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The National Institute of Oceanography (N1O), one of
the 38 laboratories of the Council of Scientific &
Industrial Research (CS1R), was founded on 1 January,
1966. The Institute carries out research in different
aspects of coastal and open ocean environment. Over the
last three decades it has grown into the largest research
organisation in the Indian Ocean Region.

The experiences and expertise of the institute are
extensively utilised by its stakeholders. The institute
provides consultancy and contract services in severa
aspects connected with the sea
The institute with main laboratories in Goa has three
regional centres at Mumbai, Kochi and Visakhapatnam.
The saf strength during the year was 600 and the
funds handled including ship costs exceeded

Rs. 500 millions.
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Year 2001-2002 has been another
important year of good science, infra-
structure creation, recognition of col-
leagues through awards and quality ac-
creditation for research methodologies.
It was the last year of the IX Plan and the
preparation of project documents to con-
clude some programmes, review others
and propose new directions of interest
which gave us the opportunity to thor-
oughly review our course. Probably the
most important activity we engaged in during the year
was preparing and presenting the performance of the
institute to date, and its vision for the future. The Per-
formance Appraisal Board was appreciative of the po-
sition of the institute both as an important source of
knowledge of processes operating in the seas around
us and within the larger context where CSIR rates its
laboratories based on rigorous performance criteria
We should be in for exciting times if we are to reach
the goals that we set ourselves for the coming 5 years.

Planning

While we will continue our research on the
programmes initiated earlier, some areas such as bio-
technology, global biogeochemistry and the search
for the new and cleaner energy source - gas hydrate,
will receive greater emphasis in the X Plan. The gas
hydrates programme had been initiated earlier and
with appropriate corporate partnering, we plan to as-
sess probable hydrate horizons in the coming years.
Development of an Autonomous Underwater Vehicle
[AUV] is a new activity that we have initiated, and the
enthusiasm of the team has gained momentum as they
proceed to define the finer details of the AUV, and
forge alliances in areas with partnerswho would com-
pliment our skills. The AUV - a true marine robot
data platform - will be an extended arm of the ship
and will be important as a monitoring and measure-
ment tool since satellite and ship-sampling methods
need more creative augmentation strategies.

Infrastructure

The creation of scientific infrastructure rests with
our scientists and engineers, who unselfishly devote
their time to this activity, sometimes taking precious
time from the science that they would be doing more
joyfully. Our specia thanks therefore goes to the group
that devoted much of their time last year in readying
our new coastal vessel Sugar Shukti. It was commis-
sioned at the hands of the first lady of the State, Begum
Tasneem Fazal, in the presence of His Excellency, Shri
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Mohammed Fazd, the then Governor of
Goa who took grest interest, encourage-
ment and inspiration, whilst showing
genuine concern for the health, of our
coasta waters and the policies that would
ensure their sustained use for the variety
of stakeholders His special concern was
the fishery potential of coastal waters
which affects the livelihood of a large
segment of our coastal population Sagar
Shukti was immediately able to make a
contribtion in this context as during her first three
cruises we were able to

e monitor the development of hypoxia over the
west coast of India that could bethe underlying
cause for the seasonal fish kill that we witness
during the period During these cruises, we screen
dipitously detected the first harmful algal bloom
in Goan waters Thankfully we were able to flag
the potential health hazards of local delicacies such
as the  green mussel and oysters.

e assist our coastal services in identifying a drowned

helicopter

« report the first gas escape features in coastal wat-
ters off Goa

Creating an awareness of the essentiality of fol-
lowing quality protocols kept another group busy
preparing and obtaining for us ISO 9001 accredita-
tion The forma certification ceremony was kindly
performed by the Union Minister of State for Petro-
leum and Natural Gas & Parliamentary Affairs, Shri
Santosh Gangwar.

Our thanks for the concern, time and support to
science given to us by all publicfigures associated with
NIO.

Science and discovery
As we start new programmes, others are con-
cluded leaving us with improved understanding of

the seas around us.

Our physical oceanographers have astory to tell
from mean sea level records as to why thereis a
30 cm difference between the mean levels of the
Bay of Bengd and the Arabian Sea A North In-
dian Ocean numerical model simulation, showed
that this difference results from two factory- mean
winds over the ocean and salinity variation. The

1



RS SRTERE

former sets up a tilt of the surface of the North
Indian Ocean from the southwest to the north
east, the predominant direction of southwest mon-
soon winds over the ocean. This factor accounts
for about 60% of the sea levd difference. Sdlinity

variation along the coast arising from differences
in freshwater influx into the two basins creates
lighter, lower-salinity waters off/dong tht east that
account for about 40% of the sea levd difference
between the two Indian coadis

2. Our geophysics group in their studies of the litho-
spheric cross sections of the Central Indian Ocean
found that the lithosphere responded to the con-
tinental collison b) buckling and cracking at
different ages in the past The growth of folds and
faults at different times about 8 Ma 4 Ma and
08 Ma- provide evidence of these eventsthat are
spaced both temporaly and spatially over the
lithosphere. This hypothesis corrects some ear-
lier concepts of defrmation timings and mod-
els.

The sea continues to amaze us as in the discov-
ery of subsurface [15 m] diatom blooms that are nor-
mally out of reach of satellite observation. We can
now better understand why gross estimates of pri-
mary production by satellite based method are not
aways correct. We need to undurstand bloom pro-
cessesin greater detail and contmuously refine satd-
lite algorithms if we are to quantify biomass abun-
dancewith greater precision.

Another surprisewas an unusual bacterium iso-
lated from the Central Indian Ocean Basin a 4500 m
depth, buried some 15 cm bdow sediments. The cul-
tured forms were able to oxidize ammonium to ni
triteand further to nitrate. Thisis our first instance of
isolation of bacteria that are capable of carrying out
both the stages of nitrification

Outreach and awareness building

Theinstitute has had to balance the demands of
our long coastline againgt its restricted manpower base
distributed at centres at Mumbai, Goa, Kochi on the
West coast, and a single regional center at
Visakhapatham on the east coast. Fortunately this
centre will have a growth phase as we begin negotia-
tions for construction of a new building on the cam-
pus of Andhra Universty. Our further plans on the
eadt coast include active consideration of regiona cen-
tresin Orissa, Bengd and the Andaman Idands.

The CIR has several outreach programmes

meant to attract young talent and under these

programmes we placed around 100 high school &
pre-university students and about 25 Information Tedh
nology graduates with our science project leaders who
guided them on various assignments.

We aso made it to the visud media through
seven short episodes on oceanography which festured
the ingtitute activities and were telecast on the national
TV channel in a popular weekly science programme
"Turning Point".

Along with publications in standard cited litera-
ture, our patent activity rose for the 4" straight year,
with mogt filings being in the USA. European Union
countries and under the Patent Cooperation Tregty.
Wonderlully, many of our basic science programmes
too are emerging with innovative ideas that we are
able to write-up for protection under the intellectua
property regime.

Our evergreen chemica "guru” - former colleague
Dr. Rabin Sen Gupta, took up the task ol collating al
the information and knowledge that we had gener-
ated about the Indian Ocean and bringing out a two-
volume et titled "The Indian Ocean - a perspective’.
The firg volume is devoted to physica and chemica
oceanography of open and nearshore waters of India
and countries bordering the Indian Ocean and the
second volume is primarily devoted to biological
oceanography. | am sure that both students and re-
searchers will find these to be useful in understand-
ing the Indian Ocean, and gaming an ingght into vari-
ous aspects of ocean research in India

The excellence of science at the Institute contin-
ues to be reflected in the awards and recognitions the
gdf members receive from various organizations. The
most notable of such awards this year was the SS
Bhatnaar Puze given to Dr. K. Sree Krishna for his
outstanding work on the deformation of the Central
Indian Ocean lithosphere.

To sum up, the year has been excellent on dl
counts and for this | profusdy thank al my colleagues
for their sincerity, dedication and doing good science.

Wish us prospective Xth Plan ahead.

Jai Hind,

Ehrlich Desa



Nitrogen cycling in the
Arabian Sea

The oceanic combined nitrogen budget
appears to be out of balance today with
the loss from the oceans far exceeding in-
puts A very substantial fraction of this
loss occurs through denitrification in the
Arabian Seanot only as nitrogen, but also
as radiatively-active and ozone-depleting
nitrous oxide (N,O).

.. 1Dec-Fab

tonnes This means that the oceanic fixed
nitrogen budget has deviated to a great
extent from steady state.

The Arabian Sea, due to its extensive
oxygen deficiency, not only actsasan im-
portant sitefor denitrification, butitisalso
an important source for atmospheric
N,O. A synthesis of dl available data led
to quantification of the total N,O emis-
sion ratefromthisregion as0.33- 0.70 mil-
lion tonnes annually. This estimate, how
ever, does not include the intense season
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Seasonal N,O fieldsfor the ssearface based on data averaged for echo 1° x 1° grid

Photosynthetic production b) phy-
toplankton is generally controlled by the
availability of fixed nitrogen in the form
of nitrate and ammonia The inventory ol
fixed nitrogen is determined by the bal-
ance between the inputs mainly through
nitrogen fixation, atmospheric deposition
and river runoff, and the loss due to deni-
trification

An evaluation of al available data
from the world oceans including the Ara-
bian Sea suggests that about 450 million
tonnes of nitrogen is lost annually
through denitrification, while the total in-
puts amount to only about 200 million

dly anoxic zone along the west coast of
India, where our recent measurements
have revealed huge accumulation of N,O
through denitrification. Inclusion of this
seasonal flux would raise the total (lux
estimate from the Arabian Sea to approxi-
mately 1 million tonnes When com-
pared with the flux of N,O from the ocean
as awhole (around 5 million tonnes an
nually) it would appear that as much as
20% of the global N,O emission seems
to come from merely 2% of the oceanic
area. Itispossiblethat the N,O emissions
from the Arabian Sea, and also from other
coastal anoxic sites, have been enhanced
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recently asaresult of coastal eutrophica-
tion. Thiscallsfor measuresto check the
growing over-fertilization of our coastal
waters.

Phytoplankton blooms -
observational surprises
An underwater bloom of
diatoms

Phytoplankton distributions are detected
routinely from space By sea-viewing sat-
ellite based passive radiometersthat moni-
tor the total flux of light reaching the sen-
sor at selected wavelengths. The phy-
toplankton component of the water leav-
ing flux emanating from the ocean carries
useful information on the phytoplankton
biomass. These featuresare manifested in
satellite imageries and belong to flux con-
tributions from the surface layers of the
ocean. Phyloplankton occurring at deeper
water depths are not detected by the sat-
ellite.

In our nearshore coastal waters, to-
wards the end of the monsoon upwelling
season, warm fresh water from river run-
off and monsoonal rain formsathick layer
that floats over more saline but cooler up-
welled waters. This freshwater cap pre-
vents the upwelied water from reaching
the surface. Both water types arc rich in
nutrients, resultingin conditions condu-
cive to the formation of blooms at the in-
terface between them. Underwater
blooms of this type occur at a depth out
of reach of satellite penetration depth and
therefore, will not be observed in chloro-
phyll distributions processed from satel-
lite data. On a recent cruise, we had the
opportunity to observe and make mea-
surements of an underwaterbloom of dia-
toms at a depth of 15 m, out ol reach of
the satellite penetration depth of 9 m.
Effects of this nature result in gross un-
derestimates of primary production by
satellite based methods and indicate, that
our understanding of bloom processes
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and a continuous refinement of existing
satellite algorithms are needed to quan-
tify biomass abundance with greater pre-
cision.

A nursery of Trichodesmium
cells

Itis common knowledge that the nitro-
gen fixing marine diazotrophic cya-
nobacterium known as Trichodesmium
appearsregularly in our coastal watersin
the months of February March April
each year. We were surprised when we
found countlessyoung cells of Tri-
chodesmiumbeing formed in anursery far
out at sea in the month of November
when it was least expected.
Thisrequiresthat we re-examine ideas
on what constitutes th physical, chemi-
cal, or biological conditions that trigger
the formation and growth of Tri-
chodesmium to the point that it may not
have coastal origin but is more likely
formed in the open ocean and gradually
driven to shore by increasing wind forces.
Optical detection of young cells by satel-
itewould be difficult as the amount of
backscattered flux would be too small
to be detected with any degree of confi-
dence.

Trichodesmium blooms dl
along the west coast of India

As expected we encountered massive ki-

lometer wide and kilometer long swaths
of Trichodesmium bloomsin the month
of March 2002. It was detected in the old
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Patches of Trichodesmiumbloomdetecte

inthe IRSP4 OCM satelliteimageduring
the Sagar Shukti cruise

SR

fashioned way — ship rope bucket mi-

croscope and fluorometer to measure
chlorophyll concentrations. Thistimewe
extended our detection of Trichodesmium
using the Ocean Color Monitor on the
Indian satellite IRS-P4. Much to our sur-
prise wewere able to capture chlorophyll
patches of Trichodesmium origin for hun-

dreds of kilometers stretching from
Gujarat to the south in Kerala. A huge dif-
ferencc from the old fashioned way of
doing things but now with high technol-

ogy space based tools to estimate
Trichodesmium colonies without touch-

ingthem.

Application of DNA damage in
marine pollution studies

Exposure of living organismsto environ-
mental pollutantscanleadto genetic dam-
age to then body tissues. One such ex-
ample is the damage to the integrity

Tritcerrury of DA 0 clabny and shells
el - .
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(strand break) of DNA, the core genetic
material of al living tissues.

We have measured the integrity of
DNA in different species of mollusks
such asclams snailsand ov sters collected
from estuarine and coastal waters of Goa
subject to different levels of environmen-
tal stresses (clean aswell as polluted en-
vironments).

The study has shown a clear sign of
damage (strand breaks) to DNA. Larg-
est damage was observed in organisms
from polluted areas while organisms
from areas subject to relatively lower level
of pollution (tourist spots) showed mod
crate damage. Remote areas that are free
from pollution showed minimum dam-
age. Further studies are on to identify the
pollutants and their specific effects on
DNA.

This study could lead to the develop-
ment of DNA damage as a biomarker in
pollution monitoring and abatement.

Basking in the past glory

Marine archaeological studies at Bet
Dwarka (north west India) got a fillip
with thermo-luminescence dating of 9
potsherds which helped in establishing
cultural sequence of Okha Mandal re-
gion, Gujarat. The TL date (3800+490
yrs BP) indicates continuous habitation
on the island.

Our scientist divers also located this
year a temple complex dating proba-
bly back to 1500-1200 BP, now lying
undcrwater off Mahabalipuram (south-
east coast of India. This is one of the
finest discoveriesin thereccnt timessince,
of the seven shore temples construct-
ed during the rule of Pallava dynasty,
only one remains onshore now.

Diver examining underwater Srudur
at Mahabalipuram



Technology - new and trusted
Maya - a technology start

Marine Instrumentation Division has em-
barked on ajourney of change - towards
the development of small, intelligent and
safe Autonomous Underwater Vehicles
[AUVY. Severd innovations are being in-
corporated in this development including
distributed intelligence, software proce-
dures that mimic human diver logic, low-
weight smart battery packs, and a simple
launch and recovery system. A family of
small AUVs constitutes the vision lor the
division.

Christened Maya, thevehicleisconcep-
tualized for use by oceanographers in
coastal waters, with the firgt prototype tar-
geted for Year 2004. The Division hasini-
tiated collaboration with the Institute of
Systems and Robotics [ISR], Portugal,
which comes in the wake of a recent bi-
lateral cooperation in Science and Tech-
nology between India and Portugal.

Spreading know-how - tide
gauges and weather stations

Marine Instrumentation engineers have
been engaged in successive refinements
of Tide Gauges and Weather Stations over
thelast two decades. A new chapter in this
area has been the transfer of know-how
to two industries. In an important initial
step in the technology transfer, we assisted
industries to fabricate and test 18 tide

TECHNOLOGY

gauges lor use in the extreme conditions
of the Gulf of Kutchch. Apart from pilfer-
age of three units, the gauges demon-
strated their robustness and reliability in
extreme conditions.

The institute's Autonomous Weather
Stations have been installed on the fleet
of research vessels of the Department of
Ocean Development, and most recently
on our own coastal research vessel CRV
Sagar Sukthi. Six stations were fabricated
for use in the Gulf of Kutchch, perform-
ing successfully in those extreme condi-
tions.

A high speed Linux based data acqui-
sition and logging system was developed
at the Division to record ship board data
from asingle beam echo sounder. Thesys-
tem has been tested with success in re-
search cruises. The requirement of this
system fulfilled the need of geophysicists
at the Institute to analyze the backscatter-
ing strengths of acoustic signals from the
water column and the seabed and to test
algorithms that will be used to character-
ize micro-relief structure and dassfy sea
bed sediment properties, and determine
zooplankton biomass in the water col-
umn.

Biotechnology patenting
prospers

This year we have added 4 more patents
to our inventory; preparation of an extract
with multiple properties from a deep sea
bacterium for use in food and cosmetics,
a process for biological deinking of office
waste paper, a process for degradation of

polycyclic aromatic hydrocarbonsand a
method for enhancing levels of polyun-
saturated fatty acids in thraustochytrid
fungi.

Two patents filed in 1996 were pub-
lished. These publications deal with deg-
radation of crude oil by marine cyan-
obacteria (Figure; Applied Microbiology
and Biotechnology, 2001, Vol. 57) and tar
balls by marine protists, the thraus-
tochytrids (Indian J. Marine Sciences,
2001, Val. 30).

Unique properties of deep sea bacte-
rial isolatescapabl e of participatingin both
the phases of ammonia oxidation was
demonstrated under laboratory simu-
lated conditions of 400 bars and 5°C
(Current Science, 2001, Vol. 80).

The middleman in play...

The organismsthat foul marine structures
need some sort of preconditioning of the
surface. This isusually in the form of a
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Average monosaccharide composition of the suspended particulate
material { 52 ) and biofilm products developed on mild steel ( #7),
stainless steel { z ) and copper { i) panels over the 15 @

period of immersion in Dona Paula Bay.

microfilm, composed of extracellular
polymeric substances (EPS).

Chemical characterization of the EPS
provides dues to what makes the biofilm
attractive to big foulers. We used a range
of indicators (concentrations of arabi-
nose, xylose, glucose and ribose and ra-
tios of carbon to nitrogen and carbon to
chlorophyll) to characterize the biofilm
on materialsimmersed in seawaier (cop-
per, mild stedl and stainless steel).

Our results show that organic matter
of terrestrial origin or of microalgal ori-
gin was abundant on the surfaces in the
early days of immersion of the metals in
seawaier. It was only by the 15th day of
immersion that bacteria began to make
an impact.

What does this mean for control of
fouling?

An understanding of the composition
of EPSand itsrolein initia stages of foul-
ing can aid in developing strategies to re-
tard fouling by larger organisms. Addi-
tional support for this could come from
chemoreception and olfaction cues, as
shown by our experiments with the bar-
nacle (Balanus amphirite).

An ecological control of fouling by bar-
naclesin tropical waterscould be thetran-
sient phytoplankton bloomsduring mon-
soon. These blooms can induce impulsive
release of barnacle larvae but do not last
long enough to be nutritionally adequate
lor a successlul recruitment to the sessile
population.

Looks can be deceptive...

The thumb rule in conventional tax-
onomy isthe external appearance, but re-
cent advancesin genetic science have pro-
vided tools that are turning conventional
wisdom on its head and can explore be-
yond the outer lookol an organism. Func-
tiona differences stem from the genetic
makeup and isof important consideration
in biodiversity and fisheries. Studies with
nemipterid fish have shown that
Nemipterus japonicus and Nemipterus
peronii arecloser to Parascol opsisaspinosa
than the other species of their own genus.

It is also lound that the Nemipterus
japonkus horn the east and west coasts
ofIndia are significantly different in their
genetic composition.

Polymorphismat ADH* locusin
Nemiptcrusiapomcusfrom (a) Vizagand
<b)Goa.

ParaS. lopsisaspinosa

HOGA - the SeaWiF's station at the Institute celebrated itsthird annivary in August
2001. Thewaxing and waning of chlorophyll spatial distributionsin the Bay of Bengal

fromHOGA are seen in the twelve months of year 2001.




Probing the deep to
understand its ecology

Oceans are on average four kilometers
deep. A question that hasintrigued ocean-
ographers is: how do currents at a loca-
tion differ with depth? Of particular im-
portance are currents at strategic loca-
tions. Central Indian Ocean basin is one
such location. India might some day
mine polymetallic nodules from the
ocean floor here and data on deep cur-
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Timevariation of daily averaged current
vectorsat (a) 500 m, (b)1200 m, (c) 3500 m
and (d) 4900 m at MS-1 during southern
spring-summer season of 1996.

rents may provide clues on how the pol-
lutants due to the mining might disperse
to influence ecology of the region.

With thisin mind, N1O scientists have
deployed instruments at 10°S, 74°54'E;
14°46'S, 71°54'E and 14°58'S, 76°58'E
to determine variability of currents at dif-
ferent depths (VSN Murty et a., 2001).
The data collected during 1995-97 pro-

vide valuable insights into hydrodynam-
ics of the region. The surface current here
are dominated by the great South Equa-
torial Current that flows from east to west
(figure) throughout the year, but its axis
moves in the north-south direction from
season to season. Signatures of thismove-
ment can be seen in the upper one kilo-
meter. Below this depth the data showed
prescence of a clockwise-turning gyre.
Also observed are other oscillations with
a period of about two weeks, in addition
to tides.

It is expected that all these compli-
cated array of currents will have a strong
impact on how pollutants (for example,
line suspended sediments) move in the
ocean abyss here and hence have an im-
pact on the ecology of the region. The cur-
rent meter data provide clues on how the
ecology might evolve if mining actually
takes places in the future.

Why is the mean sea level
along the Indian coast higher
in the Bay of Bengal than the
Arabian Sea?

The Great Trigonometrical Survey car-
ried out during 1858-1909 by the Survey
of Indiawas alandmark effort to map the
Indian subcontinent. This effort, together
with other studies, showed that mean sea

e level @ong the east coast is higher than
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on the west coast. While concluding the
survey, Colonel SG. Burard. head of the
Survey of India, left it for future genera-
tions to determine validity of this result
and if true determine the reasons for it.
Subsequent studies did confirm that
sea level along the east coast is indeed
higher by about 30 cm. NIO scientists
(Shankar and Shetye, 2001) have now
identified the reasonswhy. Using simula-
tionswith anumerical model of the North
Indian Ocean they have argued that the
difference in sealevel is the result of iwo
factors: mean winds over the ocean and
sdlinity variation along the coast ol India.
The former sets up atill of the suriace of
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Threemodel simulationsof annual mean sea
level (centimeters) along the coast of India: the
effect of purely wind-forced circulation (solid
line, open circles), of both wind-forced
circulation and salinity (dashed line, filled
circles), and of increasing wind stress uniformy
over the basin (dotted line, triangles). The
difference between the dashed and solid linesisa
measur e of theinfluence of temperaturebeing
negligible, and the difference between the dotted
and solid linesisa measure of the effect of a 10%
increase in the strength of monsoon winds.
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the North Indian Ocean from southwest
to the northeast, the predominant direc-
tion, of southwest monsoon and mean
winds over the ocean. This factor ac-
counts for about 60% of the sea levd dif-
ference. Salinity variation along the coast
is due to differences in freshwater influx
into the two basins, the Bay of Bengal on
the east and the Arabian Seaon the west.
The lighter, lower salinity waters on the
east contribute to about 40% of the sea
level difference between the coasts of
India.

Sea level is a sensitive indicator of the
ocean climate. Indiaholds awealth of in-
formation on how the sea level along the
coast of India has varied during the last
century. The study by NI1O scientists indi-
cates yet again how sealevel information
can be used to gain insights into working
of the ocean.

Dimethyl sulphide in the
waters and atmosphere of the
North Indian Ocean

Dimelhylsulphoniopropionatc (DMSP),
the precursor of dimethyl sulphide
(DMYS). a climatically important constitu-
ent of the atmosphere, has been found in
marine aerosols for the firgt time.

DMS is a naturally-occurring gas
formed through the decomposition of
DMSP, produced by marine phytoplank-
ton. In the atmosphere, DMS forms sul-
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phate aerosols and cloud condensation
nuclei leading to a decrease in solar inso-
lation at the Earth's surface. Thus, it
serves as an anti-greenhouse agent that
can to some extent counter global warm-
ing.

We have carried out extensive mea-
surements of DMS and DMSP in the wa-
ters and atmosphere of the North Indian
Ocean. The data have been used to com-
pute the extent of DMS emission to the
atmosphere from this region. The aver-
age diffusve fluxes of DMS from the Ara
bian Sea and Bay ol Bengal are 217 mg
m?d™ and 663 mg m? d*, while the av-
erage flux from the enure Indian Ocean
is 340 mg m? d™. Thisindicates that the
Bay of Bengal is an important source of
atmospheric DMS.

The diffusve flux was considered to
be the most important mode of DMS emi-
ssion from the oceans so far. Our work
has shown lor the first time that marine
aerosols commonly contain significant
amountsof DMSP, facilitating substantial
production of DMS in the atmosphere it-
self.

Activities of respiratory
enzymes in suboxic waters

Enzymatic measurements reveal a hith-
erto unrecognized fine structure in redox
environment with occurrence of both ni-
trification and denitrification activitiesin
severa closely-spaced layers within the
Arabian Sea oxygen minimum zone.
Chemical transformations in the
oceans are predominantly biologically-
mediated. These reactions are facilitated
by specific enzymes. Knowledge of the ac-
tivities of these enzymes provides impor-
tant insights into the mechanisms and
rales ol biogcochemical transformations.
The Arabian Sea experiences acute
oxygen depletion within a large volume
of water at mid-depths (~150-1000 m).
Due to the non-availability of oxygen
within thisdepth range the heterotrophic
bacteria, which derive their energy by de-
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Representative profile of distribution of
activities of enzymes of denitrification (nitrate
reductase, NR) and nitrification (ammonia
monooxygenase, AMO) in the Arabian Sea
0xygen minimum zone.

grading organic matter, switch over to ni-
trate as an oxidant. This process, known

asdenitrification, leadsto theproduction
of chemically inert elemental nitrogen
(Ny) at the expense of bio-assimilable ni-
trate. The reduction of nitrate to nitrogen
occursin severd steps. Thefirg two steps
(conversion of nitrate to nitrite, and of ni-
trite to nitric oxide) arc mediated by the
enzymes nitrate reductase and nitrite re-
ductase.

We haveinvestigated the inter-rel ation-
ships between the activities oi these en-
zymes and the respiratory electron-trans-
port system, the enzyme system that fa-
cilitates the electron transfer to oxygen
or other oxidams such as nitrate, in the
Arabian Sea oxygen minimum zone
(OMZ). The results revealed occurrence
of both nitrification and denitrification ac-
tivities in several closely-spaced layers
within the OMZ. Such a fine scale vari-
ability, not recognized previously, hasim-
portant implication on aspects of nitro-
gen cycling such as the production and
consumption of nitrous oxide (N,O).
which has been found to accumulate in
very high concentrations under certain
circumstances. Asthe observed structure



seem to reflect a fine structure in the
watermass composition, the results un-
derscore the sensitivity of the OMZ pro-

cesses to any shifts in physical forcing.

Modulation of primary and
export production by Saips

Silicate deficiency in surface waters of the
northern Arabian Seaduring winter modi-
fies the food web structure leading to
moderate primary production and
greater retention of organic matter in the
surface layer.

Biological productivity of the oceans
is dependent on the availability of nutri-
ents, the most important of which are the
salts of nitrogen, phosphorusand silicon.
Uptake by phytoplankton, the micro-
scopic plants, usualy keeps the concen-
trations of these nutrients at very low lev-
ds in surface waters, while the regenera-
tion from the decaying organic debrissink-
ing from the surface leads to their accu-
mulation in subsurface layers. The quan-
tity of particulate organic matter exported
from the surface layer is determined by
the food web structure which, in turn, is
regulated by the concentrations of vari-
ous nutrients and their ratios, while the
nutrient supply to the surface waters is
maintained by upwelling and vertical
mixing. Winter cooling and mixing bring
nutrients to the surface waters over large
parts of the northern Arabian Sea. How-
ever, dueto the differencesin vertical dis-
tributions of various nutrients, and the
shallow reach (maximum 120 metres) of
convective overturning, the supply of
phosphate and nitrate, which constitute
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Veroeal profiles of DOC at the beginning
{12 Feb 1997, a) and ar the end of salp
swarms (19 Feb 1907, @)

the soft tissue of organisms, is more than
that of silicate, which forms the skeletal
part of some important phyloplankton
(diatoms). The larger-sized diatoms are
the workhorses of the biological pump
since they can be easily grazed upon by
zooplankton such as copepods that pro-
duce particles large enough to sink out of
the surface layer while the smaller phy-
toplankton such as cyanobacteria and eu-
karyotic algae make small contributions
to particle exports. High concentrations
of nitrate and phosphate and low concen-
tration of silicate in surface waters ol the
northern Arabian Sea during winter lend
to support growth of smaller phytoplank-
ton and limit diatom productivity. This
creates an ecologica niche for large filler
feeders such as sal ps, pelagic tunicatesthat
are capable ol utilizing phytoplankton in
thesmall (few mum) sizerange.

We observed widespread swarms of
salpsduring atime-seriesstudy conducted
inthe northern Arabian Sea during the pe-
riod of winter convection. Indiscriminate
feeding by these suspension feeders led
to marked removal of chlorophyll from
surface waters. Surprisingly, even though
salps are known to produce dense, rap-
idly-sinking fecal pallets, floating sedi-
ment traps deployed at 130 and 300
meters to intercept the sinking material
did not collect much organic matter. In-
stead, avery substantial increaseinthedis-
solved organic carbon (DOC) was re-
corded following the salp swarms. Thus,
the presence of salpsinlarge numbersnot
only moderated the primary productiv-
ity through removal of chlorophyll, it also
led to enhanced retention of organic mat-
ter in the surface layer. The DOC accu-
mulated during winter most probably
supports bacterial growth during the fd-
lowing less productive spring
intermonsoon period. The bacteria are
grazed upon by micro-zooplankton (2-20
mu m) that, in turn, are utilized by
mesozooptankton (20-200 mu m). Such a
microbial loop may explain the high
mesozooplankton biomass throughout
the year in the Arabian Sea, a puzzling fear
ture of Arabian Sea biology.

These observations imply that selec-
tive fertilization of surface waters with nu-
trients may not always lead to sequestra-
tion of carbon to the deep sea, a possible
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measure being considered to counter the
rising atmospheric carbon dioxide levels.

An unusual bacterium from
deep-sea sediments

Buried 15-20 cm below the scafloor, at
depths beyond 4500 min the Central In-
dian Ocean Basin, we recovered and cul-
tured (under high pressure) bacteria that
oxidize ammonium to nitrite and further
to nitrate. Thisisthe firg time such abac-
terium, with the unusual property of be-
ing able to carry out both the phases of
nitrification, has been isolated.

Putting the jigsaw pieces
together...

Thefrequent changesin magneticfield that
our planet experiences, arc preserved us
magnetic signatures in the earth's crust,
and used as a tool by marine geophysicists
to place major events such asthe history of
the split and drifts of continental land
masses, in an accurate time frame. Field
data has allowed usto usethistechnique to
establish the conjugate nature and time of
separation of the Indian continent, from Ant-
arctica.

The institute has spent many years
studying the Bay of Bengal for itsmagnetic
and gravity fields. Magnetic anomalies are
preserved in the crust, and we have iden-
tified anomalies M11 to MO imprinted
during times from 132 to 118 million
years ago (Ma). It is commonly believed
that the eastern Gondwanaland split and
drifted about 140 million years ago, and
that the Eastern Antarctica and Eastern
India were adjoined.

Magnetic data sets from Enderby Ba-
sin, East Antarctica (given to us by the
Scripps institute of Oceanography) were
analysed in conjunction with data sets
from the Bay of Benga for similarity in
anomaly sequences. Magnetic (and satel-
lite-derived gravity) data sets of both re-
gions were comparable in the anomalies
M11-MO.

When a continent or plate fractures
and the components drift apart, their drift
away from a quasi-stable feature - in this
case the mid-oceanic ridge - is imprinted
on the spatial separation of successive
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anomalies. This"half spreading rate" and
the anomalies in the Enderby Basin have
a striking coincidence with those of the
Bay of Bengal, further strengthening the
conclusionthat thesetwo basinswere con-
jugate and contemporary.

The clinching evidence was the occur-
rences of the oldest magnetic anomaly
M11 closeto the coasts of both these two
offshore basins, further strengthening the
conclusion that the split between India
and Antarctica took place about 132 Ma

Rewriting the birth certifi-
cates of faults and mountains
in the central Indian Ocean...

The theory of plate tectonics was a major

step in under standing many features of the
solid earth. Plate deformation and earth-
quakeswer e assumed to occur only at plate
boundaries. A recent study, in collabora-
tion with the Southampton Oceanography
Centre and Edinburgh University, has
found that the ocean floor in the middle of

theIndo-Australian Plateis al so subjected

to such forces, experiencing high seismic-

ity and crustal deformation at diferent times
in the past.

The central Indian Ocean seafloor re-
sponses to the collision of Indiawith Asa
are seen as buckles and cracks at differ-
ent geologica times. Analysis of cross-
sections of this area of the Indian Ocean
lithosphere (the outer rigid layer of the
earth) shows that these parts of the ocean
floor have been substantially trans-
formed. The two dominant features are
faultsthat riseto 800 m, and folded moun-
tainsas high as3000 mand aslong as 300
km. These features were formed - about
8 millionyears ago (Miocene), 4 millions
years ago (Pliocene), and most recently
about 800,000 years ago (Pleistocene).
The events are not only spaced in time
(about 4 millionsyears), but also spatially
across the ocean floor. The spatial extent
of the Pleistocene folding event overlaps
the two earlier folding events, and is the
area of most active faulting and greatest
seismic activity.

Dr KS Krishna who has been analyz-
ing these events has found that these

cracking faults occurred simultaneously
when the crust was buckling. Thetwo ear-
liest faulting events have since been over-
lain with sediments, whereas the faults
from the Pleistocene event (which
straddles portions of both earlier regions)
are not only manifested up to the present
sea-floor, but also have longer fault
throws.

These new findings are in contradic-
tion to earlier concepts (derived from
models of plate reconstruction), which
proposed asingleevent that started about
18 million years ago - almost 10 million
years earlier than what is now proposed.
The study has also brought about an un-
derstanding of multiphase folding and
faulting that we expect will improve glo-
bal plate reconstructions and models of
how the lithosphere deforms in the cen-
tral Indian Ocean.

The oxygen isotope
weatherman says...

The oxygen has two major isotopes: '°O
and *®0. Theisotopic ratio is measured
as delta’®0 and is different for different
formsof water: delta’®0 of the seawater is
0 %o, water vapour is-16to - 7%0 and
freshwater - 7%o0 , and that of ice is -
25%0. The **0 content of the seawater
increases relatively when there is intense
evaporation, similarly, the O content of
thewaters decreases when thereis glacial
discharge or freshwater influx by precipi-
tation. This natural difference in isotopic
ratios is effectively used as a paleo-ther-
mometric tool. Microorganisms such as
the foraminifers that live in the surficia
waters imprint the signature of the oxy-
genisotoperatio (delta) inthecalciumcar-
bonate contents of their shells. When
these organisms die and sink to the seaf-
loor, they retain in their shells the isoto-
pic signature of the sea water when they
were alive.

We measured oxygen isotope ratios of
the foraminifer G. Ruber and G. Sacculifer
from sediment cores collected from the
southwestern Arabian Seaand Bay of Ben-
gal. The Arabian Sea data shows there
was reactivation of the monsoons leading
to high precipitation (leading to lowering
of seawater temperature) between 13000
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and 6000 years BP, with a maximum af-
ter 9000-8000 years BP.

Similar records from the Bay of Ben-
gal coresindicate two arid events unde-
tected so far, at approximately 4800 and
2300-2200 years before present.

Deep seabed mining

hazardous ? Not qyite

To evaluate the potential impact of deep
seabed mining, abenthic disturbance ex-
periment was conducted in the Central
Indian Ocean (at depths 5200 m) by sus-
pending 6000 cubic metres of sediment.
Theobservationsof agroup of geologists,
biologists, chemical oceanographersand
physical oceanographers show that the
benthic environment is getting restored
and the recolonisation has started.

The initial results of these studies
were published as a special volume of
thejournal - Deep Sea Research.
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Tracksmade on the seafl oor by thedisturber

Recolonisation seen in the disturbed area
44 months after the disturbance
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NIO acquired Coadtd VesH
A new Coastal Research Vessel Sagar Shukti, equipped with
the state-of-the-art equipment was commissioned by the first
lady of the State of Goa, Ms. Tasneem Faza in the presence of
His Excellency Shri Md. Fazal, Governor of Goa at a function
organized by NIO on 5 October 2001.

Addressing the gathering the Governor, wished that the new-
vessel would help NIO to be in forefront of ocean research. He
hoped that the vessel would enhance institute's research activi-
ties and facilitate in bringing out better and effective means to
improve quality of life. He was happy to learn that NIO gener-
ates its own resources (Lab Reserves) and uses for purchase of
vessdl such as Sagar Shukti and in enhancing infrastructure.

The Governor, also flagged off first maiden research cruise,
with Dr. Desa, Director NIO as leader on board. Shri Srinivas
Dempo, Chairman Dempo Group of Companies, and other
dignitaries were present at the function.

The various facilities and equipment onboard include Dif-
ferential Global Positioning System for accurate positioning
and communication channels, digital side scan sonar, digital
sparker system, current-temperature-depth profiler to 600
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H.E. Shri Md. Fazal addressing the audience. Sitting (L-R):
Dr. E. Desa, Ms. Tasneem Fazal and Shri Srinivas Dempo.
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meters, towed magnetometer, spectrophotometer and spec-
trofluorometer.

Since the decommissioning of Research Vessel Gaveshani in
August 1994, NIO has been using the vessels of the Depart-
ment of Ocean Development (DOD) for sea explorations. Com-
missioning of CRV Sagar Shukti has opened up new avenues
for the Institute in carrying out ocean studies particularly in
coastal areas.

NIO awarded 1SO-9001

At a formal function held at it's headquarters on 5 November,
NIO received 1SO 9001 certificate, at the hands of Union Min-
ister of State for Petroleum and Natural Gas & Parliamentary
Affairs, Shri Santosh Gangwar. NIO thus joined the select group
of CSIR laboratories, in providing quality assuranceto its stake-
holders.

While commending their work, the Hon'ble Minister urged
the scientists to accept greater challenges. He appreciated their
hard work under tedious and uncertain conditions, searching
wealth from ocean bottom. To save foreign exchange spent on
crude oil import, the minister saw avast scope for cooperation
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Union Minister Shri Santosh Gangwar presenting 1SO 9001
certificate to Dr. E. Desa, Director, NIO.

Governor flagging off Sagar Shukti on maiden cruise.
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between his ministry and NIO to venture upon gas hydrate
search.

Dr. P.S. Rao, NIO's Management Representative for 1SO
implementation provided an account of various tasks involved
and performance of his team in getting the certification. Dr. D.
Chandramohan, who guided the process, said that it isjust the
beginning and one need to carry out continuous improvement
to achieve performance excellence. Both Drs. Rao and
Chandramohan acknowledged Dr. Desa's initiatives and drive
in achieving 1SO accreditation.

On this occasion Dr. K. Sree Krishna, recipient of Shanti
Swarup Bhatnagar Prize for the year 2001 and recipients of
this Award in earlier years Drs. SR. Shetye and SWA. Nagvi,
were felicitated by Shri Gangwar.

MoU with Portugal signed
An eight-member delegation of the Republic of Portugal visited
the Institute on 29 November following the MoU that was
signed earlier by governments of Republics of Portugal and
India for Cooperation in Ocean Science & Technology. Of sev-
eral areas of mutual interests identified, NIO and organizations
in Portugal will jointly work on Remotely Operable and Au-
tonomous Vehicle Systems and explore underwater for ar-
chaeological studies in the first instance. Scientific presenta-
tionswere made by both sides on this occasion to identify fur-
ther areas of cooperation.

Eng. Armando Trigo de Abreu, President, Institute of Inter-
national Scientific & Technological Cooperation, Ministry of
Science & Technology led the delegation.

International Ship Observations Team Meet
A team of 50 S& T experts from 20 countries was at NI1O on 25
February, for aweeklong participation in the first meeting of an
International Ship Observations Team. The team was a major
international component of the Joint Technical Commission
for Oceanography and Marine Meteorology, sponsored jointly
by the World Meteorological Organization (WMO) and the
Intergovernmental Oceanographic Commission (IOC). The
meeting was followed by a scientific and technical workshop
next day.

The team was concerned with the international coordina-
tion of programmes, which use volunteer merchant vessels
and oceanographic research vessels as platforms for observa-
tion of meteorological and oceanographic parameters. These
observations, which are globally distributed through Global
Telecommunications System of WMO, are used for a number
of important applications, such as operational weather fore-
casting, maritime safety services, global climate studies and
oceanographic research. A new programme, related to use
volunteer ships to monitor the amounts of carbon dioxide in
the oceans was reviewed.

Annual Convention of IGU

The 38" Annual Convention of Indian Geophysical Union (IGU)
with over 250 participants was held at Visakhapatnam regional
centre of NIO. The focal theme of the convention was "Natural

Hazards and Disaster Management: Role of Earth System Sai-
entists'. Over 150 research papers were presented both on the
foca theme and related aspects as solid earth geophysics, elec-
tromagnetic imaging of the crust, oceanic basins, ridge pro-
cesses and atmospheric, space and planetary sciences.

During the convention H.N. Siddiquie Memoria Lecture
series was introduced and the the first Lecture on "How long
triggered earthquakes will continue in Koyna, Maharashtra,
India?" was delivered by Dr. Harsh K. Gupta, Secretary, Govt.
of India, Department of Ocean Development, New Delhi. On
this occasion the website http://www.iguonline.org designed
at the Regional Center, NIO was hosted by B.M. Reddy, Vice-
President, IGU.

Foundation Stone laid for permanent build-
ing of Regional Centre

Dr. Harsh K. Gupta,
Secretary, DOD,
New Delhi, laid
foundation stone for
permanent building
of NIO Regional
Centre on 18 De-
cember. The function was presided over by Prof. JM. Naidu,
Registrar, Andhra University, Visakhapatnam.

Speaking on the occasion, Prof. JM. Naidu assured further
help and co-operation from Andhra University. He appreci-
ated the closer links between NIO and the University. Dr. K.SR.
Murthy, Scientist-in-Charge of the NIO Regiona Centre ex-
pressed gratitude to the University for alotting the site.

Book on Indian Ocean released

"The Indian Ocean - a perspective", two volume publication
was released at NI1O by Dr. Harsh K. Gupta, Secretary, DOD.
Thevolumes edited by Drs. Rabin Sen Gupta and Ehrlich Desa
and published by Oxford & IBH Publishing Co. Pvt. Ltd, New
Delhi, contain comprehensive information on many oceano-
graphic regimes. The first volume is devoted to physical and
chemical oceanography of open and inshore waters of both
India and countries bordering the Indian Ocean and the sec-
ond volume deals primarily with biological oceanography.
These volumes provide not only useful references to ocean
students and researchers but also an insight into the ongoing
mainstream ocean research in India
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Environmental Impact Assessment (EIA)

Monitoring of Bhavnagar in the Gulf of
Khambhat

ElA study for IPCL's proposed MGCC
expansion at Nagothane in Maharashtra.

Monitoring of Amba Estuary (May-June
2001) and for conducting post
monsoon survey (Nov-Dec 2001)

Monitoring of Amba Estuary

Rapid EIA (RMEIA) inclusive of environ-
mental management plan, emergency re-
sponse plan and contingency plan for ex-
ploratory drilling operations in fourteen
offshore blocks off the coast of India

RMEIA for 3 additional blocks

EIA for enhanced crude handling at
Vadinar

Marine release of effluent from TCL in
Mithapur

Rapid EIA for development of fish-
landing facilities around Maharashtra coast.

Risk assessment studies, development of
emergency plan, emergency response plan
and contingency plan for oil and gas ex-
ploratory drilling operations

Marine impact assessment studies for mi-
nor fishery harbour at Dholai inVasd Dis-
trict

ElA for fishlanding platform at Navabandar

Offshore environment monitoring of west-
ern offshore ail fields during Nov./Dec.
2001 as a post-monsoon study

Offshore environment monitoring of west-
ern offshore oil fields during March 2002
as a pre-monsoon study

PPN combined cycle power project -off-
shore works approval for GA post project
environmental monitoring

Nirma Ltd., Bhavnagar

Indian Petrochemicals Corporation Ltd.
(IPCL), Nagothane.

-do-

-do-

Reliance Industries Ltd., Mumbai

Indian Oil Corporation Limited, Vadinar

Tata Chemicals Ltd. (TCL), Mumbai

Dept. of Fisheries, Govt. of Maharashtra

-do-

Engineers India Ltd., New Delhi

-do-

Institute of Petroleum Safety & Environ-
ment Management (IPSEM), ONGC,
Betul, Goa

-do-

PPN Power Generating Company Ltd.,
Chennai

®

Jiyalal Ram Jaiswar

K. Govindan

M.D. Zingde

-do-

V. Sanil Kumar

SN. Gabhiye

-do-

G. Parthiban

-do-

X.N.Verlenkar



Title

Monitoring strategy for biodiversity, coastal
and marine environmental component
of the EIA of Gujarat

ElA for marine outfal for the proposed bulk
drug unit. - U at Chippada village area
Bhimunipatnam Mandal, Vizak Dist. -
Regd.

Marine environmental monitoring along
the west. coast of India

| Geological and Geophysical

Shallow seismic survey off Gangavaram

Laying of underwater HDPE pipeline
across Zuari River

Postlay survey of pipeline routing across
Zuari river to confirm the burial 2 meters
below the river bed

Nearshore sediment transport estimation
off PPN power plant

Investigation of the seabed at Poompuhur
and Mahabalipuram, South India

Sponsoring Agency

Ecological Society, Gujarat Enterprise,
Thane

Divis Laboratories Ltd., Hyderabad

Indomer Coastal Hydraulics (P) Ltd.,
Chennai

Surveys

Indomer Coastal Hydraulics Pvt. Ltd..
Goa

Public Works Department, Goa

-do-

Marubeni Corporation Ltd.. Chennai

The Scientific Exploration Society,
England

Project Leader

K.H.Vora

K. Mohan Rao

N.M. Anand

M.SrPandhy
T. Suresh

S. Jayakumar

K.H.Vora

Engineering

Wave and wind measurement off Kakinada

Calibration of sensors

Directional wave measurement off Minicoy
island of Lakshadweep

Cocanada Port Co. Ltd., Kakinada

Elcome Marine Services Pvt. Ltd., Vasco,
Goa

L akshadweep Harbour Works,
Kavaratti.

K. Ashok Kumar

G. Nampoothiri

P. Pednekar

ne Management

Marking of high tide line for proposed Dry
Dock project

Delinestion of high tide and low tide line
and CRZ boundaries for property bearing
CTS No, 2/1 to 2/12 of village Mahul at
Mumbai

Delineationof HTL, LTL and CRZ
boundaries near Dolphin's Nose Hill at
Visakhapatnam outer harbour

Seabed surveys for inspection of
24 HDPE submarine outfal pipeline off
Mangalore

Wave and current measurements
at 4 locationsin the Bay of Bengal.

Terra Firma Env. Consultant Pvt. Ltd.
Mumbai

Eversmile Constructions Co. Pvt. Ltd..
Mumbai

South Asa LPG Co. Puvt. Ltd.

Mangalore Refinery and Petro- chemicals

Ltd., Mumbai

Reliance Industries Limited, Mumbai

|
;
!

!

K.L. Kotnda & M.C. Pathak

M.C. Pathak

K.SR. Murthy

M.V. Ramana

K. Ashok Kumar & S. Mandal



Study of mangrove afforestation at Gorai,
Mumbai

Analysis of total PCB content in
20 oil samples received from MPCB

Testing of oil samples drawn from
import consignments said to be
furnace ail

Testing of off-gpecification furnace oil/waste
ail for presence of polychlorinated biphe-
nyls - regarding

Bombay sewerage disposal project -Stage-
Il Master Plan - selection of options

Training NTPC Officers on Netscape

CRZ delineation in Goa for
the Goa - Hyderabad Pipeline Project

Inspection of oifshore pipeline

The quality analysis of Co-Mn based syn-
thetic catalyte compounds

Marine emergency management plan
for crude ail and POL jetty of CPCL at
Nagapattinam

Andyss and input of published
literature as per ASFA Standards

Quality analysis of Mn Acetate
compound

Confirmation of dtffuser design and esti-
mation of secondary dilution for M/s
GACL, Dahg

Vulnerability assessment of various sectors
due to climate change.

Testing of oil spill dispersant
Corexit 9500

Gold Crew - Water based dispersing agent
for oil spill cleanup and fire fighting con-
trol agent etc.

Setting up of the Environmental Monitor-
ing Laboratory at Kandla Port Trust

Development of Tadri Port:

(i) RapidEIA & Comprehensive EIA

(ii) Demarcation of HTL, LTL & CRZ
Boundaries

(iii) Seabed surveys

Pan India Paryatan Ltd., Mumbai

Indian Institute of Petroleum,
Mumbai

Commissioner of Customs, Raigad

Central Intelligence Unit, Mumbai

PHE Consultants, Mumbai
STG International, Hyderabad
Reliance Petroleum Limited, Mumbai

BAS-, Mangalore

M/s. Gamma Manganese Chemicals,
Vasco

Chennai Petroleum Corporation Ltd,
Chennai

ICLARM, Maaysia

METASAL Specidlity ChemicalsP. Ltd.,
Mumbai

Hydroair Tectonics (SPD) Pvt. Ltd., Navi

Mumbai

Ministry of Environment and Forests,
New Delhi

Oil & Gas India Ltd.. Mumbai

Centreprise, Thane

Kandla Port Trust, Kutch

Zoom Developers P. Ltd., Mumbai

T.G.Jagtap

A.Sarkar

-do-

-do-

M.D. Zingde

S. Lakshminarayana
M.C. Pathak

K.H.Vora

VK. Banakar

P. Vethamony

G.H. Sainekar

BR Rao

M.T. Babu

0O.S. Chauhan

Classy D'silva

-do-

PV. Shirodkar

XN. Verlenkar

K.L. Kotnda &
M.C. Pathak
-do-



Diversity and enzymes of deep-sea fungi: life
under an extreme environment

Immunostimulatory activity of marine yeast
polysaccharides on fishes against their patho-
gens

Mumbai Port baseline survey under Global
Ballast Water Management programme.

Atmosphere-land-ocean interaction during
intense rainfal events along the west coast
of India

Comparative study of deformation and
dynamics response to the inplane compres-
sive forcesin the Central Indian basin and
Wharton basin, under ILTP Programme

Reconstruction of past sea surface tempera-
turesin the eastern Arabian Sea/
L akshadweep using coral records

Marine geology and gas hydrate potential of
the western continental margin of India

Geochemical studies to decipher paleoclimatc
in the Bay of Benga (Sub-project:
Palaeoceanographic studiesin the Bay of
Bengd Fan)

Benthic foraminiferal studies in the sub-sur-
face sampl e of BOB to reconstruct
palaeoceanographic changes (Sub-project:
Palaeoceanographic studies in the Bay of Ben-
gd Fan)

Response of planktonic foraminifera and car-
bonate to palacoceanographic changesin Ben-
gal Fan (Sub-project Palacoceanographic stud-
iesin the Bay of Bengal fan)

Collection of data on hydrodynamics, water
quality, ecology, mining, socio-economics etc.
for preparation of model Integrated Coastal and
Marine Area Management (ICMAM) plan for
Goa

Collection of data on hydrodynamics, water
quality, modelling and for ecology, socio-
economics etc. for preparation of ICMAM plan
for Gulf of Kachchh

Geoscientific investigations of shallow sedi-
ments in KG offshore, East Coast

India-Myanmar joint oceanographic studiesin
the Andaman Seas

Sponsoring Agency .

Department of Biotechnology (DBT),
New Delhi

Indian Council of Agricultural Research
(ICAR), New Delhi

UNDP

Department of Science & Technology
(DST), New Delhi

-do-

Department of Ocean Development

(DOD), New Delhi

-do-

KDMIPE. ONGC, New Delhi

Ministry of External Affairs, New Delhi

C. Raghukumar

Ranu Gupta

A.C. Anil

SC. Shenoi

D. GopaaRao

SWA. Nagyi

M. Veerayya

V. Ramaswamy

R. Nigam

D.P. Naidu

SN. De Souza

P. Vethamony

M.V. Ramana

PS Rao



HONOURS

S.S. Bhatnagar Award

Dr. Kolluru Sree Krishna was selected for the most
coveted Shanti Swarup Bhatnagar award for excellence in
earth, atmosphere, ocean and planetary sciences.

Dr. K.S. Krishna discovered an important phenomenon -
periodicity in deformation o! the central Indian Ocean
lithosphere in response to the continuing collision of India
with Asa The discovery led him to find the growth of the
folded mountains and reverse faults. These features have
been formed at different times in the past - about 8.0 Ma
(Miocene), 4.0 Ma (Pliocene) and 0.8 Ma (Pleistocene).
The events are not only spaced in time (about 4.0 Ma)
but also spatially on the ocean floor. He who has been
closely analyzing these events came with new findings
that have superseded the earlier concepts of deformation
of the lithosphere. The new hypothesis will now allow
improving the plate kinematic and deformation models in
the central Indian Ocean.

Election as Fellow of Indian Academy of Sciences,
Bangalore added yet another feather to his cap this year.

Raman Research Fellowship

Dr. YK. Banakar was awarded Raman Research Fellow-
ship by CSIR for 3 months (June-August, 2001) for
carrying out stable isotopic study in the Hokkaido
University, Japan, for paleoclimate reconstruction for the
Eastern Arabian Sea.

D.Sc.

Dr. Rgiv Nigam was awarded the Doctor of Science
degree in Geology by the Aligarh Muslim University. The
award came to him in recognition of his significant
contributions to the understanding of paleoclimate and
sea level changes using foraminifera as a geological tool.
He is now using it for pollution studies.

Dr. See Krishna receiving the SS. Bhatnagar award at the hands of Prime Minister Shri Atal Bihari Vajpayee and
Dr. M.M. Joshi, Union Minister for HRD and Science & Technology.
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162

164

165

166

168

169
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172

173

4-24 Apr. 01
L.V. Subba Rgu

8-25 May 01
M.V.S. Guptha

28 May-2 Jul. 01
Sridhar D. lyer

2Jul.-2 Aug. 01
Prasanna Kumar

29 Aug.- 4 Oct. 01
K.A. Kamesh Rau

7-14 Oct. 01
M.V.S. Guptha
2-18 Nov. 01

21-30 Nov. 01
A.L. Paropkari

8-12 Mar. 02
A.L. Paropkari

Laxmi Basin
Mormugao-Mormugao

Arabian Sea
Mormugao-Mormugao

Central Indian Ridge
Mormugao-Kochi

Bay of Bengal
Tuticorin-Chennai

NE Indian Ocean
Chennai-Chennai

Bay of Bengal
Chennai-Chennai
Mormugao-Mormugao

Arabian Sea
Mormugao-Mormugao

Arabian Sea
Mormugao-Mormugao

Objectives

For surveysin Laxmi Basin and its
surroundings

To carry out time series sediment trap
mooring operations under the Indo-
German bilateral programme and
LOICZ Programme

To study tectonics and petrological
implications of fracture zones on crustal
generation

To study seasonal variability of the
upper ocean in response to atmospheric
forcing and its implication to overall
basin scale CO, air-sea exchange
balance

To acquire multibeam swath bathym-
etry (Hydrosweep) geophysical data and
to carry out CTD observations, collect
water, sediment and rock samples for
oceanographic studies

To carry out sediment trap mooring
operations under the Indo-German
bilateral programme

For validation of MOS (IRS P3)

To retrieve and re-deploy two time series
sediment traps

-do-

RV A. A, Sidorenko ’

34

38

40

20 Mar.-25 Apr. 01
B. Nagender Nath

16 May-19Jun. 01
M. Shyam Prasad

9 Dec. 01 -9 Jan. 02
J.N. Pattan

Central Indian Basin
Mangal ore-Mormugao

Central Indian Basin
Tuticorin-Port Luis
(Mauritius)

Central Indian Basin
Mormugao-Mormugao

7

To study the possible effects of nodule
mining on the benthic environment
under INDEX programme

Identification of marginal blocks for the
find 20% relinquishment of the Pioneer
Area to the International Seabed
Authority

For PMN survey and exploration



CRUISES LED

41

42

RV A A, Sidorenko-::ontinued

14 Jan.-10 Feb. 02

A.L. Paropkari

13 Feb.- 8 Mar. 02
M.D. George

Arabian Sea
Mormugao-Mormugao

Arabian Sea
Mormugao-Mormugao

To investigate the proxies to decipher
the possibility of gas hydrate concent
tion.

To study biogeochemical cycling, carry
out time-series observations in the area
close to the boundary of denitrification
zone and understanding paleoclimatic
changes during the late quaternary

CRV Sagar Shukti

1

A-1

P-2

Pl-3

4A

6A

511 Sep. 01
E. Desa

12-14 Sep. 01
SW.A. Nagvi

17-23 Sep. 01
SW.A. Nagvi

24 Sep.-2 Oct. 01
SM. Karisiddaiah

12 Oct. 01
L.V. Subba Raju

13-14 Oct. 01
Dilip Kumar

15-23 Oct. 01
Lata Raghukumar

26 Nov. 01
E. Desa

27 Oct.-2 Nov. 01
C.G. Nak

8-15 Nov. 01
S. Raghukumar

Inner & mid-shelf
between Goa & Ratnagiri

Cross-shelf section off Goa

Cross-shelf section off Goa,
Honavar & Mangalore

Between Mormugoa & Karwar

Off Baga (Goa)
Off Goa (Condolim coast)

Goa to Kavaratti

Inner shelf off Goa

L akshadweep

West Coast of India

D

To monitor the development of
hypoxia over the west coast of India,
assess its inter-annual variability, and
characterize the nitrate reductase gene
and bacterial diversity in shallow
oxygen-deficient zone.

To monitor the development of hypoxia
over the west coast of India and assess
its inter-annual variability.

To monitor the development of
hypoxia over the west coast of India and
assess its inter-annual variability

To identify the extent and presence of
gas escape features along the west coast
of India and its implications to the
probable gas hydrate horizons.

To find out the sunken object
(helicopter) of Goa Naval Area.

To monitor hypoxia along the Goa
coast following upwelling.

To survey cora health in Kavaratti
island of the Lakshadweep group of
islands, to assess chlorophyll values and
to isolate fungi and thraustochytrids
from zooplankton and sediment. To
record underwater life in the island for
population genetics studies.

To investigate the occurrence of "red
tide" off Goa, identify the organism,
determine its toxicity, if any, and
understand the physico-chemical
environmental forcing functions.

Exploration of marine macro biota of a
group of Lakshadweep Islands.

Collection of samples for identification
and electronic documentation of marine



10

11

12

13

14

15

16

17

8-11 Dec. 01
M.V. Ramana

12 Dec. 01
B.R. Rao

15-18 Dec. 01
L.V. Subba Raju

19-22 Dec. 01
SW.A. Nagvi

26-28 Dec. 01
SN. Harkantra

1-10 Mar. 02
N.B. Bhosle

11-14 Mar. 02
B.R. Rao

18-23 Mar. 02
S.G.P. Matondkar

25-29 Mar. 02
D. Sundar

Goa to Mangalore

Off Goa

Redi to Vengurla rocks

Along one transect and few
stations off Ratnagiri

Off Goa

Goa to Cochin

Redi to Vengurla

Off Goa

Off Goa

biodiversity and monitoring of seasonal
and annual changes with relation to
environmental parameters.

Mapping of physiographic and subsur-
face geomorphic features in relation to
suspected shallow gas pockets off Goa
to Mangalore, collection of surface
sediments samples at selected locations
of gas escaping features to infer some
geological proxies using foraminifer
Species.

Long-H course for Naval Officers.

To trace the palaeo-channels, to infer
the faulting pattern in the nearshores of
the shelf, to identify the rock outcrops,
geological formations etc., to collect
samples in a few selected places, to
determine the gas charged and gas free
sediment zones.

To monitor the evaluation and under-
stand causative factors for the develop-
ment of anoxic conditions in the inner
and mid-shelf region off central west
coast of India, to investigate the distribu-
tion of primary productivity, chloro-
phyll and phytoplankton composition in
relation to oxygen levels.

To study benthic bio-diversity in relation
to sediment characteristics.

To monitor tributyltin compounds and
related parameters in and around
Cochin harbour and at a few coastal
stations along the west coast of India, to
assess the biodiversity of phytoplankton
and benthos along the coastal water of
the west coast of India

To trace the palaeo-channels, to infer
the faulting pattern in the nearshores of
the shelf, to identify the rock outcrops,
geological formations to collect
samples in a few selected places, to
determine the gas charged and gas free
sediment zones.

Ocean colour and Trichodesmium
studies.

To study the seasonal variations in
physical properties of coastal areas.
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A novel fluorescent natural dye from a marine inver- U. Goswami, A. Ganguly Australia, Japan
tebrate
Method for determining seafloor roughness using B. Chakraborty, V. Kodagali Germany
multibeam echosounder
Preparation of an aqueous leaf extract having prophy- Ulhas M. Desai, C.T. WO, Thailand,
lactic and therapeutic properties for viral disease man- Achuthankuuy, RA. Sreepada Taiwan,
agement of animals in aquaculture practices Philippines,
Chile

An extract from the Indian green mussel (Perna viridis) M.R. Wani, PB. Parab, A. Chatterji USA, WTO,
inhibits osteoclast formation and bone resorption India
Composition comprising Zoanthus sp. extract with anti- C.O.L. Gonsalves, C.T. USA, WO
fouling activity and a use thereof Achuthankutty, P.S. Parameswaran,

C.G. Naik
A novel pressure housing for in-water pressure based Ehrlich Desa et a. (8 inventors) USA, WO
systems
An improved system for calibration of pressure trans- A. Joseph, Vijay Kumar, S. USA, WO
ducers Prabhudesai, P. Mehra, Ehrlich

Desa, SM. Nagvekar
A novel system for seafloor classilication using artifi- B. Chakraborty, V. Kodagali, J. USA, WO
cia neural network (ANN) hybrid layout with the use Baracho, A. Joseph

of unprocessed multi-beam backscatter data [Revised
(PCT): A system for classifying seafloor roughness]

A process for isolation of 2-deoxyecdysterone from C.O.L. Gonsalves, P.S. USA

Zoanthus sp. Parameswaran, C.G. Naik, C.T.
Achuthankutty

A novel compound and multiple fluorescent natural U. Goswami, A. Ganguly USA

dye from a marine organism (Provisional)

A process for the preparation of an extract with mul- PA. Loka Bharathi, S. USA
tiple properties from deep sea bacterium for use in Achuthankutty, D. Chandramohan
food and cosmetics

A controlled thruster-driven profiler for coastal wa- Elgar Desa, A. Pascol, P. Mehra, USA
ters G.P. Naik, Ehrlich Desa, R.

Madhan
A new medium for the production of Indian horse- RR. Bhonde, A. Chatterji USA
shoe crab (Tachypleus gigas) amoebocytes in vitro
Process for the cure and control of diabetes mellitus RR. Bhonde, A. Chatterji USA
using natural products from Perna viridis
A natural nontoxic fluorescent protein dye from a ma- U. Goswami, A. Ganguly USA
rine invertebrate, composition containing the said dye
and its uses
A natural nonpolar fluorescent dye from a non-lumi- U Goswami, A Ganguly USA

nescent marine invertebrate, compositions containing
the said dye and its uses



Patentfiled <

An extract from the Indian green mussel

Kanury Rao & group (ICGEB), A.

(Perna viridis) inducing differentialion and  Chatterji, ZA. Ansari USA
maturation of the dendritic cells (Provi-
sional)
Process for the identification of insulin pro- EB. Parab, A. Chatterji USA
ducing b-cells proliferating factor from the
peri-viialine fluid of fertilized eggs of horse-
shoe crab
Indian green mussel (Perna viridis) as a D. Mitra, A. Chatterji USA
source of anti-HIV activity
A process for removal of polyaromatic hy- C. Raghukumar, M.S. Shailgja, Shilpa USA
drocarbons in waste waters and contami- Kamat
nated sites
A process for biological deinking of office  C. Raghukumar, C. Mohandass, USA
waste paper T. Oliviera, S. Raghukumar, P.A. Loka

Bharathi, S. Nair, D. Chandramohan
A method for enhancing levels of the poly- S. Raghukumar, Ruchi Jain USA
unsaturated fatty acids in Thraustochyirid
protists (Provisional)
A process for the isolation of pharmaceuti- S. Bhosale, C.G. Naik, P.S. USA
cal compound Cyclosporin A from the fun- Parameswaran
gus Fusarium nivale (Fres.) Ces.
Upward closing grab sediment sampler D. llangovan India

PUBLICATIONS

Papers in SCI journals

Anil,A.C.,D Desai and L. Khandeparkar, 2001. Larval
development and metamorphosis in Balanus amphitrite Darwin
(Cirripedia, Thoracica): Sgnificance of food concentration
temperature and nucleic adds J. Exp. Mar. Bidl. Ecal.,
263:125-141.

Anil Kumar, N. and P.K. Dinesh Kumar, 2002. A sudy of the
seasonal dynamics of Beypore estuary; Kerala coast. Indian J.
Mar. Sci., 31: 52-58

Banerjee, R, 2001. A synthesis of sedimentary geochemical
processes in and around Carlsberg Ridge. Curr. Sci., 81: 737-
738.

Banerjee, R. and H. Miura, 2001. Distribution pattern and
morphochemical relationships of manganese nodules from the
Central Indian basin. GeoMar. Lett., 21: 34-41.

Bange, HW.,M.O. Andreae, S.Lal, C.S. Law, SW.A. Nagvi,
P.K. Patra, T. Rixen and R.C. Upstill-Goddard, 2001. Nitrous
oxide emissions from the Arabian Sea: A synthess. Atmos.
Chem. Phys,, 1: 61-71

Chakraborty, B., 2002. A neural network based seafl oor

classification using acoustic backscatter. Lecture Notesin
Artificid Intelligence, 2275: 245-250.

Chakraborty, B., H.W. Schenke, V. Kodagali and R. Hagen,
2001. Estimating deep seafioor interface and volume roughness
parameters using the multibcam-hydrosweep system. Mar.
Geodesy, 25:19-26.

Chandramohan, P, BK. Jenaand V. Sanil Kumar, 2001.
Littoral drift sources and sinks along the Indian coast. Curr.
Sdi., 81(3): 292-297.

Chauhan, O.S. and J. Suneethi, 2001. 18 Ka BP records of
climatic changes: Bay of Bengal: |sotopic and sedimentological
evidences. Curr. Sdi.. 81(9):1231-1234.

Chernova, T.G,, PS. Rao, Yu I. Pikovskii. TA. Alekseeva, B.N.
Nath, B.R. Rao and Ch.M. Rao, 2001. The composition and
the source of hydrocarbons in sediments taken from the
tectonically active Andaman Backarc basin, Indian Ocean. Mar.
Chem., 75(1-2): 1-15.

Codispoti, L.A., JA. Brandes, JP. Christensen, A.H. Deval,
SWA. Nagvi, HW. Paerl and T. Y oshinari, 2001. The oceanic
fixed nitrogen and nitrous oxide budgets. Moving targets as we
enter the anthropocene? Sci. Mar., 65(Suppl. 2): 85-10.
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Desa, E., T. Suresh, S.G.P. Matondkar, and Ehrlich Desa,
2001. Sea truth validation of Sea WiFs ocean colour sensor in
the coastal waters of the Eastern Arabian Sea. Curr. Sci.,
80:854-860.

DeSouza, S.N., S.D. Sardessai, V. Ramesh Babu, V.S.N. Murty
and G.V.M. Gupta. 2001. Chemical characteristics of the
Central Indian Basin waters during the southern summer.
Deep-Sea Res. 11, 48:3343-3352.

Devi, C.B.L., 2001. Bothid larvae (Plcuronectifonnes - Pisces)
of the Gulf of Thailand and South China Sea. J. Indian Fish.
Assoc., 28:53-71.

Dham, VV, AM. Heredia, Sayeeda Wafar and M.V.M.
Wafar, 2002. Seasonal variation in uptake and in-situ
regeneration of nitrogen in mangrove waters. Limnology and
Oceanography, 47:241-254.

Dinesh Kumar, P.K., 2001. Monthly mean sea level variations
at Cochin, southwest coast of India. Int. J. Ecol. Env. Sci.,
27:209-214.

Dinesh Kumar. PK.. RV. Sarma and M.D. Zingde, 2001.
Probable movement and mixing of contaminants in tidal

estuaries - A field study in Kundalika estuary, west coast of
India. Ind. J. Env. Protn., 21:976-986.

Fontana. A., M.L. Ciavata, L. D'Souza, E. Mollo, C.G. Naik,
P.S. Parameswaran, S. Wahidullah and G. Cimino, 2001.
Selected chemo-ecological studies of marine ophisthobranchs
Jfrom Indian coast. J. Ind. Inst. Sci., 81:403-415.

Gaur. A.S., Sundaresh, S. Tripati, P. Gudigar, K.H. Vora and
S.K. Bandodker, 2001. A group of 20 stone anchors from the
waters of Dwarka on the Gujarat coast, India. Int. J. Naut.
Archaeol., 30(1):95-108.

Geetanjali, S., S. Malhotra, Anshu Malholra, Z.A. Ansari and
Anil Chatterji, 2002. Role of nematodes as bio-indicators in
marine and fresh water habitats. Curr. Sci., 82:505-507.

Haridas. P.2001. Arabian Sea oceanography and fisheries of the
west coast of India. Curr. Sci., 81:355-361.

Haridas, P., 2001. Mesozooplankton biomass, composition and
distribution in the Arabian Sea during the fall intermonsoon:
Implications of oxygen gradient. Deep-Sea Res. 11, 48:1345-
1368.

Ingole, B.S., Z.A. Ansari, V. Rathod and N. Rodrigues, 2001.
Response of deep-sea macrobenthos to a small-scale environmen-
tal disturbance. Deep-Sea Res. 11, 48:3401-3410.

Jauhari, P., 2001. Methane hydrates in marine sediments -
Untapped source of energy. J. Indian Ocean Stud., 9(1): 111-
119.

Jauhari, P., V.N. Kodagali and SJ. Sankar, 2001. Optimum
sampling intenal for evaluating ferromanganese nodule
resources in the Central Indian Ocean. Geo-Mar. Lett., 21:176-
182.

Jena, BK,, P. Chandramohan and V. Sanil Kumar, 2001.
Longshore transport based on directional waves along North
Tamilnadu coast, India, J. Coastal Res., 17:322-327.

Karisiddaiah, S.M. and M. Veerayya, 2002. Occurrence of

pockmarks and gas seepages along the central western continen-
tal margin of India. Curr. Sci., 82:52-57.

Khadge, N.H., 2002. Geotechnical properties of siliceous
sediments from the Central Indian Basin. Curr. Sci.. 82:338-
343.

Khandeparker, R.D.S. and N.B. Bhosle, 2001, Extracellular
polymeric substances of the marine fouling diatom Amphora
rostrata Wm.Sm. Biofouling , 17:117-127.

Krishna, K.S., D.G. Rao and Yu Neprochnov, 2002. Forma-
tion of diapiric structure in the deformation zone, Central
Indian Ocean: A model from gravity and seismic reflection
data. Proc. Indian Acad. Sci. (Earth Planet. Sci.), 111:17-28.

Krishna, K.S.,J.M. Bull and R.A. Scrutton, 2001. Evidence for
multiphase folding of the central Indian Ocean lithosphere.
Geology, 29:715-718.

Krishna, K.S., Y.P. Neprochnov, D.G. Rao and B.N. Grinko,
2001. Crustal structure and tectonics of the Ninety East Ridge
Jfrom seismic and gravity studies. Tectonics, 20:416-433.

Kunte, PD. and B.G. Wagle, 2001. Littoral transport studies
along the west coast of India - A review. Indian J. Mar. Sci.,
30:57-64.

Lalithambika Devi, C.B., 2001. Bothid larvae
(Pleuronectiformes - Pisces) of the Gulf of thailand and South
China Sea. J. Ind. Fisheries Assn., 28:53-71.

Loka Bharathi, PA.. S. Nair, M.J.B.D. DeSouza and D.
Chandramohan, 2001. Assessment of viability in the bacterial
standing stock of the Antarctic Sea from the Indian side.
Oceanol. Acta, 24(6): 577-580

Madhupratap, M., KN.V. Nair, T.C. Gopalkrishnan, P.
Haridas, K.K.C. Nair, P. Venugopal and M. Gauns, 2001.
Arabian Sea oceanography and fisheries of the west coast of
India. Curr. Sci., 81:355-361.

Mandal, S, 2001. Bach-propagation neural network in tidal-
level forecasting by Ching-Piao and Tsong-lin Lee - Discussion.
J. Waterways Port, Coastal and Ocean Engg., 127:54-59.

Mitbavkar, S.and A. C. Anil, 2002. Diatoms of the
microphytobenthic community: Population structure in a
tropical intertidal sand flat. Mar. Biol., 140(1):41-57.

Mudholkar, A., 2001. Magmatic evolution of the fresh basalts
Jfrom the ridge axis near Egaria Fracture zone; Central Indian
Ridge. J. Geol. Soc. India, 58:329-339.

Murty, V.S.N., M. Savin, V. Ramesh Babu and A.
Suryanarayana, 2001. Seasonalvariability in the vertical

current structure and kinetic energy in the Central Indian
Ocean Basin. Deep-Sea Res. 11,48:3309-3326.

Naidu, V.S. and RV. Sarma, 2001. Numerical modelling of the
tide-induced currents in Thane creek; west coast of India. J.
Waterways, Port, Coastal and Ocean Engg., 127:241-244.

Nakamoto, S., S. Prasanna Kumar, J.M. Oberhuber, J.
Ishizaka, K. Muneyama and R. Frouin, 2001. Response of the
equatorial Pacific to chlorophyll pigment in o mixed layer
isopycnal ocean general circulation model. Geophys. Res. Lett.,
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along Uttara Kannada Dist. during 4&5 July, 2001 (NIO/
CON-5/2001).

Babu, M.T. Confirmation of diffuser design and estimation of
secondary dilution off Pydibeemavarm. AP (NIO/CON-1/
2002).

Sponsored Project Reports
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25/2001).

Kotnala, K.L- Bathymetric and seabed surveys (or devel opment
of Gopalpur Port, Orissa - Zero phase (NIO/SP-26/2001).
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Pathak, K.C. and K.L. Kotnala. Delineation of High tide line
and CRZ boundaries at Mahal, Mumbai (NI10O/SP-31/2001).

Rao, Mohana K. Shallow seismic surveys off Gangavaram,
Visakhapatnam (NIO/SP-32/2001).
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Zingde, M.D. Site selection for release of effluent from Alok
Industries in Kolak Estuary and assessment of impact on
aquaticecology (N10/SP-42/2001).
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Container terminal (N10/SP-2/2002).
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and classification of coastal zone at eight River Crossings and
one along Mudflat area from River Zuari to upper reaches of
River Chaporaand Terekhol River, Goa (NIO/SP-3/2002).

Ingole, B.S. Ste ingection/ reconnaissance survey for
preparation of prefeasibility report on the sea-fanning in the
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Shoreline stability studies for 500 MWe PFBR Project at
Kal pakkam.

Carrying capacity based developmental planning for Greater
Kochi Region - coastal waters (third phase).

Determination of designated uses of coastal waters of Keraa
and Karnataka (second phase)

Marine EIA for the site selection for the intake and outfall
points for Naptha fired power station. Sponsor - M/s.
Tracetebel Electricity & Gas International and M/s. Sujana
Power Limited Tuticorin.

Environmental impact assessment on Vallarpadam con-
tainer terminal - sponsored by Cochin Port Trust.
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Rapid EIA, Risk Analysis and Disaster Management Plan for
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ElA studies for marine outfal for the proposed bulk unit for
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1300) - interim report

Rapid marine environment impact assessment studies ior
treated effluents in the coastal environment oil
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SP-14/2001).

Softwares developed

* Estimation of sand transport on natural beaches along
given reach positions on the beach.

* Algorithms to compute dispersion coefficients to coastal
and estuarine waters, useful to marine pollution.

* Diffraction model to coastal waters, useful to functiona
design of breakwaters.

* Developed GIO technique for application in Geophysical
exploration.
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