




           Area           Area           Area           Area           Area        Sediment carbon burial       Sediment carbon burial       Sediment carbon burial       Sediment carbon burial       Sediment carbon burial
Coastal zone componentCoastal zone componentCoastal zone componentCoastal zone componentCoastal zone component

2.7% of total carbon burial, but significantly lower than the
mangroves (Table 1).

Organic carbon burial in non-vegetated habitatsOrganic carbon burial in non-vegetated habitatsOrganic carbon burial in non-vegetated habitatsOrganic carbon burial in non-vegetated habitatsOrganic carbon burial in non-vegetated habitats
The non-vegetated habitats, which occupy 97.5%

coastal domain, contribute to 80.6% sediment carbon
burial in India (Table 1). Even though non-vegetated
habitats occupy the same percentage (97%) of global
coastal area, they contribute only 53% sediment carbon
burial (Duarte et al., 2005) which is lesser than that (80.6%)
in India. The non-vegetated habitats are rich in carbon
due to anthropogenic impact and terrestrial inputs that
get deposited in those areas.

Among the non-vegetated habitats, coastal shelf
accumulates 54.5% of total carbon burial, followed by tidal
mudflats which contribute 22.7% carbon burial. However,
other non-vegetated habitats, namely, lagoons, estuaries,
backwaters and creeks, contribute totally only 3.4%
carbon burial (Table l). It is suggested that the extent of
non-vegetated habitats especially the tidal mudflats which
are available to a larger extent of 23,621 sq km have to
be promoted as vegetated habitats especially with
mangroves and salt marshes, after assessing their
suitability. This effort will have bearing on carbon
sequestration.

TTTTTable 1. able 1. able 1. able 1. able 1. Estimates of organic carbon burial rates inEstimates of organic carbon burial rates inEstimates of organic carbon burial rates inEstimates of organic carbon burial rates inEstimates of organic carbon burial rates in
vegetated and non-vegetated habitats of thevegetated and non-vegetated habitats of thevegetated and non-vegetated habitats of thevegetated and non-vegetated habitats of thevegetated and non-vegetated habitats of the
coastal zone of Indiacoastal zone of Indiacoastal zone of Indiacoastal zone of Indiacoastal zone of India

Vegetated Mangroves 0.29 0.004445 118.0 0.524510 11.2
habitats Salt marshes 0.11 0.001698 151.0 0.256398   5.5

Seagrasses 0.09 0.001391   91.3 0.126998   2.7
Total for vegetated 0.490.490.490.490.49 0.9079060.9079060.9079060.9079060.907906 19.419.419.419.419.4
habitats

Non-vegetated Tidal mudflats 1.54 0.023621   45.0 1.062945 22.7
(depositional Lagoons 0.1 0.001564   45.0 0.070380   1.5
areas) Estuaries 0.1 0.001540   45.0 0.069300   1.5

Backwaters 0.01 0.000171   45.0 0.007695   0.2
Creeks 0.01 0.000192   45.0 0.008640   0.2
Coastal shelf                97.74 1.500000     1.7 2.550000 54.5
Total for non-               97.5197.5197.5197.5197.51    3.76896   3.76896   3.76896   3.76896   3.76896 80.680.680.680.680.6
vegetated habitats

TTTTTotal coastal habitatsotal coastal habitatsotal coastal habitatsotal coastal habitatsotal coastal habitats 1.5346271.5346271.5346271.5346271.534627 4.6768664.6768664.6768664.6768664.676866

Carbon budget estimateCarbon budget estimateCarbon budget estimateCarbon budget estimateCarbon budget estimate
Carbon budget was estimated here in mangrove

forest ecosystem of India, as it is more efficient in carbon
burial than other vegetated habitats. Mangroves fixed
annually the net primary production of 6.05604 Tg carbon
which is distributed at 37.6% in root, 31.2% both in litter-
fall and wood (Table 2). Indian mangroves contribute to
2.8% of global mangrove primary production annually that
is 218 Tg carbon (Bouillon et al., 2008).

While analyzing the fate of the mangrove
production, a major component of 51.3% of mangrove
carbon produced is mineralized, followed by CO2 efflux of
benthic respiration (19.3%), dissolved organic carbon
export (11%), particulate organic carbon export (9.7%) and
burial in sediment (8.7%) (Table 2). More published data
based on large numbers of sampling analysis throughout
the country are highly warranted to get an accurate
account of the carbon cycling pattern in the mangrove
forests.

IntroductionIntroductionIntroductionIntroductionIntroduction
Macrophytes, such as mangroves, salt marshes

and sea grasses, constitute an important component of
coastal domain (Kathiresan and Bingham, 2001;
Kathiresan, 2007), but their role in carbon budget is
neglected from accounts of the global ocean carbon cycle
for the main reason that the marine vegetation occupies
only less than 2% of the oceanic surface (Duarte and
Cebrian, 1996). Moreover, the coastal macrophytes are
being cleared and converted globally at alarming rates.
For instance, the annual rate of loss in global mangroves
was disturbingly high, 0.66%, during the years 2000–2005
(FAO, 2007).

Duarte et al. (2005) emphasized the importance of
marine vegetation in 10% of the global organic carbon
burial in the coastal ocean and also cautioned a reduced
carbon burial in the ocean annually by about 30 trillion
grams of carbon due to destruction of coastal vegetation.
The exchange of carbon between mangroves and coastal
ocean and its fate in the ocean is, therefore, increasingly
recognized as potentially important components in the
ocean carbon budget.

In this regard, Bouillon et al. (2008) provided a
latest assessment of global mangrove carbon budget,
based on the published data, which indicate that global
mangrove primary production is 218 trillion grams of
carbon annually and this contributes carbon to the ocean
through the processes of export, sediment burial and
mineralization of carbon fixed by net primary production
of the mangrove forests. Although India has 3% of global
mangroves and 5% of Asian mangroves, the role of
Indian mangroves in oceanic carbon budget is not
understood due to the dearth of data for the country. This
paper provides the first estimate of carbon fluxes in
mangrove forests of India in relation to other vegetated
habitats and non-vegetated habitats of coastal domain,
based on the recently published data worldwide.

Organic carbon burial in vegetated habitatsOrganic carbon burial in vegetated habitatsOrganic carbon burial in vegetated habitatsOrganic carbon burial in vegetated habitatsOrganic carbon burial in vegetated habitats
Macrophyte-dominated habitats, namely,

mangroves, salt marshes and seagrasses, occupy just
0.49% of coastal area, but they contribute 19.4% of total
sediment carbon burial in coastal India (Table 1).
However, the vegetated habitats are more significant in
the world by constituting 47% of total sediment carbon
(Duarte et al., 2005) than those in the country. This may be
due to the limited area extent of vegetated habitats in
India which is only 0.49% of total coastal domain, as
against 3% in the coastal world.

Among the vegetated habitats, mangroves
contribute significantly by 11.2% of total sediment carbon
burial and 58% of carbon burial by vegetated habitats.
Similarly the global mangroves exhibited 10% of total
sediment carbon burial, but only 21% of carbon burial by
vegetated habitats (Duarte et al., 2005). This higher level
of carbon burial in Indian mangrove habitat can be
attributed to larger area extent of the mangrove forests
(4445 sq km) than other vegetated habitats. Salt marshes
and seagrasses also contribute, respectively, 5.5% and

Mangroves and carbon budget of coastal
India: the first estimate
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TTTTTable 2.able 2.able 2.able 2.able 2. Estimates of carbon budget in mangrove forest Estimates of carbon budget in mangrove forest Estimates of carbon budget in mangrove forest Estimates of carbon budget in mangrove forest Estimates of carbon budget in mangrove forest
ecosystems in Indiaecosystems in Indiaecosystems in Indiaecosystems in Indiaecosystems in India

                 Net primary production                            Fate of mangrove production            Net primary production                            Fate of mangrove production            Net primary production                            Fate of mangrove production            Net primary production                            Fate of mangrove production            Net primary production                            Fate of mangrove production

Component Carbon (%) Component Carbon (%)
fixation burial
(Tg C y–1) (Tg C y–1)

Litter-fall 1.88904 31.2 Burial in sediment 0.52451   8.7
Wood 1.88900 31.2 CO2 efflux 1.17124 19.3
Root 2.28000 37.6 POC export 0.58742   9.7

DOC export 0.66614 11.0
Mineralization of C(DIC) 3.10673 51.3

TTTTTotalotalotalotalotal 6.056046.056046.056046.056046.05604 100100100100100 TTTTTotalotalotalotalotal 6.056046.056046.056046.056046.05604 100100100100100
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Gujarat with 936 sq km of mangroves occupies
the second position in our country and is the only state
which is showing a positive trend in terms of mangrove
forest area (FSI, 2005). The mangroves in Gujarat are less
diverse and only 8 true mangrove species have been
reported so far. Also this diversity pertains mainly to the
extensively studied areas in the State, namely, the Gulf of
Kachchh, and the Indus deltaic mangroves. Mangroves
along the south Gujarat coastline have not been studied
in detail till now.

During the recent survey in the Varoli estuary,
individuals of the mangrove species Lumnitzera racemosa
were found in the intertidal areas. The occurrence of this
species has not been reported from Gujarat so far.
Therefore for the first time the occurrence of this species
is being reported in this State (Shah, 1978; Banerjee et al.,
1989; Singh, 2002, 2006; Rajendran and Baskara Sanjeevi,
2004).

L. racemosa is an Asian species, distributed from
eastern Africa to the western Pacific. It occurs in the back
mangrove region as small, isolated clusters of trees or
occasionally as larger stands reaching less than 5 m in
height (Fig. 1). It belongs to
the family Combretaceae. A
well-developed above-ground
root system has not been
observed in this mangrove
species. Leaves are succulent
and small (up to 4 cm length,
2 cm width). The shape of
leaves is obovate (broadest
above the middle of the leaf),
the apex is emarginated or
having apical notch. Petiole is
absent. Flowers are up to 1
cm in length, exhibiting 5
small white petals (Fig. 2).
Ovary is inferior and
unilocular with single seed
(Tomlinson, 1986).

The distinguishing
features of this plant in field are its reddish twigs and the
leaf scars. Also, the leaves are crowned at the top of the
twig. In Varoli estuary the height of this species was in the
range of 1.5–2.0 m, and it was found in association with

Aegiceras corniculatum,
Avicennia marina and
Acanthus ilicifolius.

The mangrove
diversity observed at
Varoli estuary included
A. marina, A. officinalis,
Sonneratia apetala, Excoecaria
agallocha (reported in the
newspaper Times of India
by Gujarat Ecological
Education and Research
Foundation (GEER),

Occurrence of Occurrence of Occurrence of Occurrence of Occurrence of Lumnitzera racemosaLumnitzera racemosaLumnitzera racemosaLumnitzera racemosaLumnitzera racemosa Willd. Willd. Willd. Willd. Willd.     ininininin
the Vthe Vthe Vthe Vthe Varoli estuaryaroli estuaryaroli estuaryaroli estuaryaroli estuary, south Gujarat: a new, south Gujarat: a new, south Gujarat: a new, south Gujarat: a new, south Gujarat: a new

record for Gujaratrecord for Gujaratrecord for Gujaratrecord for Gujaratrecord for Gujarat

Coral reefs are helping us even after their death!Coral reefs are helping us even after their death!Coral reefs are helping us even after their death!Coral reefs are helping us even after their death!Coral reefs are helping us even after their death!
How? Perhaps in many ways! For example, the dead coral

reefs along the Sunda megathrust fault, Indonesia, have shown the
growth rings which indicated the previous three large earthquakes,
which occurred once in ca 200 years thus serving as the “geological
warning system” – the (70%) indicating the possibility of a huge
earthquake in Indian Ocean in the next few decades.

For more interesting information, visit <http://
www.scidev.net/en/news/indian-ocean-due-huge-quake-in-next-30-
years-.html> (retrieved on 21 January, 2009).

Do you want to have an ideaDo you want to have an ideaDo you want to have an ideaDo you want to have an ideaDo you want to have an idea how large is the largest coral reefhow large is the largest coral reefhow large is the largest coral reefhow large is the largest coral reefhow large is the largest coral reef
in the world, The Great Barrier Reef of Australia?in the world, The Great Barrier Reef of Australia?in the world, The Great Barrier Reef of Australia?in the world, The Great Barrier Reef of Australia?in the world, The Great Barrier Reef of Australia?

It has 2900 individual reefs and 900 islands; 328 colonies of massive
Porites corals from 69 locations.

(Source: News. Terragreen, 1 (11), 2009, p. 7)
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Fig. 1. Fig. 1. Fig. 1. Fig. 1. Fig. 1. Clusters of Clusters of Clusters of Clusters of Clusters of LumnitzeraLumnitzeraLumnitzeraLumnitzeraLumnitzera
     racemosa.racemosa.racemosa.racemosa.racemosa.

Fig. 2. Fig. 2. Fig. 2. Fig. 2. Fig. 2. Flowers of Flowers of Flowers of Flowers of Flowers of LumnitzeraLumnitzeraLumnitzeraLumnitzeraLumnitzera
racemosaracemosaracemosaracemosaracemosa



Quite a large number of species of blue-green
algae (BGA) have been reported to occur in West
Bengal. The authors who have worked on BGA, number
of species of BGA recorded and number of species of
Lyngbya found among them are presented in Table 1.

The occurrence and distribution of Lyngbya
spirulinoides are restricted to the brackish water wetlands
(Naskar, 2008). The characteristic features of this
species are: the filament is enclosed in a robust
mucilage sheath and the trichome vividly shows
Spirulina-like appearance.

TTTTTable 1.able 1.able 1.able 1.able 1. Number of species of BGA and  Number of species of BGA and  Number of species of BGA and  Number of species of BGA and  Number of species of BGA and LyngbyaLyngbyaLyngbyaLyngbyaLyngbya
recorded by various investigators in  differentrecorded by various investigators in  differentrecorded by various investigators in  differentrecorded by various investigators in  differentrecorded by various investigators in  different
locations of Wlocations of Wlocations of Wlocations of Wlocations of West Bengalest Bengalest Bengalest Bengalest Bengal

InvestigatorsInvestigatorsInvestigatorsInvestigatorsInvestigators Number ofNumber ofNumber ofNumber ofNumber of   Number of  Number of  Number of  Number of  Number of
 species of species of species of species of species of    species in   species in   species in   species in   species in
    BGA    BGA    BGA    BGA    BGA genus genus genus genus genus LyngbyaLyngbyaLyngbyaLyngbyaLyngbya

Santra et al. (1988) 67    8    
Sen (1996)                        123                   16    
Sen and Naskar (2003) 50    6    
Debnath et al. (2007) 32    4    
Naskar et al. (2008) 40                   12    

Even though various species belonging to the
genus Lyngbya have been reported to occur, the
occurrence of L. spirulinoides has not been reported so
far, and this paper reports for the first time its
occurrence.

During 2002–2005 investigations on algal
biodiversity of brackish water wetlands in North 24
Parganas District, West Bengal, were carried out.
Samples were collected during various seasons as
summer, monsoon, post-monsoon and winter. The
sampling sites were grouped under three salinity
regimes – high saline zone, medium saline zone and
low saline zone. The collected samples were preserved
in FAA solution and deposited in the Central Inland
Fisheries Research Institute (ICAR) Laboratory, Kolkata
Centre, Salt Lake, Kolkata (catalogue number NMN 17).
The species of BGA were identified using the key
provided by Desikachary (1959). The diagram (Fig. 1)
was drawn using the camera lucida.

L. spirulinoides was collected during the summer
season. The following features were evident in
L. spirulinoides: Thallus olive green and free-floating;
filaments entangled and olive green in colour, regularly
and loosely spirally coiled; hyaline outer sheath,
colourless, lamellated and mucilaginous; distance
between two spirals 62–114 µm; trichome 13–20 µm
broad, blue-green in colour, more or less straight; cell
length 1–3 µm, and 1/4–1/6 as long as broad, cross-walls
often graduated, end cell rounded and calyptra absent
(Fig. 2).

This algal species was found both as free-
floating and also in association with other BGA and
green algae in brackish water wetlands. Desikachary

Gandhinagar), A. corniculatum and Acanthus ilicifolius.
Mangrove associates found included Salvadora persica and
Clerodendrum inerme. The salt marsh vegetation here was
comprised of Aeluropus lagopoides, Porteresia     coarctata,
Sesuvium portulacastrum and Suaeda spp.
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A “credit-card sized chip” to detect coralA “credit-card sized chip” to detect coralA “credit-card sized chip” to detect coralA “credit-card sized chip” to detect coralA “credit-card sized chip” to detect coral
diseasesdiseasesdiseasesdiseasesdiseases

The ‘PhyloChip’ is capable of detecting 9000 species
of microbes found in coral reefs.

With this little device, it is possible to find out the
microbes associated with corals. Some microbes are found with
healthy corals; some occupy the diseased corals. So, depending
upon the microbes present, we will be able to detect whether the
corals are healthy or diseased.

(Source : <http://www.sciencedaily.com/releases/2009/02/
090204174314.htm>, retrieved on 30 April, 2009.)

Stay slim Stay slim Stay slim Stay slim Stay slim → slow down global warming! slow down global warming! slow down global warming! slow down global warming! slow down global warming!

less eating → less food production → less global warming
(food-production is one of the major
contributors to global warming)

 → less greenhouse gas emission
 → less energy needed to carry lean people
 → move easily

[Source : London School of Hygiene & Tropical Medicine
(LSHTM) (2009, April 20). Keeping slim is good for the planet,
say scientists. ScienceDaily. Retrieved on 21st April, 2009, from
< h t t p : / / w w w. s c i e n c e d a i l y. c o m / r e l e a s e s / 2 0 0 9 / 0 4 /
090419212516.htm>.]



and Ramakrishnan (1953) recorded L. spirulinoides in a tank
in Chengalpattu, near Chennai; it was found to be living
only in association with other BGA, not as free floating.
Few minor morphological differences – such as in the
distance between two spirals, breadth of trichome and
cell length – have been observed between L. spirulinoides
collected from West Bengal and Chengalpattu tank.

The morphological differences noticed between
the specimens collected from West Bengal and Tamil
Nadu are attributed to the habitats from where they were
collected – freshwater tank in Tamil Nadu and medium
saline (7.2–12.0 g l–1) wetlands in Baduria and Basirhat II
blocks of North 24 Parganas.
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Fig. 1.Fig. 1.Fig. 1.Fig. 1.Fig. 1. Diagram ofDiagram ofDiagram ofDiagram ofDiagram of L. spirulinoides L. spirulinoides L. spirulinoides L. spirulinoides L. spirulinoides,,,,,
drawn using camera lucida.drawn using camera lucida.drawn using camera lucida.drawn using camera lucida.drawn using camera lucida.

Published works on diversity indices of benthic
communities and use of macrobenthic organisms as
indicators of environmental conditions are sparse in
Sri Lanka. Therefore, the present study was carried out to
compile information on earlier studies on benthic
organisms in the lagoonal and estuarine environments of
Sri Lanka (Fig. 1).

It is believed that this paper may serve as the
basis for those interested in collecting scientific
information on the biodiversity of Sri Lankan estuaries
and lagoons and barcode them besides providing the
benchmark date to find out changes in future.

The benthic organisms covered through earlier
studies in Sri Lanka include those of brackish water
polychaetes (Willey, 1905; Augner, 1926; Pillai, 1958, 1960,
1961, 1970, 1971, 1972; De Silva, 1964); species composition,
abundance and distribution of aquatic oligochaetes in
Colombo (Beira) lake (Costa et al., 1997); indicator
organisms of environmental conditions of Hamilton canal,
a lotic water body in Sri Lanka (Gamlath and Wijeyaratne,
1997); species composition and abundance of aquatic
oligochaetes in Ihalagama and Lunuwila reservoirs,
shallow perennial minor reservoirs in Sri Lanka
(Weerasundara et al., 1999, 2000); and diversity of
macrobenthic community in the Negombo estuary,
Sri Lanka, with special reference to the environmental
conditions (Dahanayaka and Wijeyaratne, 2006).

Benthic macrobenthos of the estuaries andBenthic macrobenthos of the estuaries andBenthic macrobenthos of the estuaries andBenthic macrobenthos of the estuaries andBenthic macrobenthos of the estuaries and
lagoons in Sri Lankalagoons in Sri Lankalagoons in Sri Lankalagoons in Sri Lankalagoons in Sri Lanka

Fig. 1. Fig. 1. Fig. 1. Fig. 1. Fig. 1. Map of the Sri Lanka showing locations of lagoonsMap of the Sri Lanka showing locations of lagoonsMap of the Sri Lanka showing locations of lagoonsMap of the Sri Lanka showing locations of lagoonsMap of the Sri Lanka showing locations of lagoons
and estuaries.and estuaries.and estuaries.and estuaries.and estuaries.
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Fig. 2.Fig. 2.Fig. 2.Fig. 2.Fig. 2.      Micrograph of
 L. spirulinoides.



TTTTTable 1. able 1. able 1. able 1. able 1. Invertebrate fauna recorded from the estuaries and lagoons of Sri LankaInvertebrate fauna recorded from the estuaries and lagoons of Sri LankaInvertebrate fauna recorded from the estuaries and lagoons of Sri LankaInvertebrate fauna recorded from the estuaries and lagoons of Sri LankaInvertebrate fauna recorded from the estuaries and lagoons of Sri Lanka

                                                                           GroupGroupGroupGroupGroup          Species         Species         Species         Species         Species                                     Habitat                                    Habitat                                    Habitat                                    Habitat                                    Habitat

Annelida/Polychaeta Augeneria dayi Negombo estuary – sandy bottom e

Branchiocpitella singularis Jaffna lagoon – soft mud e
Branchiomma cingulata Puttalam lagoon – tubes attached submerged stones e

Diopatra cuprea Negombo estuary – tubes of the bottom mud e

Eunice sp. Negombo estuary – soft mud c

Harmothoe ampullifera Negombo estuary and Jaffna lagoon – soft mud e

Heteromastus similis Negombo estuary – soft mud e

Hydroides inornata Negombo estuary – on oyster shells j

Marphysa mossambica Jaffna lagoon – soft mud e

Namalycastis indica Negombo estuary – amongst debris cast on lagoon banke

Neopomatus uschakovi Negombo estuary – attached to shells, stones and upper surfaces of
petiole bases of fallen branches h,j

N. similis Mangrove swamps, stones, bricks, etc. h

Neanthes manatensis Negombo estuary – associated with oyster populations j

N. negomboensis Negombo estuary – dug of the bottom mud e

Nephtys polybranchia Negombo estuary – dug of the bottom mud c,e

Nereis burmensis Negombo estuary – dug of the bottom mud e

N. chilkaensis Negombo estuary – tunnels of the branches in fish traps e
Nerine cirratulus Negombo estuary – sandy banks of the lagoon mouth e

Odontosyllis gravelyi Puttalam lagoon – swimming at the lagoon surface e

Pareurythoe pitipanaensis Negombo estuary – tunnels of the branches in fish trapse

Pictinaria panava Negombo estuary – soft mud e

Potamilla leptochaeta Negombo estuary – soft mud e

Prionospio cirrifera Udappuwa and Mundel lagoon Burrowing, bottom mud e
Scolelepis indica Negombo estuary – sandy banks of the lagoon mouth e

Trypanosyllis zebra Negombo estuary – associated with oyster populations j

Tylonereis bogoyawlenskyi Negombo estuary – soft mud e

Mollusca/Bivalvia Larkinia rhombea Soft substrata: shallow and deep water g

Barbatia obliquata Firmly attached to rocks g

Pinctada radiata Firmly attached to rocks g

Pinna bicolor Soft mud a,g

Placuna placenta Soft mud a,g

Crassostrea belcheri Inter and sub-tidal zones g
Gafrarium tumidum Littoral and sub-littoral g
Dosinia cretacea Burrowing, shallow water g

Marcia opima Burrowing, undisturbed shallow water g

M. hiantina Muddy bottom g

Gari variegata Negombo estuary – burrowing vertically in sandy mud c,g

Brachydontes variabilis Negombo estuary – associated with oyster populations j

Spondylus descalis Negombo estuary – associated with oyster populations j

Martesia striata Negombo estuary – associated with oyster populations j

Meretrix casta Negombo estuary – muddy bottom c

Mollusca/Polyplacophora Squamopleura imitator Negombo estuary – associated with oyster populations j

Mollusca/Gastropoda Euchelus asper Negombo estuary – associated with oyster populations j

Cellana radiata Negombo estuary – associated with oyster populations j

Nerita polita Negombo estuary – associated with oyster populations j

Littorina scabra Negombo estuary – associated with oyster populations j

Clithon oualaniensis Soft mud f
Cerithidea cingulata Negombo estuary – soft mud c,f

Corbula solidula Soft mud f
Stenothyra sp. Soft mud f
Dentalium sp. Negombo estuary – sandy mud c

Cuspiolaria sp. Soft mud f
Modiolus sp. Soft mud f
Terebralia palustris Negombo estuary – soft mud c

Faunus ater Negombo estuary – soft mud c

Arthropoda/Crustacea Scylla serrata High saline lagoons i

Neptunus pelagicusi High saline lagoons i

Penaeus canaliculatus High saline lagoons i

P. monodon High saline lagoons i

P. semisulcatus High saline lagoons i

P. indicus High saline lagoons i

Metapenaeus dobsoni High saline lagoons i,d

M. elegans High saline lagoons d

M. burkenroadi High saline lagoons d

M. mutatus High saline lagoons d
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                                   GroupGroupGroupGroupGroup          Species         Species         Species         Species         Species                               Habitat                              Habitat                              Habitat                              Habitat                              Habitat

Arthropoda/Crustacea M. monoceros High saline lagoons d

Macrobrachium rosenbergi High saline lagoons b

M. equidens High saline lagoons b

M. srilankense High saline lagoons b

Caridina sp. Negombo estuary – muddy bottom c

Eupagurus sp. Negombo estuary – muddy bottom c

Arthropoda/Brachyura Baruna socialis Negombo estuary – associated with oyster populations j

Pyseidognathus deianira Negombo estuary – associated with oyster populations j

Metapograpsus messor Negombo estuary – associated with oyster populations j

Arthropoda/Macrura Alpheus edwardsii Negombo estuary – associated with oyster populations j

Arthropoda/Cirripedia Balanus amphitrite Negombo estuary – associated with oyster populations j

Arthropoda/Isopoda Ligia exotica Negombo estuary – littoral j

Cirolana willeyi Negombo estuary – associated with oyster populations j

Arthropoda/Amphipoda Credocus sp. Negombo estuary – associated with oyster populations j

Lembos sp. Negombo estuary – associated with oyster populations j

aAnon. (1958). bCosta (1980). cDahanayaka and Wijeyaratne (2006). dDe Bruin (1965). eDe Silva (1964). fDe Silva, S.S. (personal
observation). gFernando (1977). hPillai (1960). iPillai (1965). jPinto and Wignaraja (1980).

The invertebrate species recorded during the
previous studies from the lagoons of Sri Lanka are listed
in Table 1. The list is almost totally confined to
polychaetes, gastropods, bivalves and crustaceans. Since
the previous authors have given the occurrence of
species as ‘lagoons in western and northern coastal area’,
it is not possible in few instances to provide exactly the
name of the estuaries and lagoons from where these
species were recorded.

MolluscsMolluscsMolluscsMolluscsMolluscs
The window-pane oyster Placuna placenta was

reported to constitute a regular fishery in Tamblegam
lake and divers were employed to collect this oyster.
However, prevalence of low salinity in the lagoon for a
prolonged period was found to harm the population
(Anon., 1958).

The study by Pinto and Wignaraja (1980) on the
edible oyster Crassostrea cucullata population in the
Negombo estuary remains one of the few detailed studies
on the molluscan population in any of the lagoons of
Sri Lanka. It found two peaks related to the
intermonsoonal periods, and distribution of oysters in the
islets in the lagoon was thought to be related to the
current speed which was responsible for accumulating a
suitable substrate. The above study also attempted to
categorize the fauna associated with the edible oyster
populations into sessile, boring and free moving and
evaluated the distribution of four species in relation to
the water level.

Fernando (1977) described 32 species of bivalves
belonging to 12 families from estuarine and coastal areas.
Of these, 14 species belonging to 7 families were
recorded from lagoons.

The association of polychaetes, molluscs and
crustaceans with the edible oyster Ostrea virginica from
the Batticaloa lagoon was documented by Perera and
Arudpragasam (1966). They found the chironomid larvae,
isopods and two annelid worms to inhabit the algal mat
that covered the exposed parts of the shells of the
oyster, whilst the barnacle Balanus amphitrite, serpulid
Neopomatus uschakovi and a bivalve Mytilus sp. were found

growing attached to the shell of Ostrea. As well, two
species of the worm Poldora, a species of nereid and a
clionid sponge were found to bore into the shell valves.
The nature of the burrows, distribution of burrows and a
quantitative estimate of the degree of infection to Ostrea
were also dealt with by Perera and Arudpragasam (1966).

AnnelidsAnnelidsAnnelidsAnnelidsAnnelids
Pillai (1960), in his study on marine and brackish

water serpulids, recorded 6 species from brackish waters,
including a new genus, Neopomatus. De Silva (1964) studied
the polychaetes from Sri Lankan coastal areas and
lagoons, including Negombo, Mundel, Puttalam and
Jaffna. He reported 7 species and 1 subspecies as new to
science and 16 species as new records to the fauna of
Ceylon. Species as Augeneria dayi, Neanthes negomboensis
and Pareurythoe pitipanaensis recorded in Negombo estuary
were also new to science.

CrustaceansCrustaceansCrustaceansCrustaceansCrustaceans
There have been only a few detailed studies on

the crustacean population of any of the lagoons of Sri
Lanka, even though they constitute the most important
group commercially. De Bruin (1965) reported striking
differences in the relative abundance of penaeid species,
particularly those of the genus Metapenaeus. According to
him, M. dobsoni and M. elegans were numerically most
abundant in lagoons of the southern, southwestern and
northwestern parts of Sri Lanka. M. burkenroadi, M. ensis
and M. mutates were found scarce in these lagoons, whilst
in the northern and northeastern lagoons these species
were the most abundant. Samarakoon and Raphael (1972)
surveyed the seed availability in the Negombo estuary
and found the postlarvae and juveniles of Penaeus indicus,
P. semisulcatus, M. dobsoni and M. elegans to occur in
sufficiently large numbers during the period September–
November, whilst P. monodon and P. latisulcatus were
recorded in smaller numbers for a short period.

However, the above investigators could not find
a direct correlation between the abundance of benthic
macrobenthos with the environmental parameters (water
quality, nature of the bottom sediment, vegetation, etc.)
and the anthropogenic activities.
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IntroductionIntroductionIntroductionIntroductionIntroduction
Since the mid-nineties of the previous century,

shrimp culture in Asia is subjected to many problems
such as disease out-breaks, environmental degradation
and poor management practices (Gopalakrishnan and
Parida, 2005; Fegan, 2007). Poor water quality is one of the
main causes for these problems. Water quality plays an
important role in shrimp culture and various aspects
concerning the water quality have been studied recently
(FAO, 2007). Since a decade, a few shrimp farmers of
Tamil Nadu have been using saline bore-well water for
shrimp culture, and they are able to avoid the outbreak of
viral diseases. However when the bore-well-water was
used, mineral deposition was noticed on the farm
implements like aerators, PVC pipes, electric wires,
concrete structures (like sluices) and on the shrimps too.
The mineral deposition made the shrimps’ shells rough
(rough-shell disease), stunted the growth of the shrimp
(Chanratchakool, 2003) and caused more mortality
resulting in less survival percentage.

The present investigation was undertaken to
study the incidence of mineral deposition on the shrimps
cultured in the bore-water-fed farms, to find out the
growth-stage in which the mineral deposition becomes
conspicuous, and compare the growth of the shrimps in
creek-water-fed and bore-well-water-fed farms.

Materials and methodsMaterials and methodsMaterials and methodsMaterials and methodsMaterials and methods
Two shrimp culture ponds – creek-water-fed pond

and bore-water-fed pond – situated along the Pichavaram-
Uppanar backwaters (latitude 11° 25′ 06.12′′ N; longitude
79° 46′ 19.66′′ E) were utilised for the present study. The
parameters monitored are given in Table 1 besides other
particulars.

Each pond was stocked with WSSV- and MBV-
negative post-larvae (PL)-17 on the same day. Salinity, pH
and alkalinity were monitored (6:00 a.m.) every week
throughout the culture period. Salinity was estimated with
the help of a hand refractometer and pH was measured
using pH pen. Alkalinity (HCO3 mg l–1) was estimated
using the standard methods described by Strickland and
Parsons (1972).

Shrimps cultured in both the types of ponds
were fed with commercial pellet feed – starter feed during
0–25 days of culture (DOC), grower during 26–62 DOC and
finisher from the 63rd day to the last day of the culture
period.

To assess the growth and health, totally 100
shrimps were collected using the cast net from the four
corners and the centre of each pond. The collected
shrimps were released again into the ponds after making
observations. The first sampling was done on the 30th
DOC and then weekly samples were collected until the
end of the culture from both the ponds.

During the sampling, average body weight
(ABW) and daily growth rate (DGR) were calculated
besides mineral deposition on shrimps. Special attention
was taken to find out the condition of the exoskeleton and
mineral deposition, which were noted arbitrarily during

Rough-shell disease of Rough-shell disease of Rough-shell disease of Rough-shell disease of Rough-shell disease of Penaeus monodonPenaeus monodonPenaeus monodonPenaeus monodonPenaeus monodon
FabriciusFabriciusFabriciusFabriciusFabricius, 17981798179817981798 in the grow-out pondsin the grow-out pondsin the grow-out pondsin the grow-out pondsin the grow-out ponds
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each sampling; and shrimps showing obvious mineral
deposits were processed for the scanning electron
microscopic (SEM) examination (JOEL JSM-5610-LV
scanning electron microscope, available at the Central
Instrumentation Facility, Annamalai University). The
mineral-deposited shrimps were fixed immediately in 2.5%
glutaraldehyde in 0.2 M phosphate buffer with the pH of
7.2. The samples were post-fixed with 1% osmium
tetroxide in the same buffer, dehydrated in a graded
series of ethanol, and critical point dried. The samples
were coated with gold and observed under SEM.

To determine the elemental composition of
mineral deposits, spectral analysis of antero-lateral part
of the shrimp carapace and the sixth abdominal segment
(these two parts got deposited first followed by the other
parts) were examined using an elemental energy-
dispersive X-ray (EDX) microanalyser.

Total shrimp biomass, survival percentage, food
conversion ratio (FCR) and ABW were calculated at the
time of harvest.

TTTTTable 1. able 1. able 1. able 1. able 1. WWWWWater quality parameters monitored in the creek-ater quality parameters monitored in the creek-ater quality parameters monitored in the creek-ater quality parameters monitored in the creek-ater quality parameters monitored in the creek-
water and bore-water-fed ponds besides otherwater and bore-water-fed ponds besides otherwater and bore-water-fed ponds besides otherwater and bore-water-fed ponds besides otherwater and bore-water-fed ponds besides other
particularsparticularsparticularsparticularsparticulars

S.No.S.No.S.No.S.No.S.No. ParametersParametersParametersParametersParameters Creek-water- Bore-water-Creek-water- Bore-water-Creek-water- Bore-water-Creek-water- Bore-water-Creek-water- Bore-water-
fed pondfed pondfed pondfed pondfed pond    fed pond   fed pond   fed pond   fed pond   fed pond

 1 Water spread area (ha) 0.45 0.62
 2 Salinity (‰) 27–36 12–27
 3 Alkalinity (ppm) 86–119 201–298
 4 pH 7.6–8.0 8.1–8.8
 5 Stocking density (m2) 6 6
 6 Culture period (days) 125 139
 7 Daily growth rate, DGR 0.14 0.10

(g/day/shrimp)
 8 Final survival rate (%) 81.6 78.4
 9 Biomass at harvest (kg/ha) 861.56 470.39
10 Food conversion ratio (FCR) 1.99 2.10

Observations and discussionObservations and discussionObservations and discussionObservations and discussionObservations and discussion
The alkalinity in the bore-water-fed pond was

consistently higher than the creek-water-fed pond
(Table 1). Mineral deposits were obvious from the 62nd
DOC onwards in the bore-water-fed pond (2.3% of
sample) shrimps. The heaviest deposition was observed
on the carapace (Fig. 1) and the sixth abdominal segment;
other body surfaces including antenna and other
appendages also had the deposition. No mineral deposit
was observed on the creek-water-fed pond shrimps
throughout the culture period. Fig. 2 shows an SEM image
of the mineral deposit on carapace, which appears like a
dense accumulation of spherical units with approximate
diameters of 7–11 µm. On the 139th DOC, 84.8% of the
shrimps sampled from bore-water pond had deposits.

The EDX-values of mineral deposit of shrimps’
carapace from bore-water-fed pond showed primarily
calcium (72.72%) followed by silica (8.48%), aluminium
(4.68%), chlorine (4.55%), iron (1.55%), manganese (3.50%),
magnesium (1.81%) and sodium (2.71%).

The biomass of P. monodon at the time of harvest
in creek-water-fed pond was much higher (861.56 kg/ha)

than that of bore-water-fed pond (470.39 kg/ha). The FCR-
value was lower in the creek-water-fed pond (1.99), which
indicated that these shrimps are efficient feed converters
than those cultured in bore-water-fed pond (2.10). The
DGR in the bore-water-fed pond was 0.10 g/day compared
to 0.14 g/day in the creek-water-fed pond and both were
low compared to the global average of 0.7 (Chen et al.,
1989).

Salinity in bore-water-fed pond was more or less
in the optimal range for the tiger shrimp culture
mentioned by Chanratchakool (2003) (15–25 ppt). Salinity
in the creek-water-fed pond was above the optimal range
(Table 1). According to Garcia and Bruna (1999), higher or
lower levels of salinity may affect the growth physiology.
But higher salinity appears to favour PL survival and
developing resistance to WSSV (Alday-Sanz, 2006).

The pH was always within the optimal range of
7.6–8.0 (Lee and Wickens, 1992) in creek-water-fed pond
and was higher in bore-water-fed pond, 8.1–8.8.

The alkalinity values greatly varied between the
two ponds (201–298 ppm in bore water and 86–119 ppm in
creek-water-fed farms). The remarkably high alkalinity in
the bore-water pond appeared to be the major
contributing factor for the mineral deposition, lower
biomass, low growth rate and low survival of shrimps.
According to Balasubramanian et al. (2004), even in the
zero-water exchange system in the Chilka lake, the
alkalinity ranged between 42 and 140 ppm.

But an interesting observation made by Corbari
et al. (2008) was that the shrimp Rimicaris exoculata living in
hydrothermal vents and exposed to mineral laden water
had bacteria associated with iron oxide deposits on their
branchial chambers.

ConclusionsConclusionsConclusionsConclusionsConclusions
The finding of the present study coincided well

with the statement of Chanratchakool (2003) that the pond

Fig. 1. Fig. 1. Fig. 1. Fig. 1. Fig. 1. Mineral-deposited carapace of Mineral-deposited carapace of Mineral-deposited carapace of Mineral-deposited carapace of Mineral-deposited carapace of Penaeus monodon.Penaeus monodon.Penaeus monodon.Penaeus monodon.Penaeus monodon.

Fig. 2.Fig. 2.Fig. 2.Fig. 2.Fig. 2. An SEM view of the mineral deposit. An SEM view of the mineral deposit. An SEM view of the mineral deposit. An SEM view of the mineral deposit. An SEM view of the mineral deposit.

8



EstuariesEstuariesEstuariesEstuariesEstuaries
014.014.014.014.014.     Rajarama, R., M. Srinivasanb and P. Martin Deva
Prasathc, 2008. Role of mercury in the food-chain ofRole of mercury in the food-chain ofRole of mercury in the food-chain ofRole of mercury in the food-chain ofRole of mercury in the food-chain of
Uppanar estuaryUppanar estuaryUppanar estuaryUppanar estuaryUppanar estuary, Cuddalore, southeast coast of India, Cuddalore, southeast coast of India, Cuddalore, southeast coast of India, Cuddalore, southeast coast of India, Cuddalore, southeast coast of India. In:
National Conference on Impending Approaches to Environmental
Menace (IMAEM-2008), 25th and 26th September, 2008. Post-
Graduate and Research Department of Chemistry, TBML
College, Porayar, p. 14.
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bCAS in Marine Biology, Annamalai University,
Parangipettai 608 502, Tamil Nadu, India.
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AbstractAbstractAbstractAbstractAbstract: Estuarine ecosystems are highly complex,
dynamic and subject to many internal and external
relationships that are subject to changes over time.
Uppanar estuary is considered to be one of the highly
polluted estuaries in southeast coast of India due to
industrialization. ‘Small Industrial Promotion Corporation
of Tamil Nadu’ (SIPCOT, covering an area of about 520
acres with 44 industries) is located on the bank of
Uppanar estuary at Cuddalore. It was established for
chemical, petrochemical, pharmaceutical, biocides,
fertilizers, fungicides, chlor-alkali and metal processing
industries, etc. Indiscriminate discharges of wastewater
from SIPCOT industrial complex into coastal environment
affect both biotic and abiotic systems and finally cause
some ill effects to human beings through food-chain. A
detailed study was made on the bioaccumulation of
mercury in the food-chain and the results were discussed
in this paper.

KeywordsKeywordsKeywordsKeywordsKeywords: mercury, food-chain, Uppanar estuary.

MangrovesMangrovesMangrovesMangrovesMangroves
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Krishnamurthy, Bruce C. Glavovic, Andreas Kannen,
David R. Green, A.L. Ramanathan, Zengcui Han, Stefano
Tinti and Tundi Agardy (eds.), Integrated Coastal Zone
Management: The Global Challenge. Research Publishing,
Singapore, 447–463.

AddressAddressAddressAddressAddress: Centre of Advanced Study in Marine Biology,
Annamalai University, Parangipettai 608 502, India. E-mail:
kathirsum@rediffmail.com.

AbstractAbstractAbstractAbstractAbstract: Mangroves and other coastal forests are
important components of coastal zone management. They
contribute significantly to (i) coastal protection, (ii)
pollution abatement and (iii) sustainable livelihood.
However, much data are required on these aspects to
convince the policymakers. After the tsunami-2004, a
quick assessment was made in 18 villages, situated along
the southeast coast of India, as a case study on the
tsunami-mitigating effects of mangroves and other
coastal vegetation on human lives. This study reiterates
the importance of coastal forests and human inhabitation

alkalinity above 150 ppm coupled with pH levels above 8.3
lead to the deposition of calcium on the exoskeleton of
P. monodon.

Studies on P. monodon, also the other shrimps,
grown in more alkaline waters appear to be meagre.

When bore-well water is used for culturing
P. monodon, to the bore-well water may be diluted with
non-alkaline water to reduce the problem of mineral
deposition.
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“India has the largest mangrove cover in WWWWWestestestestest
BengalBengalBengalBengalBengal (2118 km2) ... Indian mangrove ecosystems are
known to have a total of 3,985 biological species that
include 919 floral species and 3,066 faunal species.”

(Source: Kathiresan, K., 2008. Importance of mangrove
ecosystems in India. Enviroscan, 1 (1): 13.)
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characteristics. The tsunami caused human life and
wealth loss and these decreased with (i) area of coastal
forest vegetation, (ii) distance and (iii) elevation of coastal
villages from the sea. To study the effect of mangrove
forests on levels of carbon and heavy metals, an
experiment was conducted in the soils of mangrove-
planted sites, in comparison with the soil without any
mangrove plantation. The levels of carbon and heavy
metals in soil were consistently greater in planted sites
than those in non-planted sites. The total organic carbon
in soil was higher by 65% in the 5-year-old planted site
than the control. The levels of heavy metals were higher
by a range from 38.4% to 64.1% for Co, Fe, Ni, Cu, Cd, Mn
and Pb in the 5-year-old planted sites than the control
site. The data reveal that mangrove forests are a
potential sink for carbon and heavy metals. To study the
effect of mangrove forests on the fish catch and income
gained by fishermen, data were collected for two years
(1998–1999) from two mangrove forest sites (one is
luxuriant and another one is poor). The shellfish catch
and income were 13-fold higher and the finfish catch and
income was 2-fold higher in the mangrove-rich site than
in the mangrove-poor site. The data reveal the value of
mangrove forests in enhancement of livelihood and
coastal economy. Thus the present chapter emphasis the
importance of considering the sustainable management
of mangroves and other coastal forests for the three
issues namely (i) coastal protection, (ii) pollution
abatement and (iii) livelihood.

016.016.016.016.016. Sabat, J., U.C. Basak and N. Gupta*, 2008. DifferenceDifferenceDifferenceDifferenceDifference
in mineral solubilizing activity of two strains of in mineral solubilizing activity of two strains of in mineral solubilizing activity of two strains of in mineral solubilizing activity of two strains of in mineral solubilizing activity of two strains of PenicilliumPenicilliumPenicilliumPenicilliumPenicillium
steckiisteckiisteckiisteckiisteckii isolated from  isolated from  isolated from  isolated from  isolated from Avicennia marinaAvicennia marinaAvicennia marinaAvicennia marinaAvicennia marina and  and  and  and  and TTTTTamarix troupiiamarix troupiiamarix troupiiamarix troupiiamarix troupii
of mangrove ecosystem of Bhitarkanikaof mangrove ecosystem of Bhitarkanikaof mangrove ecosystem of Bhitarkanikaof mangrove ecosystem of Bhitarkanikaof mangrove ecosystem of Bhitarkanika. In: Nibha Gupta
and Ajay Kumar Mahapatra (eds.), Proceedings of the
Symposium on Wetland and Mangrove Biodiversity in Orissa
Coast, 5th April 2008. Regional Plant Resource Centre,
Nayapalli, Bhubaneswar, 49–51.

AddressAddressAddressAddressAddress: Regional Plant Resource Centre, Bhubaneswar
751 015, Orissa. *Corresponding author. E-mail:
nguc2003@yahoo.co.in (N. Gupta).

AbstractAbstractAbstractAbstractAbstract: Two strains of Penicillium steckii (MF1 and MF54)
isolated from Avicennia marina and Tamarix troupii
mangrove trees of Bhitarkanika, Orissa, were evaluated
for solubilization of tricalcium phosphate, rock phosphate
and iron ore in liquid culture. Both strains were
morphologically similar but performed differentially. MF1
strain showed better solubilization activity for all the
three TCP, RP and iron ore.

KeywordsKeywordsKeywordsKeywordsKeywords: Penicillium, mangroves, phosphate
solubilization, iron.

017.017.017.017.017. Mishra, S., U.C. Basak and N. Gupta*, 2008. VVVVVariantariantariantariantariant
strains of strains of strains of strains of strains of Streptomyces pactumStreptomyces pactumStreptomyces pactumStreptomyces pactumStreptomyces pactum isolated from tree isolated from tree isolated from tree isolated from tree isolated from tree
mangroves found in different salinity zones ofmangroves found in different salinity zones ofmangroves found in different salinity zones ofmangroves found in different salinity zones ofmangroves found in different salinity zones of
BhitarkanikaBhitarkanikaBhitarkanikaBhitarkanikaBhitarkanika. In: Nibha Gupta and Ajay Kumar Mahapatra
(eds.), Proceedings of the Symposium on Wetland and
Mangrove Biodiversity in Orissa Coast, 5th April 2008.
Regional Plant Resource Centre, Nayapalli, Bhubaneswar,
52–53.

AddressAddressAddressAddressAddress: Regional Plant Resource Centre, Bhubaneswar
751 015, Orissa. *Corresponding author. E-mail:
nguc2003@yahoo.co.in (N. Gupta).

AbstractAbstractAbstractAbstractAbstract: Nine strains of Streptomyces pactum were isolated
from mangrove tree species found in Bhitarkanika
mangrove ecosystem of Orissa. According to
physiological, biochemical data, all nine isolates were
taxonomically identified to the genus Streptomyces as
pactum species. All the strains were morphologically
varied and exhibited different extracellular activity. Four
strains exhibited different from characteristics of type
strain in allantion degradation. This is a unique report
from this mangrove ecosystem as far as Streptomyces
occurrence is concerned.

KeywordsKeywordsKeywordsKeywordsKeywords: Streptomyces, mangrove, extracellular enzymes.

018. 018. 018. 018. 018. Basak, U.C., 2008. Conservation priority of medicinalConservation priority of medicinalConservation priority of medicinalConservation priority of medicinalConservation priority of medicinal
tree mangrove of Bhitarkanika: a need of the hourtree mangrove of Bhitarkanika: a need of the hourtree mangrove of Bhitarkanika: a need of the hourtree mangrove of Bhitarkanika: a need of the hourtree mangrove of Bhitarkanika: a need of the hour
assessmentassessmentassessmentassessmentassessment. In: Nibha Gupta and Ajay Kumar Mahapatra
(eds.), Proceedings of the Symposium on Wetland and
Mangrove Biodiversity in Orissa Coast, 5th April 2008. Regional
Plant Resource Centre, Nayapalli, Bhubaneswar, 41–43.

AddressAddressAddressAddressAddress: Regional Plant Resource Centre, Bhubaneswar
751 015, Orissa. E-mail: uc_basak07@yahoo.co.in.

AbstractAbstractAbstractAbstractAbstract: To prioritize propagation and conservation of
medicinal tree mangroves, an assessment was made in
the most biodiversitywise rich mangrove area of
Bhitarkanika, Orissa. Among 14 species assessed, 10
numbers were found as very poor and scattered
population which are recommended for immediate ex-situ
propagation and conservation to check probable threat of
depletion.

KeywordsKeywordsKeywordsKeywordsKeywords: conservation, mangrove, propagation,
medicinal, Bhitarkanika.

019. 019. 019. 019. 019. Mukherjee, A.K., 2008. Applications of molecularApplications of molecularApplications of molecularApplications of molecularApplications of molecular
markers for study of mangrove genetic diversitymarkers for study of mangrove genetic diversitymarkers for study of mangrove genetic diversitymarkers for study of mangrove genetic diversitymarkers for study of mangrove genetic diversity. In: Nibha
Gupta and Ajay Kumar Mahapatra (eds.), Proceedings of
the Symposium on Wetland and Mangrove Biodiversity in Orissa
Coast, 5th April 2008. Regional Plant Resource Centre,
Nayapalli, Bhubaneswar, 28–30.

AddressAddressAddressAddressAddress: Regional Plant Resource Centre, Bhubaneswar
751 015, Orissa. E-mail: titirtua@gmail.com.

AbstractAbstractAbstractAbstractAbstract: Mangroves are very important due to their
specific features of salinity adaptations. Several
molecular markers have been searched out and studied
in details. Among them, profiling of proteins and DNA are
the main attractions of molecular biologists. The
importance and usage of protein and DNA based markers
has been described in detail in this review.

020.020.020.020.020. Kar, S.K. and C.S. Kar, 2008. Biodiversity resources ofBiodiversity resources ofBiodiversity resources ofBiodiversity resources ofBiodiversity resources of
Bhitarkanika mangrove ecosystem: its significance andBhitarkanika mangrove ecosystem: its significance andBhitarkanika mangrove ecosystem: its significance andBhitarkanika mangrove ecosystem: its significance andBhitarkanika mangrove ecosystem: its significance and
threatsthreatsthreatsthreatsthreats. In: Nibha Gupta and Ajay Kumar Mahapatra
(eds.), Proceedings of the Symposium on Wetland and
Mangrove Biodiversity in Orissa Coast, 5th April 2008. Regional
Plant Resource Centre, Nayapalli, Bhubaneswar, 13–16.
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AddressAddressAddressAddressAddress: O/o Principal CCF(WL) and Chief Wildlife
Warden, Orissa.

AbstractAbstractAbstractAbstractAbstract: Bhitarkanika mangrove ecosystem is rich in
biological diversity. It has many mangrove and mangrove
associates. The theme is elaborated with the functions of
floral and faunal ecosystem, their economic, scientific and
social cultural values. The threat factors on mangrove
biodiversity and conservation have also been described
here.

KeywordsKeywordsKeywordsKeywordsKeywords: mangrove, bhitarkanika, conservation,
biodiversity.

021. 021. 021. 021. 021. Thatoi, H.N. and R.R. Mishra, 2008. Assessment ofAssessment ofAssessment ofAssessment ofAssessment of
microbial diversity of Bhitarkanika mangroves of Orissamicrobial diversity of Bhitarkanika mangroves of Orissamicrobial diversity of Bhitarkanika mangroves of Orissamicrobial diversity of Bhitarkanika mangroves of Orissamicrobial diversity of Bhitarkanika mangroves of Orissa
with special reference to halophilic and halotolerant bacteriawith special reference to halophilic and halotolerant bacteriawith special reference to halophilic and halotolerant bacteriawith special reference to halophilic and halotolerant bacteriawith special reference to halophilic and halotolerant bacteria.
In: Nibha Gupta and Ajay Kumar Mahapatra (eds.),
Proceedings of the Symposium on Wetland and Mangrove
Biodiversity in Orissa Coast, 5th April 2008. Regional Plant
Resource Centre, Nayapalli, Bhubaneswar, 24–27.

AddressAddressAddressAddressAddress: P.G. Department of Biotechnology, North Orissa
University, Baripada 757 003, Orissa.

AbstractAbstractAbstractAbstractAbstract: Mangrove ecosystems are unique and very
adaptive towards salinity stress. They provide unique
environment for many microbial communities too. Several
groups of bacteria and fungi have evolved many adaptive
traits which are useful in their growth and development in
saline conditions. Studies on halotolerant bacteria from
Bhitarkanika mangrove ecosystem of Orissa have been
described in details here.

KeywordsKeywordsKeywordsKeywordsKeywords: microbes, mangroves, halotolerant,
Bhitarkanika.

022.022.022.022.022. Pradhan, G.C. and N. Gupta, 2008. Studies onStudies onStudies onStudies onStudies on
LLLLL-asparaginase-asparaginase-asparaginase-asparaginase-asparaginase from  from  from  from  from StreptomycesStreptomycesStreptomycesStreptomycesStreptomyces sp. isolated from sp. isolated from sp. isolated from sp. isolated from sp. isolated from
Bhitarkanika mangrovesBhitarkanika mangrovesBhitarkanika mangrovesBhitarkanika mangrovesBhitarkanika mangroves. In: Nibha Gupta and Ajay Kumar
Mahapatra (eds.), Proceedings of the Symposium on Wetland
and Mangrove Biodiversity in Orissa Coast, 5th April 2008.
Regional Plant Resource Centre, Nayapalli, Bhubaneswar,
64–66.

AddressAddressAddressAddressAddress: Regional Plant Resource Centre, Bhubaneswar
751 015, Orissa.

AbstractAbstractAbstractAbstractAbstract: Enhanced production of extracellular L-asparaginase
from Streptomyces sp. was achieved by nutritional
modification. The enzyme was partially purified by
incubating the organism in nutritionally modified medium
containing 4% fructose and 1% L-asparagine for 2 days and
passing the MnCl2 fractionated culture filtrate through
Sephadex and DEAE cellulose column sequentially.
Increased enzyme activity was obtained after each step of
purification substantiating the ability of the organism to
produce L-asparaginase.

KeywordsKeywordsKeywordsKeywordsKeywords: Streptomyces, L-asparaginase.

023. 023. 023. 023. 023. Biswala, A.K. and H.N. Thatoib, 2008. Floristic diversityFloristic diversityFloristic diversityFloristic diversityFloristic diversity
and zonation patterns of Mahanadi delta, Orissaand zonation patterns of Mahanadi delta, Orissaand zonation patterns of Mahanadi delta, Orissaand zonation patterns of Mahanadi delta, Orissaand zonation patterns of Mahanadi delta, Orissa. In: Nibha
Gupta and Ajay Kumar Mahapatra (eds.), Proceedings of the
Symposium on Wetland and Mangrove Biodiversity in Orissa

Coast, 5th April 2008. Regional Plant Resource Centre,
Nayapalli, Bhubaneswar, 60–63.

AddressAddressAddressAddressAddress: aDepartment of Biotechnology, North Orissa
University, Baripada 757 003, Orissa.
bDepartment of Botany, North Orissa University, Baripada
757 003, Orissa.

AbstractAbstractAbstractAbstractAbstract: The mangroves of Orissa spread over an area
of 215 sq km along the river deltas such as Brahmani,
Baitarani, Mahanadi, Devi, Budhabalanga and
Subarnrekha. Among these, mangroves occurring in
Bhitarkanika (Brahmani-baitarani delta) and Mahanadi
delta constitute the major mangrove forests of Orissa.
While Bhitarkanika is dense and luxuriant, mangrove of
Mahanadi delta is in a state of degradation due to high
biotic interference. The present paper reveals the
diversity and zonation of mangroves in Mahanadi delta,
Orissa.

KeywordsKeywordsKeywordsKeywordsKeywords: diversity, mangroves, Mahanadi delta.

024. 024. 024. 024. 024. Chakrabarty, S., B. Behera and A.B. Das*, 2008.
Changes in photosynthetic pigments, proteins andChanges in photosynthetic pigments, proteins andChanges in photosynthetic pigments, proteins andChanges in photosynthetic pigments, proteins andChanges in photosynthetic pigments, proteins and
polyphenol in the leaves of polyphenol in the leaves of polyphenol in the leaves of polyphenol in the leaves of polyphenol in the leaves of Bruguiera partifloraBruguiera partifloraBruguiera partifloraBruguiera partifloraBruguiera partiflora in high in high in high in high in high
NaCl stressNaCl stressNaCl stressNaCl stressNaCl stress. In: Nibha Gupta and Ajay Kumar Mahapatra
(eds.), Proceedings of the Symposium on Wetland and
Mangrove Biodiversity in Orissa Coast, 5th April 2008. Regional
Plant Resource Centre, Nayapalli, Bhubaneswar, 54–57.

AddressAddressAddressAddressAddress: Regional Plant Resource Centre, Bhubaneswar 751
015, Orissa. *Corresponding author. E-mail: a_b_das@hotmail.
com.

AbstractAbstractAbstractAbstractAbstract: Salt stress-induced biochemical changes in
young, pot-grown plants of mangrove, Bruguiera parviflora
(Rhizophoraceae) were carried out. Our focus was on the
effect of 100, 200, 400 mM NaCl on leaf pigments,
photosynthetic efficiency and polyphenols. The total Chl
content increased for 14 d after treatment with 100 mM
NaCl, then gradually stabilized. At 400 mM, the total Chl
content slowly decreased over the 21-d test period.
However, the Chl a:Chl b ratio remained unchanged in
leaf tissue. The photosynthetic efficiency was also found
increased along with the increase of total Chl content up
to 100 mM NaCl but decreased till 21 d of treatment. Leaf
protein content decreased as salinity increased, which
suggests either a possible disruption in the protein
synthesis mechanism or, more likely, an increase in
proteolytic activity. Polyphenols accumulated with
increasing levels of salinity, which confirms the role of
polyphenol as a stress-induced protective metabolite in
the adaptive process of this species. Our results showed
that a true mangrove such as B. parviflora can easily be
sustained and propagated under low-saline conditions. At
high levels of salinity (~400 mM, beyond which they could
not survive), the plants became adapted to salt stress
after two to three weeks. During this adaptive period,
changes in pigment and protein levels also occurred. The
accumulation of polyphenols played a key role in the
plant’s stress-induced adjustment to NaCl.

KeywordsKeywordsKeywordsKeywordsKeywords: Bruguiera parviflora, mangrove, polyphenol, P/N
ratio, salt-stress.
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025. 025. 025. 025. 025. Mandal, R.N., J.K. Jena, P.C. Das, S. Adhikari, P.
Mohanty and N. Sarangi, 2008. Eco-floristic survey ofEco-floristic survey ofEco-floristic survey ofEco-floristic survey ofEco-floristic survey of
mangrove patch at Devi river estuarymangrove patch at Devi river estuarymangrove patch at Devi river estuarymangrove patch at Devi river estuarymangrove patch at Devi river estuary, Orissa, Orissa, Orissa, Orissa, Orissa. In: Nibha
Gupta and Ajay Kumar Mahapatra (eds.), Proceedings of
the Symposium on Wetland and Mangrove Biodiversity in Orissa
Coast, 5th April 2008. Regional Plant Resource Centre,
Nayapalli, Bhubaneswar, 31–35.

AddressAddressAddressAddressAddress: Central Institute of Freshwater Aquaculture,
Kausalyaganga, Bhubaneswar 751 002, Orissa.

AbstractAbstractAbstractAbstractAbstract: A survey was carried out to explore the
mangrove flora pertaining to its ecology at Devi river
estuary, Orissa. The survey identified a total of 14
mangroves and mangrove-associated flora spreading
over two deltas located at Devi river estuary. The 14
identified species altogether represented 13 genera
belonging to 10 families. Avicennia marina, A. officinalis,
Bruguiera cylindrica, Ceriops decandra, Sonneratia apetala,
Aegiceras corniculatum and Porteresia coarctata were the
major mangroves representing 6 genera belonging to 5
families; others were mangrove associates. Flowering and
fruiting period of most of the mangrove flora commenced
during March and extended up to June, whereas mature
fruits and their germination initiated during monsoon and
continued up to post-monsoon period, i.e., July to
October. Seedling density of a few major mangroves was
ranging between 5 and 19.5 nos/m2. All these reproductive
activities were adapted in relation to salinity fluctuation of
the estuary, which ranged 10–15‰ during pre-monsoon
and 2–5‰ during monsoon to post-monsoon periods.
Succession of mangrove vegetation of these two deltas
was found alike: Porteresia coarctata was the pioneer flora
appearing in newly silted up soil, followed by Aeluropus
legopoides, Avicennia marina, A. officinalis, Cerops decandra,
Bruguiera cylindrica, Dalbergia spinosa, Derris trifoliate/
Sesuvium portulacastrum, Acanthus ilicifolius and Ipomoea pes-
caprae, Pandanas foetidus in rather gradually consolidated
soil belt. The study observed the tremendous
anthropogenic pressure upon this mangrove patch,
besides strong tidal influence causing soil erosion, which
warranted immediate intervention for protection of this
important mangrove patch thereby protecting rich
nursery ground of several finfish and shellfish species.

KeywordsKeywordsKeywordsKeywordsKeywords: Devi estuary, mangrove, ecofloristic survey,
importance.

026.026.026.026.026.     Behera, B. and A.B. Das, 2008. Response ofResponse ofResponse ofResponse ofResponse of
antioxidant defense system of antioxidant defense system of antioxidant defense system of antioxidant defense system of antioxidant defense system of Bruguiera gymnorrhizaBruguiera gymnorrhizaBruguiera gymnorrhizaBruguiera gymnorrhizaBruguiera gymnorrhiza
under short-term exposure to high salinityunder short-term exposure to high salinityunder short-term exposure to high salinityunder short-term exposure to high salinityunder short-term exposure to high salinity. In: Nibha Gupta
and Ajay Kumar Mahapatra (eds.), Proceedings of the
Symposium on Wetland and Mangrove Biodiversity in Orissa
Coast, 5th April 2008. Regional Plant Resource Centre,
Nayapalli, Bhubaneswar, 44–48.

AddressAddressAddressAddressAddress: Cytogenetics Laboratory, Regional Plant
Resource Centre, Bhubaneswar 751 015, Orissa.

AbstractAbstractAbstractAbstractAbstract: The role of high NaCl (500 mM) on antioxidant
defense system was investigated in a tree mangrove,
Bruguiera gymnorrhiza, of the family Rhizophoraceae under
hydroponic culture. In the leaves of B. gymnorrhiza the
activity of catalase, ascorbate peroxidase and guiacol
peroxidase were enhanced upon shot1-term exposure of
NaCl. This investigation suggests that plants were
protected against activated oxygen species by the
elevated levels of certain antioxidative enzymes thus
avoiding the lipid peroxidation during salt exposure. The
differential changes in the levels of the isoforms due to
NaCl treatment may be useful as markers for recognizing
salt tolerance in mangroves.

KeywordsKeywordsKeywordsKeywordsKeywords: antioxidative enzymes, Bruguiera gymnorrhiza,
lipid peroxidation, mangrove, sodium chloride.

Coral ReefsCoral ReefsCoral ReefsCoral ReefsCoral Reefs
027.027.027.027.027. Karuppanapandiana, T., T. Karuppuduraib and A.K.
Kumaraguruc, 2008. A preliminary study on theA preliminary study on theA preliminary study on theA preliminary study on theA preliminary study on the
environmental condition of the coral reef habitat of Palk Bayenvironmental condition of the coral reef habitat of Palk Bayenvironmental condition of the coral reef habitat of Palk Bayenvironmental condition of the coral reef habitat of Palk Bayenvironmental condition of the coral reef habitat of Palk Bay,,,,,
Mandapam, IndiaMandapam, IndiaMandapam, IndiaMandapam, IndiaMandapam, India. Asian J. Environ. Sci., 2(1/2): 60–65.

AddressesAddressesAddressesAddressesAddresses: aDepartment of Plant Sciences, Centre of
Potential in Genomic Sciences, School of Biological Sciences,
Madurai Kamaraj University, Madurai, Tamil Nadu, India.
bDepartment of Animal Behaviour and Physiology, Centre of
Potential in Genomic Sciences, School of Biological Sciences,
Madurai Kamaraj University, Madurai, Tamil Nadu, India.
cCentre for Marine and Coastal Studies, School of Energy,
Environment and Natural Resources, Madurai Kamaraj
University, Madurai, Tamil Nadu, India.

AbstractAbstractAbstractAbstractAbstract: The present investigation was carried out in
coral reef areas of Palk Bay, Mandapam. Palk Bay corals
were found disturbed by human beings due to oil
pollution, waste discharge from processing units and
discharge of domestic household wastes from the nearby
Mandapam town. Environmental conditions of the coral
reef habitat in the Palk Bay, Mandapam, were analyzed
for a period of six months at fortnightly intervals from
March to August 2001. Temperature, pH, dissolved oxygen
(DO), biological oxygen demand (BOD), and total organic
carbon (TOC) were analyzed at five different stations of
Palk Bay, Mandapam. The maximum mean values of
temperature, pH, DO, BOD and TOC for the four
experimental and control station were 32.6°C, 8.7, 7.02
ppm, 8.29 ppm and 2.13% and 31.5°C, 8.3, 7.98 ppm, 5.71
ppm, and 0.48%, respectively. The sampling stations were
selected on the basis of their importance.

KeywordsKeywordsKeywordsKeywordsKeywords: Coral reefs, Oil pollution, Palk Bay, Southeast
coast.
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