. Thus 
conservation of biodiversity and the effective 
use of such diversity in enhancing ecologically 
sustainable advances in crop and animal 
productivity have been accorded prominence 
in the global, political, and economical agenda 
for the present decade. There exists report on 
the existence of more than 24,600 finfish species 
throughout the world (Groobridge, 1992). 
Freshwater fishes are the most diverse group 
of India's vertebrates with minimum of 600 
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species (Talwar and Jhingran,1991). Based on 
the recent conservation assessment, 88 species 
in Western Ghat streams and 82 species in 
Eastern Himalayas are in threatened category 
and of the threatened species nearly 25-30% is 
highly endemic to their geographic realms. 

National Bureau of Fish Genetic Resources 
(NBFGR), Lucknow in 1992 had identified nine 
endemic fishes from northeast region of India 
as most threatened. These are Ompok pabda, 
Ompok pabo, Labeo dyoclzeillis, Semiplotlls 
semiplotus, Olyra longicalldata, Psilorhynclllls 
homaloptera, Noemacheillis elongatlls, Balitora 
brucei and Barbus dukai. Sinha (1994) has listed 
13 species as threatened from North East. In 
the six districts of North Bengal namely 
Darjeeling, J alpaiguri, Coochbihar, MaIda, 
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North and South Dinajpur remarkable fish 
diversi ty is seen. 

Considering the importance of the 
biodiversity study of the fish present work has 
been undertaken to consider the present 
scenario of the ichthyofaunal distribution in 
North Bengal districts in contrast to existing 
survey reports on biodiversity status of fish 
species. 

METHODOLOGY 

i. Methods of Survey 

a. Literature Survey 

Extensive literature survey was done on the 
line of research to receive the data of the 
fish population of North Bengal Districts 
which comprises six districts like Uttar 
Dinajpur, South Dinajpur, MaIda, 
Coochbihar, Darjeeling and Jalpaiguri. 
Literature survey was done with the help of 
the following libraries-Zoological Survey of 
India, Kolkata; Asiatic Society, Kolkata; 
National Library, Kolkata; Library of Bengal 
Natural History Museum (BNHM), 
Darjeeling; Departmental Library of the 
Dept. of Zoology, Univereity of Calcutta etc. 

b. Museum Survey 

Bengal Natural History Museum, Darjeeling 
was established in 1903. The museum has a 
collection of over 4300 specimen. This 
Naturaillistory Museum packs in its folds 
a rich collection of fa una found in the .,. 
Himalayps and in Bengal. This .unique 
museum also has a good collection of fishes. 
Probably all of them were collected from 
North Bengal. These specimens may provide 
ample clues about the previous fish 
population of North Bengal. 

c. Market I Field Survey 

In North Bengal hill stream species of fish 
comprise the fish fauna of the river Tista 
and its tributaries. Market survey was ~one 
in the six dist~icts of North Bengal and 
extensive field survey was done by random 
collection of fishes from Siliguri. and 
Darjeeling area. 
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ii. Area Covered for the Present Study : 
(Fig. 1) 

Maida: 

Out of 23 major wetlands in West Bengal 11 
are situated in MaIda district. River Ganga 
lies on the border of the district and other 
rivers are Mahananda, Kalindi, Pumabhaba 
and Pagla. 

Dinajpur ·Districts (North and South) 

The main rivers of the districts are 
Mahananda and Nagar. Other important 
tributaries/streams are Kulik, Sui, Gamsi, 
Chi tama ti, Dak, Sudhani, Cheredhar etc. 
Atrayi is one of the major river of South 
Dinajpur. 

Coochbihar 

Major rivers of Coochbihar are Tista, 
Jaldhaka and Sankosh. Other rivers are Buri 
Tista, Sutunga, Gidhari, Dudhuya, Dolang, 
Torsha, Kaljani, Raidak etc. 

Jalpaiguri 

This district is full of rivers. Tista is the 
largest and important river and other. 
important rivers are Chel, Dharala, Jaldhaka, 
Dudua, Torsha, Kaljani, Raidak, Sankosh. 

Darjeeling 

Every rivulets of the district flows to the 
two main rivers Tista and Mahananda. The 
rivers are Mechi, Balasona, Manjadhara and 
Changnala, Rangtangnala, Pancholen river, 
Mahanadi, Tista, Ranjonala, Reangnala, 
Chelnala, Bara rangeet, J aldhaka etc. 

RESULT AND DISCUSSION 

From variol:ls references over 125 species of 
fish h~ve so far been recorded from this area 
(Shaw and Shebbeare, 1937; Day, 1878; Sen, 
1992; Talwar and Jhingran,1991, Jayaram, 1999). 
Among them 75 major species are listed here. 
(Table 1). 

Total number of fresh water fish species 
which are displayed in Bengal Natural History 
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Fig. 1. Map showing rivers of North Bengal 

Museum is 52. But these are not the exact 
reflection of the fish fauna of North Bengal. 
These specimen only provide the information 
about the freshwater fishes of North Bengal 
which were collected in the early phase of 20th 

century. But it can be said that many of them 
may have become endangered in present years 
and some are in threatened category. Among 
the fish specimen of BNHM, Darjeeling Barilius 
vagra and Nandus nandus may have become 
endangered in the north Bengal districts 
(According to Dept. of Fisheries, Govt. of West 
Bengal, April, 2005 and Report, Aquatech 
Popularisation SOCiety, 2002). (Table 2 and 3). 

From the recent references and market and 
field survey it can be noticed that some 
freshwater fish species may have become 
endangered in all the six. districts of north 
Bengal likewise Ompok pabda, Ompok pabo, 

Nandus nandus, Rita rita, Olyra kempi, Xenentodon 
cancila, Esomus danriclls. A list was thus 
prepared to confirm the present status of the 
fishes of north Bengal. 18 common species of 
fishes were studied and their present status are 
given in the present study (Table 4). 

From the above list we can find that 
although some species which are referred as 
endangered in the report of Aquatech 
popularisation society, 2002 are more or less 
abundaht in North Bengal Districts such as 
Notopterous notopterous. Raiarnas bola is abundant 
in South Dinajpur and Maldah. Badis badis, 
Barilius vagra and BnrililiS barna are also 
abundant in Uttar Dinajpur, South Dinajpur 
and Maldah. Which is not supporting the work 
of previous worker (Report of Aquatech 
Popularisation Society, 2002). 
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Table 1. Major Fish species of Nort~ Bengal 

Sl. Scientific Name Local Name 
No. 

1 Oreinlls molesVJorthii AsIa (Nepalese), Moui (Lepcha) 

2 Sehizothorax progastus AsIa (Nepalese) 

3 Chela baeaila Chela (Bengali), Chilwa (Hindi) 

4 Lallbuea laubuca 
5 Barilius barna Bhola (Bengali), Puti or Fakatar (Nepalese) 

6 Barilius bendelensis Joia (Bengali), Elengi (Mechi), Na-pagli (Rabha), Guderi 
(Nepalese) 

7 Barilills( raiamas) bola Bhola (Bengali), Bhola (Nepalese), Nalaida (Mechi) 

8 Barilius shacra Koksa (Bengali), Na-boma (Mechi) 

9 Barilius vagra Koksa (Bengali), Na-boma (Mechl) 

10 Danio aequipinnatus Chebli (Bengali), Bhiti (Nepalese) 

11 Danio dangila Nipati (Bengali), Laupati (Mechi) 

12 Danio devario Bans-pata (Bengali), Laupati (Mechi) 
13 Danio rerio Anju (Bengali) 
14 Esomus danrieus Dadhikha (Bengali), Danrika (Lower Bengal), Daranki 

(Rabha) 
15 Rasbora danieonius Dadhikha (Bengali), Danrika (Lower Bengal), Daranki 

(Rabha) 
16 Amblypharyngodon mola Mowa or mowka (Bengali-local), Mowrala (Southern 

Bengal), Elenga (Rabha) 
17 Aspidoparia jaya -
18 Aspidoparia morar -
19 Barbus chagunio VUa (Hindi), Dauka (Mechi) 
20 Barbus conchonius Kanchan-puti (Bengali) 
21 Barbus dukai Bhorkol or Buluk (Bengali), Katli (Nepalese), Mirpunja 

(Nepalese) 
22 Barbus phutunio Phutuni-punti (Bengali) 
23 Tor putitora Mahaseer or Mahasol (Bengali), Sor-maccha or Saar 

(Nepalese) 
24 Barbus sarana Kurti (Bengali), Sarana-punti (Lower Bengal), Na-Charan 

(Rabha) 
25 Barbus stigma Punti (Bengali), Puti-Krei (Mechi) 
26 Barbus tieto Tita-punti 
27 Barbus titas Punti (Bengali), Na-pitikri (Mechl), Na-Nishen (Rabha) 
28 Cirrhinus reba Kharkebata or Raig (Bengali), Rewa (Hindi), Na-bhangna 

(Mechi) 
29 Crossocheilus latia Gauma (Hindi) 
30 Garra gotyla Ghor-poia (Bengali), Budena (Nepalese), Momut (Lepcha), 

Chiltuka (Mechi) 
31 LAbeo bala Bhangna (Bengali), Bhangan-bata (Loaer Bengal), Lengsa 

(Mechi) 
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Table 1. Contd. 

SI. Scientific Name Local Name 
No. 

32 Lnbeo boga -
33 Lnbeo dero Kursa or Katalkusi (Bengali), Gurdi or Goddi (Nepalese), 

Phunketia (Mechi) 
34 Lnbeo gonius Kurchi or Goni (Bengali) 
35 Rohtee cotio Mauwa (Bengali), Gurda (Hindi) 
36 Semiplotus semiplotus Badangi (Bengali), Chepti (Nepalese), Darangni (Mechi) 
37 Psilorhynchus balitora Ttari (Hindi) 
38 Psilorhynchus sucatio -
39 Balitora brucei Tita-Kabri (Nepalese) 
40 Aborychthys elongatus -
41 Acanthopthalmus pangia Pangya (Bengali) 
42 Botin dario Balabotia (Mechi) 
43 Lepidocephalichthys annandalei Poia (Bengali) 
44 Lepidocephalichthys guntea Poia (Bengali), Gunte (South Bengal), Na-mucha or Na-

Machon (Rabha) 
45 Noemachilus beavani 
46 Noemachilus botia Natwa (Hindi) 

47 Noemacheilus co rica Khorika (Bengali) 

48 Noemachilus devdevi -
49 Noemaeheillls rupicola -
50 Noemacheilus savona -
51 Noemachilus seaturigina -
52 Noemachilus shebbearei -
53 Semiplotus gongota Ghor-poia (Bengali), Mushra (Mechi) 

54 Ompok pabda Pabda (Bengali), Tapugulinda (Mechi) 

55 Silurus eoehinchinensis -
56 Chaca ehaea Chega (Bengali), Gageb (Mechi), Chega- bakau (Rabha) 

57 Mystus cavasius Tengra (Bengali) 

58 Mystus seenghala Air (Bengali), Ari or Pogal (Hindi) 

59 Mystus vittatus Tengra (Bengali), Na-tingna (Mechi), Tengana (Rabha) 

60 Olyra kempi Bot-singhi (Bengali), Tara-ranji (Mechi) 

61 Bagarius bagarius Bagha-ar (Bengali), Gaunch (Hindi) 

62 Erethistes elongatus Bot-tangra (Bengali), Na-taram (Rabha) 

63 Erethistes hara Kutakanti or kurkati (Bengali), Rkheb (Mechi), Na-palthong 
(Rabha) 

64 Euchiloglanis hodgarti Titkabri (Nepalese) 

65 Glyptothorax telchitta -
66 Lnguvia shawi -
67 Pseudecheneis sulcatus Kabri (Nepalese) 
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Table 1. Contd. 

SI. Scientific Name Local Name 
No. 

68 Xenentodon cancila Kankle or Kakhya (Bengali), Thona (In the Terai), Kawa 
(Hindi), Kankila (Rabha) 

69 Doryehthys deoeata -
70 Ambassis nama Chanda (Bengali), Nama-Chanda (Lower Bengal) 

71 Badis badis Bot-Koi (Bengali), Bhedo or bheda (lower Bengal) 

72 Ctenops nobilis -
73 Glossogobius giuris Bhalia (Bengali), Beley (Southern Bengal), Bhal-Chata 

(Rabha), Bvhula (Hindi) 

74 Nandus nandus Dudhurkhal (Bengali), Nandus (Lower Bengal), Thota or 
Na-tika (Mechi) 

75 Trichogaster fasciatus Ch9pra, Khalisa, Chel (Bengali), Na-prap (~bha) 

Table 2. Names of the Displayed Fish Specimen in Bengal Natural History Museum, Darjeeling , 

1. Ophicephalus amphibious. 27. Mystus eavasius. 
2. Mystus seenghola. 28. Barbus putitora 
3. Ctenops nobilis. 29. Cirrhina mrigala. 
4. Ambassis noma. 30. Ophioeephalous amphibolous. 
5. Bariliu~ vagra. 31. Ophiocephalous merulius. 
6. Barbus comhonius. 32. Clarius batraehus. 
7. Phyneobdella aeuleata. 33. Nandus nandus. 
8. Triehogaster fasciatus. 34. LAbeo nandina. 
9. Danio equipnnatus. 35. Barbus sarana. 

10. LAbeo nandina. 36. Heteropneustus fossilis. 
11. Mastacembalus pancalus. 37. Mastacambelus armatus. 
12. Ophieephalus striatus 38. Schizothorax progastus. 
13. Amphipnous cuehia. 39. Barilius tileD (Hamilton). 
14. Catla catla. 40. Chaca chaca. 
15. Begarius begarius. (Hamilton) 41. Challichrous pabda. 
16. Nemachelius lobia. 42. Siser rhabdophorus. 
17. Gossochelus lobia. 43. Glyptothorax lineatus.(Day). 
18. Tetrodon cutcutia. 44. Somiloptas gongota. 
19. Homaloptera brucei. 45. Xenotodon cancila.(Hamilton). 
20. Notopterus notopterus. 46. Puntnis chola.(Hamilton). 
21. Barilius bendelisis. 47. Aspidoparia morar. 
22. Darychthys deocata ( Hamilton) 48. Pseudotropins murius. 
23. Channa orientalis 49. Garra gotyla. 
24. lilubuea laubuca. 50. Gassochelus latia. 
25. Glyptothorax horai. 51. Basilius tileo. 
26. Barbus liasochelius. 52. Labeo dora. 
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Table 3. Endangered/threatened fish species of North Bengal (Report, Aquatech Popularisation 
Society, 2002) 

Critically Endangered Endangered Vulnerable N ear Threatened 

Labeo gdnius Labeo pangusia Schizothoraichthys 
progastus Mystus cavasius 

Nandus nandus Labeo dero Danio dangila Labeo bata 
Aplocheilus panchax Tor tor Garra gotyla 
Tor putitora Barilius barna Chaca chaca 
Badis badis Raiamas bola Balitora brucei 
Cyprinion semiplotum Barilius vagra Botia dario 

Neolissocheilus 
hexagonalepis Mystus vittatus 
Danio devario Ailia coilia 
Olyra kempi Rita rita 
Esomus danricus Gududsia chapra 
Puntius sarana Amblypharyngodon mola 
lJzbeo calbasu 

Ompok pabda 

Ompok pabo 

Bagarius bagarius 

Notopterus notopterus 

Amphipnous cuchia 

Mastacembelus armatus 

Xenetodon cancila 

Rhinomugil corsula 

Batasio batasio 

Table 4. List of Probable Endangered Fish Species in North Bengal Districts 

51. Scientific name Districts 
No. of the fishes Da~eeling Jalpaiguri Coochbihar North South Maldah 

Dinajpur Dinajpur 

1 Tor putitora - - - - - + 

2 Badis badis - - - + + + 

3 Labeo pangusia - - - - - + 

4 Tor tor - - - - + + 

5 Barilius barna - - - + + + 

6 Barilius vagra - - - + + + 

7 Raiamas bola - - - - + + 

8 Balitora brucei - - - - - -

9 Garra gotyla - - - + + + 

10 Ompok pabda . - - - -:- - -
11 Ompok pabo - - - - - -
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Table 4. Contd. 

SI. Scientific name 
No. of the fishes Darjeeling Jalpaiguri 

12 Nandus nandus - -
13 Rita rita - -
14 Olyra kempi - -
15 Xenentodon cancila - -
16 No top tero us 

notopterolls + + 

17 Gudusia chapra + + 

18 Esomus danricus - -

Abundant + 

Reviewing the previous work and thorough 
investigation during the project work a 
significant decline of fish fauna in North Bengal 
districts is noticed and main reasons for 
disappearance of these valuable fish fauna may 
be due to indiscriminate over exploitation of 
different species from different rivers of North 
Bengal. During extensive fishing in breeding 
season a loss of spawning fish is also occurred 
which is one of the major cause for loss of future 
population. Destruction of breeding ground in 
th~ river Tista has occurred due to the 
consecutive flood which is one of the major 
causes behind the declination of fish fauna in 
North Bengal. 

Deforestation has given rise enormous soil 
erosion. As a result landslides and flood has 
become regular incident which causes a severe 
change in ecological condition of habitat causing 
destruction of fish population either through 
their migration or mortality. 

During the survey it was revealed that in 
North Bengal districts Nandus nandus is 
practically extinct from natural water after 
dreadful attack of EUDS in 1968 (Report. 
Aquatech Popularisation Society, 2002). 

Survey of rivers of North Bengal proves a 
severe contamination of pollutants and 
discharged chemicals from different source 
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Districts 
Coochbihar North South MaIda 

Dinajpur Dinajpur 

- - - -
- - - -
- - - -
- - - -

+ - - -
+ - - + 
- - - -

Endangered -

point through direct or indirect inlets 
(Sengupta, 1978). 

Fish conservation attitude has been changed 
internationally and several initiatives have come 
(Williams and Miller, 1990) with captive 
breeding and rearing of rare fish. 

Conservation status of India's freshwater 
fishes, especially in rainforest str~ams in 
Western Ghat and Himalayas is poor. Despite 
the discovery of s~veral new species to date, 
the rate of increase of pressure on this fauna is 
high that extinction may be expected even 
before discovery. 

From the present study following measures 
are suggested for conservation of enriched fish 
fauna of North Bengal. Immediately different 
inletting points in different rivers should be 
closed or scientifically regulated, use of 
chemical pesticides should be banned in 
agricultural fields and rational use of less 
harmful pestiCides should be recommended as 
early as possible, natural breeding ground of 
several fish species should be restored 
immediately. Furthermore, awareness among 
local inhabitants about the value of fish and 
importance of their conservation is the most 
primary need to save rivers and their valuable 
fish fauna of North Bengal. 
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ABSTRACT 

Wetlands offer ample micro-niches to diverse insect groups, which provide significant support to the aquatic 
food web in this particular ecosystem. Study of diversity, distribution and density of entomofauna in freshwater 
wetlands of West Bengal particularly in 'southern district of the state which revealed a total of 120 species of 
insects belonging to 5 major orders and 21 families, occurring in this special ecosystem. The population density 
of the order Ephemeroptera is highest in premonsoon period, where as orders Odonata, Coleoptera and Diptera 
remain highest during post monsoon. The only order Hemiptera actually did not showed any definite seasonal 
fluctuation. The data on diversity and seasonal occurrence revealed that the coleopteran diversity is highest 
while Ephemeropterans were lowest. Of the total species present in terms of density Diptera was highest (0.24-
516/m2) and lowest Ephemeroptera (0-9.18/m2). The distribution in four microhabitats shows the existence of 
maximum number of families in weedy area, along with aquatic vegetation and muddy areas near the edge of 
the wetlands. 

Keywords: Insect diversity, freshwater wetland. 

INTRODUCTION 

Wetlands are among the most important 
ecosystems on Earth. They function as the 
downstream receivers of water and waste from 
both natural and human sources. They have 
been called IIBiological supermarkets" because 
of the extensive food chain and rich biodiversity 
that they support. The shallow depth of 
freshwater wetlands supports suitable growth 
of macrophytes and offers ample micro-niches 
to diverse insect groups. From the economic 
point of view the aquatic insects of freslnvater 
wetlands are important for their significant role 
in aquaculture (Jhingran, 1997) and serve as a 
reliable indicator of water quality. The aquatic 
insects provide significant support to the 
aquatic food web in wetland ecosystem and 
are resPQnsible for the sustenance of cultivable 
fishes and other wildlife (Singh and Ray, 1991). 
Their composition, abundance and distribution 
provide an index of the- ecosystem emphasizing 

on the tropic structure, water quality and 
eutrophication of the eco-system (Wiederholm, 
1980 and Lang, 1985). 

In India, sofar investigations have been made 
on the diversity, both qualitative and 
quantitative aspects of freshwater aquatic life 
specially macroinvertebrates by Hora (1933); 
Govind (1969); Munawar (1970); Gupta (1981; 
1983); Gupta and Pant (1986); Roy et ale (1988); 
Kulshrestha et ale (1988) and Singh and Roy 
(1991). But less attention has been paid on the 
study of insects of wetlands of West Bengal 
except Datta and Sarangi (1980); Mitra & Kumar 
(1988); De (1990); Bhattacharya and Gupta 
(1991), Ghosh and Chattopadhyay (1990; 1994) 
and Nandi et ale (1993); Bhattacharya (1998); 
Pal et nl. (1998). lIence, the present study has 
been taken on the species composition, diversity 
and abundance of aquatic insect of freshwater 
wetlands of West Bengal. Besides their faunal 
account other ecological information 
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particularly of habitat preference of these insects 
were also studied. The entire study was 
conducted in seven districts of West Bengal viz. 
Kolkata, North 24 Parganas, South 24 Parganas, 
Nadia,.Hoogly, Purba Midnapur and Paschim 
Midnapur. 

MATERIAL AND METHODS 

Surveys were made in lakes and ponds and 
other wetlands areas at every fortnight 
intervals. For collecting the specimens net 
(0.5m2) made of nylon cloth (75-80 mesh/ cm2), 
D-Shaped hauling net and a matal box type of 
sampler (20x20x40 cm3) were used. 

Qualitative studies were made explore the 
faunal diversity of these wetlands. Quantitative 
studies were done using the metal box type 
sampler. The collected materials were assorted 
after filtering through standard sieve no.40. The 
insect specimens were preserved in 70 percent 
alcohol or mounted in dry condition for 
laboratory studies. Total surveys were 
conducted during the year 1998 to 2000, with 
special emphasis was given in Premonsoon, 
Monsoon and Postmonsoon periods. 

RESULTS AND DISCUSSION 

Bhattacharya and Gupta (1991) recorded 
altogether 99 species from wetlands of West 
Bengal. Further 21 species is added from the 
study of earlier mentioned wetlands of West 
Bengal. Thus it makes a total 120 species of 
insects so far known from West Bengal. Only 5 
orders viz. Ephemeroptera, Odonata, 
Hemiptera, Coleoptera, and Diptera were 
represented as wetland inhabiting insects Out 
of these, Coleoptera comprising the largest 
number of 55 species belonging to 4 families 
followed by Hemipterans representing 39 
species of 9 families. The Odonates and 
Dipterans are represented by 14 and 9 species 
respectively, distributed under 3 and 4 families, 
respectively and the Ephemeroptera has so far 
been recorded by only 3 species under one 
family.A total of 120 species were distributed 
under 5 orders, 69 genera and 21 families. 

The qualitative study revealed the insects of 
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total 120 species Ephemeroptera 8.710/0; 
Odonata 18.66%; Hemiptera 33.39%; Coleoptera 
28.87%; Diptera 10.37%, respectively. (Table-I). 

There is 'considerable seasonal varia.tions in 
abundance and percentage composition with 
maximum population in post monsoon 
(October-January) and minimum in monsoon 
a une-Septenlber) for Coleoptera, Diptera and 
Odonata, while maximum in pre-monsoon 
(February-May) and minimum in monsoon for 
Ephimeroptera, but Hemiptera have no striking 
seasonal fluctuations. (Table-21 The order wise 
analysis revealed that Ephimeroptera 
represented by only 3 species with the density 
(no/m2) fluctuating betWeen 0-9.18/m2 (0-
0.27%), but increasing pre-monsoon period. 
Odonata comprises a total of 14 species. Where 
Rhyothemis variegate, Brachythemis contaminate, 
Trithemis pallidinervis and Ischuura senegalens are 
most dominant. The abundance of Odonates 
was maximum in post-monsoon, and minimum 
in monsoon. Odonate density varied from '1.2-
12.09/m2 (0.05%-0.27%). Hemipterans are 
represented by 39 species of where Diplonychus 
annulatum, Ranatra sordidula, Anisops sardia, 
Limnogonus nitius and Micronecta scutellaris are 
most dominant. Their density varied from 3.21-
18.63 (0.150/0-0. 59%)( showing no particular 
trend in seasonal fluctuations" .C~leopiera 

co~prising of a total of 55 species of wher~ 
Amphiops pedestris, Hydrocoptus subvittulus, 
Laccophilus anticotus, Enochrus escurlens~ 
Sternolophus rufipes, Amphiops pedestris and 
Canthydrus laetabilis are most domina"t 
Coleoptera density varied from 0.52-25~51/II\2 
(0.01%-0.42%). Among the 9 dipteran species, 
Chironomid larvae were recorded as abundant. 
Its number was observed maximum in p,?st 
monsoon and minimum in monsoon. The 
population density ~aried from O.24-51.6/m2 
(0.030/0-11.120/0 ). 

Table-3 represents the distribution of the 
freshwater wetland inhabiting insect's families 
in four microhabitats, namely, weedy areas, 
limnatic or open water at certain depth, surface 
film and muddy bottom or muddy areas near 
the edges of wetlands. The quantitative analysis 
of the insects of the study site indicates that 
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Table-l. Qualitative collection of insect' species from different districts of West Bengal 

Kolkata 24 24 Nadia Hoogly Midnapur Midnapur 
PGS(N) PGS(S) (purba) (pachim) 

Class INSECTS 

Order EPHEMEROPTERA 

Family BAETIDAE 

1. Coleon bengalense Kimminsi - + + - + + ++ 

2. Coleon kimminsi Hubbard + + + + - - + 

3. Coleon bicolor Kimminsi - + + + + - -
Order ODONA T A 

Family LIBELLULIDAE 

1. Bracl.ytl{emis contaminate Fabricius ++ +++ ++ ++ +++ +++ ++ 

2. Crocotlremis servi/ia Drury ++ + + + - - -
3. Dip/acodes trivia/is Rambur + + + + + + ++ 

4. Neurothemis tullia Drury + + + + + + ++ 

5. Ortlretrllm sobina Drury - - - + ++ ++ ++ 

6. Potomarcha obscllra Rambur - - - - ++ + + 

7. Rhyotlremis variegate Linnaeus ++ ++ ++ + +++ "..,:, + 

8. Trithemis pallidinervis Kirby +++ ++ ++ + ++ ++ ++ 

9. Zyxomma peliolatum Rambur ++ - - + + + + 

Family COENAGRIONIDAE 

10. Agriocnemis pygmaea Rambur + - - + ++ ++ + 

11. Ceriagrion coromandelianum Fabricius + + + + + + + 

12. lsclumura senegalensis Rambur ++ ++ ++ ++ ++ ++ -
Family GOMPHIDAE 

13. lctinogoamplllls rapax Rambur - - - + + + ++ 

14. Mesogomphlls lineatlls Selys - - - - ++ + ++ 

Order HEMIPTERA 

Family BELOSTOMATIDAE 

1. Be/ostoma indica Distant - - - + + - + 

2. Diplonychus rusticum Fabricius + + + ++ ++ + + 

3. Diplonychus mo/estum Duf. + + + + - - -
4. Diplonyclms annuiatllm Fabricius +++ +++ ++ +++ +++ +++ +++ 

Family GERRIDAE 

5. Limnogonus fosSllrum Fabricius + ++ ++ + + ++ ++ 

6. Limnogonus nitidlls Mayr +++ ++ +++ ++ ++ +++ ++ 

7. Limnogonus parvlus Stal + + + + + + + 

8. Limnogonlls sp. + + + - + + + 

9. Neogerris parvu/a Stal +++ ++ + + - + -
10. Rhagadotarslls kraepelini Breddin - + + - + + + 

Family HYDROMETRIDAE 

11. Hydrometra sp. + + + + - - + 

12. Hydrometra vittata Stal ++ ++ ++ ++ ++ ++ ++ 

Family NEPIDAE 

13. Laccotreplres griseus Guerin + ++ ++ ++ + + + 
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Table-I. Contd. 

Kolkata 24 24 Nadia Hoogly Midnapur Midnapur 

PGS(N) PGS(S) (purba) (pachim) 

14. lilccotrephes rubber Linnaeus + + + - + - -
15. Nepa apiclilata Uhler - + - - + + + 

16. Ranatra sordidula Dohrn +++ +++ ++ +++ +++ +++ ++ 

17. Ranatra filiformia Fabricius ++ ++ ++ ++ ++ ++ + 

lB. Ranatra elongate Fabricius + + + - + + + 

Family NOTONECTIDAE 

19. Anisops breddini Krikadly + +++ +++ ++ +++ +++ + 

20. Anisops bouvieri Krikadly + + + + + + + 

21. Anisops sardea Henrich & Shaffer ++ +++ ++ ++ +++ +++ +++ 

22. Anisops batilliformis Lundblad + + + + + + + 

23. Anisops pieberi Krikadly - - + + ++ ++ + 

24. Nychia sp. ++ + +++ + + + + 

Family PLEIDAE 

25. Plea frontalis Fieb. +++ ++ ++ + + + + 

26. Plea sp. + + + - - - -

Family VELIDAE 

27. Microvelia vittigera Sharp ++ + + + ++ ++ ++ 

2B. Microvelia albomaculata Distant + + + ++ + - -
29. Microvelia diluta Distant - - - + + + + 

Family CORIXIDAE 

30. Corixa hieroglyphica Ouf. ++ + + + + - -
31. Corixa promontoria Distant - - + - + + + 

32. Micronecta haliploides Horvath ++ + + + + + + 

33. Micronecta scutellaris Stal +++++ +++ +++ ++ ++ +++ ++ 

34. Micronecta striata Distant ++ + ++ ++ ++ + + 

35. Micronecta siva Kirk - - - + + + + 

36. Micronecta merops Distant + - - + + + + 

37. Micronecta proba Distant - - + - + + + 

3B. Synaptonecta sp. + - - + + + + 

Family MESOVELLIDAE 
: 

39. Mesovelia sp. ++ ++ + - ++ + + 

Order COLEOPTERA 

Family DYTISCIDAE 

1. Clypeodytes sp. + - - + + + + 

2. Canthydrus laetabilis Walker +++ ++ ++ ++ +++ +++ +++ 

3. Canthydrus luctuosus Aube ++ + ++ + ++ ++ ++ 

4. Canthydrus morsbachi Walker - + + + + + + 

5. Cantltydrlls sp. - - - + + + + 

6. Cybister limbatus Fabricius - - - + + + + 

7. Cybister confuses Sharp - - + + - + + 

B. Cybister tripunctatus Sharp + + + + + + + 

9. Cybister regulosus Redt. - - + - + + + 
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Table-t. Contd. 

Kolkata 24 24 Nadia Hoogly Midnapur Midnapur 
PGS(N) PGS(S) (purba) (pachim) 

10. Dytiscus sp. + + + + - - -
11. Eretes sticticus Linnaeus - + + + + + + 
12. Guignotlls jlammlllatlls Sharp + ++ ++ + ++ ++ + 

13. Guignotus pendjabensis Guignot +++ ++ + + + + + 

14. Guignotus sp. + + + + - - -
15. Hydraticlls fabricii Madeay + + + + - - -
16. Hydrovatus bonvouloiri Sharp 

I 

+ ++ ++ + + + + 

17. Hydrovatus confertus Sharp ++ - + ++ + ++ ++ 

18. Hydrocoptlls sllbvittulus Mot. ++ ++ +++ +++ +++ +++ + 

19. Hydaticus Luezonicus Abeu - - + + + + ++ 

20. Hydaticus ricini Madey ++ + + - + + ++ 

21. Hydroporina sp. - - - + + + ++ 

22. Hyphydrus renardi Severin +++ + + - - + + 

23. Hyphidrlls indicus Sharp + - + + + + + 

24. Laccophilus anticatus Sharp - - - + ++ ++ ++ 

25. Laccophilus parvulus Aube ++ + - + - - -
26. Laccophilus anticatus Sharp +++ + ++ ++ ++ + + 

27. Laccophilus chinensis Boh. - - + + ++ - -
28. Sandracottlls festivus Illinger - - - + + + + 

29. Uvarus quadrilineatus Zimmermann ++ + + + + + + 

Family HYDROPHILIDAE 

30. Ampltiops pedestris Sharp +++ ++++ +++ +++ +++ ++ ++ 

31. Amphiops sp. +++ ++ ++ ++ + ++ ++ 

32. Berosus indicus Mots ++ + + - + - -
33. Berosus putchelllls Madey - - - - + + + 

34. Coelostoma sp. - - + + - - -
35. Clivina sp. - - - - + + + 

36. Enocrus escuriens Walker ++ ++ ++ ++ +++ +++ +++ 

37. Enocrlls sp. - - - + + - -
38. Globeria sp. - - + + - - -
39. Hydrophilus indicus Bedel ++ -+ - + - + + 

40. Hydrophilus olivaceus Fabricius - + + + - + + 

41. Hydraena sp. + + - - - - -
42. Helochares anchoralis Sharp ++ + + - + + + 

43. Helochares crenatus Sharp - + - + - + + 

44. Helochares sp. - - + - + + + 

45. Laceobius sp. - - - + + + + 

46. Regimbartia attenuate Fabricius ++ + + - + - -
47. Regimbartia attenuate Fabricius - + + + - - -
48. Sternolophus rufipes Fabricius ++ ++ +++ +++ +++ +++ ++ 

49. Uloma sp. - + + - - + + 
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Table-I. Contd. 

Kolkata 

Family HALIPLIDAE 

50. HnUplus nngllstifroms Fabricius ++ 

51. Hnlipills p"lclleUls Fabricius -
Family GYRINIDAE 

52. DillC'lltes llnidentntus Fabricius ++ 

53. Dillt'lltes spinosus Fabricius + 

54. Dhll'lItes sp. + 

55. Ort'docitillis prodltetlls Wied ++ 

Order DIPTERA 

Family CHIRONOMIDAE 

1. C/Zirollomous circumdntus Kieffer ++++ 

2. Chironomous sp. ++ 

3. Tnnytarslls sp. ++ 

4. Monopelopia sp. -
Family CULICIDAE 

5. Aedes sp. + 

6. Anopheles sp. ++ 

7. Clllex sp. + 

Family STRA TIOMYIDAE 

8. Odontomyin sp. + 

Family EPHIDRIDAE 

9. Brnt:llydelltrn longipes Hendal -
Total (120 species) 

over 26% of the total insect species occur in 
association with aquatic weeds. Occurrence of 
insect families in the diverse microhabitat 
reveals that maximum insect families occupy 
the weedy areas where they are found in trashes 
tangles of the aquatic vegetation. Little over 
14% are restricted on the surface film of water 
bodies; over 13% and 12% of the total species 
occupy the limnatic and muddy' areas, 
respectively. 

It appears that the macrophytes provide 
suitable food and shelter for insects. (Mc. 
Ladllan, 1975; Soszka, 1975). At the'same time 
the soft clay soil with decaying leaves and other 
organic matter in the bottom soil influences the 
growth and propagation of various benthic 
animals (Bose and Lakra, 1994). Bose and Lakra 
Ope cit. also reported that the maximum number 
of most of the species of organism .in aquatic 
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24 24 Nadia Hoogly Midnapur Miclnapur 
PGS(N) PGS(S) (purba) (pachim) 

+ + + - + + 

- + - ++ + + 

++ ++ ++ + + + 

+ + + ++ ++ ++ 

+ - - + + + 
+ + + ++ + + 

+++ +++ +++ ++ ++ + 
+++ +++ + + ++ + 
++ - + + + + 

- - - - + + 

+ + + + - -
++ ++ + ++ + + 
+ + + + + + 

+ + - + +. + 

- - + + + ++ 

ecosystem occurred after rain, which also 
corroborates our finding During pre-monsoon 
insects population showed a decreasing trend 
due to their reduced rate of multiplication. 
Majority of the insects group except Odonate 
showed least population in monsoon probably 
because of frequent and heavy raimall between 
June and September. Heavy rainfall and high 
water discharge displace or destroy the 
microhabitats of these insects; causing a drastic 
reduction in their number. 

Loden (1974) suggested that chironomid 
larvae can be used as pollution indicator. 
Mahadevan and Krishnaswamy (1984) have 
argued that relatively high population size 
Chironomus sp.is the best biological indicator 
of pollution. In the present investigation similar 
features was observed particularly in North 24 
Parganas, South 24 Parganas and Kolkata than 
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Table-3. Distribution of Insect families in four n:ticrohabitats of freshwater wetlands of West Bengal 

Weedy areas/along with Bottom mud or muddy areas Limnatic or open water at Surface film of water 
aquatic vegetation near the edge certain depth 

Order Families Order Families Order Families Order Families 

Hemiptera Belostomatidae Hemiptera Nepidae Hemiptera Corixidae Hemiptera Gerridae 
Pleidae Nepidae Hydrometridea 
Nepidae Pleidae Microvelidae 

Hydrometridae Notonectidea Mesovelidae 
Microvelidae 
Mesovelidae 

Coleoptera Dytiscidae Coleoptera Hydrophilidae Coleoptera Belostomatidae Coleoptera Gyrinidae 
Hydrophilidae Dytiscidae 
Curculionidae Hydrophilidae 

Sperchelidae 

Odonata Aeshnidae Orthoptera Gryllotalpidae 
Coenogrionidae 

Ephimeroptera Bactidae 

Diptera Heleidae Diptera Chironomidae Diptera 
Muscidae 
Culicidae 

Odonata Libelulidae Culicidae 
Tabanidae Stratiomyidae 
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other district wetlands, possibly due to the fact 
that water pollution is relatively higher in 
wetlands of the said districts. 

Thus, from the present investigation it is 
revealed that the insect diversity become 
highest in post monsoon and lowest in monsoon 
season. The insect abundance is presumable 
directly related to the seasonal appearances and 
disappearances of macro-vegetation of wetland 

and also with the nature of water, bottom soil 
and rain. 
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ABSTRACT 

A comparative study of the diversity in acrid ids at different altitude of the Darjeeling hills is presented in 
this paper. A total number of 21 species of grasshoppers were found in five study areas at different altitudes. 
Six species of grasshoppers were available in Darjeeling town, nine species of grasshoppers were available in the 
Happy Valley Tea Estate and eight species were found in the fallowland of Lebong. Three species of grasshoppers 
were available in the Bannockburn fallowland area whereas, ninteen species were found in the Singla tea garden 
area. Moreover, the study revealed that the species diversity was higher at altitude below 2000ft (700 m.). This 
variations in the diversity of acrid ids may due to altitudinal differences in the study area. 

Keywords: Diversity, acridid, highaltitude, species. 

INTRODUCTION 

The study of diversity of acridid population 
is still in its infancy. There is a great need for 
in depth research on the quantitative aspect of 
acridids Uvarov (1933) from his study on the 
ecology of Moroccan locust in Iraq and Syria 
concluded that even within the restricted zone 
the locust did not occur everywhere but only 
slopes of some hill ranges with hard soils and 
scanty but characteristic vegetation harbours a 
rich population of locust. Clark (1966) worked 
on PIUllllacridillm vittatum of East Australia and 
concluded that persistence of populations under 
conditions of limited food could be attributed 
to the poor discrimination between favourable 
plants and those unfavourable for development 
or survival. Roonwal (1981) observed that the 
changes in the growth and condition of the 
vegetation affect the population of these insects. 
Nath and Haldar (2005) showed that pollution 
had a significant role in population fluctuation 
of Oedalus abruptus. But the study of diversity 
of acrid ids at different altitudes of Darjeeling 

hill region was not done so far. In view of the 
existing lacunae, such study on the acridids is 
presented in this communication. 

MATERIALS AND METHODS 

Acridids for this study were collected from 
five study areas at different altitudes of 
Darjeeling hill namely, Darjeeling town (2075 
m.), Happy Valley tea estate (1920 m.) Lebong 
fallow land (1675.7 m.), Bannockburn wet 
fallowland (1218.7 m.) and Singla abandoned 
tea estate (600 m.). 

An insect net of conventional design (dia.30 
cm.) has been employed to sample the 
grasshoppers. The technique adopted was a 
slight modification of the method followed by 
Benfin & Brusven (1973). This technique was 
also adopted by Nath and Haldar (1998), where 
the quadrat method was employed to sample 
population of acridid and collections were done 
by sweeping in unit time. Each of the five areas 
has been divided into three plots of 5 m2 for 
collection of insects. A fortnightly collection has 
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been made from all these plots, taking 10 
minutes for collection in each of the plots. 
Therefore, the total collection time for each site 
was 30 minutes. Collections were made in the 
morning between 8.30 and 9.30 a.m. The 
collected material from each plot were 
narcotized separately in killing bottles and 
transferred to polythene bags for transport to 
the laboratory for further study. Temperature 
and humidity were recorded by thermometer 
and hygrometer respectively. 

Shannon index is used to compare species 
diversity in different habitats. 

RESULTS AND DISCUSSION 

The study showed that six species of 
grasshopper viz. Atractomorpha crenulata (Fab.), 
Trilophidia annulata (Thunb.), Ceracris nigricornis 
(Bolv.), Oxya velox (Fabr.), Phleoba antennata 
Brun. and Locusta spp. were available in 
Darjeeling town (Table-I). 

Happy valley,which is situated beside 
Darjeeling town, contains Atractomorpha 
crenulata(Fab.), Catantop pinguis innoabilis 
(Walk), Phleoba panteli Boliv., P. infumata, P. 
antennata Brun., Trilophidia annulata (Thunb.), 
Ceracris nigricornis (Bolv.), Oxya velox (Fabr.), 
Spathosternum p. prasiniparum (Walk). 

Lebong fallowland is situated near 
Darjeeling town. The study in this area revealed 
that Atractomorpha crenulata (Fabr.), Catantop 
pinguis innotabiIis (Walk.), P. panteli Boliv., P. 
infumata, P. antennata Brun., Ceracris nigricornis 
(Bolv.), O. velox (Fab.), Spathosternum p. 
prasiniparum (Walk.), Le. eight species of 
grasshoppers were available. 

The collection site near Bannockburn is 
situated by the side of a deep forest and it is a 
wet fellowland area. Three species of 
grasshoppers namely, Ceracris nigricornis (Bolv.), 
Oxya velox (Fabr.) and Atractomorpha crenulata 
(Fab.) were available in this area. 

Singla is an area where many abandond tea 
gardens and agricultural fields are present. 
Nineteen different species of grasshoppers were 
available in that area. These include Phleoba 
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panteli Bolv. Catantop pingllis innotabilis (Walk.) 
P. infllmata, P. antennata Brun., Trilophidin 
annulata (Thunb.), Oxya velox (Fabr.), 
Xenocatnlltop Izumilis Ilumilis (Serv.), Hieroglyphus 
banian (Fabr .), Stenocatantop splendens (Th.), 
Condocris rosea (de Geer), Locusta spp., 
Choroedocus robustlls(Serv.), Coptecra spp., 
Eyprepocnemis nlacris impicta (Uvarov), 
Alliacobothrus luteipes (Walk), Heteracris pulcher 
(Bol.), Peripoills pedarills (Stal) and Spnthosternum 
p. prasiniparum (Walk). 

Studies on the diversity of acrdids in five 
different habitats revealed that availability of 
grasshoppers depends upon altitude which on 
the other hand affect the environmental 
conditions of these collection sites. The 
temperature of Darjeeling town and Happy 
Valley T.E. ranges between below ooe and 22°C' 
and humidity is 30% to 700/0. During winter' 
snow fall is very common. Temperature of 
Lebong and Bannockburn usually does not go 
below O°C. Moreover, in Singla temperature 
ranges between 15° C and 35°C and humidity 
400/0 to 85%. 

C. migricornis and A. crenulata were absent 
in Singla, but were available in other four 
habitats. T. annulata was available in all the sites 
except Lebong and Bannockburn. Tl').e 
vegetational patterns were different in all the . 
five sites and that was probably due to 
differences in climatological factors prevailing 
at different altitudes. Gyllenberg (1974) revealed 
that the size of the grasshopper population was 
regulated mainly by abiotic factors. 
Sampling plots at lower altitude (Singla) were 
inhabited by highest diversity of taxa. In 
comparison, the plots of other areas yielded 
lower diversity of taxa. 

The presence of o. velox in all the five study· 
sites indicated its adaptability to wide variations 
in environmental condition. On the other hand 
C. nigricornis which was available near wetland 
such as Bannockburn, also available in. 
Darjeeling town, Happy Valley and Lebong but 
absent in Singla, which indicated that this 
species preferred lower temperature. 
A. crenulata was restricted above 700 m. altitude. 
Whereas, C. pinguis innotabiIis, P. panteli, 
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Table-t. Occurrence of Grasshoppers at different altitudes of Darjeeling hill 

Name of the Oarjeeling Happy Lebong Bannockburn Singla 
Grasshoppers town Valley fallowland fallowland 

Atractomorplra crenulata (Fab.) + + + + -
Catantop pinguis 
innotabilis (Walk) - + + - + 

Phleoba panteli Bolv. - + + - + 

P. infumata - + + - + 

P. antennata Brun. + + + - + 

Trilophidia annulata (Thunb.) + + - - + 

Oxya velox (Fabr.) + + + + + 

Xenocatantop humilis 
humilis (Serv.) - - - - + 

Hieroglyphus banian (Fabr.) - - - - + 

Stenocatantop splendens (Th.) - - - - + 

Condocris rosea (de Geer) - - - - + 

Locltsta spp. + - - - + 

Ciloroedocus robustus (Serv.) - - - - + 

Coptecra spp. - - - - + 

Eyprepocnemis alacris 
impicta (Uvarov) - - - - + 

Aulacobotlzrlls luteipes (Walk.) - - - - + 

Heteracris pulcher (Bol.) - - - - + 

Peripolus pedarius (Stat) - - - - + 

Ceracris nigricornis (Walk.) + + + + --
Spathosternum p. 
prasiniparllm (Walk.) - + + - + 

+ present - absent. 

Table 2. Diversity indices of species at different habitats. 

Darjeeling Happy Lebong Fallow Bannockburn Singla 
Valley T.E. land 

0.98 1.916 1.629 

P. infumata, P. antennata, T annulata were 
availab'Ie in various altitudes indicating their 
adaptability to wide variations of temperature 
and humidity. This observation is similar to that 
of Vestal (1913) who reported the variation in 
grasshopper species diversity depending on 
physical conditions of environment. 

Fallowland 

0.973 2.178 

The diversity indices, as determined by 
Shannon method, showed Ii ttle variation 
between the values of Happy Valley T.E. (H = 
1.916) and Lebong fallowland (H = 1.629) 
(Table-2). This may be due to occurrence of 
nearly same number of species in both the sites 
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(nine in Happy Valley and eight in Lebong). 
Bannockburn showed the lowest diversity index 
(H = 0.973) and the next higher index (H = 
0.98)was recorded at Darjeeling. In contrast, 
acridids fauna at Singla showed the highest 
diversity index value (H = 2.178 ), where the 
highest number of species (19) were 
encountered. The possible important reasons 
for supporting a diverse fauna by Singla than 
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other study areas are low altitude, relatively 
higher temperature and humidity. 
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ABSTRACT 

The fishery resources of the North Eastern Himalaya Region fall within the all three types. of climate, i.e. 
tropical, sub-tropical and temperate and represent a strong biodiversity. Based on modification of different parts 
of the body as adaptation to various adverse environmental conditions, fishes are true hill stream forms, semi
torrential forms, migratory forms and plain water forms. Altogether a total of 274 fish species have been recorded 
from the diverse fresh water bodies which belongs to 114 genera under 37 families and 10 orders. Among them 
269 species are food fish, 250 potential ornamental fish, 48 cultivable fish and 9 sport fish. Out of the total 274 
diversified fish species of the NE region, highest number of fish species have been recorded from Assam' (206), 
followed by Meghalaya (175), Arunachal Pradesh (172), Manipur (150), Tripura (141), Mizoram (97), Nagaland (73) 
and Sikkim (30). The biodiversity statuses of 274 fishes were assessed following IUCN criteria. Among them 9 are 
exotic. Of the total 265 indigenous species, 10 are Critically Endangered (CR), 28 are Endangered (EN), 54 are 
Vulnerable (VU), 48 are Lower Risk Near Threatened (LRnt), 08 are Lower Risk Least Concern (LRlc), 04 are Data 
Deficient (DO) and 122 are Not Evaluated (NE). An appraisal on various biodiversity threats in the water bodies 
of eight states of North Eastern Himalayan region have been made such as unethical exploitation by using prohibited 
fishing methods, small meshed gears, chemical and herbal poisoning, dynamiting, habitat destruction and alteration 
by river water abstraction, by construction of dams, diversion of streams for irrigational purpose, pollution, sand 
mining, clandestine introduction of exotic and alien species in to the natural waters etc. This paper also discusses 
the management strategies to be implemented for the conservation of freshwater fish diversity in the region 
through conservation of habitat and conservation of fish stocks. 

Keywords: Fish, diversity, North Eastern India, conservation. 

INTRODUCTION 

The North Eastern Himalayan Region of India 
comprising of Arunachal Pradesh, Assam, 
Manipur, Meghalaya, Mizoram, Nagaland, 
Sikkim and Tripura is gifted with vast aquatic 
resources in the form of rivers, streams, lakes, 
reservoirs, floodplain wetlands, ponds and large 
areas under rice-fish culture system. The region 
lies between 21.500 to 29.500 North latitude and 

85.500 to 97.500 East longitude and is bounded 
on the north.by China and Bhutan, on the west 
by Bangladesh and on the east by Burma and 
covers an elevation from 15 to 5000 m from the 
sea level. The rivers Brahamaputra, Barak and 
Teesta form the principal drainage of North East 
India with its numerous tributaries flowing 
through the different states along with myriads 
of rivulets and lentic water bodies. About 70% 
of the area in these States being hilly region, the 
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distribution of majority of the fish species is 
expected to belong to the hill region. North East 
India is considered as one of the hot spots of 
freshwater fish biodiversity in the world 
(Kottelat and Whitten, 1996). The region shares 
its fish fauna predominantly with that of the 
Indo-Gangetic fauna and to a small extent with 
the Burmese and South China fish fauna (Yadava 
and Chandra, 1994). Review of literature 
indicates that there has been a wide variation in 
the number of fishes reported from this region 
ranging from 129 to 274 (Yadava and Chandra, 
1994; Ghosh and Lipton, 1982; Sinha, 1994; Sen, 
2000; Mahapatra et al., 2004a). 

In the present paper, an attempt has been 
made to illustrate the status of diversified fish 
species available in different s~ates of the region 
along with their conservation status. 

MATERIALS AND M-ETHODS 

In the present study, random rapid field 
surveys were conducted during 2000-2005 in 
different states of the region. Observation of 
different fish species was made at important 
fish assembling centres. The information 
regarding their occurrence was collected from 
local fishermen as well as from fish vendors. 

The fish species with respect to their 
commercial utilization as cultivable, food, sport 
and ornamental were evaluated based on some 
specific criteria. Consumer preferen(:e and 
market demand were the criteria used for 
deciding the food value of fishes. The food 
fishes that showed adequate growth in unit time 
were brought under cultivable category. The 
sport fishes were demarcated based on the 
preference shown by the anglers. The 
ornamental fishes were categorised based on 
the criteria like colouration, body shapes, 
banding patterns, finnages, suckers, transparent 
body and preying habits. 

The conservation status of each species was 
assigned based on the evaluation of 329 species 
made in the CAMP report (1998). The 
nomenclature followed in this paper is after 
Jayaram (1999). 
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RESULTS AND DISCUSSION 

The up to date inventory of the fish species 
of NEH region records 274 fish species which 
belonged to 114 genera under 37 families and 10 
orders. This includes 265 indigenous and 9 exotic 
fish species. The 9 exotic fish species have 
already well adapted with the environment and 
the present author has recorded the established 
breeding population of some of the species like 
Cyprinlls carpio, Oreochromis mossambicus, O. 
niloticus and Clarius gariepinus from different 
water bodies of the region. Of the approximately 
806 species inhabiting freshwater of India 
(Talwar and Jhingran, 1991), NEH region 
represents 34%. Majority of the 274 species 
belong to Cypriniformes (148), followed by 
Siluriformes (76), Perciformes (33), Clupeiformes 
(07), Anguilliformes (03), Synbranchiformes (02), 
Osteoglossiformes (02), Cyprinodontiformes 
(01), Syngnathiformes (01), and 
Tetraodontiformes (01). 

It is revealed from the study that local people 
consume almost all the species (99.2~/o) except 
Aplocheilus panchax and Chaca c1zaca in some 
locality. A total of nine species (3.28°10) were 
identified as major sport fish of the region. The 
important cold water sport fishes of the region 
are mahseers (Tor plltitora, T. tor, T. c1relynoides, 
Neolissocheilus hexagonolepis and N. hexastich us) 
and Indian trout (Barilius bola). As many as 48 
fish species (17.52%) of the region have been 
considered as cultivable fish. Two hundred and 
fifty five fish species (91.24%) have been found 
to have potential ornamental value. The 
important ornamental fishes like Puntius 
shalynius, Danio dangila, Badis bad is bllrmanictls, 
Acanthocobitis botia, Chaca chaca, Schistura 
beavani, Psilorhynchus sucatio and Harn hara are 
largely unknown among the local masses. For 
these native fish species, there is immense scope 
for development of ornamental fisheries (Dutta, 
2000; Ghosh et al., 2002; Mahapatra et al., 2oo3a, 
2003b, 2003c, 2004b, 2005, 2007a; Nair, 2004; 
Sarmah et ale 2004; Vinod et al., 2006). 

Out of the total 274 diversified fish species 
of the NE region, highest number of fish species 
have been recorded from Assam (206), followed 
by Meghalaya (175), Arunachal Pradesh (172), 
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Manipur (150), Tripura (141), Mizoram (97), 
Nagaland (73) and Sikkim (30). But, in relation 
to total number of fish species available and 
the number of fish species having ornamental 
value, the highest percentage was recorded in 
Nagaland (97.26%), followed py Sikkim 
(96.67%), Arunachal Pradesh (95.93%)~ Mizoram 
(93.81 %), Manipur (92.67%), Meghalaya 
(90.86%

), Assam (90.78%) and Tripura (73.05%). 

Biodiversity threats in the form of diverse 
types of human interventions are' the main 
reason for the alarming decline of fish 
populations in most of the rivers of NE region. 
The various types of destructive fishing activities 
practiced along the river systems of North 
Eastern Himalayan regions are as follows: 

1. Use of small meshed fishing gears kills 
the fry and fingerlings, thus leading to a drastic 
reduction in population of the most of the fishes 
especially those who are already under 
threa tened category. 

2. Fishing using chemical and herbal poisons \ 
also a major threat of the natural fishery. 

3. Dynamiting is very rampant in all rivers, 
reservoirs and streams as a device for 
harvesting of fishes. 

4. The habitat destruction of fishes is another 
major reason for the declining biodiversity of 
fishes in North Eastern States. Habitat loss has 
taken place due to the following reasons like 
Construction of dams, Deforestation, 
Agricultural practices in river bed, Water 
abstraction, Sand mining, Sewage and industrial 
effluents. 

5. Indiscriminate fishing of the brood and 
juveniles. 

6. Over fishing of some selected fish 
especially for ornamental fish trade. These 
species are exploited beyond the sustainable· 
k'vels, thus leading to their endangerment in 
most of their place of inhabitation. 

7. Introduction of exotic species in to the 
natural waters of has resulted in the competition 
for food and space between the exoti.c and 
indigenous fish. The exotic species like common 
carp, Cyprinlls carpio; Tilapia (Oreochromis 

mossambicllS) and African cat fish (Clarias 
gariepinlls) has established their breeding 
populations. 

8. The outbreak of EUS in 1988 and its 
recurrence now at varied intensities are another 
major threat faced by the indigenous fishes of 
the NEH region. 

Conservation status of fishes have shown 
that out of total 265 indigenous species, 10 are 
Critically Endangered (CR), 28 are Endangered 
(EN), 54 are Vulnerable (VU), 48 are Lower Risk 
Near Threatened (LRnt), 08 are Lower Risk 
Least Concern (LRlc), 04 are Data Deficient (DO) 
and. 122 are Not Evaluated (NE). The diversified 
fish species along with their conservation status 
have been presented in table 1. 

Though there is an ample scope for fisheries 
development in the region, interestingly most 
of the field has been left unattended so far in 
real perspectives. The ICAR Research Complex 
has initiated research activity in various ·fields 
and has already developed or refined some 
technologies like composite fish culture in hills, 
padd y-cum-fish culture, cage-fish culture and 
running water fish culture (Nayak and MandaI, 
1988, 1989a, 1989b). Breeding technology of 
some fish species have been refined under mid 
hill altitudinal condition and for some fish 
species have been developed (Das and Kalita, 
2003; Mahapatra et al., 2007 b, Mahapatra et al., 
2007 c). 

For proper and sustained utilization of high 
altitude aquatic resources for enhancing fish 
prod uction and income, there is a need to 
impart adequate training, education and 
extension to the local masses with regard to 
the development of aquaculture using local 
species, ornamental fishery and sport fishery. 
Following suggestions will be condul.·jyc to the 
sustainability of fishery of the region as well as 
to conserve the freshwater fbh biodiversity of 
NEH from endangerment. 

1) With proper education and technical 
guidance local fisher folk can be organized and 
trained to sustainable exploit these diversified 
fishery in which sufficient tracts of their natural 
habitat including their breeding grounds are 
conserved. 
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Table 1. Diversified Fish Species of North East and Their Conservation Status. 

51. Species Conservation status 
No. CR EN VU LRnt LRlc DD NE 

1. Aborichthys elongatus (Hora) + .. -
2. Aborichthys garoensis Hora + .. 
3. Aborichthys kempi Chaudhuri + .. .. 
4. Aboricllthys tikaderi Barman + .. - .. 
5. Acanthocobitis batia (Hamilton) + .. 
6. Acantltocobitis pavonaceus (McClelland) + 
7. Acantltocobitis zonalternans (Blyth) + 
8. Acanthopthalmlls pangia (HCiffiilton) + 
9. Acantopsis choirorhynchos (Bleeker) + 

10. Ailia coila (Hamilton) + - . 
11. Ailia punctata (Day) + 
12. Amblyc£?,s mangois (Hamilton) + 
13. Amblyceps apangi (Nath & Dey) + - - .. 
14. Amblyceps arunanchalensis (Nath & Dey) + .. 
15. Amblypharyngodon mola (Hamilton) .. .. + .. .. 
16. Anabas testudineus (Bloch) + 
17. Anabas oligolepis Bleeker 

),. + 
18. Anguilla bengalensis (Gray & Hardwicke) + 
19. Aorichthys aor (Hamilton) + 
20. . Aoriclttltys seenghala (Sykes) + 
21. Aplocheilus pane/lOX (Hamilton) + 
22. Apocryptes bato (Hamilton) + 
23. Aristichthys nobilis· (Richardson) .. .. - .. + 
24. Aspidoperia jaya (Hamilton) + -
25, Aspidoperia morar (Hamilton) + .. .. 
26. Badis badis badis (Hamilton) .. + . 
27. Badis badis burmanicus Ahl .. + 
28. Bagarius bagarius (Hamilton) .+ - .. 
29. Balitora brucei Gray .. + .. 
30. Barilius barila (Hamilton) + .. 
31. Barilius bama (Hamilton) - + .. 
32. Barilius bendelisis (Hamilton) + .. 
33. Barilius bola (Hamilton) + 
34. Barilius dogarsinghi Hora + .. 
35. Barilius gatensis (Valenciennes) + 
36. Barilius guttatus (Day) '- .. + 
37. Barilius radio/atlls Gunther -. - .. + 
38. Barilius~hacra (Hamilton) + -
39. Barilills tileo: (Hamilton) - + - -
40. Barilills 17agra (Hamilton) + - , .. .. 
41. Batasio batasio (Hamilton) - + 
42. Batasio tengana (Hamilton) - - .. + 
43. Bertgaia elanga (Hamilton) - .. + 
44. Botia berdmorei (Blyth) + - - - .. .. 
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Table 1. Contd. 

SI. Species Conservation status 
No. 

CR EN VU LRnt LRlc DD NE 

45. Botia tJario (Hamilton) + 
46. Botia Iristrionica Blyth - - + .. -
47. Botia lohaehata Chaudhuri + 
48. Botia rostrata Gunther + 
49. Catla entia (Hamilton) + 
SO. Chaea ehaea (Hamilton) + 
51. Clragunius ehagrmio (Hamilton) + 
52. Chagunius nie/rolsi (Myers) + 
53. Chanda nama Hamilton + 
54. Clrandramara elrandramara (Hamilton) + 
55. Channa barea (Hamilton) + 
56. Channa marlllius (Hamilton) + 
57. Channa orientalis Bloch & Schneider + 
58. Channa punctatus (Bloch) - - - + - -
59. Channa stewartii (Playfair) + 
60. Channa striatus (Bloch) + 
61. Cha"dllllria indica (Yazdani) + 
62. Chaudhuria kJrajuriai (Talwar, - + 

Yazdani & Kundu) 

63. Clitia eaelrius (Hamilton) + 
64. Chtla la"buea (Hamilton) + 
65. Chilala elritala (Hamilton) + 
66. Cirrhinus mrigala (Hamilton) + 
67. Cirrhinus reba (Hamilton) + 
68. Clarias batraelllls (Unnaeus) + 
69. Clarias gariepinus· (Burchell) + 
70. C/"pisoma garlla (Hamilton) + 
71. Clupisoma montana Hora + 
72. Colisa fasciatus (Schneider) - - + 
73. Colisa labiosus (Day) - - - + 
74. Colisa lalia (Hamilton) - - + 
75. Colisa sota (Hamilton) + 
76. Conta eonta (Hamilton) + 
77. Crossocheilus burmanicus (Hora) + 
78. Crossocheilus latius latius (Hamilton) + 

Jt' 

79. Ctenopharyngodon idella· (Valenciennes) - + ., 

SO. Ctenops nobi/is McClelland - - + 
81. Cyprinion semiplotum (McClelland) + 

~2. Cyprinion modestum (Day) - - + I 

,83. Cyprinus carpio·Linnaeus + 
84. Dania acutieeplrala (Hora) + 
85. . Danio aequipinnatus (McClelland) + 
86. Dania dangila (Hamilton) + 
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87. Danio devario (Hamilton) - - - + - - -

88. Dallio llagallL'nsis (Chaudhuri) - - + - - - -
89. Dallio regillal (Fowler) - - - - - - + 

90. Danio rerio (Hamilton) - -
i 

- + - - -
91.- Eretilestis montana montana (Hora) + - - - - - -
92. Erethestis pllssiles (Mull. & Tros.) - - - - - - + 

93. Esomus danriclis (Hamilton) - - - - + - -

94. ElIclliiogianis /lOdgarti (Hora) - - + - - - -
95. Ellchiloglanis knmengensis Jayaram - + - - - - -
96. Elitropiicllthys murius (Hamilton) - - - + - - -
97. Elltropiidlthys vacha (Hamilton) - + - - - - -
98. Exostoma berdmorei Blyth - - - - - - + 

99. Exostoma labiatllm (McClelland) - - - - - - + 

100. Exostoma stllartii (Hora) - - - - - - + 

101. Gagata cenia (Hamilton) - - - - - - + 

102. Gagata gagata (Hamilton) - - - - - - + 

103. Gagata sexllalis Tilak - - - + - - -
104. Ganiolosa malll1lilla (Hamilton) - - - - - - + 
105. Garra ml11andalei Hora - - - - - - + 
106. Garra gotyla gotyla (Gray) - - + - - - -
107. Garra gravelyi (Annandalei) - - - - - - + 
108. Garra kempi Hora - - + - - - -
109. Garra lamta (Hamilton) - - - - - - + 
110. Garra Iissorhync/llls (McClelland) - - + - - - -
111. Garra litanensis (Viswanath) + - - - - - -
112. Garra manip"rensis (Viswanath and + - - - - - -

Sarojnalini) 

113. Garra mcClellandi (Jerdon) - - - - - - + 
114. Garra naganensis Hora - - + - - - -
115. Garra nasuta (McClelland) - - - - - - + 
116. Garra rllpecliia (McClelland) - - + - - - -

117. Glossogobius gillris (Hamilton) - - - + - - -
118. Glyptothorax bn'l'ipinnis Hora - - + - - - -
119. Glyptot/lOrax mmlipllrellsis (Menon) - - - - - - + 
120. Glyptot/lOrax pectinopfl'nls (McClelland) - - - - - - + 
121. GlyptotllOmx plahJpogolloides (Bleeker) - - - + - - -
122. GlyptotllOmx tl'h hifta (Hamilton) - - - + - - -
123. GlyptotllOrax allllalldelei Hora + - - - - - -
124. Glyptothomx cavia (Hamilton) - + - - - - -
125. Glyptothorax cohen; (Ganguly, - - - - - - + 

Dutta & Sen) 

126. Glyptothorax conirostre conirostre - - - - - - + 
(Steindachner) 
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127. GlyptotllOrax illdiclIs (Talwar) - - + - - - -
128. GlyptotllOrax striatlls (McClelland) - - + - - - -
129. GlyptotllOrax trilil1£'atlls (Blyth) - - - - - - + 

130. GlIdusia c/mpra (Ham,ilton) - - - - + - -
131. G"dllsia l'ariegafa (Day) - - - - - -
132. Hara /tara (Hamilton) - - - - - J 

I 133. Ham /romi (Misra) - + - - - - -
134. Ham jerdt'ni (Day) - - - - - t 

I 
135. Heterollellstes fossilis (Bloch) - - + - - - -
136. Hi/sa i1islla (Hamilton) - - + - - - -
137. Homaloptem modesta (Vinciguera) - - - - - - + 
138. HypoplltlmlmidltllYS molitrix*Bleeker - - - - - - + 
139. lIislla l11elallostoma (Schneider) - - - - - - + 
140. /oll"ills eoitor (Hamilton) - - - - - - + 
141. Kryptoterlls illdiclls (Datta, Burman + - - - - - -

& Jayaram) 

142. lilbeo angm (Hamilton) - - - + - - -
143. lilbeo bata (Hamilton) - - - + - - -
144. lilbeo boga (Hamilton) - - - + - - -
145. lilbeo enlbasll (Hamilton) - - - + - - -
146. lilbL'o dao (Hamilton) - - + - - - -
147. lilbeo dl'l,devi (Hora) - - - - - - + 
148. lilbeo dyoclleillls (McClelland) - - + - - - -

149. Lnbeo gonills (Hamilton) - - - + - - -
150. lilbeo Ilandina (Hamilton) - - - - - - + 
151. lilbl'o pangllsia (Hamilton) - - - + - - -
152. lilbeo rollita (Hamilton) - - - + - - -

153. lilgllvia ribeiroi Hora - - - + - - -
154. lilglwia shawi Hora - + - - - - -

155. Lepidoceplrallis annandalei (Chaudhuri) - - - + - - -
156. Lcpidocep/rallls berdmorei (Blyth) - + - - - - -
157. Lepidoeep/rallis gllntea (Hamilton) - - - - - - + 
158. Lepidocepllallis irrorata (Hora) - - + - - - -
159. Lepidoceplmills menoni (Pillai & Yazdani) - - - - - - + 
160. Macrognatlllls ami (Bloch & Schneider) - - - + - - -
161. MacrognatllUs panenilis Hamilton - - - + - - -
162. Maringlla IlOdgati (Hamilton) + - - - - - -
163. Mastocembeills armatlls (Lacepede) - - - - - - + 
164. Mesol1oemacJ,eillis sijllencis (Menon) - - + - - - -
165. Microplris deocata (Hamilton) - - - - - - + 
166. M01l0pterllS cue/lia (Hamilton) - - - + - - -
167. Mystlls bleeker; (Day) - - + - - - -
168. MystliS mvasills (Hamilton) - - - + - - -
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169. Mystus menoda (Hamilton) - - - - + 
170. Mystlls montantlS Oerdon) + - .. -
171. Mystus tengara (Hamilton) - - + 
172. Mystlls vittatlls (Bloch) + -
173. Nandlls llandus (Hamilton) + .. 
174. Nangra assamensis (Sen & Biswas) - - + 
175. Nangra viridescens (Hamilton) + -
177. Nemacl,eillls corica (Hamilton) + -
178. Nemaclll'i/lls pegllensis Hora - - + 
179. Nemat%sa nasus (Bloch) - - - + 
180. Neoeucirrhiclzthys maydelli (Banerescu) + - -
181. Neolissocheilus hexastichus (McClelland) - - - + 
182. Neolissocheilus hexagonolepis (McClelland) - + 
183. Noenemacheilus labeosus (Kottelat) - + 
184. Notopterus notopterus (pallas) + -
185. Olyra burmanica (Day) + 
186 .... Olyra horai (Prashad & Mukerji) - + 
187. O/yra longicaudata McClelland + 
188. Ompok bimaculatlls (Bloch) + - -
189. Ompok pabda (Hamilton) + - -
190. Ompok paba (Hamilton) - - + 
191. Ophisternon bengalense McClelland + 
192. Oreichthys casuatis (Hamilton) + 
193. Oreochromis mossambicus" (Peters) + 
194. Oreochromis nitotic"s" (Linnaeus) + 
195. Osphronemus goramy Lacepede + 
196. Ostt'olwnma be/angeri (Valenciennes) + .. 
197. Osteobramn cotico cunma (Day) + - - .. 
198. Osteobrnmn cotio cotio (Hamilton) + -
199. Osteoclli/us neilli (Day) + 
200. Pangasius pangasills (Hamilton) + .. .. - - .. 
201. Pangnsius sutchi" + 
202. Pisodonophis boro (Hamilton) - + 
203. Pseudambasis Mculis (Hamilton) - + 
204. Pseudambasis lala (Hamilton) - + 
205. Pseudambasis ranga (Hamilton) - + 
206. Pseudedrenies sulcatus (Prashad& Mukerji) - - + 
207. Pseudeutropills atherinoides (Bloch) + 
208. Psilorlrynchus balitora (Hamilton) - + 
209. Psilorhynchus gracilis (Rainboth) - - + 
210. Psi/orhynchus homaloptera (Hora & + - .. 

Mukherjee) 

211. Psilorhynchus sucatio (Hamilton) + - .. 
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212. Puntills ehola (Hamilton) + 
213. Puntius clavatus (McClelland) + 
214. Puntius eonehonius (Hamilton) + 
215. Puntius filnmentosus (Valenciennes) + 
216. Puntills fraseri (Hora and Misra) + 
217. Puntills gelius (Hamilton) + 
218. Puntills gonionotus* + 
219. Puntius guganio (Hamilton) + 
220. Puntills phutunio (Hamilton) + 
221. Puntius sarana orphoides (Valenciennes) + 
222. Puntills sarana sarann (Hamilton) + 
223. Puntius sllnlynius Yazdani&Talukdar + 
224. Puntius sophore (Hamilton) + 
225. Puntius terio (Hamilton) + 
226. Puntius ticto (Hamilton) + 

.. t 

227. Rasbora danieonills (Hamilton) + 
228. Rasbora rasbora (Hamilton) + 
229. Rhinomugil eorsula (Hamilton) + 
230. Rita rita (Hamilton) + 
231. Salmostoma bacaila (Hamilton) + 
232. Snlmostoma cIupeoides (Bloch) + 

I 

233. Salmostoma phulo (Hamilton) + 
234. Sehismatorhynellos nukta (Sykes) + 
235. Sellistura ariotes (Sen & Nalbant) + 
236. Sehistura arunaehalensis (Menon) + 
237. Sehistura beavani (Gunther) + 
238. Sehistura cintieallda (Blyth) + 
239. Sehistura denisoni dayi Hora + 
240. Sehistura devdevi Hora + 
241. Sehistura knngjupkhulensis Hora + 
242. Sehistura manipurensis Chaudhuri + 
243. Schistura multi/aciatus Day + 
244. Sehistllra nagaensis (Menon) + 
245. Sehistllra prashadi Hora + 
246. Sehistura 1J?ticlllofaseiatus (Singh & + 

Banarescu) 

247. Sehistura savona (Hamilton) + 

248. Sehistura seaturigina (McClelland) + 

249. Sehistura sikmainensis Hora + 
250. Sehistura singh; (Menon) + 
251. Sellistura vincigeurra Hora + 

252. Sehizopygopsis esocinus (Heckle) + 
253. Sehizopygopsis progastus (McClelland) + 
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254. Schizopygops;s stoliczkae (Steindachner) - + 

255. Sd,izot/rorax ric/rardsonii (Gray) + 
256. SeclIriclIla gom (Hamilton) + 

257. Setipinl1a p/rasa (Hamilton) + 

258. S;camllgil cascasia (Hamilton) + 
2:;9. Silol1;a silondia (Hamilton) + 
260. Silurtls a/ghana Gunther + 
261. Silllrils brrdmorri (Blyth) + 
262 .. Silurus torn'lItis (Kobayakawa) + 
263. Sisor rhabdop/ris (Hamilton) + 
264. Somileptes gongota (Hamilton) + 
265. Strongyll1m strongylum (Van Hasselt) + 
266. Tetradon crttcutia Hamilton + 
267. Tor chelynoides (McClelland) + 
268. Tor mosal (Hamilton) + 
269. Tor progeneius (McClelland) + 
270. Tor putitora (Hamilton) + 
27'1 Tor tor (Hamilton) + -
272. Triplop/rysa gracilis (Day) + 
273. Wallago attll (Schneider) + 
274. Xenelltodon cancila (Hamilton) + 

TOTAL 10 28 54 48 08 04 

CR - Critically Endangered, EN - Endangered, VU - Vulnerable, LRnt - Low Risk-near threatened, DO - Data 
deficient, NE - Not evaluated, '+' - Positive, '-' - Negative, lI-Exotic fish species. 

2) Harvesting can be encouraged only in the 
"population collapse" phase not in the 
II growing" phase. 

3) The biology of the fish especially feeding 
and breeding biology including behaviour 
should be studied properly for right utilization. 

4) For stock enhancement collectors and 
culturists should adopt the captive breeding 
process. 

5) Export of ornamental fish should be made 
keeping in mind the conservation of gene pool 
of the indigenous fish. 

CONCLUSION 

Considering the diversity of native fish fauna 
of NEH Region and scenario of freshwater 

aquaculture both nationally and globally, a 
serious thought can be given and concerted 
efforts are needed from all concerned stake 
holders like fisher folk, exporters, importers, 
village headmen, panchayat members, teachers, 
students, scientists and top level planners in 
order to develop and sustain the growth of the 
fish and fishery resources of the region as well 
as for better employment and foreign exchange 
earning from the fish trade especially from the 
ornamental fish export. 

ACKNOWLEDGEMENT 

Author express sincere thanks to the 
Director, leAR Research Complex for NEH 
Region, Barapani for providing necessary 
facilities to carry out the works. 



MAHAPATRA : Biodiversity status of Fresh Water Fishes of North EnsteYl'-... 201 

LITERATURE CITED 

CAMP. 1998. Report of the workshop on "Conservation Assessment and Management Plan 
(CAMP) for Freshwater Fishes of India" Zoo Outreach organization and NBFGR, Lucknow, 
22-26 September, 1997, 156p. 

DAS, S. K. and KALITA, N. 2003. Captive breeding of Peacock Eel, Mncrognnthlls nClIlentlls. 
Aquaculture Asia, 8 : 17-21. 

DUTrA, O.K. 2000. Ornamental Icthyofauna of Assam. In : Fish Biodiversity of North East India. 
(Ponniah, A.G. and Sarkar, U.K. Eds.). NBFGR~ NATP Publ. 2. 

GHOSH, A., MAHAPATRA, B.K. and DATTA, N.C. 2002. Studies on native ornamental fish of 
West Bengal with a note on their conservation. Environment & Ecology, 20 : 787-793. 

GHOSH, S. K. and LIPTON, A.P. 1982. Ichthyofauna of the N.E.H. Region with special reference 
to their economic importance. ICAR SpI. Bulletin No.1. ICAR Resean~h Complex for NEH 
Region, Meghalaya, 126 p. 

JAYARAM, K. C. 1999. The freshwater fishes of the Indian region. Narendra Publishing House, 
Delhi, 551p. 

KOTIELAT, M. and WHITTEN, T. 1996. Freshwater biodiversity in Asia with special reference 
to Fish: World Bank Tech. Paper No., 343. The World Bank, Washington, D.C. : 17-22. 

MAHAPATRA, B.K., VINOD, K. and MANDAL, B.K. 2003a. Fish biodiversity of Meghalaya with 
a note on their sustainable utilization. Aqllaclilt., 4 : 1-10. 

MAHAPATRA, B. K., VINOD, K. and MANDAL, B.K. 2003b. Scope of ornamental fishery in 
Meghalaya. In : ApproacJzes for Increasing Agricultural Productivity in Hill and MOllntain 
Ecosystem. (Bhatt, B.P., Bujarbaurah, K.M., Sharma, Y.P. and Patirama Eds). ICAR Research 
Complex for NEH Region, Umiam, Meghalaya, pp 397-401. 

MAHAPATRA, B. K., VINOD, K. and MANDAL, B.K. 2003c. Studies on native ornamental fish 
of Meghalaya with a note on their cultural prospects. Aquaclllt, 4 : 173-182. 

MAHAPATRA, B.K., VINOD, K. and MANDAL, B.K. 2004a. Fish biodiversity of North Eastern 
India with a note on their sustainable utilization. Environment & Ecology, 22S : 56-63. 

MAHAPATRA, B. K., VINOD, K. and MANDAL, B.K. 2004b. Ornamental Fish of North Eastern 
India-Its distribution and conservation status. Environment & Ecology, 22 : 674-683. 

MAHAPATRA, B.K., VI NOD, K. and MANDAL, B.K. 2005. Export potentiality of native 
ornamental fish from North Eastern Hill States of India with a note for development of 
such fisheries. Environment & Ecologtj, 23 : 780-786. 

MAHAPATRA, B.K., VINOD, K. and MANDAL, B.K. 2007a. Native ornamental fisheries in 
Sikkim with its prospects and constraints, Environment &. Ecology. 25S : 125-128. 

MAHAPATRA, B.K., VINOD, K. and MANDAL, B.K. 2007b. Breeding and larval rearing of Labeo 
gonills (Hamilton) under mid hill altitudinal region of Meghalaya. Environment & Ecology. 
25S : 98-101. 

MAHAPATRA, B.K., VINOD, K. and MANDAL, B.K. (2007c). Breeding and larval rearing of 
Labeo calbasll (Hamilton) under mid hill altitudinal region of Meghalaya. ]. Interacad. 11 : 
345-350. 

NAYAK, P.K. and MANDAL, B.K. 1988. Composite fish culture in hills, using hill stream carps 
as components for pond culture. Nat. Symp. Environ. Pro Hill Dev., 15-17 Feb., pp. 83-86. 



202 Zoological Researcl. in HI"na" Weiforr 

NAYAK, P.K. and MANDAL, B. K. 1989a. Studies on composite fish culture in hills. Indian J. 
Hill Farming, 2 : 91-97. 

NAYAK, P.K. and MANDAL, B.K. 1989b. Feasibility of paddy-cum-fish culture in hills. Indian 
J. Hill Farming, 2 : 69-78. 

NAIR, K.S. (2004). Scope of expanding ornamental fish culture and tra~e and role of MPEDA. 
In: Ornamental fish culture and trade in Northeastern India. (Bhattacharjya, B. K. and 
Choudhury, M. Eds.). Work. Proc. CIFRI, Brackpore, Kolkata. 

SARMAH, 5., BHAITACHARJYA, B.K., ZAIDI, S. and LANDGE, A. T. 2004. Indigenous 
ornamental fish biodiversity of central Brahmaputra valley zone, Assam. ]. Inland Fish. 
Soc. India 36 : 29-35. 

SEN, N. 2000. Occurrence, .distribution and status of diversified fish fauna of North East India. 
In : Fish Biodiversity of North East India. (Ponniah, A.G. and Sarkar, U.K. Eds.). NBFGR, 
NATP Publ., 2 : 31-48. 

SINHA, M. 1994. Fish Genetic Resources of Northeastern Region of India. ]. Inland Fish. Soc. 
India, 26 : 1-19. 

TALWAR, P. K. and JHINGRAN, A. 1991. Inland fishes of India and adjacent countries. Oxford 
and mH Publishing, Delhi, Vol. 1 and 2 : 1158 p. 

VINOD, K., MAHAPATRA, B. K. and MANDAL, B.K. 2006. Fish biodiversity of Nagaland and 
their conservation status. Environment & Ecology, 24S : 203-207. 

YADA VA, Y.S. and CHANDRA, R. 1994. Some threatened carps and cat fishes of Brahmaputra 
river system. Pages 45-55. In : P.V. Dehadrai, P. Das and S.R. Verma (eds.). Threatened 
fishes of India, Nature Conservators, Muzaffarnagar. 



Zoological Research in Human Welfare 
Paper-19 : 203-206, 2008 

ICHTHYOPLANKTON LOSS IN COASTAL WEST BENGAL 
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ABSTRACT 

Wild harvest of prawn seeds is a common practice in the coastal zone of West Bengal due to which a wide 
variety of Ichthyoplankton are trapped and destroyed during the screening operation. A survey on this aspect 
was conducted at Namkhana fish landing station during 2004. The findings of this paper highlight that the 
quantum of loss is maximum during the premonsoon, followed by post-monsoon and monsoon. Some 
conservation oriented schemes have been proposed to divert the prawn seed collectors from this destructive 
operation. 

Keywords: lchthyoplankton, prawn seed, Mangrove 

INTRODUCTION 

The demand for protein in the western world 
has increased significantly since last two 
decades. To keep pace with this ever-increasing 
demand attention from the terrestrial resources 
has been shifted to the blue soup of this planet, 
which covers about 3/4th of the total earth's 
surface. This is the marine and estuarine 
compartment, which is not only a unique 
storehouse of chemicals, natural gas and 
minerals, but also a reservoir of aquacultural 
products like scallops, mussels, oysters, kelps, 
crabs, shrimps and prawns. The thrust towards 
tiger prawn (Penaeus monodon) culture has, 
however, exceeded any other aquacultural 
products in the present era and hence the 
ind us try of shrimp culture has taken a giant 
leap in recent times. 

In order to keep pace within the aquacultural 
growth of Govt. of India and many other 
maritime Indian states, West Bengal intensified 
efforts during the Sixth plan to develop coastal 
aquaculture, especially shrimp fanning (BOBP I 
WP 180). Presently a large number of farms have 

been developed in coastal areas, which are 
'mainly dependent on the supply of prawn seeds 
(post larval stages of tiger prawn) collected 
widely from the coastal and estuarine w~ ters 
(Trivedi et al., 1994). In fact this practice of wild 
harvesting of prawn seed has been adopted due 
to meager supply of seeds from the hatcheries 
which is almost nil in West Bengal (MOEF 
Project report,1996,J/22014/11/93 esc M). It 
has been observed that during the collection of 
prawn seeds from coastal waters, juveniles of 
many species of finfish and shellfish are trapped 
in the nets, but they are thrown away and 
wasted, as they are non remunerative (BOBP I 
WPIBO). 

The present article aims to highlight the 
quantum of finfish juveniles destroyed during 
the wild harvest of prawn seeds at Namkhana 
during January, 2004 to December, 2004. The 
diversity index values (H) were computed on 
monthly basis from the wasted Ichthyoplankton 
to get a problem picture of the quantum of the 
ecological crop loss that may pose a negative 
impact on the pelagic and demersal fishery 
stock around the study area in near future. 

·Department of Marine Science, University of Calcutta, 35, B. C. Road, Kolknta-700019 
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MA TERIALS AND METHODS 

Ichthyoplankton were collected monthly 
from prawn seed collectors and preserved in 
4% formalin for taxonomic identification and 
species-w~se quantification. 109 composite 
samples, randomly pooled from 15 different 
nets were taken to enumerate the number of 
Ichthyoplankton species, the number of 
individ ual of each species and total number of . 
individuals of all the species. These data were 
finally used to compute Shannon Weaver 
Species Diversity index (1949) by developing a 
programme in FORTRAN. The data collection 
and enumeration of ecological index continued 
for 12 successive months from Namkhana 
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(during January, 2004 to DecemL~er, 20(4) ,of 
coastal West Bengal. 

RESULTS AND DISCUSSION 

The values of Shannon Weaver Species 
Diversity index showed a unique seasonal 
variation with highest value during 
premonsoon and lowest during monsoon. This 
may be attributed to bre'eding period of most 
of the marine and estuarine fishes during 
Marchi April in this part of the Indian Sub
continent. The order of ecological diversity is 
Apr> Jun > May> Oct> Nov> Feb> Jan> 
Dec> Aug> Jul > Sept. Hence from the 
biodiversity point of view, the premonsoon 
season appears to be at the top of seasonal 
Ichthyoplankton calendar (Table 1). 

Table 1. Mean number of finfish species in 10 g composite wasted sample collected from 
Namkhana during January 2004 to December 2004. 

Species Month 
,-

Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec 

1 Coilia sp. 13 2 1 4 2 11 1 2 5 1 

2 TIlryssa Ilmniltonii 20 6 9 11 4 16 7 15 

3 Tlzryssa bae/ama 28 9 11 12 1 23 2 9 2 15 21 2 

4 Torquigener ob/ongus 18 5 5 8 4 15 - 2 6 9 4 

5 Rlzillolnugii corslt/a 9 1 1 2 2 6 5 2 

6 Mugil cepllfl.llIs 15 4 5 6 2 11 2 2 4 5 9 1 

7 Sillagillopsis panijlls 11 1 9 7 2 9 1 4 8 2 

8 Sillago si/mma 5 5 2 2 5 4 5 2 4 

9 Sillago soringa 9 2 4 2 11 6 2 5 7 
10 Xe1l11rcll0pterlls dispar 2 4 5 1 1 

11 Glossogobius guiris 19 9 7 10 5 12 2 10 11 . 2 

12 Pselldapocryptes 9 1 1 4 7 7 1 
lanceolatlts 

13 Euplellrogrtimmus 1 - 2 1 7 2 
glossodon 

14 Pselldorhomblls sp. 12 1 7 8 4 10 4 7 9 1 

15 Pisodonophis boro 11 10 7 4 7 9 

16 Tenualosa ilisha 2 6 8 1 1 7 2 -
17 Cynoglosslls arel 5 - 1 4 1 

18 Stoleplrorus sp. 7 4 5 4 5. 6 1 1 1 5 2 2 

19 Leiognatlms sp. 1 2 1 2 1 4 1 4 1 

20 Hilsa sp. 1 2 2 1 - 1 1 

21 Scatoplzaglls argus 1 1 2 2 1 4 2 5 5 1 . 2 . 1 

22 Liza parsia 1 1 1 4 1 6 2 1 ~ 1 5 
23 Liza tade 1 2 4 1 2 1 2 8· oo 
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Table 1. Contd. 

Species 

Jan Feb Mar Apr 

24 Stolep/rorlls 2 4 6 5 
commerson;i 

25 Stolep/torlls 2 1 1 5 
bngn 11 en sis 

26 StolepllOrus 1 2 2 1 
knmmnlells;s 

27 LlItjmllls jolll1i 4 4 5 5 

28 Setipimrn tnty 1 1 4 2 

N 197 80 93 122 

(H) 2.795 2.858 2.912 3.041 

Marine ecologists generally agree that 
inshore areas are highly productive and provide 
unique nursery and breeding grounds for 
various types of organisms Gansson et al., 1988). 
The correlation between offshore prawn catches 
and real extent of mangroves have been 
suggested to be indicative of the dependence 
of juveniles prawns on mangroves rather than 
of the food chain link (Macnae, 1974; Turner, 
1977; Hatcher et ai., 1989). Although of off-shore 
region did not carry the mangrove carbon 
signal, it was shown that several species of 
juvenile prawns collected from mangrove inlet 
consumed mangrove derived carbon (Rodelli 
et al., 1984). 

The coastal zone of West Bengal supporting 
the world's famous mangrove chunk, the Indian 
Sundarbans is the most biologically productive 
ecotone of the country (Mitra et al., 1992) which 
is nourishing billions of drifting communities, 
macro and micro, phyto and zoo, known as 
plankton of which the post larval stage of 
PenaellS monodon is a vital component. After 
being hatched mainly in the shelf-slope break 
of the oceanic compartment, these larvae 
migrate to the coastal region in billions to obtain 
their nourishment from the ambient aquatic 
medium. 

A significant portion of the coastal fisher 
folk in the state of West Bengal, constantly 

Month 

May Jun Jul Aug Sept Oct Nov Dec 

4 5 2 1 1 2 4 2 

3 2 4 5 1 4 2 1 

5 4 8 6 2 5 2 1 

5 4 po 7 2 

2 2 5 2 4 

85 180 32 44 32 110 141 48 

2.941 3.011 2.087 2.409 2.059 2.938 2.928 2.655 

expose themselves, irrespective of sex and age 
to estuarine water for catching prawn seeds in 
order to earn their livelihood. They employ nets 
of smaller mesh sizes to haul the drifting 
community irrespective of the high and low 
tides and throwaway the major portion of the 
haul (containing the juveniles of other varieties 
of finfish and shellfish) after sorting out the 
post larvae (or. seeds) of tiger prawn (Penaells 
monodon). Thus the practice inflicts a great loss 
on diversity, which might cause an adverse 
effect on the delicate ecological balance of the 
system (Trivedi et al., 1994). A negative impact 
is also obvious in the prospect of pelagic as 
well as demersal fisheries of the coastal zone 
due to such indiscriminate destruction of 
various species of fishes in their juvenile stages. 
This prompted to choose the present problem 
to highlight the quantum of damage cause to 
the environment in the advent of 21st century. 
It is no exaggeration to say that this wild 
harvest of prawn seeds destroy huge quantum 
of different categories of fishes in their juvenile 
stage, which, if allowed to grow without 
damaging their population might contribute to 
the economic development of the country 
through capture and culture fisheries. The 
magnitude of destruction is maximum during 
premonsoon, followed by post monsoon. Hence 
a signal of caution may be transmitted to the 
coastal fisher folk to avoid this destructive 
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practice at least in the month of March to June 
from the conservation point of view. 

The present practice has penetrated its root 
deep into the socio-economic matrix of the 
coastal fisher folk and therefore forceful 
banning may create a problem of different 
dimension. Hencl' initi~ltion of tiger prawn 
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nursery, mass awareness programme on regular 
basis, self-help group formation and alternative
source of income (through crab fattening, oyster 
culture, ornamental fish culture, fish feed 
formulation and preparation, etc.) are some of 
the positive steps to eradicate this destruction 
practice of tiger prawn seed. collection. 
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ABSTRACT 

Soil microarthropods represent an important group of faunal components in any coastal mangroves estuarine 
ecosystem. Midnapore coastal tract represents 2j'O/o (60km) of West Bengal coastal line. Out of two coastal 
districts of West Bengal, coastal tract of Midnapore (East) district is characterized by sand dunes, long shore 
currents, high salinity and less vegetational coverage in comparison to its counter part South 24 Parganas district 
supported by Sundarban Mangrove Ecosystem. This coast extends along the West Bank of Hooghly Estuary from 
New Digha at the extreme south point of Midnapore district and then curving around Junput, Dadanpathrabhar, 
Khejuree and Nayachar Island. An attempt has been made in the present paper to document the distributional 
pattern of interdial microarthropods of this short, sensitive, productive and eco-degrading coastal tract of West 
Bengal and also to study the role of microarthropods in the process of selected mangrove plant litter decomposition 
at a selected study site. A total of 7 major groups of soil microarthropods viz., Acarina, Collembola, Coleoptera, 
Diptera, Isopoda, Hymenoptera and other arthropods were found to be the inhabitants of different areas of 
coastal environment of Midnapore District(East). A total number of 51 speCies were found to belong under those 
groups of microarthropods. Maximum number was recorded from Nayachar Island (Number of Species 44) 
followed by Dadanpathrabhar (26 species) Khejuree (25 species) and Junput (22 species). Comprehensive laboratory 
studies on the role of different microarthropods in the decomposition of a selected mangrove plant species, 
RhizopIJora mllcronatn (L) revealed successional occurrences of different microarthropods in the different stages of 
decomposition. The changes of physico-chemical parameters were also studied viz., pH, Organic Carbon (%), 
Salinity (ppt), Total-N(ppm), Total-phosphorus(ppm) and Available-K (ppm) to relate such changes with the 
changing pattern of species composition and density fluctuation of microarthropods in the process of litter 
decomposition. 

Keywords: Midnapore Coast, Microathropods, Mangroves, and Decomposition. 

INTRODUCTION 

The mangrove-estuarine ecosystem 
represents one of the most productive 
ecosystems of the world because it combines 
two sub-systems-shallow water forest 
mangrove subsystem and estuarine aquatic 
subsystem linked together by virtue of one 
important physical process, the tidal cycle 
enjoying two high tides and two low tides in a 
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day. The shallow water forest sub-system 
exports energy and nutrient to deeper water of 
estuaries and other coastal areas in the form of 
mangrove plant's contributed detritus which 
are transported from the mangrove forest to 
adjoining open water bodies (Odum and Heald 
1975). The living organisms viz., plankton, 
benthos and necton move freely between the 
two fixed sub-systems producing, converting 
and transporting nutrient and energy, while 
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responding to di urnal, tidal and seasonal 
periodicity (Odum 1971). Soil microarthropods 
and their role in the decomposition and 
nutrients cycling of different terrestrial forest 
ecosystems have been a subject for scientific 
investigations all over the globe since the, 
pioneer work of Diem 1903 followed by 
subsequent researchers of McAttee 1907, Imms 
1912, Dixon 1928, Agrell 1941, Chouahuri and 
Roy 1970, Prabhoo 1967, Bhattacharya and 
Roychoudhuri 1979, Reynolds and Hunter 200l. 
However, investigations on soil 
microarthropods in any marine estuarine 
coastal mangrove system have been restricted 
mainly on taxonomic studies and scanty 
information have been available on the ecology 
of these groups of organisms (Hazra and 
Choudhuri 1990, Holfield and Dimmick 1995, 
Chattopadhya and Hazra 2000, Hazra and 
Sanyal 1996, Das' and Nandi 1999). The role of 
mangrove-supratidal litter inhabiting 
microarthropods on mangrove-litter 
decomposition process has not yet been dealt 
with from any part of the globe. 

In the above context, the objective of the 
present study was of four folds-(i) to make an 
inventory of different microarthropods that 
occurred throughout the East Midnapore 
coastal tract of West Bengal, (ii) to record the 
seasonal dynamics of different soil parameters 
in different study sites of this coastal 
environment and to document the distributional 
pattern of microarthropods in those studied 
biotopes, (iii) to determine the in~situ 

decomposition of a selected mangrove 
RIz;zopllOra mllcronata (L) plant litter and the role 
of microarthropods in the process of 
decomposition and lastly (iv) to assess the 
successional changes of microarthropod 
community in respect to the changes of different 
physical parameters of the decomposing litters 
in different phases of decomposition process. 

MATERIALS AND METHODS 

A) Selection of study sites 

The coastal area of West Bengal extends over 
o .82 million hectares and along 220km of 
coastal line. Out of two coastal districts of West 
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Bengal, coastal zones of Midnapore (East) is 
characterized by sand dunes, long shore 
currents, high salinity, less turbidity and less 
vegetional coverage in comparison to its 
counter part South 24 parganas district 
supported by Sundarban Mangrove Ecosystem 
of global importance. Midnapore coast (60km) 
represents 27% of West Bengal coastal tract 
extending along the West Bank of Hooghly 
Estuary from New Digha at the extreme 
Southwest point of Midnapore district and then 
curving around Junput, Dadanpathrabarh, 
Khejuree and Haldia along with Nayachar 
Island. A variety of geomorphological 
structures including estuaries, mangrove 
swamps, sandflats and mudflats, dunes, tidal 
creeks have been found to reveal different 
characteristics in different study sites (sites-l-
4) along the stretch of Hooghly estuary of East 
Midnapore district (Fig. 1). Out of four study 
sites, mudflats were noticed in three study sites 
viz., Nayachar, Khejuree, Junput, while sand flat 
was found in Dadanpathrabhar (Khalua et ale 
2003). Tidal crceks of different lengths and 
dimensions have been located in different study 
sites and their functional contribution to the 
intertidal zones differ with regard to their 
location in respect to sea in different study sites. 
Mudflats were supposed to have been 
developed in some sheltered areas along the 
East Midnapore coast because of higher rate of 
sedimentation coupled with low velocity of tidal 
currents. The finer sedi~ent constituting the 
thick mudflats was rich in organic contents and 
was ideal for penetration by plant roots .. The 
growth and propagation of plants help the 
mudflats to stabilize and thereby paved the way 
for the creation of new landmasses with their 
specialized characteristics. The activities of 
fauna in the intertidal mudflats create several 
micromorphological structures, which are very 
impor,tant for trapping more sediment, and in 
turn promote the growth of algae and higher 
plants. Sandflats were thought to have been 
developed in the areas of coastal tract where 
strong tidal action usually plays significant rol~ 
at the estuarine mouth were a large quantity of 
sediments after, being carried 'by estuary are 
deposited. The formation of ripples and dunes 
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Fl. 1. Map showing different study sites (5-1-5-4) along the coastal tract of Midnapore (E) District, West Bengal. 

by the long shore current with higher intensity 
inaea&e the rate of sedimentation and thereby 
form the surface. of the sandflats. 

Ecologica' characteristics of different study 
.ite. 

i) Study site-t : The Nayachar Island 
representing the study site-l is encircled on all 

of its sides by the river Hooghly estuary and 
its tributaries and enjoys a position just opposite 
to the port of Haldia in West Bengal. The island 
is spindle shaped with total area of about 29.38 
sq km. The island is flat with an average height 
of 3' to 5' from riverbed. The formation of the 
island is the outcome of the high tide and low 
tide action of river water since 1988. It bifurcates 
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the Hooghly River into Haldia and Rangafalla iv) Study site-4 : The supratidal zone of 
channels. This island has been formed because Junput,. 'an important fish landing center, 
of sediment deposition during the past several located 15km east of Contai sub-divisional town, 
decades and started accreting from 1945. has been selected as study site-4. Scanty patches 
Between 1967 and 1997, the island progressively of old and newborn mangroves are present in 
enlarged in its area. The Calcutta .port trus~~ this study site. Soil is basically sandy loam type 
started re-vegetating this erosion prone island .. ,~,\in the supratidal levels while low and mid tidal 
with mangroves in collaboration' with zpne are with soft mud. 
Zoological Survey of India at its North-Eastern 
region covering an area of about 4 sq km during 
1991. The climate in this island is of subtropical 
type. Mangrove plants like Sonneratia apetaia 
,(Buch-Hum) was first planted followed by 
A'vicennia marina (Forsk), A officinalis(L), 
Rltizophora mucronata (L), Exocoecaria ,agallocha 
(L), Xyllocarps mekon&ensis Koening and X 
granatum Koening. With the passage of time 
other halophytic vegetations like Porteresia 
coarctata (Roxb) Takeoka, Salicornia brachiate 
Roxb, Acanthus ilicifolius (L) and Ipomoea 
bilobata(L) have been grown up in different parts 
of this island. 

ii) Study site-2 : This study site has been 
selected in the supratidal zone of 
Dadanpathrabarh which has been developed 
as an important fish landing and processing 
center, 18km away from Kontai by the side of 
Hooghly Estuary. A small patch 'of old 
degraded mangroves has been thriving for their 
survival. Soil of the intertidal belt is sandy with 
the Suaeda mudiflora (Roxb) and Excoecaria 
agallocha (L). Supratidal zone is characterized 
by the presence of several dunes stabilized by 
Ipomoea biiobata(L), A. officina lis, Salicornia 
brachiate Roxb and Derris indica Bennet. 

iii) Study site-3 : This study site named as 
Khejuree, a small coastal area with historical 
importance is situated at the flank of, Haldi 
estuary. This area is under tremendous 
ecolbgical threat due to deforestation coupled 
with rapid pace of urbanization. Interdital zone 
is characterized in having scanty old mangrove 
plants viz., AvicL'llllia alba, Exocoecaria agalocha, 
$alicornia brachiate and Derris indica., A good 
number of newly planted mangroves like 
Rhizophora mucronata and A.officinalis have been 
growing up in this coastal tract. The soil is 
baSically muddy with very fine sand particles 
on the top. 

B) Methods of Samplings, Collection, 
Extraction, Preseroation and Identification 
of different soil arthropods 

Soil samples were collected at the rate of 
three samples per plot at monthly interval 
during July 2003-to December 2005. Samples 
were drawn by using a stainless steel corer 
(inner cross sectional diameter is 8.5sq/cm) 
from a depth 9f 5 cm. Every study site has 
three subsampling plots. Therefore, nine 
samples were collected from each study site. 
Altogether 36 samples were collected in every 
month. 

Separate samples were collected from each 
study site for estimation of soil parameters, like 
salinity, total nitrogen, total phosphorus, 
available potassium and organic carbon. The 
soil samples after being collected were kept in 
sterile polythene pa'ckets for future laboratory 
analysis. 

The apparatus used for the extraction of soil 
microarthropods was d~signed following 
Macfadyen (1953). Soil fauna were preserved 
in the glass tubes with 700/0 alcohol. The 
collected fauna were then sorted out into 
different groups under stereoscopic binocular 
microscope, counted and preserved in glass 
vials containing 700/0 alcohol for further study. 

C) Studies on Decomposition of litter 

For the study of decomposition of mangrove 
leaves, one mangrove plant Rhizophora 
mucronata was ,selected. Litter decomposition 
and the mode ~f release of nutrients wits 
determined by litterbag methods (Anderson 
1973). The leaves of Rhizophora mucronata were 
collected from the mangrove belt of Nayachar, 
Island and then packed in litterbags. All the 
time, four bags containing 200gms of litters 
were placed'in the forest floor (below Scm) with 
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a distance of lO-feet from each others. One set 
of litterbag was drawn from the forest floor 
after 3 months and other 3 sets were drawn at 
6 months, 9months and 12 months intervals' 
respectively. The litter decomposition rate was 
calculated according to Obson's (1963) 
exponential decay model. 

D) Antilysis of Physico-chemical parameters 
0/ soil and d,!composed pla".t-litter soil 

(i) Temperature-Soil thermometer was Used 
to record the temperature of soil. (ii) pH- pH 
of the soil was determined by electronic pH 
meter (WTW pH 320); (iii) Moisture-moisture 
of the sample was measured by the 'Oven-Dry 
method' (Dowdenswall 1959); (iv) Organic 
carbon-organic carbon content of the soil was 
determined by rapid titration method (Walkely 
and Black 1934); (v) Sa1inity~alinity of different 
soil samples were estimated according to 
Strickland and Parsons 1968; (vi) Total 
phosphorus-total phosphorus of soil samples 
were measured by the method of Murphy and 
Riley 1962; (vii) Total nitrogen and Available 
pota .. Jam of soil samples were estimated by 
Jackson 1967 ~nd Murphy and Riley 1902 
respectively. 

RESULTS 

Ecological parameters #viz., temperature, 
humidity, rainfall, pH , organic carbon, total
N, total-P and available-K of different study 
sites displayed similar trend of fluctuation 
through different months, seasons and years of 
the study period: (July, 2003-December 2(05). 
However I some ecological parameters viz., 
Organic carbon, total-N and available-K of soil 
exhibi ted differences wi th regard to their 
seasonal variation in different study sites. 
Maximum and minimum temperature during 
the study period was found to be 14°C 
(December 2003 at study site-I) and 38°C (May, 
2004 at study site-3). Maximum and minimum 
rainfall were recorded during the month of July, 
2003 (study site-I) and December, 2004 (study 
site-4). However, maximum humidity was 
found to be 98% in July at study site-I and 700/0 
in February at study site-3. p H ranged from 
6.67 in October 2004 at study site-l and 7.65 in 

October 2003 at study site-I. Organic carbo~ of 
the soil displayed maximum value in the month 
of November (6.7%

) at study site-I and that of 
minimum (1.70/0) in October 2005 (study site-4). 
Minimum salinity (0.2 ppt) was recorded in the 
month of February 2005 at study site-I and that 
of maximum (7.2 ppt) was found in the March 
20o ... ilf study site-4. Maximum value of total
N (4020 ppm) was observed in November 2003 
at study site-I whereas minimum (490ppm) 
value was recorded in the month of January 
2004 at study site-4. Maximum and nlinimum 
values of total-P were recorded (360ppm) in 
August 2004 at study site-l and in February 
2004 at study site-2 respectively. Values of 
available-K were estimated highest (280 ppm) 
and lowest (190 ppm) during the months of 
October 2005 at study site-I and May 2004 at 
study site-4 respectively (Fig-2). 

Species composition and distribution of all 
study sites 

The different species under the order 
Collembola represented the most abundant 
faunal component constituting the 
microarthropod communities, which included 
15 genera. Maximum number of Collembola 
were encountered in the month of October and 
November (study site-I) whereas minimum 
collembola population was recorded in the 
month of March and April of the year 2003 
(study site-4). Out of 15 species of collembola, 
genus IsotomllrllS sp was found in all study sites, 
and in the most of the months of the study 
period. Other Collembola species in terms of 
their abundance were IsotomllrllS ciliatus, 
lsotomocella minor, Stenognatltellus sp., 
Entomobrya sp., Sine/la sp., Lepidocyrtlis sp., Calx 
sp., Lepidocyrtus medius, Psedochouts' sp., 
Megatothorax minim us, Smithurus sp., Cypltoderus 
sp., Subisotoma /itchioides, Cryptopygus sp. and 
Proisotoma sp., (Tables. 1-4). 

Acarina fauna was recorded from all the 
study sites and it included 13 species under 11 

~ genera. Maximum number of Acarina occurred 
in themonth of October and November of the 
year 2004 (study site-I), whereas min~mum 
'occurrence was recorded in the month of March 
and April of the year2003 (study site-4). Out of 
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Fig. 2. Seasonal fluctuation of different ecological parameters of four different study sites during the stUdy period 
(July, 2003-Dec, 2(05) 
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13 species of Acarina , Scheloribates sp., was 
recorded in the maximum number throughout 
the study period. Other Acarina species in terms 
of their abundance were Scheloribates 
thermophilus, Sclteloribates parvus, Sc1leloribates 
praeincislts, Xylobates seminudus, Galttmna 
flabellifera, Oppia sp., ]avacnrlls kllhnelti, 
AtropacarliS sp., Mesotritia sp., Megalozetes 
proc('st'llS and Hypoaspis aClileifer. (Tables. 1-4) 

Diptellrin fauna belonging to families 
Tipu1idJl~ and Mycetophillidae were recorded 
from all four study sites. Maximum Diptera 
population was recorded in the months of 
September and October of the year 2004 (study 
site-I) whereas minimum population was found 
in, the months of March and April 2005 (study 
site-4). The Dipteran family Mycetophillidae 
was found in all of the study sites, while the 
diptera under the family Tipulidae was 
recorded in the study sites-l,2 and 3. Two 
different species under two orders of Isopoda 
were recorded frbm four study sites. Maximum 
population of Isopoda was recorded in the 
months of January and September (study site-
1) whereas minimum population was found in 
the month of March (study site-4) (Tables. 1-4). 

Hymenopteran fauna fr~m four study sites 
included four species under two genera. 
Maximum Hymenoptera population was found 
in the month of October of the year 2004 (study 
site-I) whereas minimum population was 
recorded in the Ir.onths of March and April 
2005 (study site 1 and 2). Only Hymenopteran 
species Monomorium latinode was found to occur 
in the study site-I. Other Hymenoptera species 
like destructor and floricole were recorded from 
all study sites. Other soil arthropods recorded 
from four study sites belonged to three groups 
like Araneae, Centipede and Millipede (Tables-
1-4). 

Role of microarthropods and their succession 
in the process of litter decomposition 

One major mangrove plant species, 
RhizopllOra lnllcronatn (L) was selected for the 
experimental studies to record the rate of leaf 
litter decomposition, the succession in the 
occurrence of different microarthropodal faunal 
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components and trend of changes of different 
physico-chemical parameters in different phases 
of decomposition process. The rate of 
decomposition of RlJizopIJora mucronntn after 3 
months was 47.500/0 whereas aft~r 6 months it 
reached to 54% and 65% after 9 months whereas 
after 12 months it was 720/0 (Table-5). Relative 
abundance of soil microarthropod fauna found 
after 3 months were in the order of Acarina 
(37.5%) followed by Collembola (31.25%), 
Coleoptera (6.25%

), Diptera (18.75%) , Isopoda 
(0%), Hymenoptera (00/0) and other arthropods 
(6.25%). After 6 months of decomposition, 
Collembola population (55.55%) was followed 
by Acarina (31.74%), Coleoptera (4.760/0), 
Diptera (1.58~), Isopoda (1.58%), Hymenoptera 
(1.580/0) and other arthropods (3.17%). After 9 
months, Acarina population was recorded as 
23.520/0 followed by Collembola (20.580/0), 
Coleoptera (14.7%), Diptera (8.82'Yo), Isopoda 
(14.7%) , Hymenoptera (11.76%) and other 
arthropods (6.25%). After 12 months, 18.750/0 
Acarina was recorded followed by Collembola 
(15.62%), Coleoptera (12.5%), Diptera (9.37"10), 
Isopoda (21.87%), Hymenoptera (15.62°10) and 
other arthropods (6.250/0). Physico-chemical 
parameters also displayed unique variation in 
different phases of decomposition. After 3 
months, changes of physico-chemical 
parameters were recorded as pH(7.5), organic 
carbon (5.44%), salinity (0.120/0), total-N(1240), 
total-P(I04) and available-K (10). After 6 months 
of decomposition, the parameters were 
recorded as pH (6.2), organic carbol) (6.40/0), 
total-N (1280), total-P(134) and available-K(16). 
After 9 months, pH (6.6), organic carbon (6.30/0), 
total-N (1290), total-P(120) and available-K(14). 
After 12 months, final record of different 
parameters were as pH (6.9), organic carbon 
(6%), total-N (1290), total-P (120) and available
K (14). (Figs.-3-9). 

DISCUSSION 

The present'study was based on the sample 
survey of four different selected ecological 
habitats of Midnapore (East) coast of West 
Bengal, India, over a period of 30 months Uuly 
2003-December 2005). Out of four study sites, 



Table-I. Species composition of microarthropods under different order at study site-l (Nayachar Island) 

2003 2004 2005 

Acarina JL A 5 0 N 0 JA F MA A M J Jl A 5 0 N 0 JA F MA A M J Jl A 5 0 N 0 

Sclztloribates thermophilus + + + + + + + + + - - + + + + 
Scheloriba tes parvus + + + + + + - + - - + + + + 
Scheloribates praeincisus + + + + + + + + + + - + + 

Xylobates seminudus + + + + + + - + - - + + - + - + 
Galwnna flabellifera + + + + + + - + + + - - + + + 

Oppin sp + + + + + - + - + + + 

Multioppia sp + + + - + + - - + + + 

Tectoctpheus velatus + + + + + + - - + - + 

TalJncarus kllbnelti + + - + + + - - - + -
Atropacarus sp + + + - + + + - + + -
Mesotrititl sp + + + + + + - - - + ~ + 
1\t1egn/ozetes procesells + + t '+ - + + + 
Hypohspis aculeiJer - - - + + + -
Collembola JL A 5 0 N D JA F MA A M I It A 5 0 N D IA 'F MA A M I IL A 5 0 N D 

Isotomurus oitatlls + + + +. + + + + + + + + + + + + - + + + + + + -. 
/sotomlcella mmor + + + + + + + + - + ;+- - ::: 

Stenog1U1till.'llus sp + + + + - + - + - -
EHtomol7rya sp + + + + + + + + + + + + + + + + 
Sindla (Sine/la)sp + - - - -

f---o 

UJlldocyrtus( Ascocyrflls )sp + + + + + + + - + + + - - + + + + 
GIlt sp + + + + - + - - - -
Ll'piJocyrtus medlllS + + + - - - + + + + + + 
PsedocilOrlltcs sp + - - - -- -
MeglitotllOra,\ I1lllllmlt;; + - . - - - - - - _0 - + + 

.-

Smitlwrtls .:p + - - + + + + -
Ccrhodcrlls ::>]1 + + - - - + + + + 

f----'-. 

SlIblsotOlnll'f.tt'i1l01lic' + + - -. 
CrypfoPlfgit5 ~r - - - - - + + + 
Prol~of(Jmtl ~r - - + + 
Coleoptera (Family) JL A S 0 'N D JA F MA A M J Il A S 0 N D JA F MA A M J Jl A 5 0 N D 

Ca ra Ndat' + + + + If'" + - - + + 
Stapllylrmdat' + - + + + + + 

-
Dytzscldtlt' + + .. + -



Table-I. Contd. 

Diptera (Family) JL A 5 0 N D JA F MA A M J JL A 5 0 N 0 JA F MA A M J JL A 5 0 N 0 

Mycetophilidae + + + + + + + + + + + + + + 
TiprcUdae + - - -
Isopoda JL A 5 0 N 0 JA F MA A M J JL A 5 0 N D JA F MA A M J JL A S 0 N 0 

Plriloscia sp + + - - - + 
Porcellionides sp + + + + - - + + + + 

H~enoptera JL A 5 0 N 0 JA f MA A M J JL A S 0 N 0 JA F MA A M J JL A 5 0 N 0 

Monomorium destnlctor ! + - + + - - + + 
Monomorium floricola + + .. + + - + + - + + + 
Monomorium lat;node + + - + - - + + + 
Pheidole robert; + + - - + - - - -
Other arthropoda JL A S 0 N D JA f MA A M J JL A 5 0 N 0 JA F MA A M J JL A S 0 N 0 

Spider (Arenae) 

Marpissasp + + -
Artemasp - + 
Uroctmsp + - + - + 

. Centiped + - + - - + 
Milliped - + - - + 

Table-2. Species composition of microarthropods under the order Acarina at study site-2 (Dadanpathrabhar) 

2003 2004 2005 

Acarina JL A S 0 N 0 JA f MA A M I JL A 5 0 N 0 JA f MA A M I JL A S 0 N D "-1 

Scheloribates thermophilus + + + + + - + + + l 
Schtloribates ptU'VlIS + + -- + - - + + o§. 
Scheloribafes prlltincisus + + + .. + + + - + + + !. 
Xylobtrfes seminud.1S + + + + + - + . ~ 
Ga/umna jlabtllifem + - + + + - ! 
Oppiasp + + - + - !:r -. 

Species composition of microarthropods under the order Collembola at study site-2 (Dadanpathrabhar) 

2003 2004 2005 i 
CoIlembo1a JL A 5 0 N D JA F MA A M I IL A S 0 N D fA F MA A M J Jl A S 0 N D :: 

IsotDmurus dliafus - + + .. - - .. + + + + ~ 
lsotomicells minor + + + .. -. . .. .. . - .. .. .. .. .. .. .. .. .. .. - .. . + l 



Table-2. Contd. 

SlmognollJellJls sp .. .. + + .... .. + .. -
Entomobrya sp .. + + + + + + .. .. .. 
Sinella (Sinella)sp .. .. + - .. .. .... 
LepidocyrtllS( AscocyrtJlSJsp .. .. + .... 
Colt sp .. - + + + + + 

Lepidocyrlus medius .. + + .. 
Psedochorutes sp .. - .. .... - .. + 

Species composition under the different families of Coleoptera at study site-2 (Dadanpathrabhar) 

2003 2004 2005 
Coleoptera (Family) JL A S 0 N 0 JA F MA A M J JL A S 0 N D JA F MA A M J JL A S 0 N D 

Corabidae .. - + + + .. - - - .. - .. 
Siaphylinidae + - + - .. - + 

Species composition under the different families of Diptera at study site-2 (Dadanpatbrabhar) 

2003 2004 2005 
Diptera (Family) JL A S 0 N 0 JA F MA A M J JL A S 0 N 0 JA F MA A M J JL A S 0 N 0 

Mycetophilidae + + - + + - + + .. + + + 

Species composition of microarthropods under the order Isopoda at study site-2 (Dadanpathrabhar) 

2003 2004 2005 
lsopoda JL A S 0 N 0 JA F MA A M J JL A S 0 N 0 JA F MA A M J JL A S 0 N 0 

Philoscia sp - .. + + - + --. --Porcellionides sp - + + - - - + ~ 
:"C 

Species composition of microarthropods under the order Hymenoptera at study site-2 (Oadanpatbrabhar) 

2003 2004 2005 
Hymenoptera JL A S 0 N D JA F MA A M J JL A S 0 N 0 JA F MA A M J It A S 0 N D 

Monomorium destructor .. .. + + - + - - + + 
Monomorium f/oricola - + - + - + + 

Species composition of Other arthropods at study site-2 (Dadanpatbrabhar) 

2003 2004 2005 
Other arthropoda JL A S 0 N 0 JA F MA A M J JL A S 0 N D JA F MA A M J ]L A S 0 N D 
Spider (Arenae) 
Milrpissa sp + + .. - .. 
Centiped .. - + + .. - - + 
Milliped .. + .. - - - .. 



Table-3. Species composition of microarthropods under the order Acarina at study site-3 (Khejuree) 

2003 2004 
Acarina JL A S 0 N 0 JA F MA A M J JL A S 0 N 0 JA F 

Scheloribates thermophilus + - + + + + - ++ + 
Scheloribates pan1us - + + - + + 
Scheloribates praeincisus - + - + + + + - - + 

Xy]obntes seminudus + + - + + - + 
Galumna flabellifera + + + + + -
Oppill sp + + + + 

Species composition of microarthropods under the order Collembola at study site-3 (Khejuree) 

2003 2004 
Collembola JL A S 0 N 0 JA F MA A M J JL A S 0 N 0 JA F 

/sotomllnlS ci/iatus + + + + + -
/sotomicel/a minor -
Stenognathellus sp + + - + -- + + - + 
£ntomobrya sp + + -
Sinella (Sinella)sp + + + - + + 
Lepidocyrtus (Ascocyrtus) sp + - -
Calf sp + + -
upidocyrtus medillS + + -
Psedochomtes sp + -.. . . SpeCIes composition under the different fanuhes of Coleoptera at study slte-3 (KheJuree) 

2003 2004 
Coleoj)tera (Family) JL A S 0 N 0 JA F MA A M J It A S 0 N 0 JA F 
Carabidae + + -
Staphylinidae + -

Species composition under the different families of Oiptera at study site-3 (Khejuree) 

2003 2004 
Diptera (Family) Jl A S 0 N 0 JA F MA A M J It A S 0 N D JA F 
Mycetophilidae + + + + + + -

Species composition of microarthropods under the order Isopoda at study site-3 (Khejuree) 

2003 2004 
Jsopoda JL A S 0 N 0 JA F MA A M J JL A S 0 N 0 JA F 
Philoscin sp + + 
Poit:e/lionldes sp + -

2005 
MA A M J JL 

- + + 

- - + 

- -
- -

+ -
+ -

2005 
MA A M J Jl 

+ 
+ 

+ 

+ + + 

--
+ 

2005 
MA A M 1. Jl 

+ 

2005 
MA A M J JL 

+ 

2005 
MA A M J JL 

A S 0 

+ 

+ + 
+ 

A S 0 

+ 
+ 

+ + + 

+ 

--

A S 0 

+ 

A S 0 

+ + + 

A S 0 
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+ 
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... 
--
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+" 
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Table-3. Contd. 
Species composition of microarthropods under the order Hymenoptera at study site-3 <Khtiuree) 

2003 2004 2005 
Hymenoptera JL A S 0 N 0 JA F MA A M I It A S 0 N 0 JA F MA A M I IL A S 0 N 0 

Monomorillm destrllctor + + + -
Monomorillm floricola + + + - + + + -
Monomorillm latinode + + + 

Species composition of Other arthropods at study site-3(Khejuree) 

2003 2004 2005 
Other arthropoda JL A S 0 N 0 JA F MA A M J JL A S 0 N 0 JA F MA A M J Jl A S 0 N 0 

Spider (Arenae) 

MarpisSQ sp + -
Centiped - + -- + + + 
Milliped + - + 

Table-4. Species composition of microarthropods under the order Acarina at study site-4 Ounput) 

2003 2004 - 2005 
Acarina JL A S 0 N 0 JA F MA A M J JL A S 0 N 0 JA F MA A M J JL A S 0 N 0 

SclU!loTibates thermophilJls + + - + 
Scheloribllies parous + - + + + - + + 
Scheloribates praeincisus + + - + + + 
Xylobates seminudus + + + + - + 
GIllumna flabellifora + + + - - - + 
Oppia sp + + - + + + 
Multioppia sp + - --

Species composition of microarthropods under the order Collembola at study site-4 Ounput) 

2003 2004 2005 
Collembola JL A S 0 N 0 fA F MA A M J JL A S 0 N 0 JA F MA A M J JL A S 0 N 0 

lsotomurlls ciliatlls + + + - + + 
Isotomicella minor + + + - + + 
Stenognathellus sp + + + + - + + - -
Entomobn,a sp + + - + 
Sindla (Sindla)sp + + + + + - + 
Lepidocyrtusf Ascocyrtlls)sp + + - + + 



Table-4. Contd. 

Species composition under the different families of Coleoptera at study site-4 (Junput) 

2003 2004 2005 
Coleoptera (Family) JL A S 0 N 0 JA F MA A M J JL A S 0 N 0 JA F MA A M J JL A S 0 N D 

Carabidat + + + - + + 
Sinphylinidne + + - --

Species composition under the different families of Diptera at study site-4 (Junput) 

2003 2004 2005 
Diptera (Family) JL A S 0 N D JA F MA A M J JL A S 0 N 0 JA F MA A M J JL A S 0 N 0 

Mycelophilidne + + + + + + + - -- + -- + 

Species composition of microarthropods under the order Isopoda at study site-4 (Junput) 

2003 2004 2005 
Isopoda JL A S 0 N 0 JA F MA A M J JL A S 0 N 0 JA F MA A M J JL A S 0 N 0 
Philoscin sp - + -- - + + + 
Porcellionides sp + -
Species composition of microarthropods under the order Hymenoptera at study site-4 (Junput) 

2003 2004 2005 
Hymenoptera JL A S 0 N 0 JA F MA A M J JL A S 0 N 0 JA F MA A M J JL A S 0 N 0 
Monomorillm destructor + + - - + + + 
Monomorillm floricoln + + + + - + 

Species composition of Other arthropods at Study site-4 

2003 2004 2005 
Other arthropoda JL A S 0 N 0 JA F MA A M J JL A S 0 N 0 JA F MA A M J JL A 5 0 N 0 
Spider (Arenae) 

MilrpisSJl sp + - -- - + 
Centiped + + - + + 
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Table-S. Changes in the weight of plant litterof Rlzizoplzora mllcronata in different phases of decomposition 

S.No. Period 

1 June 04-Augest 04 Initial 

Final 

Diffrence 

% 

2 June 04-Novem~er 04 Initial 

Final' 

Diffrence 

% 

3 June 04-February OS Initial 

Final 

Diffrence 

0/0 

4 June 04-May OS Initial 

Final 

Diffrence 

0/0 

one site was with good mangrov~ coverage and 
other sites contained patchy as well as scanty' 
mangrove vegetation. 

The soil fauna recorded from different study 
sites belonged mostly to seven orders viz. 
,Collembola, Acarina, Coleoptera, Diptera, 
Isopoda, Hymenoptera and Araneae. Besides, 
occasional presence of Centipeds and Millipeds 
were observed (Tablel-4). All the soil and litter 
microarthropods displayed distinct seasonal 
dynamics and such fluctuation also varied from 
one group to others. Collembola was recorded 
in maxitnum abundance during post-monsoon 
at Nayachar Island while same group reg~stered 
maximum abundance during monsoon at other 
3 study sites .. This variation of seasonal 
dynamics of microarthropods was supposed to 
be due to the association of this group with 
profuse mangrove litter at Nayachar Island 
(study site-I). and thereby experienced 
favourable ecological conditions (Hazra and 
Sanyal, 1996). Out of different groups of 
microarthropods, Acarina and Collembola were 
distributed in all the study sites. The wide range 
of distribution and numerical dominance 
suggested the capability of these groups to exist 
in varying ecological condition. 

Changes in the weight of litter 

200gm 

105gm 

95gm 

47.50% 

200gm 

92gm 

108gm 

54% 

200gm 

70gm 

130gm 

65% 

200gm 

56gm 

144gm 

72% 

The total popUlation of soil microarthropods 
at different sampling sites showed numerical 
variation with the change of seasons. Minimum 
density was recorded mainly in the summer 
months in all study sites except Nayachar island 
(study site-1). Such findings also coincide with 
the observations on soil microarthropods of 
West Bengal by different workers like Banerjee 
(1984), Hazra and Choudhuri (1990), Choudhuri 
and Roy (1970). In Nayachar island (study site-
1), population density of total soil 
microarthropods were higher mainly in post
monsoon and sometimes in pre-monsoon 
periods, which agreed with the observations of 
Hazra and Sanyal (1996), Pimentel and 
Warneke (1989), and Culliney and Pimentel 
(1986). On the other three study sites (sites-l, 2 
and 3), maximum population density was found 
mainly in monsoon and sometimes in post 
monsoon periods. Most of the commonly 
occurring s~il arthropods exhibited a single 
population peak in a year. According to Seasted 
,(1984), within soil microarthropods community, 
some groups, have sharp peak in definite 
months whereas others tend to fluctuate 
gradually throughout the year. The pattern of 
seasonal variations appeared to be differing in 
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Fig. 3. Micoarthropod's population dynamics in different phases of litter decomposition 
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different forms, which perhaps indicate the 
existence of different breeding periods. 
Existence of single peak was supposed to be 
due to the probability of single generation per 
year. Bellinger (1954) opined that the species 
showing two annual peaks, had two 
generations in a year. Peak populati~n .of 
various soil arthropods was related to their hfe 
cycles and caused by the prevalence of large 
number of juveniles in the samples, which could 
be correlated with the occurrence of egg-laying 
species in the field (Bellinger 1954). The 
differences in the population peak of 
microarthropods among different study sites 
were noticed which was supposed to be due to 
the differences of soil types, microbial 
population and also other ecologic~) 
parameters. Bellinger (1954) suggested that the 
habitat preference of soil fauna was determined 
by soil microflora with many edaphic factors. 
According to Prabhoo (1967) certain microflora 
present as gut symbionts in Collembola might 
have an important role in the digestion of plant 
materials consumed by the host. Satchell (1974» 
reviewed the interactive "roles of the litter 
microflora and fauna in decomposition 
processes and he reiterated the view that soil 
invertebrate biomass acted 1/ as a reservoir of 
plant nutrients" and served as' a brake of 
nutrient leaching from decomposing litter. 
Collins (1980) stated Collembola and mites 
constitute 75% to 80% of soil arthropods and 
they feed on soil bacteria and fungi, while other 
soil arthropods like Isopoda and Hymenoptera 
feed the mites and Collembola According to 
Bengtsson et al. (1983) different 'species of 
Collembola and mites survive on different kinds 
of food e.g detritus, bacteri~, algae and different 
species of fungi, which triggered their habitat 
preference and competitive availability. 
Meermut (1985) studied the role of invertebrates 
in determining the composition of soil microbial 
communities and their role in other soil 
properties. Veeresh" (1990) recognized the soil 
fauna as an important link between 
microorganisms and humi.fication and 
postulated that the rate of microbial 
decomposition and mineralization, as the food 
passes through their gut and makes the organic 
matter into small fragments. Difference in 
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vegetation composition among different study 
sites was thought to be the main reason of 
unique and dissimilar species composition of 
Nayachar Island (study site-I) in comparison 
to other three sites as the vegetation governs 
the microfloral composition, soil moisture and 
other physico-chemical factors. 

Laboratory a~d field studies conducted to 
assess the role of different microarthropods in 
the decomposition of a selected mangroves 
plant (Rhizophorn mucronnta) revealed the 
succession of different microarthropods in the 
different phases of decomposition. Plant litter 
decomposition (Rhizoplzora mu,·ronata) was 
recorded as maximum after 12 months followed 
by 9months, 6 months and 3 months. Therefore, 
it was observed that the period of interval was 
very important for successful decomp~s~tion 
process. At the time of decomposition, 
maximum nutrient content was found after 6 
months followed by 9 months, 12 months and 
3 months. It can be inferred that microarthropod 
population peak coincided with the maximum 
nutrient status. After 6 months of 
decomposition, relative abundance of soil 
microarthropods was maximum in collembola 
followed by Acarina, Coleoptera, other 
arthropods, Diptera, Hymenoptera and 
Isopoda. After 9 months of decomposition 
period, relative abundance of soil 
microarthropods was maximum in Acarina 
followed by Collembola, Coleoptera, Is9poda, 
Hymenoptera, Diptera and other arthropod 
population. Therefore, the succession of soil 
microarthropods was initiated with the 
occurrence of Collembola followed gradually 
by Acarina, Coleoptera, Diptera, Isopoda, 
Hymenoptera and other arthropod population 
which together played their role in the 
decomposition process resulting in the 
generation of maximum nutrients after 6 
months of decomposition of mangrove litter. 
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BIODIVERSITY-CAUSES OF ITS EROSION AND METHODS FOR 
ITS REJUVINA TION 
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ABSTRACT· 

No ecosystem and its biodiversity can continue to survive until it is .assured of non-interfelien~e from human 
beings at least, to a large extent. Human beings owing to their higher intellect and anthropocentric attitude have 
been exploiting the ecosystems since the dawn of agriculture. Mother Earth had no peace. First, in small patches 
here and there, but later in ever widening patches, the beautiful robe of her has been torn and disfigured. This 
tendencey has accelerated after European renaissance when the. intrepid Europeans armed with modern science, 
fire arms and limitless' greed, crossed the seas and spread over Americas, Africa, Asia and Australia. In these 
countries as ti:,te European populations grew and agriculature spread, the native populations dwindled and 
biodiversity shru~k. Before renaissance the total area of European countries (minus Russia) was 27.9 million 
sq.km. but since then these countries added vast areas of north and south Americas, Australia and New Zealand 
amounting to 418.5 million sq.km. into their fold. The population of Europlean blood into these open vast 
territories also quickly rose. Between 1810 and 1910 this population grew from 5,670,000 to 200,000,000. (Collins, 
p. 208, 1998). 

Keywonll : Biodiversity Erosion, Anthropocentrism, Population, Afforestation, Incentives, Corridors, Education 
and Ethics. 

INTRODUCTION 

Passenger Pegions of -North America which 
once flew in htqldreds of millions-are no more. 
Bisons which once numbered 60 millions or so 
and roamed over north America are now 
protected animaJs (Parkman, 1967). Asiatic lions 
who once proudly strutted over vast areas of 
western Asia are now coruined within Gir forest 
of India. The Argentine pampas whose vast 
fauna which once suported Darwin and its 
companions and also the local fud!ians is now 
a mere beef country (Moorehead, 1971). The 
tropical forests of the vast Amazon basin is 
being gradually stripped of its regal prime trees 
leading to a havoc in its faunal and floral 
diversity. The ~imalayan forests are also falling 
prey to human greed. Consequently in every 
monsoon India is facing more severe and more-· 
destructive floods. The mangrove forest of 
Sundarban of India which is the abode of Royal 
Bengal Tigers is being constantly nibbled at by 

the ever growing human population at its 
periphery. Today Sundarban occupies only 2585 
sq.km. This can support at most 50 tigers. Such 
a small number of tigers in a small and isola ted 
ecosystem is not genetically sound. Now we 
are hearing that people are thinking of erecting 
an atomic power plant in Sundarban. Nothing 
can be ecologically more damaging. The 
mangroves will almost vanish releasing a chain 
of ecological disasters. The very existence of 
Kolkata will be at stake. 

CAUSES OF EROSION OF BIODIVERSITIES 

1. EXPLOSION OF HUMAN POPULATION 

Repeated explosive rise of human populations 
of world 

The first cause of erosion of biodiversity is 
the explosion of human populations whenever 
and whereever opportunities were there. Within 
mere one hundred years (1810 to 1910), when 
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Table-I. Territories of European Countries Prior to renaissance and under their 
occupation since renaissance 

Countries Countries Total areas (sq. km.) 

Chekoslovakia 
EUROPE France 
(Most countries Germany 
except Russia) Italy 27,96000 

Poland 
Spain 
Sweden 
U.K. 

NORTH AMERICA Canada 
Mexico 215,77000 
U.S.A. Countries occupied and 

populated by Europeans 
SOUTH AMERICA' Argentina 418,52000 
(Selected countries) Brazil 123,20000 

Nicaragua 
Venezuela 

AUSTRALIA & Australia 
NEW ZEALAND & New 79,55000 

Zealand 

the vast new continents were made available 
to them, the Europlean population exploded 
from 5,670,000 to 200,000,000 (totaly). Shnilarly 
the population of India, particularly after 
independence when better medical facilitie~ 
were available to many, rose from 251 millions 
to nearly a 1250. In 1911 the population of India 
was 252 millions' which rose to 312 in 1941 but 
within next 30 years i.e. 1971 when India was 
independent but truncated, her population 
le.aped to 548 millions and by next 30 years 
even more. Table 2 will show. 

This five fold increase in the human 
population of India within a short span of 
ninety years, is not due to any rise in female 
fertility but owinQ to reduction in child 
mortality which is owing to better medical 
facilities. Such qUick rise ~ human poipulations 
occur~ elsewhere too. 

2. DEFOREST ATION 

Deforestation of prime forests all over the 
world 

The second cause of erosion of bioqiversity 

.1-

is Deforesation. Assured food-supply must 
preceed any population growth. For this 
extensive deforestations were required in order 
to provide for agriculture to ~aise crops or for 
pastures to raise livestock. Wherever prime 
forests were felled extensively, the endemic 
flora and fauna suffered hugely, i~e .. the 
biodiversitites of the cQuntries suffered. 
Beautiful orchids, mosses, butterflies all 
suffered. Other remarkable animals such as 
African gorillas, Australian-dingo dogs, marine 
turtles, whales, sharks, coral fishes and corals
the numbers of all are declining alarmingly. 
Besides tragic losses in biodiversities, 
unplanned deforestation ,results into many 
other owes. These are silting of river beds from 
silt deposition, creation of ravines, recurrent 
floods, lowering of water tables, rise in ambient 
temperature and many other associated 
tragedies. During the last century the forest 
covers of almost all countries have shrunk. 
Table-3 gives today's status. 

This twin assul t on forest cover from. 
unbriddled growth of human population aad' 
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,thoughtless deforesta tj on, is crushing 
biodiversitites all over the world. To-day India 
is left wi th only 190/0 or so of her virgin foresrts 
(table-3) while Japan has 67%, although 
population density of Japan is more· than India. 

3. LAND FOR MAN'S PLEASURE 

The third cause of erosion of biodiversity is 
the increasing demand of land for purpose other 
than food production. After Second World War 
particularly after the quantum jump in oil price, 
percentage of affluent people allover the world 
has also taken a quantum jump. Affluent people 
today' want to live in a much better style than 
before. 'Earlier peoples' needs were only a few 
items which could mostly be met from 5 to 6 
acres of land. Today many people want much 
more. Large houses with cars, TV, computers, 
etc. and wide roads, swimming pool, stadium, 
golf courses,' holiday resorts etc. are parts of a 
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modern man's life. To meet all these demands a 
single man now-a-days needs a minimum of 10 
to 25 acres of land. Besides modern man's food 
habit is so variegated that he uses food items 
collected from all over the world. Further, to 
provide modern societies with all such an1enities 
huge trunk roads, factories and airfil'lds are 
popping up everywhere. For all these more and 
more ecosystems are being destnlyed and 
biodiversity impoverished. Here I shall give une 
example from my experience. In early '60~ \"hen 
I joined Birla Institute at Pilanil Rajasthan, a cobra 
used to visit my courtyard, pa rtridges roamed 
freely in my back-garden and nil gais were 
frequent visitors on the sand dunes behind our 
house. Only a few months ago I'revisited Birla 
Institute to give a lecture there. PilaI1'is no longer 
that quiet university hamlet \vhere I ~tayed for 
more than 30 years. The place is buzzing with 
cars and taxis and the population has swelled 

Table-2. Rise in the population of India, Pakistan and Bangladesh from 1911 to 2001 

Yean India Pakistan Bangladesh 

Population Birth Death Growth Populations Populations 
in Per Per Per millions millions 

Millions 1000 1000 % 

1911 252 49 43 0.6 

1941 312 45 31 1.4 

1971 548 41 19 2.2 65 
~ 

1991 844 32 11 2.1 132 : 

2001 129 

(From PTI) 

Table-3. Present forest cover of India and three other countries 

Countries Total Areas Forest Cover 0/0 

, (mil. Hee.) (m.n.) 

Australia 762 107 f4 

India 329 63 19 

Japan 37 24 67 

U.S.A. 936 290 41 

WORLD 13390 4077 30 

(From Sagreiya, 2005, aft~r F A 0, 1985). 



like a fast growing town; but no partridges and 
no 'nil gais' 

Today India has only 3400 sq.m. land per 
head while China has 8000, U.S.A. 35,000 and 
Australia, a whopping 400,000 sq.m. land per 
head (Kundu, 2006, Table-4.) 

;. 

METHODS FOR REJUVINATION OF 
BIODIVERSITIES 

With so little land per head countries like 
Ind i.l can hardly expect to be affluent unless 
th<.' Illllo\ving vigorous steps are taken. 

ONE: POPULATION CONTROL: The 
present fertility rate of Indian females is 3.29 
per female and the population growth is 1.72% 
per year while the parallel data for China are 
1.81 and 0.93n~) respectively. At this rate India 
would double her po!'ulation in 40 years and 
China in 75 years. In the table 5 below some of 
such data are given. 

Unless India's population growth is totally 
chl'cked her economic growth would not be 
sustained. The best practical method of 
achieving this is simultaneous use of incentives 
and disincentives. Any woman who goes for 
family planning after having two children 
(irrespective of sex) may be handsomely 
rewarded such as, Rs. 20,000/- or even more. 
To spend Rs. 20 to 30,000 at one shot would be 
far more cheap for the Government than to face 
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the immense demands that a single human 
being places on his/her environment. As 
disincentives lower prio!ities for admission in 
public facilities such as, schools, colleges, etc. 
for 3rd, 4th and such children should be 
effective. Such steps would be much less painful 
than the draconian methods China adopted but 
will serve the purpose almost as well. 

TWO : AFFORESTATION: Vigorous steps 
have to be taken for afforestation. Here too 
incentive and disincentive model should be 
used. Old people of villages and towns and 
those living in the fringe of forests should be 
handsomely rewarded for planting and 
nurturing trees/herbs, etc. People who 
participate in afforestation should be allowed 
to share income from trees planted by them for 
a'reasonable period of time. Logging has to be 
yery strictly monitored. Loggers have to replant 
saplings of trees they have removed and protect 
these till these grow up sufficiently. Adequate 
security money should be kept from loggers. 
For forests to grow and survive as far as 
possible, all the forests and reserve forests 
should be connected with corridors. This will 
not only help "biodiversity but will also facilitate 
gene flow. If the corridors are in north-south 
direction then these will particularly help 
seasonal migration. Our elephants stray out of 
forests for they lack migratory routes and food. 

Table-4. Relath'e densities of human populations of some countries and land available per 
capita there 

s. No. Country Population Land available pier 
(per sq.km.) head (sq.m.) 

1. Gaza Strip 2744 364 

2. Bangladesh 871 1150 

3. Japan 333 3003 

• 4. India 294 3401 
5. U.K. 241 4149 
6. China 127 7874 
7. U.S.A. 28 35714 ---
8. Brazil 19 52631 

~ 
\ 

9. Australia 3 416883 
\ 

(Source: C.I.A. Data 1999) 
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Table-5. Some important population related data of some selected countries of the world 

Country Area Population Fertility Population Income 
(1000 (in 1000 s) (per female) Growth per capital 

sq.km.) 0/0 ($) 

Afganistan 647 24,792 4.21 6.01 800 

Bangladesh 144 125,340 1.82 3.45 1,200 

China 9,597 1,221,591 0.93 1.81 2,8(1() 

Gaza Strip 0.36 987 6.59 7.68 1,IUU 

India 3,287 984,003 1.72 
.. 

3.29 1,600 

Israel 20 5,334 2.01 2.74 16,-lOO I 

Pakistan 803 132,185 2.22 5.08 2,300 

Saudi Arabia 1,960 20,087 3.42 6.41 10,600 

Ethiopia 1,127 58,732 2.67 6.94 
I ~ -!30 

South Africa 1,2U 42,327 1.51 3.22 5,-!OO 

Brazil 8,512 164,511 1.1 2.29 6,300 

U.S.A. 9,629 270,311 0.87 2.07 32,200-

U.K. 244 58,970 0.25 1.7 
, 

21,200 

Australia 7,686 18,438 0.96 1.83 23,600 

(From Kundu, 2006; Source : C.I.A. data, 1988) 

Recently an African lady Professor Wangari 
Maathai of Kenya has been awarded Nobel 
Peace Prize for her spectuacular work in 
afforestation in Kenya. Since 1977 as a one
person crusader she has been motivating local 
ladies to plant trees. Today she and her ladies 
have planted millions of trees in Kenya. There 
is another point. To encourage biodiversity 
forest rangers may have to inculate new forests 
with soil from old forests complete with flora 
and fauna and detritus. 

THREE : EDUCATION: Today education is 
mostly career and money oriented. Few are 
worried about ethics and morals. Nobody 
doubts the importance of career and money still 
'men does not live by bread alone'. Our children 
meed to be taught love and respect for Nature 
and also ethics and morals. Then only they will 
be good custodians of Mother earth and make 
her a source of joy and pleasure to us and our 
children. 
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ABSTRACT 

Among proteases involved in invasion and metastasis, matrix metalloproteinases (MMPs) are of importance. 
MMP expression and activity are increased in almost all cancers. Activation of MMP-2/72 kDa type IV collagenase 
correlates with increased invasiveness and worse prognosis. MMP-2 is activated in an unique membrane associated 
manner. We studied cell surface associated activation of MMP-2 in A375 (human melanoma cells) and SiHa 
(human cervical carcinoma cells). An appreciable increase in MMP-2 expression and acti~ation in tumour tissue 
samples compared to non-malignant samples and in serum collected from cancer patients compared to normal 
serum was observed, indicating importance of MMP-2 in tumour progression. A375 and SiHa cells activated 72 
kDa collagenase type IV and pro-MMP-2. Activation of MMP-2 and 72 kDa, collagenase type IV by cell membrane 
fractions and cell membrane extracts indicated that MMP-2 activation is membrane associated. This membrane
associated activation was found to be specific for MMP-2. Treatment of cells with anti-MTI-MMP antibody 
appreciably decreased collagenase type IV activation, indicating that this activation is MTI-MMP mediated. As 
MTI-MMP was found to localize to focal adhesion sites, activation of pro-MMP-2 by MTI-MMP and subsequent 
degradation of ECM components by MMP-2 at the migration front could facilitate directed cellular invasion. 
Tumour cells may also be able entrap exogenous MMP-2 secreted by fibroblasts or stromal cells; this MMP-2 may 
then be activated by the activation complex. Our findings furnished further examples of the cell membrane 
associated MTI-MMP mediated MMP-2 activation in A375 and SiHa cells under native conditions and suggested 
that MTI-MMP mediated MMP-2 activation is of importance in tumour invasion. This information could help 
in developing new therapies designed to interfere with MMP activation and control of metastasis in cancer. 

Keywords: .MMP-2, MTI-MMP, TIMP-2, membrane 

INTRODUCTION 

Among the proteases involved in the 
proteolytic events which occur during invasion 
and metastasis, matrix metalloproteinases 
(MMPs) are of crucial importance. MMPs, a 
family of zinc dependant endopeptidases, are 
key mediators of extracellular matrix (ECM) 
remodelling which occur during development, 
tissue morphogenesis and repair. MMPs playa 
vital role in the extensive ECM degradation that 
occurs during cancer invasion and metastasis 
(Egeblad et al. 2002; Sternlicht et al. 2001) and 
their expression and activity are increased in 
almost-every type of human cancer (Egeblad et 
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al. 2002, Courrens et al. 1996, Nagase 1997). All 
MMPs are synthesised as inactive pro-MMPs. 
Activation involves proteolytic cleavage of the 
propeptide prodomain by serine proteases 
either intracellularly or extracellularly (Egeblad 
et al. 2002, Nagase 1997). 

MMP-2 (also known as gelatinase A) is a 72 
kDa type IV collagenase which degrades 
various ECM components like gelatins and 
collagens (including type IV collagen of 
basement membrane). The activation of MMP-
2 differs from other MMPs as it is not activated 
by physiological activators like the serine 
proteases. Pro-MMP-2 binds to the c,ell 
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membrane and is activated by an unique cell 
membrane associated mechanism (Egeblad et 
a/. 2002, Nagase 1997, Strongen et 01. 1995). 
Significant associations between MMP-2 
activation and metastasis have been reported 
from various carcinomas (BroVv'n et 01. 1993, 
Shimada et 01. 2000). 

Strongin £It al. reported a plasma membrane 
dependant mechanism specific for activation of 
pro-MMP-2. The "activator" is a tri-molecular 
complex of MTI-MMP, TIMP-2 and pro-MMP-
2 (Strongin et al. 1995). Cellular localization of 
active MMP-2 also plays a crucial role in cell 
invasion. avp3 integrin receptor and MT1-MMP 
help in localization of proteolytically active 
MMP-2 to surface of invasive cells facilitating 
directed cellular invasion and metastasis (Seihi 
et al. 2003, Hafmann et 01. 2000). 

In the present chapter, we studied the MT1-
MMP dependant cell membrane mediated 
activation of pro-MMP-2 / pro-72 kDa 
collagenase IV in the human melanoma cell line 
A375 and the human cervical carcinoma cell 
line SiHa: 

MATERIALS AND METHODS 

Materials 

Dulbecco's Modified Eagle's Medium 
(DMEM), Minimal Essential Medium (MEM) 
and foetal bovine serum (FBS) were obtained 
from Life Technologies (Rockville, USA). Anti
MTI-MMP polyclonal antibody, purified 
human MMP-2 (CC071) and purified human 
MMP-9/MMP-2 mixture (CC073) were 
obtained from Chemicon (Temecula, USA). 
Anti-MMP-2 monoclonal antibody was obtained 
from Becton Dickenson Biosciences (San Diego, 
USA). Purified collagenase type IV (72 kDa) 
and other fine chemicals were obtained from 
Sigma (St. Louis~ USA). 

Tisstle and Senlm Samples 

Malignant and normal (non-malignant) 
human cancer tissue samples were obtained 
from surgical specimens, Hospital U ni t, 
Chittaranjan National Cancer Institute, Kolkata. 
Serum samples from cancer patients as well as 
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normal serum were collected from Hospital 
Unit, Chittaranjan National Cancer Institute, 
Kolkata. Tissue samples were extracted in 
Buffer A (50 mM Tris, 75 mM NaCl, 0.010/0 50s) 
at 4°C. Amount of protein in the resultant 
extracts were estimated by Lowry's method 
(Lowry L't 01. 1951). Serum samples were diluted 
with phosphate buffered saline (PBS) and 
amount of protein was estimated by Lowry's 
method' 

Cell lines 

Moderately metastatic human melanoma cell 
line A375, human cervical carcinoma cell line 
SiHa and human fibrosarcoma cell line HT-I080 
were obtained from National Centre for Cell 
Sciences (NCCS), Pune, India. A375 cells were 
cultured and maintained in Dulbecco's 
Modified Eagle's Medium (DMEM) containing 
100/0 foetal bovine serum (FBS). SiHa and 
HTI080 cells were cultured and maintained in 
Minimal Essential Medium (MEM) containing 
100/0 FBS. All cell lines were maintained at.37°C 
in a CO2 incubator. 

Assay of MMP-2 by in serum and tissue 
samples 

Serum samples collected from 'cancer 
patients and normal individuals were diluted 
with PBS (25 pg) and added to wells of the 
ELISA plate. Tissue extracts of norm~l and 
cancerous tissue samples (25 Jlg) were added 
to wells of the ELISA plate. Samples were 
incubated with anti-MMP-2 monoclonal 
antibody followed by HRP-coupled anti-mouse 
second antibody. 1MB (tetra-methyl-benzidine) 
substrate was used and optical density was 
measured at 450 nm. Serum samples and tissue 
extracts (25 pg each) were subjected to gelatin 
zymography. 

Isolation of cell membrane and preparation' of 
membrane extract 

Cell membrane fraction was isolated from 
A375 and SiHa cells according to the method 
of Strongin et al. (Strongin et al. 1995). Amount 
of protein was estimated by Lowry's method10 .. 

Cell membrane fractions were extracted· in 
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Buffer C (25 mM Hepes, 0.1 mM CaCI2, 0.25% 
NP-40; pH : 7.5) at 4°C. Amount of protein in 
the resultant membrane extract was estimated 
by Lowry's method (Lowry et al. 1951). 

lncllbution of A375 and SiHa cells tvith 72 kDa 
collagenase type IVI MMP-2 

A375 cells (50,000) were incubated with 
purified 72 kDa collagenase type IV (5 ng) in 
serum free culture medium (SFCM) for 5-30 
mins at 37°C. SiHa cells were incubated with 
purified MMP-2 in SFCM for 45 mins at 37°C. 
After incubation was completed, the samples 
were centrifuged and the supernatants subjected 
to gelatin zymography. When HT-1080 
fibrosarcoma cells were grown in presence of 
10J,1g/ ml Con A in SFCM for 24 hrs, pro-MMP-
2 (72 kDa) was secreted in SFCM. A375 and SiHa 
cells (50,000) were incubated with this pro-MMP-
2 containing SFCM for 15 mins and 30 mins 
respectively at 37°C. A375 and SiHa cells (50,000) 
were incubated with malignant human cervical 
cancer tissue homogenate (10 llg) for 30 mins 
and 1 hr respectively at 37°C. After incubation 
was completed, the samples were centrifuged 
and the supernatants subjected to gelatin 
zymography (Tath et al. 2001). 

Activation of 72 kDa collagenase lVI MMP-2 
by me,nbralle fraction and membrane extract 

A375 cell membrane fraction (10 llg) was 
incubated with purified 72 kDa collagenase IV 
(5 ng) for 15 mins-l hr at 37°C. SiHa cell 
membrane fraction (20 llg) was incubated with 
75 ng of purified pro-MMP-2 for 15-45 mins. 
Cell membrane extract from A375 cells (5 llg) 
was incubated with purified 72 kDa collagenase 
IV (5 ng) for 30 mins-l hr at 37°C. Cell 
membrane extract from SiHa cells (5 llg) was 
incubated with purified MMP-2 (75 ng) for 45 
mins at 37°C. After incubation was completed, 
the reactions were terminated by adding sample 
buffer and the samples were subjected to gelatin 
zymography. 

Effect of anti-MTl-MMP antibody on 72 kDa 
collagenase IVI MMP-2 activation 

A375 cells (50,000) were incubated with and 
without (control) anti-MTI-MMP polyclonal 
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antibody at different concentrations (1, 2.5, 5 
J.lg) for 1 hr at 37°C and then incubated with 
purified 72 kDa collagenase IV (5 ng) for 30 
mins at 37°C. After incubation was completed, 
the samples were centrifuged and the 
supernatants subjected to gelatin zymography. 
SiHa cell membrane fractions (20 J.lg) were 
incubated with and without (control) anti-MT1-
MMP polyclonal antibody at different 
concentrations (I, 2 llg) for 1 hr at 37°C and 
then incubated with purified pro-MMP-2 (75 
ng) for 45 mins at 37°C. After incubation was 
completed, reactions were terminated by 
adding sample buffer and the samples were 
subjected to gelatin zymography. 

Incllbation of A375 cells tvith MMP-9IMMP-2 
mixtllre 

A375 cells (50,000) were incubated with 125 
ng purified MMP-9/MMP-2 mixture (CC073, 
Chemicon) in serum free culture medium for 1 
hr at 37°C. After incubation was completed, 
the sample was centrifuged and the supernatant 
subjected to gelatin zymography. 

Immunocytochemistry 

A375 and SiHa cells grown overnight on 
coverslips were fixed with 3.5% formaldehyde 
solution for 20 mins, treated with 0.5% Triton 
X-100 for 5 mins and blocked with 1% BSA for 
1 hr at 37°C. The cells were then incubated 
with anti-MT1-MMP polyclonal antibody for 1 
hr at 37°C, washed thrice in PBS and incubated 
with FITC coupled second antibody for 1 hr at 
37°C. The coverslips were then washed thrice 
in PBS, mounted on glass slides using glycerol 
and observed under a fluorescence microscope. 

RESULTS 

~4ssay of MMP-2 ill serllm and tissue santples 

ELISA showed elevated expression of MMP-
2 in serum collected from cancer patients and 
in cancerous tissue samples compared to serum 
collected from normal individuals and normal 
tissue (Fig. lA and 18). Gelatin zymography 
showed much greater MMP-2 activity and 
activation of MMP-2 to 68 kDa forms in serum 
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collected from cancer patients (Fig. 2A lanes 2-
5) 68, 64 kDa forms in cancerous tissue (Fig. 
2B lanes 2-5). Normal serum (Fig. 2A lane 1) 
and tissue showed much lower MMP-2 activity 
and virtually no MMP-2 activation (Fig.' 2B 
lane 1). 

Activation ()f collagenase type IV by A375 and 
SiHa cells 

When purified 72 kDa collagenase type IV 
was incubated with A375 cells at 3~C, gelatin 
zymography showed that collagenase IV (Fig 
3A lane 1) was activated to 70 kDa form after 
5 mins and 70 and 66 kDa forms after 15 mins 
incubation (Fig. 3A lanes 2-3). Activation to 70, 
68, 66 and 64 kDa forms accompanied by an 
appreciable increase in activity occurred after 
30 mins incubation (Fig. 3A lane 4). On 
incubation of purified pro-MMP-2 (Fig. 3B lane 
1) with SiHa cells for 45 mins, pro-MMP-2 (72 
kDa) was activated to 68, 66 kDa forms (Fig. 
3B lane 2). 

Activation of pro-MMP-2 from other biological 
sources 

When A375 cells were incubated for 15 mins 
with serum free culture m~dium from Con A 
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stimulated HT-I080 cells (Fig. 4A lane 1), 
activation of pro-MMP-2 (72 kDa) to 68, 66, 56, 
42 and 26 kDa forms occurred (Fig. 4A lane 2). 
On incubation of SiHa cells for 30 mins with 
SFCM from HT-1080 cells grown in presence 
of Con A, activation of pro-MMP-2 (72 kDa) to 
68 and 60 kDa forms occurred (Fig. 4A lane 3). 
When A375 cells were incubated with 
malignant human cervical tissue homogenate 
for 30 mins at 37°C, activation of pro--MMP-2 
(72 kDa) to active MMP-2 (66 kOa) was 
observed (Fig. 4B lane 3). When SiHa cells were 
with malignant human cervical tissue 
homogenate for 1 hr at 37°C, activation of pro
MMP-2 (72 kOa) to active MMP-2 (68, 66 kDa) 
was observed (Fig. 4B lane 4). Presence'of pro' 
MMP-2 in cervical tissue homogenate was 
indicated by gelatin zymography (Fig. 4C lane 
2) and confirmed by Western blot (Fig. 4C lane 
1) using anti-MMP-2 monoclonal antibody. 

Activation of 72 kDa collagenase type IV by 
cell membrane fraction and cell membrane 
extract 

Gelatin zymography showed that when 
purified 72 kDa collagenase type IV (Fig .. SA 

e c 
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a 

Q 
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Fig. 1. Assay of MMP-2 expression in serum and tissue samples by ELISA. 

Serum collected from cancer patients and normal individuals were diluted with PBS and added to wells 
of the ELISA plate (Fig. lA). Normal and cancerous tissue samples were extracted in tissue extraction 
buffers. The tissue extracts were added to wells of the ELISA plate (Fig. IB). Samples were incubated with 
anti-MMP-2 monoclonal antibody followed by HRP-coupled anti-mouse second antibody. TMB substrate 
was used and optical density was measured at 450 nm.· . 
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Fig. 2. Assay of MMP activity in serum and tissue samples by zymography 
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Serum collected from cancer patients 'and normal individuals were subjected to gelatin zymography on 
10% 50S-PAGE co-polymerized with 0.1% gelatin (Fig. 2A lanes 1-5). Normal and cancerous tissue 
extracts (containing 25 llg protein each) were subjected to gelatin zymography on 10% 50S-PAGE co
polymerized with 0.1 % gelatin (Fig. 28 lanes 1-5). 

1 2 3 
A 

r~1} t 
·-+-72kD 
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. ..-'0kD 
. 68kO 

66kD 
64kD 

1 2 
B 

Fig. 3. Assay of: 72 kDa collagenase type IV I MMP-2 activation by A37S and SiHa cells cells. 
Fig. 3A : Activation of 72 kDa. collagenase type IV by A375 cells. A375 cells were incubated with purified 
72 kDa collagenase type IV for 5 mins (lane 2), 15 mins (lane 3) and 30 mins (lane 4). Lane 1: Purified 
72 kDa coUagenase type IV. Fig 3D: Activation of MMP-2 by SiHa cells. SiHa (:e~ were incubated with 
purified MMP-2 for 45 mins at 37°C (lane 2). Lane l:·Puriiied MMP-2. A375 and SlHa cells were incubated 
with purified 72 kDa collagenase type IV (5 ng) and purified MMP-2 (72 kDa) in SFCM for varying 
periods of time at 37°C. After incubation was completed, the samples were centrifuged and the supernatants 
subjected to gelatin zymography. 
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4 

Fig. 4. Assay of MMP-2 activation from other ·biological sources by A37S and SiHa cells. 

72kD 
68kD 
66kD 

Fig. 4A: Activation of pro-MMP-2 from SFCM from HT-I080 cells grown in presence of Con A. SFCM 
from HT-I080 cells grown with Con A (lane 1) was incubated with A375 cells for 15 mins (lane 2) and 
SiHa cells for 30 mins (lane 3). Fig. 4D: Activation of pro-MMP-2 from cervical tissue homogenate by A375 
cells. Cervical tiss~e homogenate (lane 2) was incubated with A375 cells for 30 mins Oane 3) and with 

. SiHa cells for 1 hr (lane 4). Lane 1: W~tem blot of cervical tissue homogenate with anti-MMP-2 monoclonal 
antibody. A375 and SiHa cells were incubated with SFCM from HT-I0SO cells and with human cervical 
tissue homogenate (10 }lg> at 37°C. After incubation was completed, samples were centrifuged and the 
supernatants subjected to gelatin zymography on 10% 50S-PAGE co-polymerized with 0.1 % gelatin. 
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lane 1) was incubated with A375 membrane 
fraction at 37°C, collagenase type IV was 
activated to 70 kDa forms after 15 mins (Fig. 
SA lane 2) and to 70, 64 kDa forms after 30 
mins-l hr incubation (Fig. SA lanes 3-4). When 
purified collagenase type IV (72 kDa) was 
incubated with A37S membrane extract at 3rC, 
gelatin zymography showed that collagenase 
type IV (Fig. 5B lane 1) was activated to 70, 68, 
64, 62 and 48 kDa forms after 30 mins (Fig. 5B 
lane 2) and to 70, 68, 64, 62 and 40 kDa forms 
after 1 hr of incubation (Fig. 5B lane 3). When 
purified pro-MMP-2 (72 kDa) was incubated 
with SiHa cell membrane fraction, pro-MMP-2 
(Fig 5C lane 1) was activated to 68 kDa form 
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after 15-30 mins (Fig. SC lanes 2-3) and to 68, 
66 kOa forms after 45 mins (Fig. 5C lane 4). 
When purified pro-MMP-2 '(72 to.) was 
incubated with SiHa cell membrane extract lor 
45 mins, pro-MMP-2 (Fig 5D lane 1) was 
activated to 68, 66 kDa forms after 45 mins 
(Fig. 50 lane 2). 

Role of MT1-MMP in coIl4ge".se tw-' IV 
activation by A375 cells 

When A375 cells were first incubated with 
increasing concentrations of anti-MT1·MMP 
antibody and then incubated with 72 kDa 
purified collagenase IV for 30 mins, -gelatin 
zymography showed that masking of -MTl-

1 2 3 

B 
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72kD 
70kD 
68kD 
MIlD 
62kD 

48kD 

40kD 

72kD 
88kO 
66kD 

Fig. 5. Assay of A375 and SiHa cell membrane mediated collagenase type IV activation 
Fig. 5A: Activation of collagenase type IV by A375 membrane fraction. A375 membrane &action -was 
incubated with purified 72 kOa collagenase type IV (lane 1) for 15 mins (lane 2), 30 mins (lane 3) and 
1 hr (lane 4). Fig. 58: Assay of collagenase type IV activation by A375 membrane extract. Purified 
collagenase type IV (lane 1) was incubated with 5 Jlg A375 cell membrane extract for 30 mins (lane 2) 
and 1 hr (lane 3). Fig. 5C: Activation of pro-MMP-2 by SiHa cell membrane fraction. SiHa cell membrane 
fraction (20 Jlg) was incubated with 75 ng of purified pro-MMP-2 (lane 1) for 15 mins (lane 2), 30 mins 
(lane 3), 45 mins (lane 4) at 37°C. Fig. 50 : Activation of pro-MMP-2 by SiHa cell membrane extract. SiMa 
cell membrane extract (5 lIg) were incubated with 75 ng purified pro-MMP-2 for 45 mins at 37°C (lane 
2). Lane 1 : purified pro-MMP-2. Cell membrane fractions and membrane extracts were incubated with
purified 72 kO collagenase type IV and purified por-MMP-2. After incubation was completed, the-~ 
was terminated by adding ~mple buffer and the samples were subjected to gelatin zymography on 18% 
50S-PAGE co-polymerized with 0.1 % gelatin. 
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MMP with its antibody greatly downregulated 
collagenase IV activation-as well as activity of 
both pro- and activated forms (Fig. 6A lanes 2-
4) compared to A375 cells untreated with anti
MT1-MMP antibody (Fig. 6A lane °i). When 
SiHa cell membrane fraction was first incubated 
with increasing concentrations of -ailti-MT1-
MMP antibody and then incubated with 
purified pro-MMP-2 for 45 mins, gelatin 
zymography showed that masking of MT1-
MMP with its antibody inhibited 0 MMP-2 
activation almost completely (Fig.6B lanes 2-
3),' compared to SiHa cell membrane fraction 
untreated with anti-MT1-MMP antibody (Fig. 
6B lane 1). 

Activ'ItioIJ of MMP-2 by A375 cells froln 
purified MMP-9IMMP-2 mixture 

Gelatin zymography showed that when 
purified MMP-9/MMP-2 mixture (Fig. 7 lane 
1) was incubated with A375 cells for 1 hr at 
37°C, activation of pro-MMP-2 (72 kDa) to 
active MMP-2 (68, 66 kDa) occurred while pro-
. MMP-9 (92 kDa) was not activated (Fig. 7 lane 
2). 

Immunocytochemical localisation of MT1-
MMP Oil A375 cell surface 

Immunocytochemistry of A375 and SiHa 
cells with anti-MTI-MMP antibody 

1 2 3 
A 

4 

72 kD 
10 kD 
68 kO 
66 kD 
64 kD 

241 

demonstrated localisation of MT1-MMP at focal 
adhesion sites on k375 and SiHa cell membrane 
(Fig. 8). 

DISCUSSION 

Among the MMPs, the 72 kDa type IV 
collagenase MMP-2 (gelatinase A) is considered 
to play a critical role in tumour progression. 
Elevated expression and activation of MMP-2 
has been shown to strongly correlate with 
invasive and metastatic potential and activation 
ratios of pro-MMP-2 correlate with lymph node 
metastasis in various carcinomas (Brown et al. 
1993, Shimada et al. 2000, Seil)i et al. 2003). 

Our experiments showed an increase in 
MMP-2 expression and activation in serum 
collected from cancer patients and cancerous 
tissue, compared to normal samples. Notably, 
MMP-2 activation was detected only in samples 
collected from cancer patients. As activated 
M~.1P-2 regulates the tumour micro
environment and is also crucially involved in 
the extensive ECM degradation that occurs 
during cancer invasion and metastasis (Egeblad 
et al. 2002, Brown et al. 1993, Shimada et al. 
2000) activation of pro-MMP-2 is an important 
step in the metastatic cascade. Our findings 
confirm the impo!'tance of MMP-2 expression 
and activation in cancer biology. 
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Fig. 6. Role of MT1-MMP in 72 kOa collagenase type IV / pro-MMP-2 activation. 
Fig. 6A: Role of MTI-MMP in 72 kOa collagenase type IV activation by A375 cells. A375 cells were 
treated with 1 ig (lane 2), 2.5 ig (lane 3) and 5 }lg (lane 4) anti-MT1-MMP antibody for 1 hr prior to 
incubation with purified collagenase type IV for 30 mins at 37°C. A375 cells incubated with purified 72 
kOa collagenase type IV (5 ng) for 30 mins (lane 1) were used as control. Fig. 6B: Role of MTI-MMP in 
MMP-2 activation by SiHa cell membrane fraction. SiHa cell membrane fraction was incubated with 1 ig 
(lane 2) and 2 ig (lane 3) anti-MT1-MMP polyclonal antibody for 1 hr at 37°C prior to incubation with 
pro-MMP-2 for 45 tpins at 37°C. SiHa cell membrane fraction was incubated with purified pro-MMP-2 
for 45 mins (lane 1) as l:ontrol. After incubation was completed, the samples were subjected to gelatin 
zymographyon 10% SOS-PAGE co-polymerized with 0.1% gelatin as described previously. 
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Fig. 7. Assay of specificity of MMP-2 activation by 
A375 cells. 
A375 cells were incubated with 125 ng purified 
MMP-9/MMP-2 mixture in 5FCM for 1 hr at 
37°C (lane 2). After incubation was completed, 
the samples were centrifuged and the 
supernatant subjected to gelatin zymography 
on 10% 50S-pAGE co-polymerized with 0.1% 
gelatin. Lane 1: Purified MMP-9/MMP-2 
mixture. 

In our present communication we studied 
cell membrane associated activation of MMP-2 
(gelatinase A/ 72 kDa type IV collagenase) in 
the moderately metastatic human melanoma 
cell line A375 and "the cervical carcinoma cell 
line SiHa. Incubation of purified 72 kDa 
collagenase type IV with A375 cells, led to its 
activation into 70-64 kDa forms. On incubation 
of purified pro-MMP-2 with SiHa cells, pro
MMP-2 was activated to 68, 66 kDa forms. 
When different biological sources of pro-MMP-
2.were incubated with A375 and SiHa cells, 
active MMP-2 was obtained. Although the rates 
and extents of activation varied, these 
experiments demonstrated that A375 and SiHa 
cells can efficiently activate pro-MMP-2 from 
other biological sources as well. 

Activation of purified 72 kDa collagenase 
tyPC IV to activated forms by A375 membrane 
fraction and A375 membrane extract were 
observed. Incubation of purified MMP-2 with 
SiHa cell membrane fraction and SiHa cell 
mCInbrane extract showed activation of 72 kDa 
pro-MMP-2. These experiments indicate that 
mode of activation of pro-MMP-2/ 72 kDa pro
collagenase IV by A375 and SiHa cells is 
membrane linked. Interestingly, in both cases, 
membrane extract showed greater activation of' 
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A375 SIHa 
Fig. 8. Immunocytochemical localization of MTl

MMP. 
A375 and SiHa cells were fixed with 3.5% 
formaldehyde solution; treated with 0.5% Triton 
X-100 and blocked with 1 % BSA for 1 hr at 
37°C. The cells were incubated with anti-MTl
MMP polyc1onal antibody for 1 hr at 37°C, 
washed in PBS and incubated with FITC 
coupled goat anti-rabbit second antibody for. 1 . 
hr at 37°C. Coverslips were then washed In 

PBS, mounted on glass slides and observed 
under a fluorescence microscope. 

72 kDa collagenase type IV /MMP-2 than the 
membrane fraction itself. 

To study the role of MTI-MMP in M~lP-~ 
activation,' A375' cells and SiHa cell membran~ 
fraction was incubated with varyul~ 

concentrations of anti-MT1-MMP antibody and 
the1'\ with purified pro-MMP-2/purified 72 kDa 
collagenase IV. Wllen A375 cells were first 
incubated with varying concentrations of anti
MT1-MMP antibody, activation of 72 ~Da 
collagenase type IV was significantly decreased 
in a dose dependant manner and activity of 
both pro- and activated forms were also greatly 
decreased. In SiHa, masking of MT1-MMP with 
its antibody inhibited MMP-2 activation almost. 
completely. Thus, masking of MTI-MMP with 
its antibody caused appreciable inhibition of 
collagenase IV /MMP-2 activation, indica~ng 
that cell membrane associated activation of 72 
kDa type IV collagena~e/MMP-2 by A375 and 
SiHa cells is MTI-MMP mediated. 

When A375 cells were incubated with 
purified MMP-9/MMP-2 mixture, activation of 
pro-MMP-2 to active MMP-2 (68, 66 kDa) 
occurred but pro-MMP-9 was not activated 
even after 1 hour of incubation. In recent. 
communications, we have shown that 
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incubation of cell membrane fraction of human 
cervical cancer cell line SiHa with purified 
MMP-9/MMP-2 mixture led to activation of 
pro-MMP-2 after 30 minutes while pro-MMP-
9 was not activated (Mitra et al. 2004). These 
experimental findings indicate that membrane 
associated activation appears to be very specific 
for MMP-2 (gelatinase A) only, as MMP-9 
(gelatinase B) is not activated under the same 
conditions. In previous communication, we had 
reported the presence of all components of the 
cell surface activation complex (MT1-MMP, 
TIMP-2, pro-MMP-2, avJ33 integrin) in SiHa 
human cervical cancer cell membrane fraction 
and expression of avJ33 integrin-associated 
MMP-2 on SiHa cell surface (Mitra et al. 2006). 

Besides activation of MMPs, their cellular 
localization also plays a crucial role in tumour 
cell invasion. MT1- MMP and integrin avp3 
serve as cell surface receptors for MMP-2 and 
play an important role in positioning 
proteolytically active MMP-2 on cell surface 
(Seihi t't al. Chattopadhyay et al. 2001, Sato et 
nl. 1996). Immunocytochemistry showed 
localization of MT1-MMP on A375 and SiHa 
cell membrane at focal adhesion sites. 
Activation of pro-MMP-2 by MT1-MMP at focal 
adhesion sites and subsequent degradation of 
ECM components by MMP-2 at specific regions 
rather than a random digestion could regulate 
ECM degradation and motility, facilitating 
directed cellular invasion and metastasis. MT1-
MMP may be able to entrap exogenous MMP-
2 synthesized by other cells or derived from 
serum (Sa to' et oJ. 1996); this MMP-2 could then 
be activated by the membrane associated 
activation complex. In many tumours, stromal 
fibroblasts produce large amounts of MMP-2 
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(Egeblad et al. 2002, Sato et al. 1996); capture 
and subsequent activation of this MMP-2 by 
MT1-MMP could occur on cell surface of 
tumour cells. This would enable carcinoma cells 
to utilize MMP-2 secreted by other cells to 
accomplish ECM digestion and metastasis. 

Significantly, in previous studies, cells were 
stimulated with TPA or Con A in order to 
demonstrate the cell membrane associa ted 
activation of MMP-2 (Strong in et al. 1995, 
Shiomi et al. 2003, Tester et al. 2004, Yu ct al. 
1998, Yu et 01. 1995). However, in our present 
experiment, A375 and SiHa cells show cell 
membrane associated MMP-2/72 kDa 
collagenase type IV activation under native 
conditions ie. without treatment by TPA, Con 
A or any other compounds. This could be due 
to greater efficiency of A375 and SiHa cells in 
activating MMP-2. 

Thus, our experimental findings furnish 
another example of the unique membrane 
associated MMP-2 activation mechanism, first 
reported by Strong in et al. (1995) (Strongin et 
al. 1995), in the human melanoma cell line A375 
and the human cervical carcinoma cell line SiHa 
and clearly elucidate the role of MT1-MMP in 
MMP-2 activation. This information could help 
in developing therapies to interfere with MMP 
activation for management of cancer and 
metastasis. 
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ABSTRACT 

The adult structures of Drosophila melanogaster are derived from larval imaginal discs, which originate as 
clusters of cells within the embryonic ectoderm. We have used the expression patterns of the genes known to 
be important during early Drosophila development to reassess the segment and parasegment organization of the 
wing and leg imaginal discs. We find that the pair rule gene, evel1 skipped (eve), was not expressed in wing disc 
while unexpected expression of fltsh; tarazll (ftz), and hairy (h) was noted in both wing and leg discs. The /tz-lacZ 
expression and 'l.1g bolllldanJ en/lancer-lacZ expression generally colocalize in wing disc cells. The engrailed (en) was 
expressed in posterior compartment, while decapentapleg;c (dpp) and wingless (wg) were expressed along the 
border between the anterior-posterior domains. The hedgehog (I,ll) induced anterior cells to organize anterior 
posterior axis while cubitus interruptus (cO was expressed exclusively in anterior cells. The cell fate specification 
by 'l,estignl (vg) established the distal parts of the disc that straddles the interface between dorsal and ventral cells. 
The localized accumulation of these proteins within the cells of the two imaginal discs play a key role in the 
establishment of planar polarity of the discs. A comparison of expression pattern of the genes in the two type 
of imaginal discs clearly suggested that compartmental organization of the two discs are different. 

Keywords : Drosophila, wing discs, leg discs, Organization of imaginal discs 

INTRODUCTION 

In Drosophila melanogaster, the body plan is 
set very early in development by five classes of 
genes. These genes function in a regulatory 
cascade which act in a hierarchical fashion. 
Maternal effect genes establish polarity and 
spatial co-ordinates of egg and developing 
embryo (Nusslein Volhard, 1979). In zygotes, 
subdivisions of the anterior / posterior axis into 
segmental units is defined by gap genes and 
pair rule genes (see Akam, 1987). The 'primary 
pair rule' gen.es [even skipped (eve), runt (run) 
and hairy (11)] are first to express in 
complementary stripes, determined by the gap 
genes. Subsequently, they negatively regulate 
the expression of 'secondary pair-rule' gene 
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f"shi-tarazll (ftz) to induce the segment polarity 
genes engrailed (en) and wingless (wg) in creation 
of necessary fourteen evenly spaced segments 
on either side of the segment border, thus 
establishing the segmental compartment
alization of the fly (Blair, 1995). A fifth class of 
genes, the homeotic genes, provide an identity 
to each segment (Duncan, 1987). 

Previous studies have shown that pair rule 
genes encode transcription factors that are 
expressed in regions corresponding to each 
gene's domain of function (Akam, 1987). 
However, it is not known whether pair rule 
gene products are specifically synthesized for 
pair rule patterning or not. Recently, it has been 
noted that some pair rule genes are expressed 
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in mesoderm, gut and most notably the central 
nervous system (http:/ / flybase.bio
indiana.edu/). Unfortunately, their expression 
patterns in imaginal discs have never been 
investigated. Thus, the function of pair rule 
genes in structuring the adult morphology is 
unknown (see Mann and Morata, 2000; http:/ 
/ flybase.bio-indiana.edu/). 

Each limb of Drosophila is derived from 
imaginal disc. Imaginal discs begin as small 
clusters of cells which are set aside during 
embryogenesis. These cells proliferate during 
larval development to form folded, single layer, 
epithelial sacs. The cells of each disc are stably 
determined to give rise to a specific segmental 
appendage. These discs remain largely 
undifferentiated in the larva. During pupation 
the discs begin to differentiate, they evert (or 
unfold) and fuse to form a continuous adult 
head and thoracic cuticle. The differentiation 
of the disc is regulated by positional signals 
within the imaginal disc (Campbell et al., 1993). 
In reality, the complex -pattern of cellular 
differentiation seen in the discs during pupation 
is not determined in the cells of primordia, but 
rather the patterns of growth and differentiation 
are specified during disc development. Various 
authors have noted that subdivision of the 
primordia appendages into distinct 
compartments controls growth and patterning 
during development (Bryant, 1978; Martinez
Arias and Lawrence, 1985; Tabata et al., 1995; 
Zecca et al., 1995; Lawrence and Struhl, 1996; 
Brook et al., 1996; Acharyya and Chatterjee, 
2001; Ray et al., 2001). The compartments 
specify indirectly, a surface property, termed 
cell affinity. Cells that share the same affinity 
can intermingle during growth, while cells in 
the neighbouring compartment with a different 
basis for affinity self associate but minimize 
contact with cells in adjacent compartments. 
Each compartment acqUires a genetic address, 
as a result of the function of active I selector' 
genes that specify cell fate within a 
compartment and also instruct cells and other 
descendents how to communicate with cells in 
neighbouring compartments. Cells, believed to 
be assigned to their compartment specific 
identity by differential expression of 
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developmental genes, regulate pattern 
formation (Williams et al., 1993; Freeland and 
Kuhn, 1996). Thus, a well defined boundary 
forms between adjacent compartments. The 
compartmental organization can also be traced 
to adult primordia which originate from the 
imaginal disc precursors. 

The wing and leg discs provide excellent 
example of pattern formation in Drosophila. It 
has been observed that during development of 
the discs crucial expression of segmental 
polarity genes (en, wg, vg, "h, dpp, ci, etc.) are 
required to initiate cell lineage between 
appendage compartments assuring correct 
anterior / posterior polarity of the future limbs 
(Campbell et al., 1993). The dpp along with wg 
and hh, defines the position of future wings 
and legs. Once active, Dpp acts as a long range 
morphogen to control growth and patterning 
the compartments (Zeeca et al., 1995, Nellen et 
al., 1996). However, the molecular mechanisms 
responsible for signal induction are different 
for the ventral and dorsal appendages. The 
development of the leg disc is different from 
that of wing discs where patterning along the 
dorso-ventral and proximo-distal axes depends 
upon Dpp and W g signaling (Basler and Struhl, 
1994; Brook and Cohen 1996; Held and Heup, 
1996). This indicates that different patterning 
mechanisms exist for different discs. Even, there 
is left-right asymmetry of fly wings and their 
evolution of body axes (Klingenberg et al., 1998). 
These observations indicate that although same 
genes are expressed in different imaginal discs 
for morphogenesis and differentiation, the 
expression domain of the genes in different 
imaginal discs are different. Therefore, disc-to
disc comparison of expression pattern of 
different developmental genes is necessary to 
map the cellular identity of each disc for 
analYSis of growth dynamic and differentiation 
of the discs. The fate maps of different imaginal 
discs are also unknown. Therefore, it would be 
necessary to reexamine the expression patterns 
of the developmental genes in different 
imaginal discs. 

Furthermore, the combination of linear RNA 
amplification and DNA micro array 
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hybridization in wing disc clearly demonstrated 
that many genes with potential roles in wing 
disc development remain to be characterized 
(Klebes et al., 2002). This may indicate that the 
signaling network involving in adult pattern 
development is not completely worked out. 
This information is necessary to provide the 
spatial cues to assign their cell fate and initiate 
cell-cell interaction in the disc. 

In view of these reasons, we have designed 
an experiment to reassess the domains of 
expression of developmental genes in wing and 
leg discs to map the segmental/parasegmental 
organization of the discs. The segmental/ 
parasegmental organization of the imaginal 
discs and adults have been extensively mapped 
by studying the expression pattern of E. coli B
galactosidase gene, under the control of 
developmental genes promoter (reporter gene). 
The expression patterns of following pair-rule 
genes (a) eve, (b) ftz, (c) h, and segment polarity 
genes (a) en, (b) hlz , (c) wg, (d) dpp, (e) ci and (f) 
vg boundary enhancer and (g) vg (a transcription 
factor) were examined for present investigation. 
A catalogue of the expression patterns of above 

• mentioned genes in the two discs may help to 
reconstruct the detail maps of cellular 
organization in the two types of discs. 

MA TERIALS AND METHODS 

a. Fly Stocks 

The following fly stocks (for details of 
mutation not specifically referred to in the 
following see Lindsley and Zimm, 1992) 

(1) Oregon R strain of wild type 

(2) laeZ insertion lines: (a) CyO, wg-IacZ, (b) 
dpp-laeZ/CyO, (e) 17-en 40, (d) eve-IaeZ, (e) vg
laeZ, (f) hh-Iae Z, (g) h-IaeZ C5/TM3, (h) ci lacZ, 
(i) CyO; Jtz lacZ/thv [8], Dll, 0) vg boundary 
(J'l'lancer-lacZ (Williams et al., 1993) 

b. Drosophila Stock maintenance 

The flies were cultured in a BOD incubator at 
240 ± 10 C at standard Drosophila food medium. 
~e food medium was supplemented with yeast 
for better nourishment. The food free third ins tar 
larvae and adults were used for the experiments. 

Methylparabenzin was added to the surface of 
the medium to suppress mold growth. 

c. Detection of B-galactosidase activity 
staining 

The procedure used to stain for B gal activity 
was similar to that used by Hama et ai., (1990). 
The adult flies and third instar larval imaginal 
discs were used for reporter gene expression 
assay. Imaginal discs were dissected out from 
third instar larvae, fixed in 4% 
paraformaldehyde, 0.5% Triton X 100 in PBS 
solution for 20 minutes, washed in PBS for 5 
minutes and blocked in bovine serum albumin 
(BSA) 1%; 0.10/0 Tween 20 in PBS for 1 hour. 
The expression patterns of ftz, eVi', h, wg, en ci, 
dpp Izh, vg and vg bundary enhancer in the wing 
and leg discs of the late third irtstar larvae from 
the laeZ insertion lines were monitored ,by X
gal staining for B galactosidage activity. Using 
watchmaker's forceps, larvae and adult flies 
were dissected in buffered Ringer solution (pH-
7.2) (Ashburner, 1989) and the imaginal discs 
and adults were transferred to the wells of a 
microtitre plate in which subsequent operations 
were performed. The tissues were fixed for 20 
min. at room temperature with 0.75% 
gluteraldehyde in PBS, washed 3 times with 
PBT ( 0.05% Triton X-100 in PBS) and stained 
in 0.2% X-gal staining solution [10mM sodium 
phosphate (pH 7.2), 150mM NaCI, ImM MgC12' 
5mM potassium ferricynide, plus 5mM 
potassium ferrocyanide] freshly prepared from 
an 8% X-gal stock solution in DMSO kept at -
20°C. Staining took place at 37°C in dark, with 
the plates covered to prevent evaporation, and 
was monitored at intervals by inspection of 
treated and control samples for each line in 
adjacent wells .. Except when staining was very 
rapid, it was ·allowed to continue overnight. 
After the staining, the samples were washed in 
50mM sodium phosphate buffer, mounted in 
80% glycerol in PBS and photographed under 
a Zeiss photomicroscope. 

RESULTS 

a. Pair rule gene expression patterns 

Figures 1a-c show unexpected expression 
pa tterns of eve, Iz and ftz in wing disc of third 
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instar larvae respectively. As it appears from 
the photomicrograph presented in Fig. la, eve 
was not expressed in the wing disc. On the 
other hand, hand ftz were expressed in dorso
ventral axis of the disc (Fig. 1 bc). Iz was 
expressed in dorso-ventral domain in wing disc 
whilst ftz was expressed in dorso-ventral 
boundary and along part of the AlP boundary. 
Curously, it may be noted here that Jtz-IaeZ 
expression and vg boundary enhancer laeZ 
expression generally colocalize in the wing disc 
cells (Fig. 1b). These observations clearly 
indicate that pair rule genes are also expressed 
parasegment in wing disc. 

!Analogous situation was noted in leg discs 
except that eve was expressed in a small area of 
the leg disc. The _ representative examples of 
expression patterns of eve, hand ftz in first leg 
discs (Fig. Id-f) and third leg discs (Fig. 19-i) 
are shown. As it appears from the 
photomicrographs, the expression pattern of the 
three genes are not very different in two types 
of discs. In this context, it may be noted here 
that, as it app~ars from Fig. 2 ab, the expression 
patterns of hairy (h) in second leg disc and third 
leg disc were same. However, the lateral view 
of se~ond disc showed the multiple folds 
present in mature leg discs and summarizes 
the domains of gene expression (Fig. 2c). 
Therefore, for comparison, photographs of 
expression patterns of the above mentioned 
genes in the second leg discs were not included 
in the Figure 1. Comparative analYSis of the 
expression pattern of the genes in leg imaginal 
discs, indicate that, as expected, the three genes 
were expressed in three different domains and 
there was an overlapping between the 
expression pattern of the three genes (Fig. le
i). For example, h was expressed in a large area 
of the leg imaginal disc. Thus, the B
galatosidase activity of h gene is demarcated 
the distal parts of the disc concentrated in the 
center and a thin stripe extended out towards 
the periphery in the presumptive thoracic 
regions of the disc. Similarly, ftz expression 
completely surrounds and partially overlaps 
wi th the h domain. The broad domains of pair 
rule gene expression in imaginal disc may be 
analogous to the way the gap gene domains 
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that are established in the embryo in response 
to the bicoid gradient. In this context it may be 
noted here that sub-division of the anterior I 
posterior axis into segmental units known as 
parasegments is carried out by pair rule genes. 
These data clearly indicate that there is focus 
of growth at any given stage of leg disc and 
that individual cells are not determined to form 
specific structures until prior metamorphosis. 

During our investigation we also recorded 
that in salivary gland nuclei of the third instar 
larvae, ftz was unexpectedly expressed (Fig. 

3cd). The reason is not clear to us. 

b. Segmental polarity gene ~xpression patterns 

A comparative account of laeZ reporter gene 
expression of ci, en, lUg, dpp, hlz and vg in the 
wing and leg imaginal discs are presented 
below. As noted.earlier, most of the gen,s, are 
expressed in compartment specific manner in 
both the discs. We noted that that many of the 
genes were differentially expressed in wing and 
first, second and third leg discs. 

Engrailed (en) defines anterior and posterior 
compartments both wing and leg discs. As it 
appears from the photomicrographs presented 
in Fig. 4a&f, in wing and leg imaginai discs, en 
expression subdivided the discs into two halves 
- anterior (A) and posterior (P) compartment. 
Engrailed expression results in cells becoming 
posterior in identity. Engrailed also defines 
anterior and posterior compartment in adult 
wing (see Fig. Sa). It is, therefore, reasonable to 
conclude that en expressing cells ar~ fated to 
become the posterior most cells of the ad ul t 
wing. Therefore, the domain. of expression of 
engrailed was approximately half in the wing 
disc, while it was more than half in the leg 
disc. 

The deeapentaplegie (dpp) is expressed in a 
thin strip of cells that bisects the wing imaginal 
disc into anterior and posterior halves (Fig. 4b). 
This is true for the leg disc (Fig. 4g). Its spatial 
expression pattern and its function as a 
signaling molecule made it an excellent 
candidate to organize the pattern in the AlP 
axis. The imaginal disc, expression of dpp in a 
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c ft. 

eve e h f jt:. 

eve h h i ft: 

·g.ta .. i,. Expression patterns of the pair rule genes in wing and leg discs. (a) even skip (eve ) expression pattern in a 
wing disc, (b) hairy (h) expression pattern in a wing disc, (c)juzhi tarazu (ftz) expression pattern In a wing 
disc, (d) eve expression pattern in a 1st leg disc, (e),h expression pattern in a 1st leg disc, (f) ttl. expression 
p,attem in a 1st leg disc, (g) ro,f expr~ssion pattern in a3r-d leg disc .. (h) h expression pattern in a 3rd I,eg disc 
and (i) ft: expression pattem in ,a 3rd leg disc. Note that ,eve was not expressed in the wing disc C~US and th 
ftz-lacZexpressionandvgboundaryenhancer-lac-Zgenerally ,eolocalize 'nthewingdiscc-ells. 
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Fig.2a .. c. Expression pattern of Jtz in a 2nd and 3rd leg discs '(a and b), A lateral view of a second leg shows the 
multiple folds present in mature disc, (c). Note the expression pattern (not very different) of ftz in the 2nd 
,and 3rd leg discs. 

a b 

d ftz 

Fig. ,3a·,d. Expression pattern of Jtzin the salivary gland nuclei of D. meianogast,er, (a) a salivary gland of a third instar 
larva, (b) ,a saliv,ary gland of a late third instal' larva, ('c) expression pattern of jtz in the ,salivary gland nuclei 
ola third instar larva and (d) expl'Iession pattern of ftz in the salivary nuclei of a late third instal larva. 



CHATTERJEE et a.l. : Expression patterns of developmental genes in Drosophila 251 

en 

d ci 

f en 

Fig. h .. '. Expression pattem of the segment polarity genes in wing and leg discs. Ca) engra.iled (en) exp:re .. ion pattem 
in the wing discs, (b) ,dtcapentaplegic (dpp) expression pattem in wing disc, {c) he.dgehog (hh) expre •• ion 
pattern in a wing disc (d) cubitus interrup.tus (ei) expression pattem in a wing diec, (e) ve,tlgal (vg.) expre,8.1on 
pattern in a wing disc, (f) en expression pattem in a 1st leg disc (see text tor leg dlK expres.lon pattem). 
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g app hh 

j v 

Fig. 48-; Expression pattern of the segment polarity genes in lleg discs. (g) dpp expression pattern in ,a 1st leg disc, (h) 
hh ,expression pattem in a 1st leg disc, (i) d expression pattern in ,a 1st leg disc and G) vg expression pattern in 
a 1st leg disc. 

P18- 5a-b. Expression pattem 'of fa> tngrail,td and (b) wing,ltss in pharate a~ults 'of D. melanogaster:.Note the 'expression 
pattem oftn in adultwlng disc (posterior compartment). 
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narrow stripe of cells along the anterior
posterior compartment boundary may be 
essential for proper growth and patterning of 
the wing and leg discs of Drosophila. The cell 
fate along the AlP axis is directly related to 
the perceived Dpp level. 

As expected, IJedgehog (Il/t) is co-expressed 
with en in posterior cells of wing and leg discs 
(Fig. 4c at h). Posterior cells heritably express 
the selector gene en which directs these cells to 
secrete the short range signaling molecule Hh 
(and at the same time makes posterior cells 
re&actory to Hh signal). Posterior to anterior 
cell. signaling is mediated by Hh. 

Cubitlls interruptus (ei) is expressed in 
anterior cells in both discs (Fig. 4d&i). wg IneZ 
expression is unique in wing imaginal disc. In 
third instar larval disc the wg is expressed in 
double ring (figure not included). In pharate 
adult, the wg is expressed in wing margin and 

the presumptive wing hinge region (Fig. 5b). 
In the leg imaginal disc wg is expressed 
exclusively in the prospective ventral cells. In 
both wing and leg discs, dorso-ventral and 
proximo-distal axes pattern depend upon wg 
and dpp. 

Vestigial (vg), a nuclear prull'in, is expressed 
in both leg and wing imaginal d~s~ (Fig. 4e). It 
is a known marker for leg (Fig. 4j) and wing 
imaginal discs, and are required. for pattern 
formation along the proximal-distal axis in thL' 

adult. vg is a possible effector of growth indtl~-l'lJ 
by dpp signaling. vg is express~9 in entire 
developing wing pouch. However Its expression 
pattern in adult leg disc is none. 

Comparative analyses of expression pa tten1 
of developmental genes in wing and leg discs 
are presented in Table 1. The molecular nature 
of the genes that they include basic metabolic 
and transporting functions, structural, cell 

Table t. Expression patterns of eve, ftz, Jz, en, dpp, Illz, ci, vg and wg in leg and wing imaginal 
discs. 

Gene Classification Molecular .nature Expression I Expression 
pattern in pattern in 
leg disc - wing disc 

tVtn skipptd Pair rule . Homeodomain Parasegment, No expression 
(eve) almost entire 

area of disc 

filsh; tarazu Pair rule PEST and Parasegment PJr.lsegment 
Cftz) homeodomain almost entire almo~· entire 

area of disc area of disc 

IuIlry (I,) Pair rule bHLH Parasegment Parasegment 
large area of entire area 
the disc of disc 

hedgellog (1110 Segment polarity Secretary protein Posterior Posterior 
compartment, compartment, 
co-expressed co-expressed 
with en with en 

C"bitlls Segment polarity Transcription Anterior Anterior 
interriptrls (c; ) factor compartment compartment 

decaptn taplegic Segment Polarity Morphogcn Dorso-ventral Dorso-ventral 
(dpp) (TGFB) axis of the disc axis of the disc 

wingless (wg) Segment polarity Signa 1 protein Dorso-ventral Double circle 
compartment in the disc 

tngrailed (tn) Segment polarity Transcription factor Posterior Posterior 
compartment compartment 

vest;gal (vg) - Transcription factor Almost entire One circle in 
area of disc the wing disc 
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adhesive and signaling functions as well as 
transcriptional regulation. Data in Table 1 also 
indicate that wing discs have different 
organization than the leg discs although ventral 
leg and dorsal wing primordia appear to 
originate from a common primordium. 

DISCUSSION 

Subdivision of the primordia appendages 
into distinct compartments controls growth and 
patterning during development (Garcia-Bellido 
et al., 1973). Short range interactions between 
compartment border cells triggers the 
expression of organizer signal molecules. 
Curiously, one of the most fascinating examples 
of unexpected expression of some pair rule 
genes, subsequent to cellularization in 'segment 
polarity' pattern of expression observed with 
gene products from eve, hand ftz (see Fig. la
i). This observation extends the role of pair rule 
genes, play during embryogenesis. In this 
context, it may be noted here that pair rule 
encodes a transcription factor that is expressed 
in regions corresponding-to each gene's domatn 
of function. Furthermore, expression pattern of 
h in leg discs is expected as the ge1)e h is c~efly 
responsible for setting up periodic bristle 
pattern and as legs are covered with, s~risory 
bristles arranged in longitudinal rows'irl most 
segments. Similarly, as ,pair rule :K.eil~! ftz 
encodes a DNA binding homeodomait) protein 
and as it is known to regulate segment polarity 
genes, its expression in the imaginal diScs is 
~xpected. During normal wing disc 
development, vg expression is up-regulated in 
the mid-second instar stage (Williams et al., 
1993) through the vg boundary enhancer. The 
activation of the boundary enhancer is 
controlled by signaling interactions at D IV 
boundary of the w~ disc, specifically by Notch 
signaling acting through Suppressor of Hairless, 
a transcription factor that binds to the boundary 
enhancer (Kim et al., 1996). As expected, eve's 
pair rule patterning was not observed in the 
wing disc although Eve is' a homeodomain 
protein besides being a transcription repressor 
of a number o~ developmental genes. It is 
possible that Eve repression is required in the 
wing imaginal disc for both the odd and even 
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numbered en stripes in the wing imaginal disc. 
At any rate, our data reveal that some pair rule 
genes were expressed in the wing and the leg 
imaginal discs. However, we do not know why 
ftz was expressed in the salivary gland cells. 
The future molecular analysis of the Ftz may 
explain the results. 

Furthermore, our data reveal that in both 
wing and leg discs a similar inductive 
mechanism operate to establish anterior
posterior and dorso-ventral specific 
compartments through expression of en, wg, 
dpp, vg and ci genes although the expression 
pattern of the genes were different in two types 
of the discs. 

En and hh expression in leg and wing 
imaginal disc localize the posterior 
compartment. This concl\lSion is based on the 
coincident expression of en in adult wing (see 
Fig. Sa). Previous stu~ies have also indicated 
that the activatioq. of the en -gene in all of the 
posterior (P) foul)d"er cells divides every 
segment of Dr1Jsophila into anterior anQ ,< 

posterior compartment (Kornberg et al., 1985): 
The P-cells ,that express en programme, help 
-~~ cell~.to transcribe and secrete Hedgehog 
(Hl\, Tabata,~ al,)995). This is tJ;ue for leg d~c. 
The en ge~e, is .'a positive regulator of hh 
expression and -it negatively regul~tes- patched 
(pt,9) and ,app in the ,posterior compartment 
,cr~bata et ai, 1992). The hh gene is-coe?,pressed 
-~~th en (see" ·Fig. 4) -and all the orgarlizing 
activiW of en is mediated through hh (Tabata 
and Kornberg, 1994). Hh is also known to 
organize many aspects of' wing development 
indirectly by inducing Dpp protein (Basler and 
Struhl, 1994; Z~cca et ai, 1995). In wing and leg 
imaginal discs, dpp is expressed along the entire' 
anterior margin of en and is believed to define 
the anterior-posterior compartment boundary 
(Lecuit and Cohen, 1997). Active Dpp acts ~ a 
long range morphogen to control growth ~n 
patterning in ~oth, the compartments (Basler 
and Struhl, 1994; Blair, 1995; Lecuit et al., 1996; 
Nellen et al., 1996). 

ci is expressed in anterior comparbnent. ci 
controls the transcription of the dpp, which as 
a consequence, is expressed only in a thin strip 
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of the anterior cells along the AlP boundary. 
dpp encodes a member of the transforming 
growth factor B (TGFB) super family which 
induces the expression of target genes in a 
concentration dependent manner in both 
compartments. The stable and precise 
positioning of the Opp morphogen source is 
crucial for growth and patterning of the entire 
wing and leg discs. Wingless has a role in the 
establishment of different cell fates, working 
within and between the anterior and posterior 
compartments of segments. Wingless also 
patterns the wing by acting as long range 
morphogen (Struhl and Basler, 1993; Brook et 
al., 1996). 

By following the patterns of segment 
polarity gene expression in the two discs we 
have been able to reconstruct the complex 
domain of morphological movement of disc 
cells. The AlP compartments act as engines to 
produce positional information in both disc. 
Posterior cells express the selector gene en 
which directs these cells to secrete. the short
range signaling molecule ~ and at the same 
time makes P cells refractory to the Hh signal. 
wingless has a role in establishment of different 
cell fates working within and betWeen the 
anterior compartments of segments. Ci and En 
are both ONA binding proteins known to act 
as transcription factors, indicatIng that they 
control cell segregation by regulating the 
expression of target genes. The Opp and W g 
Signals confer ventralizing and dorsalizing 
properties to the cells surrounding respective 
expression domains. The establishment of a 
proximal-distal axis in wing and leg discs is 
. believed to playa role in limb formation (Cohen 
1993). Mutual repression of Wg and Opp 
signal",:S sy~tem gene.~~tes a stable regulatory 

circuit by which each gene maintains its own 
expression in a spatially restricted domain. 

In summary, from disc-to-disc comparison 
it may be concluded that discrete differences 
exist in expression pattern of developmental 
genes in wing and leg discs. The common 
functions of the developmental genes and many 
other genes in regulating gene expression 
suggest that developmental fates are manifested 
in part of the transcripts that different cell types 
produce from physically distinct areas of the 
imaginal discs. We lack sufficient understanding 
of the specific process in most cell types to 
interpret the significance of the genes that they 
specifically express. The recent release of the 
Drosophila genome sequence (Adams et al., 2000; 
http://flybase.bio-indiana.edu/) and the 
dem~nstration that cDNA microarrays can be 
used to catalogue the transcriptosome of both 
unicellular and multicellular organisms (White 
et ai, 1999; Klebes et al., 2002) opens up a new 
approach. Hybridization of mRNA pools to 
DNA microarrays can potentially identify the 
differences in gene activity that define every 
developmental state. Thus, transcription 
regulators and their downstream targets can 
be identified simultaneously. We look forward 
to further enhancement in resolution that can 
be achieved by combining cell-sorting 
techniques -with microarray analysis for 
assessing the expressing profiling of Drosophila 
imaginal discs. 
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ABSTRACT 

Tea is one of the most popular beverage in the world. Black tea is the rich source of thearub!gins (TRs) and 
theaflavins (TFs) due to the oxidative polymerization of green tea polyphenols. In order to know the role of tea 
polyphenol, TFs, in 'stressful' situation of an organism, we used Drosophila as a trial run stuff for doing the same 
thing in human. We analyzed the puffing activity pattern of heat and cold shocked larval sa1i~ctry glands of D. 
melanogaster followed by in vitro treatment of different concentration of TF. Results revealttd.· t~t some stress 
puffs of the larval salivary chromosomes were induced considerably after in vitro treatment of .heat ahd cold 
shock followed by treatment of 400ug/ml and 600ug/ml TF treatment. Expression pattern of polytene puffs after 
TF treatment clearly showed that tea polyphenol, TF, act as an anti-stress agent in the cells of Qrosoplziln. The 
results of our study further indicate that a developmental puff, 74EF, had been induced considerably after 
temperature stressed followed by TF treatment. These data together provide evidences that tea polyphenol, 
theoflavins, act as anti-stress agent. 

. Key words : Drosophila, polytene puffs, Theaflavins. 

INTRODUCTION 

Tea is one of the most popular beverages, 
next to water. It is grown over thirty countries 
of tropical and subtropic~l zones. It is processed 
differently, in different parts of the _~orld, e.g. 
green, black ~d oolong tea. The tea contains 
various f=atechin derivatives including 
epi'catechln, epigallocatechin, epicatechin 
gallate, epigallocatechin gallate (Pietta, 2000). 
Tea is alslo an important dietary source of 
flavanoids. The polfphenols, theaflavins (TFs) 
and thearubigins (TRs) are the fermented 
product of catechins. Black tea contains 15% 
dry weight. 9f TRs. On the other hand, TFs 
account for about 2 gm per 100 gm of dried 
black tea extract. 

Various lines of data, mostly obtained from 
short lived il)vertebrate organisms, D. 
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melanogaster, provide evidences that epigenetic 
repair system is induced in responses to stress 
conditions (Ritossa, 1962; Lakhotia, 1987; Wallin 
et al., 2002). Stress causes DNA damage, protein 
denaturation and misfolding by weakening of 
polar bonds and exposure of.hydrophilic 
groups that are important targets of stress or 
induced damage (Schroder et al., 1993, 1994). 
To encounter stress, cell produces stress 
proteins which protect the organisms, and for 
such protein encoding there are some 
regulatory genes present which are responsible 
for protecting the macromolecules and other 
cellular compone.nts. These elements are 
commonly known as heat shock elements 
(HSE). In Drosophila, heat shock factors (HSFs) 
are responsible for cell growth, development, 
and survivality in stressed situation (Craig. et 
al., 1993; Wallin et al., 2002). HSFs also involve 
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in protecting organisms from damage as a result 
of exposure of heat or introduction of chemicals 
and other environmental stresses. In many 
situations, stress stimuli switch on an alternative 
metabolic pathway through posttranscriptional 
control of heat shock factor and protein -
protein interaction in vivo. The genome wide 
identification of HSF target genes provides 

. necessary informa tion about the roles of HSFs 
in development, aging and in complex 
metabolic programming that occur in all living 
cells in response to stress (Rogina et al. 2000). 
Curiously, stress proteins also play an 
important role under non-stress condition at 
specific stages of development. 

In addition to heat shock, a variety of other 
stimuli are also known to induce stress response 
(Ashburner and Bonner, 1979). The conditions 
are : (i) Environmental conditions, e.g. heavy 
metal, amino acid analogues, ethanol with 
nicotine, extra-cellular pH, detergents like 
NH40 and CHAPS, sodium salicylate, H20 2, 

urea etc., (ii) patho-physiological conditions e.g. 
fever and inflammation, viral infection, serum 
starvation, glucose starvation, intracellular 
calcium levels, intracellular pH etc. (iii) various 
developmental stages -and cell cycle started 
(Morimoto et al., 1994). It has been suggested 
that denatured proteins are the key components 
for pathogenic condition of stress by the cells 
(Ananthan et al., 1986; Craig et al., 1993). 
Unfortunately, we hardly know hitherto 
whether black tea polyphenols have antistress 
activities, although we consume black tea in 
heat or cold stress condition. In this context, it 
may be noted here that tea is the rich source of 
polyphenolic flavonoids which exhibit potent 
antioxident activity in vitro and in vivo (Pietta, 
2000). In view of these reasons, we have made 
an attempt to examine the effect of tea 
polyphenols, TFs, on Drosophila heat shock puffs 
as trail run stuff for assessing antistress 
activities of the polyphenols in human. 

The advantages of Drosophila model for 
studying the antistress activities of TFs are 
numerou~ .lnd indude : (1) a relative short life 
'l',lll and easy mai-Rtenance, (2) adult cells that 
are rost 11lltoti( 1l1d fully differentiated, 
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eliminating confounding problems from cell 
replacement, (3)" powerful molecular and 
genetic techniques, (4) abundant information 
and accessible manipulation of genetic 
enviro~ental factors in aging fruit flies, (5) 
availability of fly lines with specific gene 
alterations required to facilitate stress and aging 
studies, (6) simple and well studied anatomy, 
allowing for consistent identification of specific 
individual cells in every animal, and (7) the 
techniques of enhancer trap and reporter genes 
which allow for the qualitative and quantitative 
examination of gene expression in whole animal 
(Bier et 01., 1989). 

An additional advantage for the use of 
Drosophila as a model system relates to its 
relevance to humans and other vertebrates. One 
of the most amazing features that has emerged 
from the work on development of Drosophila is 
that many of the underlying molecular 
mechanisms of development in Drosophila tum 
out to be remarkably similar to those used in 
human. Not only many of the master regulatory 
molecules are structurally homologous between 
these two systems, but in a series of 
extraordinary experiments, the use of human 
homologue in the fly has shown that they 
appear to be functionally interchangeable 

(Halder et al., 1995, Adams et al., 2000). 

The present experiment was designed to 
assess the protective effect of TFs on 
chromosomal level in heat and cold stressed 
animals, using Drosophila as a model system. 
Our data provide evidences that tea polyphenol, 
TFs, might help the organism who is in stress 
by modulating expression pattern of hidden 

stresser and developmental genes. 

MATERIALS AND METHODS 

A. Fly stock and their culhlre system 

We used Oregon R strain of D. melanogaster 
for our experiment. The strain of D. 
meianogaster, maintained in our laboratory since 
1957. The flies were cultured in a BOD incubator 
at 24° + 1°C at standard Drosophila food 
medi urn, supplemented with live yeast for 
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better nourishment. The food free third instar 
larvae were used for the experiments. 

B. Synchronization of larval age 

To obtain larvae of similar of group, eggs 
were collected in bottles containing Drosophila 
medium at 2 hrs interval. Adult flies as well as 
larvae were reared on standard agar-corn meal
brown sugar-yeast food medium at 24° + 1°C. 
For better nourishment larval cultures were 
supplemented with live yeast. 

C. Cytological preparations 

Salivary glands were dissected out from 
third instar larvae in buffered Ringer's solution 
(pH 7.2, Ashbumer, 1989) and treated according 
to the experimental purposes. The salivary 
glands were thereafter, fixed in aceto-ethanol 
(1 : 3 v Iv) and stained in 2% aceto-orcein for 5 
min. Thereafter, the glands were thoroughly 
washed in 50% acetic acid and squashed in 
lacto-aceto-orcein (Chatterjee and Mukherjee 
1981). The slides thus prepared were stored 
overnight in a refrigerator for maturation of 
stain. TF solution of 200 pg/ml, 400 pg/ml and 
600/pg ml were prepared freshly. The larvae 
were treated at different temperature viz. 16°C 
(cold shock), 29°C (mild heat shock) and 37°C 
(heat shock) for two hours. Thereafter, the 
animals were sacrificed and excised salivary 
glands were cultured in Poel's Drosophila media 
(Poel, 1972). For TF treatment, the salivary 
glands were treated for half an hour in Poel's 
media containing 200 J.lg/ml, or 400 J.lg/ml or 
600 pg/ml TF. Salivary gland chromosomes 
were then prepared and puffing activity pattern 
was measured using occular and stage 
micrometers as described by Chatterjee and 
Mukherjee (1971). 

RESULTS 

Figure-1a-f show that polytene chromosome 
puffing patterns of D. melanogaster prepared 
after treatment of different concentration of TF. 
As it appears from the photomicrographs 
presented in Fig. 1b, heat shock (37°C) induces 
at least eight puffs in salivary chromosomes of 
Drosophila. The puffs 63BC, 64F, 678, 70A, 87 A, 
87C, 930 and 950, are located in different arms 

of the polytene chromosomes. When animals 
were treated at 16°C for 2 hours, majority of 
the stress puffs were also induced considerably 
(Fig. 1d). Similar situation was noted when 
glands were trea ted in mild heat shock (29°C) 
(Fig. 1c). However, when heat stressed salivary 
glands (370 C) were further treated with TFs for 
30 min, considerable changes in puffing pattern 
were observed. Most of the heat shock puffs 
were induced except the 930 puff which was 
regressed in response to TFs in heat shocked 
salivary glands. On the other hand, some 
additional puffs were induced. For example, 
the 74EF puff site had been induced 
considerably after treatment of heat plus TF 
treatment (Fig. Ie) although it is a 
developmental puff. Similar was the situation 
when cold shock (16°C) treated salivary glands 
were treated with 400 J.lg/ml TFs (Fig. If). It, 
therefore, appears that tea polyphenol, TF, not 
only induces heat stressed puffs considerably 
but also alters cellular physiology of the animals 
to help the organism to adapt to the harsh or 
unpredictable environments. 

Our data further support the fact that when 
the heat shock and/or cold shock salivary 
glands were treated with TFs for 30 min, 
considerable induction of the stress puffs were 
induced (Tables 1, 2 and 3). These results 
together have been interpreted to have 
suggested that the TF stimulate the rescue effect 
of heat and cold shock of the cellular 
environment of Drosophila. It may thus be 
presumed that as heat shock puffs produced 
heat shock RNAs and consequently heat shock 
proteins, these puffs are necessary to protect 
from the stressful situation of the animals. Thus, 
the TF plays a protective role in critical 
physiological stress situation. 

DISCUSSION 

All stressful situations may be harmful to 
the biological organization. In many animals, 
some regulatory genes are present to protect 
macromolecule, recycle irreversible damaged 
cellular components, and facilitate appropriate 
adaptive responses until more affordable 
conditions are realized (Pardue et al., 1987; 
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Gething ,and Sa mbr<ook, 1992; Goering et a/., 
1992; Hattori et (1.1., 1993). Precisely, HSFs ,are 
essential for cell viability, normal development 
and oogenesis in Drosophila and other animals. 
Stress proteins, especially heat shock proteins 
(HSPs), play diverse roles in biological system. 
These include protein folding, prevention of 
prote:in aggregation, and protein trafficking 
alon~'vith '":h.~gr~lda tion and r'ccycling, 
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maturation ,and activation of signal transduction 
of proteins and trariscription factors (Craig et 
al., 1993; Schroder et al., 1993). Most of the HSPs 
are well charecterised and their targets are also 
identified. It has been shown that HSFs bind to 
the major groove of cis-acting sequences of heat 
shock 'element (HSEs), which are also 
functional y conserved from yeast to human 
including Drosophila. 

Fig. la ... f. Salivary ,chr,omosomes puffing pattern of D. mela.nc~gaster in ,eontr-ol and after heat or cold shock 
followed by TF treatment. (a) salivary puffing pattern ,at 25°C (Ringer control), (b) puffing activity 
pattern at 37°C, ,(c) puffing activity pattern at 16°'C, (d) puffing activity p.attern at 29OC, (e) puffing 
activity pattern at 37°C followed by TF treatment, (f) puffing activity pattern at 16°C followed by 'TF 
treatment. 
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Table-I. Salivary gland chromosome puffing pattern of Drosophila melanogaster at 370C heat shock 
(H.S.) followed by treatment with 200 pg, 400 pg, 600 pg TF. 

H.S. + Ringer H.S. + TF treat. H.S. + TF treat. H.S. + TF treat. 
Control (200 pglml) (400 pglml) (600 pglml) 

Puff Sites Mean Puffing Mean Puffing Mean Puffing Mean Puffing 
Activity + S.E. Activity :t: S.E. Activity :t S.E. Activity :t S.E. 

638C 1.57 ± 0.07 (18) 1.57 ± 0.04 (20) 1.66 ± 0.02 (18)11- 1.65 ± 0.07 (17)" 

64F 1.30 ± 0.04 (20) 1.43 ± 0.03 (20) 1.47 ± 0.03 (19) 1.46 ± 0.05 (20) 

678 1.45 ± 0.06 (20) 1.32 ± 0.02 (19) 1.41 ± 0.03 (19)11- 1.50 ± 0.04 (18) 

70A 1.47 ± 0.04 (17) 1.43 ± 0.02 (19) 1.53 ± 0.03 (18) 1.51 ± 0.03 (18) 

87A 1.45 ± 0.03 (19) 1.36 ± 0.03 (19) 1.56 ± 0.05 (19)11- 1.54 ± 0.07 (17)11-

87C 1.49 ± 0.04 (20) 1.50 ± 0.04 (20) 1.62 ± 0.06 (19)11- 1.65 ± 0.05 (17)11-

930 1.58 ± 0.07 (21) 1.42 ± 0.05 (20) 1.61 ± 0.03 (18) 1.62 ± 0.06 (18) 

950 1.61 ± 0.07 (17) 1.48 ± 0.05 (19) 1.61 ± 0.03 (17) 1.65 ± 0.05 (19) 

74EF 1.38 ± 0.03 (18) 1.71 ± 0.07 (20)11- 1.72 ± 0.07 (19)11- 1.64 ± 0.05 (19)11-

71EF 1.41 ± 0.03 (20) - 1.78 ± 0.97 (17) -

• Indicate significant at 0.05 level 
Number in the parenthesis indicate the number of observation 

Table-2. Salivary gland. chromosome puffing pattern of D. melanogaster at 290C heat shock (H.S.) 
followe~ by treatment with 200 }lg, 400 }lg, 600ug/ml TF.' 

H.S. + Ringer H.S. + TF Treat. H.S. + TF Treat. H.S. + TF Treat. 
(Control) (200 pglml) (400 pglml) (600 pglml) 

Puff Sites Mean Puffing Mean Puffing Mean Puffing Mean Puffing 
Activity + S.E. Activity + S.E Activity + S.E. Activity + S.E. 

63BC 1.46 ± 0.05(19) 1.50 ± 0.05 (20) 1.51 ± 0.05(21) 1.55 ± 0.06(18) 

64F 1.38 ± 0.03(18) 1.45 ± 0.02 (20) 1.48 ± 0.05(19) 1.54 ± 0.06(19) 

678 1.51 ± 0.05(20) 1.47 ± 0.05 (20) 1.59 ± 0.04 (18)11- 1.53 ± 0.06(20) 

70A 1.50 ± 0.05 (18) 1.52 ± 0.05 (21) 1.42 ± 0.06(18) 1.44 ± 0.03(19) 

87A 1.47 ± 0.05 (19) l.50 ± 0.05 (21) 1.51 ± 0.07(17) 1.60 ± 0.06(21)11-

87C 1.41 ± 0.04 (19) 1.52 ± 0.04 (21)11- 1.47 ± 0.07(18) 1.55 ± 0.05(19) 

930 1.51 ± 0.05 (20) 1.55 ± 0.08 (21) 1.50 ± 0.04(17) 1.59 ± 0.07(20) 

950 1.41 ± 0.04 (19) 1.45 ± 0.04 (20) 1.57 ± 0.05(18)· 1.61 ± 0.07(17)" 

74EF 1.45 ± 0.06 (18) 1.52 ± 0.08 (22) 1.63 ± 0.05(16)11- 1.68 ± 0.09(19)" 

71EF 1.35 ± 0.02 (16) - 1.52 ± 0.08( 19) 

II- Indicate significant at 0.05 level 

Number in the parenthesis indicate the number of observation 
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Table-3. Salivary gland chromosome puffing pattern of Drosophila melanogaster at 160C cold shock 
(C.S.) followed by treatment with 200 ).lg, 400 }lg, 600 pg TF. 

c.s. + Ringer C.S. + TF Treat. C.S. + TF Treat. C.S. + TF Treat. 
(Control) (200 pglml) (400 pglml) (600 pglml ) 

Puff Sites Mean Puffing Mean Puffing Mean Puffing Mean Puffing' 
Activity + S.E. Activity ± S.E. Activity ± S.E. Activity ± S.E. 

63BC 1.60 ± 0.05 (19) 1.39 ± 0.04 (19) 1.68 ± 0.06 (18)" 1.59 ± 0.07 (17) 

64F 1.45 ± 0.06 (20) 1.56 ± 0.07 (20) 1.60 ± 0.06 (19) 1.53 ± 0.06 (20) 

678 1.60 ± 0.08 (18) 1.52 ± 0.06 (20) 1.51 ± 0.07 (19) 1.60 ± 0.05 (20)" 

70A 1.50 ± 0.07 (19) 1.43 ± 0.04 (17) 1.47 ± 0.07 (18) 1.61 ± 0.06 (20)" 

87A 1.51 ± 0.08 (17) 1.49 ± 0.05 (21) 1.67 ± 0.08 (19)" 1.69 ± 0.06 (20)" 

87C 1.63 ± 0.09 (18) 1.46 ± 0.04 (22) 1.67 ± 0.06 (18)" 1.66 ± 0.06 (18)" 

930 1.53 ± 0.08 (20) 1.48 ± 0.06 (20) 1.67 ± 0.04 (18)" 1.50 ± 0.03 (17)" 

950 1.59 ± 0.08 (18) 1.55 ± 0.07 (20) 1.57 ± 0.05 (20) 1.64 ± 0.05 (19)" 

74EF 1.43 ± 0.03 (19) 1.66 ± 0.06 (19)* 1.65 ± 0.07 (17). 1.72 ± 0.06 (20)" 

71EF - - 1.76 ± 0.11 (16) -
It Indicate significant at 0.05 level 
Number in the parenthesis indicate the number of observation 

The data presented here provide further 
evidence that tea polyphenol, TFs, induces some 
stress puffs in Drosophila in stressful situation. 
These puffs reached the highest level after 
treatment of 400 }lg/ ml TF treatment. This may 
imply that the actual magnitude of health 
benefits of black tea is establishment of safe 
range of tea consumption. However, potential 
mechanisms of its action require investigation. 
Curiously, regression of one of major heat shock 
puff, 93D, was noted after TF treatment. The 
74EF puff site has also been induced 
considerably after treatment of heat and TF 
treatment although it is a developmental puffs. 
The reason for such type of gene activation in 
Drosophila is not yet clear. It may be possible 
that the induction of the 74EF puff is necessary 
for buffering the development of animal under 
heat stressful condition. Our data indicate that 
TF may buffer against expression of hidden 
stresser genes. This view is further strengthened 
when we observed that 93D, a major heat shock 
puff is regressed in TF treatment. In this context, 
it may be noted here that 930 locus synthesize 
noncoding RN As (Sengupta and Lakhotia, 
2006). 

In summary, our results on Drosophila model 

system provide strong evidences that tea 
polyphenols flavonoids exhibit potential 
antistress activities. The induction of stress puffs 
in Drosopllila may also be considered as bio
marker of antistress activities of tea 
polyphenols. However not all heat shock puffs 
are induced after heat treatment followed by 
TF treatment. This may suggest that the TF 
induces alternative metabolic pathway to buffer 
stress response. Earlier studies have shown that 
TFs act as a protecting agent from cancer (Sohal 
et al., 1990; Weisburger et al., 1996; McKay and 
Blumberg, 2002). Our data provide strong 
evidences that TF acts not only as a 
antocarcinogenic agent, but also as an antistress 
agent. Further research in this lines may provide 
valuable insights into the molecular 
mechanisms of repair of stress, toxicity damage, 
identification of target macromolecules and 
evolution of physiological state of cells after 
treatment of tea polyphenol, TFs. 
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ABSTRACT 

Metastatic process and tumour growth are angiogenesis dependent. As a primary tumour grows, it needs to 
develop a blood supply that can support its metabolic needs-a process called angiogenesis. Angiogenesi~ appears 
to be one of the crucial steps that triggers the transition of a tumour from a small usually harmless cluster of 
abnormal or mutated cells to a large, malignant growth, capable of sprea~ing to other organs. 

Generally, patients diagnosed with any type of cancer typically rely on surgery or radiation to remove the 
tumour and on follow-up radiation or chemotherapy, ·or both, to try to eradicate any remaining cancerous cells 
in the body. 

But the objective of the antiangiogenic therapy is quite different in comparison to other therapeutiC approaches. 
Antiangiogenic drugs stop new vessels from forming around a tumour and break up the existing network of 
abnormal capillaries that feeds the cancerous mass. 

Tumour angiogenesis process is regulated by enhanced secretion of growth factors. Among several tumour 
angiogenic factors, vascular endothelial growth factor (VEGF) has been recognized as a prime regulator of 
tumour angiogenic process. 

Different types of antiangiogenic compounds effective in animal studies have been developed, in many cases, 
however, the basis of their activity is uncertain and thus their efficacy in human subjects remains to be confirmed. 

2-Methoxyestradiol (2-ME), once considered an inactive end metabolite of estradiol, has recently emerged as 
a very promising agent for cancer treatment. It indicates significant antiangiogenic properties that prevent 
tumour nourishment. 2ME was reported to elicit both stimulation and inhibition of tumour angiogenesis and 
growth depending on the dosage used. The present study was undertaken to. determine the dose dependent 
effect of 2ME on VEGF mRNA in GH3 cell line and to correlate with cell proliferation. m-RNA was determined 
by Northern blot analysis. Cell proliferation and death rates were measured using H3 thymidine incorporation 
into 2ME treated and untreated cells. A dose-depenclent biphas!c effect of 2ME on VEGF m-RNA and cell 
proliferation was found in GH3 cell line. A trend o(decreasing expression of VEGF m- RNA and rate of cell 
proliferation was noted with higher (~10 J.1M) 2ME concentrations. So' the results of these studies indicate that 
2ME is a novel therapeutic drug for cancer. . 

Keywords: metastasis, angiogenesis, 2-Methoxyestradiol, antiangiogenic therapy 

INTRODUCTION 

The main clinical problem of cancer is 
metastasis, the migration in the blood and 
lymph system of tumour cells that give rise to 

tumo~s elsewhere in the body. When cancer 
is detected ,at an early stage, b~for~ it has 
spread, it can often be treated successfully by 
surgery or local irradiation, and the patient will 
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be cured. However, when cancer is detected 
after -it is known to have metastasized, 
treatments are much less. succe'ssful So 
metastases, rather than primary tumours, are 
responsible for most cancer deaths. 

Angiogenesis is required for metastasis 

Metastatic process and tumour growth are 
angiogenesis dependent (Fig. 1). Angiogenesis, 
the sprouting of new blood vessels, play~ a 
critical role in a variety of normal physiological 
events including embryonic development, 
endometrial proliferation, corpus luteum 
formation, wound healing etc. (Blood and 
Zetter, 1990). However, many pathological 

Zoological Researcl. i" Human Welfnrt 

processes are also characterized by abnormal 
vascular development such as arthritis, diabetic 
retinopathy, psoriasis, atherosclerosis, tumour 
growth as well as metastasis ( Folkman, 1989). 
Judah Folkman, Professor of Harvard Medical 
School, U.S.A., advocated that cancer cells or 
tumours will not grow to a dangerous size (a 
diameter of 0.4 mm to 1 mm) without blood 
vessels to nourish them (Folkman, 1989). In fact, 
angiogenesis or neovascularization appears to 
be one of the crucial steps in tumour's transition 
from a small usually harmless cluster of 
abnormal or mutated cells (known as in sitll 
tumour) to a large, malignant growth, capable 
of spreading to other organs. Tumour 
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Fig. t. Tum~ur development and me~astasis process: a = Initiation of tumour formation and capillaries proliferate 
allowing blood to flow to the tissue; b = Tumour cells detach from the primary site and migrate (metastasis) 
from blood vessel to a new organ. 

T.C = Tumour Cell; N.C = Normal Cell; B.M = Basement membrane, C.P = Capillaries Proliferate; B.V = 
Blood Vessel; I.T.C = Invasive Tumour Cell. 
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angiogenesis or neovascularization supports 
tumour growth by allowing passage of 
nutrients, oxygen and waste products through 
a ever increasing population of cells. The 
complexity of the angiogenic process, which 
involves both positive and negative regulators, 
provides a number of targets for therapy. 

Vascular endothelial growth factor (VEGF) as 
~ritical growth factor of angiogenesis process 

Angiogenesis process is regula ted by 
enhanced secr~tion of growth factors through 
cell migration, endothelial cell proliferation, 
p~oteolytic activ~ty and capillary 
morphogenesis. Among several tumour 
angiogenic factors, vascular endothelial growth 
factor (VEGF ) has been recognized -as a prime 
regulator of angiogenic process. It stimulates 
the proliferation of endothelial cells for the 
formation of new blood vessels as well as 
increasing their permeability, which may also 
be important for the provision of nutrients to 
tumours (Dvorak et aI., 1999). 

Current treatments of cancer 

Generally, patients diagnosed with any type 
of cancer typically rely on surgery or radiation 
to remove the tumour and on follow-up 
radiation or chemotherapy, or both, to try to 
eradica te any remaining cancerous cells in the 
body. Surgical excision of a tumour is both 
quick and effective, and it accounts for the 
largest number of cures. Radiation therapy is 
preferable in many instances. But radiation 
treatments act either by inflicting genetic 
damage sufficient to kill cells directly or by 
inducing apoptosis (cellular suicide). Cancer of 
the cervix, uterus, larynx and early stages of 
both prostate cancer and Hodgkin's disease are 
well treated with radiotherapy. Chemotherapy 
is also preferable in many cases. 
Chemotherapeutic drugs act on human cells in 
different ways. Generally they prevent cells 
from multiplying by interfering with their 
ability to replicate DNA and sometimes, it can 
ind uce apoptosis in cancerous cells. 

These forms of treatments have several 
shortCOmings. i) Sometimes cancer grips vital 

organs that cannot be surgically removed. ii) 
Sometimes radiotherapy proves inadequate, 
because it fails to eradicate all the cancer cells 
of a tumour. iii) Whole body radiation 
exposures. destroy some delicate, vital tissues. 
iv) Generally, the available chemotherapeutic 
drugs often kill healthy cells of the body during 
treatment and create serious side effects like 
anemia, diarrhoea, nausea, h~ir loss, weakness 
and loss of appetite. v) The majority of the most 
common cancers (breast, lung, colorectal and 
prostate cancer) are not yet curable with 
'chemotherapy alone. But the objective of the 
antiangiogenic therapy is quite different in 
comparison to other therapeutic approaches. 

Antiangiogenic therapy-New strategy for 
cancer treatment 

Antiangiogenic drugs stop new vessels from 
forming around a tumour and break up the 
existing network of abnormal capillaries that 
feeds the tumour (Fig. 2). In 1989 the first 
clinical trial of an anti-angiogenic agent -
interferon alpha-began for the treatment of life 
threatening hemangioma (a noncancerous blood 
vessel tumour found primarily in infants). By 
1992 the first anti-angiogenic drug for cancer 
patients, TNP-470 (a synthetic analogue of the 
substance fumagill:n),entered clinical 
trials, which were restricted to a few kinds of 
tumours. Later on, a number of anti-angiogenic 
compounds effective in animal studies have 
been developed, in many cases ,however, the 
basis of their activity is uncertain and thus their 
efficacy in human subjects remains to be 
confirmed. During the past several years 
,researchers have identified at least 15 different 
compounds found in the body that can trigger 
blood vessel growth and several others that can 
halt it. 

2-Methoxyestradiol (2-ME), once considered 
an inactive end metabolite of estradiol, has 
recently emerged as a very promising agent 
for cancer treatment. It is synthesized by 
sequential hydroxylation of the parent 
compounds followed by methylation in the liver 
\Brueggemeier and Singh, 1989). It is -orally 
active in a wide range of tumour models with 
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Fig. 2. Regulation of angiogenesis process: a = Initiation of tumour with few tumour cells; b = Proliferation of 
new blood vessels and capillaries during angiogenesis and cancerous mass continues to expand; c = 
Tumour size reduces with angiogenesis inhibitors treatment. 

N.C = Normal Cell; T.C = Tumour Cell; C.G = Cancerous Growth; C.P = Capillaries Proliferate; B.V = 
Blood Vessel. 

showing no clinical signs of toxicity. It also 
indicates significant antiangiogenic properties 
that prevent tumour nourishment. The anti
angiogenic properties of 2ME and a mechanism 
by which it exerts its activity, were first 
identified by Robert D' Amato and others in 
1994 (D' Amato et al., 1994). 2ME targets rapidly 
growing cells with relatively high specificity 

and does not kill non-dividing cells. Moreover, 
2ME has been shown to inhibit the proliferation 
of estrogen responsive cells (Fotsis et al., 1994; 
Lottering et al 1996; Zoubine et al., 1999) and 
also blocks endothelial cell proliferation in vitro 
and angiogenesis in vivo (Fotsis et al., 1994, 
Klauber et al., 1997). Therefore, the present 
study was aimed to investigate the dose-
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dependent effect of 2ME on VEGF expression 
in GH3 rat pituitary tumour cell line and to 
correlate these results with angiogenesis 
inhibition. 

MATERIAL AND METHODS 

2 .. Methoxyestradiol (Sigma, U.S.A), an anti
angiogenic end metabolite of estradiol, was 
used. A stock solution of 2 .. ME was prepared 
by the method already in practice in the 
laboratory (Banerjee et al., 2003 ). The present 
study was undertaken to determine the dose 
dependent effect of 2ME (1, 5 and 10 ~M) on 
VEGF-mRNA in GH3 cell line and to correlate 
with cell proliferation. m-RNA was determined 
by Northern blot analysis as described 
previously (Banerjee et al., 2003). Cell 
proliferation and death rates were measured 
using H3 thymidine incorporation into 2ME 
treated and untreated cells. 

RESULTS AND DISCUSSION 

A dose-dependent biphasic effect of 2ME 
on VEGF m-RNA and cell proliferation. was 
found in GH3 cell line. A trend of decreasing 
expression of VEGF m-RNA and rate of cell 
proliferation was noted with higher (5-10 J.1M) 
2ME concentrations. Despite the potential 
anticancer effect of 2ME, our studi~s have 
revealed dose-dependent "dual effects of this 
compound. For example, 1 llM dose of 2ME 
exhibit proliferative effects in GH3 tumour cells. 
In contrast, a trend of decreasing expression of 
VEGF mRNA and rate of cell proliferation was 
noted with higher (5-10 J.1M) 2ME 
concentrations. So the results of these studies 
indicate that 2ME is a novel therapeutic drug 
for cancer. 

Our present and earlier (Banerjee et al., 2001, 
2002, 2003, 2005) observations suggested that 
the mechanism of action of 2ME on tumour 
growth and angiogenesis may be mediated 
through down regulation of VEGF. 

Effect of 2ME in combination with 
Cyclophosphamide (CP) in mouse tumour 

We have also extended our studies to in vivo 

mouse model to evaluate the efficacy and safety 
of 2-ME in combination with Cyclo
phosphamide (CP). Smg/kg. body wt. dose of 
2ME in combination with CP (20mg/kg body 
wt.) not only gave protection to bone marrow 
chromosomes of mouse but also induced solid 
tumour regression (Banerjee et ai., 2006). The 
results of these studies indicate that 2ME (in 
combination with CP) is a novel therapeutic 
drug for cancer. 

CONCLUSION 

As several new anti-angiogenic compounds 
enter into clinical trials, in many cases the basis 
of their activity is uncertain and their ~fficacy 
in human subjects remains to be confirmed. 2-
Methoxyestradiol-the first orally active small 
molecule drug candidate, acts as a potent 
inhibitor of angiogenesis. 

Additional advantages for considering 2-
Methoxyestradiol (in combination with CP) as 
novel prominent anti-angiogenic and anticancer 
agents include : 

It shows to inhibit the growth of several 
metastatic and primary cancerous tumours with 
low or no toxiCity at therapeutically effective 
doses. 

It is a naturally occurring metabolite in 
humans. 

It targets rapidly growing cells with 
relatively high specificity and does not kill non
dividing cell. 

ACKNOWLEDGEMENTS 

Grateful acknowledgement is due to Prof. 
Samar Chakrabarti, Canl"L'l" Cytogenetics Unit, 
Burdwan University, Burdwan, W. Bengal, 
India for encouragement. First author expresses 
his gratitude to Dr. D. Roychowdhuri, Teacher 
in Charge, Rammohan College, Kolkata-700009, 
India for encouragement. Grateful 
acknowledgement is due to Dr. Snigdha 
Banerjee, Kansas University Medical Centre, 
Kansas, U.S.A for help. 



272 Zoological Research in Hllman Wtlfart 

LITERATURE CITED 

BANERJEE, J., MUKHERJEE, P., GUPTA, S. and BANERJEE, S.N. 2006. Inhibition of Tumour 
growth in response to anti-angiogenic therapy. Persp. Cytol 6' Genet., 12 : 479-484. 

BANERJEE,S., SAXENA, N., SENGUPTA, K and BANERJEE, S. K. 2003 .17 a-estradiol-induced 
VEGF-A expression in rat pituitary tumour cells is mediated through ER independent but 
PI3K-Akt dependent signaling pathway. Biochem.Biophys. Res. Commun., 300 : 209-215. 

BANERJEE, S.N., BANERJEE, 5., LAVALLEE, T.M. and BANERJEE, S.K. 2001. The dose dependent 
biphasic effects of 2-methoxyestradiol on VEGFl65 expression in tumour cells may modulate 
cellular proliferation and death. Stowers Institute Symposium from Gene and Genetics to 
Molecular Medicine, Oct 30-31, 2001, Missouri, USA Abs-2, pp-2. 

BANERJEE, S.N., BANERJEE, S. and BANERJEE, S.K. 2002 Involvement of VEGF in 2-
Methoxyestradiol induced cell proliferation inhibition in MCF-7 and GH3 tumour cell lines. 
National Seminar on Recent Advances in Molecular Physiology, 4-6 Feb, 2002, Univ. of Kalyani, 
WB, India. pp-14. 

BANERJEE, S.N., SENGUPTA, K.K., BANERJEE,S., SAXENA, N.K. and BANERJEE, S.K. 2003. 
2-Methoxyestradiol exhibits a biphasic effect on VEGF-A in Tumour cells and up regulation 
is mediated through ER-a : A possible signaling pathway associated with the impact of 2-
ME2 on proliferative cells. Neoplasia, 5(5) : 417- 426. 

BANERJEE, S.N., BANERJEE, S. and BANERJEE, S.K. 2005 Role of VEGF-A in 2-Me
thoxyestradiol-induced tumour cell proliferation. Ind. , Med Res. (Suppl), 121 : 52. 

BLOOD, C. H. and ZEITER, B. R. 1990. Tumo,ur interactions with the vasculature: angiogenesis 
and tumour metastasis. Bioc11em Biophys Acta, 1032 : 89-118. 

BRUEGGEMEIER, R.W. and SINGH, U. 1989. Inhibition of rat liver microsomal estrogen 2-
hydroxylase by 2-methoxyestrogens. ,. Steroid Bioc11em, 33 : 589-593. 

0' AMATO R J., LIN, CM., FLYNN, E., FOLKMAN, J. and HAMEL, E. 1994. 2-Methoxyestradiol, 
and endogenous mammalian metabolite, inhibits tubulin poly- merization by interacting at 
the colchicine site. Proc. Natl Acad Sci., USA, 91 : 3964-3968. 

DVORAK, H. F., NAGY, J.A., FENG, D., BROWN, L.F. and DVORAK, A.M. 1999. Curro Top. 
Microbiol. Immunol., 237 : 97-132. 

FIDLER, I.]. and ELLIS, L M. 1994. The implications of angiogenesis for the-biology and therapy 
of cancer metastasis. Cell, 79 : 185-188. 

FOLKMAN, J. 1989. What is the evidence that tumours are angiogenesiS-dependent? ]. Natl. 
Canc. Inst., 82 : 4-6. 

FOTSIS, T., ZHANG, Y., PEPPER, M.S., ADLERCREUTZ, H. MONTESANO, R., NAWROTH; P. 
P. and SCHWEIGERER, L. 1994. The endogenous oestrogen metabolite 2-methoxyestradiol 
inhibits angiogenesis and suppresses tumour growth. Nature, 368 : 237- 239. 

KLAUBER, N., PARANGI, S., FLYNN,E., HAMEL, E. and D'AMATO, R.J. 1997. Inhibition of 
Angio~encsis and breast cancer in mice by the microtubule inhibitors 2-methoxyestradiol 
and Taxol. Cancer R(',;., 57 : 81-86. 

LOITERING, M.L. DE KOCK, M., VILJOEN, T.C. GROBLER, C.J. and SEEGERS J.C. 1996. 17 
beta estradiol metabolites affect some regulators of the'MCF-7 cell cycle. Cancer Lett., 110 
: 181-186. ' 

ZOUBINE, M.N., WESTON, A.P., JOHNSON, D.C.,CAMPBELL,D.R. and BANERJEE, S.K. 1999. 
2-methoxyestradiol-induced growth suppression and lethality in estrogen re~p~~~v~ MCF-
7 cells may be mediated by down regulation of p34cdc2 and cyclinB1 expression. Int. J. 
Oneol., 15 : 639-646. 



PARASITE AND DISEASES 





Zoological Research in Human Welfare 
Paper-26 : 275-277, 2008 

PATHOLOGICAL STUDY OF TUBEI{CULOSIS IN SPOTTED DEER 
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ABSTRACT 

A survey was conducted to know the mortality of spotted deer that showed the lesions of tuberculosis at 
different National Parks, Sanctuaries and Deer Parks in West Bengal from January 1997 to December 2000. In the 
present study Mycobacterium tuberculosis of human types was the important isolate from the spotted deer while 
bovine types of M. tuberculosis were observed in some impression smears. Grossly, grayish white pea sized 
tubercule formation was observed in almost all the cases. Histopathologically, the lungs and lymph nodes 
showed typical mixed granulomatous inflammation consisting of central caseation and calcification followed by 
an area of necrosis and a zone of epitheloid cells, lymphocytes, eosinophils and peripheral fibrosis. Acid fast 
bacilli were demonstrated in tissue sections by Zeihl Neelson's staining. 

Keywords: Tuberculosis, Spotted deer, pathology, mortality 

INTRODUCTION 

Wild life has played immense and fruitful 
cultures since the first appearance of man on 
this earth. Life on earth is a delicate balance 
and they are so closely interlinked that 
disturbances in one, threatened the existence 
of others. Deer population in India is a great 
hope for the naturalist amidst unexpected 
habitat destruction since the denizens are 
conscious of their survival and have a major 
role to save the forest and grass land ecosystem. 
Though the deer are prolific in nature yet some 
species are endangered. Although deer species 
are better resistant than that of domestic 
ruminants but the death toll has been increased 
due to different contagious and infectious 
disease of bacterial, viral, fungal origin, 
drowning, predator bite and translocation. 
Among all the diseases, tuberculosis, 
paramphistomiasis, pneumonia and fasciolosis 
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are the major diseases in spotted deer in both 
the free living and in captivity. The prevalence 
of tuberculosis in both captive and free living 
deer is not uncommon in India and abroad (Mc 
Diarmid, 1967; John, 1979; Rathore and Khera, 
1982; Rodger and Bhattacharjee, 1986 and Shah 
et al.', 1986).Considering the exigency of problem 
mainly due to diseases, the present study was 
conducted to know the mortality of spotted 
deer and pathological changes due to 
tuberculosis at different National Parks, 
Sanctuaries and Deer Parks in West Bengal 
during the period from January 1997 to 
December 2000. 

MATERIALS AND METHODS 

A state wide wild life survey was conducted 
to know the mortality of spotted deer at 
different National Parks, Sanctuaries and Deer 
Parks in West Bengal during the period from 
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January 1997 to December 2000.While studying 
the mortality of spotted deer at different places, 
the spotted deer that showed the lesions of 
tuberculosis constituted the material for the 
present study. Suspected lungs showing 
nodules at the time of postmortem examination 
,,,,crc selected. The other organs like liver, 
kid ncy and lymph nodes were also collected. 
Samples were taken in two parts for transport 
to 141boratory from different places. One part 
was preserved in 3% sodium borate solution 
for microbiological study and the other part in-
10% formal saline for histopathological study. 

Slides of tissue impression smears were 
prepared from the periphery of the caseated 
mass of the nodule in lungs and these smears 
were stained with Zeihl-Neelson's staining 
technique after heat fixing. Then the slides were 
examined under oil immersion microscope. 

Representative portions of the organs were 
processed fo~ paraffin sections of 5 micron 
thickness. Sections were stained in Mayer's 
haematoxylin and eosin for histopathological 
examinations. Sections were also stained by 
Zeihl-Neelson's method for identification of acid 
fast organisms. 

RESULTS AND DI~CUSSION 

A total of 89 death are caused by tuberculosis 
which were confirmed by isolation of bacterial 
agent .and/ or clinico-pathological signs and 
lesions. Mortality percentage due to 
tuberculosis in spotted deer were 4.69% in Buxa 
National Parks, 6.33% in Gorumara N.P., 0.33% 
in Sundarban N.P., 8.64%in Mahananda W.L.S., 
6.32% in Ballavpur W.L.S., 4.44% in 
Ramnabagan W.L.S., 6.38% in Kumari 
Kangshabati Deer Park, 9.75% in Adina D.P., 
13.09% in Gorchumuk D.P. and 9.09% in 
Jhargram D.P. The mortality rate of tuberculosis 
is higher in Deer Park than that of Sanctuaries 
and National Parks. The mortality % of 
tuberculosis in spotted deer in the present study 
was in agreement with the findings of Arora 
and Goyal (1987), Acharjyo and Rao (1987), and 
Rao and Acharjyo (1992) who recorded 
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mortality upto 11.33% and 120/0 at 
Nandankanon Biological Park. Grossly, grayish 
white, pea-sized tubercle formation was 
observed in almost all the cases. 

In some cases, lungs were hard and caseated 
having small nodular structures from 
1- 5 cm in diameter throughout the lung 
parenchyma. This findings were in closely 
resemblance with the findings of Basak (~t al. 
(1975) in deer, Singh et al. (1986) and Upadhyay 
et al. (1986) in spotted deer, Arora and Goyal 
(1987) in captive cervids and Acharyo and Rao 
(1991) in spotted deer and wild ruminants. 
Pleura was thick and the cavity was congested. 
Histopathologically, the lungs and lymph nodes . 
showed typical mixed granulomatous 
inflammation consisti.ng of central caseation and 
calcification followed by an area of necrosis and 
a zone of epitheloid cells, lymphocytes, 
eosinophils and peripheral fibrosis. A few giant 
cells were also seen around the caseated area 
in most of the cases. Fibrous encapsulation was 
not well marked .This observation simulated 
with the findings of Basak et al. (1975) and Singh 
et al. (1986) in deer, Rao et al. (1982), Shah et til. 
(1986), Upadhayay et al. (1986) and Chakraborty 
et al. (1993). Kidney showed a focal area of 
caseation and a few haemorrhagic foci 
surrounded by aggregation ·of macrophages, 
intertubular fibrosis causing atrophy and 
dialatation of tubules with desquamation of 
tubular epithelial lining was seen. This finding 
in the kidney was in close resemblance with 
the findings of Shah et al. (1986). A few focal 
necrosis in seminiferous tubules without any 
granulomatous reaction were observed in testis 
in rare cases. Acid fast bacilli were 
demonstrated in tissue section by acid fast 
staining. In the present study, M. tuberculosis 
of human types was the important isolate from 
the spotted deer while bovine types of M. 
tuberculosis were observed in some impression 
smears. 

It can at least be summarized from the 
present study that Tuberculosis has become a 
common disease in wild animals particularly 
those are closely associated with man and 
environment. 
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ABSTRACT 

Ammonia is detected as excretory product in [soparorchis Ilypselobagri. The amount of excretion of ammonia 
is lower when the flukes are kept in vitro in the incubation media without glucose (control) than in the incubation 
media with glucose. The amount of excreted ammonia shows highly significant values than that of control in in 
vitro condition. In the swim bladder of host Wallago attlt ammonia is also present in Significant amount. 

Keywords : ammonia excretion, swim bladder, lsoparorchis, excrelory product. 

INTRODUCTION 

isoparorchis ltypse/obagri (Billet, 1898) is a 
widely distributed common digenetic piscine 
trematode parasite harbouring in swim bladder 
of Wallago attu. The excretory organs appear to 
be the major route for the elimination of 
metabolic wastes; although there is little precise 
knowledge of this' route in this parasite. In 
trematodes some 90% of excreted nitrogen 
comes from the a-aminonitrogen of aminoacids, 
the remainder originating from the breakdown 
of purines and pyrimidines (Barret, 1981). In 
parasitic helminthes the major excretory 
product is ammonia which usually constitutes 
80% of the total excretory nitrogen. This is a 
toxic compound and is an end product in 
aquatic organisms (Barret, 1981). 

MATERIALS AND METHODS 

Healthy adult lsoparorchis hypselobagri were 
collected from the swim bladder of Wallago attu. 
These flukes were washed several times with 
PBS (pH 7.0) and kept in conical flasks (Taylor 
and Baker, 1978, Bera and Manna, 2007). 
Conical flasks containing 4 parasites with 40 

ml PBS were considered as control condition 
and conical flasks containing 4 parasites in 40 
ml PBS with 40 mg glucose (lgm/litre) were 
considered as nutrient treated condition. Both 
in control and nutrient glucose treated 
condition, 10 sets were prepared for ammonia 
estimation. Adult flukes were incubated in PBS 
without glucose (control) and with glucose 
(treated) up to 300 hours·. Washing of swim 
bladder of host in which these flukes harbour 
naturally ~ere also used for ammonia 
estimation. The method of Conway and Cooke 
(1939) was followed for ammonia estimation. 
The results were analysed with suitable 
statistical programme. 

RESULT 

The ammonia content in control condition 
is recorded highest after 12 hours of incubation 
and lowest after 144 hours of incubation 
(Fig. 1). 

In glucose treated condition, the highest 
ammonia content is found after 36 hours of 
incuba tion and lowest after 192 hours of 
incubation. Thus, the amount of excreted 
ammonia in in vitro condition shows highly 
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significant value at 5% level in treated with 
that of control condition (table 1). 

rich environment (Siddiqi and Nizami, 1974, 
1975, Rahaman and Manna, 1992). Excessive 
accumulation of ammonia in the media would 
undoubtedly be harmful. Ammonia and its 
derivatives are essentially the true end products 
of protein utilization (Goil, 1958, Senft, 1963, 
Moss, 1970, Kurelec and Rijavec, 1966). The 
excretion of ammonia is reported in different 
groups of helminthes. The trematodes are 
ammonotelic and ammonia can be formed by 
the action of several enzymes in Schistosoma 
mansoni (Smyth, 1966, Nimmo-Smith and 
Raison, 1968). Ascaris Illmbricoides excreted 39 
mg of nitrogen per 100 gm of wet weight of 
body of which 79% is ammonia (Savel, 1955) 
while Trichinella spiralis larvae excrete 208 mg 

The amount of excreted ammonia in the 
swim bladder of W. attll differs with the number 
of parasites harbour. The highest amount of 
ammonia is recorded when the number of 
parasites is above eight and lowest when the 
number of parasites below six. The highest 
value is 43.845 mg/ml and the lowest value is 
5.853 mg/ml (Table 2, Fig. 2) 

DISCUSSION 

The adult Isoparorchis hypselobagri harbours 
in the swim bladder of Wallago aftll, an oxygen 

Table 1. "Ammonia content of the incubation media PBS (pH 7.0) without glucose (control), with 
glucose (treated) and rate of change of excretory ammonia in treated condition 

Study Group Ammonia Content Ammonia Content 
(mg Iml )(control) (mg Iml )(treated) 

12 h ( 10 ) 4.739:t 0.163 [H) 44.785 ± 0.129 
24 h ( 10 ) 3.43 ± 0.186 40.601 ± 0.174 

36 h ( 10 ) 3.437 ± 0.189 45.347:t 0.187 [H) 

48 h ( 10 ) 2.54 ± 0.123 43.6 ± 0.182 
60 h ( 10 ) 1.633 ± 0.184 28.684 ± 0.191 
72 h (10) 4.462 ± 0.215 36.365 ± 0.126 
84 h (10) 2.411 ± 0.135 21.502 ± 0.182 
96 h (10) 2.518 ± 0.172 31.496 ± 0.171 
108 h (10) 1.406 ± 0.119 43.6 ± 0.146 
120 h (10) 1.675 ± 0.101 15.597 ± 0.153 
132 h (10) 1.77 ± 0.116 23.586 ± 0.136 
144 h (10) 1.299 :t 0.094 [L] 18.387 ± 0.151 
156 h (10) 3.511 ± 0.156 26.796 ± 0.168 
168 h (10) 2.34 ± 0.137 32.629 ± 0.066 
180 h (10) 4.539 ± 0.205 20.671 ± 0.197 
192 h (10) 2.831 ± 0.1 13.704 :t 0.115 [L] 
204 h (10) 2.635 ± 0.187 43.275 ± 0.141 
216 h (10 ) 2.3 ± 0.1 43.185 ± 0.108 
228 h (10 ) 1.805 ± 0.126 45.237 ± 0.104 
240 h (10) 2.211 ± 0.08 34.536 ± 0.126 
252 h (10) 2.173 ± 0.105 44.656 ± 0.193 
264 h (10) 2.243 ± 0.1 44.625 ± 0.157 
276 h (10) 1.387 ± 0.195 43.336 ± 0.228 
288 h (10) 1.307 ± 0.079 40.466 ± 0.145 
300 h (10) 2.131 ± 0.119 38.492 ± 0.169 

• Results are expressed as Mean ± S.D. 
• Figure in the parentheses indicates the times of analysis 
• •• <0.001 highly significant (+ + ) 

Rate of Change 5% level of 
significance 

89.418 % ( + + ) 
91.551 % ( + + ) 

92.42 % ( + + ) 
94.182 % ( + + ) 
94.306 % ( + + ) 
87.729 % ( + + ) 
88.787 % ( + + ) 
92.005 % ( + + ) 
96.777 % ( + + ) 
89.26 % ( + + ) 
92.495 % C+ +) 
92.9350/0 ( + + ) 
86.897 % ( + + ) 
92.828 % ( + + ) 
78.041 % ( + + ) 
79.341 % ( + + ) 
93.911 % ( + + ) 
94.674 % ( + + ) 
96.009 % ( + + ) 
93.597 % ( + + ) 
95.133 % ( + + ) 
94.973 % ( + + ) 
96.799 % ( + + ) 
96.77 % ( + + ) 
94.463 % ( + + ) 
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Table 2.Ammonia content in the swim bladder washing of W. attu with 40 ml PBS (pH 7.0 ) 

Study Group Weight range of parasite(mg) Ammonia content (mglml) 

1 No. of Parasite present (6 ) 22.616 ± 0.099 

2 No. of Parasite present (6 ) 36.391 ± 0.174 

3 No. of Parasite present (6 ) 29.398 ± 0.129 

5 No. of Parasite present (6 ) iO.85 ± 0.112 

6 No. of Parasite present(6) 150-350 5.853 :t 0.14 [L] 

7 No. of Parasite present (6 ) 11.16 ± 0.104 

9 No. of Parasite present (6) 43.845 :t 0.123 ( H) 

11 No. of Parasite present (6 ) 11.106 ± 0.067 

13 No. of Parasite present (6 ) 18.89 ± 0.109 

17 No. of Parasi te present (6 ) 14.626 ± 0.069 

• Results are expressed as Mean ± S.D. 

·Figure in the parentheses indicates the number of swim bladder washings analysed 
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Fig. 2. Ammonia content in swim bladder washing with PBS, harbouring I. 11ypSt'lobagri 

of nitrogen per 1 mg of wet body'weight of 
which 33% is ammonia (Haskins and Weinstein, 
1957). The analysis of incubates of Taenia 
taeniaeformis larvae showed 17.5% ammonia 
nitrogen in the excretory products (Haskins and 
Oliver, 1958). Fairbrain et al. (1961) reported 
30% of ammonia in the excretory products of 
Hym(JIJolepis diminllta. Goil (1958) reported the 
end products of protein 'metabolisms in three 
flukes Paramphistomum expianatllm, P. gigantica 
and Gastrothylax crumenifer. About 3.95% of total 
body nitrogen was excreted in the form of 
ammonia in a period of 12 hours under aerobic 
conditions in P. explanatum, 2.9% of total body 
nitrogen as ammonia under identical conditions 
in G. crumenifer, and 3.04% of total body 
nitrogen as ammonia in a period of 12 hours in 
lsoparorchis hypseiobagri (Srivastava & Gupta, 
1976, Nizami & Siddiqi, 1976). 

In the present observation quantitative 
analysis of excreted ammonia up to 300 hours 
in both control and glucose treated condition is 
done. In the present study, in both control and 
gl ucose treated condi tion, the ammonia 
excretion is very high within 12 to 36 hours of 
incubation. Then the amount of ammonia 

excretion'decreased and reach its lowest in both 
·control.and treated condition within 144 to 192 
hours of incubation. When these parasites are 
in host's swim bladder they also excrete 
ammonia. The amount of ammonia present in 
the swim bladder depends on the number of 
parasites present and body weight of the 
parasite. Thus a comparison of ammonia 
excretion in natural condition and in in vitro 
control and glucose treated condition is made 
in the present study .The highest amount of 
ammonia excretion in glucose treated condition 
is closely similar to the highest amount of 
ammonia in host's swim bladder. Based on this 
observation, it can be assumed that the 
parasites remain in full metabolic activity up 
to 36 hours in in vitro culture after which they 
become torpor and decay gradually thus 
metabolic activity become at its lewest level. 
Obviously ammonia excretion become 
gradually lowered. 
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ABSTRACT 

In this epidemiological study, stool samples and blood samples were collected from two primary schools in 
Burdwan District, West Bengal, one situated in rural belt and the other in urban belt. The children are of age 
group between 5-10 years. The study has been carried out to draw a relationship between hookworm (Ancylostoma 
duodena Ie, Necator americanlls) infestation anaemia and hypoproteinemia. It has been observed that the hookworms 
are the leading cause of iron-deficiency anaemia in children of the above slum communities. Heavy infection 
leads to gastric problem causing Vitamin B12 malabsorption leading to protein bound malnutrition 

Keywords: Ancylostoma duodenale, Necator americanus, infestation, epidemiology, anaemia, hypoproteinemia, 
malnutrition, malabsorption 

I.NTRODUCTION 

Hookworm infestation is the common public 
health problem in India. The two species that 
most commonly .nfect human beings are 
Ancylostoma .. duodenale and Necator american liS 

(Garekar 2002). According to World Health 
Organization, 1 billion people are hookworm 
infected worldwide of which 200 million are 
estimated to be infected in India. 

A single adult A.duodenale causes about 0.2 
ml blood loss per day (Chatterjee 1976, Garekar 
2002). The development of clinical 
symptomatology depends on several factors 
including warm burden, preexisting iron stores 
and the nutritional status of the host. 

The present study has been carried out to 
ascertain the prevalence of hookworm infection 
and to clarify whether hookworms are an 
important cause of iron deficiency anaemia in 
primary 'school going children of rural and 
urban slum communities. 

MA TE"RIAL AND METHODS 

The study has been carried out among the 
children of two primary schools in Burdwan 
district. One of the school named Fakirpur 
Primary School, situated in rural belt and the 
other named Lakshmipur Math Primary School 
situated in urban belt. The children are of age 
group 5-10 yrs. The number of children in the 
schools situated in rural belt and urban belt are 
151 and 139 respectively. 

Early morning stool samples were collected 
from the children in provided containers. Stool 
samples were examined under light microscope 
by preparing smear in normal saline follOWing 
the method of Yadla et al., 2003. In the positive 
slides the number of eggs of the entire slide 
was recorded to provide a rough estimate of 
warm burden. 

The blood samples from each and every 
child has also been collected and haemoglobin 
percentage has been estimated by Sahli's 
Haemoglobinometer. 

*Department of Zoology, Bankim Sardar College, Tangrakhali-743 329 
ItItDepartment of Community Medicine, Burdwan Homoe0pathic Medican College & Hospital 
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The weight of the children was measured 
under common weighing machine. 

OBSERVATIONS AND RESULTS 

After examining the stool samples it has been 
observed that 29.7% of the children in rural 
belt and 35.90/0 in urban belt are free of any 
intestinal infection. Of the infected ones 36.7% 
children in rural belt and 46.0% in urban belt 
are infected with hookworm species 
(Ancylostoma duodenale, Necator american us) 
whereas 63.2% in rural belt and 54.0% in urban 
belt are infected with other gastrointestinal 
parasites such as, Ascaris lumbricoides, Giardia 
sp and Entamoeba sp etc. (Plate I, Fig. 1). 

The haemoglobin percentage recorded was 
between 7.9-9.9 in 7.8% of rural children and 
10.7% of urban ones, between 10.0-12.0 in 49.6% 
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Fig. 1. Prevalence rate in Rural and Urban areas 
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Fig. 3. Comparison between prevalence rate and 
Average Hb% in Rural area 
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of rural children and 47.70/0 of urban ones and 
between 12.1-14.2 in 42.3% of rural and 41.70/0 
of urban ones (Plate I, Fig. 2). 

The children those who are free of any 
gastrointestinal infection have the average 
haemoglobin 0/13.20/0 in rural area and 13.40/0 
in urban area. The children those who are 
infected with hookworm (Ancylostoma duodenale, 
Necator american us) have the average 
haemoglobin of 7.9% both in rural and urban 
areas. The children those who are infected with 
other gastrOintestinal parasites (Ascaria 
lumbricoides, Giardia SPI Entamoeba sp) the 
average haemoglobin recorded was 10.1% 
in rural and 10.3% in urban areas (Plate I, 
Fig. 3, 4). 

Normal average weights recorded among 
children from 5-10 years are presented in Table 
I. It has been observed that children having 

laRw~ I 
• Urban 

7-.9%-9.9% 10%-12% 12.1%-14.2% 

Fig. 2. Range of Hb% in Rural and Urban areas 
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moderate infection loss a weight of 1-2kg where 
as children with heavy infection loss 4Kg-4.5Kg 
weight. (Table I). 

DISCUSSION 

The hookworm infection is a common and 
significant burden on health of rural and urban 
children in Burdwan District It has been 
observed that the hookworms are the leading 
cause of iron deficiency anaemia in these 
children. The timing of anaemia onset depends 
on the child's preexisting iron stores. As iron is 
req uired for the biosynthesis of neuro
transmitters, anaemia affects cognitive 
development. Delay in grQwth and 
development has been observed among the 
children having significant anaemia (Plate il, 
Table I) 

Significant weight loss has been detected 
among the children with heavy infection (Table 
I) as the child losing RBC and plasma. 
Malabsorption as a result of hypoproteinemia 
aggravates malnutrition. Due to heavy 
hookworm infection gastric problem occurs 
which leads to 'Vitamin B12 malabsorption in 
chronic state causing 'protein bound 
malnutrition. Anaemia and Protein Energy 
Malnutrition occur together in many cases. 
(Plate ll).-- . 

MANAGEMENT 

Hookworm disease cannot be eradicated but 

new tools and understanding make better 
control possible. 

i) Mass deworming activities on the health 
of target populations. 

. ii) Use of proper and continued shoe wear 
and rroper disposal of sewage is 
necessary. 

iii) Development of Information Education 
and Communication Programme helped 
us to combat with hookworm infection 
and anaemia related with malabsorption. 

Management also need iron therapy, 
complemented by appropriate diet. The diet 
should be rich in iron and protein. Dietary 
supplementation of ascorbic acid increases iron 
absorption. 

As the area is of high endemisi ty the 
recommended strategy for disease control is the 
periodical application of recommended drugs 
(World Health Organization, 2002) twice a year. 
Particular attention has been given to the 
children who are considered as the risk group 
for the morbidity due to hookworms. 
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Table I. Comparative study of weights of children i) with no infection ii) with moderate infection 
iii) with s~vere infection 

--
Age in year No' Infection (0 Moderate Infection (ii) Severe Infection (iii) 

5 20 kg 18-19 kg 16 kg 

6 21kg 19-20 kg 17 kg 

7 22kg 20-21 kg 17.5 kg 

8 23kg 21-22 kg 18.5 kg 

9 24.5g 22-23 kg 20 kg 

10 25.5kg 23-24 kg 21 kg 



SCHOOL CHILDREN 

SYMPTOMS OF ANAEMIA AND MALABSORPTION 

Lips and tongue show ,extreme pallor 

Pale plump ,child 

Malabsorption leads to protein bound malnutrition Detected learning d isab Hi ties and lower IQ 
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ASCARIDIA GALLI 
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ABSTRACT 

Neuromuscular junctions of Ascaridia gall; are studied ultramicroscopically. It reveals existence of discrete 
synapses where indications for nerve endings and muscle cell extensions are available. Strikingly, incidence for 
neurosecretory innervations due to the presence of demonstrable stream of elementary granules that penetrate 
the hypodermal plasma membrane has been established. A few mitochondria1 bodies and vesicles of larger 
dimension are also detected within these extensions. Such condition otherwise provides evidence for direct 
neurosecretory innervations to the muscle fibres likely to amplify the muscular activation emerging from parasitic 
mode of life. 

Keywords: Nematode, Neuromuscular junctions, Nerve endings, Neurosecretory .innervatiO{l, Ascaridia galli. 

INTRODUCTION 

The nervous system of nematodes has been 
studied b~ several investigators (Strote et al., 
1996, Endo and Trpis, 1997, Hoschitz et al., 
2001). 'Morphoanatomically the nervous system 
in nematodes is comprised of a 
circumoesophageal nerve ring endowed with 
three ganglionic swelling at the dorsal, ventral 
and lateral regions. Strikingly, involvement of 
nervous system to constitute the neuromuscular 
junctions generally in majority of nematodes 
has unique features due to the fact that such 
junctions are formed by specialized branches 
of muscle cells (muscle arms) extending to the 
nerve cords and not by neuri tes as such 
(Stretton et al., 1978). Such feature of 
neuromuscular junction may have variations. 
The aim of this investigation is to probe these 
neuromuscular junctions in case of A. galli with 
a view to identify deviation in the general make 
up for having diversified parasitic adaptation 
to the host. 

MATERIAL AND METHODS 

Full-grown live worms were collected from 
the alimentary canal of the decapitated 
chickens. Immediately after collection from the 
host, the anterior portion of the worm were 
quickly dissected out to ensure proper 
penetration of the fixative and fixed in 2<}u 

paraformaldehyde and 4% g1utaraldehyde in 
O.lM cacodylate buffer, pH 7.2 for overnight at 
4°C. The samples were post fixed in 1% osmium 
tetraoxide and processed following standard 
technique. The ultrathin section" were examined 
in Philips Morgagni 268 electron microscope 
operated at 80 kV. 

RESULTS AND DISCUSSION 

The nerve ring of A gn~li is located at about 
250-300 ].lm from the anterior end encirding 
the pharynx with thickness of about 40].lm. 
Peripherally the nerve ring is made up of 
numerous.axonal processes. The neurosecretory 
cells (NSCs) are round to ovoid with distinct 
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nuclei and cytoplasmic inclusions (Fig. 1). In 
the ventral ganglionic half of the nerve ring, 
the cytopl,asm of such cells possess nuclei and 
inconspicuous chromatin granules (Fig. 1). The 
cytoplasmic region shows bubbling appearance 
interspersed with cytoplasmic contents 
induding secretory materials and some of the 
contents appear to conc,entrate along the axonal 
hiUock on their way towards respective axonal 
processes. Moreover, impressions of 
intracytoplasmic flbrc~ mJy he found in some 

Zoological R,('$('arcIJ in Hllmau W,f,1{art 

of the cells of larger dimension.. The latter 
feature may demonstrate deployment of 
axopl,asmk flow initiated from perikary.a of 
origin,. Furthermore, distinct microtubular 
structures are demonstrable at the axon .. hillock 
(Fig. 2) region. These microtubules bear some 
structures and bodies, which are comparable 
with secretory inclusions of variable contours. 
Such crit,eria r'eflect tunneling of secretory 
m,a terial through homogenous axoplasnllc 
substac c(~ . Sonl(\ti1T\{;S glyt'o"<-nous contents 

Fi~ 1. Ultramicroscopic view of semi thin section showing discfete ~ytomorphic ,anatomy of ventral ganglionic 
NSCs. Note nuclear configuration and cytoplasmic characteristics endow,ed with secretory inclusions 
within the perikarya and their streaming on way to ,axonal process. (arrow he.ad) x 1500 

Fig. 2. Section show' ng portion of the axon hillock region to show rlistribution of microtubules along the axonal 
proc.ess via axon hillock, Bar = 2 llm. 
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are also found to aggregate at the mesial profile 
of the axonal prolongations. Such situation may 
have a bearing for the metabolic mediation of 
,axoplasmi,c flow in the transpor tation of 
neurosecretory material (NSM) amongst the 
NSCs in particular. IncidentaUy, the distal end 
of the axonal region is often found to contain 
aggregation of dense granules. Overal profile 
of the neuropile and their conflu nce with the 

muscle fibres provide evidence for 
neurosecretory innervations to the surrounding 
muscles or hypodermal cord. This is further 
strengthened by the f~("t of penetration of 
'moniliform' axons \'VithiJ the ypodermal 
plasma membrane (Fig. 3). A few mitochondrial 
elements and large vesicles are present within 
this prolongation (Fig .. 4). 

Fig. 3. TEM view of extension of axon a process innervating the adjacent m'usde layers. 'Bar ;. 5 JIm. 

Fi~ 4. Same as above showing aggregation of mitochondria (arrow). Bar = 2 pm. 
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The morphological features of the nervous 
system and its cytomorphic nature in Ascaridia 
galli elicit basic pattern of the nervous systems 
in nematodes. The existence of the three 
important ganglia (dorsal, ventral, lateral) in 
the anterior nerve ring region has been assessed 
and consistent with other species like Ascaris 
lumbricoides (Gersch and Scheffel, 1958; 
Ishikawas, 1961, Davey, 1964, 1966), Plzocanema 
decipiens (Davey and Kan, 1967, 1968), 
Thalastoma, Cephalobellus, and Rhabditis oxycerca 
(Bird, 1971), Gangllieterakis spumosa (Kulkarni 
and Deshmukh, 1991), Dicrofilaria immitis 
(Delves et al., 1989). Indeed, there exists 
resemblance of such components in other free
living nematode like Caenorhabditis elegans 
(White et al., 1986). 

Apart from these studies the foregoing 
observation provides that the questionable 
neuromuscular junction in this species under 
reference is obvious as and when their 
confluence with oesophageal region has been 
referred to. Such findings do not subscribe the 
contention of Kulkarni and Oeshmukh (1991) 
who noted otherwise that is the muscle fibres 
receive nerve fibres and the usual 'innervation' 
has not been prevalent in Gangulaterakis spumosa 
(parasitic) and simulates the pattern as found 
in free-living nematode, C. elegans (Ware et al., 
1975). In Ascaridia galli the ground is more 
strengthened by the fact that stained 
neurosecretory granules (NSGs) are found, 
along the axonal pr_~esses as reported earlier_ 
in Dipetalonema' _ (McLaren, 1972) and 
Haemonchus contoftus (Rogers, 1968). 

Zoological Research in Human Welfort 

Characteristically, availability of coated 
vesicles with granular contents in the neuropile 
network has implication in the release of 
neurosecretion from axon terminals. 
Incidentally, earlier report (Reger, 1965) 
supports the occurrence of dimorphic 
neurosecretory vesicles (synaptic vesicles and 
dense core vesicles). Indeed, the former facilitate 
the synaptic cleft whereas the latter transport, 
store and release hormones, proteins and 
neuropeptides. Such understandings have 
bearings of the key molecular mechanisms that 
underlie cargo release from these two types of 
vesicles with reference to regulation of quantal 
release (Scalettar, 2006). The latter is reasonably 
assumed to constitute incipient neurosecretion 
pool so as to deploy the material to the 
adjoining concerned muscles. In addition, 
evidence for direct neurosecretory innervations 
to the hypodermal plasma membrane furnishes 
scope for amplifying the muscular activation 
in case of parasitic mode of life as and when 
efficacy of neuromuscular physiology is 
referred to. 
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ABSTRACT 

Blackbuck <Anti lope ceroicapra Linn. 1758) is a gregarious, territorial antelope belong to the family bovidae 
and endemic to Indian sub-continent. Ecologically, Antilope cervicapra, a grazer prefers open area and shows 
remarkable kind of social organization and behaviour scrutinizes through the course of evolution. The Social 
behaviour and agonistic interaction of Anti/ope cervicapra was observed in semi-natural habitat, Ganjam district, 
Orissa, India during a 2-year behaviour study. Analysis of agonistic interactions like Walk towards; Body push, 
Forcing to stand up, Supplanting, Dominance display, Ear threat, Hom or Frontal threat, Charge, Butting, 
Sparring, Fight and Chasing between male-male, male-female and' female-female individuals. Most agonistic 
encounters occur between members of the same age, sex and· social class. The frequency of buck-buck agonistic 
encounter was highest (52%), while doe-doe enco.unter remained lowest.· Agonistic interaction likes dominance 
display (160/0), threats (18.31% )and chasing (20%) are very common in betWeen bucks, while walk towards (18%) 
and body push (420/0) are very common among does. It was found that, the agonistic interactions were maximum 
in winter season (40.3%) in comparison to summer (32%) and--monsoon 0(27%). The degree of aggression was 
more between the similar age, sex and social categories individuals. Agonistic interaction between territorial 
males and adult bachelor males were increased during rutting season. Also observed that the fight was very 
frequent among the adult bachelor males. Fight between territorial males are linked with territory establishment 
and maintenance. 

-: -
Keywords : Blackbuck, Agonistic behaviour, Semi-natural, Ganjam, Orissa 

INTRODUCTION· 

The ~ntilope cervicapra Linn.1758 i's a 
gregarioUs, terrestrial antelope, belongs to the 
family bovidae of the order artiodactyla and 
threatened animal endemic to Indian sub
continent, commonly called Blackbuck or Indian 
Antilope (Prater, 1971) and locally known as 
"Krushnasara Mriga", Kar (2001). Ecologically, 
Antilope cervicapra, a grazer prefers open area 
and shows remarkable kind of social 
organization and behaviour scrutinizes through 
the course of evolution. The study of 
intraspecific variation in activities can provide 
insights into the evolution and maintenance of 
behavior (Kavita, 2005). Aggression has been a 

• P.G. Dept. Zoology, Vinoba Bhave University, Hazaribag. 

favorite topic of scientific research since the 
Second World War, since aggressive behaviQur 
is nearly universal among animals, including 
human being (Bakker, 1986). Agonistic 
behaviour is defined as "a physical act or threat 
of action by which one individual, reduce ~he 
freedom or genetic fitness of another" (Wilson, 
1975). In many species of animal, dispute 
between individuals are common which express 
by different types of aggressive display. Also 
agonistic displays are means of obtaining or 
retaining a resource (Enquist, 1985). Lorenz 
(1968) categorized aggression in terms of three 
main situations in which it may occur: Social 
or intra-specific aggression, predator aggreSSion 
and anti-predator aggreSSion. 
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Previous ethological study on blackbuck by 
Dubost and Feer (1980) examined its agonistic 
behaviour quantitatively but that study was 
concentrated to the male and in captive 
condition. A detailed description on the social 
behaviour of blackbuck presented by Schaller 
(1967), Nair (1976), Mungall (1978), Srivastava 
et nl. (1991) and Chhangani (2006), but 
quantitative data on agonistic behaviour 
patterns are limited. The present study 
describes the variation in social or intra-specific 
agonistic interaction of blackbuck in according 
to the age, sex and season. 

MATERIALS & METHODS 

The study was conducted at Proposed 
Community Reserve, Ganjam district, Orissa, 
India, a semi-natural habitat around local 
community. The habitat is predominantly open 
grassland (25%), woodland (10%) and cultivated 
land (65%

) and the climate is dry-deciduous. 
Topographically the area is undulating with 
scattered hills ranging an elevation from 200-
350 ms1. Field observations were conducted 
from November 2004 to December 2006, 6-8 
days per month with 200 h of observations. 
Binocular were used for identification of the 
individual and for observation of behaviour 
patterns. More then 10 groups and 12 territorial 
males were identified as individual through 
natural marking such as broken horn, numbers 
of ~piral in horn and face coloration when 
present. Observation for a single group of 
blackbuck was continuously from 1 h to 6 h. 
Most data were collected all hours between 6 : 
00 to 18 : 00 h. 

Agonistic behaviour was sampled by scan 
sampling method (Altman, 1974) and when 
interaction were recorded also noting the time 
of occurrence, sex, relative size and identity of 
both the individual that initiated the interaction 
and the recipient. Three sex classes of 
participants in agonistic encounter are 
considered 1). encounter between males (male
male) 2) encounter between females (female
female) 3) encounter between male and female 
(male-female), Koutnik (1981). 
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RESULTS 

Agonistic behaviour is that associated with 
conflict and fighting between two conspecific, 
and includes patterns of threat, fighting and 
submission (Scott and Frederlcson, 1951). 
Agonistic behaviour in the strict seJ1Se i.e., fight, 
threat and chase according to different social 
status of the indivjdual of the species. This 
behaviour patterns are obviously important for 
social life of tIle species (Walther, 1978). Most 
of the agonistic behaviour patterns under 
discussion are conSiderably differed in 
frequencies and degree of aggressiveness 
between social classes, age classes and in season. 
An ethogram of aggressive display classified 
according to Dubost and Feer (1980) were 
observed in the blackbuck in the study area is 
presented below : 

1. Walk towards (WT) : approach movement 
served as a threat. 

2. Body push (BP) : the signaler approached 
the recipient from behind and pushed its 
body 

3. Forcing to stand up (FS) : refers to an 
animal force another to stand up by 
simply approaching in a certain posture 
like threatening with ears, presenting 
horns from the front or rear, or giving the 
light tap with the horns on the head, horns 
or rump. 

4. Supplanting (S) : an animal attaehes itself 
to another of inferior rank and follow it 
relentlessly at a normal walk or 
dominance display, thereby forcing it to 
continually yield in front of him. The 
animal followed is unable to stop and 
walk or circle among the herd, with tail 
down and head and ears raised. 

5. Dominance display (DD) : the animal 
displaying dominance in the herd, drops 
his ears vertically as in threat, and hold 
his tail curled over his back. His body is 
straight, head raised; chin horizontal and 
pre-orbital gland open. 

6. Ear threat (ET) : refers to letting the ears 
hang down on the side of the neck. This 
display an individual forces another to 
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move aside, or to stand up. By this 
display mother defending their young, 
are especially common, as in other 
ruminants. 

7. Hom or frontal threat (HT) : the animal 
presents its horns towards the recipient 
as a ritualized intension movement for 
fighting. 

8. Charge (Cg) : it is a violent and rapid 
threat designed to drive a conspecific 
away, consist of rushing at an opponent 
with horn ready to hit. It was found 
frequently in mixed herd and mostly in 
territorial males towards the same or 
opposite sex of any age classes. 

9. B,-tting (B) : an individual drive off a 
rival or make her stand up with lowered 
ear butt another on her side or shoulder. 
It was very common in females of all ages 
and younger bachelor males. 

to. Sparring (Sp) : refers, head to head 
pushing, without any mutual harm. It 
was very common among the individuals 
of bachelor males. Sparring betWeen 
adult male was much longer and more 
violent. 

t1. Fight (F) : refers to any kind of horn 
contact between the opponents. ihis is 
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quite frequent between territorial and 
bachelor male, while less frequent in 
between females. It was observed that the 
reCiprocal threat leads to fight. 

12. Chasing (Ch) : when one individual run 
towards another individual and the 
challenged animal flees drawing pursuit 
from the aggressor. Also occurs at the end 
of fight when one of the two opponents is 
defeated and has turned for flight. It very 
mostly initiated by territorial male chase 
the other adult male, younger bachelor 
male and sometime sub-adult female of 
the mixed herd. 

The frequency of above all observed 
aggressive interaction varied upon the sex of 
the participant (Fig. 1). The overall frequency 
of agonistic interactions challenged by male was 
more then five times greater then that of the 
interactions challenged by female, a 
significantly higher frequency. The frequencies 
of male-male agonistic interaction were §2% of 
total interaction observed in the study period, 
and are frequent with most dangerous. Among 
the agonistic behaviour dominance display 
(16%), threats (18.310/0) and chasing (20%) are 
very common in between males, while walk 
towards (180/0) and body push (420/0) are very 
common among females. Agonistic behaviour 
like walk towards (15%

), supplanting (12%
), 

,-buck-buck. buck-doe • doe-doe I 

WT BP FS S DO ET HT CG B SP F CH 

Agonastic interaction 

Fig. 1. Showing frequencies of agonistic interaction between individual of different sex of Blackbuck at Ganjam, 
Orissa, India. 
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threats (200/0) and chasing (13%) were common 
in between male and female. The frequency of 
agonistic interaction changed markedly 
throughout the year (Fig. 2) and differed 
between the sexes. The monthly mean of 
agonistic interaction of male-male was 25.9% 
(S.D. = 15.08), ~ale-female 15.83% (S.D. = 7.58) 
and female-female was 8.08% (S.D. = 2.63). The 
frequency of aggressive encounters initiated by 
males and directed towards females was low 
throughout the year. The average agonistic 
behaviour initiated by male were varied (Fig. 
3) and maximum in winter (40.3%) i.e. pre-rut 
period and progress towards rut period and 
least in the summer (24.6%

). 

DISCUSSION 

The agonistic behaviour enforces the 
maintenance of individual distance, especially 
among females, function in the establishment 
and maintenance of territories in case of male 
and co-ordination of group activities (Walther, 
1974). Anti/ope cervicapra is a social species and 
its whole life is passed among conspecific with 
which it share its space and time. The activities 
of the members of a herd are highly 
synchronized, a characteristic of many other 
gregarious species (Dubost & Feer, 1980). 

45 

40 
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The differences in frequency of agonistic 
interaction in different seasons depends upon 
the food availability, food quality, rut period 
and establishment of territories by males. Also 
the present study area is a semi-natural habitat 
and most of the parts are cultivated land so 
factors like public interference by involvement 
in agricultural activities influences on the social 
behaviour and on the seasonal variation on 
agonistic interaction. As a result in the monsoon 
season most of the blackbuck population drive 
away towards the small pockets of grassland 
and due to this the frequency of agonistic 
interaction increases because of food 
competition by population pressure. However, 
when the agricultural activities over in the 
month of December i.e. pre-rut season, the 
frequency and degree of agonistics interaction 
increases significantly among males. 

Blackbuck agonistic behaviour closely 
associated with social organization. Most of the 
encounter between individual are on same age, 
sex or social class. As there is different type of 
social organization and herd so unequal'.. 
intensity and frequency of encounters between 
members of the herd. In cases where the herd 
is composed of one .age class, there is minimum 
chance of encounter with individuals of other 

,-Summer _ Monsoon _ Winter I 

WT BP FS S DO ET HT CG B SP F CH 

Agonastic behaviour 

Fig. 2. Seasonal variation in the frequencies of agonistic interaction challenged by buck in Ganjam district, 
Orissa, India. 
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Fig. 3.Seasonal variation in agonistic interaction of Blackbuck (Anti/ope cervicapra) at semi-natural habitat of 
Ganjam district, Orissa, India. 

classes lik~ in female herd. However bachelor 
herds containing males of several ages there is 
a maximum chance for the encounter between 
individuals of equal ages. This type of 
encounters found in other ungulates like Axis 
axis (Schaller, 1967). Certain agonistic di~plays 
like fight, chase, charge and butting are mostly 
found among the same age classes are less 
frequent but more aggressive while others 
agonistic display found among different age 
·classes are more frequent but less aggressive. 

Blackbucks live in herds comprising an old 
male and several females and fawns, while 
younger males stay away avoiding competition 
with the old ones, but as the breeding season 
approaches, the males form bachelor groups 
interacted aggressively to defend a territory 
individuaHy (Mungall, 1978; Nocon, 1999). Adult 
males are highly territorial in nature and there 
territories are adjacent so the male-male 
interactions are very frequent possibly due to' 
holding the ownership of the areas, which are 
rich in term of food resources, and female groups 
graze through these territories. The more 
frequent and high degree of agonistic interaction 
by intra sexual competition in males is possibly 
due to high reproductive success which 
monopolies all the females of the herd 
(Srivastava and Srivastava, 1991) which is 

supported by the present result that the agonistic 
interaction challenged by males are increase in 
pre-rut season. But the male-male interaction 
decreases in rutting season possibly due to 
development of tolerance during the breeding 
season. It was observed that well-established 
males tended to fight less with males on adjacent 
territories then with new comers tI)4ng to find 
a territory. The other bucks without territories, 
and young males, form their own all male groups 
and are less interacted except the fight. 
Youngster is placed at the bottom of the social 
hierarchy, which gives him a particular social 
role typified by few agonistic interactions 
(Dubost and Feer, 1980). 
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ABSTRACT 

Environmental monitoring is meant for programmed process of measurement and collection of information 
about the existing status of environment and can be done by physicochemical and biological methods. 
Physicochemical monitoring deals with quantitative estimation of physical and chemical parameters of environment. 
On the other hand, employing of biological parameters for assessing environmental perturbation is termed as 
biomonitoring. It has been emphasized that the nature and degree of pollution of any water body may be judged 
from the occurrence, abundance and composition of the inhabiting organisms. The use of indicator organisms in 
the assessment of water quality depends upon a in-depth knowledge of the ecological tolerance of the concerned 
organisms. A biolOgical indicator representing a useful biological measure is sensitive enough and can be used for 
diagnosis, control, prevention and reclamation. Rotifera, being an important faunal components of freshwater lotic 
as well as lentic zooplanktonic community, have attracted attention of several workers globally, with reference to 
their significance as bio-indicators of water quality, and also as an indicator of saprobity. In the present study, all 
total 46 species of Rotifera were recorded from 9 study sites in some freshwater riverine systems of South West 
Bengal viz. Dwarkeswar, Shilabati and Kansai. The temporal and spatial distribution patterns were studied in 
relation to major ecological parameters pertaining to riverine ecosystem. All the documented rotifera species were 
categorized as per the established scheme for bioindicator species viz. eutrophic species; oligotrophic species; 
acidophilic species; mixohaline species; alkaline mesotrophic species; taxa preferring special water; temperate 
species; worm stenothermal species; cold stenothermal species and eurythermal species. The physicochemical 
parameters of different study sites where the rotiferan bioindicator species inhabit were compared with the 
international standards for permiSSible limit to find out the relationship between the intensity of pollution and 
occurrence of rotifers. 

Keywords: Biomonitoring, freshwater, river, Rotifera 

INTRODUCTION 

Detection of pollution status by 
physicochemical ways is not always easy but 
sometimes it appears to be very expensive. 
According to International Organization for 
Standardization (ISO), environmental 
monitoring is meant for programmed process 
for measurement and collection of information 
about the existing status of environment and 
can be done by physicochemical and biological 
'methods. Physicochemical monitoring deals 
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with quantitative estimation of physical and 
chemical parameters of environment. On the 
other hand, employing of biological parameters 
for assessing environmental perturbation is 
termed as biomonitoring (Bartram and Helmer, 
1996). Biomonitoring, by biological agent has 
now become a growing subject for research to 
assess pollution. Biological monitoring is an 
integral part of water quality monitoring. It 
however, includes two categories; i) The 
bioassays (early warning or alarm systems, 
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ecotoxicological tests, bioaccumulation tests, 
eutrophication tests); and ii) bio-assessments 
(analysis of the biological communities). The 
former are experimental and the later are 
observational in approach. Both in tum, are 
linked to the choice of environmental policy 
makers concerning the updating of '''water 
quality criteria" and "effluent standards" 
Biomonitoring or application of biological 
variables in environmental monitoring activities 
has often resulted in different interpretations 
relating to 'biological variables' and caused a 
lot of confusion on 'activities' relating to this 
aspects (Zwart and Trivedi, 1994). A biological 
indicator is meant to give a useful biological 
measu~e, which is sensitive enough and can be 
used for diagnosis, control, prevention and 
reclamation (Ghetti and Revera, 1994). It has 
been emphasized that the nature and degree of 
pollution of any water body may be judged 
from t.~~,. occurrence, abundance and 
compos~tidn of the inhabiting particular biotic 
organisms. The use of indicator organism 
requires a knowledge of the ecological tolerance 
and requir .. ements of acute and chronic 
pollutants (Gaufin and Gaufin, 1966). The 
presence of certain species, with information 
on associations or groups, is a relatively reliable 
indication that pollution has not exceeded to a 
threshold limit during their life cycle within a 
given reach (Wilhm, 1975). 

Zooplankton species successions and spatial 
distributions are results of differences in 
ecological tolerance to various abiotic and biotic 
environmental parameters. Among different 
zooplanktbn, due to high population turnover 
rates, rotifers are particularly sensitive to 
changes in water quality. Their community 
structure not only allows estimates of the level 
of pollution, but also can indicate the trend of 
general conditions ov'er time (Sladecek, 1983). 
Different putrecible organic matter are 
decomposed by a}luatic microorganisms 
forming different biotic communities in the 
aquatic ecosystem. These organisms have been 
nam~d as saprobes and water quality could be 
categorized as per saprobity (Datta, 2001). 
Rotifera comprised of an important faunal 
cqmponent of l~ttoral and limnetic invertebrate 
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communities in freshwater environments. 
Rotifera has been considered as good indicators 
of saprobity (= organic pollution manifested in 
BOD5' dissolved oxygen content and specific 
communities of indicator species). They have 
attracted attention of several workl'rs globally, 
notably those of Hakkari (1972), Radwan (1976), 
Fuller et al.(1977), Donner (1978), Gannon and 
Stemberger (1978), Pejler (1981, 1983), Karabin 
(1983), Maemets (1983) and Sladecek (1983), 
with regard to their significance as bioindicators 
of water quality, trophic status and 
environmental toxicity studies. 

In fact, Rotifera were first used as indicators 
by Kolkwitz and Marsson (1902, 1909). Kolwitz 
and Marsson (1902) set up "Saprobien system" 
to define the quality of surface waters mainly 
on the presence of indicator species belonging 
to the plankton and periphyton community. In 
fact, this system is still the basis for a series of 
biological indices (De Pauw et al., 1992). 

Subsequently Kolkwitz (1935) listed some 
species as polysaprobic, alpha mesosaprobic, 
beta-mesosaprobic and oligosaprobic. We~el 
(1959) listed two polysaprobic,' one ·be.ta
mesosaprobic and four oligos~p"robic .species. 
Sladecek (1983) provided an excelle~t account 
of 625 species of Rotatoria found in 
Czechoslovakia as indicators of water· quality 
with remarks on saprobity, saprobic valence, 
indicative weight of different species, saprobic 
index and pollution. In addition, other valuable 
contributions dealt with the role of Rotifera as 
bioindicator have been in relation to pH 
(Berzins and Pejler, 1987), temperature (Berzins. 
and Pejler, 1989a), troph~c . degree (Berzins and 
fejler, 1989b), oxygen content (Berzins and 
Pejler, 1989c), water color (Berzins and pejler, 
1989d), and substrate and habitat (Pejler and 
Berzins, 1989, 1993). 

Sladecek (1956) considered 82 species of 
Rotifera as good indicators. The observations 
of Indian Rotifera as bio-indicators were 
initiated as preliminary ~emarks by Arora (1961, 
1966). Since then, this aspect has attracted 
attenti'.ln of several workers from this country 
inclUding useful reports by Arora (1961, 1966); 
Raoand Mohan (1977); Sampath et ale (1979); 
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Sharma (1986~ 1992); Saksena and Kulkarni 
(1986); Saksena (1987), Sharma and Dudani 
(1992); Sharma and Naik (1996); and Sharma & 
Sharma (1999, 2001). In the present study, all 
total 46 species of Rotifera were recorded from 
9 study sites in some freshwater riverine 
systems of South West Bengal viz. Dwarkeswar, 
Shilabati and Kansai. The temporal and spatial 
distribution patterns were studied in relation 
to major ecological parameters pertaining to 
riverine ecosystem. All the documented rotifera 
species were categorized as per the established 
scheme for bioindicator species viz. eutrophic 
species; oligotrophic species; acidophilic 
species; mixohaline species; alkaline 
mesotrophic species; taxa preferring special 
water; temperate species; worm stenothermal 
species; cold stenothermal species and 
eurythermal species. The physicochemical 
parameters of different study sites where the 
rotiferan bioindicator species inhabit were 
compared with the international standards for 
permissible limit to tally the intensity of 
pollution and occurrence of rotifers. 

METHODOLOGY 

The pr~sent investigation has been carried 
out in three rivers viz. Dwarkeswar, Shilabati 
and Kansai of South West Bengal during July 
2001 to June 2003. In Dwarkeswar river, the 
study site-1 is situated at Rajgram, upstream to 
,Bankura ,municipality (23°17'N; 87°10'5"E) and 
study site-2 was located at Ekteswar, 
downstream to Bankura municipality (22°54'N; 
87°46'54"E) and study site-3 was located in the 
Kalipur (near Arambag town) (22°54'N; 
87°56' 43"E). ln river Shilabati, study site-4 
(22°54'N; 87°12'E) was located near Garbeta 
subdivision, study site-5 (22°40'N 87°40'21"E) 
was situated near Ghatal municipality and 
study site-6 was situated near Bandar, (22°42'N; 
87°49'5"E) 4 miles down to the Ghatal 
municipality. In the river Kansai, study site-7 
was situated near Dherua (22°26'N; 87°12'E), 
study site-8 was situated near Midnapore 
mUnicipality (22°26'30"N; 87°15'E) and study 
site-9, was situated 12 miles below Midnapore 
town, near Pathra (22°28'N; 87°37'5"E)(Fig. 1 
of West Bengal). 

The rotiferan as well as other zooplankton 
samples were collected at an monthly intervals 
during 8 a.m. to 10 a.m. from July 2001 to June 
2003 from 9 study sites of three rivers. 
Zooplankton samples were randomly collected 
by filtering 100 liters of water through the 
bolting nylon cloth (No. 25, mesh size 54 m) 
and were preserved in 5% buffered formalin 
. (APHA, 1995). The zooplankton species have 
been identified following Sharma 2001; 
Needham and Needham, 1962; Edmondson, 
1959 and Battish, 1992. The number of the 
rotifers were counted 1:l1h.icr Phase Contrast 
Microscope (Model No.-Carl Zeiss, Germany-
912311) using "Sedgwick Rafter Cell" and the 
values were expressed in Number per Utter 
(No./L). Collected water samples were 
analyzed following standard methods (API-IA, 
1995; Trivedy and Goel, 1984). Some additional 
analyses like - index of dominance (Simpson, 
1949), species richness index or variety indices 
(Menhinick, 1964), Shannon species diversity 
index (Shannon and Weaver, 1949) and species 
evenness index (Pie lou, 1966) were also 
computed. On the basis of observation of 
diversity index (Table -7), the range of polluted 
and unpolluted streams were ~C'ategorized as 
three undermentioned categories (Wilhm and 
Dorris, 1968). 

H (Shannon index 
of diversity) 

>3 

1-3 

<1 

Condition 
of water 

clean water 

moderately polluted 

heavily polluted 

RESULTS AND DISCUSSION 

All total 46 species of Rotifera belonging to 
two (2) orders, eleven (11) families and fifteen 
(15) genera have been found (Table 1). The 
results of different physicochemical parameters 
have been shown in Table 2. The zooplankton 
productivity of a river is proportional to the 
age of its water and inversely proportional to 
its current (Reinhard, 1931; Eddy, ,1934). In the 
present study, the Rotifera population 
registered a highly significant inverse 
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Fig. 1. Location map of the study sties 

relationship with water current (r = -0.931; -
0.954; -0.893; -0.867; -0.544; -0.626; -0.828; -
0.755 and -0.844) for the nine study sites (study 
site-1 to study site-9) respectively which 
corroborated the findings with Reinhard, 1931; 
and Eddy, 1934 (Table 3,4 and 5). Hofmann 
(1977) opined that temperature exerts a 
significant influence on population dynamics 
of rotifer not only because of its direct control 
on embryonic.development but also because, it .. 

is an important characteristic ~f t~e __ 
determinative situation of the environment. In
the present study, temperature ranged from 
16°C-36°C at 9 study sites of three rivers, which 
were neither extreme -cold nor exceS$ hot and 
that's why here temperature did have little 
effect on rotifer population. The correlation 
between Rotifera and temperature showed 
positive relationship (r = -0.364; 0.243; 0.372; 
0.339; 0.301; 0.361; 0.15; 0.23 fUld 0.22) for the 
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Table-I. Occurrence and distribution of different rotifer species at nine study sites (study site 1 
to 9) of three rivers during the study period Guly, 2001 to June, 2003). 

s. Family and Species Dwarkeswar Silabati Kansai 
No. Sl S2 S3 54 S5 S6 S7 S8 59 

Phylum ROTIFERA 

Super class EUROT A TORIA Bartos, 1959 

Class MONOGONONT A Wesenberg-
Lund, 1889 

Order PLOIMIDA Delage, 1897 

Family ASPLANCHNIDAE Harring 
and Myers, 1926 

1 Asplanchna priodonta Gosse, 1850 + + + + + + + + + 
Family "BRACHIONIDAE Wesenberg-
Lund, 1899 

2 Brachionus angularis Gosse, 1851 + + + + + + + + + 
3 B. bidentata bidentata Anderson, 1889 + + 
4 B. bidentata jirovci (Bartos, 1964) + + + + + + + + 
5 B. calyciflorus f amphiceros + + + 
6 B. calyciflorus fanuraeiformis (Brehm, 1909) + + + + + + 
7 B. ca/yciflorus fborgerti (Apstein, 1907) + + + 
8 B. calyciflorus fdorcus (Gosse,1851) + + + 
9 B. caudatus personatlls (Ahlstrom, 1940) + + + + + + + + + 

10 B. falcatus Zacharias, 1893 + + + + + + + + + 
11 B. forficula minor (Voronkov 1913) + + + + + 
12 B. patu/us patu/us Muller, 1776 + + + + + + + + 
13 B. quadridentatus brevispinus 

(Ehrenberg, 1832) + + + 
14 B. quadridentatus quadridentatus 

Hermann, 1783 + + + + + + 
15 B. quadridentatus rhenanus 

(Lauterbom, 1893) + + + + + + + 
16 B. rubens Ehrenberg, 1838 + + + + + + + + + 
17 Keratella cochlearis (Gosse, 1851) + + + + + + 
18 Keratella tropica Apstein, 1907 + + + + + + + + + 
19 Platyias quadricornis .. (Ehrenberg,--1838) - + + + + 

Family COLURELLIDAE Bartos, 1959 

20 Colurella uncinata (Muller,~ 1773) + + + + + + 
21 Lepadella (LepadeUa) Of Tillis ovalis 

(Mull~r, 1786) + + 
Family EUCHLANIDAE Bartos, 1959 

22 Beauchampiella eudactylota (Gosse, 1886) + + + + + 
23 Euchlanis dilatata Ehrenberg, 1832 + + + + + + 

Family LECANIDAE Bartos, 1959 

24 ucane(Lecane) crepida crepida 
Harring, 1914 + + + 
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Table-1. Contd. 

S. Family and Species 
No. 

25 L. (L) curvicornis curvicornis 
(Murray, 1913) 

26 L. (L) hastata (Mlirray, 1913) 

27 L. (L) hornemanni (Ehrenberg, 1834) 

28 L. (L) leon tina (Turner, 1892) 

29 L. (LJ Irma luna (Mullar, 1773) 

30 L. (L) nana (Murray, 1913) 

Family: LECANIDAE Bartos, 1959 

31 L. (L) papuana (Murray, 1913) 

32 L.(L) ungulata (Gosse, 1887) 

33 Lecane (Monostyla) bul/a (Gosse, 1851) 

34 L. (M) decipiens (Murray, 1913) 

35 L. (M) hamata (Stokes, 1896) 

36 L.(M) lunaris lunaris (Ehrenberg, 1830) 

37 L. (M) pyriformis (Daday, 1905) 

38 L. (M) stenroosi (Meissner, 1908) 

Family NOTOMMA TIDAE Remane, 1933 

39 CepJralodel/a gibba (Ehrenberg, 1832) 

Family SYNCHAETIDAE Remane, 1933 

40 Polyarthra vulgaris Carlin, 1943 

Family TRICHOCERCIDAE Remane, 1933 

41 Trichocerca(Tric/rocerca) elongata 
braziliensis (Murray, 1913) 

42 T. (T) rattus (Muller, 1776) 
-

Family TRICHOTRIDAE Bartos, 1959 

43 Trichotria tetractis (Ehrenberg, J832) 

Order GNESIOTROCHA De ~auchamp, 1965 

Family TESTUDINELLIDAE Bartos, 1959 

44 PompJrolyx sulcata Hudson, 1885 

Family FILINIDAE Bartos, 1959 

45 Filinitr longiseta (Ehrenberg, 1834f' 

46 F. terminalis (Plate, 1886) 

nine study sites (study site-1 to study site-9) 
respectively (Table 3,4 and 5). The pH governed 
the distributiont transport and fate of heavy 
metals in an aquatic system (Whitton and Say, 
1975). The alkaline pH was favorable for the 
growtl~ of aquatic vegetation (Westlake, 1975). 
Comparatively lower pH during summer 
months was supposed to be due to higher 
decomposition activities of organic matter 
coupled with higher temperature and lower 
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Dwarkeswar Sitabali Kansai 
S1 S2 S3 S4 SS S6 S7 S8 S9 

+ + 

+ + -
+ 

+ + + + + + + + + 

+ 

+ + + + + + + + 

+ + + + + + + + + 

+ + + + + + + + + 

+ + + + + + + + + 

+ + 

+ + -
+ + + + + + + + 

+ + + + + + + + 

+ + + + + + + + 

+ + + 

+ + + + + + + + + 

+ + + + 

+ + + + + 

+ + 

+ 

.. 
+ + + + + + + + + 

+ + + + + + + + 

water depth. In the present study, pH did not 
show any definite seasonal trend and pH values 
ranged from 6.1 to 7.9, and thus in most cases, 
it remained to' either in acidic or in alkaline 
range and Rotifera expressed both significant 
and insignificant direct and indirect correlation 
with pH as revealed from correlation coefficient 
analysis (Table-3,4 and 5). According to Berzines 
and Pejler, 1987, pH had no direct effect on 
rotifers even though it appeared to be as an 



Table-2. Mean SE and range of different physicochemical parameters of waters at study sites Sl to S9 of three rivers during study period. 

Dwarkeswar ShUabati Kansai 

SI S2 S3 S4 SS S6 S7 S8 S9 

SI. Physicochemical Mean:t SE Mean:t SE Mean:t SE Mean:t SE Mean:t SE Mean :t SE Mean:t SE Mean:t SE Mean:t SE 
No. parameters Range Range Range Range Range Range Range Range Range 

1 Water Current 44.71±4.87 42.88±5.03 44.25±5.24 4O.58±3.11 42.38±2.45 39.08±2.32 42.83 ± 5.76 42.00±5.4O 39.08±5.09 
(em/min) 8.00-82.00 5.00-81.00 7.00-88.00 16.00-71.00 28.00-68.00 28.00-65.00 7.00-89.00 8.00-83.00 7.00-80.00 

2 Water Temp.(OC) 27.85±1.10 27.38±1.03 27.17±1.04 27.92±1.05 27.42±1.03 27.13±0.98 27.13±0.99 28.23±1.06 27.42±0.98 
16.50-34.00 16.00-34.00 16.00-35~00 16.00-35.00' 17.00-32.50 17.00-32.00 18.00-33.00 17.00-36.00 18.00-34.00 

3 pH 7.09 ±0.07, 7.17±0.08 7.10±O.03 7.O4±O.09 7. 14±0.08 7.03±0.04 7. 18±0.06 7.09±O.08 7.O4±O.03 
6.50-7.50 " . 6.50-7.80 6.80-7.40 6.10-7.90 6.50-7.85 6.70-7.40 6.70-7.90 6.40-7.90 6.60-7.30 

4 Alkalinity 108.51±10.20 102.58±15.16 83.75±7.98 57.50±2.74 59.38±3.60 56.67±3.32 59.79±2.24 66.46±2.42 63.33±1.82 
(mg/I) 50.00-185.0 35.00-320.0 35.00-180.0 35.00-85.00 30.00-95.00 35.00-85.00 45.00-80.00 40.00-90.00 45.00-80.00 

5 D.O.(mg/l) 7.17±0.38 7.96±0.46 6.90±0.23 7.62:tO.29 7.77±0.37 7.42±O.3O 7.60±O.34 8.11±0.31 7.93±0.23 
4.18-10.54 4.04-12.97 4.25-9.25 4.46-9.93 5.20-11.35 4.65-9.58 4.86-10.40 5.43-10.40 6.28-9.58 

6 B.O.D.(mg/l) 2.53:f;0.20 2.61±0.27 2.20±0.16 1.48±0.17 1.68±O.17 1.68±0.21 1.98±O.13 2.00±0.16 1.49±0.10 
0.73-4.46 1.15.;6.89 1.25-3.25 0.13-3.24 0.12-3.25 0.28 -3.56 1.21-3.24 0.43-3.25 0.75-2.56 

7 Total Kjeldahl 2.83 ±0.4O 3.18 ±0.56 1.93 :to.28 2.83 ± 0.48 2.61 ± 0.46 1.69 ± 0.19 1.79 ±0.28 3.25 ±O.62 1.70 ±0.22 
Nitrogen(mg/I) 0.28 7.29 0.29 9.18 0.14 4.35 0.53 -9.35 0.41 -10.50 0.45 -3.50 0.28 -4.66 0.43 -14.87 0.25 -4.40 

8 Total Phosphate 0.37 ±0.08 0.62 ±p.16 "0.26 ±0.06 0.34 ± 0.10 0.34 ± 0.08 0.22 ± 0.08 0.24 ±0.05 0.28 ±1.61 0.11 ±O.Ol 
Phosphorus (mg/l) 0.06 1.41 0.01:- 3.79 0.01 1.25 0.002 -1.85 0.004 -1.21 0.001 -1.45 0.02 -1.03 0.02 -0.96 0.01 -0.24 

Table-3. Correlation between different groups of zooplankton and physicochemical parameters at study site -1 to study site-3 in Dwarkeswar 
river during the study period. 

Study site-l 

Rotifera Oadocera 

Water Current -0.931 .... -0.932 .... 

Temp. 0.364 0.263 

pH -0.314 ' -0.498" 

Alkalinity 0.450" 0.286 

D.O. -0.271 -0.173 

B.O.D. -0.309 -O.41~ 

Total Kjeldahl Nitrogen 0.067 -0.091 

Total Phosphate Phosphorus 0.603 .... O.5O~ 

.... Correlation is significant at the O.Ollevel J2-tailed) 

.. Correlation is significant at the 0.05 level (2-tailed) 

Copepoda 

-0.737 .... 

0.218 

-0.382 

0.353 

-0.148 

-0.452'" 

-0.038 

0.115 

Rotifera 

-0.954 .... 

0.243 

0.224 

0.355 

-0.238 

-0.134 

0.19 

0.488" 

Study site-2 ,Study site-3 

Cladoeera Copepoda Rotifera Cladocera Copepoda 

-0.796 .... -0.820"''' -0.893 .... -0.764 .... -0.724 .... 

0.165 0.155 0.372 0.26 0.226 

-0.047 0.317 0.166 0.154 0.136 

0.227 0.477'" 0.269 0.27 0.145 

-0.171 0.114 -0.222 -0.251 -0.022 

-0.06 -0.085 -0.242 -0.029 -0.085 

0.212 0.263 0.19 0.17 0.066 

0.321 0.433" 0.681 .... 0.46~ 0.256 



Table-4. Correlation between different groups of zooplankton and physicochemical parameters at study site -4 to study site-6 in 
Shilabati river during the study period . 

, 

Study site-5 
, 

Rotifera Cladocera 

Water Current -0.867*11- -0.869"'11-

Temp. 0.339 -0.032 

pH 0.62411-" 0.222 

Alkalinity 0.68511-11- 0.393 

D.O. -0.50111- -0.169 

B.O.D. 0.3 -0.009 

Total Kjeldahl Nitrogen -0.071 0.194 

Total Phosphate Phosphorus -0.166 -0.262 

11-11- Correlation is significant at the O.Ollevel (2-tailed) 

II- Correlation is significant at the 0.05 level (2-tailed) 

Copepoda 

-0.683 .... 

-0.112 

0.233 

0.312 

-0.062 

0.009 

0.347 

0.11 

Rotifera 

-0.544 .... 

0.301 

0.732"11-

0.600"11-

-0.326 

0.235 

-0.002 
0.44211-

Study site-6 Study site-7 

Cladocera Copepoda Rotifera Cladocera Copepoda 

-0.805 .... -0.588"11- -0.626 .... -0.618 .... -0.473" 
-0.28 0.034 0.361 -0.106 -0.018 
0.304 0.55611-11- 0.55011-11- 0.16 0.029 
-0.072 0.48011- 0.717*11- 0.037 0.352 
0.251 -0.127 -0.248 0.026 -0.412 
-0.217 0.069 0.104 0.157 0.303 
0.237 0.135 -0.059 0.21 0.061 

0.136 0.218 -0.301 -0.155 -0.349 

Table-5. Correlation between different groups of zooplankton and physicochemical parameters at study site-7 to study site-9 in Kansai river during the study 
period. 

Study.site-7 

Rotifera Cladocera 

Water Current -0.828"" -0.78111-11-

Temp. 0.15 -0.247 
... 

pH 0.393 0.087 

Alkalinity 0.61811-" 0.194 

D.O. -0.583"* -0.328 

If,O.D. 0.55211-* 0.252 

Total Kjeldahl Nitrogen 0.171 0.355 

Total Phosphate Phosphorus 0.207 0.34 

.11-11- Correlation is significant at the O.Ollevel (2- tailed) 

It Correlation is significan~ ~t the 0.05 level (2- tailed) 

Copepoda Rotifera 

-0.55411-11- -0.75511-11-

-0.236 0.23 

0.001 0.314 

0.021 0.532*11-

-0.204 -0.58611-11-

0.015 0.49111-

0.249 -0.192 

0.389 0.321 

Study site-8 Study site-9 

Cladocera Copepoda Rotifera Cladocera Copepoda 

-0.776 .... -0.38 -0.84411-11- -0.85411-" -0.345 

0.046 -0.287 0.22 -0.039 -0.232 
0.176 -0.269 0.183 0.085 -0.175 
0.264 -0.126 0.529** 0.279 0.211 

-0.41 -0.066 -0.182 0.07 0.181 

0.377 -0.012 0.286 0.288 0.006 
-0.025 0.082 0.403 0.570** 0.021 
0.254 -0.041 -0.133 -0.069 -0.107 
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important parameter in explaining the 
distribution of different species. Besides, species 
specific study, it was quite difficult to draw 
any definite trend between different 
zooplankton groups and pH. Species wise study 
of different rotifer species revealed that different 
species displayed different relationships with 
pH (Table-6). Alkalinity of the water in its 
capacity to neutralize a strong acid and is 
characterized by the presence of all the 
hydroxyl ions capable of combining with the 
hydrogen ion. Alkalinity in natural waters is 
due to free hydroxyl ions and hydrolysis of 
salts formed by the weak acids and strong bases 
(Trivedy and Goel, 1984). The number of 
milliequivalents of acid used in the titration to 
combine all the hydroxyl ions, is called as total 

alkalinity (Trivedy and Goel, 1984). The species 
with well developed lorica such as Brac1lionus 
and Keratella built higher population during 
the period when the alkalinity was high 
(Dhanapathi 2000) but in the present 
observation, although the water conditions were 
neither acidic nor alkaline (Table-2), the genus 
Brachionus and Keratella exhibited positive 
relationship with alkalinity. Sharma (1992) 
stated that the Rotifera fauna of West Bengal 
included various acidophilic species i.e K. 
cochliaris and B. patulus, whereas, B. bidentata, 
B. rubens and Lecane lunaris have been regarded 
by him as alkalophilic element. This study 
supported the findings of Michael (1968), 
Nayer, (1970), and Vasisht and Sha-rma (1976) 
relating to coincidence of Rotifer~n abundance 

Table .. 6. Correlation between different physicochemical parameters with different rotiferan 
species. 

Rotifera species we TEMP pH- ALKA DO BOD TKN TPP 

1 Asplanchna priodonta -0.035 -0.652"" -0.387 -0.308 0.611·· -0.179 0.110 0.020 

2 Brachionus angularis -0.479· 0.171 0.157 0.570·· -0.268 0.193 0.122 0.044 

3 B.bidentata bidentata -0.508· 0.262 -0.085 0.212 0.240 0.123 0.109 0.200 

4 B.bidentata jirovci -0.601·· 0.339 0.259 0.515· -0.396 0.139 0.079 0.099 

5 B.calyciflorus f amphiceros -0.871·· 0.42<r" -0.085 0.521·· -0.254 -0.355 0.307 p.654·· 

6 B.I.:'tllyciflorus fanuraeiformis -0.611·· 0.295 0.097 0.398 -0.434· 0.028 0.102 0.147 

7 B.calyciflorus f.borgerti -0.74~· 0.572" 0.042 0.61~· -0.483· -0.339 0.412 P·693·· 
0-

8 B.calyciflorlls f.dorcus -0.773·· -0.035 -0.120 0.086 -0.031 0.045 0.119 0.254 
.-

9 B. caudatus personatfls -0.722·· 0.332 0.291 0.451· ~.365 0.218 0.065 0.208 

10 B.falcatus -0.576" 0.322 0.397 0.518·· -0.349 0.135 0.040 0.088 

11 B.forficula minor -0.622·· 0.247 0.346 Q.448· -0.233 0.260 .. 0.009 0.320 

12 B. patllius patulus -0.545·· 0.048 -0.066 0.387 -0.105 -0.069 0.247 0.072 

13 B. quadridentatus brevispinus -0.796·· 0.55~· 0.081 0.519·· -0.503· -0.381 0.263 0.731·· 

14 B. qUlldridmtatus quadridmtatu5 -0.446· 0.165 0.308 0.042 -0.025 -0.190 -0.062 0.097 

15 B. qlladridentatus rhenanus -0.459· -0.298 0.050 0.017 0.169 0.303 -0.006 0.178 

16 B. rubens -0.532·· 0.312 0.52~· 0.234 -0.263 0.322 -0.140 0.194 

17 Keratella cochlearis -q.328 -0.1.r;5 0.353 -0.129 0.130 0.115 -0.192 -0.002 

18 Keratella tropica -0.514· 0.264 0.142 0.624·· -0.339 0.151 0.193 0.110 

19 Plntyias qlllldricomis -0.544·· 0.194 0.378 0.334 -0.263 0.191 0.082 0.173 

20 Colurella unci~ta -0.613·· 0.033 0.140 0.051 0.056 -0.111 0.170 0.097 

21 Ltpndelln (!.epadeUn) ovnlis ovalis -0.306 0.166 0.282 0.381 0.031 -0.211 0.202 0.214 

22 Beauch~mpiella eudactylota -O.57~· 0.485· 0.68~· 0.748·· -0.65·· 0.442 -0.139 0.160 

23 Euchlanis dilatata -0.098 -0.81·· -0.52·· -0.381 0.669·· -0.266 0.052 -0.160 

24 Lecane(ucane) crepida crepida -0.506· 0.259 0.397 0.313 -0.180 0.027 0.073 0.278 

25 L. (L) curvicornis curvicornis -0.621·· 0.439· -0.197 0.448· -0.237 -0.217 0.332 p.648·· 

26 L.(L) hastata -0.281 0.146 -0.395 0.017 -0.161 -0.134 0.000 -0.038 
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Table 6. Contd. 

Rotifera species we TEMP 

27 L.( L) hornemanni -0.344 0.198 

28 L.(L) leon tina -O.46~ 0.330 

29 L.(L) luna luna -0.009 -0.281 

30 L.(L) nana -0.702·· 0.235 

31 L. (L) papuana -0.518·· 0.308 

32 L.( L) ungulata -0.516· 0.326 

33 ucane( Monoshjla)blllla -0.490· 0.313 

34 L. (M) decipiens -0.421· 0.230 

35 L. (MJ lIamata -0.416 . 0.341 

36 L.( M) lunaris lunaris -0.645·· 0.245 

31 L.( M) pyriformis -0.654·· 0.262 

38 L. (M) stenroos; -0.624·· 0.168 

39 Cepllalodel/a gibba -0.802·· 0.169 

40 Polyarthra vulgaris -0.552·· 0.345 

41 Tr;cllocerca(T) elongata 
braziliensis -0.016 -0.59-· 

42 T.(T) mttlls -0.238 -0.456· 

43 Tricllotria tetractis -0.573·· 0.292 

44 Pompllolyx su/cilta -0.342 0.341 

45 Filinia longiseta -0.218 -0.66~· 

46 F. term;nalis -0.248 -0.448· 

··Correlation is significant at the O.Ollevel (2-tailed) 

·Correlation is significant at the 0.05 level (2-tailed) 

with higher total alkalinity. pH didn't reveal 
overall Significant relationship with rotiferan 
population in most of the cases (r = 0..450; 0.355; 
0.269; 0.685; 0.600; 0.717; 0.618; 0.532 and 0.529 
for the 9 study sites, study site-1 to study site-
9 respectively) (Table 4,5 and 6). with total 
diversity of Rotifera. Dissolved oxygen (DO) is 
probably the most widely analyzed chemical 
parameter in any water body. Apart from its 
direct effect on respiration of different biotic 
organisms, it controls directly or indirectly 
many limnological parameters of aquatic 
ecosystem. Dissolved oxygen plays an 
important role in determining the occurrence 
and abundance of rotifer communities 
(Dhallapathi 20(0).Hof~nn (1977) determined 
oxygen concentration as to be an important 
factor in determining seasonal, horizontal and 
vertical variations of rotifers, while Berzins and' 
Pejler (1989b) noticed wider range of oxygen is 
required for the occurrence of these organisms. 

Zoological Research ill Human Welfare 

pH ALKA DO BOD TKN 11'P 

0.365 0.210 -0.167 -0.139 0.062 0.4S~ 

O.44S· 0.073 -0.332 0.058 -0.154 0.098 

0.009 -0.253 0.078 0.045 -0.370 -0.101 

0.408 0.357 -0.283 0.221 -0.017 0.298 

0.330 0.050 -0.307 0.038 -0.072 0.027 

0,48~ 0.132 -0.397 0.032 -0.092 0.090 

0.476· 0.165 -0.285 0.020 -0.034 0.1 OS 

-0.110 0.095 -0.274 -0.133 0.063 0.419-

0.312 0.473· -0.064 -0.157 0.266 p.85S--

0.545·· 0.162 -0.351 0.297 -0.070 0.208 

0.274 0.293 -0.357 0.079 0.018 0.151 

0.097 0.466· -0.214 0.259 0.185 0.189 

0.096 0.225 0.146 0.115 -0.056 0.504-

0.394 0.099 -0.336 0.111 -0.071 0.398 

-0.380 -0.231 0.43~ 0.100 -0.170 -0.177 

-0.167 -0.295 0.435· -0.158 0.014 -0.006 

0.594 0.755·· -0.480* 0.290 -0.032 -0.322 
, 

0.484 0.410 -0.377 0.505· -0.240 -0.073 

-0.395 -0.316 0.584·· -0.290 0.119 -0.058 

-0.171 -0.173 0.343 -0.021 -0.018 -0.088 

In the present study, maximum D.O. during 
winter season followed by rainy season was 
supposed to be due to the flushing of water 
with atmosphere or as a result of increased 
water volume, depth and water c1J,rrent as well 
as due to higher growth 1>f macro and 
microphytes. In this study, dissolved o!>,gen 
ranged from 4.04 to 12.97 mg/L. An .inverse 
relationship (r = -0.271; -0.238; -0.222; -0.501; 
-0.326; -0.248; -0.583; -0.586; -0.182 for_ study 
site-1 to study site-3 of Dwarkeswar river, 
study site-4 to study site-6 of Shilabati river 
and study site-7 to study site-9 of Kansai river 
respectively) (Table 3,4 and 5) was noticed 
between rotifer abundance and dissolved 
oxygen which might be attributed to the 
respiratory activity of the rotifers and other 
zooplankton and also because of uptake of 
oxygen for decomposition of algal bloom 
(Berzins and Pejler,1989b) (Table 3,4 and 5). 
Species that occur and prefer water with high 
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DO values such as of genus Asplanchna, showed 
significant positive correlation with dissolved 
oxygen (r = 0.611) (Table-6). Dhanapathi, 2000, 
also recorded this species from the water having 
high DO. Pejler (1957) and Pourriot (1965) 
pointed out that cold stenothermal forms are 
more tolerant of low oxygen content in the 
water than eurythermal species. Ellis et al. (1946) 
stated that the amount of total Kjeldhal 
nitrogen in unmodified natural waters are very 
less ( less than O.lmg/L), while more than 1.0 
mg/L are indicative of organic pollution (Reid, 
1961). The value of Total Kjedahl Nitrogen 
ranged from 0.14 to 14.87mg/L .. aQ4 mean,vallie 
were 2.83 ±0.40; 3.18·-±0.S6;.f83'·:±·6~f:2·.83 ±', 
0.48; 2.61 ± 0.46; 1.69 ± 0.19; 1.79.± 0.28; 3~25 ± 
0.62 and 1.70 ± 0.22 for. study site-1 to study 
site-9 respectively' (Tab. Ie 2).' Total phosphate 
p.hosphorus level in the water body was 
recorded low at study sites- 1, 3 to 9 (0.37 ±0.08; 
0.26 ±0.06; 0.34 ± 0.10; 0.34 ± 0.08; 0.22 ± 0.08; 
0.24 ± 0.05; 0.28 ± 1.61; and 0.11 ± 0.01 
respectively) but a sharp increase of this 
parameter in study site-2 (0.62 ± 0.16; range: 
0.01-3.79) was thought to be due to sewage 
disposal. Higher values of total phosphate 
phosphorus suggested that there was a greater 
role of sewage draining from adjoining 
municipal areas causing such high 
concentration of phosphorus 

Simple correlation coefficient analysis 
between different species of rotiferan 
comm~ty revealed both positive and negativ~ 
relationships, which may be due to the 
adaptability of similar environmental conditions 
(Table 3,4 and 5). Considerable volume of data 
generated by the analysis of different 
physicochemical parameters of water which 
revealed that almost all parameters tended to 
remain within the permissible limit (comparing 
with international ana national standard as 
shown in the Table 8) By virtue of their such 
concentration, the water of these study sites 
could be used for drinking with conventional 
treatment, propagation of wildlife and fisheries 
and for irrigation, industrial cooling and for 
controlled waste disposal and was not expected 
to pose any problem for the aquatic biota. In 
the present findings, environmental parameters 

in relation to population dynamics assessed 
from correlation coefficient values, stated that 
there appeared no well marked effectiveness 
of any single environmental factor controlling 
the distribution of zooplankton. 

Siadecek (1983) provided an excellent 
account of 625 species of Rotatoria found in 
different water bodies of Czechoslovakia as 
indicators of water quality with remarks on 
saprobity, saprobic valence, and indicative 
weight of different species, saprobic index and 
pollu~i9.~ .. The saprobien system as highlighted 
bY',Kolkwitz and Marsson (1908, 1909) is the 
earliest biotic index and this system is based 
ort the observatio~s in a river which has 
received a heavy input of sewage and shows 
different zones of decreasing pollution. These 
zones have been termed as polysaprobic, a 
mesosaprobic, Il mesosaprobici. and oligo
saprobic zones in order to decreasing higher 
organic enrichment in a river. The presence or 
absence of indicator species in the said study 
sites were recorded in relation to species 
diversity index (H')(Table 7). This information 
is used to monitor the range of pollution. 

Several indicator species of Rotifera recorded 
from Indian inland waters were categorized by 
Sharma (1996). Based on the affinity for specific 
water bodies following categories of Rotifera 
have been made. 

1. Eutrophic species: Those species which are 
likely to inhabit in highly nutrient 
co~taining water bodies viz. Brachionlls 
.angllla'ris; B. bidentata; B. calyciflorlls; B. 
caudatus personahis; B. falcatus; B. rubens; 
Keratella tropica; Asplanchna priodonta; L. (L) 
curvicornis cllrvicornis; Lecane (Monostyla) 
bulla; L. (M) lunaris; Polyartltra vulgaris; 
Pompholyx sulcata; Filinia longiseta. Most of 
these specie were deSignated as eutrophic 
indicators in India and elsewhere in the 
World (Sladecek, 1983; Saksena, 1987; 
Sharma, 1996;). Out of these Rotiferan 
species, Bracllionus angularis; B. calyciflorus; 
B. rllbens and Filinia longiseta have been 
reported to inhabit in hypereutrophic water 
body (Sharma, 1996). 
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Table-7. Seasonal variation of community indices of Rotifera population at 9 study sites 

Index of Dominance 

Monsoon Post Pre Monsoon Post Pre Range Mean :l:SD 

mon mon mon mon 

51 0.158 0.232 0.302 0.233 0.211 0.271 0.158 - 0.302 0.234 ±0.O50 

52 0.178 0.210 0.240 0.292 0.288 0.286 0.178 - 0.292 0.249 ±0.048 

53 0.243 0.238 0.300 0.321 0.347 0.340 0.238 - 0.347 0.298 ±9·048 

54 0.130 0.095 0.138 0.112 0.085 0.121 0.085 - 0.138 0.113 ±0.020 

S5 0.204 0.133 0.168 0.217 0.077 0.110 0.077 - 0.217 0.152 ±0.O55 

56 0.362 0.159 0.227 0.235 0.089 0.148 0.089 - 0.362 0.203 ±0.095 

57 0.067 0.072 0.065 0.106 0.081 0.082 0.065 - 0.106 0.079 ±0.015 

58 0.072 0.087 0.064 0.104 0.076 0.073 0.064 - 0.104 0.079 ±0.O14 

59 0.102 0.087 0.076 0.100 0.107 0.123 0.076-0.123 0.099 ±0.016 

Species richness index 

Monsoon Post Pre Monsoon Post Pre Range Mean :tSD 
mon mon mon mon 

51 3.270 2.626 1.710 2.175 2.184 1.580 1.580 - 3.270 2.257 ±O.621 

52 2.872 2.044 1.794 2.070 1.872 1.492 1.492 - 2.872 1.980 ±0.373 

53 2.823 3.181 2.120 2.685 2.299 1.682 1.682 - 3.181 2.465 .±0.S38 

54 3.719 2.530 2.034 4.111 2.736 1.828 1.828 ~ 4.111 2.826 ±0.913 

S5 2.514 2.547 1.605 2.540 2.558 . 1.800 1.605 - 2.558 2.261 ±0.437 
V' 

S9. 2.893 3.029 2.162 4.035 3.247 2.470 2.162 - 4.035 2.972 ±0.651 
-

57 4.826 2.408 1.853 3.203 2.750 1.957 1.853 - 4.826 2.833 ±1.098 
-. 

58 3.702 2.630- 2.216 4.950 3.136 1.968 1.968 - 4.950 3.100 ±1.102 

59 4.726 3.410 2.569 4.146 3.871 2.375 2.375 - 4.726 3.516 ±0.916 
.... 

-

Species diversity Index (H') 

Monsoon Post Pre Monsoon Post Pre Range Mean :l:SP 
mon mon mon mon 

51 2.144 2.281 1.775 1.806 2.215 1.911 1.775 - 2.281 2.022 ± 0.219 

52 2.017 2.208 2.058 1.666 1.915 1.800 1.666 - 2.208 1.944 ± 0.194 

53 1.641 2.198 1.813 1.617 1.710 1.574 1.574 - 2.198 1.759 ± 0.231 

54 2.223 2.539 2.592 2.498 2.713 2.649 2.223 - 2.713 2.536 ± 0.171 

55 1.755 2.495 2.411 1.940 2.688 2.559 1.755 - 2.688 2.308 ± 0.373 

56 1.057 2.285 2.216 2.022 2.596 2.433 1.057 - 2.596 2.102 ± 0.548 

57 2~813 2.772 2.891 2.486 2.696 2.784 2.486 - 2.891 2.740 ± 0.140 

58 2.722 2.753 2.931 2.427 2.780 2.870 2.427 - 2.931 2.747 ± 0.175-

59 2.455 2.676 2.765 2.464 2.538 2.536 2.455 - 2.765 2.572 ± 0.123 
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Species evenness Index 

Monsoon Post Pre Monsoon Post Pre Range Mean ±SD 
mon mon mon mon 

51 0.812 0.678 0.499 0.704 0.651 0.533 0.499 - 0.812 0.646 ±0.113 

52 0.841 0.695 0.584 0.615 0.603 0.519 0.519 - 0.841 0.649 ±0.12S ..-

53 0.843 0.683 0.514 0.571 0.519 0.450 0.450 - 0.843 0.597 ±0.144 

54 0.927 0.896 0.805 0.864 0.906 0.834 0.805 - 0.927 0.872 ±0.046 

55 0.902 0.833 0.769 0.781 0.913 '0.816 0.769 - 0.913 0.836 ±0.060 

56 0.962 0.824 0.697 0.714 0.916 0.787 0.697 - 0.962 0.817 ±0.107 

97 0.955 0.941 0.949 0.877 0.915 0.914 0.877 - 0.955 0.926 ±0.029 

58 0.961 0.891 0.935 0.919 0.913 0.915 0.891 - 0.961 0.922 ±0.024 

59 0.930 0.893 0.923 0.934 0.847 .0.833 0.833 - 0.934 0.893 ±0.O44 

Table-8. Water Quality Parameters and Standards in respect of omestic/drinking water supplies 
(All values in ppm, unless specified otherwise). 

Characteristic ADSORBS IIEE 

Accept- Cause for 
able rejection 

1. Temp.(OC) 

2. pH 7-8.5 <6.5& >9.2 

3. Alkalinity . 

8. Dissolved Oxygen. 4-6 

10. Biochemical Oxygen 
Demand. 2-3 

11. Total Kjeldahl 45 45 
Nitrogen. 

12. Total Phosphate 
phosphorous. 

2. Oligotrophic species: Those species which 
are likely to inhabit in low nutrient 
containing water bodies viz. B. falcatus; 
~eratella coc1Jlearis; Keratella tropica; Lepadella 
(Lepadella) ovalis; L. (L) leontina; L. (L) nana; 
L. (M) decipiens and Asplanc1uza priodonta. 

3. Acidophilic species: Those species ~hich 
are likely to inhabit in acidic water bodies 
viz.: B. quadridentatlls; ElIcI,/allis dilatata. 

4. Alkaline mesotrophic species : Those 
species which are likely to inhabit in alkaline 
and moderately nutrient containing water 
bodies viz Brachionus angularis; B. bidentata; 

USPH lSI WHO ICZM 

<40 

7-8.5 6-8.5 6-9 6.5-8.5 5.5-9.0 

4-6 

<30 

20 <10 45 45 <100 

<5.0 

B. caudatus personatlls; B. rubens; B. 
calyciflorus; B. falcatus; B. forficllla; Keratella 
tropica; Lecane (L) cllrvicornis cllrvicornis; 
Lecane (Monostyla) bulla; L.(M) lunaris; 
Polyartlzra vulgaris; Pompholyx su1cata; Fi1illia 
longiseta. 

5. Worm stenothermal species: Those species 
which are likely to live in narrow range of 
worm water viz. B.bidentata; B. forfiell/a; B. 
falcatus; Keratella tropica; Beaucllampiella 
elldactylota; L. (M) stenroosi. 

6. Eurythermal species: Those species which 
are like to live in wide range of temperature 
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variation viz. Brachionus angularis; B. 
calyciflorus; B. rubens; Lepadella (Lepadella) 
ovalis; L.(L) hastate; Polyarthra vulgaris. 

Pejler (1983) mentioned that along a trophic 
scale, the number of planktonic rotifer species 
successfully increased upto meso trophic 
condition after which the numbers declinoo till 
hypereutrophic e!,ld. 

On the basis of scales as developed by 
Wilhm and Dorris (1968), nine different study 
sites located on three freshwater rivers, through 
six seasons of two consecutive years showed 
Shannon index of diversity of Rotifera 

Zoological Research in Human Wtlfart 

community between 1 and 3 (Table 7). Based 
on such information, the water of such water 
bodies can be regarded as moderately polluted. 
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ELECTROSENSITIVITY AND RESPONSE OF MUD CRAB, 
SCYLLA SERRATA IN HOMOGENEOUS AND HETEROGENEOUS 
• ELECTRIC FIELD 

K. P. BISWAS 
48 Boral Main Road, Garia, Kolkata-700 084 

ABSTRACT 

In order to determine the electrosensitivity and response of mud crab, Scylla serrata, experiments have been 
conducted in homogeneous under-water electric field created by direct current (D.C.) and pulsed direct current. 
Scylla serrata exhibited three recognisable reactions with increasing field intensity, expressed in the present study, 
as current density (1()-6 amp/mm2), irrespective of current form, that is, D. C. or pulsed D. C. They are, fright 
reflex, trying to escape out of field, involuntary restless movement as long as the current continues to flow and 
muscular rigidity followed by tetanus, at times throwing off their limbs. The threshold values of current denSity 
varied inversely with the size of the animals. 

In the heterogeneous field of low intensity, the fright reflex and avoidance of the field by the crabs was 
noticed in low pulse rate of l/see. Forced and restless movement followed by immobilization and tetanus was 
better occured in pulse frequencies of 2/see. and 4/sec. 

Keywords : Electrosensitivity, Scylla serrata, aquatic animal. 

INTRODUCTION 

Electrofisheries have been accepted as useful 
method and tool of fisheries management in 
countr~es like Germany, U.S.A. and U.S.S.R. for 
many years. Basically, the function of an 
electrofishing system is to produce sufficient 
electrical stimulus-. in aquatic animal near the 
electrodes to perrillt easy capture or simple 
avoidance of an unpleasant electrical stimulus. 

In the pulsating and al terna ting current 
(A.C.) . system on the other hand, fright reflex, 
followed by immobilisa tion of fish 
(electronarcosis or electrotetanus) occured with 
the rising current densities. Variation in 
techniques ClJld performance of electrofishing 
equipments have been reported (Rollefson, 
1958; Burnet, 1959; Patten and Gillaspie, 1966) 
for various water conditions and fish species. 
Whereas, the ·attracting anodic effect is being 
utilised in easy c~pture of aquatic animals, the 

frightening and blocking effect is used as 
barriers for preventing the migration of Chinese 
crabs (Eriocheir sinensis) and fencing off water 
areas successfully (Meyer-Waarden, 1957). 

The present study aims to assess the impact 
of the electrical variables, influencing the water 
conditions and crustacean species (mud crab), 
the response of animals to various electrical 
stimulations, experimental evaluation of 
electrode array for frightening and blocking 
effect on Scylla serrata in under-water field of 
direct current (D.C.) and pulsed direct current 
of low frequencies. 

MATERIALS AND METHOD 

Experiment with homogeneous under-water 
electric current 

A homogeneous under-water field was 
created in an insulated glass tank (90x10xlO 
cm) with two electrodes, made of copper plate 
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(10 x 9) ,cm. fixed vertically along the tank 
extremities. The electrodes were connected to 
the output terminals of a D.C. rectifier, which 
in turn, was connected to A.C .. mains through 
a variable resistance. A voltmeter connected in 
parallel to the terminals of the electrodes 
indicated potential difference between the two 
electrodes during the experiment. The Held 
intensity was measured bya microa,mmeter 
connected in series with the tank electrodes 
(Figs. 1,2). 

While working with pulsed O. C., the output 
terminal of the impulse transmitter was 
connected to theeJectrodes of the experimental 
tank. The impuisetransmitter, mainly designed 
for low frequencies., had a maximum range of 
7 pulses per second,. The potential difference 
between the electrodes was incr'eased by one 
volt step and the field intensity was monitored 
by the microammeter. Non-chlorinated tap 
water formed the media of the electric field, 
the electrical resistivity of which was m,easured 
by an ohms meter and recorded as ohms/cm2• 

Seventy Scylla serrata of 44-122 mm carapace 
length and 12-250 g weight, after being 
acclimatized to laboratory conditions for three 
days, w'ere measured for carapac'e length and 
weight; released in the experimental tank., 

Zoologi,cal R~searcl, in Huma" w,(',l!arf 

where they were aHow'ed to settle. The 
behaviour and physiological conditions during 
rest were recorded before subjecting the animals 
to electric shock. The field intensity was then 
raised from zero potential till the organisms 
could perceive the surrounding ,external field 
and react to it. The magnitude of ,current 
densities and potential gradients in bringing 
out the visible reactions were recorded. A 
single organism was taken for each experiment, 
and the treated animals were never re-used 
before a rest period of atleast forty eight hours. 
The temperature (29Qc), electrical resistance of 
the water (7000 ohms/ cm2)J ,and the light in it, 
remained constant for each set of experiment. 

Experiment with heterogeneous under water 
electric current 

Heterogeneous under-water electric field 
w,as cre,ated in the insulated glass tank with 
three types of electrode-array and the 
configur,ation of electric field. The electrodes 
consist of ,aluminium rod of 5 mm. thickness,. 

Electrode .. arr,ay, . in the first set of 
experiments., was made of four aluminium rod 
of 31 mm. long and plac,ed vertically f.rom 
surface to the bottom. Of the total two sets., 
two electrodes of e,ach set wer,e placed 27 em. 
apart from each oth~r ,and on(l set was used for 

Fi,g. 1. Anodic taxis le,ading to muscular rigidity of mud CT,ab in hotnogeneous pulsed D. C. field 
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low and the other set for high field strength. 
The electrodes of higher and lower f eld 
strength was kept at ,a distance of 44 em. from 
each other. The ele,ctrodes, meant for lower field 
str,ength, were ,connected to the ou tpu t 
terminals of a low voltage (7.5 volts) pulsed 
D.C.; while the higher potential (14.5 volts) 'were 
applied to the other electrodes to create higher 
field strength, simultaneously (Fig. 2). 

n the s,econd set of experiments, the 
ele,ctrode -array consists of two sets of 
aluminium rods of 30 em. long, (lnd each set 

was placed horizontaHy 45 em. away from each 
other. The electrodes of each set were sepera'ted 
from each other by 3 em. and was connected 
with the output terminals of pulsed D.C. of 
lower and higher strength, Applied peak 
potential difference of lower and higher current 
conducting electrodes were 7,.5 and 14.5 volts 
respeetiv,ely (Fig. 3). 

Two lattice gates, made of 4 aluminium rods 
of ,30 em. length each, seperated from e,aeh other 
by 5 em., and kept at a distance of 66 Cill. were 
lIsed as positive and negath'~\ t,'Il'('trodes in the 

Flg. 2. Blocking offect of mud crab in vertical two electr~e-array system in het,er-ogeneous field 

Fig. 3. Fright reflex of mud crab between horizontal electr-ode-array in heterogeneous field 
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third s t of experiments. Seperate ,experiments 
were conducted for low vo[,tag'e (7~9 volts) and 
high voltage (16 ~ 18 volts) pulsed D.C. 
independently without any superimposition of 
lower and higher electric Held (Fig. 4). 

At the pre-set pulsed field of peak applied 
voltages of 7.5 volts and 14.5 volts between two 
sets of eJectrodes, Scylla serratn, accl imatized as 
described in earlier experiments, were released, 
one at a time, and their responses were 
observed and recorded. Two pulse rates of one 
and two per second were used in the Hrst and 
second set of experiments, while for the third 
set of experiments, in addition of llsec and 21 
sec, pulse rate of4/sec w,as tried. 

The field intensity ().lal cm·2) and the 
potential gradient (mv / cm·2) at pe,ak applied 
voltage were monitored and recorded in the 
manner stated earlier in relation to the response 
of individual organisms. 

RESULTS 

Behavioural re:sponse in a homogeneous field, 
classif· cation of reactions and reaction 
thresholds 

Mud ,crab (Scylla serrata) in normal 
conditions have been found to crawl at the 
bottom of esturarine waters slowly by ~clnning 

Zoological R('srarcll in HWlla.n Wt',l/a.rr 

their surroundings wl,th the help of their 
antenae. They respond to other external stimuli 
with a fright reflex of sidewise movement from 
the area of disturbance with stretched claws, 
depending on the intensity of the stimuli. 
Sudden illuminating momentarily stupified 
them, but afterwards mov,ed away from the 
illuminated areas. 

On exposing them to under-wate.r 
homogeneous D.C. and pulsed D.C. field, Scylla 
s()rraia of 44~ 122 mm. ,carapace length and 
,weighing 12 to 250 grams, exhibited fright 
reflex, attempting to esc,ape out of the field 
(stage-I), involuntary restless movement to 
either of the electrodes with expanded 
appendages (stage~II) and muscular rigidity, 
incapable of any movement, often dislodging 
of appendages (stage-III) 'with the increasing 
current int,ensities (0.004-8 .. 3330) in 100 percent 
cases (Table-I). The above reactions were 
intense in case of pulsed D.C. with observation 
of anodic taxis in higher pulse frequencies (4-
5/sec). 

Relationship between size and thre,shold 
intensities for different reactions 

The threshold current densities for diff,erent 
reactions of Scylla serrata varied with their size, 
,and particularly on their (',arapace length. 

Fig. 4. Immobilization of mud crab leading to muscular rigidity between lattice gate ,electrodes in heterogeneous 
field. 
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Table -1. Response of Scylla serrata in homogeneous D.C. and pulsed D.C. fieid. 
Classification Nature of response with the increasing field intensity Current % 
of reactions. density responded 

in 3 required 
for the 

reaction 

D.C. (10 animals) 
Stage-I Fright reflex, attempt to escape out of the field. 0.111-0.012 100 

Stage-II Forced movement to electrodes with expanded 
appendages 

1.222-1.444 100 

Stage-III IncapabJe of movement, muscular rigidity, often 6.222-6.888 100 
throwing off their limbs. 
Pulsed D.C. - 21se<: (15 animals) 

Stage-I Fright reflex, attempt to escape out of the field. 0.012-0.16 100 

Stage-II No movement, jerks and elevated body with 
expanded appendages, often throwing off their limbs. 1.333-1.888 100 

Stage-III Incapable of movement, tetanus, often dislodging of 
appendages. 6.666-8.888 100 

Pulsed D.C.-3/sec (10 animals) 
Stage-I Fright reflex, attempt to escape out of the field. 0.02-0.05 100 

Stage-II Violent movement with expanded appendages to anode 0.888-1.055 100 

Stage-III Incapable of movement, muscular rigidity, dislodging 
of appendages. 2.444-2.666 100 
Pulsed D.C.-4/sec (15 animals) 

Stage-I Fright reflex, attempt to escape out of the field. 0.004-0.016 100 

Stage-II Involuntary movement to anode with expanded 
appendages. 0.666-1.111 100 

Stage-III Tetanus, no movement, drops to the bottom. 2.222-2.666 100 
Pulsed D.C.-5/sec (20 animals) 

Stage-I Fright reflex, attempt to escape:out of the field. 0.01-0.13 100 

Stage-II Involuntary movement to positive electrode with 
vibrating body and expanded appendages. 0.444-3.219 100 

Stage-III Tetanus near positive electrode, no movement, 
drops to the bottom 3.888-8.333 100 

The threshold current densities required for 
SLlIIla Strrntn of 99 mm c~rapace length and 140 
g weight to exhibit reactions at three stages 
were 0.183, 1.834a and 9.554S respectively in 
the D.C. field. These threshold values decreased 
to 0.0113, 1.2223 and 6.888S respectively with 
the increase in size of the animal (carapace 
length 133 mm. and 240 g weight) (Table 2). 

values decreased progressively with the 
increase in size of the animal and was lowest 
of 0.012S, 1.888S and 6.666S respectively, 
required for the crab of carapace length of 112 
mm and 200 g weight. 

In pulsed D.C. of 2/sec, the current 
intensities for three reactions were 0.18S, 2.464S 
and 9.8483 respectively for animals of 44 mm 
carapace length and 12 g weight. The threshold 

~e reaction thresholds in pulsed D.C. of 3/ 
sec were o.o~a, i055S and 2.666_0/r~spectively 
for animals of 105 mm carapace-length and 150 
g weight. But crabs of 122 mm carapace length 
and 240 g weight exhibi~ed similar sequence of 
reactions in threshold values of 0.020, 0.8880 
and 2.4440 respectively. 
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Similar trend of inverse relation of threshold 
intensities to the size of the animals have also 
been noticed in pulse D.C. of 4/sec. and 5/sec. 
In the former case, the threshold values were 
0.0160, 0.7220 and 2.6660 respectively for 
animals of 80 mmcarapace length and 90 g 
weight, as against 0.0040, 0.1660 and 2.2220 for 
crabs of 108 mm carapace length and 200 g 
weight. 

Mud crab of 44 mm carapace length and 12 
g weight were influenced at current intensities 
of 0.130, 3.2190 and 8.3330 respectively in 
pulsed D.C. of 5/ sec whereas, for bringing out 
similar reactions, current densities of 0.010, 
0.4440 and 3.8880 were required for the animals 
of 120 mm.· carapace length and 340 grams 
weight (Table-2). 

Zoological Researcl, in Hlllnan Wtlfttrt 

sec. Cathodic galvanotaxis. was highest (4QO/o) 
m. horizontal 2-electrode array at a pu1s8 rate 
of 2/sec., followed by (14-300/0) in vertical 4-
electrode-array at a pulse rate of 2/ sec. 

Immobilization followed by tetanus and 
throwing off th~ir limbs, in 70 to 100 percent 
animals in all the electrode-array systems, at 
the pulse rate of 2/sec. and 4/sec. (Table 3). 

Thus it can be concluded that the fright reflex 
with attempts to escape from the field can be 
best achieved at pulse frequency of 1/ sec At a 
pulse rate of 2/sec and 4/sec, galvanotaxis 
followed by immobilization and tetanus can be 
initiated better. 

" DISCUSSION 

Investigations ha,ve-been carried out for the 
Response in heterogeneous field ./ visible signs' of crab (Scylla serrata) behaviour 

. Heterogeneous D.C. fields were created "subjected to under-water D.C. and pulsed D.C. 
under water with different electrode-array, field. The definite sequence of reactions, such 
which formed two and four aluminium metal \ as, fright reflex att_~,~pting to escape out of the 

field, involuntary restless movement with rods fixed vertically in water at some distance 
(27 cm and 66 cm) from each other and 
extending from the water surface to the bottom. 

Electrode-array of two aluminium rods at 3 
cm spacing, laid horizontally at the bot~om, was 
also tested for blocking effect on the crabs .. 

Low voltage (7.5-18 volts) pulsed D.C. of 
frequencies of 1 pulse/sec, 2 pulses / sec and 4 
pulses/sec. were used in the experiments. 

In all the applied pulse frequencies, fright 
reflex, attempting to escape from electric field, 
restless movement, immobilization followed by 
. tetanus have been observed at varying degree 
(Table 3). Though 100 percent fright reflex have 
been observed in two electrode-array systems, 
namely, (1) placed vertically from surface to 
bottom and (2) laid horizontally at the bottom, 
yet 40 percent of the animals managed to escape 
out of the field after 3 to 4 attempts. But in 4-
electrode-array, none of the organism could 
escape out of the field, though fright reflex was 
noticed in 14 to 60 percent cases depending on 
the field intensity and pulse rates. Anodic 
galvanotaxis was highest (86-100%) in vertical 
two electrode-array at a pulse frequency of 2/ 

expanded appendages, 'often throwing off thejr 
limbs 'followed I;>y muscular rigidity, incapabl~ 
of movemenf and tetanus was observed in all 
the animals tested with the increase"of 'field_-,' 
strength in homogeneous field. 

The electrode configuration, used in the 
present' study p consisted of two parallel flat' 
copper plates" placed vertically in the water 90 
cm apart. The advantage of such arrangement 
is that, the electric field strength and current 
densities in· the water are uniforin throughout 
the test region, and, therefore, the reaction of 
the organism will be the same regardless of its 
location. This fact made the correlation of 
responses with the field strength much simpler 
than it would have been if the field had not 
been uniform. The changes in the field strength 
were made by altering the voltages applied ~o 
the electrodes. 

Fish can perceive minute electrical current 
in water (Cattiey, 1955). According to Holzer 
(1932), the conductivity of fish body being 
greater than the surrounding. media, «(resh 
water), all the c~rent lines are ditected ,tpwards 
the fish body and the organism is thus 



Table 2. Relationship between size and threshold intensities for different reactions of Scylla serrato 

Size of animals 

Carapace Weight D.C. 
length in mm ing 

I II III 

122 250 

120 340 

117 330 

113 240 0.011 1.222 6.888 

112 200 

108 200 

105 150 

104 200 

99 140 0.18 1.834 9.554 

94 130 

80 90 

44 12 

I - Perception of field and fright reflex. 

II - Involuntary movement, often dislodging appendages. 
III - Immobilization, tetanus and throwing off their limbs. 

I 

.0.012 

0.1 

0.16 
~ 

0.1;8· 

Threshold current densities for different reactions 

Pulsed D.C. Pulsed D.C. Pulsed D.C. 
21sec 3/sec 41Sec ... 
II III I II III I II III 

0.02 0.888 2444 

1.888 6.666 
, 

0.004 0.166 2.222 

0.05 1.055 2.666 

1.634 7.111 

1.333 8.888 

0.014 1.111 2.444 

0.016 0.722 2.666 

2.464 9.848 

Pulsed D.C. 
S/sec 

I II III 

0.01 0.444 3.888 

0.01 0.5 4.444 

0.125 2.222 6.111 

0.13 3.219 8.333 



Table-3. Response of Scylla se"ata in heterogeneous,field of low intensity 

Percentage of responses of Scylla se"ata 
Characteristics of electrode array, : 

field intensity and pulse rates 
Forced restless movement 

Fright Escape Immobilization 
reflex from and dislodging Tetanus 

Field. +ve ave of appendages 

A. 2 sets of aluminum rods at 

27 em. spacing placed vertically 44 cm apart. 

10 my/em & 3J.la/em2
, 1 pulse/sec 100 40 14 

20 mY/em & 2 J.la/em2
, 1 pulse/sec 100 -

20 mv / em & 10 J.la/em2
, 2 pulse/ sec - 86 

30 mv / em & 7 J.la/ em2
, 2 pulse/ sec 100 14 86 

8. 4 sets of aluminium rods at 5 em spacing placed 

vertically 66 em apart. • 

30 mv /em & 2 J.la/em2
, 1 pulse/sec 60 - 40 

40 mv /em & 2 J.la/em2
, 1 pulse/sec 40 - - - 60 

20 mY/em & 1 J.la/em2,2 pulse/sec 60 42 14 46 -
28 mY/em & 2 J.la/em2

, 2 pulse/sec 30 - 30 70 -
5 mv / em & 0.5 J.la/ em2, 4 pulse/sec 30 - - 70 

10 mv / em & 1 J.la/ em2
, 4 pulse/sec 14 - 14 - 100 

C. 2 sets of aluminium rods at 3 em. apart placed 

horizontally 45 cm. from each other. 

90 mv/cm & 27 J.la/em2
, 1 pulse/sec 100 40 - - - -

180 mv / em & 18 J.la/ em2
, 1 pulse/sec ... 40 40 - 20 -

180 mv /em & 90 J.la/em2, 2 pulse/sec - - - - 100 -
270 mv /em & 63lJa/em2,2 pulse/sec - - 40 - 60 s· 
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satisfactorily influenced, by electricity. Based on 
the above principle, visible signs of animal 
response towards external electric fields 
followed a definite sequence of reactions with 
the rise of field intensity. 

Data were collected characterising the 
reactions of the subject species to different 
electrical current forms (direct and pulsed 
current) as a function of the applied electrical 
field strength. Primary emphasis was given on 
the determination of minimum field strength 
required to initiate fright reflex, auto
adjustment towards electric field (electrotaxis 
and immobilization and tetanus) for animals, 
when a specific current form was used. 

The reactions of fish to under-water electric 
field occur only when the density of current 
reach a specific value, and those values are 
constant for fish of the same species and size. 
Caruey (1955) defined the current density as 
the intensity of current for any cross-sectional 
area between the electrodes and can be 
expressed as amperes per square centimeter (as 
that is, 10-6 amp./mm2 in the present 
experiments)., 

~4' ,,-, . 
1000/0 of Scylla serrata responded for fnght 

reflex with an attempt to escape out of the field~ 
auto-adjustm~nt with stretched appendages, 
often t~rowlng off their limbs and 
immobilization, muscular rigidity and tetanus 
with the increasing field intensity of 
homogeneous field. 

Earlier work indicated that pulsating D.C. 
were most effective for electrofishing through 
the -inducement of temporary immobilization 
of fish (Houston, 1949). 

In the present study, however, Scylla serrata 
exhibited directional movement towards 
electrode, when the pulse frequency was 3/ 
sec. or more. Vibration of the body at each pulse 

were noticed at a pulse rate of 5/sec. Reduction 
of threshold values of current density for the 
on-set of reactions were only noticed in pulsed 
D.C. of 3 and 4 pulse per second. 

The requirement of reaction thresholds were 
found to be inversely proportional to the size 
of the crabs tested. Several reasons can be put 
forward, but the most evident one is the large 
specimens have longer nervous structures. 
Short nerves in an electric field are excited at a 
higher value of current than long nerves 
(Laugier, 1921). 

It has been stated (Newman, 1959) that the 
electric fish screen caused a fish response in 
the nature of a simple avoidance of an 
unpleasant stimulus, rather than a forced 
reaction to the directional properties of the field. 

In order to observe the avoidance behaviour 
of Scylla serrata, three types double row 
electrode-array (two placed vertically and one 
horizontally) was tested with pre-set low and 
high field intensity ad varying pulse rates ,(I, 2 
and 4/sec) 

In the present test, 100 percent mud crab 
exhibited fright reflex even at low field strength 
of 10 mv Icm2 and at low pulse rate of l/sec. 
In any heterogeneous field, of course, the 
animal may avoid high voltages by rapid1y 
swimming away from the electrode-array, 
which could only be pOSSible at low pulse rate 
(l/sec. in the present experiment). 

At higher pulse rates (21 sec and 41 sec) 70 
to 100 percent of mud crabs could no longer 
escape from the electric field and loss of 
orientation ability followed by muscular rigidity 
and throwing off their limbs in some cases occur 
irrespective of field strength. The immobility 
of the crab, dropping at the bottom with 
contractile limbs were recognized as the chief 
signs of the reaction. 
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ABSTRACT 

As a signatory country to the Convention on Biological Diversity, India has met several obligations concerned 
with conservation of biodiversity of this country. The most important is the introduction of a legal document 
aimed towards conservation and sustenance of biodiversity - The Biological Diversity Act, 2002. For implementation 
of the provisions of the Act, a three tier system has been formed-National Biodiversity Authority (NBA), Stat~ 
Biodiversity- Board (SBB) and Biodiversity Management Committee (BMC). Among many others, the most 
prioritized function of BMC, as per the Act and subsequently the Biological Diversity Rule, 2004 is to document 
the bioresources and associated knowledge' and practices of the people of an area in the form of People'~ 
Biodiversity Registers-PBR. This is a new dec~tralized approach of documentation where the participation of 
local people has been ensured. This identified approach can contribute to communicating biodiversity messages 
in a way that engages people's hearts and minds which in turn creates a sense of oneness of the human mind 
with the surrounding biodiversity and motivates conservation efforts. This dynamic register is not a mere listing 
of species found in a particular area but addresses a multitude of related components which are relevant to the 
lOCal inhabitants in resource and landscape management involving the local people. The information is collected 
under the broad heads of Landscape, Lifescape, Peoplescape, Timescape and Mindscap~. Th~ most important 
aspect of PBR is to engage local people far-··collecting the information and documl'nting them in the local 
language using local terminologies. It is al~ neceSsary to validate the information thus co11ected by experts in 
related fields and only then would this register serve as a knowledge base for conserviltion: The West Bengal 
Biodiversity Board, constituted in September, 2004, has initiated this process in different di".trid-; of this state at 
the Gram Panchayat, village and Municipality levels. The paper is an attempt to review the b"ckground of the 
approach and an overview of the methodology being adopted for the PBR exercise in the state of West Bengal. 

INTRODUCTION 

Biodiversity is a term in vogue in the present 
times but the concept is far from being simple 
and what follows is that the communication 
challenges for biodiversity issues exist on 
multiple levels: the complexity of the problem 
and solutions regarding biodiverSity loss; the 
urgency of the issue; and the competition with 
other urgent social issues in the media and 
society (Farrior, 2005). The public is deluged 
with information, yet there exists a lacuna in 
understanding of basic ecological principles. As 
such, a failure to conceptualize biodiversity 
connections with everyday lives is evident 

along with a sense of hopelessness about the 
issue. Moreover, consistent and continuous 
messaging and awareness creation regarding 
biodiversity is also not treated as a priority area. 
People tend to get confused about what 
biodiversity is and why they should care about 
it. Local aspects of biodiversity tend to get 
neglected in the media, further perpetua ting 
people's lack of connection to the issue. 
Although the problem of biodiversity loss is 
complex, but framing biodiversity as shnply a 
species loss issue should not be encouraged, 
instead biodiversity should be placed in a 
broader sustainability context, which includes 
lifestyle change and over-consumption issues. 
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The approach or strategy to fulfill such goals is 
obviously involving people and encouraging 
them to participate in such activities which 
promote the goals of a sustainable future. 

The term biodiversity derived its present 
status of importance as well as popularity since 
the Convention on Biological Diversity (CBD) 
at the United Nations Conference on 
Environment and Development held at Rio-de
Janeiro in 1992. As a signatory to the CBD, India 
has met three positive obligations-(i) Submission 
of a status report - A report entitled "Status of 
Biodiversity in India" was prepared in 1997 and 
submitted in 1998; (ii) Submission of #lNational 
Biodiversity Strategy and Action Plan (NBSAP)" 
in October, 2002 and (iii) Enacting laws to protect 
biodiversity of the country - The Biological 
Diversity Act, 2002, followed by the formation 
of the Biological Diversity Rules, 2004. The 
Biological Diversity Act of 2002 provides 
necessary statutory and administrative 
mechanisms to realize the objectives of the CBD. 
The main intent of the legislation is to protect 
India's rich biodiversity and associated 
knowledge against their use by foreign 
individuals and organizations without sharing 
the benefits arising out of such use, and, to check 
bio-piracy. A..three-tiered system of regulation 
is envisaged under the Biological Diversity Act, 
which consists of the National Biodiversity 
Authority (NBA) at the head, followed by State 
Biodiversity Boards (SBB) and local-level 
Biodiversity Management Committees (BMC). 

The i..first and foremost step aiming at 
attaining the objective of the Act is to document 
the biological resources. Such a mammoth task 
can never see the light of success without the 
activ.e participation of the common people. At 
the global level as well, CBD has urged respect 
towards knowledge, innovatio~ and practices 
of indigenous and local communities 
embodying traditional lifestyles relevant for the 
conservation and sustainable use of biological 
diversity and promote their wider application 
with the approval and involvement of the 
holders of such knowledge, innovations and 
practices and encourage the equitable sharing 
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of the benefits arising from the utilization of 
such knowledge, innovations and practices' 
[CBD, Article 80)] This identified approach, also 
adopted by India, can contribute to 
communicating biodiversity messages in 'a way 
that address socio-altruistic concerns and make 
biodiversity relevant to everyday life. This 
would encourage public involvement in 
creating PBR - the Register of the people, by 
the people and for the people. The task is 
nothing less than inspiring individual and social 
commitment in order to preserve the diversity 
of life. This task of preparing the People's 
Biodiversity Register has gained momentum as 
it is a mandatory function of the BMCs (The 
Biological Diversity Act, 2002; Biological 
Diversity Rules, 2004). 

ACTIONS AND IMPLICATIONS 

The basic contents of the PBR attribute a 
unique character to the registers. This dynamic 
register incorporates 'information on status of 
ecological habitats, population of biodiversity 
elements - both wild and domesticated/ 
harvested, harvest, trade, transport, processin&. 
of bio-resources, demand for and consumption 
of bio-resources, existing technologies and 
practices, and also people's ideas about the 
management of bio-resources (Gadgil, 2006). 
The entire exercise of documentation is to be 
handled at local level based on local information 
and . c~ be separated into the following sub 
heads: 

i) The Landscap-e : The mapping and 
description of landscape of an area is the first 
step of preparation of PBR. It covers the 
habitation as well as, source of the local 
population's requirements in terms of food, fuel 
wood, .. fodder, leaf manure, medicinal'~plants 
etc. Food includes both cultivated and wild, 
from land and waterbody. Local people have 
their own understanding of the landscape and 
they may, have specific names for a particular 
field or waterbody; therefore this mapping is 
in terms of understanding and naming of the 
landscape by local people. This description and 
mapping is an important tool in realizing the 
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patterns of use and management of different 
landscape elements by local people as well as 
outsiders who are also acting upon the local 
resources. This will, in turn, help the local 
communities to draw their own strategies for 
conservation and sustainable use of biological 
resources and landscape management. 

ii) The Lifescape : This is an inventory of 
flora and fauna of the area both wild as well as 
cultivated/ domesticated. This part includes the 
present occurrence of biological elements along 
with the history as recounted by the elderly 
people. Agriculture (varieties, practice, and 
production) and medicinal plants are two major 
components in this part. Though· informal, it 
will provide a baseline data on some important 
aspects which are mostly overlooked, viz., 
changes in population of weeds and pest 
species, changes in agricultural practices, 
availability and exploitation of medicinal plants 
of that locality. Therefore this account has also 
its potential value in understanding the present 
scenario of bioresources of an area. 

iii) The Peoplescape : It is the documentation 
of human population in terms of caste, creed, 
societies, livelihood, etc. This also includes the 
composition of human population, both 
resident and nomadic, as regular and occasional 
user groups, which may be defined from the 
perspective of their relationship with biological 
resources, viz., farmers, fishermen, milkmen, 
artisans depending directly upon natural 

. resources, folk-medicine practitioners etc. This 
part of PBR has a component of inventory of 
local traditional knowledge holders. The 
knowledge is in terms of ecological wisdom 
and traditional practices which is flowing 
mostly as oral database. So this part of PBR 
will reflect the economy of an area depending 
upon the bio-resources and knowledge and 
practices thereon, subsequently helping to 
formulate strategies on wise-use of bio
resources for economic upliftment of the local 
populace. 

iv) The Timescape : This part of PBR 
incorporates the changes in land use pattern, 
occurrence of bio-resources, patterns of 

exploitation of bio-resources, dependence of 
people on bio-resources etc. in course of time. 
These are very evident to the local aged people 
who have natural ecological wisdom. They have 
their own evaluation on these changes which 
also are the components of this part. This 
history is obviously very interesting and 
important in understanding the effects of the 
changes which, in turn, would be effective to 
adopt future management strategies. 

v) The Mindscape : This final part of PBR is 
the ultimate reflection of the People's minds 
about biodiversity and its management in an 
area. It documents the attitude towards the state 
sponsored conservation programmes, if any, of 
that area, Moreover, it also documents the 
conservation measures existing among the local 
people in the name of sacred ponds or groves 
or areas, sacred species, etc. and other religious 
beliefs, practices associated with the bio
resources. Different stakeholders or user groups 
have different views in accessing.biological 
resources for their livelihood. The conflicts of 
different stakeholders are also the components 
of PBR. The priority areas of conservation, the 
ways and means of· sustainable use of local 
bioresources, the pros and cons of changing 
land use pattern, planning towards economic 
growth etc. have to be integral sections of this 
part of PBR. So, this would guide the policy 
makers towards adopting any strategy of 
development of a particular area. 

The West Bengal Biodiversity Board, formed 
in September, 2004, has started the PBR exercise 
through BMCs. Several BMCs have been 
constituted at the Block Level ana 
Municipalities of different districts and the PBR 
activities have been initiated in Gram 
Panchayats of those Blocks and the 
Municipalities. This PBR will be a dynamic 
register which is to be updated at regular 
intervals and will be in custody of the concerned 
BMC. The most important aspect of PBR is to 
engage local people in such a mighty endeavor. 
As is evident, this Register will be a record of 
comprehensive information on availability of 
bioresources, folk/local knowledge and 
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traditional practices associated with these 
resources. Needless to say the information 
collected by the local people needs to be 
validated by the concerned expertise and then 
only it will be a complete register which will 
serve as a component of the societal knowledge 
base for conservation. 
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WHITEFLY, DIALEUROPORA DECEMPUNCT A (QUAINTANCE & 
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ABSTRACT 

Population dynamics in insects are the result of interaction between physical condition, population movement 
and both denSity dependent and independent factors. Influence of abiotic- factors viz., average maximum and 
minimm temperature, average maximum and minimum relative humidity (R.H) and rainfall on seasonal occurrence 
of whitefly Dinlellroporn decempllltcta on mulberry plantation and their relation to crop loss for two consecuive 
years during 2002 and 2003 was assessed in Murshidabad and Birbhum districts of West Bengal. The results 
indicate that the whitefly adult and nymphal population starts building up from June onwards thereafter reaches 
peak in August and September. The increase 'of adult population of whitefly is positively and significantly 
correlated with the R. H. and rainfall in the two districts. In Murshidabad district the peak population of adults 
i.e., 18.00 & 45.63/leaf and nymphal population i.e., 11.98 & f3.64/leaf reaches in August and September with 
a percent crop Joss of 6.35 and 16.64 respectively. In Birbhum district the peak population of adults i.e., 28.47, 
29.42 & 15.04/leaf and nymphal population i.e., 15.37,35.72 & 5.44/leaf reaches with a percent crop loss of 10.07, 
25.83 and 7.30 in August, September and November respectively. During 2002 high percentage of crop loss with 
boost up population was observed but that trend was not observed in the year 2003. A prediction model was 
fitted with all the lag abiotic factors and with the help of statistical Stepdown Regression analysiS, it was 
predicted that there is a relation between whitefly poplations and the R. H. and rainfall. It was revealed that 
average minimum relative humidity and rainfall is positively and most significantly responsible to boost lip the 
adult population which affect the crop loss in mulberry. 

Keywords: Whitefly, Seasonal incidence, Abiotic factors, Crop loss, Stepdown RegreSSion and Multiple 
Correlation 

INTRODUCTION 

Among the various species of insects 
reported on mulberry (Morus alba L), the 
whitefly Dialeuropora decempuncta (Quaintance 
& Baker) (Homoptera : Aleyrodidae) is one of 
the most economically damaging pests in 
certain areas of MaIda, M urshidabad and 
Birbhum districts of West Bengal 
(Bandyopadhyay et al., 1999). The pest is 

polyphagous and is active throghout the year 
in different host platns depending upon 
regional ecological conditions (Bandyopadhyay 
and Shantakumar, 2003). The damage occurs 
in various ways; reducing mulberry crop yield 
by stucking plant sap and long delicate 
nymphal filamentous wax covering the leaves 
thus reducing the photosynthetic area results 
in yield reduction. It can cause serious indirect 
damage to the crop due to honeydew excretion 
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on leaf what encourage growth of sooty mould 
fungus and in turn affect the yield both in 
quantitative and qualitative terms. 

The intensity of this whitefly population has 
been found increasing alarming in 
mulberryfields of Jorhat, Assam causing a 
considerable loss to mulberry crop by reducing 
leaf yield (Rajkhowa and .Chakravorty, 2004). 
Bandyopadhyay et ai. (2005) reported the 
increase in pupulation of various stages of 
aleyrodid at MaIda district of West Bengal is 
significantly correlated with increase in 
previous seven days of average maximum 
relative humidity (R. H.) at MaIda district of 
West Bengal. 

In last decade among different whitefiles in 
the agricultural fields, some scientists reported 
the relation of whitefly population with the 
fluctuation of abiotic factors. David et al. (1973) 
reported, the increase in population of various 
stages of castor aleyrodid Triaieurodes rara Singh 
being significantly correlated with increase in 
maximum temperature. Verma et al. (1990) 
reported on the influence of temperature on 
development of whitefly Bemisia tabaci on 
tomato. Rao & Chari (1992) showed the 
popUlation d~amics of whitefly Bemista tabaci 
in cotton and tobac~o in relation to weather 
factors. Selvakumaran et ai. (1999) reported that 
the abiotic components had only 24% and 43% 
Influecne on the population build up of 
cardamom whitefly karakarajiella cardamomi on 
cardamom. Duration of different life stages of 
whitefly, Bemisia tabaci was found negatively 
correlated with temperature and relative 
humidity (Chaudhuri et ai., 2001). Srivastava 
(1993) opined that climatologically conditions 
like temperature, humidity directly affect the 
populatiion of both pest and host plants and 
was responsible to. disperse the pests to 
particular localities or spread far and wide. 

In view of the serious outbreak of 
Dialeuropora decempuncta in three traditional 
districts related with sericultural activiteis in 
West Bengal and also the importance of whitefly 
as a serious pest, an effort was made to study 
the population dynamics of whitefly on 
mulberry crops at farmers level in relatiion to 
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weather factors and also to study the crop loss 
in relation to the population size in 
Murshidabad and Birbhum district of West 
Bengal, so that the information can effectively 
being utilized in formulating the pest 
management programme. 

MATERIALS AND METHODS 

The experiments were conducted for two 
years from 2002 to 2003 in the mulberry fields 
from 25 villages under 6 blocks involved in 
mulberry sericulture of Murshidabad district 
and under 4 blocks involved in mulberry 
sericulture of Birbhum district. Population of 
whitefly was recorded in randomly selected 7 
mulberry plots per Village. The adult 
population from top two leaves, early numphs 
from middle two and late nymphs from bqttom 
two leaves of 10 randomly selected plants per 
plot was assessed as because adult whiteflies 
exhibited more on the top leaves. Early and 
late numphal population was more on the 
middle and bottom leaves respectively. 

For assessing leaf loss percentage leaves 
affected by leaf curl and sooty mould disease 
were conted as those were unfit for silkworm 
rearing along with healthy leaves per plant. 
Similarly 10 plants were selected randomly 
from ~ach plot. Average leaf loss percentage 
was assessed by counting the infected leaves 
versus total number of leaves per plant. 

The abiotic factors viz., maximum and 
minimum tempe~ature and relative humidity 
(R. H.) and also rainfall were recorded daily 
and mean values of .each of the population 
recorded were taken into consideration for 
statistical analysis involving the abiotic factors 
as independent variables and population as 
dependent variables for simple correlation and 
multiple regression analysis. Correlation and 
Multiple Regression Analysis (Draper and 
Smith, 1981) were made to find the relationship 
significantly or not and also positive or negative 
between the whitefly populations build up with 
the weather factors. In multiple regression all 
the independent factors may not be equally 
responsible for explaining variation in the 
dependent factors. So the objective comes out 
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to identify the most important independent 
factors through step down regressin process. 

RESULTS 

Fluctuation 'of whitefly poplation during the 
crop growing season for two years from July 
2002 to December 2003 revealed that the 
whitefly population in the mulberry crop was 
initiated on the onset of monsoon in West 
Bengal. Heavy whitefly population was 
observed for a short period subsequently to 
rainy periods and their mumbers were 
comparatively low during the rest of the year 
which is in line with the findings of Seif (1981)' 
on Cassava in Kenya. The whitefly population 
gradually increased in all sericultrual areas of 
Murshidabad and Birbhum districts from July 
onwards till November. Moderate pOPulatiion 
was maintained upto last weak of July in both 
the districts. In Murshidabad district the peak 
population of adults i.e., 18.00, 45.63 and 4.21/ 
leaf and nymphal population i.e., 11.98, 13.64 

and 2.04/1eaf reaches in August, September and 
November in 2002 with a percent crop loss of 
6.35 and 16.64 respectively only in August and 
September month (Fig. 1). As the population in 
the month of November is very few in number, 
so the percent crop loss was not observed in 
the field in the year 2002. In the next year the 
population was very negligible. More or less 
same trend was observed in Birbhum d istdct. 
In Birbhum district the peak population of 
adults i.e., 28.47, 29.42 & 1S.04/leaf and 
nymphal population i.e., 15.37, 35.72 & 5.44/ 
leaf reaches with a percent crop loss of 10.07, 
25.83 and 7.30 in August, September and 
November respectively (Fig. 2) in the year 2002. 
Like that of Murshidabad district in the year 
2003 same trend was observed. Rajkhowa and 
Chakravorty (2004) reported that in Jorhat, 
Assam whitefly, Dialeuropora decempuncta 
remained active from August and reached its 
peak in October on mulberry plantation, 
confirms the present investigation. 

&0.00 r--------------------... 20.00 
'i 45.00 18.00 
::: 40.00 1600 

I
I: S5.00· . 14.00a« 
_ 30.00 12.001 

I~ 1~~ 
20.00 8.00 e 115.00 6.00 0 

I: 10.00 4.00 
~~ ~ 

0.00 0.00 
Jul-02 Aug· Sep Oct Nov· Dec· Jul.()3 Aug" Sep Oct Nov" Dec" 

._.,.________ Months '_. _____ ., 

1~}..<?!J.~.~!~~I~_~~m ~.~r~p_~~'MIi 

Fig. 1. Whitefly population in relation to crop loss in Murshidabad district 

'Ii 
40.00 30.00 

.! 35.00 - 30.00 
25.00 

c: 
0 ~ 

i 26.00 20.00 I 
i 20.00 
'R, ,1S.00· 

1a.ooi 

·f 10.00 
10.00u 

~ 
5.00 5.00 

0.00, 0.00 
Jut-02 Aug" s~.p Oct II Nov n Dec .. Jul-03 Aug" s~p Oct II Nov" DIG .. 

Months 
I IiiiiiiiiiITop _Middle BBBlBottom -+-Crop LoS!t4 I 

Fig. 2. Whitefly population in relation to crop'loss in Birbhum district 



340 

It 'vas revealed that there is a positive 
correlation in increase population with increase 
in crop loss (Fig. 1 & 2). The same type of 
relation between whitefly B. tabaci with crop 
loss was reported by Mound (1965) on cotton. 
in-Sudan. The relationshp between B. tamci with 
20-95% yield loss in tomato was also noticed 
by Verm~ et al (1989). It was observed that 
minimum R. H. is correlated with the 
population build up of whitefly (Table 1 & 2), 
\vhich is related with the finding of David (1963) 
in the aleyrodid, SipllOninus phiUyreae /initimus 
Goux on Pomegranate. Whereas the maximum 
temperature and R. H. exhibited a significant 
negative association with population build up 
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of adult whitefly and nymphs (Fig. 3 &£ 4), 
which is in conformity with the findings of 
Selvakumaran et al (1999) in the whitefly 
kanakarajiella cardomomi on cardamom. The 
results under present investigation were not in 
conformity with Rajkhowa and Chakravorty 
(2004) where whitefly population on mulberry 
was nonsignificant negative correlation with 
rainfall and positive correlation with maximum 
temperature and R. H. in Jorhat, Assam. This 
might be due to wide variatiion in temperature 
and relative humidity in two completely 
different agro ecological situations. The same 
type of statistical result was shown by Rao and 
Chari (1992) on whitefly B. tabaci on tobacco. 

Table 1. Results of Correlation between the population levels of Diaiellropora decelnpllncta and 
abiotic factors of Murshidabad district. 

Top Mid Bot Leaf Max Min 
Variables pop pop pop los5% MaxTem MinTem RH RH Rainfall 
Top pop 1.000 
Mid pop 0.944** 1.000 
Bot pop 0.897** 0.869** 1.000 
Leaf loss 0.905** 0.922** 0.856** 1.00 
Max Temp 0.242 0.188 0.272 0.213 1.00 
Min Temp 0.310 0.255 0.327* 0.253 0.886** 1.00 
MaxRH 0.093 0.059 0.023 -0.039 -0.367 -0.098 1.00 
Min RH 0.454** 0.373** 0.397** 0.219* 0.271 0.526·* 0.326* 1.00 
Rainfall 0.336* 0.315* 0.326* 0.269 0.504** 0.827*· 0.293*. 0.715** 1.00 

*Significant at 0.05 and ** Significant at 0.01 

Table 2. ~esults of Correlation between the population levels of Dialeuropora decempuncta and 
abiotic factors of Birbhum district. 

Top Mid Bot Leaf Max Min 
Variables pop pop pop 10sso/0 MaxTem MinTem RH RH Rainfall 
Top pop 1.000 
Mid pop 0.536** 1.00 
Bot pop 0.719** 0.888** 1.00 
Leaf loss 0.802** 0.560** 0.845*8 1.000 
Max Temp 0.143 0.236 0.199 0.068 1.000 
Min Temp 0.279 0.333* 0.311* 0.189 0.909** 1.000 
Ma\: RH 0.315* 0.352* 0.326* 0.239 0.211 0.519*· 1.000 
Min RH 0.330· 0.422*· 0.378** 0.262 0.475** 0.726·· 0.797*· 1.000 
Rainfall 0.702** 0.317* 0.379** 0.437** 0.427** 0.551·~ 0.456·" 0.501·· 1.00 

""Significant at 0.05 and ** Significant at 0.01 
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Fig. 4. Prediction of Whitefly population based on abiotic factors at Murshidabad district 

DISCUSSION 

In Murshidabad and Birbhum districts the 
whitefly population in the year 2002 was high 
but in the year 2003 it was negligible. It may be 

. ,due to high temperature and scanty rainfall 
exhibited in the year 2003. The observation of 
present study on the intensity of whitefly 
population was more or less similar with that 
of Rajkhowa and Chakravorty (2004) as far as 
ascending and descending phase of occurrence 
of whitefly population was concerned, except 
the peak period, which was observed during 
October in Jorhat, Assam. This might be due to 
variation in regional climatic conditions. As the 
abiotic factors were different from season to 
season and year to year, for tha treason 
probably whitefly incidence was different. 
During silkworm rearing at farmers level it was 
observed the shortage of qualitative mulbery 
leaves during August-September commercial 
crop season at Murshidabad and Birbhum 
districts. This was caused due to heavy 
infestation of whitefly during that period which 

caused heavy economic damage with leaf loss 
by direct feeding and indirectly by interfering 
photosynthesis by sooty mould fungus, which 
settles on honeydew excreted by the nymphs. 
As maximum whitely population was observed 
in the rainy season and as a Significant positive 
correlation was found between rainfall and the 
whitefly population, so it may be suggested 
that the rainfall resulted in the abundance 
production of succulent young leaves on which 
the whitefly adults feed. 

In both the distict it was noticed that the 
maximum temperature is negatively correlated. 
So it may be detrinlcntGI for build up of whitefly 
population. That means a steady temperature, 
R. H. and rainfall are preferably for the build 
up of whitefly population. Lal (1981) observed 
that stable temperature and rainfall favored the 
population build up of B. tnbnci on Cassava. 

As whitefly population had m~re significant 
positive correlation with minimum R. H. and 
rainfall, so the present study indicated that 
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minimum R. H. and rainfall in the month of 
August and September might have favored the 
multiplication of whitefly population and it 
shows that under tropical conditions humidity 
in general plays a more important role in 
conditioning the infestatiion of aleryodids than 
any other weather factors. This finding was in 
contrary to that of Rajkhowa and Chakravorty 
(2004). Statistically it was predicted by Step 
down regression analysis that there is a relation 
between whitefly population with the relative 
humidily and rainfall, which is mostly 
responsible to boost up the population at top 
canopy level. 
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From a pest management pOint of view, 
control strategies to prevent such population 
explosions to be a more effective approach than 
to control the pest when it reached the ETL 
value. 
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EVOLUTION OF A VIAN_ JAW KINESIS AND TROPHIC 
DIVERSIFICATION ACROSS KT-BOUNDARY: A REVIEW 

B.N.BHATTACHARYVA 
Department of Zoology, Bangabasi College, Kolkata-700009 

ABSTRACT 

The basic transformation of the avian skull kinesis is important in the evolutionary patterns of the trophic 
diversification of the major avian taxa which successfully crossed the Cretaceous-Tertiary boundary (KT-boundary) 
about 65-75 MY ago and established themselves through the KT-transition period. The pre-bird skull led to two 
principal designs of the jaw apparatus with increased biting forces: a pre-rhyilchokinetic and a pre-prokinetic 
jaw designs. The other line of pre-bird skull was either akinetic (Dromaeosaurids), mesokinetic or prekinetic 
(Arclllltoptt'ryx, Alvarezsaurids, etc.) having undetached palate. Hence three major skull design..~ were obtained: 
Dromaeosaurids-Enantiornithid-Archaeopterygo-morphs; Ornithomimid-Hesperornitho/Ratitomorphs; and 
Troodontid/Neognathomorphs. These three types of generalized skull architecture gave rise to three principal 
types of trophic ecomorphs : (1) Graspers; (2) Browsers that evolved into catchers, browsers and grazers; and (3) 
Graspers that gave rise to catchers, probers, peekers and slicers. Within each group one lineage of akinetic jaw 
. perSisted. The first group repre.sented either meso or pre-kinetic skull while the second and third gr~ups 
characterized by detached palatal complex represented pte-rhynchokinetic and pre-prokinetic designs which 
evolved into primary rhynch9kinetic and primary prokinetic jaws respectively. 

Thus a triplet of neognath trophic ecomorphs and the palaeognaths crossed the KT-boundary, survived 
through KT-transition as well as Oligocene transition periods to evolve as modem palaeognaths and neognaths. 

The trophic diversification was a survival strategy for crossing the KT-boundary agilin.."t unusual drop of 
temperature and subsequent radiation was possible once the birds developed suitable adaptations to combat 
changing eeo-systems. 

Keywords : Avian jaw kinesis : trophic diversification 

INTRODUCTION 

The present analysis by the author is a 
critical review of two excellent publications on 
"Evolutionary patterns of trophic 
diversification" (Zweers, G.A., J.C. Vanden 
Berge and H. Berkhoudt, 1997) and "Birds at 
geological boundaries" (Zweers, G.A., and J.C. 
Vanden Berge, 1997/98). 

Both these papers highlight the origin of 
cranial and jaw kinesis in birds through time 
and space, organismic evolution in birds (such 
as bipedality, flight, slenderization of cranial 
bars, endothermy, feathers, heterocoely of 
vertebrae etc.) as well as their ability to cross 

the KT-boundary, survive through KT
transition period and radiate into modern 
orders of neognaths. 

The cladistic and phylogenetic 
interpretations, mainly based on 
palaeontological records are changing fast with 
the discovery of many new fossils. And to this 
approach must be added comparatively recent 
findings and interpretations in Molecular 
Systematics (Sibley and Ahlquist, 1990) which 
has largely reshaped the conventional cladistic 
concept in avian phylogeny (Cracraft, 1986; 
Sanz et al. 1995 and Chiappe, 1995a). In the 
two publications cited above, Zweers & Vanden 
Berge (1997/98) and Zweers et al. (1997) have 
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analyzed the phylogeny of birds in the context 
of trophic diversification across the KT
boundary and their subsequent radiations. 

This review attempts to integrate and 
summarize the concept of the origin and 
evolution of birds in the light of avian jaw 
kinesis vis-a-vis trophic diversification across 
KT .. boundary. 

EVOLUTION OF AVIAN JAW KINESIS 

The evolution of jaw kinesis in birds is not 
a I de-novo' innovation in the group but it has 
been acquired from their reptilian ancestors or 
even earlier from the crossopterygian fishes 
(Feduccia, 1996). 

The caelurosaur cranium and jaws were 
akinetic and considering the theropod 
coelurosaur as a monophyletic basal stock for 
avian evolution, the triplet of trophic 
ecomorphs for the neogna ths and one 
ecomorph for the palaeognaths as suggested 
by Zweers et al .. (1997) may be correlated with 
the acquisition and diversification of jaw kinesis 
in different birds. Certain changes in the. skeletal 
configuration of the cranium in course of avian 
evolution (such as detachment of the palatal 
complex, streptostyli of the quadrate, etc.) were 
key innoyations towards kinetism of the jaws. 

A few representative sk1Il.l..d~signs are 
shown here from the Triassic thecodont 
Euparkeria (Pseudosuchia) to the Jurassic 
aviform Archaeopteryx to illustrate the 
dermatocranial fenestration, ~q-~adt~te
pterygoid-palatine- and jugo-maxillary 
complexes in the skull (Fig. 1). 

In the coelurosaurian architecture of the 
skull (e.g., Compsognathus), absence of kinesis 
or a tendency toward a pre-kinetic condition 
may be assumed. The coelurosaurian skull 
represents a typical archosaurian skull-heavily 
built, with fused temporal fenestrae, thick and 
stout cranial bars, numerous large teeth and 
amphicoelous vertebrae. Kinesis was not 
possible in such a type of skull. Among the 
maniraptoran Dromaeosauridae (e.g., 
Deinonychus) or in the Alvarezsauridae (e.g., 
Alvarezsaurus, Mononykus), the skull was also 
akinetic. They have been considered as non
avian coelurosaurian dinosaurs (Zhow, 1995). 
Chiappe et ale (1996) comment that they 
represent very basal metornithean lineage. 
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Archaeopteryx may have evolved through a Pre
Archaeopteryx stage where meta kinetic hinge 
was replaced by a mesokinetic hinge in the skull 
and the quadrate became streptostylic. This 
condition persisted in Archaeopteryx, which 
ei ther possessed a masokinetic or an 
amphikinetic skull (i.e., with both meso-and 
metakinetic hinges), a streptostylic quadrate 
and with uncoupled kinesis of jaws. 

The post-Archaeopteryx Enantiornithes 
represented by Sinornis, Concornis, Cathayornis 
and Gobipteryx, as also an earlier form 
Patagopteryx were all pre-bird forms known as 
'Palaeoavis' They also retain teeth (except 
Gobipteryx) that are smaller in size and number. 
These birds exhibit meso- or prekinesis but 
were far from developing a rhynchokinetic or 
a prokinetic skull as achieved by the Omithurie. 

The other line of pre-bird skull showed 
decreased cranial bars with longer snout, wide 
at base. These birds developed long neck, 
heterocoelous vertebrae and were prepared for 
kinetism in the skull. From such a skull type 
were derived two lines of kinetism-one towards 
pre-rhynchokinesis and the other towards pre
prokinesis which eventually evolved, in the 
Omithurie into primary rhynchokinetic (as in 
the Hesperornitho-Ratitomorph group) and 
primary prokinetic (~s in the early 
Neognathomorph group) jaws respectively. 
Both these types of kinetism were possible due 
to detachment of the faIatal complex together 
with slenderization of the cranial bars. -With· 
remarkable trophic divergence in the neognaths, 
secondary rhynchokinesis (charadriiform, 
columbiform and many other birds) and 
secondary prokinesis (most passeriform birds) 
evolved among the negonaths. As the 
Odontognaths and the Palaeognaths diverged 
earlier than the neognaths and possessed 
rhynchokinetic upper jaw, Zhow (1995) 
suggested that rhynchokinesis may have 
appeared earlier than prokinesis. This 
assumption is contrary to the views held .by 
Hofer (1949) and BUhler (1987). 

It is evident that along with the radiation of 
neognath birds across the KT-boundary through 
time and space, several grades of 
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Fig. 1. Lateral view of a few archosaurian skull types showing changes in Qematocranial fenestration, jugo
maxillary configuration and dentition. A. Euparkeria (basal archosaur, 1fhecodontia); B. Compsognathus 
(coelurosauria; Theropoda); C. Deinonychus (Dromaeosauridae; Coelurosauria); D. Foot of Deinonyclms 
showing <!-igits 2 bearing the enormous 'temple Claw' which is raised upward and backward while running 
on digits 3 and 4; E. Archaeopteryx (the legendary reptile-bird and recognized as the first avian relic). 

[af - Antorbital fenestra; an - Angular; ar - Articular; cafz - Caudal Flexon Zone; cfh -Craniofacial 
hinge; cfz - Central flexon zone; cg - Claw groove; d - Dentary; db - Dorsal Bar; f - Frontal; fz-
Flexon zone; hn - Holorhinal Nostril; j - Jugal; 1-Lacrimal; lb - Lateral Bar; Itf - Lower Temporal 
Fenestra; m - Maxilla; mf - Mandibular foramen; n - Nasal; na - Narial aperture; nis - Nasal
interorbital septum; p - Parietal; pa - Palatine; pm ~ Premaxilla; po - Postorbital; pro - Preorbital; 
pt - Pterygoid; prE - Prefrontal; q - Quadrate; qj - Quadratojugal; qmj - Quadrato-mandibular joint; 
rfz - Rostral Flexon Zone; sa - Supraangular; sp - Sclerotic plates; sq - Squamosal; tc - Terribl~ Claw 
(Temple claw); tf - Temporal Fenestra; utf - Upper temporal fenestra; vb - Ventral bar] 

rhynchokinesis and prokinesis evolved. This 
was possible due to several changes of which 
the detachment of palate from the brain case 
was the key innovation. 

A brief explanation to prokinesis and 
rhynchokinesis is given below. 

1. Prokinesis : A prokinetic skull is that in 
which the upper jaw as such is not flexible, but 
it moves up and down as a single unit around 
a craniofacial hinge (cfh). The hinge may be 
formed by a craniofacial flexon zone at that 
site where a gap called Icraniofacial hiatus' 
occurs between the nasal and interorbital 



septum. In some larger birds (e.g., Anser, 
p(J/tJc:anllS), a true synovial joint occurs at the 
nasofrontal hinge. Further, a flexible zone is 
presen t, one in the nasal process of the 
premaxi 11a and the other at the premaxillar 
process of the nasal. In a prokinetic skull, the 
oval naris lies rostral to the craniofacial hinge 
and the interorbital septum is not continuous 
with the nasal septum. This is referred to as 
'holorhinal nostril' which is usually the 
characteristic type of a prokinetic skull (e.g., 
Passerimorphs). 

Prokinesis may be of two types: (1) Uncoupled, 
where the movement of the upper jaw is not 
coupled with that of the lower jaw so that both 
the jaws can be moved independently; (ii) 
Coupled kinesis, where the movable quadrate 
takes a leading role in depressing the lower 
jaw and raising the upper jaw. In fact", the 
movements of both the jaws are coupled in such 
a way that the ,mandible cannot be depressed 
without raising the upper jaw, but the upper 
jaw can be raised without correlated depression 
of the lower jaw (Bock, 1964; Fig .. .2): 

2. Rhynchokinesis : Following Bock (1964), 
the skull may be called rhynochoki1)etic where 
the dorsal and ventral bars of the upper jaw 
have flexible regions within them and the two 
bars are separated by a flexible lateral bar of 
the nasal. A rhynchokinetic skull lacks in a 
craniofacial hiatus or hinge. 

A rhynchokinetic skull usually (but not 
always) possesses a schizorhinal nostril in 
which the nasal-interorbital septum extends 
continuously within- -the nasal cavity (e.g. 
Tinamou-ratitomorphs; trochilid, 
charadriiomorphs, columbid, gruiid skulls) 

Buhler (1981) has elaborated various grades 
of avian rhynchokinesis and prokinesis with 
examples and Bock (1964) has summarized the 
possible sequence in the evolution of skull 
features and kinetism in jaws with the help of 
a dendrogram. Bock (1964) states that from the 
ancestral stock of modern birds possessing 
prokinetic skull, secondary rhynchokinesis 
might have been derived later in the gruiids 
and charadriiform birds (Fig. 3). 
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The evolutionary significance of avian jaw 
kinesis has eno~mous bearing on the trophic 
diversification of birds, because feeding 
novelties in modern birds would not have been 
possible without kinetic jaws. Adaptability for 
diversified food and feeding was possible 
only after the acquisition of a light-weight 
toothless skull, detatched palate, fully 
rhamphothecad, kinetic jaws and heterocoelous 
vertebrae. 

Fig. 4 .: depicts the skull type, palate and 
trophic diversification from the coelurosaurs to 
birds. 

TROPHIC DIVERSIFICATION ACROSS 
KT-BOUNDARY 

Zweers and Vanden Berge (1997 /98) have
referred to a symposium on "Vertebrate design 
at geological boundaries" (Kardong and 
Zweers, 1997) where some important questions 
were addressed about relationships .of 
verteabrate evolution and occurrence of 
geological boundaries. This meeting also 
discussed about which avian taxa could 
successfully cross the KT-boundary and while 
others could not. What were the preadaptations 

,that equipped the successful ticket-holders to 
cross the KT-boundary? Zweers and Vanden 
Berge (1997/1998) have discussed several 
hypotheses' on the timing of radiation of 
modern birds. Feduccia (1995, 1996) stated that· 
only one representative of one order was 
already present before the KT -boundary. It 
appears that this hypothesis too is not sufficient 
to explain the fate of other representatives of 
each order.,A consensus hypothesis states that 
all the extant orders were present before the 
KT-boundary, and so, they faced little problem 
to cross the boundary. This hypothesis, 
however, does not mention about the special 
attributes of those birds which could cross the 
KT -boundary unaffected and many other 
aviform coelurosaurs could not pass through 
and became extinct. 

The alternative proposal by Zweers et ale 
(1997) and Zweers and Vanden Berge (1997/ 
98) explains stepwise acquisition of jaw kinetics 
and other fea tures by birds as suitable 
preadaptations for crossing the KT-boundary 
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and for evolving into several feeding groups 
called trophic ecomorphs. These authors have 
.proposed 4 trophic ecomorphs-onf' of 
palaeognaths.and three of neognaths. The Pico
Passerimorphs including the song birds have 
been labeled by these authors as the latest 
neognath radiation from the Galli-Columbi"; 
Falconimorph lineage (Fig. 5). 

m tz 

db 
cfz nis 

vb fz 

It is observed from palaeontological records 
that there has been mass extinction of many 
coelurosaurian dinosaurs throughout the 
cretaceous period. Many of th()s() coelurosaurs 
which started showing some aviform 
characteristics were either fully or partially 
dented graspers with akinetic skull (e.g., 
Dromaeosauridae) or the Palaeo-avis with 
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FIg. 2. Lateral view of the skull (A) and upper jaw (B/C,D) showing prokinetic and rhynchokinetic jaws. A. 
prokineU~ skull with holorhinal nostril and craniofacial hinge/craniofacial flexon zone in the upper jaw 
and a pair of mandibular flexon zones; B. Ratifomorph rhynchokinesis with incomplete lateral bar and 
central flexon zones; C. charadriiform rhynchokinesis with proximal and caudal flexon zones; D. Trochilid 
rhynchokinesis with extensive flexon zones in both dorsal and ventral bars (modified from BOhler, 1981). 
(For abbreviation see "Fig. 1) 
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COUPLED PROKINESIS 

1 
UNCOUPLED PROKINESIS 
(HOLORHINAL NOSTRIL: 
REDUCTION OF THE POL) 

1 
COUPLED PROKINESIS 
(HOLORHINAL NOSTRIL) 

RATITE RHYNCHOKINESIS 
(HOLORHINAL NOSTRIAL; 

GAP IN LATERAL BAR) 

1 
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SECONDARY PROKINESIS 
(HOlORHINAL NOSTRIL) 

1 
SECONDARY PROKINESIS 
(SCHIZORHINAL NOSTRIL) 

1 
CHARADRIIFORM RHYNCHOKINESIS 

WITH SCHIZORHINAL NOSTRIL 

COUPLED PROKINESIS : HOLORHINAL NOSTRIAL 
(MODERN BIRDS - ANCESTRAL STOCK) 

/ 
1 

MESOKINETIC HINGE DISAPPEARS: PROKINETIC HINGE ESTABUSHED WITH. UNCOUPLED PROKINESIS, 
HOLORHINAL NOSTRIAL : ENLARGEMENT OF THE BRAIN AND EYES, AS FLIGHT DEVELOPED 

(PRE • MODERN BIRDS) 

1 
MOST REASONABLY MESOKINETIC HINGE WITH STREPTOSTYLIC QUADRATE, OR POSSIBLY AMPHIKINETIC 

(I. E. BOTH MESOKINETIC AND PROKINETIC) 

. (ARCHAEfPTERYXI 

METAKINETIC HINGE DISAPPEARS: MESOKINETIC HINGE APPEARS WITH STREPTOSTYLIC QUADRATE 
·(pRE • ARCIAEOPTERYXI 

METAKINETIC OR POSSIBLY AMPHIKINETIC (I.E. BOTH MET AKINETIC AND MESOKINETIC WITH THE BEGINNING OF 
STREeTOSYLlC QUADRATE) 

(PSEUDOSUCHIA) -

1 
METAKINETIC SKULL WITH MONIMOSTYUC QUADRATE 

(STeM GROUP OF THECODONT REPTILES) 

Fig. 3. The possible sequences in the evolution of avian cranial kinesis (a summary of different view points : 
modi~ from Bock, 1964) 

either masokinetic or prekinetic skull (e.g., 
Archeopteryx, Alvarezsauridae, Enantiornithes, 
etc). In later forms, there was· a 'gradual 
reduction in the number and size of teeth but 
those bird groups such as Hesperomithoforms, 
Gobipteryx,. etc also could not escape th~ hazard 
of KT -boundary and so became extinct. The 
Ornithurie diverged into two lines: the 

Hesperonitho-ratitomorphs characteri2ed by 
rhynchokinepc jaws' and the neognaths ~ith 
prokinet~c Jaws. Hesperornithiformes and 
Ichthyornithiformes were piscivores and 

I possibly due to some major ecological changes 
, in the late Cretaceous, affecting trophic system 
of these birds, they could not cross the I<T
boundary and became extinct. The ratitimorphs 
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LEPIOOSAURIMORPH 
(Primitive undetached diapsid 

palate) 
AKINETIC 

DROMAEOSAURIDAE 
Pre-bird skull; palate 

undetached; snout tapering 
teeth uniform, vertebrae 

amphicoelous 
AKINETIC 

ARCHAEOPTERYGOMORPH 
(Palaeo-avis) 

Palate undetached; Quadrate 
streptostylic; verbetrae 

amphlcoelous 
MESO-IPREKINETIC 

HESPERORNITHOMORPH 
PISCIVORES 

Dentate birds; palate detached; 
smout long; 

PRIMARY RHYNCHOKINETIC 

) 

COELUROSAURIMORPH 
Archosaurian skull; Undetached palate; 

Fused temporal fenestrae; Many large teeth; 
Amphicoelic vertebrae; Long tail; Biped 

AKINETIC 

GALLI I ANSERIMORPH 
(NEOGNATHE) 
Palate detached 

PRIMARY PROKINETIC 

RATITOMORPH 
(PALAEOGNATHAE) 

Palate detached; Lateral bar 
incomplete; 

PRIMARY RHYNCHOKINETIC 
(Central type) CHARADRIOMORPH ~ 

Palate detached; 
SECONDARY RHYNCHOKINESIS 

PICO-PASSERIMORPH 
Palate detached; 

SECONDARY PROKINESIS 

Fig. 4. Evolution of skull type, palate and kinesis from Coelurosaur to birds (Modified from Zweers et al., 1997) 

remained unaffected by the KT -boundary. They 
were mainly browsers and grazers on herbs 
and grassland that were abundant at that time. 

The neognath trophic ecomorohs as 
observed in the prokinetic and secondarily 
rhynchokinetic (e.g. Charadriiform birds) 
Ornithurie radiated into diversified trophic 
systems of which three lines emerged: (i) the 
grebe-like catchers that were mainly aquatic; 
(ii) the plover like probers that were semi 
aquatic shore-birds and (iii) almost fully 
terrestrial (may have been secondary re
invasion) rail like peekers and slicers which also 
included the very large pico~passerimorph 
assemblage. 

KT-BOUNDARY 

Along with the acquisition of more and more 
avian characteristics such as endothermy, 

feathers and flight, at least three (or four?) 
radiations occurred in the evolution of birds: 
one (or two?) during the cretaceous period 
which culminated in mass extinction at the KT
boundary or rather at the late cretaceous period, 
one at the KT-transition period and the last 
one in the Oligocene transition period. The KT
boundary period was short and operated for 
less than 100 KY whereas the KT-transition was 
longer and lasted for about 1 MY The 
Oligocene transition period (O-tr) was slightly 
longer than the KT-B (4-8 KY) and was marked 
by further cooling down of temperature and 
dwindling of many vegetational communities 
that could not sustain too many browsers and 
grazers; only small sized birds with superior 
flight capabilities, vision and brain function 
together with a light weight kinetic skull for 
fast pecking and swallowing of food particles 
could successfully cross the KT -boundary and 
radiate as sustainable modern neognaths. 
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Fig. s. Major coelurosaurio-Avian taxa, integrated into a triplet of Trophic Designs and corresponding ja~ 
kinesis. A. Toothed Graspers with Meso/Prekinetic skull; B. Toothed piscivores and toothless B~wsers 
and Grazers with primary Rhynchokinesis; C. Toothless Graspers with Prokinetic sku!l evoled into 
catchers, probers, peekers and sHecrs (Based on and modified from Zweers et aI., 1997f." ,~ 

A simplified phylogeny of birds from the 
coelurosaurians onward is given here for ready 
reference (Fig. 6). 

DISCUSSION AND CONCLUSION 

Zweers et al. (1997) and Zweers and 
Vanden Berge (1997/98) in their publications 
cited in the text have proposed a reasonably 
acceptable model for the trophic diversification 
of birds across the KT -boundary. From the fossil 
evidence gathered so far, these authors 
have divided the evolutionary sequence of these 
fossils, from the study of skull elements 

including kinesis, into three types 
(i) Bromaeosaurid / Enantiornithidl 
Archaeopterygo-morps; (ii) Ornithomimidl 
Hesperonitho /Ratito-morphsj and 
(iii) Troodontid /Neognatho-morphs. 
Corresponding to these three types . of 
coelurosaurian skulJ derivations (along with the 
evolution of cranial and jaw kinesis)" three 
generalized trophic lineages have been 
proposed. These are: (i) dentate graspers with 
large and numerous teeth which became 
smaller and reduced in number in later forms; 
(ii) catchers~ browsers and grazers which 
contain both dentate and edentate 'groups; and 
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NEORNITHES 

ICHITHYORNITHIFORMES 

HESPERORNITHIFORMES : 
ORNITHURIE 

PATAGOPTERYX 

ENANTIORNITHES 

IBEROMESORNIS 

ORNITHOTHORACES 

ALVAREZSAURIDAE 

CONFUCIUSORNIS 

ARCHAEOPTERYX 

PROTOAVIS 

AVES 

DEINONYCHOSAURIA 

DROMAEOSAURIDAE 

TROODONTIDAE 

COMPSOGNATHUS 

MANIRAPTORA 

ORNITHOMIMIDAE ( 

I 
COELUROSAURIA 

Fig. 6. A simplified cladogram on the phylogeny of birds from the Coelurosauria onward (Zweers at 01., 1997). 
The sketch combines the cladogram of Gauthier (1986), Crilcraft (1986), Sanz et al., (1995) and Chiappe 
(1995). The Neornithes includes the Palaeognathae and Neognathae. Benton's chart (1997) is also almost 
the same. However, Cooper and Penny (1997) have re-shaped this plylogeny, based on DNA sequences. 

(iii) probers, peckers and slicers. 

The above hypothesis is quite convincing for 
the fact that a correlation has been drawn 
between the evolution of kinetism of the skull 
and that of trophic diversification. It is quite 
reasonable to infer that the evolution of a kinetic 
skull, detachment of palate from the braincase 
and rhamphothecad covering of the beaks were 
essential prerequisites for the birds in attaining 
diversity in feeding. Further modifications in' 
the skeletal elements as 'well as in flight, 
bipedality, etc. led to specific preadaptations 

which equipped certain groups of birds to cross 
the KT -boundary for further radiations. 

From the above analysis, it may be 
concluded that: 

1. To begin with theropod coelurosauria, 
avian evolution may be considered 
monophyletic, as true flight and feathers 
developed only once. However,discovery 
of a Triassic bird, Protoavis by Chatterjee 
(1991, 1995) needs to be explained if it 
really represents a pre-Archaeopteryx form. 
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2. As to the phylogeny of birds, findings in 
Molecular Systematics based on the 
mitochondrial and DNA hybridization 
techniques (Mindell, 1997) are required to 
be compared and reconciled to 
phylogenetic cladograms based on 
palaeontological records. 

3. The evolution of trophic diversification in 
birds across the KT -boundary may be 
correlated to the evolution of cranial and 
jaw kinesis, beginning with the 
coelurosaur-maniraptoran lineage. 

4. A vian trophic diversification before and 
after the Cretaceous-Tertiary boundary 
(KT-boundary) might have been possible 
due to : (i) modifications and 
diversification in jaw kinesis; and (ii) 
evolution of improved avian features like 
fully rhamphothecad jaws, heterocoelous 
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vertebrae, modes of flight, feeding and 
brooding. 

5. The early and mid-Cretaceous radiations 
(may be only one mid-Cretaceous 
radiation as held by a few authors) wete 
all extinct by the end of late Cretaceous 
or at the KT-boundary. The fourth (or the 
third) radiation occurred beyond KT
boundary (at the KT-transition period) 
and the surviving bird groups could be 
assembled into one palaeognath and three 
neognath ecomorphs. The fifth (or the 
fourth) radiation occurred in the 
Oligocene-transition period (O-tr). 

6. Among diverse modes of feeding and 
drinking, pecking and browsing together 
with tip-up-drinking appear to be the 
ancestral designs for neognaths and 
palaeognaths. 
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SOME ASPECTS OF ECOLOGY OF ORIBATID MITE POPULATIONS 
AT HIGH HILL AND FOOT HILL REGIONS OF THE HIMALAYAS 

M. N. MOITRA*, A. K. SANYAL and S. CHAKRABARTI** 
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ABSTRACT 

Collection of soil samples were carried out at two different altitudinal locations, Sandakphu (3636m) and 
Sukna (181m) in Oarjeeling Himalayas of West Bengal. Densities of oribatid mites as well as their relative 
abundance were more in Sukna than those in Sandakphu. Coefficient of variation (CV) was also higher in Sukna 
and differed significantly (p<0.05) from that of Sandakphu. Numerical dominance of oribatid mites however was 
more in Sandakphu than that of Sukna. One way ANOV A test reveals that the populations of two sites are 
significantly different from each other (p<0.05). Trend analysis of population indicated that the numerical 
abundance of .oribatid mites gradually declined in Sukna while it increased in Sandakphu as the study period 
progressed. Highest abundance was observed during spring in Sukna and in early summer in Sandakphu 
whereas lowest abundances in both sites were recorded during monsoon. Numbers of species of oribatid mites 
recorded were 18 and 20 in Sandakphu and Sukna respectively. Among them only one species and six genera 
were common to both places. Relative humidity near soil surface showed weak positive and negative correlation 
with abundance of oribatid mites in Sukna and Sandakphu respectively. Soil temperature was positively correlated 
in Sandakphu and in Sukna it was negatively correlated. Phosphate showed negative correlation in Sandakphu 
and positive in Sukna. A weak positive correlation was observed for pH in Sandakphu and in Sukna the 
correlation was significantly negative. 

Keywords : Oribatid mites, altitudes, edaphic factors. 

INTRODUCTION 

Oribatid mites, in general, constitute the 
largest numerically abundant group among the 
soil microarthJ:opods in temperate forest soil 
(Wallwork, 1983). Their numerical abundance 
has laid an immense importance upon them as 
far as ecology and fertility are concerned 
(Spencer, 1951). Some species of oribatid mites 
can be used as potential bioindicator (Banerjee 
and Sanyal, 1991; Van Straalen et al., 1997). 
Studies on soil acari in relation to altitudes were 
made by Lamoncha and Crossley (1998), 
Kalimanis et al. (2002) and a few others. In India, 
however, this type of work is scanty. Ecological 
studies on acarine fauna in the Darjeeling 

• E-mail: moitra_moitra@yahoo.com 

Himalayas were made by a few workers like 
Choudhuri and Pandey (1981,1982), Ghosh and 
Roy (2004) and Moitra et al. (2006). No work 
however specifically emphasized the 
interrelation between the abundance of oribatid 
mite population and the changes -in _ edaphic 
factors d~e to altitudinal differences. Besides, 
the information on ecology of this particular 
group of mite at altitudes ·higher than 3000m 
and how this differs from tha t of foot hill 
regions is also lacking in India. The present 
work was carried out to investigate the nature 
of abundance, relative abundance and 
dominance of oribatid mite population and how 
it is related to the different physicochemical 
parameters for the purpose of studying the 
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existing variations at two different altitudes 
(5andakphu, 3636m; Sukna, 181m) with a gap 
of more than 3000m in the Himalayan 
ecosystem. 

Collection sites : 5andakphu (3636m) is 
located in the 5ingalila range of the Darjeeling 
Himalayas. Soil is blackish brown in colour and 
sandy loam in texture. Vegetation of the plot 
chiefly consists of Quercus sp., Rhododendron sp. 
with patches of Arundinaria sp. Sukna (181m), 
located at the foot hill regions of the Darjeeling 
Himalayas has brown soil with clay loam 
texture. Tectona grandis, Shorea robusta, Bauhinia 
sp., Saraca indica were among the common 
vegetation of the plot. 

MATERIALS AND METHODS 

Uncultivated plots with natural vegetation 
were selected at both the collection sites. Soil 
samples were collected with stainless steel cores 
(5 cm dia. x 5 cm deep) as employed by Dhillon 
and Gibson (1962) up to a depth of 5 cm of soil 
profile and soil fauna were extracted by 
Tullgren funnel apparatus modified by 
Macfadyen (1953). Altogether 360 soil samples 
were collected from January, 2004 to December, 
2006. Oribatid mites were separated from the 
extracted microarthropods. The numbers of 
oribatid mites were determined per core and 
the data was transformed to log x to ~chieve 
homogeneous variance for one way analysis of 
variance (ANOV A) and also to work out the 
regression equations with physicochemical 
parameters as predictors. Relative Humidity 
was recorded by a dial hygrometer. Soil 
temp~rature was recorded by a soil 
thermometer and soil moisture was measured 
by an Infra-Red Moisture balance. Organic 
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carbon content of the soil was estimated by 
rapid titration method of Walkley and Black 
(1934) and pH was measured by an electric pH 
meter. Nitrate was measured by soil 
coldrimetric method described by Dodswell 
(1959) and for phosphate, molybdenum blue 
test was employed (Dod swell, 1959). 

RESULTS AND DISCUSSIONS 

A total of 64,795 soil microarthropods were 
obtained and of them 24,100 (37.19%) were 
oribatid mites. Total species of oribatid mite 
was 38. Of them 18 species were recorded from 
Sandakphu and 20 from Sukna. Among them 
only one species (Nothrus gracilis) and.six genera 
(Hoplophorella, Hoplophthiracarlls, Malaconothrus, 
Masthermannia, Dolicheremaeus and Tectocephells)' 
were common to both places. . 

Density as well as relative abundance of 
oribatid mites were more in Sukna than those 
in Sandakphu (Table 1). Coefficient of variation· 
(CV) was also higher in Sukna. The CV at two 
sites differed significantly (0.01 < p < 0.05) from 
each other. Numerical dominance of oribatid 
mites however was more in Sandakphu 
(39.58%) than that of Sukna (35.61%). One way 
ANOV A test reveals that the populations of 
two sites are significantly different from each 
other (0.01 < P < 0.05) (Table 2). Trend analysis 
of population indicated that the nu~rical 
abundance of oribatid mites gradually declined 
in Sukna while it increased in Sandakphu as 
the study period progressed (Fig. 1). Highest 
abundance was observed during spring season 
in Sukna and in early summer in Sandakphu 
whereas lowest abundances at both sites were 
recorded during monsoon (Fig. 2 and Table 3). 

Table 1. The mean abundance (N/core), mean density (N/m2), relative abundance, dominance 
and coefficient of variation of oribatid mites at two different altitudes. 

DF MS F 

TOTAL SS = 2.2107 71 0.03114 

GROUP S5 = 0.2192 1 0.2192 7.7047* 

ERROR 55 = 1.9915 70 0.02845 
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Table 2. The result of one way analysis of variance (ANOV A) test for the mean number of 
oriba tid mites per core. 

Data were transformed to log x; SS = sum of square; OF = Degree of Freedom; MS= Mean square; F = F statistic; 
.= 0.01 < P < 0.05. 

Physico-chemical Mean Value r value Level of Regression Equation 
parameter (± Standard Error) significance (a = bx+ c) 

R. H. (%) 77.64 ± 0.9776 -0.278 ns Y = - 0.708X + 3.07 

Soil m~,isture (%) 28.86 ± 1.0765 -0.708 ••••• Y = - 0.930X + 3.08 
Soil temperature("C) 9.45 ± 0.6863 0.338 • Y = 0.241X + 1.51 
Organic Carbon (0/0) 4.11 ± 0.1552 0.377 • Y = 0.416X + 1.48 

Nitrate (ppm) 2.28 ± 0.1085 0.496 
.,.,.. 

Y = 0.453X + 1.58 

Phosphate (ppm) 0.32 ± 0.2508 -0.378 • Y = -0.588X + 4.18 

pH 4.71 ± 0.0398 0.054 ns Y = 0.OO13X + 1.73 

R. H. (0/0) 78.27 ± 0.6876 0.133 ns Y = 0.12X + 1.62 
Soil moisture (%) 13.08 ± 0.6774 -0.383 • Y = -0.601X + 2.51 

Soil temperature("C) 23.56 ± 0.4889 -0.362 • Y = - 1.48X + 3.88 
Organic Carbon (%) 3.5 ± 0.0863 0.644 .. ,..,. Y = 2.00X - 0.769 

Nitrate (ppm) 2.41 ± 0.1388 0.386 •• Y = 0.359X + 1.72 

Phosphate (ppm) 0.37 ± 0.0262 0.365 • Y = 1.12X + 3.84 

pH 5.19 ± 0.0051 -0.441 ••• Y = - 2.99X + 17.3 

Y = Oribatid mites; X = Physicochemical Parameters; ,. = 5% level of significance,·· = 2% level of significance, 
...... = 1% level of significance, •••• = 0.50/0 level of significance, ••••• = 0.1 % level of significance. 

Table-3. The mean value of physicochemical parameters, correlation coefficients between the 
physicochemical pa:rameters and the abundance of oribatid mites. 

Sandakphu Sukna 
(3636m) (181m) 

Mean value (N/core) ± S. E. 56.74 ± 2.6657 77.14 ± 5.4629 

Mean density (N/m2) ± S. a. 28888.03 ± 2781.12 39273.47 ± 1357.07 

Relative abundance (0/0) 15.74 21.43 

Dominance (%) 39.58 35.61 

Coefficient of variation 28.19 42.49 

F test of CV 2.264 

N = Number of oribatid mites, CV = Coefficient of variation, S. E. = Standard Error, F = F statistics of CV 
'/ 

i.,.~ 

'-:'.---

Average monthly relative humidity (R.H.) 
was more in Sukna (78.27%) than that of 
Sandakphu (77.64%), soil moisture, however 
was higher in Sandakphu (28.86%) than that of 
Sukna (13.08%) (Fig. 3). Relative humidity near 
soil surface showed weak positive and 
Significant negative correlations with the 
abundance of oribatid mites in Sukna and 
Sandakphu respectively, while soil moisture 

showed significant negative correlation in both 
sites. Strong negative correlation with Relative 
Humidity might be resulted from higher 
humidity in monsoon when abundances of 
oribatid mites were very low. Negative 
correlation with soil moisture matches with the 
results of earlier studies (Choudhuri and Pande, 
1981, 1982; Ghosh and Roy, 2004). Soil 
temperature was 9.4SoC and 23.S6°C in average 
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Fig, 1. Shows the abundances of oribatid mites and the trend lines of the same at two collection site;. 

90 

80 

70 

60 

50 

40 

30 

20 

10 

o 

~ .-Sands"kPhu-! 
I a Sukna I 

Mean value (per" Relative Dominance (%) Coefficient of 
core) abundance (%) variation 

Fig. 2. Shows different characteristics of oribatid mite populations at two collection sites. 

in Sandakphu and Sukna respectively. It was 
positively correlated with abundance in 
Sandakphu and in Sukna it was negatively 
correlated. Positive correlation with the 
temperature was observed by -Ch~udhuri and 
Pande (1981) in Birch Hill, while the same 
authors (1981) and Ghosh and Roy (2004) also 
noticed negative correlation in other sites in 
the Darjeeling Himalayas. Positive correlation 
with temperature might be due to lower range 
of soil temperature 'in Sandakphu. Nitrate and 
organic carbon had significant positive 
correlation with abundance in both sites. This 
is in conformity with the observations of earlier 
workers (Choudhuri and Pande, 1981, 1982; 

Ghosh and Roy, 2004). Phosphate however 
showed negative correlation in Sandakphu and 
positive correlation in Sukna. Negative 
correlation with phosphate was observed earli~r 
by Choudhuri and Pande (1982). Positive 
correlation in Sukna resulted probably for the 
lower phosphate content of soil during the 
monsoon when oribatid mites were also fewer 
in numbers. A weak positive correlation was 
observed between pH and the abundance of 
oribatid mites in Sandakphu and in Sukna the 
correlation was significantly negative. Positive 
correlation between pH and oribatid mite 
population was recorded by Choudhuri and 
Pande (1981) in Birch Hill, in other sites in the 
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Fig.3: Shows the values of different physicochemical parameters at two collection sites. 

Himalayas the negative correlation was 
observed by the same authors (Choudhuri and 
Pande, 1981, 1982 and Ghosh and Roy, 2004). 

Variation in abundance of oribatid mite 
populations and the way they are related to 
the different edaphic factors is expected to exist 
at two sites that are about 3500 m apart in 
altitudes and therefore having different climatic 
conditions. Sukna has higher oribatid 
population probably because of favorable range 
of soil moisture, temperature and higher pH. 
Though in Sukna, the abundances of oribatid 
mites were negatively correlated with all these 
factors, the averages of these factors probably 
were close to the optimum level that favors 
higher abundance of oribatid mites. The relative 
abundance of oribatid mites however was 
higher in Sandakphu probably because of lower 
pH as oribatid mites are more successful 
inhabitant of acidic soil in comparison to other 
groups of soil dwelling microarthropods 
(Hagvar and Abrahamsen, 1980). 

Decomposition of litter in soil generally 

decreases towards upper altitudes (Schinner, 
1982) probably because an increase in 
temperature would accelerate the microbial 
decomposition of organic matter (Wang et al., 
2000). The release and resultant availability of 
nutrients might cause a rise in oribatid mite 
population other than causing a growth in 
fungal population. Oribatid mites mostly subsist 
on fungus (Crossley et al., 1999) that grows well 
in moderate soil moisture as high moisture may 
ca use a decline in fungal growth reducing 
aeration (Waid, 1960). So high soil moisture as 
recorded in Sandakphu may also account for 
the comparative lower abundance of oribatid 
mites there. 
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FOOD PREFERENCE OF FOUR AGRICULTURAL PESTS 
(ORTHOPTERA : ACRIDIDAE) 
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ABSTRACT 

Food preference of four agricultural pests viz., Hieroglyphus banian (Fabricius), Acrida exaltata (Walker), 
Spathosternum prasiniferum prasiniferum (Walker) and Oxya fuscovittata (Marschall) (Orthoptera : Acrididae) has 
been studied taking twelve food plants from two families namely Poaceae and Cyperaceae. The choice-test or 
acceptability preference shows that all of these pests are selective within the framework of their polyphagous 
nature. Among diverse food sources each pest performs a 'test-bite' to each plant initially but on ensuring 
palatability or tastelessness, the insect accepts or rejects the host plant. The 'actual feeding' of the pest commences 
by switching over their most acceptable host plant in all investigational trials, but in absence of most palatable 
(acceptable) host, the pest further switches over to the next-level acceptable plant. In this way a general trend 
of evolution from monophagy to polyphagy took places in all the studied pests. 

Keywords: Orthoptera, food preference, choice-test. 

INTRODUCTION 

Insects and plants have perfect symbiotic 
and adaptive relationship in acquiring food 
from nature. Although plants have some 
resistant mechanisms but insect also developed 
some mechanisms to overcome plant resistance .. 
Some chemicals of plant may thus reduce its 
palatability or in some way reduce the pressure 
of insects to feed that plant. All insects initially 
have single food instinct but when th~re is 
overcrowding on a particular plant, the 
shortage of food and space influence insect 
dispersal to a new palatable plant. Thus insects 
shifted from monophagous (specific feeder to a 
particular plant species) to polyphagous (feeder 
to a variety of plant species) type. 

Host-plant selection of a polyphagous 
acridid is a complex phenomenon involving 
host-habitat finding, host-finding, host-

recognition, host-acceptance and host
suitability. Insects receive the sensory 
information from the host plant leading to 
pursuit the source, but finding of a plant within 
a habitat involves visual stimuli. Movement 
leading to the arrival or stay of insects on a 
particular plant influenced by plant's physical 
(colour, texture, softness) and chemical (organic, 
water content) composition characteristics. 
Once the insect makes 'chemical contacts' with 
a possible food source, it is stimulated to 
perform a 'test-bite' or 'test-probe' for having 
an intimate contact between the plant contents 
and the insect's chemical sense. On ensuring 
that the host plant is suitable, it is accepted 
and achlal feeding commences. Not only that, 
suitability of a host plant depend on to whether 
the colonizing insects are utilizing the plant for 
feeding and oviposition and whether the larvae 
or nymphs are capable to completing their 
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normal growth and development on the same 
plant or not. Acridids generally prefer to take 
succulent leaves and plants, because water 
present in the host plant drastically influences 
their growth. 

Many theories have been _ published in 
attempt to understand the mechanism of 
enormous voracity and food selection of locusts 
and grasshoppers (Ucekert et al., 1972; Mulkern 
e! al., 1964) and for this many experiments have 
been done in relation to food preference in 
different species of acridids (Muthukrishnan et 
al., 1976; Mukerji et al., 1976; Uvarov, 1977; 
Hinks and OIfert, 1992, Das et al., 2002). Species 
living mainly on ground are more likely to feed 
on low plants and plant debris, while climbing 
species choose the vertical blades of plants. At 
ught, acridids fed mostly on tall plants where 
they roosted, but in the morning, and early 
afternoon, when they descended nearer the 
ground, the main foods were short grasses 
(Chapman, 1959). The daily rhythm of feeding 
in relation to other activities is connected with 
daily changes of environmental conditions or 
starvation (Bomar and Lockwood, 1991). 
However the average feeding diversity 
increased significantly in later instars, but the 
sexes did not differ in feeding pattern (Howard, 
1995). 

Beside crop plants, acridids have significant 
differential feeding patterns (Woodhead and 
Chapman, 1986) and grqwtllreSponses (Hewitt, 
1969; Sanchez and Onsagar, 1998) on grass 
species. In grasses, there are number of factors 
that influence grasshoppers at different stages 
of development (Hinks and OIfert, 1992). 
However, leaf trichomes, pubescence and silica 
deposits have negative effects on feeding 
(McNaughton et al., 1985). Leaf texture also 
regulates feeding; young nymphs tend to feed 
on upper epidermis and the mesophyl tissue of 
younger leaves leaving the tougher lower 
epidermis a!1d the leaf veins, while older 
nymphs are more general feeders but avoid 
tougher tissues and scelatized leaves. In general, 
seedling grasses are distasteful to grasshoppers 
compared to mature plants of the same species 
(Bernays and Chapman, 1973). Though food 
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preference is to some extent hereditarily 
determined and genetically inherited (Hansen 
and Ucekert, 1970), but all herbivores have 
definite food selection and plant flequency in a 
certain habitat exerts some degree of influence 
upon their food habit (Ucekert et al., 1972). 
Grasshoppers prefer most palatable food plants 
than others though present in surroundings 
(Pickford, 1962) and though they are ready to 
take any possible food in necessity (Thomas, 
1966). 

In the present dissertation the studied 
Acridids are very notorious to agricultural crops 
and economy, hence their studies of food 
preference are very important to note their 
feeding habit, host-plant range, host-plant 
switching, population structure and 
identification of reproductive bed. Since host 
selection in acridlds are conditioned by general 
behavior of the insect, therefore, utilization of 
different host plants helps us to understand the 
feeding range of insects that reflects the degree 
to which they have adapted to their host (Fanny 
et al., 1999). 

MATERIALS AND METHODS 

The following four species. of Acridids 
(Orthoptera) were chosen for the experimental 
study namely, 1. Hieroglyplzlls ban~an (Fabricius) 
2. Acrida exaltata (Walker) 3. Spathosternllm 
prasiniferunl prasiniferllm (Walker) and Oxya 
fllscovittata (Marschall). 

Among the selected species, H ieroglyphlls 
banian (Fabricius) (pest of paddy, sugarcane and 
maize) is univoltine and abundantly found 
throughout September-December in the study 
area but during rest of the year they were 
absolutely missing from the study area. Acrida 
exaltata (Walker) (pest of jute, paddy and cotton) 
is bivoltine .and richly found during June-July, 
though during rest of the year they were found 
moderately. The remaining two species viz., 
Spatllosternlltn prasiniferum prasiniferllm (Walker) 
and Oxya fuscovittata (Marschall) (both are pest 
of paddy, wheat and sugarcane) are 
multivoltine, completes at least four generations 
per year and hence found more or less 
abundantly throughout the year. 
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Adult grasshoppers were collected by 
sweeping net from the field in and around 
Santiniketan, W.B., lridia and were caged and 
acclimatized for studies'. Studies on food 
preference for all the four species of acridids 
were conducted in the laboratory using twelve 
food plants viz. Cynodon dactylon Pers., Oryza 
sativQ Lin., Brachiaria reptans Lin., Brachiaria 
ramosa Lin., Chrysopogan aciculatlls Trin., 
Triticum aestivum Lin., Saccharum officinarum 
Un.,.Sorghum helepense Willd., Z~a mays Lin. and 
Hordeum vulgare of family Poaceae and Cyperus 
kyllingia Endl. and Cyperus difformis Lin .. of 
family Cyperaceae. 

The basis of selection of these plants were 
their 1. easy availability in the study area 2. 
pest occurrences 3. pest roosting 4. availability 
throughout the year 5. economic stand point 
and 6. all the plants can be grown separately in 
garden laboratory. For all the acridid species 
Cyperus kyllingia was taken as standard (control 
plant) and its mean acceptability percentage 
was considered as 100 and, to which other food 
plants were compared. In field survey it was 
noticed that all the four species, either nymphs 
or adults, devour Cyperus kyllingia with more 
or less higher efficacy and hence this plant was 
.taken as control. The foliage supplied to the 
insects was taken from these plants which ,yere 
four to eight weeks old. All experime~ts were 
conducted at room temperature (25-35°C, 60-
80'Yo. relatiye humidity and 500 ± 100 lux 
illumination. 

For each set of experiments the rearing cage 
(3'x2'x2') was supplied with four species of 
plants at a time, two' samples of the control 
plants and two samples each for other three. 
Sample plants were placed randomly in the 
cage. Only the green shoots of the plants were 
taken for the experiments. Plants were placed 
in a water filled 50 ml conical flask and their 
heights were taken equal. A total of fifty adult 
grasshoppers of a species, which ha~e been 
deprived of food for twenty hours, were used 
for each set of experiment. After a few 
exploratory bites the grasshoppers started to 
feed on selected plants within each choice test. 
Counts of grasshopper feeding on plants were 

taken after three consecutive five minutes 
interva Is. After that the position of the plant 
samples were changed, and three counts were 
taken again. Thus, in each choice test 12 counts 
were taken for an experiment. The order of 
.preference for each plant was calculated by 
assuming the number of adults feeding on the 
standard plant (control) to be 100 and 
calculating the corresponding number of adults 
feeding on the other plants (Haldar et al., 1995; 
Das et al., 2002). A total of 3 sets of experiment 
were conducted for each food -plant and all 
experiments were performed thrice in a year 
with a break of four months. 

RESULTS AND DISCUSSION 

Laboratory experiments revealed that all the 
four species consumed a wide variety of food 
plants from the tested two families Poaccac and 
Cyperaceae, rather than a particular plant 
exclusively. Among the three most preferred 
food plants of Hieroglyphus b'Jnian the mean 
acceptability percentage of Cynodon dtlL'tyloll , 
Oryza sativa and Cyperus kyllingia were 149~/o, 
1170/0 and 100% respectively. Braciliaria re11tans 
(890/0), Cyperlls diffonnis (84%) and BracJziaria 
ramosa (82%) showed somewhat simildr 
acceptability percentage to H. banian. The mean 
acceptability percentages of the remaining six 
food plants are also tabulated in Table-I. Being 
very strong masticatory apparatus like 
mandible and maxilla, H. ballia". consumes most 
of the tested plants within ~ shorter period of 
time. Their paddy pest status, as reported by 
various authors (Roifey, 1964; Uvarov, 1966), 
goes with the feeding performances and 
preferences. 

The same twelve food piants when 
considered for the food preference experiment 
of A. exnlt.lftl, it was found that Oryza sati"~.m, 

Brac11iaria ramosa and Triticum nestil1l1m were the 
three most preferred food plants to this insect 
and their mean acceptability percentages \vere 
135~~ (0. sativa), 122% (B. ramosa) ,lnd 116~'~ (T 
aestivllm). Plants like Cype~lIs diJJormis (110~6), 

Saccharunl officinarum (108%) and Cyperlls 
kyllingia (100%

) were nearly equally acceptable 
to A~ f!xa/tata. The mean acceptability 
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percentages of other food plants are also 
tabulated in Table-2. A. exaltata also possesses 
strong chewing and biting mouthparts and 
hence they devour almost all the tested plants 
wi th high efficiency. Though this species holds 
the pest status of cotton (Nayar et al., 1976), 
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rice and jute (Bhowmik and Haldar, 1984), but 
the present experimental finding reveals that it 
preferred a wide range of food plants as 
observed by Haldar et al. (1995) also. 

For Spathosternum pro prasiniferllm the order 
of food preference in terms of their mean 

Table 1. Relative preference of Hieroglyphus banian to various food plants" 

Name of plant Family 
Acceptability percentage 

Exp. 1 Exp.2 Exp.3 

1. Cyperus kyllingia Endl. Cyperaceae 100 100 100 

2. Cynodon dactylon Pers. Poaceae 163 149 136 

3. Oryza sativa Lin. " 
109 118 125 

4. Brachiaria reptans Lin. " 
74 95 98 

5. Cyperus difformis Lin. Cyperaceae 77 80 95 

6. Brac1liaria ramosa Lin. Poaceae 105 79 62 
7. Chrysopogan aciculatus Trin. " 

58 60 77 

8. Triticum aestivum Lin " 
62 59 47 

9. Saccharum officinarum Lin. 
" 

43 58 28 
10. Sorghum helepense Willd. 

" 
23 38 35 

11. Zea mays Lin. 
" 

18 19 26 
12. Hordeum vulgare Lin. 

" 
21 24 18 

,. Number of insects feeding on C. kyllingia was taken as 100. See text for detail. 

Table 2. Relative preference of Acrida exaltata to various foo~ plants" 

Mean 

100 
149 
117 
89 
84 

82 
65 
56 
43_ 

-32 
21 
21 

Name of plant Family Acceptability perc.entage 

Exp. 1 Exp.2 Exp.3 Mean 

1. Cyperus kyllingia Endl. Cyperaceae 100 100 100 100 
2. Oryza sativa Lin. Poaceae 142 105 158 135 
3. Brachiaria ramosa Lin. 

" 
92 139 135 122 

4. Triticum aestivum Lin 
" 96 120 132 116-

5. Cyperus difformis Lin. Cyperaceae 90 119 121 110 
6. Saccharum officinarum Lin. Poaceae 122 95 107 108 
7. Chrysopogan aciculatus Trin. 

" 
105 94 -86 95 

8. Cynodon dactylon Pers. 
" 84 91 95 90 

9. Sorghum helepense Willd. 
" 63 98 64 75 

10. Zea mays Lin. 
" 75 52 77 68 

11. Brachiaria reptans Lin. 
" 75 62 52 63 

12._ Hordeum vulgare Lin. 
" 39 24 42 35 

,. Number of Insects feeding on C. kyllingia was taken as 100. See text for detail. 
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acceptability percentages were 132% (C. 
dactylon), 1150/0 (B. reptans) and 1000/0 (C. 
kyllingia) respectively. Here B. ramosa (95%) and 
C. difformis (92%

) were nearly equally acceptable 
to S. pro prasiniferllm. The mean acceptability 
percentages of rest -seven food plants of this 
species along with five highly preferred plants 
are tabulated in Table-3. Though S. pro 
prasiniferllm is relatively smaller in size and a 
pest of wheat, rice and sugarcane (Iqbal and 
Aziz, 1974), but the present finding reveals that 
it preferred a very wide range of food plants. 
It might be due to its multivoltine nature and 
year through occurrence. Hence, during scarcity 
of its highly preferred food plants it migrates 
to its nearby hosts. 

In the fourth species (0. fuscovittata) the 
order of three preferred food plants were 
BraclJiaria reptans, Oryza sativa and Cynodon 
dactylon and their mean acceptability 
percentages were 1340/0 (B. reptans) 1240/0 (D. 
sntiva) and 1140/0 (C. dactylon) respectively. 
Triticum aestivllm (106%), CIJrysopogan aciclllatlis 
(105%), Saccharum officinarllm (104%) and 
Cyperlls kyllingia (100%) were nearly equally 
acceptable to O. fuscovittata. The mean 
acceptability percentages of the rest five food 

plants are also tabulated in Table-4. 
Experimental result shows that D. /llseovittata 
mostly preferred the food plants belonging. to 
family Poaceae than Cyperaceae to which it was 
tested. They are also very good feeder and 
consume almost all the tested plants with high 
efficacy. Though it was recorded as a pest of 
sugarcane, paddy and jute (Mishchenko, 1952; 
Hollis, 1971), but their wide range of food 
preference might be due to their multivoltine 
nature and year through occurrence. 

Thus, the study of food preference of all the 
four species viz., H. banian, A; exaltata, S. pro 
prasiniferum and O. fllseovittata give the 
knowledge that all of them are very good feeder 
of the plants belonging to families Poaceae and 
Cyperaceae. Katiyar (1956) on Parallieroglypllus 
bilineatlls and Fanny et ale (1999) on Dxya nitidula 
also found similar observations that these 
acrid ids mostly preferred the plants of monocot 
type. On studies of Eyprepocnemis alncris nlacris 
Serv., Muralirangan and Ananthakrishnan 
(1977) stated that though this species is 
polyphagous but turn to monophagous when 
the most preferred food plant is available, i.e., 
selective within the framework of its polyphagy. 
It prefers variety of food plants especially 

Table 3. Relative preference of Spathosternum pr.prasiniferum to various food plants· 

Name of plant Family AcceptabiIi ty percentage 

Exp. 1 Exp.2 Exp.3 Mean 

1. Cyperus kyllingia Endl. Cyperaceae 100 100 100 100 

2. Cynodon dactylon Pers. Poaceae 162 119 115 132 
3. Brachiaria reptans Lin. 

" 
147 117 81 115 

4. Brachiaria ramosa Lin. Poaceae 86 109 91 95 

5. Cyperlls difformis Lin. Cyperaceae 76 95 105 92 

6. Chrysopogan acieulatus Trin. " 
98 92 65 85 

7. Oryza sativa Lin. " 
61 40 52 51 

8. Triticum aestivum Lin " 52 45 38 45 

9. Saccharum officinarum Lin. " 
35 53 41 43 

10. Sorghum helepense Willd.q " 29 42 28 33 

11. Zea mays Lin. " 
29 42 28 33 

12. Hordeum vulgare Lin. " 30 36 30 32 

• Number of insects feeding on C. kyllingia was taken as 100. See text for detail. 
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Table 4 : Relative preference of Oxya fuscovittata to various food plants* 

Name of plant Family 
Acceptability percentage 

Exp. 1 Exp. 2 Exp. 3 Mean 

1. Cyperlls kyllillgia Endl. Cyperaceae 100 100 100 100 

2. Braclziaria reptans Lin. Poaceae 145 121 136 134 

3. Oryza sativa Lin. " 
175 112 85 124 

4. Cynodon dactylon Pers. " 
115 106 120 114 

5. Triticum aestivltm Lin. " 
101 112 105 106 

6. Chrysopogan adcu/atus Trin. " 
106 97 111 105 

7. Saccharum offidnarum Lin." 99 110 103 104 

~. Cyperus difformis Lin. Cyperaceae 80 76 83 79 

9. Brachiaria ramosa Lin. Po,aceae 99 40 43 61 

10. Zea mays Lin. II 56 63 53 57 

11. Hordeum vulgare Lin. II 30 57 32 40 
12. Sorghum helepense Willd. II 44 38 32 38 

,.. Number of insects feeding on C. kyllingia was taken as 100. See text for detail. 

grasses and also exerts a choice between feeding 
and not feeding on a given plant. The authors 
also remarked that though Eyprepocnemis alacris 
alacris tends to feed to a number of plants when 
provided in the laboratory, it does not do so 
till it becomes satisfied with a food of high 
preference value. In the present study the four 
species of acridids also did not restrict their 
feeding habits to a few food plants, but 
consulned most of the ,tested food plants with 
greater efficacy. This result might be due to the 
selection of food plants from only two highly 
preferred families to these insects. Plants 
belonging to families other than Poaceae and 

Cyperaceae certainly will give different results 
and it can be assumed that the food plant 
acceptability of these insects might fall down 
feeding on plants other than the plants 
belonging to families Poaceae and Cyperaceae. 
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Abstract 

Very little is known about the impact of hormone treated, sex reversed tilapia on the growth potentiality of 
Indian major carps (IMCs) during polyculture in ponds. Polyculture can produce an expected result if the fish 
with different feeding habits are stocked in proper ratios and combinations. But, the problems associated with 
autostocking propensity of the mixed sex tilapia culture may reduce the growth rate of tilapia itself and can also 
hamper the growth potentiality of the IMCs. In our study, equal numbers of control and hormone treated tilapia 
were cultured in two separate earthen ponds along with Labeo rollita, Catla catla and Cirrhinlls mrigala at a ratio 
of 6:2:1:1 respectively. At the end of the five month culture period, the highest and least growths among the IMCs 
were shown by Catla catla and Cirrhinus mrigala respectively. Interestingly, when cultured with hormone treated, 
sex reversed tilapia, weight and length of all the fish types became significantly higher (P-value < 0.05) compared 
to those that were reared with control tilapia. Such increased growth might be attributed to the fact that the 
hormone treated all male tilapia could not disrupt the stocking equilibrium by producing overlapping juvenile 
population. Moreover, mean economic gain from polyculture with treated tilapia was much greater compared 
to that with control tilapia. In the modem scenario, there is an increased pressure on aquaculture to improve 
efficiency and reduce environmental impacts. Polyculture of IMCs with hormone treated, monosex tilapia 
population will almost certainly play an important role in this proces.~. 

Keywords: Tilapia, Sex reversal, I'olyculture 

INTRODUCTION 

The underlying goal of polyculture involves 
increasing productivity by more efficiently 
utilizing the ecological resources within an 
aquatic environment. This culture system can 
produce an expected result if the fish with 
different feeding habits are stocked in proper 
ratios and combinations (Azad et al., 2004). 
Stockipg two or more complementary species 
can increase the maximum standing crop of a 
pond by allowing a wider range of available 
foods and pond volume to be utilized. 
Although, the country is blessed with vast 
species diversity, cuHured species are limited 
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in number with the three Indian major carps 
(IMes : Labeo rohita, Catla catla and Cirrhinus 
mrigala) as the dominant ones (Alikhuni, 1957). 
But, nowadays, tilapias are introduced in fresh 
"vater ponds for polyculture with other 
compatible fish species (Azad et al., 2004). 

The efficiency of reproduction in tilapia has 
paradoxical consequences. This aptitude allows 
easy and rapid propagation of the fish in 
various environmental conditions, but can as 
well be a source of problem. Within a limited 
environment, uncontrolled multiplication of the 
fish not only reduces the faunal diversity of 
the system but also produces dwarf fish 
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population of poor market value (Hepher and 
Pruginin, 1981; Coleman, 2001). Hence, 
development of cost-effective monosex culture 
methods of all-male tilapia population remains 
a critical objective for tilapia culture industry. 
Our earlier study has indicated that dietary 
supplementation of exogenous male steroid 
hormone to the tilapia spawns in an age, dose 
and duration specific manner can produce 
almost all-male tilapia population (Chakraborty 
et al., 2007). 

In spite of an already rich and diverse fish 
genetic resource of India, more than 300 exotic 
species have been introduced into the country 
so far Ohingran, 1989). However, such 
indiscriminate introduction of the exotic fish 
into the open waters has generated a lot of 
debate in recent years. The ecologists and 
aquaculturists are concerned with the adverse 
effect of this exotic group on the indigenous 
fish population. In a number of reservoirs in 
India, introduction of tilapia has resulted in 
poor growth rate or even elimination of the 
indigenous species and the transplanted 
Gangetic carps (Sreenivasan, 1967). Moreover, 
its performance in open water ponds of India 
has been discouraging over the years because 
of its early maturity, continuous breeding, 
overpopulation and dwarfing. But, tilapia of 
right size has a good consumer preference 
Ohingran, 1991) and it forms a readily available 
source of animal protein in the diets of rural 
and urban dwellers belonging to the lower 
socioeconomic strata. Hence, new techniques 
for maintenance of high growth rate of tilapia 
along with adequate IMC production are 
needed. Considering this aspect, our present 
study aims to evaluate the growth performance 
of hormone treated monosex tilapia population 
in combination with the IMCs and its effect on 
the growth rate of other indigenous fish along 
with the economic impact of such aquaculture 
system. 

MATERIALS AND METHODS 

Initially, two groups (n = 120) of 3 days old 
mixed sex juveniles of tilapia Oreochromis sp. 
were collected from the Fish Hatchery at 

Zoological Research in Human Welfare 

N aiha ti, West Bengal, oxygen packed, 
transported to the laboratory and reared in glass 
aquaria for one month. During this period, one 
of the groups was fed with 17aMT treated diet 
with a dose of 10 mg/kg at a rate of 20% body 
weight/ day while the other group was given 
hormone untreated control diet at the same rate. 
Hormone treated diets were prepared by the 
alcohol evaporation technique (Shelton et al., 
1978). Fresh foods was prepared weekly and 
stored in a cool, dry place. 

After one month, the fish were introduced 
into two separate earthen ponds (3m x 3m x 
1m) along with equal numbers of Labeo rohita 
(n = 40; mean weight 10.48 ± 0.1 g; mean length 
9.43 ± 0.07 cm), Catla catla (n = 20; mean weight 
11.94 ± 0.06 g; mean length 8.91 ± 0.03 cm) and 
Cirrhinus mrigala (n = 20; mean weight 10.2 ± 
0.08 g; mean length 8.51 ± 0.06 cm) at a ratio of 
6:2:1:1 respectively. The fish were cultured for 
the following five months and during that time 
the fish were fed twice daily with the hormone 
untreated control food at a constant rate of 10% 
body weight/day for the first two months and 
50/0 body weight/day for the rest three months. 
Different physico-chemical factors like 
temperature, 002, free CO2, pH, total alkalinity 
and turbidity were regularly monitored (Table-
1) using the standard procedures of American 
Public Health Association (APHA, 1998). To 
record the growth of the fishes, 10% of all fish 
species from each pond were sampled monthly 
to measure the length and weight ·of each 
species. All the fishes were harvested at the. 
end of culture period and individual weight,· 
length and other growth parameters like <;laily 
weight gain (DWG), food conversion ratio 
(FCR) and specific growth rate (SGR) were 
calculated at that time according to the standard 
formulati·ons (Pechsiri and Yakupitiyage, 2005). 
Details regarding operational and production 
cost were estimated and the data were 
procured, tabulated and analyzed using simple 
average method. The costs mainly include the 
recurring ones like seed, feed, hormone, 
maintenance of the culture system, harvesting 
etc while the return is solely based on the price 
obtained from the cultured fish that varies 
according to the grade and quality of fish. 
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Finally, data were analyzed statistically to 
observe th~ performance of fishes under both 
situations. All the data are expressed in terms 
of mean ± standard error. Duncan's test (at 5%) 
(Duncan, 1955) was followed to compare the 
means for significant variations and the 
statistically homogenous means were denoted 
by similar alpha~ets. 

RESULTS 

After one month of culture in the laboratory 
before introduction in the pond, the hormone 
treated tilapia grew significantly more than the 
control. The growth pattern of all the fish from 
two ponds clearly indicated that combined fish 
growth in terms of weight and length in the 
pond with treated tilapia was significantly 
higher (P-value < 0.05) than the growth in the 
pond with control tilapia (Fig. 1). Among the 
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different fish types cultured, Cirrhinlls mrigala 
had the least mean weight (117.86 ± 4.04 g) for 
combined value of control and treated pond 
while the best growth was obtained for tilapia 
(163.02 ± 20.03 g) (Table-2). Catla catla had 
weight (140.3 ± 5.77 g) belonging to both the 
lower and higher homogenous subsets and that 
of Labeo rollita (122.61 ± 4.17 g) belonged only 
to the lower one (Table-2). But for lengthwise 
growth pattern, tilapia grew least and belonged 
to the same homogenous subset of Cirrlzinlls 
mrigala, the highest length was achieved by 
Catla catla and Labeo rohita had an intermediate 
length being present in both the homogenous 
subsets (Table-2). DWG for all the fishes were 
equivalent as they belonged to the same 
statistical category (Table-2). Tilapia exhibited 
significantly lower FeR but higher SGR than 
other three fishes that were placed in the same 
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Fig. 1. Comparative growth patterns (A. Weight; B. Length) of all the fish combined for culture with control 
and hormone treated tilapia. 

Table-I. Physical parameters of water during polyculture system. 

Month 
Physical parameters of water 

Temperature D0
2 

F~~ CO2 pH Turbidity Alkalinity 

April 34.1 ± 0.08 7.2 ± 0.07 5.5 ± 0.03 7.57 ± 0.03 29.33 ± 0.33 120.5 ± 0.07 

May 35.2 ± 0.14 6.97 ± 0.07 6.07 ± 0.03 7.6 ± 0.0 28.67 ± 0.17 115.0 ± 0.05 

June 32.87 ± 0.33 7.0 ± 0.05 6.8 ± 0.03 7.7 ± 0.03 27.17 ± 0.17 121.23 ± 0.07 

July 31.0 ± 0.47 7.4 ± 0.05 7.5 ± 0.05 7.5 ± 0.06 27.33 ± 0.17 127.1 ± 0.07 

August 30.03 ± 0.3 7.5 ± 0.03 7.97 ± 0.07 7.2 ± 0.06 25.33 ± 0.33 135.2 ± 0.1 

September 31.2 ± 0.4 7.07 ± 0.03 6.67 ± 0.03 7.7 ± 0.0 31.33 ± 0.33 136.07 ± 0.03 

October 30.4 ± 0.4 7.47 ± 0.03 5.9 ± 0.09 7.73 ± 0.09 35.0 ± 0.58 124.13 ± 0.05 
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Table-2. Different growth paralneters for fishes in polyculture system for combined value of con
tro] and treated pond (simiar alphabet denotes homogenous means) 

Fish 
Growth parameters 

Weight (g) Length (em) DWG FeR SGR 

Lnbro rohitn 122.611> ± 4.17 20.55,,1> ± 0.58 0.75.1 ± 0.06 4.3301 ± 0.13 1.631> ± 0.02 

entln Cntln 140.3J I> ± 5.77 22.26.1 ± 0.5 

Cirrhil1115 mrignln 117.861> ± 4.04 20.3S LJ ± 0.55 

Oreochromis sp. 163.02.1 ± 20.03 19.931> ± 0.83 

homogenous group (Table-2). On the other 
hand, the gro\vth pattern changed considerably 
when the fish from control and treated pond 
were analyzed independent of each other. 
When cui tured with hormone treated, sex 
reversed tilapia, weight and length of all the 
fish types became significantly higher (P-value 
< 0.05) compared to those that were reared with 
control tilapia (Figs. 2,3). Interestingly, control 
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1.04.1 ± 0.25 3.62" ± 0.13 1.7·1 ± 0.06 

tilapia had the least weight and length, treated 
tilapia had the highest weight value and Catla 
catla from the treated pond showed the 
maximum length (Figures-2, 3). Control tilapia 
showed the lowest DWG value while treated 
tilapia had the highest; Cirrhinlls mrigala from 
the control pond belonged to the same 
homogenous category as that of control tilapia 
but Cirrlril111s mrigala from the treated pond had 
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Fig. 2. Comparative weight of different fish (A : Labeo rohita; B : Catla catla; C : Cirrhinus mrigala; D: Oreochromis 
sp.) under polyculture system with control and hormone treated tilapia. 



CHAKRABORTY and BANERJEE: Polycuitllre of sex· rtl'ersed tilapia ... 377 

25 

~ 20 
815 
I:: 

i 10 
~ 5 

•.••.•. CorItroI 

o~ __ ~ __ ~~--~~ 

~~. ~cf''''' ~ ~ ~ ~ ,.. ~,~, tJ4' ~~ 

25 

-e-20 
~ 15 

~ 10 
S 5 

Culure duratiOn (months) 

A. 

•. -+ . • . CorItroI 

O+--r--~~~--~ 

~~~~~~.~~~. 
~ ,..~ r,,~ o.,~ -..~ ~~ 

Cdture duration (rro~hs) 

c. 

30 

25 

• •• + ••• Control 

----- Treated 

CUlture duration (rronths) 

B. 

..••... CorItroI 

O+-----~----~--~ 

~~~~~.~ 
~ ~f$" A)~ o~ ~~ A.)~ 

~ r,,~' ~~ ~~-.. ~~" 

Culture duration (rronths) 

D. 

Fig. 3. Comparative length of difft?rent fish (A : LAbeo rohita; B : Catla catla; C : Cirrhinus mrigala; 0: Oreochromis 
sp.) under polycu1ture system with control and hormone treated tilapia. 

statistically equivalent OWG to Labeo rohita 
from treated pond (Fig. 4). FCR value for 
treated tilapia was found to be the lowest (3.3 
± 0.01) followed by control til apia (3.92 ± 0.003); 
all other fish from the control pond had 
significantly higher FCR values compared to 
those from the treated pond; the highest (4.8 ± 

0.01) being shown by control Catla catla (Fig. 
4). Conversely, Catla catla from the control pond 
had lowest SGR and treated Catla catla showed 
the highest SGR value (Fig. 4). Mean production 
cost for polyculture of tilapia with IMCs was 
comparatively low for both control and treated 
ponds (Fig. 5). Mean gain from polyculture 
with control tilapia was much less compared 
to that with treated tilapia (Fig. 5). While 
polyculture with control til apia yielded positive 
gain only at the end of 5th culture month, 
culture of IMCs with hormone treated monosex 
tilapia yielded a positive gain from the 3rd 

month of culture and at the end of the culture 
period it provided much better economic gain 
(Table-3). 

DISCUSSION 

In recent years, polyculture has begun to 
regain attention as a possible means to increase 
efficiency in aquaculture production systems, 
and to reduce environmental impacts caused 
by excess nutrients. It is often of greatest benefit 
in extensive or moderately intensive fish 
production. But, the problems associated with 
polyculture involve handling and sorting 
species at harvest, overlap of food or habitat 
preferences in species, or even downright 
antagonism, and most importantly acceptance 
by producers and consumers. In many cases, 
the otherwise ideal candidate for a polyculture 
system may have low consumer acceptance 
thereby making such production less profitable. 
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Table 3. Economical account of polyculture system. 

Category 

Control 

Treated 

C) 

2 

1.5 

~ 1 

0.5 

Culture 

duration 

1st month 

2nd month 

3rd month 

4th month 

5th month 

1st month 

2nd month 

3rd month 

4th month 

5th month 

Input (Rs.) 

303.914 

342.621 

377.16 

430.07 

495.19 

361.266 

434.851 

501.84 

609.256 

757.745 
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Economics 

Output (Rs.) 

51.474 

148.589 

294.482 

417.216 

612.128 

171.135 

422.08 

822.012 

1333.401 

2042.603 

EJ Labeo I'OhIta 

a E:J Calla catJa 

CJ Clnhlnua mrlgaJa 

m Oreoch"!,mLf ap. 

Gain (Ra.) 

-252.44 

-194.032 

-82.678 

-12.854 

116.938 
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-12.771 
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1284.858 
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Fig. 4. Comparative growth pattern of different fish for polyculture with control and hormone treated tilapia 
(A : OWG; 8 : FCR; C : SGR). Similar alphabet denotes homogenous means. 
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Fig. 5. Economic parameters (mean input, output and gain) for polyculture system with control and hormone 
treated tilapia. 

Fish farmers are often not willing or prepared 
to adopt polyculture. In West Bengal majority 
of producers did -not fully understand the 
principle or potential of polyculture, and the 
technology was applied only to a limited extent 
(Ghosh et al., 1993). 

Culture of hormone treated all male tilapia 
population with IMCs not only ensured better 
production of tilapia alone, but also yielded 
significant increase in growth potential of the 
IMCs. The general trend ofIMC growth pattern 
was maintained for both control and treated 
polyculture systems as highest and least growth 
were shown by Catla eatIa and Cirrhinus mrigala 
respectively. But, culture with treated tilapia 
had a positive impact on the growth 
performance of all these fish as they grew 
Significantly more compared to culture with 
control tilapia. Such increased production level 
might be attributed to the fact that the hormone 
treated all male tilapia could not disrupt the 
stocking equilibrium by producing overlapping 
juvenile population. The competitive success of 
IMes for proper growth achievement mainly 
depends on the ability to utilize the 
supplementary feed that is provided 
considering only the stocked population. Any 

substantial increase in fish number will 
definitely lead to increased competition and 
subsequent reduction in food availability. The 
monosex population of tilapia cannot breed to 
increase in number. Thus the natural and 
supplementary food present in the system could 
be utilized totally as well as more effectively 
by only the stocked fish population leading to 
a better growth. FCR values decreased as usual 
with increase in growth for all the fish. 

In traditional forms of polyculture, waste 
products of primary species and the natural 
productivity they foster provide the basis for 
production of supplemental species. Species 
combina tions for pol ycul ture are sometimes 
developed with the intent of improving water 
quality. Alikhuni (1957) described polyculture 
of the IMCs while Yashouv (1958) described 
about the augmented production by the 
addition of supplemental tilapia to carp ponds. 
This culture method is often of greatest benefit 
in extensive or moderately intensive fish 
production. But, in the modern scenario, there 
is an increased pressure on aquaculture to 
improve efficiency and reduce environmental 
impacts. Polyculture of !MCs with hormone 
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treated, monosex tilapia population, with ·its 
natural emphasis on increased utilization of 
water and nutrients, will almost certainly play 
an important role in this process. Therefore, in 
developing nations like India, where a good 
number of natural open water syste.ms is 
available for utilization, our study can lead to 
a lo\v cost sustainable aquaculture method for 
the production of a major animal protein source. 
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STRA TEGY OF METAL ACCUMULATION IN FISH WITH VARIOUS 
FOOD PREFERENCES 
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ABSTRACT 
i 

The potential transfer of food borne metals by fish may pose serious health threat to man. Increasing pollutant 
levels especially the non degradable metals in the ecosystem has seriously affected the aquatic fauna and may 
pass on to the higher tropic levels. In water metals may either bind to organic ligands to settle at the bottom or 
may remain as ions in the overlying waters. Food preferences largely affect the port of entry of metals in fish 
and thereby its accumulation in the various tissues. Benthic fish accumulate more metals through food than the 
surface dwellers. Essential metals like Cu and Zn accumulate more in the liver and gills respectively while non 
essential metals like Pb and Cd concentrate uniformly over time in the non exchangeable pools of the body 
tissues. Benthic fish concentrate more Cu and Ph while surface feeders accumulate Zn in excess. With long term 
exposure, these metals tend to accumulate with the age of fish especially in the liver, gills and kidney. In the 
pollution free environment metals are depurated,8Ccording to the metabolic status of the tissues. Essential metals 
are depurated faster than the non essential ones., eu incompletely eliminated from muscle followed by Zn while 
Pb and Cd concentration falls by 50%. Different .,.-,duction rates are observed for various fish species at different 
stages of their life. Protective measures to relea". 'body burden of metals in fish is essential from the human 
health point of view. ' 

Keywords : bioaccumulation, sewage-fed fish, Cu, Cd, Ph, Zn, water pollution. 

INTRODUCTION 

Kolkata nurtures one of the largest sewage
fed wetlands of the sub-continent where raw 
untreated domestic sewage and effluents from 
about 11,000 industries are fed regularly for 
cultivation of fish. These wetlands covering an 
area of 2500 hectares, fringes the entire eastern 
low lying lowlands of the city with an annual 
production of 7000 tonnes of fish (Gupta and 
Mitra, 1997). The practice spells prosperity to 
farmers as the huge organic load provide 
excellent nutrients to the growing fish but 
indiscriminate disposal of raw untreated 
sewage has added enormous pollutants 
including metals that are subsequently passed 

on to the human food chain. This continuous 
toxic input leads to both ecological imbalances 
along with serious health risk for the fish loving 
people of Kolkata. Skin disease, hypertension, 
paralysiS, kidney failure or cancer is thus 
common. Protective measures to release metal 
body burden from fish is a priority which 
will depend not only on the sewage input 
regulation but also on the metal depuration and 
their subsequent elimination from the body of 
the fish. Bioaccumulation of metals in fish 
depends on pH, temperature, alkalinity and 
hardness of water along with the feeding habit 
and nutritional status of the fish species. Fish 
with different food habits thus accumulate 
various levels of metals. (Newman and 

• Lady Brabourne College, P 1/2 Surahwardy A venue, Park Circus, Kolkata 700017 
Corresponding author: paulamimaiti@yahoo.co.in 
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Mcintosh, 1983, Kotze 1999) The first part of 
our study thus concerns with the quantitative 
estimation of Cu, Pb, Zn and Cd in the various 
tissues of three species . qf Indian major carp 
having different nutritional status. and 
occupying different trophic levels 'of the 
wastewater wetlands. lAbeo rohita is a column 
feeder, Catla catla are surface planktivore while 
Cirrhinus mrigala is a benthic detrivorous fish. 
The second part of our study comes with a 
possible suggestion for remedial measures 
against metal build-up in fish tissues. Sewage 
input in the. system was temporarily stopped 
for a period of six months that allowed the 
declining of the metal levels in the system, 
making them unavailable to the residing fish 
population. This helped us to study the pattern 
and rate of metal depuration from fish in the 
uncontaminated environment following metal 
exposure in the polluted system. 

MATERIALS AND METHODS 

STUDY SITE 

The study was carried out in a sewage-fed 
farm liThe East Calcutta Fisherman's 
Cooperative Society", situated at the Eastern 
Metropolitan Bypass near the Kasba co~ector 
(22°30( N; 88°25( E), Kolkata, West Bengal. The 
farm covers an area of 44.55 hectares and 
supports about 109 sewage-fed ponds. Samples 
of water "from wastewater ponds and the three 
fish species were collected for determination of 
metal concentration in their tissues. Labeo rohita 
(Ham.), Catla catla (Ham.) and Cirrhinus mrigala 
(Ham.) \\'ere caught by professional fishermen. 
Fish choosen were around 800g in weight. Fresh 
fish w.ere kept in ice and packed in plastic bags. 
The tissues were then dissected out and 
subjected to wet digestion for analysis of metal 
concentration in them. 

(a) Wet digestion of fish tissue, for 
estimation of metals: Muscle, liver, kidney, 
skin, gills and intestine of fishes were properly 
processed for analysis of Cu, Pb, Zn and Cd in 
them. Tissues were wiped dry and weighed 
accurately to 1 g each for acid digestion, 

Zoological.ResearclJ in Human Welfare 

following the procedure of Chernoff (1975). 
Samples of fish tissues were taken in BorosH 
hard glass test. tubes. For each gram of the 
sample~ 5 ml of conc. HN03 acid was added 
and then digested overnight at room 
temperature. The mix~e was placed in a hot 
plate at 85° + 5°C and 5 ml (3 : 2 conc. Sulfuric 
acid: Perchloric acid) was then added to it. 
The digestion was carried out until the mixture 
turned into a pale yellow transparent solution. 
The mixture was cooled and filtered through 
an acid soaked filter paper and was adjusted to 
the required volume with distilled water. Metals 
were detected in atomic absorption 
spectrophotometer (Varian AA.575). 

The actual concentration was calculated on 
the basis of total amount of the sample taken 
and expressed in pg/g. Mean and standard 
deviation was calculated. 

(b) Acid digestion of water and soil 
samples, for estimation of metals : Water 
samples from various sewage-fed ponds were 
collected in 1 liter tarson bottles and were fixed 
by adding few drops of nitric acid. Quantitative 
estimation of Cu, Pb, Zn and Cd in water 
samples was done following the standard 
methoqs (APHA, 1995) by atomic absorption 
spectrophotometer. Soil analysis was done by 
following the standard method. (Nafde,et. al. 
1998)The actual concentration was calculated 
on the basis of total amount of the sample taken 
and expressed in pgl g. Mean and standard 
deviation was calculated. 

RESULTS 

Accumulation of Cu, Pb Zn and Cd in 
muscle, liver, kidney, skin, gills and intestine 
of Labeo rohita, Catla catla and Cirrhinus mrigala 
before and after the stoppage of sewage is 
shown in Figure 1,2,3 and 4. Results expressed 
as mean(llg/g) ± SO of five different 
observations P< 0.05. Depuration % of metals 
from tissues are shown in Tables 1, 2 and 3. 
Metal content in soil and water samples 
of sewage fed wetlands are shown in Tables 5 
and 6. 
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Fig. 1. Depuration pattern of accumulated copper in the different tissues of fish of SOOg of btxiy weight 
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Fig. 2. Depuration pattern of accumulated lead in the different tissues of fish of 800g of body weight 
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Fig. 3. Depuration pattern of accumulated zinc in the different tissues of fish of 800g of body weight 
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Fig. 4. Depuration pattern of accumulated cadmium in the different tissues of fish of BOOg of body weight 

Table-I. Depuratiion % of metals in the tissues of Labeo rohita 

TISSUES Copper Lead Zinc Cadmium 

Muscle 100 62.78 58.14 40.17 

Liver 57.72 49.25 51.04 40.72 

Kidney 100 52.14 43.30 41.72 

Gills 100 51.94 26.89 43.98 

Skin 100 56.70 19.71 31.67 

Intestine 62.63 48.80 55.38 10.83 

Table-2. Depuration % of metals in the tissues .of catla catla 

TISSUES Copper Lead Zinc Cadmium 

Muscle 100 48.15 48.44 40.22 

Liver 55.29 42.49 20.16 46.93 

Kidney 100 31.75 29.76 43.62 

Gills 100 16.74 8.72 41.94 

Skin 100 30.23 27.62 35.19 

Intestine 60.34 54.13 26.30 50.37 

Table-3. Depuration % of metals in the tissues of cirrhinus mrigala 

TISSUES Copper Lead Zinc Cadmium 

Muscle 100 28.95 55.00 38.59 
Liver 7.25 21.31 47.53 32.91 
Kidney 100 21.71 39.10 35.05 
Gills 100 23.73 39.72 20.26 
Skin 100 31.24 32.49 34.16 
Intestine 39.28 25.35 47.34 34.78 
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Table-4. Metal concentrations (llgl g) in the different component waste water ecosystem 

Cu Pb Zn Cd 

Water 10.97 ± 2.68 93.33 ± 3.33 16.44 ± 3.40 2.23 ± 0.71 

Soil 41.00 ± 5.00 32.00 ~ 2.18 60.80 ± 9.11 3.48 ± 1.1 

Planktons 2.45 ± 0.95 33.04 ± 5.50 26.70 ± 8.00 4.33 ± 1.22 

Table-S. Maximum permissible limits for metals 

Metal Standard for discharge of Median international Standards 
metals in inland 

water (pgll) 

Cu 3 

Pb 0.1 

Zn 5 
Cd 2 

DISCUSSION 

When metals from sewage are released into 
the aquacultural ponds they are exposed to 
different hydrological conditions that lead to 
changes in metal speciation and thereby their 
bioavailability. Metal accumulation in fish 
tissues depends on their various physiological 
roles and also on the ambient concentration. In 
polluted system a fish can accumulate excess 
xenobiotics that produce harmful effects. Liver, 
kidney and gills are primary storage and 
detoxification centers, while kidney, gills and 
intestine are also important excretory routes. 
Contribution of water and food to metal uptake 
in fish is reflected by their relative concentration 
in the gills and liver respectively. High level of 
dietary Cu contribute about 990/0 of the whole 
body Cu concentration, while water borne metal 
contributes only 600/0. (Kumuda, 2002) 
Depuration of metal depend on the relative 
abilities of the organs for their metabolic 
transformation. 

Homeostatic regulation exists for essential 
metals and· eu concentration in fish is main 
tained within narrow limits by coordinated 
uptake, transport and excretory mechanism 
(Grahl et al., 1985). eu is maximally 
accumulated in fish liver (De Boek et al., 2004) 
where it is finally stored (Buckley et al., 1982). 
Food is the main source of eu and the present 
study reveals that, C. mrigala accumulates la~ge 
quantities of the metal in its liver from its 

for metals in fish flesh 
(pglg wet weight) 

20 

2 

45 

0.3 

benthic food .. (140llg1 g). eu has maximum 
affinity for organic ligands and in a sewage
fed system, the metal is mostly bound to the 
soil matrix which makes it readily available to 
the benthic organism C. catla accumulates less 
(30.85 llgl g) of eu due to its planktivorous 
feeding habit, as the metal is lowly available in 
the surface waters. In, L. rohita, (90.81lg/g) the 
metal accumulation is intermediate for its 
occasional detritus feeding affinity. 

Muscle offers homeostatic regulation for eu 
and Zh. eu remains low in the tissues while 
Zn concentration rises considerably. Muscle gets 
contaminated with high oral exposure of metals 
but - Buckley et al. (1982) opined that 
accumulated eu in the various tissues is. 
chronically removed by the liver. So excepting 
in liver and intestine, eu remains low in all the 
tissues. Accumulation of metals in muscle 
seems to become important only when the 
maximal storage capacity of the Hver is reached 
(Lauren and McDonald, 1986) Storage of Zn in 
the muscular tissue may be possibly due to 
breakdown of the regulatory mechanism in fish 
during its long term exposure to elevated metal 
levels. Pb and Zn accumulates considerably in 
the muscle. From human health point of view 
eu level remains below the set international 
standard, while Pb, Zn and Cd level rises above 
this range (Table 6). 
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The main route of Zn entry is through the 
gills although dietary uptake can also be 
considerably high (Velcheva, 2006). Zn 
accumulates maximally in the gills of C. eatla 
(800 J.1g/g) complementing the observations of 
Hughes and Floss (1978) who observed that 
fish residing in the upper surface of water and 
exposed to normoxic condition accumulate 
more Zn in gills. It has the ability to bind 
maximally with the gill epithelium (Reid and 
MacDonald, 1991).The bioavailability of the 
metals by the gills is inversely proportional to 
the degree of complex with which it binds to 
the ligands in water. 

Pb and Zn show modest accumulation in 
liver , Kidney, gills and skin. According to 
Czauderna and Rochalska (1989), fish in Zn 
contaminated areas accumulate about 40% 
metal into liver. In teleost, skin and gills act as 
potential uptake sites for these meals. Pb, do 
not induce the formation_pf metallothionein and 
there exfsts no target tissue for accumulation. 
So the metal accumulation seems to be closely 
constant in' all the tissues of the three fish 
species. Tao et al. (1999) reports that body Pb 
accumulation increases with increasing level of 
the metal in the medium. 

Cd concentration keeps low and constant in 
all the fish species under study, thereby 
showing low bioaccumulation potential (Maiti 
and Banerjee, .. 2002).According to Choudhury 
et al; (2005) variatio~ of accumulation depend 
on the route of Cd entry. In spite of this low 
bioaccumulation potential the metal shows high 
concentration factor in relation to its level in 
the water and its average concentration in fish 
tissue rise above the mean international 
standard for metals in fish flesh. (Table 6). 

In the present study, temporary stoppage of 
sewage effluents in the pond for three months, 
helped in the progressive decline of the metals 
in water (Table 5), thereby making them 
unavailable to the fish. It would allow us to 
measure the depuration of metals from these 
tissues. Depuration is the ridding of the toxicant 
from the body in an uncontaminated medium 
(Heath, 1995) and it may occur .across body 
surface, gills, kidney or through faeces. It can 
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be noted that the metal concentration in the 
soil did not appreciably decrease during this 
study period although those in the pond water 
changed considerably. Prevention of pollution 
is the centre of our approach~ where active steps 
are adopted to· minimize the metal body 
burden. 

From the observation it, that Cu content in 
the muscle, gills, skin and kidney decreased to 
almost a null value after the period of three 
months following stoppage of sewage input in 
the water. However, depuration from liver and 
intestine is low where C. eatla and L. roIJita 
depurated about 50% of the metal. But in C. 
mrigaJa depuration was negligible as the fish 
continues to intake Cu from the available food 
from the soil. The rate of depuration is rapid in 
all the tissues excepting in liver as the organ is 
the main storage site for the metal. It chronically 
removes the metal where it is finally stored. 
According to the spill over theory accumulated 
hepatic Cu is partly spilled out in the digestive 
tract which is either reabsorbed from the 
intestinal wall or excreted through the faeces 
(Heath, 1995). This acrounts for the intestinal 
content of metals even in the pollution free 
environment. Rapid clearance of Cu suggests 
multiple elimination routes including urinary 
and branchial or faecal. 

Pb and Zn levels reduced to about 50%, of 
their initial value in the uncontaminated system 
while decrease of Cd was around 28-47%. 
Turnover rate of Cd is low in biological system 
so depuration rate is also rather slow (Hamilton 
and Klaverkamp, 1989). Schulz, (1974) opines 
that rate of Pb uptake is constant but the rate 
of depuration is dependent on the body 
concentration of the metals. Concentration of 
Pb in C. mrigaJa does not decrease appreciably 
as it continues to intake the metal from its 
benthic food. Most of the Zn is eliminated very 
slowly. Wicklund (1991) opines that low 
depuration of Zn may not occur during initial 
exposure in the uncontaminated environment. 
Mucus binding to metals in gills and skin help 
in their ~onsiderable reduction. Least Zn was 
depurated from C. eatla gills (8%) as the organ 
has the highest affinity for the metal. Excess 
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Zn is excreted through bile a while urinary loss 
is minimal (Handy, 1993). Kidney excreted only 
43. 0/0, 29. ~~, and 39. % in L. rohita, C. catla, and 
C. mriga/a respectively. Body Pb is excreted in 
the mucus of skin and gills. Retention of metals 
in fish tissues, even at lower ambient ~etal 
concentration is due to their binding in the non
exchangeable or slowly exchangeable pools. It 
shows that non essential metals like Pb and Cd 
are excreted rather slowly while essential metals 
like Cu and Zn are homeostatically regulated. 

It is difficult to draw any generalized remark 
regarding the excretion of any foreign chemical 
because of complex interaction of metals, and 
for the diverse modes of excretory routes in 
fish. Pelgrom et ale (1994) opines that low level 
of one metal helps in the depuration of others. 
On the other hand higher level of one particular 
metal may prevent the entry of others. 

Fish species with different nutritional status 
show variable degree of metal accumulation. 
Thus habitat dependent choice of fish offers 
less contamination to the consumers. There exist 

complex relationship between metal chemistry 
in water and effects of metals in fish. 
Investigation may provide results to aid 
decision regarding the potential safety of fish 
in the diet of man and also determine acceptable 
concentration of metals in natural water. 
Depuration is a common biological 
phenomenon which is dependent on the 
strategies adopted by different organisms in the 
stressed environment. Fish from sewage-fed 
ecosystem rapidly depurate metals if offered a 
metal free environment. However, harvested 
fish if kept in uncontaminated environment for 
a period of at least three months ca~ help in 
eliminating of considerable amount of metals. 
This strategy may provide necessary precaution 
against metal poisoning in the human 
population through food. 
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DYNAMI€S OF HAEMOCYTE SUBPOPULATION OF LAMELLIDENS 
MARGINALIS EXPOSED TO 
A NEEM BASED PESTICIDE 
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ABSTRACT 

Haemocytes, the chief immuno-effector cells of blood of bivalve are capable of performing diverse physiological 
functions including phagocytosis, encapsulation, nonself surface adhesion and wound healing. Toxicity of 
azadirachtin was screened in LAmeliidens marginalis in relation to the dynamics of haemocyte subpopulation. 
Healthy adult LAmellidens margina/is were exposed to sublethal concentrations of 0.03, 0.06 and 0.09 ppm of 
azadirachtin for 24, 48, 72 and 96 hours and c.ompared to the control. Post-treated animals were bled and 
haemocytes were enumerated and detailed analyses of diverse subpopulations were carried out under light 
microscope. Hyalinocyte, granulocyte, agranulocyte and asterocyte were identified as discrete subpopulations 
and enumerated. Highest increase of total count of haemocyte was recorded as 29.02xlOS cells/ml. at 0.09 ppm 
of azadirachtin/72 hours followed by a decline as 12.5xlOs cells/ml at 96 hours against the control value of 8xlOS 
cells/ml. Total count of ·haemocyte expressed an increasing trend in 48 and 72 hours of exposure against all the 
three concentrations. However, a depletion of haemocyte density were recorded against 0.03, 0.06 and 0.09 ppm/ 
96 hours of exposure. This nonlinear response is indicative of "phase of adaptation" in blood cell homeostasis. 
Data is indicative of persistent stress in Lamellidens marginalis as reflected by fluctuations in total and differential 
count of haemocyte. Persistent contamination of natural habitat of Lamellidens marginalis by azadirachtin may 
lead to a possible shift in immunological status of animal. . 

Key words : Lamellidens marginalis, Haemocyte, Azadirachtin. 

INTRODUCTION 

Lamellidens marginalis is an economically 
important species and considered as an 
important dietary item of human. Human 
popuJption of urban and rural sector of India 
consume the species in various forms. Flesh of 
lAmellidens marginalis constitutes an important 
supplement of fish and poultry feed. This 
species faces an ecological threat due to 
shrinkage of its natural habitat. Rapid 
urbanization and contamination of water bodies 
by xenobiotics are regarded as major threats of 
bivalves and allied species of aquatic ecosystem. 
Azadirachtin based biopesticides are efficient 
in controlling pest population and conSidered 

·E-mail: raysnailmail@rediffmail.com 

as relatively le'ss hazardous in relation to 
environmental stability and bioaccumulation 
(Schmutter, 1990). Multineem is an azadirachtin 
based biopesticide which is being frequently 
used by the farmers for the purpose of 
protection of crops from pests. Azadirachtin 
(steroid-like limonoid) is the active ingredients 
of neem based pesticide and is capable of 
controlling insect pest at low concentration. 
Chemically azadirachtin is a tetraterpenoid 
which is present in the seed kernal of neem 
tree (Azadiracllta indica). During monsoon, 
agricultural runoff containing azadirachtin 
often contaminates the freshwater ponds and 
lakes inhabited by Lamellidens rnarginalis. No 
data is available regarding hematotoxicity of 
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azadirachtin in freshwater bivalves of India. In 
this present study, we have examined total and 
differential haemocyte count of Lamellidens 
mnrginnlis exposed to sublethal concentrations 
of azadirachtin in different spans of exposure. 
Defence mechanisln of molluscs is characterized 
by two distinct limbs namely cellular and 
humoral (Couch et al., 1990). Cell mediated 
immune response of Lnmellidens marginalis is 
elicited through discrete subpopulation under 
the exposure of pathogen and toxins. 
Haemocytes are reported to be chief immuno
effector cells of bivalve which are capable of 
performing recognition, adhesion and 
phagocytosis of nonself particles (Sauve et al., 
2002). Exposure to azadirachtin yielded 
differential response to varied subpopulation 
of haemocytes. Shift in subpopulation spectrum 
is indicative of destabilization of dynamic 
equilibrium of different components of 
molluscan blood. 

MATERIALS AND METHODS 

Live adult healthy Lamellidens marginalis. 
were collected from selected wetlands of district 
of South 24 Parganas of West Bengal with 
minimum anthropogenic interference. After 
manual collection, species were transported to 
the laboratory in plastic aquaria with proper 
care (Mukherjee et al., 2006). Animals were 
acclimatized for seven days in laboratory 
condition prior to .experi~ent. During 
acclimatization, animals were fed with chopped 
Hydrilla sp. and received uniform illumination 
(Raut, 1991). Commercial formulation of 
azadirachtin was procured from the market 
under brand name of Multineem (Azadirachtin 
E.C. 0.03%, Multiplex Private Limited, India). 
Lamellidens marginalis of uniform size were 
exposed to pesticide at a concentration of 0.03, 
0.06 and 0.09 ppm of azadirachtin along with a 
batch of control. The control set received olive 
oil exposure of identical volume as routine 
protocol. Separate sets of acclimatized animals 
were exposed to different concentrations of 
azadirachtin to determine the LCso (Shibu 
Vardhan and Radhakrishnan, 2002). Each batch 
comprised of ten individuals and span of 
exposure ranged as 24, 48, 72 and 96 hours. 
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Hemolymph was collected from adductor 
muscles using sterile syringe with 23 gauge 
needle (Brousseau et al., 1999). Enumeration of 
haemocyte was done microscopically using 
Neubauer hemocytometer. For identification of 
hemocytes, cells were fixed with methanol and 
stained with Giemsa's stain (Cheng et al., 1995). 
Examination and photo documentation of 
haemocytes were carried out by light 
microscope (Axiostar plus, Zeiss, Germany) 
fitted with digital camera. 

RESULTS AND DISCUSSION 

Prior to determine the dynamics of hemocyte 
subpopulation, LCso for 96 hours of exposure 
were estimated in Lamellidens marginalis in static 
water environment. LCso for 96 hours of 
exposure was estimated as 1.5ppm and 
selection of concentration of azadirachtin were 
made accordingly for experiment. Hemolymph 
of Lamellidens marginalis contains diverse 
populations of hemocytes viz. prohemocyte, 
agranulocyte, granulocyte, asterocyte and 
hyalinocyte (Fig. 1). Morphological classification 
and allied nomenclature of haemocyte 
subpopulation raised confusion and 
contradiction (Cheng et al., 1995) among the 
workers of this field. However, we have 
classified the haemocytes on the basis of 
morphological characters tinctoriali ty and size 
(Corniek et al., 1978). Granulocyte, asterocyte 
and hyalinocyte are reported as potential 
ph.agocytes (Eatner et nl.,1983) which are 
capable of engulfing foreign particulates. 
Prohaemocyte are blast like cells (George et al., 
1950) which differentiate into subpopulation 
with discrete functional Significance. In this 
study, dynamics of haemocyte subpopulation 
was examined under the sublethal exposure of 
azadirachtin. Density of prohaemocyte was 
increased Significantly against 0.03, 0.06 and 
0.09 ppm of azadirachtin in all three durations 
of exposures specified (Fig. 3). This depression 
in count of agranulocytes, granulocyte, 
asterocyte and hyalinocyte were recorded 
against 0.03, 0.06 and 0.09 ppm of azadirachtin 
for three spans of exposure. Pattern of decrease 
in subpopulation count was uniform. Highest 
decrease in count of agranulocyte was recorded 
as 3% in 0.06ppm/72 hours against control. For 
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Fig. 1. Haemocyte population of lAmellidens marginalis (a) Prohaemocyte, (b) Agranulocyte (c) Granulocyte (d) 
Hyalinocyte and (e) Asterocyte. 
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fig. %. Modulation of total count (T.C.) of hemocytes. of LAmelliderls marginalis exposed to azadira,ehtin for 96 
hrs. Values reported as Mean ± S.D. 
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Fig. 3. Variation of prohaemocyte subpopulation exposed to azadirachtin for 72 hrs. Values reported as Mean± S.D. 

granulocyte, count was least as 33% against 0.06 
ppm of azadirachtin for 72 hours of exposure 
against control (Fig. 4). Highest depletion in 
count of asterocyte was recorded as 0.75% 
against 0.06 ppm/72 hours of exposure against 
the control (Fig. 5). For hyalinocyte, density was 
lowest against 0.06 ppm for 72 hours of 
exposure against the control set (Fig. 6). 
Marginal elevation of cell count in 96 hours of 
exposures were recorded for all three 
concentrations of azadirachtin (Fig. 2). Increase 
in count of total circulating haemocytes and 
proliferation of prohaemocytes in all the doses 
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clearly demonstrated the neoplastic 
transformation of hemocytopoietic organ 
(Victor, 1993). Decrease in the count of 
granulocyte, asterocyte and hyalinocyte 
population at 72 hours of exposure may be due 
to degranulation, vacuolization of the 
cytoplasm and nuclear pycnosis of the 
mentioned cell types. Highest increase of total 
count .of haemocyte at 0.09 ppm of 
azadirachtin/72 hours followed by decline at 
96 hours of exposure may be due to decrease 
in prohaemocyte count. Depletion in count of 
haemocyte subpopulation is indicative of 
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Fig. 4. Variation of granulocyte subpopulation exposed to azadirachtin for 72 hrs. Values reported as Mean ± S.D. 



MUKHERJEE et al. : Dynamics of haemoCtJte subpopulation of Lamellidens ... 393 

3 

.'" 
2.5 

• I-

.~ 

1 
~~ _T 

J. 
.o. 

0.5 ~I-

o 
o 0.03 0.06 0.09 

ppm azadirachtin 

Fig. s. Variation of astero~yte subpopulation exposed to azadirachtin for 72 hrs. Values reported as Meant S.D. 

4 

3.5 - 3 .~ -12
.
5 

" . . 5 2. 
I l: 1.5 

1 

0.5 

0 

0 0.03 0.06 0.09 

ppm azadirachtin 

Fig. 6. Variation of hyalinocyte subpopulation exposed to azadirachtin for 72 hrs. Values reported as Meant S.D. 

impairement of cell associated immunological 
functions i.e. immunoadhesion, nonself 
phagocytosis, cell aggregation and 
encapsulation reaction. Elicitation of haemocyte 
mediated immune response demands 
participation of discrete subpopulation with 
larger density. Azadirachtin induced depletion 
in densities of agranulocyte, granulocyte, 
asterocyte and hyalinocyte is indicative of a 
possible impairment of haemocytic function in 
Lamellidens marginalis distributed in polluted 
environment. Moreover, present data would 

provide an information base in .formulating a 
sustainable strategy of culturing the species in 
biosafe environment and in establishing the 
suitability of the species as biomarker of aquatic 
pollution. 
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ABSTRACT 

The wetland, in the eastern fringe of Kolkata Metropolis and some places of Howrah district, West Bengal 
(India), is being subjected of onslaught f{)r a long time, which resulted from the deposition of anthropological, 
urban and industrial wastes, including heavy metals, which got admixed with the water bodies that resulted in 
large-scale pollution of the aquatic environment. Fishes in such aquatic environments are directly in touch with 
the pollutants through water exchange. The fish Ci"hinus mrigala constitute an important group of fishes with 
intense diversity and potential for commercial aquaculture for the consumable fishes. . 

Here, we have undertaken to measure genetic diversity of the fish Cirrizinus mrigala, collected from different 
water bodies by the analysis of allozymes of the animals. The heavy metal concentrations present in water bodies 
of the Kolkata metropolis were measured for record. 

Our results reveal that heavy metals are accumulated and resulted allozyme polymorphism. For this, we 
assessed and compare the accumulation in the individuals of this species collected from the ponds in Garia, 
Bypass and Howrah region. The tissue sample, along with the water samples were subjected to atomic absorp~ion 
spectrophotometry (A AS). It was observed that the concentration of the two heavy metals such as Lead (Pb) and 
Zinc (Zn), in the tissues of tht!se fishes and in water bodies were causes of concern. To determine, whether it 
affect any metabolic change in the fish's isozyme (esterase) analysis was conducted by Non-denaturing 
Polyacrylamide Gel Electrophoresis. 

It was observed that esterase variation in major Carp Cirr"inus mrigala can be the potential biomarker of 
heavy metal pollution in the aquatic environment of this metropolis. 

Keywords : Esterase, Polymorphism, Cirrhinus mrigala, Isozyme, Allozyme. 

INTRODUCTION 

The dynamiCS of evolutionary process of 
adaptation and speciation is based on the 
underlying molecular structure and 
differentiation of genetic diversity at the DNA 
levels and its derivative proteins, which drive 
the molecular machinery of organisms and thus 
generate and maintain polymorphism as 
adaptive strategies to cope with variable 
environment (Sarkar et al., 2004). Pollution can 

-Correspondence : karmakar_kd@yahoo.co.in 

cause toxic effects on organisms, which comes 
in·contact with it. The effects of such toxins on 
these. individ uals appear to depend upon its 
concentration in the water and the involvement 
of the toxins in the metabolic pattern. At 
present, heavy-metals have gained considerable 
importance as well known pollutants in any 
ecosystem (Achyuthan ~t ai., 2002). They act as 
a conservative pollutants and often bio- magnify 
in the food chain (Stanley and Bang, 1987; Sood 
et ai., 1994). The surface of the ~ydrosphere act 
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as the first site of chemical interaction, which 
harbour high concentrations of surface-active 
molecules, that act as heavy traps. To survive 
in this toxic environment, organism has adapted 
by increasing their tolerance to metal pollution. 
These tolerant organisms ultimately give rise 
to the prevailing heterogeneity within and 
among the spe~ies. The changes in isozyme / 
allozyme markers of the tolerant organisms can 
be sensitive to and vary adaptively to the level, 
type and concentration of pollutants (Nevo, 
1988). 

To assess the genetic diversity that has 
resulted in these heterogeneous individuals due 
to acclimatization against the stresses of these 
pollutants, isozyme analysis is very good 
technique because some of the isozymes are 
stress specific. This view was first proposed by 
Ben-Sholmo and E. Nevo (1988), who suggested 
that the effects of heavy metals in vitro can be 
related to population data and it can also offer 
a biochemical basis for maintenance of isozyme 
polymorphism in Paleamon elegance. 

It has been suggested that the organisms 
who are present in the higher trophic level in 
the food chain/web acquires more toxic 
elements than the other organisms' due to 
biomagnifying effects of these toxins. In the 
present investigation we have used Cirrhinus 
mrigala as a model organism' which is a 
dominant tertiary consumer in fresh water 
ecosystems. 

MATERIALS AND METHODS 

The samples were collected from three 
different places viz. Garia, Bypass and Howrah 
which are prone to heavy metal exposure due 
to surrounding industries and vehicular traffic. 
The fish Cirrhinus mrigala (Hamilton) was 
chosen for our investigation for the analysis of 
esterase polymorphism. Three sites were chosen 
for our present study. They are Howrah, Garia 
and E. M. Bypass. These three zones, are highly 
polluted with industrial wastes, heavy vehicular 
traffics and anthropogenic wastes.· Lead (Pb) 
and Zinc (20) were two selected heavy metals 
for present investigation. 

Zoological Research in Humall Welfare 

A) Quantitative Determination of Heavy 
Metal Concentrations by atomic absorption 
spectrophotometry (AAS) 

I. In water samples 

Freshwater samples (50 ml) were Collected 
from the three above mentioned sites. The' 
samples were then pretreated before :malysis, 
to remove any suspended materials. The 
pretreatment was done following the standard 
methods. (American Public Health Association, 
American Waterworks Association and Water 
Pollution Control Federation, 1989). 

II. In tissue samples 

Pretreatment were needed for tissue 
samples, to remove the organic substances. We 
use liver tissues for present investigation. The 
tissue was then ~harred on a hot plate and 
treated with concentrated Sulphuric acid and 
Perchloric acid, for repeated times, till the 
sediments become white. There after sediments 
were treated with concentrated Nitric acid. The 
materials were then washed with distilled water 
and then taken in a sterilized bottle. Both the 
water and tissue samples were then subjected 
to Spectra AA55 atomic absorption 
spectrophotometer (Varian Techtron Pvt. Ltd) 
to measure the concentration of heavy metals 
in the collected water and tissue samples. 

B) Enzyme analysis 

Electrophoretic analysis of Isozyme-Esterase 
was performed by non-denaturing 7.5% 
Polyacrylamide Gel Electrophoresis (Mukherjee 
et. al., 2004). Five individual fishes from each 
site were dissected out to obtain 50 mg liver 
tissue from each, which was then homogenized 
in homogenizing buffer (500 ,.d of 0.5 M Tris
Hel pH-6.S with 100pl of Glycerol) in 1.5 ml 
Eppendorf tube in O°C to 4°C and centrifuged 
at 10,000 r.p.m. for 10 minutes at 4°C. The 
supernatant was saved and used for gel 
fractionation. Each sample was divided into five 
aliquot for each site were loaded in five different 
lanes in three separate 7.50/0 non-denaturing 
resolving gel. After completion of 
electrophoresis, active protein in the gel waS 
reacted with a naphthyl acetate (substrate) in 
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phosphate buffer and then stained with Fast 
Blue RR salt (Vallejos, 1983; Brewer and Sing 
1970). The run was repeated several times with 
an equal sample pool for a particular set to 
avoid any technological artifact. 

C} Statistical analysis 

Atomic Absorption spectrophotometry was 
repeated three times for each sample (n = 3)~ 
Results were expressed as mean :t SEM. Allele 
frequencies were calculated according to 
Hardy-Weinberg theorem (n = 5) (Ferguson, 
1980). 

RESULTS AND DISCUSSION 

Atomic Absorption Spectrophotometry 

The results of AAS showed that, the 
concentration of lead and zinc varied greatly 
in both water and tissue samples from different 
sites (Table 1). As it appears from the data in 
Table 1, in case of water samples, the maximum 
levels of Lead and Zinc concentrations were 
detected in Garia and Howrah samples (0.1932 
:t 0.011 mg.lo• and 0.4486 :t 0.081 mg.lol 

respectively). While the Bypass sample showed 
the minimum amount of lead (0.1159 :t 0.003 
mg.lol) and zinc (0.0320 :t 0.012 mg.lol). These 
values were represented in Table 1. 

Data in Figures 1, 2, and 3 in case of tissue 
samples reveal that the lead and zinc 
concentrations were maximum in the fishes 
from Garia (0.5622 ± 0.055 mg.lol) and Bypass 
(4.8258 ± 0.132 mg.lol) respectively. The 
minimum amount of lead was present in the 
livers of fishes from Howrah population (0.2116 
:t 0.012 mg.lo1) and minimum amount of zinc 
was present in Gada population (1.3397 ± 0.192 
mg.lol). These heavy metals concentrations 

were represented diagrammatically in Figure 
1, 2 and 3. 

Estertl$e".Polymorphism 

T~e>,'.nzyme analysis revealed that the 
enzyme EsteraSe expresses itself in 10 zones of 
activities in the liver tissue of C. mriga/a from 
differei'\t aquatic niche, that were studied but 
the lack 'of uniformity in the expression of the 
alleles of these zones were prominent in Figure 
4 (Howrah population), Figure 5 (Garia 
population) and Figure 6 (Bypass popUlation). 

Esterase polymorphism in the Liver tisslle of 
the fishes from Howrah population 

Eight zones of Esterase activities could be 
recognized from the gel (Figure 4). There is a 
single monomorphic band in Zone I, in all the 
individuals of this population, such similarity-',7 
was also found in Zones II and VIne Zones V 
and vn were observed to have only one band 
in lane 3 and 2 respectively. Zone III can be 
characterized by paired bands and designated 
as EST-IllS and EST -lnF in the 3rd. lane and 
other lanes exhibit EST-DIS (lanes 2, 4 and 5) 
and EST-IIIF (lane 1). Zone IV was single 
monomorphic in lanes 1, 2, 4 and 5. This zone 
was absent in lane 3. Zone VI exhibited single 
bands in lanes 2 and 5; it did not show any 
activity in lanes 1, 3 and 4 (Calculations are in 
Annexure I). 

Esterase polymorphism ill the Liver tissue of 
the fishes from Garla populatioll 

As it appears from Figure 5 ten zones of 
Esterase activities are predonlinant. Zones I, II, 
Ill, V and X were represented by prominent 
monomorphic bands present in all the 
individuals. However zones VI, VII and VIII 

Table 1. The concentration (mean ± SE) of heavy metals in water samples (mg.Lo) and liver 
tissue samples (mg.kgo1) of different sites (n = 3). 

Metals HOWRAH GARIA BYPASS 

Water Tissue Water Tissue Water Tissue 

Zinc O.4486±O.OSl 1.4632±O.186 O.2547±O.O12 1.3397±O.192 O.O320±O.O12 4.8258±O.132 

Lead O.1403±O.OOS O.2116±O.O12 O.1932±O.Ot I' O.5622±O.O55 O.1159±O.OO3 O.2574±O.O38 
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Fig. 1. Concentration of different heavy metals in the specific water sample of the three sites. 
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three study sites. 
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Fig. 4. Esterase isozyme pattern and corresponding line diagram of the liver tissue of C. mrigaia from Howrah 
population. 
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population. 
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alleles were present only one of 5 individuals 
i.e. the individuals of lanel of zone VII and 
VIII and lane 3 in case of zone VI should be 
recognized. Zone IX exhibited a dimorphic 
expression, in lanes I, 2, 4 and 5 this zone 
expressed only the slower alleles, but in lane 3 
this zone was found to be heterozygous, 
represented by both faster and slower alleles 
(Calculations are in Annexure II). 

Esterase polymorphism in the Liver tissue of 
the fishes from Bypass population 

Seven zones of Esterase activity may be 
recognized from the gel (Figure 6). Zones I, III 
and IV were represented by a single 

monomorphic band that is present in all the 
individuals. But Zones II and V have only one 
band in individuals of lane 1 and 2 respectively. 
Zone VI allele exhibited a dinlorphic feature in 
which lanes 1,3,4 and 5 showed heterozygosity 
in having both faster and slower alleles and 
lane 2 exhibited only the faster allele. Zone VII 
was also single monomorphic in activity pattern 
in all the lanes except in lane 1 it was absent 
(Calculations are in Annexure III). 

By comparing the isozyme activities in C. 
mriga/a of the three different sites (Howrah, 
Bypass and Garia), it may appear that zone I 
allele was represented by a single monomorphic 
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band in all the three population .This band 
seems to be highly specific for this species. 

Zone II allele was present in all the 
individuals of Howr~h and Garia, but was 
present in only one individual of the Bypass 
population, this may be due to the high amount 
of Zinc in the tissue of the fishes from Bypass 
population. It was found that, water sampies 
from here had negligible amount of Zinc in 
comparison to those from Garia and Howrah. 
Such a high concentration of Zinc in the tissue 
must therefore be the result of 
Biomagnifications and might be for that reason 
the maximum heterozygosity was accounted in 
this population. 

Both the water and the tissue samples in 
Gada had the maximum amount of Lead, which 
is reflected in the isozyme pattern from this 
population of fishes. Here we observed that 
the number of zones of esterase activities were 
more. 

Thus the specificity of the isozyme alleles 
can be a reflection of the adaptive 
polymorphism, in response to specific heavy 
metals (Nevo, 1984). 

From the entire findings one can therefore 
reasonably argue that there is a positive 
correlation between genetic and environmental 
;'ariation and that such diversities are related 
to the specificity of a population adjusted in a 
particular niche, confirming the niche-width 
variation hypothesis Goppa et al., 1995). In such 
informational background it can be· said that 
"such a minority system, based on changes on 
population genetic structure, is not only 
theoretically commendable, but also radically 
feasible" (Nevo, 1986). This conclusion is 
supported by the rapid and precise genetic 

changes that follow the effect of pollution. 
Ideally, use of in-situ population of different 
species specific genetic loci, ei ther single or in 
combination, may prove sensitive to different 
pollutants and would easily be assayed by 
relatively quick and easy electrophoretic tests. 
Such direct genetic monitoring may become an 
indispensable tool, sometime preferable to the 
chemical ones used routinely, would alert us 
to both the short and long term genetic changes 
that populations undergo, before their 'final 
extermination as a result of pollution. 

CONCLUSION 

The genetic heterogeneity, variation and 
correlation of ecological parameters and life 
history, together serve as an important 
mechanism for broadening the environmental 
tolerance of a species. Our data shows samples 
of species, taken from the different niches, differ 
significantly in their allelic frequencies with 
respect to one or more enzymes and thus can 
ser\re as a very important parameter for 
establishing the adaptive ability of a genome 
to environmental stresses and fluctuations. Our 
investigations on Cirrihinus· mrigala in and 
around the Kolkata Metropolis lead us to 
conclude that specific isoenzyme markers might 
help to detect the status of a pollution 
contaminated niche. 
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Annexure-I 

Calculation of allele frequencies of C. mrigala 
in Howrah population : 

Zone I: Monomeric single allele 

Zone II : As same "as zone I 

Zone III : 

p2 = SS = 3/5 = 0.60 

2pq = SF = 1/5 = 0.20 [S = Slower 
allele and F = Faster allele] 

q2 = FF = 1/5 = 0.20 

Total: p2 + 2pq + q2 = 0.60 + 0.20 + 0.20 = 1.00 

Therefore HI (heterozygosity) = 1 - (p2 + q2) = 
1 - (0.60 + 0.20) = 0.20 

Zone IV : 4/5 = 0.80; Null = 1/5 = 0.20 
(monomeric single allele) 

Zone V : 1/5 = 0.20; Null = 4/5 = 0.80 
(monomeric single allele) 

Zone VI : 2/5 = 0.40; Null = 3/5 = 0.60 
(monomeric single allele) 

Zone VII: 1/5 = 0.20; Null = 4/5 = 0.80 
(monomeric single allele) 

Zone VIII: Monomeric single allele 

Annexure-II 
Calculation of allele frequencies of C. mrigala 
in Garia population: 

Zone I: Monomeric single allele 

Zone II: Monomeric single allele 

Zone III: Monomeric single allele 

Zone IV : 

p2 = SS = 3/5 = 0.60 

2pq = SF = 2/5 = 0.40 [S = Slower 
allele and F = Faster allele] 

q2 = FF = 0.00 

Total: p2 + 2pq + q2 = 0.60 + 0.40 + 0.00 = 1.00 

Therefore HI (heterozygosity) = 1 - (p2 + q2) = 

1 - (0.60 + 0.00) = 0.40 

Zone VI : 1/5 = 0.20; Null = 4/5 = 0.80 
(monomeric single allele) 

Zone VII: 1/5 = 0~20; Null = 4/5 = 0.80 
(monomeric single allele) 

Zone VIII: 1/5 = 0.20; Null = 4/5 = 0.80 
(monomeric single allele) 

Zone IX : 

p2 = SS = 4/5 = 0.80 

2pq = SF = 1/5 = 0.20 [S = Slower allele 
and F = Faster allele] 

q2 = FF = 0.00 

Total: p2 + 2pq + q2 = 0.80 + 0.20 + 0.00 = 1.00 

Therefore H, (heterozygosity) = 1 - (p2 + q2) = 
1 - (0.80 + 0.00) = 0.20 

Zone X: Monomeric single allele 

Annexure III 

Calculation of allele ~requencies of C. mrigala 
in Bypass population : 

Zone I: Monomeric single allele 

Zone II : 1/5 = 0.20; Null = 4/5 = 0.80 
(monomeric single allele) 

Zone III: Monomeric single allele 

Zone IV: Monomeric single allele 

Zone V : 1/5 = 0.20; Null = 4/5 = 0.80 
,# 

(monomeric single allele) 

Zone VI : 

p2 = SS = 0.00 

2pq = SF = 4/5 = 0.80 [S = Slower allele 
and·F = Faster allele] 

q2 = FF = 1/5 = 0.20 

Total: p2 + 2pq + q2 = 0.00 + 0.80 + 0.20 = 1.00 

Therefore HI (heterozygosity) = 1 - (p2 + q2) = 
1 - (0.00 + 0.20) = 0.80 

Zone VII: 4/5 = 0.80; Null = 1/5 = 0.20 
(monomeric single allele) 
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ABSTRACT 

The aim of the study was to investigate the species composition, seasonal abundance and diversity. of 
collembolan community as well as role of some edaphic factors in the population fluctuation of Collembola fauna 
in two different industrial sites of Bokaro, Jharkhand, India. Two sites namely Bokaro Steel Plant (SSP) area and 
Chandrapura Thennal Power Station (CTPS) area were investigated for a period of one year (November, 2005-
October, 20(6). The study revealed the presence of 11 species belonging to 10 genera of the families Entomobryidae, 
lsotomoidae, and Sminthuridae. Of which the species lsotomina thtTmophila, CyphodtTlIS assimi!is, Folsomides penmills, 
LepidOl:yrtus sp. and Entomobrya sp. representing 17.56%, 21.21%, 11.46 0/0, 10.48 % and 10.97% of total population 
respectively were common in both the sites. The species like Sphaeridia cornuta (4.090/0) and Smintlrurinus sp. 
(3.860/0) were extracted from BSP site and the species like lsotomedl's dagnmnl' (5.55%), IsotomJlrllS baiteahls (3.860/0), 
lsatomel/a minor (4.82%) and Cyplwderlls javanlls (5.79 %) were found only in CTPS site. The collembolan population 
found in both the industrial sites were numerically low and showed irregular trend of fluctuation being maximum 
in November and minimum during July. The species diversity index of Shannon-Wienner showed that the 
diversity values in the CfPS site was more than the BSP site. Among the five edaphic factors organic carbon 
showed positive correlation with collembolan population in both the sites. 

Keywords: Collembolll, steel plant, thermal power plant, edaphic factors, Jharkhand. 

INTRODUCTION 

Quite a good number of workers like Grony 
(1975), Bhattacharya and Banerjee (1980), Hazra 
et ale (1982), Chattopadhyay and Hazra (1983), 
Hopkins (1986), Sieg et al. (1998), and Dey et ale 
(2006) studied the impact of industrial effluents 
on soil arthropods in general. A few workers 
like Hazra and Choudhuri (1990), Shome and 
Ghosh (2006), Russel and Alberti (1998), 
Chauvat and Ponge (2001), Chagon et al. (2001) 
also studied the impact of heavy metals and 
other soil factors on coIIembolan communities 
in some industrial areas of India and abroad. 

• dhrubajyotCzsi@yahoo.com 

However, no serious attempt have been made 
so far to investigate particularly the ecology of 
Collembola inhabiting two different industrial 
areas like the thermal power plant area and 
steel plant area in the district of Bokaro, 
Jharkhand. Therefore, to fill up these lacunae 
the present investigation has been taken up to 
investigate the species composition, seasonal 
abundance and diversity of Collembola fauna 
in relation to different soil factors at 
Chandrapura Thermal Power Plant area and 
Bokaro Steel Plant area in the district of Bokaro, 
Jharkhand, India. 

"·Dept. of Zoology, University of Calcutta, 35 Sallygunge Circular Road, Kolkata-19 
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MATERIAL AND METHODS 

Study site 

Two different industrial sites in the district 
of Bokaro, Jharkhand have been chosen. The 
site-I is located at Bokaro Steel Plant (BSP) area. 
The area is an open large field, where industrial 
effluents are continuously discharged from the 
Steel Plant. This area was covered mainly with 
1pomn sp., Cynodon dnctylon and few scattered 
Accncin sp. trees. The site-II is the fly ash 
damping site, released from the Chandrapura 
Thermal Power Station (CTPS). This site was a 
vast open field covered with vegetation of 
thorny bushes as well as few scattered small 
trees like Dnlbergia 5i500, Albizzia sp. and Acacia 
sp. Soils of these two sites were black in colour 
( due to industrial pollutants) and sandy loam 
in texture. Mechanical analysis of soils of the 
study sites showed high percentage of fine sand 
in both the sites (Table 1). The pH of soil varied 
between 6.82-7.31 in site-I and 6.3-7.34 in 
site-II. 

Sampling and identification 

Three plots each measuring 25 sq. m. were 
selected for sampling in each industrial site. 
From each plot three soil samples were taken 
at random. Therefore, 216 soil samples from 
the two sites were drawn at an interval of 30 
days for a period of one year (Nov, 2005- Oct, 
2006). The soil samples were drawn by using 
stainless steel corers having the inner cross 
sectional diameter of 8.5 sq. cm. The extraction 
of soil samples were carried out by expedition 
funnel modified by Macfadyen (1953). A 40 watt 
bulb was used for heat and light source. 
Collection tubes (100ml) containing 
approximately 50 ml 70% ethanol plus 50/0 
glycerine were attached below the funnels. The 
extraction period was 48 hours. The Collemhola, 

Table 1. Showing mechanical analysis of soil 
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wherever possible, were identified up to species 
level. 

Analysis of soil factors 

The temperature of soil was recorded by soil 
thermometer and the soil moisture was 
estimated by an Infrared moisture balance. The 
pH of the soil was determined by using an 
electronic pH meter. Hygrometer method 
(Piper, 1942) was employed for the mechanical 
analysis of the soil samples. Soil nitrate was 
determined by using the microprocessor based 
universally accepted standard single beamed 
photometer SQ 118 (E. mark, Germany made) 
employing tungsten halogen lamp as the light 
source. Walkley and Black's (1934) method was 
followed for organic carbon determination. 

RESULTS 

Collembolan population 

Collembolans extracted from SSP site_ 
belonged to seven species such as Cyplloderus 
assimilis, Isotomina thermophila, Folsomides 
pervulus, Sphaerida cornuta, Lepidocyrtus sp., 
Entomobrya sp. and Smintlzurians sp. (Table 2). 
While the collembolans extracted from CTPS 
site belonged to eight genera and nine species 
such as Cyphoderus assimilis, Cyphoderlls javanus, 
Isotomina thermophila, Isotomedes thermophila, 
Folsomides pervulu5, Lepidocyrtus sp., Entomobrya 
sp., Isotomurlls balteatus and Isotomella minor 
(Table 2). The species Isotomina thermophila was 
most dominant occupying 21.210/0 of the total 
collembolan population obtained from both the 
sites. The Cyphoderlls assimilis comprising 17.5%,. 
Folsomides purvulus comprising 11.460/0, 
Entomobrya ~p. comprising 10.97% occupied the 
second, third and fourth position respectively 
in order of dominance of the total Collembola 
obtained from both the sites. The species 

Coarse sand Fine sand Silt Clay 
(%) (%) (%) (%) 

Site-I (BSP) 24.4 42.3 8.2 24.1 

Site-II (CTPS) 23.2 41.4 9.6 25.8 



Table 2. Monthly abundance (%) of Collembola species at two different industrial effluents site of Bokaro, Jaharkhand . 

Ca. Lt. F.p. S.C. Lep. Ent. Smi I.d. lb. I.m. . C.j. 

Site- Site- Site- Site- Site- Site- Site- Site- Site- Site- Site- Site- Site- Site- Site- Site- Site- Site- Site- Site- Site- Site-

I II I II I II I II I II I II I II I II I II I II I II 

Nov,05 1.95 1.7 1.7 1.95 1.21 1.46 0.73 0.97 0.73 0.73 0.97 0.73 

Dee,05 0.97 0.97 0.97 0.97 0.48 0.48 0.73 0.48 0.48 0.48 0.48 0.48 0.24 0.48 

Jan,06 0.97 0.48 0.73 0.48 0.48 0.48 0.48 0.73 0.24 0.24 0.48 0.24 0.48 

Feb,06 0.48 0.24 0.73 0.73 0.24 0.48 0.73 0.48 0.48 0.73 0.73 0.24 0.48 0.24 

Mar,06 0.97 0.73 0.97 0.97 0.48 0.24 0.48 0.73 0.48 0.24 0.48 0.24 0.48 0.48 0.24 0.48 

Apr,06 0.97 0.73 1.21 0.73 0.73 0.24 0.48 0.48 0.48 0.24 0.73 0.24 0.48 

Me.y,06 0.48 0.48 0.73 0.73 0.48 0.48 0.24 0.24 0.73 0.48 0.24 0.24 0.24 0.48 0.24 

Jun,06 0.48 0.48 0.48 0.48 0.48 0.73 0.48 0.48 0.48 0.48 0.48 

Jul,06 0.48 0.24 0.48 0.73 0.97 0.48 0.24 0.48 0.73 

Aug,06 0.48 0.48 0.73 0.73 0.24 0.24 0.48 0.48 0.24 0.48 0.48 0.97 0.48 

Sep,06 0.97 0.97 1.21 0.97 0.48 0.48 0.48 0.24 0.73 0.48 0.24 0.73 0.73 0.48 

Oct,06 1.46 1.46 1.46 1.21 0.97 0.73 0.48 0.73 0.48 0.73 0.97 0.24 0.48 0.73 0.97 

Abbreviation: C.a. : Cyplzoderus assimilis, l.t. : Isotomina tltermophila, F.p. : Folsomides pervullls, S.c.: Sphaeridia cornuta, Lep. : Lepidocyrtus 
sp., Ent. : Entomobrya sp., Smi. : Sminthurians sp., I.d. : Isotomedes dagamae, Lb. : Isotomurus balteatus, I.m. : Isotomella minor, C.j. : Cyphoderus 
javanus. 

" -
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Sphaerida cornllta (4.09%
) and Sminthurinlls sp. 

(3.86%
) were found only in the asp site and 

lsotomedes dagamae, Isotomurlls balteatlls, 
lsotomella minor and Cyphoderus javanlls were 
reported only from CTPS site (Table 2). 

Monthly fluctuation of Collembola 

The total collembolan abundance showed 
maximum peak during in the month of 
November and minimum in the month of July 
in both the sites (Fig. 1). Figures 2 & 3 sho,.y 
the seasonal changes in the abundance of each 
species of Collembola obtained from both the 
sites. The most dominant species Isotomina 
thermophila and Cyphoderlls assimilis had a peak 
in the month of November and the minimum 
in the month of July in both the sites. The 
Sminthurinus sp. showed maximum peak 
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during the month of July in BSr site. The other 
species of Collembola in both the sites showed 
irregular trends of fluctuation usually showing 
maximum during' November and minimum 
during Jun-July and slightly higher in October 
during the entire sampling period in both the 
sites. 

Monthly fluctuation of edaphic factors 

Soil factors in the study sites exhibited fairly 
wide range of variation during different months 
of the year (Fig. 4a and Fig. 4b). The lowest 
temperature of soil was 17°C during January 
in both the sites and highest was 35°C during 
May at BSP site. The moisture content of the 
soil was maximum (24.980/0) in November at 
CTPS and minimum (9.040/0) in June at the same 
site. The soil pH varied from 6.82 in October to 

1 I 
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Fig. 1. ShOWing the monthly fluctuation of abundance (%) of collembola in BSP and CfPS site 
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Fig. 2. Showing monthly fluctuation of collembola species in BSP site 
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7.31 in July at BSP site. While at CTPS site the 
minimum pH of soil were 6.3 in the month of 
November and maximum was 7.29 in the month 
of June. The content of soil organic carbon (%) 
varied from 1.28 (in July) to 2.98 (in November) 
at BSP site and 1.39 (in July) to 2.88 (in 
November) at CTPS site. The nitrate content of 
soil also varied from 0.78 ppm (in July) to 1.5 
ppm (in October) at BSP site and 0.82 ppm (in 
July) to 1.82 ppm (in November) at CTPS site. 

Regression and correlation between Collembola 
and edaphic factors 

The data involving soil factors and 
population density were subjected to statistical 
analysis separately for each site in order to find 
out regression and correlation. The dependence 
of number of Collembola (Y) on each of the 
five variables (soil factors) considered here was 
studied. First, by means of a statistical test it 
was verified whether the relationships between 
total number and dominant species of 
Collembola (Y) and different variables remained 
constant throughout. Study of correlation 
coefficient (fourth column of Table 3) indicate 
that only the soil organic carbon in both the 
sampling sites showed positive correlation with 
the population density. While the correlation 
between individual species population and the 
variables showed irregular relationship in 
different sites (Table 3). 

DISCUSSION 

The results presented here were based on 
sample survey of Collembola from two different 
industrial areas of Bokaro, Jharkhand over a 
period of 12 months (November, 2005-0ctober, 
2006). Collembolan fauna encountered in this 
.study belonged to 10 genera of the families 
Entomobryidae, Isotomoidae and Sminthuridae. 
Some forms markedly differed in their 
abundance from one site to other (Table 2). 
Moreover, numbers of species were maximum 
in CTPS site (9) than BSP site (7). The species 
lsotomina thermophilll, Cyphoderus assimilis, 
Foisomides pervulus, Lepidocyrtus sp. and 
Entomobrya sp. were extracted from both the 
sites. Sphaeridia corn uta and Smintllurinus sp. 
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obtained only from BSP site and Isotomedes 
dagamae, Isotomurus balteatus, Isotomella minor 
and Cyphoderus javanus were restricted to the 
CTPS site. Among the coleembolan species 
lsotomina thermophila and Foisomides pervulus 
occurred throughout the year in CTPS and BSP 
site respectively (Table 2). The population of 
both the sites when taken together exhibited a 
more or less irregular trend of fl uctua tion 
attaining its peak during November followed 
by a decline and reaching its lowest level during 
July (Table 2). This trend of fluctuation as 
observed in this study quite similar to those 
reported by Hazra and Choudhuri (1990), 
Shome and Ghosh (2006) while working on 
Collembola population in Durgapur steel plant 
area, West Bengal. 

Further the number of species (11) extracted 
from both the plots were relatively low. 
Collembola in many instances are known to 
occur in aggregated, patchy or sporadic 
distribution, occurring in a large number at a 
particular spot. Due to industrial pollutants this 
peculiar behaviour might have excluded the 
Collembola from many of the samples resulting 
smaller number of species. Moreover, the study 
areas were located in the same district with 
similar climatic and soil conditions and they 
did not exhibit remarkable variation in the 
species diversity. The species diversity index 
evaluated by Shannon-Wiener method showed 
that diversity values in the study sites ranged 
between 1.89505 to 2.14163 (Table 4). 

Among the five edaphic factors analyzed, 
the organic carbon showed positive correlation 
with the collembolan population in both the 
study sites. This also coincides with the earlier 
results obtained by Chattopadhyay and Hazra 
(1983), Hazra and Choudhuri (1990) and Shome 
and Ghosh (2006). In general acidity of soil led 
to differentiation of humus type and thus the 
abundance of Collembola was also minimum 
in BSP site because the soil of this site was 
more alkaline than CTPS site (Hazra et al., 1976). 

It can be concluded from the present study 
that the steel plant effluents exert more effects 
on the population structure of Collembola 
f~una. However definite conclusion can only 
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Table 3. Showing relationship between total Collembola population including their three dominant species 
population and soil factors. 

Sites I Parameters I Mean I 1'" value I Regression equation (Y:= a+bx) 

BSP Y : no. of collembola 16 

Nitrate (ppm) 1.08 0.849330306 Y = -5.04 + 19.33x 

Soil temperature (ae) 25.69 -0.182695828 Y == 21.19 0.20x 

Moisture (0;0) 16.94 0.74448309** Y = 0.41 + 0.92x 

Organic carbon (%) 2.12 0.731760733** Y = 0.63 + 7.22x 

pH 7.07 -0.846519515 Y = 220.73 0.92x 

Y:no. of 1. thermophila 3.66 

Nitrate (ppm) 1.08 0.738009368** Y = -2.63 + 5.79x 

Soil temperature (ae) 25.69 -0.219739442 Y = 5.81 0.08 

Moisture (%) 16.94 0.572852439 Y = -0.46 + 0.24 

Organic carbon (%) 2.12 0.754798307 Y = -1.79 + 2.56x 

pH 7.07 -0.637943327 Y = 56.86 -7.46x 

Y:no. of C. assimilis 3.16 

Nitrate (ppm) 1.08 0.826519038 Y = -5.94+ 8.36x 

Soil temperature (Oe) 25.69 -0.385890449 Y = 8.04 0.l8x 

Moisture (%) 16.94 0.582558884* Y =- 2.25 + 0.32x 

Organic carbon (%) 2.12 0.862249276 Y = -4.88 + 3.78x 

pH 7.07 -0.781247079 Y = 87.21- l1.79x 

Y:no. of LepidocyrtJls sp. 2.33 

Nitrate (ppm) 1.08 0.491232595 Y = -1.19 + 3.23x 

Soil temperature (Oe) 25.69 -0.00856271 Y = 2.40 O.OO2x 

Moisture (%) 16.94 0.501187769 Y =-0.70 + 0.18x 

Organic carbon (%) 2.12 0.320384407 Y = 0.38 + 0.91x 

pH 7.07 -0.58043668811- Y = 42.97 5.7x 

CTPS Y:no. of collembola 18.16 

Nitrate (ppm) 1.09 0.805418683 Y = 0.05 + 14.24x 

Soil temperature (ac) 24.81 -0.162562043 Y = 23.49 0.21x 

Moisture (%) 17.2 0.66763339 Y = 0.89 + 0.99x 

Organic carbon (%) 2.14 0.604247278* Y = 0.43 + 8.26x 

pH 6.98 -0.755848279 Y = 127.60 15.63x 

Y : no. of I. fhermopllila 3.58 

Nitrate (ppm) 1.09 0.721114261 ** Y = -0.47+ 3.19x 

Soil temperature ee) 24.81 -0.114623146 Y = 4.52 0.03x 

Moisture (%) 17.2 0.680018371 Y = -0.81 + 0.25x 

Organic carbon (%) 2.14 0.594690032* Y = 0.78 + 2.03x 

pH 6.98 -0.767572116 Y = 31.39 3.97x 

Y:no. of C. assimilis 2.83 

Nitrate (ppm) 1.09 0.815234891 Y = -3.09 + 4.66x 

Soil temperature (Oe) ~4.81 -0.197467432 Y = 4.92·- 0.08x 

Moisture (%) 17.2 0.687172425 Y = -2.91+ 0.32x 

Organic carbon (%) 2.14 0.659502851 Y = -3.42 + 2.91x 

pH 6.98 -0.75404495 Y = 38.15 5.04x 
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Table 3. Contd. 

Sites I Parameters I 
Y : no. of C. javanus 

Nitrate (ppm) 

Soil temperature (Oe) 

Moisture (%) 

Organic carbon (%) 

pH 

Mean 

2 

1.09 

24.81 

17.2 

2.14 

6.98 

I ~ value I 

0.229732742 

0.28327109 

0.622580254· 

-0.145668765 

-0.416577872 

Zoological Rtsearch in Hllmtln Wtlfart 

Regression equation (Y= a+bx) 

Y = 1.19 + 0.63x 

Y = 0.55 + 0.05x 

Y = -0.51+ 0.14 

Y = 2.66 0.31x 

Y = 11.40 -1.43x 

• significant at 5% level; •• significant at 1% level 

Table 4. Species diversity, measured here by fr (the Shannon - Weiner index) of two 
industrialsites of Bokaro District, Jharkhand. 

Site Taxa I Specimen t ni I Pi In Pi fr 

SSP Cyphoderus assimilis 38 -0.3206070.32 

lsotomina thermophila 48 -0.34657359 

Folsomides pervulus 24 -0.259930193 -1.89505 

Sphaeridia comllta 17 -0.214649971 

Lepidocyrtus sp. 28 -0.280771584 

Entomobrya sp. 25 -0.265445254 

Sminthurinus sp. 16 -0.207075554 

N = 192 

CTPS Cyphoderus assimilis 34 -0.2898008 

lsotomina thermopllila 43 -0.320191205 

lsotomedes dagamae 23 -0.237279906 
Folsomides pervullls 23 -0.237279906 

Lepidocyrtus sp. 15 -0.18415905 -2.14163 
Entomobrya sp. 20 -0.219152549 

lsotomurus balteatus 16 -0.191699548 
lsotomella minor 20 -0.219152549 

Cyphoderus javanus 24 -0.242910961 

N = 218 

be made after the study heavy metal 
concentration in the study site which is under 
progress. 
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ABSTRACT 

In recent times, Arsenic is one of the most important toxicants, affecting the population of West Bengal and 
Bangladesh mainly through geogenically contaminated drinking water. Among the inorganic arsenicals, trivalent 
arsenic is more toxic than pentavalent forms; liver, spleen, kidneys, lungs and gastro-intestinal tract being their 
major sites of absorption. Although it is rapidly cleared from these sites, it leaves a residue in keratin-rich tissues 
like skin, hair and nails. Inside the cells, trivalent arsenic inhibits critical sulfydryl-containing enzymes resulting 
in hyperkeratosis, hyperpigmentation, exfoliative dermatitis, Blackfoot disease and skin cancer. Curcllmin, with 
a long history of use in traditional Asian medicine, is a powerful antioxidant that can alter gene expression, stop 
cell cycle, and induce self-destruction of cancer cells without affecting healthy ones. It also inhibits cancer cell 
growth by blocking kinase activity. The primary mission of this study was to identify an effective and safe anti
clastogenic and antigenotoxic agent that will facilitate the development of arsenic cytotoxicity-preventive strategies 
and its future application in a clinical setting. In this study, Sodium arsenite (NaAs02) treated Swiss Albino mice 
(MilS mllsculus) showed a significant induction of chromosomal aberrations and spermatozoan anomalies with 
decrease in mitotic index. However, in curcumin-supplemented mice, no significant induction in cytotoxic damage 
or change in mitotic index was recorded. These findings establish the anti-cytotoxic properties of cllrcumin as 
a protective agent against arsenic toxicity. This study inspires us for further investigations with curcumin for 
future clinical trials and raises hopes that curcumin will find application as a novel drug to control arsenic 
toxicity. 

Keywords : Sodium arsenite, mice, chromosomal aberrations, spermatozoan abnormalities, curcumin 

INTRODUCTION 

The long history of arsenic in science, 
medicine and technology has been 
overshadowed by its notoriety as a preferred 
poison in homicides. In modem parlance, 
arsenic is often viewed as being synonymous 
with 'toxic'. Arsenic toxicity in the groundwater 
of southern West Bengal India, and southern 
and eastern parts of Bangladesh, is an alarming 
environmental problem that was first 
recognized about two decades ago. The 
presence of arsenic in the groundwater at 
concentrations that exceed the WHO 
permissible limit of 0.01 mg/l for human 
consumption, was first recorded in West Bengal 

in 1978, and the first case of arsenic poisoning 
was diagnosed in 1983. Within a span of twenty 
years, over 3 to 4 million people in six districts 
in southern West Bengal, which are located to 
the east of the Bhagirathi River, were found to 
be affected by arsenic poisoning in 
groundwater. Several hypotheses have been 
proposed to explain the release of arsenic from 
aquifer material to the groundwater of the 
Ganges delta. These are as follows : 

(a), oxidation of arsenical poisons 

(b) competitive anion exchange of sorbed 
arsenic with phosphate from fertilizer 

(c) reductive dissolution of iron oxy-

• Cytogenetics Laboratory, Department of Zoology, The University of Burdwan, Burdwan 713104, India 
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hydroxides and release of the sorbed arsenic 
into the groundwater. 

The toxicity of arsenic compounds is 
generall y linked to the soluble inorganic 
trivalent forms. The toxicity of pentavalent 
inorganic compounds seems related to the in 
vivo reduction of As(V) to As(llI). Inorganic 
arsenic compounds react with sulfhydryl (-SH) 
groups of cellular proteins, thereby inhibiting 
cellular oxidative processes (pyruvate and 
succinate oxidative pathways). Competition 
with phosphorus in the oxidative 
phosphorylation process is caused by inorganic 
compounds" mainly in the pentavalent form. 
The diffuse toxic process of arsenic poisoning 
causes widespread endothelial cellular toxicity, 
resulting in capillary damage and tissue 
hypoxia precipitating generalized 
vasodilatation and transudation of plasma. 
Gastrointestinal, cardiac, renal, bone marrow, 
central nervous system, and hepatic damage 
may be noted at different stages of arsenic 
poisoning. 

Arsenic has been shown to be genotoxic as 
well as cytotoxic in a wide variety of 
experimental set-ups using animal models and 
biological endpoints. Among the inorganic salts 
of Arsenic, Sodium arsenite (NaAs02) has so 
far been reported to be most toxic. With ~espect 
to induction of Sister Chromatid Exchange 
(SCE), significantly high SCE frequencies were 
shown after arsenite treatment in experiments 
with HPL 250 mice (Gebel et al., 1997; 
Rasmussen and Menzel, 1997) as well as, with 
Syrian Hamster Embryonic, cells. The 
aberrations found in most studies were true 
DNA, breaks (Lee et al., 1985b; 1986a; 1991; 
Beckman et ai., 1977; Dulout et al., 1996; Gurr et 
al., 1993; Jha et ai." 1992; Kochhar et al., 1996; 
Nakamuro and Sayato, 1981; Nordenson et ai, 
1981; 1982; Wieneke and Yagar, 1992). Sodium 
arsenite was shown to produce iDcreased SCE 
in CHO cells and increased chromoso'me 
breakage (Soukup et ai., 1982). Exposed human 
fibroblasts in culture showed a significant 
number of chromosome pulverizations in most 
metaphases (Ochi et ai., 1996). 

Information on the reproductive and 
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developmental toxicity of inorganic arsenic is 
available primarily from studies in animals 
using arsenite and arsenate salts and arsenic 
trioxide. A characteristic pattern of 
malforma tions is produced, and the 
developmental toxicity effects are dependent 
on dose, route, and the day of gestation when 
exposure occurs. Death and growth retardation 
are produced by oral arsenic exposure. Arsenic 
is readily transferred to the fetus and'produces 
developmental toxicity in embryo culture 
(Golub et al., 1998; Minoru, 2002). Sodium 
arsenite administered to mice (Mus musculus) 
via drinking water caused a decrease in the 
absolute and relative testicular weight. A 
decrease in sperm count and sperm motility, 
along with an increase in abnormal sperm, was 
observed in arsenite-exposed mice. A significant 
accumulation of arsenic in testes, epididymis, 
seminal vesicle and prostate gland was 
observed in treated animals (Pan.t et al., 2001; 
2004). 

With respect to all the information and 
reviews on Arsenic toxicity, it was s~n that 
not much work has been done regarding its 
counter mechanism. In the present study, we 
tried to explore the' possibilities of counter 
mechanism of arsenite toxicity by' Curcumitt. 
Turmeric (Curcuma Zanga t.) is a, medicinal 
,plant is a medicinal plant extensively'used ~ 
A yurveda, Unani and Siddha medicine as home ' 
remedy for various diseases (Ammon and Wahl, 
1991; Eigner and Scholz, 1999). Turmeric is used ' 
as a food additive (spice), preservative and 
colouring agent in Asian countries, inchiding' 
China and South-East Asia. It is also considered 
as auspicious and is a parf of religiPits ritUals. 
In old Hindu medicine, it is extensively uSed 
for the treatment of spra~ and swelling caused 
by injury. In r~ent times, traditional Indian 
medicine uses turmeric powder ,for the 
treatment of biliary «;iisorders, anorexia, coryza, 
cough, ,diabetic wounds, hepatic disorders, ' 
rheumatism and sinusitis (Ammon et al., 199~). 

The antioxidant effect of, curcumin was 
·reported as early as 1975 (Sharma, 1976). It ac.ts 
as a scavenger of oxygen free radicals (Ruby et 
ai., 1995; Subra~anian ~t al., 1994). In vitro, 
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curcumin can significantly inhibit the 
generation of reactive oxygen species (ROS) like' 
superoxide anions, H20 2 and nitrite radical 
generation by activated macrophages, which 
play an important role in inflammation. 
Curcumin also lowers the production of ROS 
in vivo Ooe and Lokesh, 1994). Curcumin exerts 
powerful inhibitory effects against H20

2
-

induced DNA damage in human keratinocytes 
and fibroblasts (Phan et al., 2001) and in NG 
108-15 cells (Mahakunakorn et al., 2003). It also 
maintains the activities of antioxidant enzymes 
like superoxide dismutase, catalase and 
glutathione peroxidase (Pulla Reddy and 
Lokesh, 1992). Several studies have been carried 
out where curcumin was successful as an anti
clastogenic, antigenotoxic and anti-mutagenic 
agent (Mukhopadhyay et al., 1998; Shukla et 
al., 2002; Abraham et al., 1993; Araujo et al., 
1999; Antunes et ai, 2000; Subramanian et ai, 
1994; el Hamss et al., 1999). The anti-angiogenic 
(Gururaj et al., 2002; Sharma et ai, 2005), anti
tumour (Anto et ai, 1996; Khar et al., 1999) and 
chemopreventive properties (Campbell and 
Collett, 2005; Singh and Khar, 2006; Joe et al., 
2004; Lin and Lin-Shiau, 2001; Karunagaran et 
al., 2005; Huang et al., 1997; Kawamori et al., 
1999) of curcumin-are being thoroughly 
investigated to elucidate the molecular 
mechanisms behind these pathways. With 
regard to all these studies on curcumin, we were 
curious to investigate if curcumin could prove 
to a successful agent against arsenic-related 
cytotoxicity. 

MATERIALS AND METHODS 

a) Drug schedule 

Outbred male Swiss albino mice (Mus 
musculus) of same age group and weight (25 
gms.) were used as animal model. They were 
kept in animal house for 3 weeks in separate 
cages under controlled condition for 
acclimatization. The mice were injected 
. intraperitonially with 3 separate doses of 
Sodium arsenite @ 1 mg/kg body wt., 3 mg/ 
kg body wt. and 5 mg/kg body wt. respectively 
(in a set of 12 mice for each dose). The mice 
were sacrificed after 24 hours of drug exposure. 

The dose with the highest response was 
followed by 3 doses of curcumin (in DMSO) 
injection (selected after several trials) @ 0.1 mg/ 
kg body wt. Lp., 0.5 mg/kg body wt. i.p. and 
1 mg/kg body wt. i.p. as a counter drug and 
sacrificed after 24 hours of drug exposure. A 
separate batch of mice was maintained as 
solvent control (with DMSO) and control with 
only curcumin. Each experiment was repeated 
5 times. 

b) Experimental Protocol 

Mice (both treated and control series) were 
injected with Colchicine @ 2 mg/kg body wt., 
1 hour 30 minutes prior to sacrifice. Metaphase 
plates were prepared by conventional 
hypotonic-fixative-flame drying protocol 
(Adler, 1984) and the dried slides were stained 
in buffered Giemsa stain (pH .. 6.8). For the 
preparation of sperm head films, Epididymes 
of sacrificed mice were dissected out and the 
teased contents were kept in a mixture of 0.85% 

saline and 0.1% Glucose solutions to prevent 
swelling of spermatozoa. After removal of all 
debris the suspension was sprayed smoothly 
over the slides. Air-dried slides were stained in 
Giemsa (1 : 15 dilution). 

Well spread metaphase plates and sperm 
head films were~scored under the oil immersion 
lens of an Olympus binocular microscope. rhe 
structural and numerical abnormalities of the 
metaphase chromosomes and sperm head 
morphological abnormalities were screened 
with careful examination. S~udent's t-test and 
Chi-square analysis were applied to evaluate 
the level of significance between treated and 
control results. 

RESU'LTS 

Different types of clastogenic manifestations 
were considered as endpoints, for example, 
chromatid gaps, chromatid breaks, 
pulverizations, fusions, fragmentations, etc . 
Morphological abnormalities of sperm head' 
were also scored at different doses. These data 
were compared with that of control mice 
(treated with curcumin and DMSO separately) 
to evaluate the cytotoxic potentiality. The 
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comparison of the pooled data with the control, 
curcumin control and curcumin + arseni te
treated mice helped to indicate the anti
clastogenic potentiality of curcumin. 

About 1200 metaphase plates (400 each for 
3 doses) from arsenite-treated mice were 
meticulously scanned which revealed vadous 
structural and numerical aberrations like 
chromatid gaps, breaks, fragmentations, 
aneuploidy, Robertsonian fusion, Ring 
chromosome, deletion, pulverizations (both 
partial and complete), etc (Table 1). 7.25% 
abnormalities were recorded in the 1st dose 
against a control of only 3.5%, which sharply 
increased to 13.75% for 2nd dose and 27.75% 
for 3rd dose. The mitotic index has also been 
noted to fluctuate drastically during the 
experiment. From a normal value of 4.1, it was 
only 0.75, 0.75 and 0.74 for the 3 doses 
respectively. The variation of mitotic index is a 
good indicator of cytotoxic effect of arsenite. 
The application of curcumin in 3 selected doses 
as a counter to the highest arsenite dose (5 mg/ 
kg body wt.) was seen to be highly effective. 
The first two counter doses @ 0.1 mg/kg body 
wt. and 0.5 mg/kg body wt. were successful to 
check the percentage of aberrations to only 19% 
and 9.75% with a mitotic index of 2.2 and 2.B 
respectively. But with the application of the 3rd 
dose @l mg/kg body wt. i.p. the percentage 
came down sharply to 5.75% almost near the 
control level, 'and the mitotic index was also 
seen to reach an almost normal value of 3.9. 
Application of Student's t-test with the 
occurrence of aberrations showed that they 
were highly significant at 5% level of 
significance (Table 1). A separate control batch 
maintained for Curcumin and only DMSO 
produced no visual or behavioral changes in 
mice and resulted in minor chromosomal 
aberrations of 3.5% and 4.25% respectively. 

Various types of sperm head abnormalities 
were observed with inc:rease in dose of Sodium 
arsenite like slender head, loss of head, round 
head and blunt head. The frequency of 
abnormalities increased to BO/o, 14% and 26% as 
compared to 4% in control series~ but with 
application of curcumin in 3 doses @ 0.1 mg/ 
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kg body wt. i.p., 0.5 mg/kg body wt. i.p. and 
Img/kg body wt. Lp, the abnormalities 
gradually decreased to 160;0, 10% and 60/0 
respectively (Table 2). All the abnormalities 
were proved to be statistically significant at 950/0 
level of significance. 

DISCUSSION 

Arsenic containing drinking water has 
recently posed a worldwide threat, especially 
to the residents of Bangladesh and Eastern 
India, who are regularly suffering from a 
variety of skin and internal organ cancers (Giri 
et al., 2001). The wide human exposure to this 
compound through drinking water causes great 
concern for human health. A worldwide effort 
is going on to check this curse on mankind by 
the use of different novel and beneficial drugs. 
The present study has been carried out with 
the same objective with curcumin as the counter 
drug. In this context, the success of the present 
study has significant implications. 

The study was divided into 2 parts. The 1st 
part dealt with arsenite injection in 3 different 
doses, which reported several clastogenic 
manifestations. The general trend showed that 
the percentage of aberrations increased at the 
rate of about 2 times for each dose, which also 
increases at the same rate, reflecting the 
magnitude of arsenite-assault. The clastogenic 
effects may be explained by the interference with 
spindle fibres and disruption of the mitotic 
spindle (Lee and Huang, 199B; Ramirez et al., 
1997; Yih and Lee, 1999; 2003; Sciandrello et al., 
2002). Consistent with the cellular effect, the in 
vitro microtubule assembly assay showed that 
prior treatment of monomeric tubulin with 
As20 3 markedly inhibits GTP-induced 
polymerization and microtubule formation. 
Arsenic slightly decreases background tubulin 
polymerization in the absence of added GTP. 
These findings suggest that arsenic targets free 
tubulin in a manner similar to colchicines. This 
does not rule out the possibility that arsenic may 
bind to polymerized tubulins and stabilize 
microtubules (Li and Broome, 1999). A major 
target site of arsenic action on tubulin may 
account for the observation that the mitotic-



Table 1. Dose-response relationship in mice with Sodium arsenite and its attenuation by Curcumin on somatic chromosomes. 

Metaphase scored: 400 per dose A C.G. C.B. F R.F. R.C. P Mitotic Total Mean S.D. 
index Aberration (%) 

Control with DMSO 7 2 2 3 0 0 0 4.1 3.5 2 2.516 

Control with Curcumin 4 3 " 5 2 0 0 4.1 4.25 2.42 1.902 

Treated Dose I 1 mg/kg body wt. 12 3 '5 7 2 0 0 0.75 7.25 4.14 4.298 

Treated Dose II 3mg/kg body wt. 25 2 7 10 5 2 4 0.75 13.75 7.85 8.701 

Treated Dose III 5 mg/kg body wt. 35 5 15 21 II 12 10 0.74 27.25 15.5 9.863 

NaAs02 + Cu : 0.1 mg/kg body wt. 29 3 II 15 7 6 5 2.2 19 10.8 8.952 

NaAs02 + Cu: 0.5 mg/kg bc.dy wt. 17 5 5 2 7 0 3 2.8 9.75 5.57 5.533 

NaAs02 + Cu: 1 mg/kg body wt. 7 6 3 5 2 0 0 3.9 5.75 3.28 2.812 

A = Aneuploidy; C.G. = Chromatid gap; C.B. = Chromatid break; F = Fragmentation; R.F. = Robertsonian Fusion; R.C. = Ring Chromosome; 
P = Pulverization; S.D. = Standard Deviation; Cu = Curcumin. 

Table .. 2. Dose-response relationship in mice with Sodium arsenite and its attenuation by Curcumin on sperm headmorphology._ 

Types of Sperm head morphological abnormalities 

\ 

Dose given at Slender head Loss of head Round head Blunt head Total aberrations 
different schedules (0/0) 

Control with DMSO 2 0 I ] 4 

Control with Curcumin I 2 0 2 5 

Treated Dose I : I mg/kg body wt. 2" 3 2 I 8 

Treated Dose II : 3mg/kg body wt. 4 4 2 4 14 

Treated Dose m : 5 mg/kg body wt. 7 5 6 8 26 

NaAs02 + Cu : I mg/kg body wt. 2 I I 2 6 

NaAs02 + Cu : 0.5 mg/kg body wt. 0 4 3 3 10 

NaAs02 + eu : 0.1 mg/kg body wt. 2 6 6 2 16 

Cu = Curcumin 
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arrest of arsenic-treated cells resembles the 
effects of both the tubulin polymerization 
inhibitor and promoter. Because arsenic prevents 
tubulin polymerization but does not 
deploymerize the GTP-stabilized microtubule, 
it is possible that arsenic binds both tubulin 
monomer and polymer and stabilizes them. The 
relatively narrow range of the effective 
concentration of arsenic could be determined 
by the availability of arsenic-binding sites, which 
would depend on the intracellular GTP level. 

Similar observations were recorded in case 
of spermatozoan morphology in response to 
arsenic assault, because Arsenite causes 
significant dose-dependent decreases in the 
accessory sex organ weights, epididymal sperm 
count and plasma concentrations of LH, FSH 
and testosterone with massive degeneration of 
spermatozoa, showing that arsenic has a 
suppressive influence on spermatogenesis in 
mice (Sarkar et al., 2003), leading to various 
types of abnormalities in sperm head 
morphology. 

The molecular mechanisms behind the action 
of inorganic arsenic leading to cancer are thought 
to be very complex. Both hypo- and hyper
methylation of genes (such as oncogenes or 
tumour-suppressor genes), which in tum cause 
abnormality in cell proliferation leading to 
carcinogenesis It was known from previous 
studies that arsenic exposure methylates the 
promoter region of p53 gene. It was further 
evident from the observation that, expression of 
tumour-suppressor gene p53 in different cell 
lines was increased with arsenic and mutation 
in p53 was shown to increase sensitivity to 
arsenic cytotoxicity (Choudhurl et al., 2002; 2005). 

The 2nd part consisted of the counter 
mechanism by Curcumin. In the present study, 
Curcumin was successful to a considerable 
extent in checking the clastogenic effects 
produced by NaAs02• We know that Curcumin 
acts as a potent anti-carcinogenic compound. 
Among various mechanisms, induction of 
apoptosis plays an important role in its anti
carcinogenic effect. It induces apoptosis and 
inhibits cell-cycle progression, both of which 
are instrumental in preventing cancerous cell 
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growth (Chen and Huang, 1998). Curcumilt also 
induces apoptotic cell death by DNA damage 
in huma"n cancer cell lines by acting as 
topoisomerase n poison (Martin Cordero et al., 
2003). In colorectal carcinoma cell line, 
Curcumin delays apoptosis along with the 
arrest of cell cycle at G1 phase (Chen et al., 
1996). Curcumin reduces p53 gene expression, 
which is accompanied with the induction of 
HSP-70 gene through initial depletion of 
intracellular Ca2+. Curcumin produces non
selective inhibition of proliferation in several 
leukemia, nontransformed haematopoetic 
progenitor cells and fibroblast cell lines 
(Gautam et al., 1998). Curcumin also 
downregulates matrix metalloproteinase 
(MMP)-2 and upregulates tissue inhibitor of 
metalloproteinase (TIMP)-l, two common 
effector molecules involved in cell invasion 
(Shao et al., 2002). In the present study, we 
assume that curcumin blocks the 
hypomethylation pathway of arsenic and checks 
its clastogenicity by p53 downregulation. 
Cytotoxicity was also checked by an increased 
antioxidant level, which is brought by 
Curcuminstimulated increase of Glutathione 
level in the body (Sharma et al., 2001). It was 
also noticed that the percentage of both 
chromosomal aberrations and sperm head 
abnormalities lowered down gradually with the 
increase in the dose of curcumin injection. 
However, the amount of arsenic consumed by 
man through drinking water (50 microgram/ 
litre) is far below the range that could produce 
such severe damages like ch~omosomal or 
sperm head abnormalities. We assume that in 
case of man such low cytotoxic manifestations 
can be checked by application of much lower 
doses of Curcumin than what was applied for 
checking Arsenic cytotoxicity in the murine 
system. This study therefore, supports our 
previous notions about arsenic toxicity and 
shows a new direction regarding its future 
treatment for the benefit of mankind. 

CONCLUSION 

The primary mission of this .study was to 
identify an effective and safe anti-clastogenic' 

"and antigenotoxic agent that will Jacilitate the 
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development of arsenic cytotoxicity-preventive 
strategies and its future application in a clinical 
setting. Curcumin is a non-toxic, highly 
promising natural antioxidant compound 
having a wide spectrum of biological functions. 
In this cytotoxicity assay, curcumin was largely 
successful as'a preventive agent against arsenic
clastogenicity. These findings inspire us for 
further investigations with curcumin using 
different experimental set-ups to establish a 
dose-response relationship for clinical trials. We 

expect that curcumin will find application as a 
novel drug in the near future to control the 
assault of arsenic toxicity. 
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ABSTRACT 

Estuarine mud crab, SCtJl/a serrato (Crustacea: Decapoda) e~posed to 1, 2 and 3 ppm of sodium arsenite for 
24,48, 72 and 96 hours in controlled laboratory condition indicated that arsenic as a toxicant causes a modulation 
in nitric oxide (NO) generation by hemocytes. Nitric oxide synthesis by hemocytes before sodium arsenite 
exposure was recorded as 1.96 ± 0.05 tlM/IQ6 cells. Steady and uniform increase of NO generation was recorded 
against 1, 2 and 3 ppm of sodium arsenite for 24, 48, 72 and 96 hour of exposures. Pattern of increase in NO 
generation expressed dose dependence. Highest generation of NO recorded was 18.25 ± 0.25 tlM/IQ6 cells 
against 3 ppm sodium arsenite for 96 hours. Arsenic induced generation of intraimmunocyte NO is indicative 
of a state of immunostimulation in S. serrata. This parameter may be considered as a suitable biomarker of arsenic 
pollution in soil and water of Sundarbans mangrove. 

Key words: Sodium arsenite, Scylla serrata, immunocytes, nitric oxide. 

INTRODUCTION 

Scylla serrata is an economically important 
edible speCies, widely distributed in the 
i~tertidal mud flat of Sunderbans biosphere 
reserve~ of West Bengal and is considered as 
one of the large groups of crab in Sundarbans 
mangrove swamp (Chakraborty, 1986). Heavy 
metals, pesticides and fertilizers are major 
contaminants of the aquatic environment of 
estuarine ecosystem (Rainbow, 1995). Natural 
habitat of estuarine mud crab bears the risk 
environmental threat due to exposure of diverse 
hazardous heavy metals and metalloids 
incl uding arsenic which origina tes from 
chemical weathering, non-ferrous smelters, 
geothermal power plant a~d the earth crust 
(Gomez-Caminero et al., 2001). Arsenic poses a 
threat not only to the ground water but also to 
the surface water of the selected plains of West 
Bengal (Acharyya, 2002). Sublethal exposure of 
arsenic yields acute and chronic toxicity by 
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reducing intra and interspecific competitions. 
Aquatic invertebrates including mud crab elicit 
the immune response by phagocytosis and 
killing of pathogen and parasite by discrete 
populations of immunocytes of blood. In 
poll uted environment, invertebrates are 
protected against foreign invaders by 
immunological system consisting of cellular and 
humoral limbs. Immunocytes are major 
immunoeffector cells of crab, which are 
involved in generating cytotoxic molecules 
capable of degrading the intrahemocyte 
pathogens. Invertebrates are capable of 
producing reactive oxygen intermediates (ROIs) 
upon contact with nonself particulates and 
xenobiotics (Tafalla et al., 2002). Nitric oxide 
(NO) is oxygen intermediate, produced from 
L-arginine by NO-Synthase (NOS), which is 
generated in hemocytes as a cytotoxic factor 
for killing the invading the mIcroorganisms 
(Radomski et al. f 1991). In this present study, 
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we report that hemocytes of S. serrata are able 
to produce NO as measured by its final end 
product nitrite (N02-), which expresses 
antibacterial property. Internal immune 
properties of peroxynitrite (ONOO-) and NO 
are in report (Hahn et al., 2001). Natural habitat 
of S. serrata receives diverse toxins including 
arsenic. Generation of NO was measured 
against different concentrations of sodium 
arsenite exposure in the immunocytes of S. 
serrata. 

MATERIALS AND METHODS 

Adult specimens of S. serrata weighing (70 
± 10 g) were collected from selected habitat of 
district of south 24 Parganas of West Bengal 
and were transported to the laboratory. 
Average length and breadth of the carapace of 
the specimen were 6 ± 0.5 cm and 9 ± 0.5 cm 
respectively. Animals were maintained in 
standard glass aquaria in batches and fed with 
fresh flesh of molluscs. The water was 
replenished 24 hourly and animals were 
acclimatized in laboratory condition for 7 days 
(Heasman and Fielder, 1983) prior to 
experimentation. A 'standard solution of 100 
ppm of sodium arsenite (E. Merck, Germany; 
99% pure; CAS number 7784-46-5) was 
prepared in Borosilicate glass containers using 
arsenic free distilled water. The pH of the 
solution was maintained as 7.4. Two sets of 
experiment were conducted with sodium 
arsenite solution. An acute toxicity bioassay was 
conduc~ed to determine median lethal (LCso) 
value of sodium arsenite for S. serrata by the 
method of Karber's after Ghosh (1984). Safe 
sublethal (LCD) concentration and safe 
application rate (SAR) of sodium arsenite were 
determined by the method of Hart et al. (1948) 
and Basak and Konar (1977). Based on LCso 
values three sublethal concentrations of sodium 
arseni te (1, 2 and 3 ppm) were derived to 
conduct the second (nitric oxide generation) 
experiment. Each of the second experimental 
set (1,2 and 3 ppm) along with control consisted 
of 10 animals of same age and sex in triplicate 
forms. Experiment was carried out for 96 hours 
in static water environment and fresh solutions 
of sodium arsenite were replenished every 24 
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hours. Dead crabs were removed immediately 
from the test medium. Temperature of water 
was maintained between 26°C-30°C. 
Hemolymph was collected aseptically from the 
base of second appendage of the three different 
animals in three different Borosilicate containers 
of same concentration after 24, 48, 72 and 96 
hours using a sterile syringe with a 23-gauge 
needle and was stored in prechilled glass vials 
with anticoagulant. The volume of collected 
blood of each animal did not exceed 1m! (Saha 
and Ray, 2006). Cell viability was estimated 
with 2% trypan blue following the principle of 
dye exclusion. Analyses were carried out with 
cell suspension with greater than 94 % of viable 
cells. Enumeration of viable immunocytes was 
carried out microscopically using an improved 
Neubauer hemocytometer and cell density were 
adjusted by sterile phosphate buffered saline 
(PBS, pH 7.4). Generation of NO in hemocytes 
was assayed spectrophotometrically (CECIL 
spectrophotometer) by Griess reaction (Green 
et al., 1982). This reaction involves measurement 
of nitrite that is one of the primary, stable and 
nonvolatile breakdown products of NO. Griess 
reagent system uses sulphanilamide under 
acidic condition. This system is capable of 
generating nitrite in variety of biological 
matrices including serum and cell suspensions. 
The experiment was repeated for 3 times and 
the data were interpreted by mean ± standard 
deviation and compared in paired Fisher t-test 
at P < 0.001. 

RESULTS 

Median lethal (LCso) concentration for 96 
hours, safe concentration (LCD) and SAR were 
15 ppm, 0.812 ppm and 12.18 ppm respectively. 
Exposure of S. serrata to 1, 2 and 3 ppm of 
sodium arsenite for 24, 48, 72 and 96 hours 
resulted in a dose dependent pattern of increase 
of intrahemocyte NO (Fig. 1). Highest 
concentration of NO were recorded as 8.83 ± 
0.09, 9.75 ± 0.14 and 18.25 ± 0.25 ~M/I06 cells 
against 1, 2 and 3 ppm of sodium arsenite for 
96 hours of exposures respectively (Fig. 1). 
Generation of NO were lowest as 2.11 ± 0.03, 
2.26 ± 0.06 and 2.71 ± 0.07 f,1M/l()6 cells against 
1, 2 and 3 ppm of sodium arsenite for 24 hours 
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Fig. 1. Intraimmunocyte Nitric Oxide generation under exposure of 1, 2 And 3 Ppm of Sodium Arsenite ("'P < 
0.05, •• p < 0.01, ...... p < 0.001, Ns = Not Significant). 

of exposures Pespectively (Fig. 1). Exposures of 
S. serrata to 1,2 and 3 ppm for 48 and 72 hours, 
of span exhibited intermediate generation of 
NO against the control value of 1.96 ± 0.05 J,LMI 
106 cells (Fig. 1). 

DISCUSSION 

The defensive role of reactive n~trogen 
species in invertebrate was investigated by 
many workers (Radomski et al., 1991; Yeh et al., 
2006) in vitro. Immunocytes of invertebrate act 
as chief effector cells which mediate 
immunological response under the exposure of 
parasites and toxins (Ottaviani at al., 1993}~ 

Reactive oxygen intermediates are major 
cytotoxic factor, which is generated, in 
circulating blood cell in diverse physiological 
conditions. In this study, generations of nitric 
oxide were estimated in immunocytes of S. 
serrata under the exposures of 1, 2 and 3 ppm 
of sodium arsenite for diverse spans of 
exposures. Exposure to sodium arsenite 
increased the generation of intraimmunocyte 
nitric oxide for all three concentrations, which 
expressed dose dependent response. However, 
sodium arsenite induced increment of nitric 

oxide is indicative of immunostimulation in S. 
serrata inhabiting in contaminated habitat. 
Natural habitat of the species bears risk of 
contamination by diverse xenobiotics including 
arsenic. Arsenic contamination resulted 
induction of reactive nitrogen species (RNS) in 
the immunocytes, which is suggestive of 
increased capability of immunocytes for 
intracellular killing of pathogen through 
phagocytosis (Holmblad and Soderhall, 1999). 
This adaptive response of immunocytes may 
be considered as c~llular stress under the 
chronic exposure of arsenic in the natural 
habitat of S. serrata. Dose dependent response 
of immunocytes in generation of nitric oxide is 
suggestive of the parameter be considered as 
biomarker of arsenic pollution in Sundarbans 
delta. 
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ABSTRACT 

Tremendous pace of development has taken place in different sectors of aquaculture during last couple of 
decades in order to meet the ever increasing demand of chief protein sources in the form of fishes and other 
aquatic organisms. An investigation was carried out to assess the efficacy of different fertilizers (vermicompost, 
cow dung, inorganic fertilizer and vermicompost in combination with inorganic fertilizer) on the environmental 
quality as well as zooplankton productivity. 15 small-cemented experimental tanks (4' X 4' X 4') were lIsed after 
applying different types of fertilizers (3 were for vermicompost, 3 were for cow dung, 3 were for chemicals, 3 
were for vermicompost in combination with chemical fertilizers and rest three were for control) and 2 natural 
culturabl~ ponds (l acre each) were also treated with vermicompost. After the application of both organic and 
inorganic fertilizers-significant reduction of dissolve oxygen was recorded subsequently (within 24 to 36 hrs). 
Such application also increased COD and nutrients like total nitrogen and phosphate. Organic inputs conSiderably 
decreased water pH and increased in alkalinity, on the other hand inorganic fertilization caused significant 
increase in pH and alkalinity. The cemented aquaculture tanks treated with inorganic fertilizer showed the 
development of algal bloom, which was not developed in visible amount in other treatment tanks. The zooplankton 
communities showed better results in the tanks treated with vermicompost in combination with inorganic fertilizers 
and also in other fertilizer treated tanks. In natural water bOdies, both phytoplankton and zooplankton densities 
were higher in two vermicompost treated ponds than control. 

Keywords: vermicompost, water parameters, zooplankton, fertilizer. 

INTRODUCTION 

It is known that fishes depend directly or 
indirectly on plankton for their food (Boney, 
1983). Therefore, the study of plankton is 
necessary in the production of fish. The 
productivity of any water body is determined 
by the amount of plankton it contains; thus 
plankton is of great importance in aquaculture 
and fisheries. They also play an important role 
in food chains and food webs. The growth of 
zooplankton can be induced by the use of 
fertilizers as it promotes the growth of 
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phytoplankton, the food of several 
zooplanktons. Fertilizers are known to supply 
nutrients required by phytoplankton far 
primary productivity and they have been 
reported to increase fish yield 3-4 times (f\1ases, 
1983; Westly, 1984). The quantity of nutrients 
in a pond plays a major role in determining the 
amount and quality of plankton (Pearson et al., 
1984). Nitrogen was found to be more of a 
limiting factor in pond productivity in the 
tropics compared to temperate regions (Henry 
et al., 1984). In order to develop fresh water 



fisheries and get n1axinlum economical fish 
vield from limited area, it is essential to use 
both orga~1ic and inorganic fertilizers (Kanwal 
ct 01., 2003). Garg and Bhatnagar reported that 
the effects of five (5000, 10000, 15000, 20000, 
and 24000 kg /ha /year) different doses of 
organic fertilizer (co\tvd ung) were studied on 
the pond productivity in terms of plankton 
production and fish biomass in fresh water fish 

ponds. 

The recycling of organic wastes for fish 
culture serves the dual purpose of cleaning the 
environment (by avoiding the problem of waste 
disposal) and provide economic benefits. The 
recycling of animal dung or waste in fish pond 
for natural fish prod,uction is important to 
sustainable aquaculture and to reduce the 
expenditure on costly feed and fertilizer which 
form more than 50% of the total input cost 
(Dhawan and Kaur 2002). Many studies have 
been conducted on the development of fish 
culture technology and the use of organic 
fertilizers in stillwater pond in India 
(Choudhury et al. 1975; Saha et al. 1990; Yadava 
and Garg 1992; Garg and Bhatnagar 1996; Garg 
1996). Few studies have been carried out to 
detennine the fertilizer dosage required in fish 
ponds for optimum pond productivity and fish 
production without adversely affecting pond 
ecology (Hopkins and Cruz 1982; Wolhfarth 
and Hulata 1987; Garg and Bhatnagar 1996). 
Nitrogen, phosphorus and occasionally carbon 
are the limiting nutrients for phytoplankton 
production in natural waters and also in fish 
ponds. Organic manures and inorganic 
fertilizers have been extensively used, either 
alone or in c01nbination, as nutrient sources in 
pond fertilization (Sinha and Saha 1980). 

The productivity of any water body is 
determined by the amount of plankton it 
contains. Thus plankton is of great importance 
in aquaculture and fisheries. Plankton growth 
can be induced by the use of fertilizers. Fertilizer 
(inorganic and organic) application among 
other things has been used to achieve an 
increase in the biological productivity of pond. 
Inorganic fertilizers are more effective than 

organic fertili7ers; more q uan ti ty of organic 
fertilizers is reqUired to fertilize a pond ,,,hen 
compared to inorganic ones (Davies et al., 2006). 
Increased nutrient concentrations produce algal 
bloon1s, which in turn alter concentration of 
nutrients, gasses, pH, and metal ions in water 
(Paul ct al., 2002). 

Cow dung and poultry manures are most 
con1monly used organic Inanures in pond 
aquaculture, often used in combination with 
urea and super phosphate as inorganic nitrogen 
and phosphorus ,sources. The conventional 
dosage followed in the carp culture practice in 
India usually includes 10-20 t/ha/year cow 
dung or 3-4 t/ha/year poultry manure alone 
or in combination with 100 kg/ha urea 
(approximately) and also in combination with 
50 kg/ha super phosphate (approximately) (Das 
et al 2005). The quantity of nutrients in a pond 
plays a major role in determining the amount 
and quality of plankton (Pearson et al 1984). 
The relative availability of nutrients in aquatic 
environment is believed to play an important 
role in the structuring of phytoplanktonic 
community (Henry et al 1984). Over the last 
decade, the organic food sector is being seen as 
one of the most rising ind ustry in the 
international food market. Most of the 
aquaculturists apply cattle dung as organic and 
super phosphate and urea as chemical fertilizers 
for enriching cultures with nutrients like 
phosphate and nitrate (Diwan and Ayyappan, 
2004). 

Although a lot of research works have been 
done on the utilization of animal manure, in 
fish culture ponds, particularly farmyard 
manure, poultry droppings, cowdung and 
biogas slurry which are suitable substitutes for 
costly feeds and fertilizers (Schroeder, 1980, 
Dhawn and Toor 1989), there are few reports 
on the application of pig dung (Sharma 1988). 
The present research work was conducted to 
assess the changes of physicochemical 
parameters of water as well as zooplankton 
production after the application of 
vermicompost and other fertilizers in 
experimental cemented tanks and in fresh water 
ponds. 
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MATERIALS AND METHODS 

Selection of study sites 

Two fertilizer treat~d fresh water ponds 
measuring of 1 acre each were selected. One 
pond is situated in Keshpur (study site-2) block 
(87°30' 22°35') and other is located at Gopegatli" " 
village (study site-3) (87°20' and 22°25'), near 
Vidyasagar University Campus (Fig. 1). One 
pond was kept as control (study site-I) and it 
was located very near to the fertilizer treated 
pond of Gopegarh village. Besides, 15 cemented 
experimental tanks each measti~ing of 4' x4' x4' 
at University campus were also utilized for 
fertilizer treatment, and also to assess different 
ecological parameters of water as well as 
biological parameters. Among IS-cemented 
tanks, 3 were for vermicompost (T2), 3 were for 
chemicals (T3), 3 were for cowdung (T4), 3 were 
for vermicompost in combination with chemical 
fertilizers (T 5) and rest 3 tanks were kept as 
control tank (Tl ). 

Standardization of dose 

To study the impact of different fertilizers 
on changes of physicochemical parameters as 
well as zooplankton production, different doses 
of both organic and inorganic fertilizers were 
applied. Before the. introduction of 
vermicompost as fertilizer, only nitrogen 
content of vermicompost was estimated. 
Amount of nitrogen present in vermicompost 
was considered as standard and on this basis,· 
the dose of other fertiliz~rs were determined 
and applied (Table-I). Vermicompost was 
applied at the rate of 10 t/ha/year both in 

experimental tanks as well as in natural ponds. 
Other fertilizers such as cow dung (at the rate 
of 15 t/ha/year), inorganic fertilizers (at the 
rate of 360 kg/ha/year of urea and 290 kg/ 
ha/year of single super phosphate) and 
vermicompost in combination with inorganic 
fertilizers (5' t/ha/year of vermicompost + 180 
kg/ha/year urea +145 kg/ha/year single super 
phosphate) in the experimental tanks at 
University Campus were applied. 50% of these 
~esirable doses were applied during early of 
March, 2006 as first dose and the rest 50% were 
applied in the month of September, 2006 just 
after six months of first dose. 

Monitoring of physicochemical parameters of 
"(vater 

Monthly samplings of different fertilizer 
treated water tanks have been made from 15 
cemented tanks and also from natural fresh 
water fertilizer treated as well as control ponds. 
The water samples have been analyzed for 
estimating different'· physicochemical 
parameters [Temperature, Transparency, pH, 
Alkalinity,' Conductivity, Dissolved Oxygen 
(DO), Biological Oxygen Demand (BOD), 
Chemical Oxygen Demand (COD), Total 
Kjeldahl Nitrogen (TKN), Total Phosphate 
Phosphorus (TPP),] of water following standard 
methods (APHA, 2005; FAD, 1976; Trivedy and 
Goel,1984) and with the help of water quality 
checker (TOA, model No-WQC22A, Japan). 

~ 

Sampling, ~ollection, Identification and, 
Quantification of Zooplankton 

The zooplankton samples were collected at 
monthly intervals (Sharma, 2001)' after the 

Table-I. Nutrient status of vermicompost and cow dung. 

Parameters Nutrient status of Nutrient status of cow 

i 
Vermicompost dung, 

pH 7.2 7.2 

Organic carbon (0/0) 15.4 39.4 

Total Kjeldahl Nitrogen (%) 1.65 1.1 

Total Potassium (0/0) 1.2 2 

Total Phosphorous (%) 0.92 0.42 

C/N ratio (0/0) 11.24 35.82 
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Fig. 1. Map showing the location of study area. 

application of vermicompost in selected ponds. 
Different types of fertilizers as mentioned above 
were also applied in cemented tanks and the 
zooplankton samples were also collected from 
those treated tanks and also from tanks kept as 
control. Zooplankton samples were collected by 
filtering 100 liters of water through the bolting 
nylon cloth (NO.-25, mesh size -54J..1) and were 
preserved in 5% buffered formalin (APHA, 
2005). The zooplankton species were identified 
following Michael and Sharma 1988; Sharma 
2001; Needham and Needham 1962; Edmondson 
1959; Reddy 1994; and Battish 1992. "Sedgwick 
Rafter Counting Cell" was used for enumerating 
monthly population denSity (No./L). 

RESULTS AND DISCUSSION 

Physico-chelnical characteristics of pond lvater 

Application of different fertilizers 
(vermicompost, cow dung, urea and single 

super phosphate) in different selected natural 
water bodies (study site-I, study site-2 and 
study site-3) as well as in cemented 
experimental water tanks (TI , T2, T3, T4 and Ts) 
have triggered a series of changes of 
physicochemical and biological parameters. 
Such changes are in accordance with changing 
envirorllnental conditions of different months. 
The minimum Dissolved Oxygen (3.8 mg/l) 
was observed in the cemented experimental 
tanks (T 2) treated with vermicompost in May, 
2006 and the maximum (9.6 mg/I) was 
observed in August, 2006 in cemented control 
tanks (T I ). In natural fresh \-'v-ater bodies, 
minimum Dissolved Oxygen (4.6 mg/l) was 
observed in May, 2006 in pond treated with 
vermicompost (study site-3) and that of 
maximum (9.39 lng/I) was observed in June, 
2006 in control pond (study site-I). These results 
showed that Dissolved Oxygen was decreased 
after the application of fertilizers and such 
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results were in tune with the findings of Garg 
and Bhatnagar, 1999. Dissolved oxygen (DO) 
being a major ecological parameter imparts 
significant role on respiration of different biotic 
organisms. It controls directly or indirectly 
many limnological parameters of aquatic 
ecosystem, and determines the occurrence and 
abundance of rotifer communities (Dhanapathi 
2000). Hofmann (1977) determined oxygen 
concentration as to be an important factor in 
determining seasonal, horizontal and vertical 
variations of rotifers. Total Kjeldahl Nitrogen 
(TKN) was maximum (5.26 mg/I) in March, 
2006 in experimental cemented tanks (T 5) 
treated with vermicompost in combination with 
inorganic fertilizers and that of minimum (1.06 
mg/I) was in September, 2006 in cemented 
experimental control tanks (TI ). In natural fresh 
water bodies, maximum Total Kjeldhal 
Nitrogen (4.6 mg!l) was recorded in pond 
treated with vermicompost (study, site-2) in 
March, 2006 and that of minimum (1.28 mg/l) 
was observed in February, 2007 at the same 
study site. Total phosphate phosphorus (TPP) 
was maximum (4.83 mg/I) in the month of 
October, 2006 in chemical fertilizer treated 
cemented experimental tanks (T3) and that of 
minimum (0.56 mg/I) was observed in the 
month of July, 2006 in cemented experimental 
control tanks (T 1)' In natural fresh water bodies, 
minimum total phosphate phosphorus (0.13 
mg/l) was recorded in the month of January, 
2007 in control pond (study site-I) and that of 
maximum (2.38 mg/I) was observed in 
vermicompost treated pond (study site-2) in 
April, 2006. In natural fresh water bodies, pH 
showed highest value (9.6) in vermicompost 
treated pond (study site-3) in Novemb~r, 2006 
and lowest value (5.4) of pH was recorded in 
September and October, 2006 in control pond 
(study site-I). Maximum pH (9.6) was observed 
in the month of December, 2006 in 
vermicompost in combination with inorganic 
fertilizer treated cemented experimental tanks 
(Ts) and minimum (6.2) value of pH was 
observed in the month of March, 2006 in 
cemented experimental control t"nks (T t ). 

Alkalinity was maximum (225 mg/I) in the 
month of January, 2007 in a tank t.reated with 

vermicompost in combination with inorganic 
fertilizers (Ts) and minimum alkalinity (70 mg/ 
1) was recorded for several months in cemented 
control tanks (Tt ). In natural freshwater pond, 
alkalinity was maximum (155 mg/l) in the 
.month of September, 2006 in vermicompost 
treated pond (study site-3) and alkalinity 
registered minimum value (65 mg/I) for several 
months in control pond (Study site-I). Highest 
Biological Oxygen Demand (4.62 mg/I) was 
recorded in the month of February, 2007 in 
experimental cemented tank (T s) treated with 
vermicompost in combination with inorganic 
fertilizers and that of lowest value (1.96 mg/I) 
was recorded in the month of June" 2006 in 
chemical fertilizer treated cemented 
experimental tanks (T3). In natural freshwater 
bodies, maximum Biological Oxygen Demand 
(3.63 mg/l) was estimated in May, 2006 in pond 
treated with vermicompost (study site-2) and 
that of minimum (1.22 mg/I) was recorded in 
May, 2006 in vermicompost treated pond (study 
site-3). In natural freshwater bodies, chemical 
oxygen demand was maximum (143 mg/I) in 
the month of December, 2006 in the pond 
treated with vermicompost (study site-3) and 
minimum value (37 mg/I) was recorded in 
February, 2006 in control pond (study site-I). 
In experimental cemented tanks, maximum 
chemical oxygen demand (178 mg/I) was 
observed in cow dung trea ted tanks (T 4) in 
January, 2007 and minimum value (42 mg/I) 
was observed in control tanks (T1) in October, 
2006. Temperature did not display any 
Significant variation with the application of 
fertilizers (Table-2). 

Zooplankton Production 

Rotifera, Copepoda and Cladocera 
represented the zooplankton community of all 
the studied freshwater bodies whether treated 
or nontreated with fertilizers. Besides, some 
other faunal groups like ostracoda, protozoa, 
nematoda and juvenile stages of some 
crustaceans marked their scanty appearance. 
Rotifera were most abundant zooplanktonic 
group followed by Copepoda and Cladocera in 
cemented aquaculture tanks as well as in 
natural freshwater ponds treated ''''ith 



Table-2. 'Changes of different physico-chemical and biological parameters of water after being treated with different fertilisers during the 
study period (Mean ±S.E., Range) 

TEMP pH DO BOD COD ALKA TKN TPP ROTI COPE CLADO Olhers 

Site-l 24.6 ± 1.40 8.6 ± 0.18 5.8 ± 0.19 2.2 ± 0.16 132.9± 3.15 137.5 ± 3.05 3.2 ± 0.19 , 1.2 ± 0.09 38.40± 5.84 49.61± 1.81 14.38± 1.50 4.06:1: 0.46 

19.0-34.0 7.8-9.6 4.6-6.8 1.2-3.4 115.0-146.0 120.0-155.0 2.2-4.6 0.8 -1.8 12.30- 69.32 37.46- 57.47 7.82- 23.17 2.13- 7.24 

Site-2 24.88 ± 1.19 7.33 ± 0.20 7.68 ± 0.32 2.42± 0.22 45.58± 1.72 71.67 ± 1.88 2.26 ± 0.08 0.39 % 0.13 340.25± 27.56 304.61± 24.55 63.32± 8.22 8.58± 0.84 
18.00-30.50 6.40-8.30 6.20-9.39 1.29-3.60 37.00-56.00 65.00-85.00 1.86-2.86 0.12-1.75 134.50- 469.34 198.25- 472.25 23.31- 132.23 4.25- 13.12 

Site-3 24.9 ± 1.47 7.9 ± 0.14 5.8± 0.15 3.0± 0.11 124.6± 3.77 127.1 ± 4.01 2.9 ± 0.27 1.7 ± 0.17 454.32± 32.61 156.70± 13.48 68.15± 7.45 11.42± 1.71 
19.0-34.0 7.2-8.6 4.8-6.4 2.4-3.6 107.0-1460 110.0-145.0 1.3-4.7 0.4 -2.4 243.05- 598.62 102.35- 246.35 36.82- 127.23 4.23- 24.25 

Tank-l 24.88 ± 1.26 6.93 ± 0.14 7.76± 0.33 3.15± 0.25 49.17± 1.57 76.67 ± 1.55 1.38 ± 0.06 0.83 ± 0.05 10.29 ± 1.23 24.58 ± 1.69 12.77 ± 1.75 4.93±0.73 
18.50-31.50 6.20-7.60 6.40-9.60 1.96-4.40 42.00-56.00 70.00-85.00 1.06-1.82 0.56 -1.06 4.46-17.24 17.28 -39.21 6.00 -24.23 2.14 -11.20 

Tank-2 25.29 ± 1.31 8.18 ± 0.17 5.58 ± 0.30 3.08± 0.10 145.75± 2.61 150.00 ± 3.14 3.26 ± 0.19 1.94 ± 0.12 308.07 ± 34.17 288.81 ± 37.m 153.98 ± 17.33 1.62±1.30 
18.50-32.00 7.30-9.40 3.80-7.40 2.64-3.62 132.00-161.00 135.00-165.0 2.164.34 1.24 -2.60 16.60 -432.24 27.31 -534.27 9.00-246.32 3.40 -19.24 

Tank-3 24.54 ± 1.27 7.88 ± 0.20 7.59 ± 0.29 3.15± 0.25 163.08± 2.71 159.58 ± 1.68 3.19 ± 0.25 2.84 ± 0.18 220.94 ± 28.54 136.40% 10.49 116.94 ± 10.91 10.99±1.10 
18.50-31.00 6.80-9.20 6.40-9.60 1.96-4.40 147.00-178.00 150.00-170.0 2.40-4.80 1.86 -4.38 46.32 -437.31 34.30 -174.23 17.30 -162.34 6.25 -16.52 

Tank-4 24.54 ± 1.27 7.64 % 0.13 6.46 % 0.34 2.92% 0.14 137.92± 11.6/ 148.33 ± 2.71 3.18 ± 0.16 1.28 ± 0.04 327.11 ± 36.24 135.57 ± 11.24 126.20 ± 14.41 11.78 ± 1.08 
18.50-31.00 6.80-8.40 4.21-8.20 2.02-3.68 38.00-172.00 135.00-165.0 2.46 -4.02 1.08 -1.48 46.61 - 542.31 24.32 -174.23 12.30 -183.24 6.25 -18.25 

Tank-5 24.54 ± 127 8.05 ± 0.21 6.51 ± 0.46 3.06 ± 0.22 146.08 ± 9.6~ 175.00 ± 7.46 3.64 ± 0.28 2.65 ± 0.10 327.66 ± 40.71 143.65 ± 16.32 78.65 ± 12.01 12.77 ± 1.22 
18.50-31.00 7.24-9.60 3.98-8.60 2.18-4.62 46.00-178.00 145.00-225.0 2.46-5.26 2.08 -3.42 64.23 -587.30 42.40 -248.36 21.40 -142.37 7.42 -18.36 

Site-l = Gopegarh Control Pond., Site-2 = Keshpur (vermicompost treated pond), Site-3 :; Gopegarh (vermicompost treated pond), 
Tank-l = Control, Tank-2 = vermicompost treated, Tank-3 = chemical fertilizer treated, Tank-4 = cowdung treated, Tank-5 = vermicompost in combination with 
hemical . fertilizer. 
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Table-3. Multiple Correlation analysis between different physico-chemical and biological parameters ~ 
~ 
'"'t 
~ --. .... 

Temp pH DO BOD COD Alka TKN TPP Roti Cope Clado Others "'t 

Temp 1.000 
~ 
s::.... :::;. 
'J) 

pH -0.145 1.000 ..Q.. 

DO -0.204 -0.349 1.000 :::: 
~ -

BOD -0.256 -0.005 0.087 1.000 
~ 

--:? 

COD -0.006 0.491 * -0.363 0.045 1.000 ~ 
~ 

ALKA -0.016 0.5~** -0.302 0.128 0.848** 1.000 ~ 
~ 
""'! 

TKN 0.229 0.315 -0.463* 0.0003 0.634** 0.591 ** 1.000 ~ 
0.311 0.691 ** 0.565** 1.000 

~ 
TPP 0.099 0.274 -0.154 0.666** ~ 

'J) 

Roti -0.031 0.509** -0.597** -0.037 0.593** 0.606** 0.449* 0.346 1.000 

Cope -0.180 0.365 -0.425* 0.106 0.467* 0.423* 0.214 0.299 0.594** 1.000 

Clado -0.126 0.319 -0.314 0.099 0.592** 0.611 ** 0.284 0.430* 0.586** 0.611 ** 1.000 

Others -0.114 0.333 -0.155 0.052 0.522** 0.594** 0.304 0.355 0.550** 0.361 0.504** 1.000 

.* CorrelJtion is __ ignificant at the 0.011e\ el (2- tailed) 

,. Cdrrelation l~ significant at the 0.05 le\'el (2- tailed) 
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vermicompost (study sites-2 and 3). The 
maximum density (1053 no/I) of zooplankton 
was observed in the tanks treated with 
vermicompost in combination with inorganic 
fertilizers (T3) in November, 2007 and that of 
minimum (43.66 no/I) was observed in 
cemented control tank (Tt ) in October, 2006. In 
natural water bodies, maximum density of 
zooplankton (940.1 no/I) was noted in 
November, 2006 at study site-3 whereas that of 
minimum abundance of zooplankton (65.2 no / 
1) was recorded in July, 2006 in control pond 
(study site-I). A total of 15 species of rotifera, 
5 species of copepoda and 5 cladoceran species 
constituted the zooplankton community 
(Table-4). 

A multiple correlation (Table-3) analysis 
revealed highly significant interrelationship 
among different variables. Dissolved oxygen 
(D.O.) was found to show significant negative 
correlation with total Kjeldhal nitrogen, rotifer 
and copepoda population (Fig-2). pH displayed 
significant positive correlation with alkalinity 
(Fig-3) and rotifer population. Chemical Oxygen 
Demand (COD) enjoyed significant positive 
correlation with alkalinity, total Kjeldhal 
nitrogen, total phosphate phosphorus, rotifer, 
copepoda and cladoceran population. Alkalinity 
revealed significant positive correlation with 
total Kjeldhal nitrogen, total phosphate 
phosphorus, rotifer, copepoda and cladoceran 
population. Total Kjeldhal nitrogen displayed 
significant positive correlation with total 
phosphate phosphorus and rotifer population. 
Total phosphate phosphorus showed significant 
positive correlation with cladocera population. 
Rotifera population expressed significant 
positive correlation with copepoda and 
cladocera population. Copepoda enjoyed 
significant positive correlation with cladocera 
population. Temperature and BOD did not 
reveal any significant correlation with 
physicochemical and biological parameters of 
water. 

In this context, it can be concluded that the 
application of chemical fertilizers along with 
vermicompost showed better results with 

Zoological Restarcll ill HUlllan Welfo" 

regard to the enhancement of nutrients which 
in turn lead to the higher production of 
zooplankton. However, in vermicompost 
treated ponds (study sites-2 and 3) it was 
observed that increase in the rotifer population 
was more pronounced just after the application 
of vermicompost than other zooplankton 
community. 

Table-4. Zooplankton species observed from 
different study sites during the study 
period 

Rotifera Species 
Family ASPLANCHNIDAE 

1. Asplanchna priodonta Gosse, 1850 
Family BRACHIONIDAE 

2. Brachionus angrtlaris GOS5t, 1851 
3. B.bidentata bidentata Anderson, 1889 
4. B.calycijlorlls f.anuraeiformis (Brehm,I909) 
5. Bfalcatlls ZIIchnrias, 1893 
6. B. patltlllS patuilis Muller,1776 
7. B. qlladridentatlls q,urdridentatus Hermann, 1783 
8. B. ruhens Ehrenberg,1838 
9. Keratella cochlearis (GOS5t, 1851) 

10. Keratella tropica Apstein, 1907 
Family LECANIDAE 

11. Lecane (L) Irma IlIna (MIlllar,1773) 
12. L. (L) pap"ana (Murray,1913) 
13. LecanrlMonostyla)blllla (Gosse,1851) 

Family FILINIDAE 
14. Filinia longiseta (Ehrenberg,1834) 
15. F. terminalis (Plate,l886) 

Cladocera Species 
Family ALONINAE 

1. Alona sp. 
Family BOSMINIDAE 

2. Bosmina sp. 
FamilyDAPHNIDAE 

3. Daphnia lumholtzi 
Family MACROfHRICIDAE 

4. Macrothrix sp. 
Family MOINIDAE 

5. Moina micntra 
Copepoda Species 

Family DIAPTOMIDAE 
1. Heliodiaptomlls vidulls 

Family CYCLOPIDAE 
2. Ellcyclops sp. 
3. Mesot'Yciops sp. 
4. Microcyclops varicans 
5. Nauplius lravae 

Others 
Zooplankton Includes -protozoa, ostracoda, nematodes 
and crustacean larvae 
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Fl .. 2. Relationships between abundance of Rotifer, Copepod and Cladocera with dissolved oxygen of water. 
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FIRST REPORT OF AN UNUSUAL AND UNIQUE ASSOCIATION OF 
INSECf-MITE-FUNGI WITHIN GALL-LIKE OUTGROWTHS ON AN 

IMPORTANT MEDICINAL AND TIMBER YIELDING PLANT, 
SAMANEA SAMAN (JACQ.) MERRILL. J. WASH. (FAM. MIMOSACEAE) 

IN SUNDARBANS REGION OF WEST BENGAL 

I. CHA TIERJEE"', S.K. GUPTA and K.R. NASKAR"'''' 

Medicinal Plant Unit, Ramakrishna Mission Asirrama, NarendrapIlr, Kolkata-700103 

ABSTRACT 

The present paper reports for the first time in the world the occurrence of an unusual and unique as..~iation 
of insect-mite and fungi with gall-like irregular outgrowths, on the twigs of an important medicinal and timber 
yielding plant, viz. Samanea saman Oacq.) Merr. J. Wash. (Fam. Mimosaceae), at Kakdwip area under Sundarbans 
Biosphere Reserve during November 2006 to February 2007. Those outgrowths appeared to be whitish in the 
beginning but later turned reddish brown and got covered with cottony fuzz-like material. The infested twigs 
dried up and defoliated. The gall-like outgrowths when crushed between fingers yielded blood-red stain. Though 
the matured galls had no insect or any other organism within it, the dusty material, formed by crushing of gall
like outgrowths, when mounted (in Heinze's medium) and examined under microscope revealed the occurrence 
of one scale insect [Dactylopirts indicus (?», the role of which in causing formation of gall-like outgrowth is 
unknown. The infested twig also harboured 3 species of fungi, l1;Z. Erysiphe sp., Fusarium sp. and Bipolaris sp., 
which might have grown on the twig due to secretion of honeydew by the insect. Further, the fungal growth 
invited 2 species of fungal feeding mites, viz. Tyropltaglls plltrescentiae (Schrank) and Acarlls siro Linn. which in 
tum, invited one predatory mite, Clteyletlls malaccensis Oudemans, which fed upon the former two mite species. 
From this preliminary investigation, it is rather difficult to throw any light as to the role of the individual species 
in causing gall-like outgrowths on the twigs and hence detailed in-depth study is needed for drawing further 
inference. Nevertheless, this .sort of association appears to be indeed unique and interdependable and is reported 
here for the first time in the world. 

Keywords: Samanefl snman, Mimosaceae, Insect-mite-fungi, Fungal-feeding mite, Predator mite, Coccid, Gall, 

new report 

INTRODUCTION 

Samanea saman (Jaq.) Merr. J. Wash., 
belonging to the Family Mimosaceae is widely 
distributed in the Tropics and is used as a 
medicinal plant in Venezuela as root decoction 
in hot bath for stomach cancer. The other 
traditional uses of different parts of this plant 

include its use in cold, headache, intestinal 
ailments, stomachache, diarrhoea, sore. throat, 
etc. Besides, it is renowned for being a source 
of timber that can be further utilized to make 
furniture (Prain, 1903: Naskar, 1993). It also 
serves as a source of fodder, beverage, etc. In 
Thailand, this tree is used as food source of lac 
insect. Most of the uses of this plant are evident 

• Sundarban Biosphere Resource Information Centre, Aranya Bhawan, Salt Lake, Kolkata-700098 
email: ishani02@rediffmail.com 

•• Central Inland Fisheries Research Station, CG()'Complex, 2nd Floor, C-Wing, DF Block, Salt Lake, Kolkata-700064 
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fronl outside India. Ho\vever, vvithin India, its 
uses are not that popular in spite of its 
abundance. 

Recently, the first author, while surveying 
the medicinal plants in the 5undarbans region, 
observed in Bhubannagar village of Kakdwip 
(35 km south of Kolkata), 24 Pgs. (5), few trees 
of Sa11lanea samail bearing heavy gall-like 
swellings and encrustations on its uppermost 
branches [Fig.l]. Those were whitish in the 
beginning and covered with white cottony fuzz
like material but later turned brown [Fig.2]. 
Unlike the fresh healthy twigs, the infested 
twigs were seen to be drying up slowly and 
eventually were defoliated. The leaflets on the 
infested twigs ultimately turned blackish and 
were covered with black powdery mass [Fig.3]. 
Besides the twigs and leaflets of Samanea saman, 
leaves of other shrubs and trees, viz. Hibisclls 
rosa-sinensis (China rose), Tamarindlls indica L. 
(Tamarind), Azadiradlta indica A.Juss. ( Neem), 
Cocos nllcifera L. (Coconut) and Phoenix 
dactylifera (Date palm) growing in its vicinity, 
showed such similar blackening. The gall-like 
outgrowths in Samallea smnan when crushed 
between fingers yielded a blood red stain 
having long term retentivity. This type of 
infestation was seen during summer month 
when there was extreme humidity and it 
continued till monsoon, post monsoon and early 
winter. Enquiry with the local residents 
revealed that son1e outside agencies were 
looking for such infested twigs with the 
intention of selling those at a high price though 
the purpose for which those were used were 
not known to them. 

So, in order to detect, identify the ca use of 
the gall-like outgrowth formations and 
determine the reason for their exploitation, such 
infested twigs were collected and brought to 
the laboratory for further examination. 

MATERIAL AND METHODS 

The infected twigs, when examined under 
stereobinocular microscope revealed no insect 
or other organism within the matured galls. 
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But the dust-like substances accumulated in the 
polythene bags where the herbarium sheets of 
the infested twigs were kept, when examined 
after mounting in Heinze's medium revealed a 
complex association of insect, mite and fungi. 
The insects were light brownish but after 
mounting in the mounting medium turned 
bright scarlet brown. The black powdery 
substance on the leaflets of Snmmlea samml as 
well as on leaves of the other plants as 
mentioned above were cultured in a standard 
media to detect the presence of any fungus. 

RESULT 

The insect species which has been found 
abundantly belonged to the soft scale insect 
Dactylopills indiclls (?) (Dactylopiidae : 
Coccoidea) [Fig. 4]. Besides the insect, there 
were 3 species of fungi which had grown on 
the infested twigs namely Erysiphe sp. 
(Erysiphaceae), Fusarium sp. (Hypocreaceae) 
and Bipolaris sp. (Pleosporaceae). It is known 
that Erysip/ze sp. is the pathogen causing 
Powdery Mildew disease in many agricultural 
crops. In addition to insect and fungi, there 
were 3 species of mites namely, Tyropl1flglls 
p"trescentiae (Schrank) [Fig.5] and Acarus siro 
Linn.{Acaridae: Astigmata: Acari) [Fig.6] and 
the predatory mite, elzeyletlls malaccellsis 
Oudemans (Acari: Prostigmata: Cheyletidae). 

DISCUSSION 

The role of the insect-Dactylopills indiclis (?), 
if any, in causing the symptoms as described is 
not known with certainty. In the initial stage, 
the white color on twigs is due to the presence 
of a scale insect. The secretion of honey dew 
by the insect has invited some fungal growth. 
The mites associated with the insects include 
TyropJzagus putrescentiae (Shrank) and AcarliS siro 
Linn. both of which are fungal feeders and 
probably feed on the fungi grown on the 
infected twigs and leaflets. The predatory mite, 
Clleyletlis malaccensis Oudemans undoutedly fed 
on the fungal feeding mites. The above 
observation therefore reveals that the gall-like 
forma tions on the twigs and the honey dew 
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Fig. 1. Gan-like outgrowths on uppermost branches of Samanea saman 

Fig. 2. Early and matured stages of gall-like outgrowths 

Fig. 3. Black powdery mass on leaflets of Sam(mea 5afmm 
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Fig. 4. Dactylopius indicus (?) as seen under Microscope 

F ,g. 5. Tyr,ophagu5 put~esce.ntiaeas seen uude,r Microscope 

Fig. 6, Acarus siro as seen under Microscope 
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secreted on those by the insect provided a 
unique microecological niche comprising of 
insects-mites-fungi showing interdependence 
among then:tselves. 

On enquiry with the village folk of the area. 
of collection, it was learnt that the outsiders 
scrapped out the gall-like structure from this 
tree and sold them at high prices at Purulia 
and other districts. However, the purpose for 
which those were used was not known to them. 
The gall-like outgrowths along with the insect, 
on pressing, yielded a blood red pigment. The 
insect has been known in different parts of the 
world for being a source of traditional dye used 
as a food colourant, in textiles and in cosmetics. 
So, study is under progress to find out its 
potentiality in yielding dyes. 

As far as the authors are aware of, such types 
of association of insect-mite-fungi on Sarnanea 
sarnan has not been reported earlier from any 

part of the world and nor the mentioned 
organisms have been reported on Sarnanea 
sarnan (Table. 1 ). Hence this association is not 
only novel and unusual but also unique. 
However, from this preliminary observation the 
role of each of the organism is not very clear 
and therefore needs further in-depth 
investigation to draw any meaningful and 
acceptable conclusion as to the nature of 
association and its role in formation of galls/ 
encrustations on the twigs. 
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ABSTRACT 

Assam is the principal and unique state of North-East region of India, where 98% muga or golden yellow 
silk is produced. Muga silkworm, Antheraea assamensis Ww., is an important silkworm in sericulture due to its 
endemism and economic value. However, the production of this silk is less and around 40% loss is due to its 
infection with various diseases. It is estimated that 20-30 % crop loss is attributed to outbreak of pebrine disease 
only and sometimes it leads to total crop failure. The prevalence of pebrine disease will be higher due to its 
pathogenic activity through cross-transmission, where Nosema spp. (Protozoa:Microsporida) h,1I"[" luring in one 
type of silk worm infect to other type of silkworm. So, the pathogen has a role for further d.lm.1ge of sericulture 
industry due to its cumulative effect through cross-infectivity. Unlike domesticated mulbl'rry clOd eri silkworm, 
eradication of pebrine disease in muga silkworm is very difficult, as it is reared outdoor. 

Nosema assamensis Chakrabarti and Manna, 2006, caused pebrine disease in muga silkworm, Antheraea assamensis 
Ww. Besides N.bombycis Nageli of Bombyx mor; L., N.ricini Chakrabarti and Manna, 2006 of Pllilosnmia ricini 
8oisd., Nosema my/itta Chakrabarti and Manna, 2006 of Antheraea my/itta Oruary all are virulent microsporidian 
parasite cross-infected and were able to produce pebrine disease in muga silkworm. In addition, these four 
pathogens were transovarially transmitted in muga silkworm. Average larval mortality % was recorded higher 
(81.67 - 99.1 ']0/0) in all cross-infected batches than infected control (73.67%) in different seasons. However, 
multiplication of pathogen is higher in infected control (1.70 x 106 spore/ml.) than all cross-infected batches 
(1.85 - 8.12 x lOS spore/mI.), when higher doses of above pathogens (1.52 x 108 spore/mI.) were inoculated in 
early stages. 

On the basis of this study, risky zones are identified in Assam and West Bengal for muga cultu.re to check 
the cumulative effect of cross-infectivity, which is becoming necessary nowadays for any state as well as 
extinction of muga silkworms particularly, as it is reared primarily in Assam c:'nd extends in the Cochbehar 
district of West Bengal, India. 

Keywords: Pebrine disease, Silkworm, Nosema, Cross-infection, pathogen 

INTRODUCTION 

Assam is the principal and unique state of 
North-East region of India with·a geographical 
area of 78,523 sq. km, lies between 24°-25° N 
latitude and 89.52°-96°E longitude, of which 
77 % in hills altitude varying 97-500 mt. Upper 

Assam constitutes mostly hilly areas whereas 
lower Assam is mainly plains. The districts of 
Nowgaon, Shibsagar, Jorhat, Lakhimpur, 
Dibrugarh, Tinsukia, Golaghat, Digboi etc are 
included in upper Assam encircled by 
Arunachal Pradesh and Nagaland whereas the 
districts Dhubri, Goalpara, Kamrup, Darang, 



Kakhar and Mikir hills, Kokrajhar etc are 
inel uded in lower Assam encircled by Bhutan, 
West Bengal, Meghalaya, Tripura, Mizoram and 
Manipur. Average rainfall is very high (1800-
2200 mm) in this state spreading from 
February-October. Ra:nfall in upper Assam, 395 
mm in rainy season than in lower Assam (200 
mm). Due to these ideal geographical, 
ecological, meteorological advantages, this state 
is rich in natural floral and faunal wealth 
including four varieties of sericigenous insects 
viz, muga, eri, tasar and mulberry silkworm 
and their food plants (Fig. 1). 

Assam is the primary epicentre for origin 
and global spread of muga culture (Sharma, 
2002). About 90% muga is cultivated in this 
state (Chandrasekhar et al., 1989). The districts 
of Goalpara, Kamrup, Darang etc. are the main 
seed zones in lower Assam and Sibsagar, 
Lakhimpur, Jorhat, Dibrugarh, Tinsukia etc. are 
the main commercial zones of this state. Muga 
silkworm is a polyvoltine, heterogenous and 
semi-domesticated in nature. 98.50 MT muga 
silk was produced in 7852 He. plantation area 
with the engagement of 1,96,417 families in this 
state during 2005-06 (Anonymous, 2006). The 
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production of muga silk was 86.6 MT during 
1995-96. Thus, the production ()f muga silk is 
not increasing at the desired level. Production 
of muga silk has some problems like depletion 
of food plants, dearth of quality seed, poor 
yield, low feclmdity, lower multiplication rate, 
mismanagement, pollution from oil refineries, 
lack of skill manpower, environmental 
constrains, improper marketing, post cocoon 
technologies and various silkworm diseases 
(Sharma, 2002). 

Muga silkworm is an important silkworm 
in sericulture point of view as well as 
strategically and evolutionary point of view due 
to its endemism and economic importance. In 
small population the combined effect of natural 
selection, genetic drift and greater likelihood 
of inbreeding is to raise the level of 
homozygocity and thus lower the amount of 
variability in population. For that reason, the 
small population may loose their ability to 
adopt for changing conditions and therefore, 
this may be extinct. As muga silkworm confined 
onl y in Assam, there is no chance of 
development of old races and new races or 
species formation in natural habitat, thereby, 
the old races/species may be extinct by the way 

MU(eIl· C3 
Eftl· E3 
fli'UL6S. I Y- S 
TAS-.It. E?lB 

Fig. 1. Sericulture map of Assam and Coochbehar district of West Bengal 
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of inbreeding depression (Dodson, 1964, 
Thangavelu, 1986, Gogoi and Goswami, 1998). 

Nevertheless, the production of silk is 
comparatively low due to various reasons of 
which diseases and predation are noteworthy 
in this region. Further, silkworm races are 
reared in India since decades without any major 
change. As a result they loose their tolerance 
against diseases (Veeranna, 1999). 

Muga silkworm, Antlzeraea assamensis Ww., 
is highly susceptible to many diseases viz., 
protozoal, viral, fungal and bacterial, resulting 
in heayy crop 10ss.Around 40% crop loss is 
attributed to infection with various diseases 
(Veranna, 1999). The several' reports are 
available of loss due to specific diseases in 
silkworm in India. The loss may vary from a 
range 15-200/0 (Chitra et al., 1975) to 30-40% 
Uanakiraman, 1961 and Hantlmappa, 1968). It 
is estimated that 20-30% crop loss is attributed 
to outbreak of pebrine disease only and 
sometimes it leads to total crop failure (Manual 
of Sericulture, Central Silk Board, Bangalore, 
1990). The prevalence of pebrine disease will 
increase due to its pathogenic activity through 
cross-transmission when Nosema spp 
harbouring in one type of silk worm infect to 
other type of silkworm. So, the pathogen has a 
role for further damage of sericulture industry 
due to its cumulative effect through cross
infectivity. 

The existence of more than one species in 
the same habitat and presence of diseases in 
anyone of them may lead to the chances of 
cross-infection. But as a matter of fact this does 
not occur. Normally, a general lack of 
susceptibility is exhibited by the members of 
the other groups. In a few instance, cross
infection does occur in nature but they are 
relatively few in case of closely related groups. 
However, the parasites are very specific about 
their host (Sengupta and Griyaghey, 1981a). 
Infection of Nosema sp. to tasar silkworm, 
Antlleraea mylitta D. (Lepidoptera: Saturniidae) 
is rep~rted by Jolly and Sen (1972). 

Fujiwara (1980) and Sato et al. (1981) isolated 
besides Nosema bombycis Nagaeli, 4-6 other 

microsporidian belonging to Nosema, 
Pleistophora and Thelohania genera from 
mulberry silkworm, Bombyx mor; L. Infection 
of Nosema bombycis N. to 20 different 
lepidopteran insects is shown by Machay (1957). 
Similarly, Kashkarova (1981) reported the 
infection of N.bombycis N. to other 8 insects. 
The Nosema spores of tasar silkworm also infect 
and cause disease in ~ulberry silkworm 
(Patil,1993) though Sengupta and Griyaghey 
(1981a) reported non-pathogenecity of Nosema 
spores of Antheraea mylUta to mulberry 
silkworm, B. mori 1..., Nosema sp. affecting A. 
perneyi do not infect mulberry silkworm Golly, 
1986). 

However, the studies are seldom (Rao et al., 
1976) on the cross-infection of Nosema spore of 
mulberry, tasar, eri and muga silkworm to 
muga silkworm. Therefore, to understand the 
possibili ty of cross-infection of microsporidia 
causing pebrine of mulberry, eri and tasar 
silkworm to muga silkworm is necessary, as it 
is almost a regular practice in Assam and 
Coochbehar district of West Bengal to rear 
mulberry, tasar, eri and muga silkworm without 
knowing the adverse effect of cross-infection. 

Moreover, eradication of pebrine disease in 
muga silkworm is difficult as it is reared in 
outdoor, unlike domesticated mulberry and eri 
silkworm. It is observed during survey, muga 
culture are practiced in the villages or areas in 
the districts of Sibsagar, Lakhimpur, Jorhat, 
Dibrugarh, Tinsukia, Dhemaji, Korbialong and 
Golaghat of upper Assam and Goalpara, 
Kokrajhar, Kamrup, Bongaigaon, Borpeta and 
Nalbari of lower Assam. Eri silkworm is 
cultivated in the diStrict of Kamrup, Darang, 
Kokrajhar and Karbialong district of Assam. 
Mulberry sericulture is practiced in the districts 
of Goalpara, Kamrup, Borpeta and Jorhat of 
Assam. Tasar culture is practiced in the districts 
of Kamrup, Darang, Shibsagar and Karbialong 
of Assam (Fig. 1). 

On the basis of cross-infection risky zones 
may be identified in Assam for overlapping 
culture of mulberry, tasar, eri and muga, which 
may be an approach for management of pebrine 
disease in Assam and West Bengal. 
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MATERIALS AND METHODS 

Collection of muga silkwonn eggs and rearing 
of host insects 

Fifteen disease free eggs of muga silkworm 
(A. assamensis Ww., Multivoltine, 
Semidomesticated) were collected from 
Regional Muga Research Station, Central Silk 
Board, Boko, Dist- Kamrup, Assam, India on 
19.08.2002. Rearing was conducted during 
25.08.2002 to 25.09.2002(Season-1). Few eggs 
were crushed with mortar and pestle in 
sterilized water and examined under 
microscope to confirm further that the eggs 
were free from any disease.100 selected larvae 
were reared as healthy control. 

Collection of microsporidia from mulberry, 
tasar, eri and muga silkwonn 

Nosema spp., microsporidia of mulberry, 
tasar, eri and muga silkworm were propagated 
in their respective primary hosts and purified 
from moths using percoll cushions (PVP coated 
silica particles, Sigma chemicals Co., USA). The 
technique involves collection of spores from 
pebrine-infected moths by centrifugation in 
endotoxin free water (E.F.water). As 
microsporidian spores are dense, a series of 
washes and centrifugations remove the 
dissolved substances but small particulate 
contaminants remain. Spores are, in fact, denser 
than most of other particulates from the host 
and centrifugations concentrate them near the 
bottom of the residue. 20-30 infected moths 
were crushed together with mortar and pestle 
in sterilized water in 0.5% potassium carbonate 
solution for easy separation of spores from 
different tissues. Then the suspension was 
filtered twice through cotton and washed 2-3 
times in E.F. water. The suspension was 
centrifuged at 2,600 rpm for three minutes. The 
sediment was resubmitted in 2% potassium 
hydroxide solution, which dissolved fat 
globules making observation easy (Bhattachrya 
et al., 1994). Finally the suspension of spore was 
layered over percoll cushions and centrifuged 
at 10,000 rpm for 30 minutes in an RC5C high 
speed refrigerated centrifuge (SorvaU) with 
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swing-out-rotor (SH-MT12) to obtain purified 
Nosema spp. (Bhattachrya et al., 1993). 

A new improved haemocytometer with 
Thoma-zaiss counting slide (German Fine 
Optik) was used to count the spore under 
microscope for determining the inoculum 
concentration (Cantwell, 1970 and Undeen, 
1997). 

Inoculation of microsporidia of mulberry, 
tasar, en and muga to muga silkwonn 

Multivoltine muga silkworm, A. assamensis 
Ww. were reared indoor under laboratory 
condition on a diet of fresh Som and Soalu twigs 
( Machilus borhbycina King. and Litsaea polyantha 
Pers.) dipped into water in mud pitcher at 26-
33°C and 93.5-71.0% R.H. and 12L+12D 
photoperiodic condition. Freshly collected first 
instars larvae at '0' hour (1st day 1st instars) 
were considered for experiment and fed on 
fresh Som and Soalu leaves smeared with 
microsporidia of mulberry, tasar, eri and muga 
silkworm. Briefly, the procedure involves 
dipping leaf dishes (28.27 sq.cm.) in 1 mI. of 
spore suspension, drying and then allowing the 
larvae to feed on the dish for a period of 6 
hours following the procedure of Sengupta and 
Griyaghey (1981a) and Patil (1989). The Som 
and Soalu leaves smeared with distill water was 
fed to the tasar silk\\Torm of healthy control 
group. 

Recording of mortality 

Mortality and life span were recorded and 
dead larvae were examined under. microscope 
to confirm mortality due to pebrine disease. 
Spores were extracted from pooled sample and 
purified as described and were counted by 
haemocytometer. All the data are statistically 
analyzed. 

Second Season Rearing 

For the next season, fifteen disease. free eggs 
of muga silkworm (A. assamensis Ww., 
Multivoltine) were collected from Regional 
Muga Research Station, Central Silk Board, 
Boko, Dist-Kamrup, Assam, India on 09.09.2002. 
Rearing was conducted during 15.09.2002 to 
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18.10.2002(Season-2). Procedure involved as in 
case of previous rearing, inoculation, 
purification etc. Eggs were hatched during and 
rearing conducted in between 19 -33°C and 62-
940/0 R.H. 

RESULT 

Nosema bombycis, N. mylitta and N. ricini were 
highly cross infected to muga ·silkworm and 
larvae survived 10-21 days of post inoculation, 
even if inoculated at a very lower dose (1.52 x 
105 spore/ml.). 

Rate of infection was very high and disease 
symptoms appeared in 2nd stage infected larva. 
The black spots over the surface of the larval 
integument appeared after 1st moulting i.e., 2nd 

stage onwards. Most of the cross-infected larvae 
died in the 2nd stage itself and just after reaching 
3rd stage (Fig. 2 and 3) and smaller in size that 
did not carry black spots. The very few larvae 
could reach 4th stage. 

Larval mortality started 4 to 5 days post 
inoculation (Fig. 2 and 3). Nosema bombycis was 
highly cross-infective to muga silkworm and 
infection was very rapid in comparison to 
infected control, when N. assamensis infected 

to ~uga silkworm (Fig. 4). Mortality % was 
recorded always higher (73.67-99.17%) in all 
cross-infected batches. However, muga 
silkworm that cross-infected with Nosema 
bombycis was recorded highest mortality % 

(98.00) than infected control (95.00%) during 
August-September (Season-I) when inoculum 
concentration was higher (1.52 x lOS spore/mI.). 
But, N. ricini effected less mortality (67.00%) 
during September-October (Season-2) when 
inoculum concentration was lower (1.52 x 107 

spore/mI.). Mortality % was recorded lowest 
(52.000/0) during Season-2, but it was very high 
in Season-l (95%) in infected control batches. 
Average mortality % of all cross-infected and 
infected control batches were recorded less 
(71.960/0) during Season-2 than Season-1 
(84.000/0). Nosema bombycis, N. mylitta, N. ricini 
and N~ assamensis were highly virulent and 
multiplied very rapidly in muga silkworm 
irrespective of inoculum concentrations and 
seasons. 

The development and multiplication of 
microsporidia was continued with the 
advancement of larval stages and it was 
increased maximum (1.70 x 106 spore/mI.) in 
infected control batches during September-
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October (Season-2) when inoculated with 
higher concentration (1.52 x 108 spore/mI.) and 
minimum (1.85 x 105 spore/ml.) when cross
infected by N. mylitta during August
September(Season-1) with lower inoculum 
concentration (1.52 x 107 spore mI.). 
Surprisingly, it was observed that the average 
multiplication of microsporidian were less (3.11 

x 105 spore mI.) in Season-l than in Season-2 
(5.60 x 105 spore/mI.) in all infected and cross
infected batches, but, average mortality % was 
higher (83.790/0) in Season-l than Season-2 
(71.960/0) (Fig. 5). Moreover, mature spores were 
found'in the gut content of larvae till survived. 

Influence of microsporidia on muga 
silkworm treated with Nosema bombycis N., 
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N.mylitta Chakrabarty and Manna, N. ricini 
Chakrabarti and Manna and N. assamensis 
Chakrabarti and Man~a on qualitative 
parameters were also noticed and all the above 
infection were effected to maximum and worms 
died before reaching the cocoon stage. The 
average life span was slightly increased during 
Season-2 (16.14 days) than Season-1(15.2 days) 
in cross-infected batches. Lower concentration 
of spores (1.52 x 107 spore/mI.) effected more 
to increase life span (15-23 days) than higher 
concentration (1.52 x lOS spore/mI.) (Fig. 6). 
Nosema bombycis N. and N. assamensis 
Chakrabarti and Manna mostly effected to 
decrease the life span (10-12 days) in 
comparison to infection by N. mylitta 
Chakrabarty and Manna (17-23 days) and N. 
ricini Chakrabarti and Manna(14-16 days) 
where life span of control batches was recorded 
as 30-32 days in healthy control batches of 
muga silkworm. 

IV. DISCUSSION 

In nature the pebrine disease occurred in 
mulberry, tasar, eri and mug a silkwonn (Rao 
et al., 1976). In the present study, Nosema 
bombycis N., N. mylitta Chakrabarti and Manna 
and N. ricini Chakrabarti and Manna, are cross 

infected to muga silkworm and showed highly 
positive response causing development of 
severe pebrine disease. The previous study in 
this aspect is not available, except Patil (1989) 
got higher incidence of pebrine disease, when 
spores isolated from eri silkworm cross-infected 
to mug a silkworm and Mistry (1979) cross
infected pebrine spore from eri to muga 
silkworm in natural condition and got 22.6% 
mortality. He suggested such cross infe~tion 
may be possible as the rearing of muga and eri 
silkworm are conducted side by side in villages 
in Assam. 

The temperature and humidity are 
moderate during Season-l regime and coincides 
with the highest mortality in the present 
finding, which might have acted as stimulatory 
factors for parasite (Dash and Nayak, 1998). 
Dasgupta (1950) made similar observation in 
B. mori L. But the findings of Deviah and 
Krishnaswamy (1975) in B.mori L. records 
minimum incidence of pebrine at high 
temperature and humidity. Nomani et al. (1971) 
made contradictory statement and stated that 
temperature and humidity has no role with 
incidence of pebrine but certainly temperature 
and humidity has a role for better larval growth 
and good ERR as in the present findings. 
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The mortality % is higher in Season-l than 
Season-2 in different inoculum concentration. 
So, slight variation of season and treatment is 
responsible for difference of mortality % (Fig. I). 
This finding gets support from Johnson (1989). 
The infection rate that resulted from early 
application of Nosema locustae bait (treatment) 
to grasshopper (Orthoptera:Acrididae) was 
initially higher than caused by late application. 
The prevailing temperature range 19-33°C in 
Season-2 is less favourable to the experimental 
diseases (Nosemasis at 25° C) resulting lower 
mortality in Season-2 also gets support from 
the view of Aizawa (1962). 

Higher dose of pathogen is responsible for 
higher mortality due to inactiveness of spores 
in the alimentary tract before it comes into the 
susceptible tissues (blood, epidermis, silkgland) 
of accidental or secondary host. The digestive 
fluids of the gut may be responsible for some 
activation (Aizawa, 1962). 

Temperature range 26-28° C is optimum for 
pathogen multiplication. Therefore, pathogens 
multiply maximum and mortality % is higher 
in Season-l than Season-2. It supports the views 
of Steinhaus (1954) that optimum range of 
temperature for the lepidopteran host 
corresponds to the most favourable 
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microorganism. This fact counterbalances the 
greater resistance of the host associated with 
temperatures most favourable for its 
development (Hurpin, 1959). 

Ghosh and Saha (1995a) observed a close 
relationship of temperature (31.7-33.8°C) 
together with Relative Humidity % (97-1000/0) 
while infecting Lophocaters pusillus, coleopteran 
stored grain pest. This also gets support from 
the present findings, where all the pathogens 
infecting tasar silkworm reared during season-
1 at the temperature range 26-33°C together 
with R.H. 71-93.5%. Patil et al. (1983), Ghosh et 
al. (1986) and Ghosh and Haldar (1989) pOinted 
out that a specific range of temperature and 
humidity is required for maximum sporulation 
of gregarine parasites, which supports present 
findings. 

The time taken for establishment of the 
parasite for completion of its life cycle and 
production of spores varies considerably, 
depending on the age of host, species of the 
parasite, size of the inoculum and other 
environmental factors (Weiser, 1976). In general 
the mortality of insects is directly related to the 
inoculum size of parasite received (Ghosh and 
Saha, 1995b). This also gets support from the 
present findings, where a lower dose, 1.52 x 
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1()6 spore / ml. is responsible for lower mortality 
and higher dose, 1.52 x 108 spore / ml. 
responsible for higher mortality. 

The number of spores (intensity of infection) 
that a host can harbour and still function 
normally is important in determining the role 
of a microsporidia as parasite in nature (Ghosh 
and Saha, 1992). A particular dose is effective 
for multiplication of sp9re and mortality 
(Windels et al., 1976) and below that level of 
dose cause no mortality but reduce the 
fecundity of infected moths(Malone and Wigley, 
1981).This is contradictory to the present 
findings, where lower spore dose (1.52 x 105 

spores/mI.) has effected huge mortality in all 
batches. Thus muga silkworm is found to be 
highly susceptible to the infection. 

However, higher doses of pathogens (1.52 x 

101-1.52 x lOS spores/mi.) are virulent and get 
maximum gut area to infect tissue of muga 
silkworm. Season-l is suitable for pathogen 
multiplication, where all the meteorological 
factors are stimulatory for pathogen 
multiplication (Dash and Nayak, 1998). Here 
the parasitic effect on larval mortality is related 
with the season and nature of parasite viz., 
virulence, wild/domestic etc, but not related 
with the dose. Teetor and Kramer (1976) 
informed that there was no discernible 
relationship between spore dose and 
subsequent infection of host which also 
supports the present findings. All stages of 
muga larvae are more susceptible for 
microsporidian infection (Wilson, 1984 and 
Patil, 1993) without gradual development of 
immunity in the surviving larvae (Dash and 
Nayak, 1998). 

Maddox (1968) found in his quantitative 
study that, generation time of Nosema necatrix 
varied with the spore dose administered to the 
caterpillar Pseudolatia unipuncta. Similarly in the 
present observation all the pathogens are 
effective during August-September (Season-I), 
when both temperature and spore doses were 
higher for effective high mortality in muga 
silkworm. 

The maximum number of spores are 
required to initiate a disease in mulberry 

silkworm vary with the age of the host. 1-10 
spores and 100 spores are sufficient to cause 
disease in 2nd and 5th instar larvae respectively 
(Patil, 1993). The longevity of the instars and 
the amount of spore feeding are some of the 
factors, which influence the disease 
manifestation (Ishihara and Fujiwara, 1965). 
This observation gets support from our present 
findings, when minimum dose, 1.52 x 105 

spore/mI. cause heavy mortality to muga larvae 
which is undergOing changes from 1st to 2nd 

stage (4-~ days) and infected to '0' hour 1st stage 
silkworm. 

In P. brassicae, there was a sharp increase in 
spore production on 19th and 20th days when 
insects were undergOing changes from pupa to 
imago stage. The physiological changes in the 
insect could possibly have caused the 
development cycle of the parasite to switch on 
from a predominantly vegetative phage to 
sporogony, resulting in an increasing spore 
production (Lai and Canning, 1983). Maximum 
spore is harvested, when larva undergoing 
changes from 3rd to 4th stage (1.70 x 106 spore/ 
ml) on 11-13 days in infected control batches in 
the present findings, which supports the view 
of Lai and Canning (1983). 

The age and condition of insects affect the 
action of phagocytes and low temperature (15-
18°C) retards the beginning of phagocytosis 
(Steinhaus, 1947). Older larvae might have a 
greater capacity for phagocytosis (more 
phagocytosis) than younger larvae and would 
be able to destroy a greater population of the 
inoculum before fat cell division. Henry et al. 
(1973) obtained similar spore numbers of 
Nosema acridiophaglls and N.cuneatum in 
Melanoplus sanguinipes at 20 days using 1Q4 and 
106 spore doses but with a low dose of 102 the 
spore production was lower. The spore 
numbers resulting from the two higher doses 
had reached the stationary phase but spore 
multiplication was still in progress at the time 
of harvest, when 102 spore doses were used. 
Therefore, the insect must be harvested before 
the stationary phase of spore production is 
reached to test the dose effect (Lai and Canning, 
1983). If development is allowed to proceed to 
the stationary phase, multiplication of the 
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parasite is greater with low doses than with 
high doses. Phagocytes or inactivation of spore 
is happening by the host to destroy a higher 
proportion of the dose, when small number of 
spore is given than the large numbers. Thus 
during an exponential phase, there is an 
apparent increase in replication with increased 
dose. The difference between the replication of 
a high spore dose and the replication of a low 
spore dose will narrow and reverse during the 
exponential phase, so that at the stationary 
phase the high dose results in high replication. 
Any factor affecting spore production and spore 
replication needs to be determined in relation 
to the logistic pattern of development of the 
microsporidium (Lai and Canning, 1983). The 
closely related microsporidia might occur in the 
same locality, but occurrence of high 
microsporidiosis infection in one host and lower 
infections in another may be due to host 
behavioural differences (Maddox, 1968). In the 
present findings, it is observed that higher dose 
(1.52 x 108 spore/mI.) of all the pathogens are 
more effective in mortality to muga silkworm. 
Further, the spore harvest is almost at the same 
level at 4th stage (4.10 x 105 - 1.7 x 106 spore/ 
mI.) in both the 1st and 2nd seasons, when the 
spore production reaches the stationary phase. 
The magnitude of spore production is strongly 
age specific and thus, time dependent under 
certain environmental conditions (24°C) (Sloter 
et al., 1989). 

Interaction of different microsporidians 
with host or different hosts with one 
microsporidia involves as assessment of 
variations. Sometimes, the infection in one host 
is acute and chronic in another. Acute infection, 
as in the case of N. bombycis N., results in the 
death of host within 10-14 days, whereas 
chronic infection results in mortality during 
pupation or adult moth. In an apparent 
infection, spores and vegetative spores will be 
present but the rate of multiplication is slow 
that regeneration replaces all the infected cells 
and there is no visible alteration in the host 
(Kishore et al., 1994). This observation also gets 
supports from present findings. The effect of 
pathogen, N. ricini Chakrabarty and Manna and 
N. mylitta Chakrabarty and Manna on mortality 
% and multiplication of pathogen is more on 
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muga silkworm, where the cases are acute in 
comparison to effect of N. assamensis 
Chakrabarty and Manna to muga silkworm, 
where the cases are chronic (Figs. 1 & 2). 

Silkworm larvae become resistant to spores 
of N. bombycis N .as they grow. Therefore, the 
incidence of pebrine may become lower as their 
age progress. On the other hand, the chance of 
eating Nosema spore increases as they grow, 
since the amount of feeding becomes greater 
with development; 88.00 % of the total amount 
of food is ingested during the 5th instar, only 
0.50/0 during the 1st to 2nd and less than 2% 
during 3rd, respectively (Matsumura and 
Takeuchi, 1950). These observations get support 
from the present findings. The mortality % was 
higher during 2nd and 3rd stage and larval 
mortality % increases suddenly from 11 th to 14th 
day i.e., 3rd to 4th stage Larval mortality % 

moves slowly to a steady stat~ after 15th day in 
Season-2, the maturing 4th stage to 5th stage. 

Nosema assamensis Chakrabarty and Manna 
multiplies maximum in its primary host muga 
silkworm (infected control) with parasitic load, 
1.70 x 106 spore/ml. with mortality % is less 
(52.000/0). Alternately, Nosema bombyc.is N., 
Nosema mylita Chakrabarty and Manna and N. 
ricini Chakrabarty and Manna multiplies less 
(1.99 - 5.12 x 105 spore/mi.) in its secondary or 
accidental host, muga silkworm, but mortality 
0/0 is more (81.66 - 99.1670/0) than the infected 
control. 

The magnitude of spore production is 
strongly age specific and thus, time dependent. 
In addition, under certain environmental 
conditions (24°C) infected larvae developed 
more slowly than healthy ones. These two 
effects of the disease lead to less synchrony 
between healthy and diseased corn borers and 
even greater asynchrony between the 
prod uction of spores and the presence of 
healthy larvae. In addition to these direct effects 
of the pathogen and host-parasite indirect 
effects may occur· (Sloter et al., 1989). Due to 
presence of adjustment, the pathogen multiplies 
very rapidly become enormous in number 
within a short time in its primary host. 
However, pathogen multiplies slowly in its 



CHAKRABARTI and MANNA: Studies 011 Cross-infection of Microsporidian ... 457 

secondary host or accidental host to cope up 
with the new environment. The pathogen 
multiplies maximally to ensure certain 
percentage of pathogen gets entry in the next 
generation through transovarial transmission. 
It is reasonable to assume that higher rate of 
infection of the adult would increase the rate 
of transmission of the pathogen to the next 
generation (Henry et al., 1973) thus ensure 
survival in nature. 

The larval and pupal mortality was higher 
and adult life span shorter when, N. pyrausta 
infected European Corn Borer (Kramer, 1959). 
Zimmack et ale (1954) found infected moths of 
field collected European corn borer larvae had 
a shorter life span and the percentage of 
infected larvae that survived to emerge as 
adults were lower (Zimmack and Brindley, 
1957). The present observation also supports 
this view. 

From the present observation, it is apparent 
that wherever, rearing of tasar, mulberry and 
ericulture are conducted simultaneously that 
zones are risky for muga culture as muga 
silkworm are highly cross-infective by Nosema 
bombYL'is N., N. mylitta Chakrabarty and Manna 
and N. ricini Chakrabarti and Manna. Therefore, 
Kamrup, Darang, Kokrajhar, Karbialon.g, 
Goalpara, Borpeta, Jorhat and Sibsagar are risky 
zones for muga culture as these zones are 
overlapping by mulberry, tasar and eri culture 
and have a chance of cross-infection. As, muga 
is suitable for cultivation in Assam and it is the 

most susceptible silkworm, therefore, the zone 
covered by other than muga culture is required 
to be free for only muga culture to protect the 
mug a silkworm from extinction. Moreover, 
tasar, eri and mulberry can be reared in other 
places of the country, but mug a culture can only 
be reared in Assam and bordering of West 
Bengal. Besides, the area, where the muga culture 
are going on in decades viz., the districts of 
Dibrugarh, Tinsukia, Golaghat, Dhemaji, North 
Lakhimpur and more or less whole of the Assam, 
may be kept free for muga culture to overcome 
the risk of extinction. The few districts where 
the tasar, eri and mulberry are reared in less 
quantity may also be free for muga culture by 
shifting tasar, eri and mulberry culture to 
elsewhere to protect tht! Inuga silkworm, an 
endemic species, from its extinction. 
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ABSTRACT 

Sankarpur is one of the six minor fishing harbours of India, situated at the East Midnapore district of West 
Bengal (latitude 21 °36' N and longitude 87°38' E). The natural bioresources in the coast around this harbour are 
heavily exploited owing to over crowding of motorized fishing vessels within a limited area leading to reduction 
of fish stock including juveniles. Other natural factors and pollution, etc. are also responsible for reduction of 
the resources in this coastal belt. The paper discusses the possible reasons of depletion of stock, and suggests a 
strategy for the conservation of the resources. 
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INTRODUCTION 

In India, there are 6 major fishing harbours 
and 36 minor harbours. One of such harbours 
is Sankarpur harbour. Sankarpur (latitudes 
21°39' N and longitudes 87°38' E) is situated at 
East Midnapore district of West Bengal under 
North East coast. Marine fishery potential of 
West Bengal is relatively less compared to that 
of other marine states of the country, as the 
coastline is short in this state. 

It is a well known fact that a great threat to 
a quality environment is unsustainable pattern 
of consumption of natural resources. In recent 
years, demand of fish increases, consequently 
in the country develops a lucrative export 
business. There had been a tremendous 
development of fisheries along Digha-Rasulpur 
coast in West Bengal like other coastal areas of 
the country during the last decade. In this 
coastal belt, Sankarpur Fishing Harbour plays 
a vital role in fishing. Motorized fishing vessels 
fish major part within 50 m depth for this 
Harbour This type of fishing is based on 

exploitation of multispecies stocks of mostly 
small size fish. Appreciable quantities of 
juveniles of fish are captured which could have 
grown to a considerable size, many roe bearing 
fish are also caught. This way breeding 
population is also disturbed and the coast is 
already under the threat of over exploitation. 
The main reasons for threat to the marine biotic 
components in this coastal belt are critically 
analyzed and the strategies for overcoming the 
problem are discussed. 

MATERIALS AND METHODS 

The data of marine bio-resources in the fonn 
of fishes and other invertebrates, fishing gears, 
fishing nets, etc. were collected from 
Shankarpur fishing harbour during the years 
1990-1998. This landing station was periodically 
visited to collect catch data and other 
information. The technical details about fis!ling 
gears were collected from Hameed and 
Boopendranath (2000). At present more than 
1500 motorized fishing vessels (locally known 
as 'trawler') operate from this harbour. 
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RESULTS AND DISCUSSION groupers and snappers beside pelagic resources 
like tuna, bill fishes, clupeids, etc. A number of 

Fisheries in Asia have shown a robust foreign vessels poach the foreign waters taking 
performance compared to the rest of the world. advantage of insufficient patrolling. If not 
Asia contributes over 500/0 of the globa~ ~~ecked, this can have serious implication. 
production of ca~r~ fi~heries (FAD, 2006),~ Coast g~a,rds and ~e II:tdian Navy have so far 
Available information indicates that out of 600' apprehended 'about 160 such foreign vessels 
marine fisheries studied, 50% ar~ "fu.1Ly "fishing illegally within the 80 m depth contour. 
exploited, which indicates that they have The Government of India has issued a few 
reache~ their maximum sustainab~e yield a~d permits to foreign vessels and this has resulted 
there IS no room for further Increase In iri confusion at the time of patrolling. 
production (Mukherjee, 2007). Sea fishing in the .. . .. 
coast around Shankarpur as well as in entire Oll spIlls and other for,!,s of polluhon : Oil spills 
West Bengal coast is strictly speaking mainly threaten the very eXistence .of the coastal 
concentrated in the foreshore areas, while in a ecosystem. These can have senous short term 
few cases in the offshore region, equipped as well as long-term effects on the marine fish 
mainly with indigenous fishing requisites (viz. stock. 
'Sarni' and 'Vasani' nets ) Hence, at present, To prevent over fishing and other reasons 
the fishing operations are mainly concentrated responsible for destruction of bioresources in 
wi thin 50 m depth (Ramakrishna and future, a well-planned study should be executed 
Chatterjee, 1997). An analysis of the before the introduction of new gears, which 
observations points to the possible causes of can have adverse effects on traditional fishery. 
depletion in stock which are discussed in the Recommendation of experts point out that only 
foregoing paragraphs. artisanal fishery may be allowed to fish in the 

Reduction in mesh ~ize : Reduced mesh size inshore waters from the view point of 
in fishing gear has led to reduction in the size conservation as the inshore waters are presently 
at first capture of different species, capturing over fished. Saldanha (1996) rightly pointed out 
young fish in large quantities even before they that we had to learn a lot from our traditional 
spawn. This has disastrous consequences, fisher people who were totally guided by the 
resulting in the elimination of a fish species forces of nature for conducting their fishing 
from the fishing ground. This has been activity to protect the oceans' well being. 
particularly observed in the case of shrimp. 
Presently very large quantities of juveniles of 
commercial varieties are caught all along the 
coasts and sold as by-catch which forms the 
raw material for the poultry feed industry. This 
is a great wastage of resource. Valuable protein 
resources are fed to the poultry, which 
ultimately reaches the rich man's table. 

Selective jisJzing : Certain selective fishing 
methods using specific gears are adopted to 
exploit some species like tuna, snappers, 
pomfrets, shrimps, squids, etc. Use of certain 
gears like purse seine and trawls in inshore 
waters has resulted in conflicts of interests 
between the traditional and the mechanized 
sectors. 

"Poaching by foreign vessels : The Exclusive 
Economic Zone is reach in resources like 

Although it is said that mesh size regulation 
is not a very effective management strategy, 
under the present multispecies fisheries an 
increase in the mesh size will be effective to 
some extent to overcome the problem of under 
utilized fishing to and help in successful 
recruitment of several species. The principal 
obj'ective of mesh size regulation is to allow 
smaller size fish to esca pe and grow to a 
marketable size thereby preventing overfishing 
at the same time allowing individual fishes to 
reach maturity so that it would reproduce at 
least once in its .life time. 

Selection of sui table mesh size for the 
particular gear needs to be made after intensive 
experimental trials, and implemented strictly 
for various gears, localities as well as species 



CHA ITERJEE : Threat to Natural Resource of Marine Biotic Components ... 463 

exploited. In addition, a legislation banning the 
capture and marketing of undersized fish, 
shrimp and other bottom fauna require to be 
formulated and implemented. 

It is necessary to strictly irh}-,.LCment the 
fishing legislation. The Indian fisheries act of 
1897 call~ for protection of juveniles and 
spawners. Special attention is needed to those" 
causes which call for the. ban of destructive 
methods such as dynamiting and use of fish 
toxins. Besides these certain other causes 
concerned with the conservation, protection of 
juveniles, spawners and their habitat may also 
be included under the act. Violation of the act 
is punishable under the court of law. The 
marine Fishing Regulation Acts stipulate that 
the mechanized fishing vessels should, operate 
beyond 3~5 nautical miles from the coast to 
proteet rights of traditional fishermen. In some 
states the extent of territorial water is 
earmarked for fishing by boats. This "also acts 
as a management tool in the sense that the 
already over exploited stocks in inshore waters 
is given sufficient time and chance to replenish 
themselves under the low fishing pressures of 
artisan sector. 

The Maritime Zones of India Act of 1981 
specifies certain specific fishing zone beyond 
the territorial waters and also checks poaching 
by foreign vessels in our water. The guardians 
of law can bring about effective implementation 
of these acts by educating the fishermen and 
industrial fisheries operators about the 
legislation and also by intensifying patrolling. 
If there are legislations and mechanisms that 
could effectively stop this abuse of resource, 
commercial fisheries in India are bound to 
recover from the present stagnation within a 
few years time. 

The majorities" of fishermen in India are 
illiterate and have incomes much bellow the 
poverty line. Awareness can result in 
developing a better insight on the concept of 
conservation of resources and optimization of 
catch among the fishers. Government 
departments and NGOs can train fishermen on 
aspects pertaining to operation of deep sea 
fishing fleets, handling of electronics and other 

deck equipments, their maintenance, beside 
marketing strategies, hygiene and proper 
handling, preservation and transportation of 
catch. 

Fishing in the inshore waters has been "a 
point of conflict between the powerful 
mechanized sector and the artisan sector over 
since the introduction of mechanization in the 
early 1960s. As cited earlier, numerous 
traditional fishing opera tions have been 
adversely affected owing to the relentless 
exploitation of inshore water by the mechanized 
fleets. Even though the near shore~waters are 
earmarked for the artisan sector, encroachment 
goes on in the absence of effective patrolling 
by relevant governmental agencies. This has 
not only deprived our traditional fisher folk of 
their catch but has adversely effected the 
resource dynamics. The need of the hour is to 
clearly demarcate the fishing zones and increase 
patrolling from the viewpoin~ of conservation, 
equitable resource sharing and prevention of 
conflicts of interests. 

The picture of deep sea fishing in India is 
not bright. The country has about 196 deep-sea 
vessels operating along both coasts. 
Considering the immense potential of about 3.9 
million tonnes this industry is not doing well. 
The reasons have been attributed to insufficient 
database on resource mapping, delay in the 
issue of permits, licenses and hurdles in 
obtaining clearance from various government 
agencies, marketing problems, and lack of deep 
sea fishing policy, difficulties in obtaining 
financial assistance and several others. The 
recent statistics are quite alarming, pointing 
toward the failure of this industry. A planned 
development of the Indian deep sea fishing fleet 
is necessary to step up fish production. Since 
the return from this industry has been far from 
encouraging extensive resource surveys and 
resource mapping are needed to make the 
industry profitable. 

Attention is also needed to the endangered 
marine fishes. International Action Plan for 
sharks initiated by CITES and FAD has 
established that more than 100 out of 400 shark 
species of the world are being continuously 
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exploited. The whale shark (Rhincodon typus), 
has been exploited since time immemorial. It 
has now reached a stage where its survival has 
become uncertain. The species is included in 
the list of 20 endangered shark species of the 
world (source : (http://www.shark.ch/ 
Database /EndangeredSharks/ index.html). The 
sawfishes belonging to genus Pristis are also 
threatened. Indonesia enacted legislation tQ) 
protect saw fishes, following severe depletion 
of their population in ~he gill net fishery 
(Compagno and Cook, 2005). It is necessary to 
conserve them by adopting a few stringent 
conservation techniques. Mukherjee et ale (2003) 
recommended conservation of endangered 
marine and brackish water fish stocks through 
artificial propagation and larval rearing. Vessels 
found possessing any of the endangered 
animals or engaged in the activity of their 
capture should be confiscated and the people 
involved should be punished under the court 
of law. Enforcing the Indian Fisheries Act of 
1897 and intensifying coastal patrols to book 
the offenders can easily achieve this. 

Following the closed areas, closed seasons 
and banning monsoon trawling will expectedly 
help in conservation. Closed areas are those 
areas, declared closed for fishing during a 
particular period of time or round the year. 
Closed seasons are time perIods declared closed 
for fishing in a given area or region. These two 
very effective tools for management of 
depleting stocks are adopted particularly 
during the critical times to facilitate rect:uitment 
of the species. The areas where the species 
spawn or the. areas where the critical life history 
stages of the species congregate may be 
declared closed for fishing e.g. estuaries in the 
case of prawns. On smaller lines that part of 
the year coinciding with the breeding or 
migration may be declared closed for fishing. 
Trawls during monsoon can prove to be highly 
destructive as brooders, the young fin fish and 
shell fish may get caught. A ban on trawling 
during monsoon is called for on the west coast 
and east coast as numerous species breed and 
migrate at this time of the year. Violations of 
the ban order are quite common owing to the 
inefficient· pa trolling and surveillance 
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mechanisms. To make it effective patrolling 
should be intensified and those found guilty is 
booked. 

Other issues where attention is needed are 
encouraging mariculture project and ocean 
ranching. As per the recent estimates; the total 
area available for sea farming is around 2 
million ha. With such an immense potential, 
the activity can augment marine production. 
Sintilarly ocean ranching too is an important 
measure from the viewpoint of conservation of 
the marine resources. The country's reSearch 
institutes should make the potential farmers 
aware about such activities and pass on the 
technical know-how. 

Post harvest handling and preservation are 
also much needed. The seafood exporting 
ind us try is one of the largest foreign exchange 
earners in India. Freshness of the raw material 
is a prerequisite for a quality end product since 
sea food is a highly perishable commodity. 
Quality end products ensure better market and 
therefore better returns. Great care is needed 
to be exercised at the time of capture, handling, 
transportation and preservation. Fishermen 
should be made aware of the importance of 
maintaining hygiene and adopting proper 
handling techniques during capture and 
subsequent preservation, in order to minimize 
wastage at all levels of handling 

CONCLUSION 

As already discussed, Sankarpur is one of 
the minor fishing harbours of India. A large 
quantity of multispecies fishes is landed here. 
More than 90% of the marine catch comes from 
inshore water of less than 50 m depth. In our 
country total.marine fishing resources available 
is estimated to be around 3.9 million tonnes of 
which the exploited quantity is only 2.69 million 
tonnes. There is an immense scope for 
increasing the fish landing. But at Sankarpur, 
there is no infrastructure for operation of deep 
sea fishing vessel. Thus a planned development 
of the deep sea fishing fleet is necessary to step 
up fish production. It is also necessary to induce 
advance technology for fishing in this region 
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to improve fish catch. Introduction of echo 
sounder, sonar, net recorder, etc. in the fishing 
vessels will undoubtedly improve the fishing 
activities. Extensive type of preservation like 
icing, drying and salting have only been done 
here. Processing center is very much necessary 
in this region, so that freezing, canning or other 
suitable methods of preservation could be done' 
here. Thus increase the quality of the preserved 
fish and improve the foreign exchange value. 
There is also no marketing place. It is necessary 
to establish a market at Sankarpur. 

For implementation of fishery regulation, it 
is essential to properly explore the marine living 
resources and accurately assess the catch 
composition on a regular basis. Apparently it 
appears that present day catch from Sankarpur 
region has reached the optimum level of 
consumption, hence any attempt .to expand 
fishery activities within 50 m depth in this coast 
will be detrimental. We need to consider 
development and management and 
COmmissioning of implementing mechanisms in 
order to reduce conflicts of interests and to 
insure equitable and responsible resource 
sharing. A large number of fishermen are 
engaged in this harbour. Most of thelil are poor. 
More active participation of the Government is 
needed to improve the socio-economic status 
of the fishermen. 

Therefore, the strategy involved in 
conservation of marine biotic resources include: 

* Need for a clear unbiased understanding for 
the present and future management issue in 
this sector. 

* Sharing of information and experience from 
the tropical mUltispecies fisherie~ 

management programmes in developing 
counties of the region. 

* Setting of end objectives for fulfillment of 
the three basic management functions viz. 
information acquisition, management 
options and enforcement within the EEZ. 

* Setting a partici pa tory resource-sharing 
pattern acceptable to all end users within 
the framework of revised management 
regulations. 

* Dissemination of information with a view 
to creating awareness among end users on 
the needs and benefits accruing from 
informed and responsible resource sharing. 

* Creating an efficient monitoring and 
surveillance mechanism to strictly 
implement all regulations pertaining to 
Fisheries Act and Coastal Zone Regulation. 

* Setting up of a national agenda for fisheries 
planing and management, creation of the 
separate central ministry for fisheries and 
bringing marine fisheries under the central 
list and national consultative bodies with 
representation to all user sectors in order to 
effectively implement all regulations 
affecting· common property resource 
management. 
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A SIMPLE DEVICE FOR SAMPLING OF BENTHIC FAUNA IN 
SHALLOW WATER BODY 

R. K. DATTA, M.; SENGUPTA, P. DAS, B. PATRA*, and D. R. MANDAL** 
Under-Graduate & Post-Graduate Department of Zoologtj, Bidhannagar College, 
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ABSTRACT 

A simple, low cost easily operative instrument is designed for sampling of benthic orga"isms in shallow 
ponds. Studies had been conducted at six sewage fed and fresh water fishery ponds by using the devised 
equipment and the pertaining data are presented. The equipment is considered to be a ~ubstitute of the high cost 
conventional dredge. The instrument is about 84 cm in total length, of which the main working area or sampler 
part is a prism (dimension 24 x 24 x 24 cm along length; 10 x 10 x 10 em along breadth; 9 cm in height). Qualitative 
estimation of benthic macrofauna has been done and quantitative determination is on progress. 

Keywords : Sampler; Benthic macrofauna; Standardization 

INTRODUCTION 

Benthic fauna, specially, invertebrates are 
recognized as important component in 
determining water quality, as some benthic 
macro invertebrates ·are sensitive to pollution 
(Mason, 1981). They can be collected and 
handled easily, followed by identification 
(Ragothaman and Trivedy, 2002). There are a 
number of devices to study the benthic fauna 
of len tic ecosystem. Eckman dredge, Peterson 
& Poner dredges, Substrate corer etc. are 
popular sampler for study of benthic fauna. 
Hessler et al. (1974), Coggan (2006), Sulak et al. 
(2006) have described, several samplers for 
collecting benthic macrofauna. A bibliography 
of samplers for benthic invertebrates (Elliot and 
Tullet, 1978, 1983) is available too. But, there 
are some practical difficulties in most of ~hem, 
beside higher cost and problems of regular 
availabilities. Dredges are· difficult to be 
operated in sandy bottom or macrophyte-
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infested areas; moreover they work best at the 
surface level of the substratum. It is also not 
suitable for shallower ponds for all the times. 
Corer works better in shallow ponds with soft 
sediments, but it causes more leaning and 
bending to the user, which may not be 
convenient for all the times. To overcome the 
difficulty, a simple, low cost easily operative 
instrument is prepared which is a combination 
of both the two and can be suitable for both 
qualitative 'and quantitative esti.mation for 
benthic organisms in shallow fishery ponds. The 
equipment is considered to be a substitute of 
the high cost conventional dredge. Moreover, 
by slight modification, the same sampler can 
be used for quantitative sampling c f 
macrofauna from floating and submerged 
macrophytes also; Although a good sampler 
for this purpose has been described already (Pal 
and Nandi, 1998), still it can be considered as 
a dual-purpose sampler for both littoral 
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macrophyte associated as well as benthic 
macrofaunal study. 

MATERIALS AND METHODS 

The sampler is a metallic prism shaped 
structure with opening at both ends. The 
dimension is 24 x 24 x 24 cm along length; 
10 x 10 x 10 cm along breadth; 9 cm in height. 
There is a small pointed projection at the lower 
end for easy penetration through pond bottom. 
The sampler part is supported by a handle (about 
60 cm i.e. total length of the instrument becomes 
84 cm) that helps it to penetrate the bottom from 
a considerable height, without much bending or 
leaning. The lower end can be closed by drawing 
a movable lid attached to the sampler with the 
help of a string connected to the handle or, may 
be kept open (Fig. 1). The volume of the sampler 
can be obtained by the rna thema tical formula of 
mensuration for a prism that is ~ x 10 x 9 x 24 
cubic cm. or, 1080 cubic cm. 

OPERATION OF THE SAMPLER 

The instrument is kept in vertical position 
at first, keeping the lower end open. Then it is 
carefully lowered in water and is allowed to 
penetrate through the substratum. When the 
sampler is filled with material the lid is closed 
and carefully lifted up. This ensures retention 
of definite volume of samples. The collected 
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samples are then sieved and transferred to a 
plastic bucket, or enamel tray containing water 
for washing and sorting of macrofauna. 

The sampler can be used to study 
the macrofauna associated with littoral 
macrophytes also. For this purpose, the sampler 
can be lowered into the water over macrophytes 
and after introduction of the macrophyte, the 
lower end of the sampler is closed. The upper 
free end must be covered by nylon net for 
draining of excess water. The collected samples 
are ready for further studies. 

STUDY AREA, FIELD TRIAL AND 
ST ANDARDIZA TION OF THE 

SIZE OF SAMPLER 

The sampler has been tested in a rearing 
pond of a sewage fed fishery pond (bheri) at 
Jhagrashisa under East Kolkata wetland, about 
6km away from Salt Lake. A total of five 
samplers (dimension for pyramid is 6 x 20, 
8 X 22, 10 x 24, 12 x 26, 14 x 28 em respectively) 
were tested at five different pOints (named as 
I, II, III, IV, V) of the pond (at a depth about 30 
em) using eaeh sampler for five times. The 
efficiency is measured by Dominance index 
(Berger and Parker 1970), SpeCies diversity 
index and Simpson's index (Simpson, 1949). The 
results are tabulated and the suitable size of 
sampler is determined. 
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Fig. 1. Diagrammatic representation of the sampler (l0 x 10 x 10 em' 24 x 24 x 24 em) A Sa I' 'd . 
B. Sampler in usc ,. mp er 5 51 e VIew; 
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RESULT 

The observation data is depicted in Table-I. 
From the observation, four important ecological 
indices have been worked out (Figs. 2,3). The 
maximum numbers of species were obtained 
by sampler 10 x 24 cm, the highest value of 
dominance index (Berger and Parker, 1970), 
species diversity index are also shown by this 
size. The highest value of Simpson's index and 
Shanon index is shown by sampler size 12 x 26 
em, but richness value is minimum for this 

sampler as minimum taxa are observed. Since, 
the species diversity is a suitable measure of 
function of species number and relative 
abundance (Odum, 1971), the sampler 10 x 24 
cm is chosen for work. 

DISCUSSION 

From the result, it appears that, the samples 
contain a few representatives of class 
Oligochaeta and Hirudenia under the phylum 
Annelida; very few arachnidan and crustacean 
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Result for standardisation 

Sampler No. of Taxa with number of animals Total 

size Observation 

Oligochaeta Crustacea Arachnida Hirudenia Hemiptera Gastropoda 

6 x 20 I 1 1 12 
II 1 1 10 

III 1 1 11 
IV 1 1 10 
V 1 11 

total 4 1 3 1 54 63 

8 x 22 I .1 11 
II 1 13 

III 15 

IV 1 16 

V 1 1 10 

total 2 1 2 65 70 

10 x 24 I 2 1 12 
-

II 1 1 1 11 

III 1 1 15 

IV 1 13 

V 1 1 14 

total 6 1 3 1 65 76 

12 x 26 I 14 

II 1 1 is 
III 1 16 

IV 1 14 

V 12 

total 3 1 71 75 

14 x 28 I 1 12 

II 2 18 

III 1 1 15 

IV 1 15 

V 1 1 1 11 

total 5 1 4 71 81 

[Table 1 Results for standardization of the observation] 

arthropods whereas abundance of molluscs, 
belonging to the class Gastropoda. A proper 
identification of the collected specimen upto 
species level is required for ascertaining the 
efficiency of. the sampler and also for better 
understanding of the biodiversity of the 
respective ecosystem. Since the present workers 
are engaged in study of faunal comnlunity of 

some selected ponds as mentioned earlier, there 
was an absolute requirement for a simple device 
specially for study of benthic fauna. The 
principal objective of designing the device was 
to collect and study the benthic fauna of shallow 
water bodies in a convenient way aVOiding high 
cost and operational hazards. Thus, for 
standardiza tion, specimens are identified upto 
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subclass level for separation as discrete groups, 
although study at further lower level taxa 
obviously would reflect more accurate results. 
~oreover, it is not possible to recommend 
single index as superior to other (Stiling, 2002), 
so the sample size is chosen after comparing 
different indices for community study. The 
value of, degree of similarity [S(x,y)] for, two 
samples o,f totally dissimilar species 
composition would be zero, and for two 
identical samples S(x,y) would be 100% (Minto, 
1977). The values obtained for this function with 
the selected sampler (10x24) are in between 0.57 
to 0.86 of which three samples give result more 
than 0.8. This indicates a high degree of 
similarity among five test sample units (Fig. 4). 
Thus chi square or Berdlett's M test may be 
computed after complete study in all the study 
areas and identification upto species level, will 

also ensure uniform sampling, as well as the 
efficiency of the sampler to indica te the 
difference of ecological condition in the ponds. 
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THREATENED FAUNAL DIVERSITY OF INDIAN SUNDARBANS 
MANGAL WITH REFERENCE TO THEIR HABITAT IDENTIFICATION 

AND NEED FOR ITS PRESERVATION 

P. GHOSH and K. NASKAR* 
Department of Museology, AUpore Campus (9th Floor), University of Calcutta 

ABSTRACT 

The mangrove forests and the overall ecosystem in Indian Sundarbans are the ideal habitats for large group 
of terrestrial, avian and aquatic fauna. It contains the richest biodiversity among the inter-tidal forest in the 
world. The reason for high faunal diversity is the fact that here the ocean and land come in contact of each other. 
During the last two centuries, these highly productive mangrove ecosystems had been suffering from rapid 
destruction and degradation. If this negligence or ignorance continues in future there will be random exploitation 
of this natural resource and lost of diverse biota will be unavoidable. Recently, it has been established that 
natural factors along with direct and indirect human interferences have largely changed the biological composition, 
ecosystem function, productivity, regeneration and succession patterns within the mangrove ecosystem. The 
present paper attempts to highlight the major threats to the richest biodiversity of Indian Sundarbans mangrove 
ecosystem along with their status and habitat destruction. 

Keywords : Biodiversity, Threats, Sundarbans, Faunal Habitat, Preservation. 

INTRODUCTION 

The Sundarbans is the largest Gangetic delta 
of the world. It is a land of majestic beauty for 
its tropical humid forest, luxuriant mangroves, 
wide rivers, sea facing islands and extensive 
estuaries. It covers an area of 9,630 sq. km, out 
of which 4,096 sq. km. is under Indian 
administration (Naskar & Guha Bakshi, 1987). 
The major land use patterns of the mangrove 
regions involve areas meant for agriculture, 
wildlife, forestry and recreation. The people 
have reclaimed the mangrove areas of the 
Sundarbans for many years for their settlement 
and agriculture (Chakrabarty, 1984). Most of 
the mangrove areas in the Indian Sundarbans 
have been degraded and converted to busy 
areas for the construction of harbours, 
industries, agricultural fields, human habitation, 

grazing grounds or for regular exploitation of 
the forest products and also for the 
enhancement of tourism. This rapid rate of 
degradation affects the other living organisms 
and leads to occurrence of natural calamities 
like floods, hostile climates, and soil erosion 
considerably (Chaudhury & Chowdhury, 1994). 

METHODOLOGY 

The present study was undertaken at Indian 
Sundarbans area of West Bengal, which extends 
from 88°10' E to 89°51' E longitude and 21~1' 
N to 22~0' N latitude. For the last two years, 
during the establishment of Sundarban 
Biosphere Resource Information Centre, field 

. survey was conducted in different parts of 
Sundarbans in West Bengal covering all seasons. 
The required data were collel:ted during the 

·Central Inland Fisheries Research Station, CGO Complex (2nd Floor, C-Wing), DF-Block, Kolkata-700064 
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course of such field trips, analyzed and 
presented in the following paper. 

UNIQUENESS OF INDIAN SUNDARBANS 
MANGAL 

; h\ .terms ° ofzoogeog~ap"'y the: sit!Jation of 
S·undarbans °is better thano that of ~ny other 
regions of India. The strategic advantages are 
due to its unique physical factors, owhich no 
other districts in the sub-continent (except the ° 
adjoining delta regions of Bangladesh) enjoy. 
Three great biocycles of ocean, freshwater and 
land come into contact around the margins of 
this largest delta of the world. The succession 
from ocean to land and to the freshwater 
through estuaries is the most outstanding field :. 
for the huge amount of biodiversity. The 
gradiet;lt from saltwater to brackish-water to 
entirely freshwater fluctuates back and forth 
with the tides. Since freshwater is less dense 
and warmer, it flows over the top of the 
saltwater, with the result that strata with 
different physical characteristics are formed, 
which are inhabited by different kinds of fauna 
(Naskar, 2004). 

The various species thriving in this vibrating 
ecosystem exhibit high degree of adaptive 
modifica tions as protection against the 
fluctuating ° environmental conditions. 
Topography .of Sundarbans is also useful for 
all kinds of animals. Muddy and sticky 
substratum is the adobe of many groups of 
animals whereas deep, dense, mangrove forest 
is useful for the others who could also very 
well choose alternative suitable habitat. 
Burrowing animals easily withstand the 
cyclone, tidal inundation, weather hazards, etc. 
by simply retreating themselves completely 
within the holes. The diversity of animal life in 
Sundarbans is very vast, which cannot be 
restricted to their distribution. ° 

The animal fauna can be subdivided on their 
range of salinity tolerance, which is a deciding 
factor for the zone closely associated with its 
mangrove forest, its salinity, its muddy and 
subsoil chemistry, tidal fluctuation, temperature 
and humidity. So due to the full adaptation of 
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all the animals with the surrounding 
environment of Sundarbans, this region 
contains the richest biodiversity among the 
inter-tidal forest in the world. 

EXISTING STATUS OF FAUNAL 
DOIV£RSITY IN -INDIAN PART' OF 

SUNDARBANS 

The mangrove ecosystem sustains a wide 
rangeoof faunal diversity. Although, the faunal 
exploration of Sundarbans can be traced back 
to mid-eighteenth century and extensive studies 
have been carried out by the workers of 
Zoological Survey of India, but the recent works 
of Nandi et al (1984) and Das & Nandi (1999) 

° provide an excellent data base of faunal 
diversity of the ecosystem from Protozoa to 
Mammals (Table I). 

Sundarbans ecosystem is still one of°the most 
biologically productive and taxonomically 
diverse ecosystems of the Indian sub-continent, 
but about 6 vertebrates have wiped out from 
this ecosystem, which were once common in 
this area (Naskar & MandaI, 1999) (Table II) 
and about 20 species °are in the endangered / 
threatened species list (Chaudhury & 
Chowdhuri, 1994) (Table III). 

GLIMPSE OF FAUNAL RESOURCES IN 
INDIAN SUNDARBANS 

Sundarbans environment supports ~xcellent 
wildlife resources in the mangrove swamps and 
is a host to important economic species in its 
aquatic ecosystem. The faunal resources can be 
utilized for industrial development and exports. 
Scientific utilization of these faunal resources 
through fishery, froggery and faUnal farming 
may provide a base for employment and 
anCillary industries (Das & Nandi, 1999). This 
will help in the upliftment of the rural economy 
in addition to agri.;maricultural prosperity of 
the country. 

• Invertebrate Faunal Resources 

Invertebrates are important faunal 
components of the Indian Sundarbans. In the 
mangrove ecosystem of deltaic Sundarbans, 
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Table-I. Distribution of animals in relation to habitats in Indian Sundarbans 

INVERTEBRATE FAUNA (989'·species) 

Kingdom Sub Phylum Class total Number of species in representing zone 
kingdom No. of Supra Inter- Estuarine 

species littoral tidal 
Sarcomasti 
gophora 46 26 6 14 

PROTIST A Protozoa Apicomplexa 24 19 1 4 

Myxozoa 4 3 1 

Ciliophora 31 2 19 10 
Porifera 1 1 

33 20 13 

Cnidaria Hydrozoa 13 13 
Anthozoa 20 - 20 

Ctenophora 2 2 
41 3 38 

Turbellaria 1 1 
Platyhe Monogenea 21 2 19 
lminthes 

Trematoda 13 .13 
Cestoda 6 6 

Nemathel 68 68 
minthes 

Acanthoce- 3 3 
phala 

Nemertinea 2 2 
.ANIMALIA Rotifera 4 4 

Mollusca 142 12 116 14 
Sipuncula 2 2 
Echiura 3 3 

78 9 69 
Annelida Polychaeta 69 69 

Oligochaeta 6 6 
Hirudinea 3 3 

476 234 90 152 
Crustacea 240 90 i50 

Arthropoda Insecta 201 201 
Arachnida 33 33 
: Merostomata 2 2 

Entoprocta 1 1 

Bryozoa 3 3 

ANIMALIA Brachiopoda 1 1 

Chaetognatha 4 "4 

Echinoderma ta 20 14 6 

Source: Sundarbans Mangal, ed. by K. Naskar, D. N. Guha Bakshi, Naya Prakash. 1999. 
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[Table-I] 

VERTEBRATE FAUNA (445 species) 

Phylum Class Total No. of species 

Condricthyes 22 

Osteichthyes 154 
CHORDATA Amphibia 8 

Reptilia 58 

Aves 163 
Mammalia 40 

Source: Sundarbans Mangal, ed.by K. Naskar, D. N. Guha Bakshi, Naya Prakash.1999. 

Table-II. Extinct Species from Indian Sundarbans Mangals 

Scientific Name Common Name 

Cairina sClltlllata (5. Muller) White-winged wood duck 

Muntiacus muntjac vaginalis (Boddaert) Barking deer 

Cervlls dllvallceli dllvallceli Cuvier Swamp deer 

BlIlballls bulbalus bulbailis (Linnaeus) Wild buffalo 
Rllinoceros sondaiclis Javan rhinoceros 
RI,inoceros lInicorllis Linnaeus Great one-horned rhinoceros 

SOllr,,'e : Indian SlIndarbans-An Overview by A.K. Raha, Sundarban Biosphere Reserve. West Bengal, 2004. 

almost all the major invertebrate phyla are 
found with considerable species richness and a 
good number of them are commercially 
important. 

i. The rock bees (Apis dorsata), a conspicuous 
insect fauna of Sundarbans are intimately 
associ a ted with the socio-economy of 
Sundarbans. A large number of honey 
collectors are engaged in this trade. (Fig. 
I - P.4.1.) 

ii. The crustacean prawns and crabs are the 
chief dominating fauna. Depending on the 
varieties of edible prawns and shrimps 
and crabs, prawn culture, shrimp culture 
and crab culture have been developed in 
this region, which help in rural economy. 

iii. The mangrove wetland of Indian 
Sundarbans also forms the habitat of two 
species of horseshoe crabs in this 
ecosystem namely Carcinoscorpills 
rotundicallda and Tachypleus gigas. They 

have excellent biomedical values and have 
recently been established as potential 
source of biotic substances, like 
Carcinoscorpius Amoebocyte Lysate 
(CAL) and Tachypleus Amoebocyte 
Lysate (TAL) (Mitra & Banerjee, 2006). 
(Fig. II - P.4.2.) 

iv. Among molluscs, various gastropod and 
bivalve shells can be utilize in the lime 
industry. Many are edible and may 
profitably be involved in the shell fishery. 

v. The benthic invertebrate community 
encompasses several untapped marine 
living resources like edible oysters 
(Saccostrea cllcullata and Crassostrea 
cuttackensis), calms, mussels, etc., which 
can bring possible important commercial 
culture to provide alternative source of 
livelihood. (Mitra & Banerjee, 2002) (Fig. 
In - P.4.3.) 

vi. Innumerable plank tons and protozoans 
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Status of Different Faunal Habitats in Indian Sundarbans 

Different Faunal Habitat 

Estuarine and River Water 

Naked River Flats/River 
Slopes 

Vegetated River Flats and 
River Slopes 

Dense Mangrove Forest 
Floor 

Naked Mangrove Forest 
Floor 

Tree Canopy 

Amphibian Habitat 

Dominant Animal Species 

Crocodile, Dolpllih. Water 
monitor, Shell-fish, Fin-fish, 
Tortoise, Turtle, Terrapins, 
numbers of Aquatic Fauna 
threatened. 

Different species of 
Molluscs, Crabs, Annelids 
and Insects. 

Spotted Deer, Monkey, 
Wild Boar, Snakes, Frogs, 
Insect, Annelids, Molluscs, 
Crustaceans. 

Tiger, Fishing Cat, Leopard 
Cat, Jackal, Fox, Toddy Cat, 
Civet, Wild Boar, Spotted 
Deer and few others 
Reserve. 
Snakes, Frogs, Rodents, 
Lesser Cat, Molluscs, 
Crustaceans, Insects, 
Annelids, etc. 

Monkey, Bat, Birds, Snakes, 
Insects, Molluscs and others. 

Most macro fauna, i.e., 
Tiger, Crocodile, Snakes, 
water monitor, good 
number of other fauna. 

Existing Habitats 

Dolphin ~nd some 
of the shellfish and 
finfish species are 
becoming rare and 

Status of different 
species is not explored 
in Sundarbans. 

Sta tus of micro and 
smaller animals are 
not assessed in India 
Sundarbans, but 
population decreasing. 

Tiger population is said 
to be increasing after 
conservation measure 
by Sundarban Tiger 

Status of different spe 
cies is not explored in 
Sundarbans. 

Migratory and other 
birds species gradually 
decreasing. 
Heavy pressure threa t
ened most of these 
fauna and their 
habitats in Indian 
Sundarbans. 
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contribute themselves as food for fishes 
and other aquatic animals. 

• Vertebrate Faunal Resources 

The Sundarbans mangrove ecosystem is also 
a unique reservoir of vertebrate fauna. This 
ecosystem is ric'h in terrestrial, aquatic and 
avian faunal community. Many of these well
represented vertebrates in the Sundarbans are 
endangered in other parts of the world and 
have maintained a unique status as a Heritage 
Site. 

of Sundarbans, which is a main source of 
income of Sundarbans rural people. Non
edible and other low rated fishes are used 
for making fish-lneal, poultry feed and 
manures. 

i. Variety of commercially important fish 
species has been recorded in coastal areas 

ii. The creeks of Sundarbans form the home 
of estuarine crocodile (Crocodyilis poroslIs). 
It is the nesting ground of Olive Ridley 
turtle (Lepidochelys olivacen) and River 
Terrapin (Batngur baskn). The largest lizard 
of the world - Water Monitor (Varnnlls 
salvator) and Monitor Lizard (Vnrnnlls 
flavescens) are common in marshy places. 
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Table-III, Endangered/Threatened Species of Indian Sundarbans Mangrove Ecosystem 

Scientific Name Common Name 

MAMMALS 

Felis viverrina (Bennett) Fishing cat 

Panthera tigris tigris (Linnaeus) Tiger 

Platanista gangetica (Ledeck) Gangetic dolphin 

Orcella brevirostris (Owen) Irrawady dolphin 

Neophocaena phocaenoides (Cuiver) Little porpoise 

BIRDS 

Arden goliath Cretzschmar Giant heron 

Leptoptilos dubius (Horsfield) Adjutant stork 

Haliacetus lellcogastar (Gmelin) White bellied sea eagle 

Pandion haliaetus (Linnaeus) Osprey 

Reptiles 

Crocodylus porosus Schneider Estuarine Crocodile 

Lepidochelys olivacea ( Eschscholtz) Olive -Ridley turtle 

Batagurbaska (Gray) River Terrapin 

Kachuga tecta (Grey) Indian tent turtle 

Lissemys punctata andersoni (Webb) Indian flap shelled turtle 

Trionyx gangeticus (Cuvier) Indian soft shelled turtle 

Trionyx hurum Gray Peacock marked soft shelled turtle 

Varanus- bengalensis (Daudin) Common Indian monitor 

Vnranus flavesceus (Gray) Yellow monitor 

Varanus salvator (Laurenti) Water monitor 

Python molurus Linnaeus Indian rock python 

Source: Mangroves of the Sundarbans, Volume I : India, by A. B. Chaudhury and A. Choudhury, IUCN, 1994. 

Different species of poisonous and non
poisonous snakes are seen in abundance 
in this region. 

iii. Unlimited varieties of crops for food and 
mangrove forest ~nd trees for shelter 
provide most lucrative natural abode for 
many species of birds. Sundarbans also 

_ attracts large number of the migratory 
birds, which enjoy roosting in this place. 

iv. The mangrove forest of Sundarbans is the 

excellent habitat for the largest tiger 
population in the globe. Apart from 
Bengal Tiger, this forest has different types 
of wild mammals, like, Spotted Deer, Wild 
Pig, Fishing Cat, Civet Cat, Mongoose, 
Jackal, Fox, Monkey are found in plenty. 
The Fruit Bats and Flying Foxes axe 
com.ri'l.on in the garden. The Bandicot-rats, 
House rats and Shrews are frequently met 
with in the huts and houses. Among 
aquatic mammals Irrawaddy Dolphins 
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A B 

Fig. l. Rock be~Apis dQrsata Source of Honey 

Fig. 2. Horse shoe crabs-Source of Biotic Substances Fig. 3. Oyster-Source of possible Commercia'l Culture 
like CAL & TAL 

and Porpoises are common in the 
estuarine riv,ers. (Chaudhury & 
Chowdhuri, 1994). (Fig. IV - P.5.1., P'.S.2., 
P.5.3, P.SA., P.5.5., P.5.6.) 

MAJOR THR'EATS TO INDAN 
SUNDARBANS BIODIVERSITY 

The deltaic Sundarbans has been facing 
various kinds of threats. These threats are often 
direct functions of the people"s need for the 
natur.al resourc,esl but sometimes industr"al and 
anthropogenic wastes from the nearby dUes. 
Som,e of the major threa ts posing nega tive 
impacts on the dchest biodiversity of this deltaic 
zone ar,e as foUows': 

).0 Uncontrolled collection of prawn 
seed ings :: CoUe,ction of shrimp / pr,(\Vvn 

seeds by the local viUagers, for s'llpp lying 
to the commercial prawn culture nnn~ has 
become an extremely attractive econo111ic 
activity of common livelihood of Indian 

Sundarbans people, du to which a large 
variety of fin-fish and shell-fish juveniles 
are wasted (Mukherjee, 1984). (Fig. V -
P,.5.7.) 

).- Irregular fishing :: Unscientific fishing 
pr,actices by the traw lers causes gre,at 
d.amage to fishery stock and s .a turHe 
population. (Kar! 2005) (Fig. VI - P.S.8.) 
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Fig. 4(1). Boieop,thalmU5 boddarti 

Fig. 4(3). Largest Lizard of Sundarbans Water Moni
tor (VnrmlUait'at,or) 

Fig. 4(5). Civet Cat 

Fig. 5. Catching of Tiger Prawn~ 

Zoological R6t'(lrd,l in HrmmnWelfare 

Fig. 4(2). Creeks of Sundarbans ~ Horne of Estu,arine 
Crocodile (Crocodylus porosus) 

Fig. 4(4). Nesting ground of Olive Ridley turtle 
(Lepidocflelys olivacea) 

Fig. 4(6). Royal Bengal Tiger- Panthera tigris tigris Only 
Mangrov1e-Tiger land of tbe World 

F' g. 6. Uncontrolled & Irregular Fishing 
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'y Lime generation : Exploitation of 
molluscan shells for lime manufacture 
prevents calcium recycling into the system 
and affects the ecological balance (Mitra & 
Banerjee, 2006). 

., Extension of non-forestry land : The 
increased pressure on land for expansion 
of activities like aquaculture, prawn 
farming, drying of sea-fish, etc. are posing 
direct threat to the existing Indian 
Sundarbans mangroves (Naskar & MandaI, 
1999). 

, Demand for small timber and fuel wood 
for local consumption : Illegal cutting of 
timber and fuel wood from the fringe areas 
is common. Timber procurement has also 
caused considerable destruction of 
mangrove forest. (Fig. VII - P.5.9.) 

, Erosion: The process of erosion is a 
common phenomenon in Indian 
Sundarbans due to current pattern and 
building of structures like guide walls, 
groins, etc. in the upstream region. Absence 
of protective vegetation cover in many 
areas of Indian Sundarbans has accelerated 
the process of erosion. (Fig. VIII - P.5.10.) 

". Construction of embankment : It affects 
the drainage systems and cuts off the sweet 
water flow into adjoining areas, resulting 
in increased salinity in these areas. Due to 
the embankments the silt deposition along 
the inner banks and river beds from the 
tidal waves have raised the river beds to a 
higher level than of human settlements. 

Fig. 7. Exploitation of Mangrove Woods 

'y Loss of endangered species: Many species 
like the tiger, fishing cat, gangetic dolphin, 
porpoise, adjutant stork, estuarine crocodile 
and olive ridley turtle have been marked 
as endangered species due to habitat 
destruction, increased salinity and illegal 
trade (Das & Nandy, 1999). 

).. Man-animal conflict : Straying of tigers 
into villages ca uses acute man-animal 
conflict, which poses direct threa t to 
conservation efforts. 

, Deterioration of water quality: Release of 
untreated wastes from the nearby city has 
caused deterioration of water quality in the 
western sector of Indian Sundarbans. 

~ Dredging of riverbeds : It is done to 
improve navigability of large vessels and 
oil tankers. Such operation directly affects 
the flora and fauna and also the fishery 
indirectly. 

}; Unplanned tourism development: In some 
regions of the mangrove island touris111 
have been developed in an unplanned way 
and so indiscrimina te disturbance and 
environmental pollution are increasing day 
by day which seem to be an effective calise 
for destruction of Sundarbans mangrove 
ecosystem. 

RESULT 

Conservation Approaches needed for 
yielding Sustainable Benefits of Sundarbans 
Mangal. 

Fig. 8. Erosion on the River Bank 
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The threats to Indian Sundarbans are mostly 
site 'specific in nature and indirectly related to 
the nature of resource, their exploitation pattern 
and socio-economic profile of the area. So there 
is a need of proper conservation approaches 
for protecting the richest biodiversity of this 
region. The greatest enemy of the Sundarbans 
is the poverty of its people. Deprived of any 
other means of sustenance, the inhabitants earn 
their livelihood by felling wood, catching fish
spawn in rivers and hunting, all of which 
des~oy the natural resources and threaten the 
biodiversity of this area. Public awareness 
campaigns are urgently needed to inculcate 
environmental consciousness among people. 
Alternative me'ans of income should be 
encouraged, replacing traditional methods that 
harm the ecosystem. 

The Forest' Departments and Fisheries 
Departments of Government of West Bengal 
and various NGOs have already adopted 
several strategies to conserve the vibrating 
mangrove ecosystem of Indian Sundarbans 
(Raha, 2004). Some of the important approaches 
are: 

» Eco-Development and Joint Forest 
Management support activities 

» Afforestation 

» Vocational Training for prawn seed 
collectors 

» Encouragement towards alternative 
livelihood 

» Canal excavation 

» Oyster culture 

» Crab fattening 

.» Apiculture 

» Pisciculture 

» . Development· of Eco-tourism 

» Establishment of. Interpretation Centres 

DISCUSSION 

For keeping the nature in balance and for 
getting maximum benefit from these mangrove 
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wetlands, more and more planned conservation 
approaches are required to develop the 
sustainable awareness in such estuarine lands 
on an urgent basis, besides the above mentioned 
protective measures. In this estuarine wetland 
ecosystem of the Sundarbans, human influence 
would cause changes raising alarming 
conditions (MandaI, 2003). So, the main 
objective should be to convince the local people 
that they are the proud inhabitants of this 
World Heritage Site. 

Proper scaling up of selective conservation 
related experiments and approaches, which 
generated positive result, are of utmost 
importance to maintain the pristine form of 
Indian Sundarbans. Community participation 
and alternative livelihood scheme 
implementations are mere experimental tools 
of conservation, which may have both positive 
and negative outputs (Mukherjee, 1984). Hence 
such experiments need to be conducted in 
selective pockets of this deltaic lobe. 

IJ TrainingActivities 

In collaboration with the Forest Department 
other organizations should come forward to 
train the local people in alternative means of 
livelihood like -

a) Potential agriculture techniques and 
procedures; such as - fodder and forage 
grass cultivation, medicinal plant 
gardening and the plantation of the 
selected fruit trees and timber producing 
plants, fibre yielding trees which may also 
help to improve the rural economy. By 
this artificial afforestation programme and 
by developing the social forestry, the 
pressure on the mangrove forest trees may 
be minimized. 

b) Economic and sustainable uses of the 
natural resources of the Sundarbans and 
other socio-e.conomic implications may be 
considered. 

CI Educational Activities 

To generate mass education -about this 
threatened environment some awareness 
programmes should be arranged in different 
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localities. By arranging such type of programme, 
people may be made aware about the-

a) causes of degradation of the mangrove 
environment with special reference to 
anthropogenic activities. 

a) means and methods of preservation of the 
endangered or threatened mangrove biota 
and mangrove ecosystem of Sundarbans. 

b) effect of tourism development in the 
mangroves and recreation should be 
planned in such manner that the ecology 
is not destroyed. 

c) needs for wildlife development and 
conserva tion. 

Cl Other Activities 

a) Survey and analysis of eco parameters of 
this threatened mangrove ecosystem may 
be done in collaboration with Government 
departments and various NGOs. 

b) Documentation of the Significant faunal 
diversity followed by statistical data 
analysis of the scientific investigations is 
essential for keeping in mind the present 
status of the environment. 

The proper activities for conserving the 

threatened environment of the Sundarbans are 

perhaps one of the sources to create any 

sustainable development. It is urgent to educate 

the rural people about the role of the mangrove 

ecosystem and ensuring alternative sources of 
livelihood for them (MandaI, 2003). It is 

expected that only by developing a sense of 

local awareness that this threatened 
environment of Indian Sundarbans Mangals be 

properly preserved. 
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