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The National Institute of Oceanography (NIO), one of the forty
laboratories of the Council of Scientific & Industrial Research
(CSIR), was founded on 1 January, 1966. The institute carries
out research in different aspects of coastal and open ocean
environments. Over the last three decades it has grown into
the largest ocean research organisation in the Indian Ocean
Region. The experience and expertise of the institute is
extensively utilised by its stake holders. The institute provides
consultancy and contract services in several aspects connected
with the sea.

The institute with main laboratories in Goa has three regional
centres. The staff strength during the year was 600 and the
funds handled including ship costs exceeded Rs. 500 millions.

mission

"to continuously improve our understanding of the seas
around us and to translate this knowledge to benefitall"

NIO Post Office, Dona Paula, Goa - 403 004, India

Phones: 221322, 226253

fax 1 91(0)832-223340, 229102

emal : ocean@csnio.ren.nic.in
ocean@darya.nio.org

Regional Centres

« Sea Shell Building, Seven Bungalows
Versova, Mumbai - 400 061
Phones: 6363773, 6326419, 6335549
fax  : 91(0)22-6326426
e-mail: mahesh@csniob.ren.nic.in
niom@bom3.vsnl.net.in

*Post Box No. 1616, Dr. Salim Ali Road
Kochi-682 014
Phones: 390814, 391312
fax 1 91(0)484-390618
e-mail: kkcnair@niokochi.org

« 176, Lawson's Bay Colony
Visakhapatnam - 530 017
Phones 504570, 539180
fax  :91(0)891-543595
e-mail: sicrcv@kadali.nio.org

ksr@kadali.nio.org

a constituent laboratory of csir, india

national institute of oceanography

« director's report 1
* contract services 6
« coastal environment 12
* engineering, techniques &

technology 17
« offshore processes &

resources 21
« bilateral programmes 34
« data & information 38

« human resource development 44
* patents & publications 55

CONTENTS



director's report
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" The genesis of the International Indian Ocean
Expedition [IIOE] may be traced back to 1937, when
TW Vaughan, in his report on the International Aspects
of Oceanography, brought to the attention of the
oceanographic community, the fact that very little was
known about the Indian Ocean and it was time to plan
and bridge this big gap in our knowledge."

Excerpts from TSS Rao's book

Lloyd Barkner, President of the International Council of
Scientific Unions (ICSU) requested Roger Revelle, Director
of the Scripps Institution of Oceanography to appoint a

This report straddles the end of the Special Committee on Oceanic Research (SCOR), so that

20" and the beginning of the 215 oceanographers could play a major role in the proceedings and
century. Not many of us today are plan of the ICSU.

overly interested in the events that At the first meeting of the SCOR held at Woods Hole

led to the establishment of the Oceanographic Institution (WHOI), in August 1957, it was
National Institute of Oceanography. decided to plan an international expedition to the Indian

It would be remiss of me however Ocean. SCOR also recommended that during the third and

) g : : fourth years of the expedition the 16 ships should

i d!d ngt r_nennon this aspect here simultaneously cruise in the Indian Ocean and make a

and in this issue of the Annual combined assault on the largest unknown area of the Earth :
Report that straddles this impor- the deep waters of the Indian Ocean and its sea-bed.

tant year end. A brief mention of

. . Soon there came into being a publication called the Indian
some of the important milestones

Ocean Bubble, at irregular intervals, and the editor invited

are given in the box, and | refer freelance discussion on the proposed IIOE. In the second
you to "Understanding the Indian issue of the Bubble, February 1959, a letter to the editor
Ocean" by TSS Rao, one of the expressing the hope that the Indian Ocean Programme would
original participants on the first be so designed as to aid directly the development of one or

more oceanographic research centres in the countries
bordering the Indian Ocean. [This wish was fully realised
with the establishment of the National Institute of
Oceanography at Goa, India on 1 January, 1966].

Anton Bruun cruise between 1963
and 1964, for more details.

Ex-Directors

Establishment of NIO - Prof. J.E. Smith,
Plymouth laboratory ( UK) hinting
Dr. Panikkar.




The IIOE and its impact on NIO

The National Institute of
Oceanography was fortunate in
getting the beginning that it

did - born out of international
collaboration in a peer effort at
understanding the Indian Ocean.
The drivers that were spelt out for
this expedition by the IIOE on the
one hand, and the scientists from
India on the other, were almost
similar - living and non-living
resources; understanding of
near-shore processes with respect
to sustainable use of the ocean -
especially discharge of pollutants;
and study of the monsoons. Itis
interesting to note that except for
fisheries [which is not the mandate
of the institute], our present
programmes continue to address
these same problems, albeitin
more finely tuned form as our
understanding of ocean processes
improves.

Two important studies undertaken
during the year are described, the
threads of which query can be
traced back 4 decades and more.

* This year we report some
precursors to the onset of the
summer monsoon. Based on an
analysis of weekly SST maps,
an area of high SST has been
noted to develop in the
Lakshadweep Sea off the
southwest coast of India in
February. This patch continues
to retain its identity until the
onset of the summer monsoon,
and we hypothesize that the
SST high is helpful in providing
the conditions that are
conducive for the genesis of the
monsoon vortex onset. Until the
dynamics of the monsoon
system are more completely
understood, any identifiable
feature in understanding or
predicting the monsoons, is
welcome.

¢ Much of our biogeochemical
research has been on studying
the exchange of greenhouse
gases across the air-sea
interface. The institute has done
significant work in identifying
the role of the Arabian Sea and
the Bay of Bengal in carbon
dioxide, dimethyl sulphide, and
nitrous oxide exchanges.
Recent work closer in-shore
shows that the summer
upwelling off the West Coast,
coupled with land run-off, leads
to intense denitrification,
[reaching levels of ~ 250 nano
moles], a level not reported
from any of the world's ocean to
date. This condition, arising
from anoxia, is feared to affect
fisheries and requires closer
scrutiny. Our study reiterates
that the seas themselves are
major contributors to the green-
house gas budget, but the effect
of human activities could be a
trigger enhancing these effects.
Addressing this as a global
issue [since these effects are
known to occur in over 50 sites
world wide], would be going full
circle - in that the Indian Ocean
characteristics would now be
the raison d'etre that generates
global questions.

The IIOE was successful notonly
because the science was defined
but also because it was able to get
many countries to participate in the
expedition. We have encouraged
and supported this tradition of
collaboration. The increasing
number of Memoranda of
Understanding with different
oceanographic organisations
around the world, the various
projects that we engage in with
colleagues from India and abroad,
and most importantly the joint
publications that result from these
efforts, are all pointers to the
continuance of a tradition that gave
rise to the IIOE. | estimate that in

support of the one-ocean concept,
and all that it implies, the NIO is
doing reasonably well.

A corollaryto collaborationis
awareness building, an activity that
needs to be continuously pursued
to all levels of society. Our

outreach activities have been
increasing steadily - the number of
symposia and conferences being
one of the more basic indicators.

Education is another activity that
we have been addressing more
directly in recent times. Thus is in
line with the thrust of our Director
General, Dr. Mashelkar, who as
President of the 87" Indian
Science Congress, placed before
the Prime Minister a 5 point
agenda, referring to it as the
Panchsheel [5 virtues] of the New
Millennium. They are — Child
centered education; Woman
centered family; Human centered
development; Knowledge centered
society; and Innovation centered
India. This year we have increased
our outreach programmes in
education for school and college
students as well as for school
teachers and media persons. We
have much to do in this regard,
and even though it is an extra
demand on our colleagues' time,
we shall be putting an increasing
thrust, if for no other reason than
to interest bright young students to
the excitement of research in the
ocean sciences.

Society and technology, and
our response

There are also new areas that we
have addressed as an organisation
responding to change and its
differentdrivers, reflected inthe
mission statement that we evolved
some 6 years ago.

Two note worthy areas have been
the translating of knowledge for
stakeholders, and the effects of



technology on ocean science.
Translating our science into useful
products for industry and other
stakeholders has not only been an
important national task, but has
also brought in corpus funds that
have supported research in what
we perceive to be important areas.
We have been assisting industry in
generating Environmental Impact
Assessment [EIA] statements,
marine structural design criteria,
and bathymetric and seabed
surveys.

A related activity has been the
recognition of Intellectual Property
as a major driver to improve the
quality of our research. Patenting
of our work in biotechnology,
instrumentation, and drugs from
the sea, has been steadily
increasing and an increasing
number of patents are now being
filed abroad.

The areas where technology will
drive science are difficult to
predict, and no-where has this
been more apparent than in the
role of satellite oceanography. In
the 1960's operational satellites
were not an option, else the
concept of an Indian Ocean
Expedition may have taken a
significantly different turn.
OCEANSAT-1, the country's

first operational oceanographic
satellite, launched on 26 May 1999
from Sriharikota, gave
oceanographic science in India a
major fillip. The satellite carries two

on-board payloads - an Ocean
Color Monitor [OCM] and a Multi-
channel Scanning Microwave
Radiometer [MSMR]. The OCM
has the highest resolution of
contemporary colour sensors, and
will be an important data generator
for biological, sediment and
pollution monitoring studies.
Coastal algorithms will need to be
derived for specific sites, and the
OCM with its high resolution will be
an important tool along with the
SeaWiFS [colour] and NOAA-14
[SST] satellite data that we receive
at the institute. The institute
places on record its thanks to
the Indian Space Research
Organisation for the
technologically advanced
OCEANSAT-1.

And other things......

The East Coast of India has
always been prone to extreme
events such as the cyclones,
storms and storm surges that
regularly strike the coast from
Chennai to Bengal. Orissa was
devastated by 3 successive major
cyclones, including a super-
cyclone that caused major loss of
life and left in its wake many
serious questions. The NIO visited
the most affected parts of Orissa
with some relief materials.
However, a more appropriate
contribution to mitigation would be
a concerted and committed joint
study on the Asian monsoon and
associated extreme events, not

only with ocean science and
meteorology institutes in India, but
as a partner in a regional effort at
as well. This aspect is now being
addressed.

The institute continues conducting
seminars and symposia of various
types. This year we hosted 4
events. These were the SCOR
Executive meeting, an Indo-
Myanmar Workshop, the third
International Society of Offshore
and Polar Engineers [ISOPE]
Ocean Mining Symposium, and the
Commonwealth Science Forum. It
seemed fitting that SCOR
conducted its executive meeting in
Goa. Perhaps at this meet the
modern day equivalent of the [IOE
was discussed, and a new set of
capabilities is in the process of
being built up somewhere. We
hope so.

It is always a pleasure when our
colleagues are recognized for their
work. Dr Satish Shetye was
awarded the Millennium Medal and
Dr VV Sarma the Young Scientist
Award, both at the 87™ Indian
Science Congress. Dr AK Chaubey
was awarded the Krishnan Gold
Medal. These are fine indicators of
a laboratory, and we thank and
congratulate them.

Jai Hind.

B Aus.

Ehrlich Desa
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contract services

CSIR funding vis-a-vis revenue from
contracts (Rs. in crores).

India’

EIA
Engg.

Coastal

Geol. & Geophys.

p oo

Ongoing projects in different coastal states.

B e

5 Others

. Enginecring

Coastal Zone

Areawise projects.

. Geol. & Geophys.

The investment climate during 1999 - 2000 was not
good for 'green’ field projects in the country generally.
Environmental Impact Assessment [EIA] which are
critical for new projects in the coastal zone, and which
are the base projects from which most of our External
Cash Flow [ECF] derives, was therefore at a low level.
This aspect reflected in the ECF of the institute, which
dropped to about 60% of the CSIR grant, from a
‘normal’ level of being about equal to CSIR funds.

Another factor contributing to this drop has been the
large number of entities, from industry as well as from
governmental agencies that are now offering EIA
consultancies.

As a counter, the institute is therefore moving to
services that focus more on models and less on just
data reportage. This change-over will take some time,
but we have begun the process of validating our
numerical models, and adding on a water quality
parameter module, as well as an eco-system module.
We are sure that as a national laboratory, with access
to a pool of talented scientists, we will be in a position
to offer higher value-added products that utilize field
data more effectively.

This is a step in the direction of predictability where
we will be able to offer the Ministry of Environment
"What if scenarios”, and allow more informed deci-
sions to be taken. We, therefore, view the dip in ECF
to have been the right catalyzer in our offering better
services to industry, and to the environment.



Title

Sponsoring Agency *EPABX

Project Leader/contact
Ext... e-mail:
name@csnio.ren.nic.in
name@darya.nio.org

Environmental Impact Assessment (EIA)

Rapid Environmental Impact
Assessment studies for SPM/COT
and sub-sea pipeline off Gopalpur
(different investigations)

EIA during capital dredging in the
area for mooring buoys and near
berths no. 10 and 11 at Mormugao Port

Monitoring of eco-biological
characteristics of the Jatadharmohan
Creek and nearshore regions off
Paradip to assess the changes in the
ecological conditions before,

during and after dredging

Intertidal corridor selection for
connecting pipeline between SPM
& COT at Vadinar

EIA for seawater intake and release
in Kori creek for GMDCL's Power station

Detailed ecological survey at Narara
Bet for proposed pipeline corridor of
ESSAR at Vadinar

Comprehensive EIA for proposed
development of Port at Dholera

Marine release of treated effluents
from TCL in Mithapur Bay

EIA of proposed Setubandh between
Okha and Beyt Shankhodhar

Rapid/Comprehensive EIA studies
for container bulk terminal related
dredging and rail project

Release of treated effluent in Kolak
Estuary

Rapid EIA of proposed solar salt
works of ACL at Mundra

EIA of proposed pipeline crossing
at Panvel Creek

Monitoring of Amba Estuary (May
and Nov. during 1999)

Probable impact of temporary
effluent discharge from RPL
refinery at Moti Khavdi

Bharat Petroleum Corp. Ltd. (BPCL),
Mumbai

Mormugao Port Trust (MPT), Mormugao

Indian Oil Corporation (I0C), New Delhi

Bharat Oman Refineries Ltd. (BORL),
Mumbai

Guijarat Mineral Development
Corporation Ltd.

ESSAR Oil Ltd., Mumbai

Dholera Port Ltd., Ahmedabad

Tata Chemicals Ltd. (TCL), Mithapur

Gujarat Maritime Board, Ahmedabad

Gujarat Adani Port Ltd., Mundra

Welspin Terry Towels, Vapi, Gujarat
Adani Chemicals Ltd., Ahmedabad
Tata Consultancy Services, Pune
Indian Petrochemicals Corporation Ltd.

(IPCL), Nagothane
Reliance Petroleum Ltd. (RPL), Mumbai

S.Y.S. Singbal
*4255. singbal

X.N.Verlencar
*4218, verlecar

M.D. Rajagopal
*4268, rgopal

K. Govindan
+6363773/6326419/6335549
-do-

-do-

M.D. Zingde
+6363773/6326419/6335549
niom@bom3.vsnl.net.in
mahesh ©csniob.ren.nic.in

-do-

-do-

-do-

-do-

-do-

-do-

-do-

RV. Sarma
@504570/539180



Title

Environmental studies with respect
to water quality characteristics of
Chilka Lake

Monitoring of Chilka Lake during
1999 - 2000 seasons (post
dredging): biology

Rapid EIA and EMP (Marine &
Estuarine) for 195 MW of Barge
Mounted Power Plant at Mangalore
(different investigations)

EIA for the site selection
for the intake and outfall points for
Naphtha fired power station

EIA study for proposed routing of
Naphtha pipeline at Baina Beach,
Vasco-da-Gama, Goa

Release of overflow from ash pond
of GEB thermal power plant in Kori
Creek and EIA

Environmental monitoring of Dahej

EIA of proposed LNG terminal
at Dahej

Optimisation of discharge and intake
points off Pillaiperumalnallur -
Modelling component, Supplementary
studies

Thermal plume and dilution models
for discharge of heated cooling water
and effluents into the sea off
Cuddalore for the proposed thermal
power plant of Cuddalore Power
Company Ltd.

Impact of Furfural doping on marine
organisms

Sponsoring Agency

Chilka Development Authority,

Bhubaneshwar

Chilka Development Authority,
Bhubaneshwar

Euro India Power Corp. (P) Ltd.,
Bangalore

Tractebel Electricity & Gas Ltd.,
Bangalore

Zuari Industries Ltd.. Zuarinagar. Goa

Guijarat Electricity Board

Birla Copper Works, Dahej
Petronet LNG Ltd., New Delhi

KIER International Ltd., UK

Cuddalore Power Company Ltd.. Chennai

Bharat Petroleum Corporation Ltd.,
Mumbai *4436,

Geological and Geophysical Surveys

Surveys for demarcating suitable
submarine pipeline route

Textural and chemical characteri-
zation of surficial sediment collected
from the areas around offshore oil
installations

Tractebel Electricity & Gas Intl.,
Bangalore

Oil & Natural Gas Corporation Ltd.,Goa

Project Leader/contact
*EPABX Ext., e-mail:
name@csnio.ren.nic.in
name@darya.nio.org

S.G. Prabhu Matondkar
*4233, sgpm

-do-

-do-

K.K.C. Nair
#390306/390814

kkcnair@niokochi.org
V. Sanil Kumar
*4327, sanil

A.N. Kadam

+6363773/6326419/6335549

-do-

Vijayalakshmi R. Nair
+6363773/6326419/6335

M.T. Babu
*4296, mtbabu

V. Kesava Das
#390306/390814

Classy D'Silva
classy

M.C. Pathak
*4431, mcpathak

V.K. Banakar
*4361, banakar



Title

Bathymetric survey in the Malcolm
channel, Bhavnagar

Bathymetric survey for seawater
intake structure

Bathymetric and seabed surveys for
construction of adjacent
Krishnapatinam, Nellore, AP

Dredging at Port Muldwarka

Engineering

Measurements of tides at Chilka
lake - Phase | & Il

Studies on waves off Mundra

Directional wave measurements
off Kalpeni

Location of seawater intake and
outfall at Kilarasadi, Tuticorin

Model studies on beach profile
changes off Pillaiperumalnallur,
Tamil Nadu

Modelling studies for offshore
facilities off Pillaiperumalnallur
(Supplementary studies)

Engineering services for marine
offshore facilities of PPN Power
Generating Company. Chennai

Engineering consultancy services for
marine facilities of Gujarat Adani Port
Ltd., Mundra

Calibration of wave recorder
onboard FORV Sagar Sampada

Coastal Zone Management

Delineation of HTL off Navinal island

Delineation of HTL off Narara Reef
off Vadinar

Demarcation of high tide line
(Phase-ll)

Sponsoring Agency

Hydroair Tectonics Pvt. Ltd., Navi Mumbai

Navayuga Engg. Company, Visakhapatnam

Tata Projects Ltd.

Guijarat Ambuja Cements Ltd., Mumbai

Chilka Development Authority, Orrisa

Adani Port Ltd. Ahmedabad

Lakshadweep Harbour Works, Kavaratti

Tractebel Electricity & Gas Intl.,
Bangalore

KIER International Ltd., UK

-do-

PPN Power Generating Co. Ltd., Chennai

Guijarat Adani Port Ltd., Mundra

NORINCO Puwt., Ltd.. Kochi

Guijarat Adani Port Ltd., Mundra

Bharat Oman Refineries Ltd., Mumbai

Guijarat Adani Port Ltd, Ahmedabad

Project Leader/contact
*EPABX Ext., e-mail:
name@csnio.ren.nic.in
name@darya.nio.org

K.L Kotnala
*4321, kotnala

K. Mohana Rao
@504570/539180

A.R. Gujar & M.C.Pathak
*4359, agujar

V. Sanil Kumar
*4327, sanil

Vani B. Peshwe
*4349. vani

-do-
-do-

K.K.C. Nair
#390306/390814
kkcnair@niokochi.org

Seelam Jayakumar
*4316, jay

-do-

-do-

N.M. Anand
*4265, anand

G. Nampoothiri
*4306, ngovind

M.C. Pathak
*4431, mcpathak

-do-

-do-



Title

Demarcation of high water line at
Krishnapatnam near Nellore, Andhra
Pradesh

Demarcation of high water line at Surat

Demarcation of high water line at
Ganpatipule, Maharashtra State

Fixing of high water line at Ratnagiri
High tide line demarcation at Jaffrabad

Demarcation of high water line at Vadinar
(Phase I

Integrated management of marine
environment of the Gulf of Kachchh

Others

Processing and encryption of Naval
marine geophysical data for the
Indian Ocean Region on CD-ROM

Major and trace metal analysis of
some synthetic Co-Mn based
compounds

Chemical analyses of sediment
and fresh samples and textural
classification of sediment from
the areas around offshore oil
installations

Quiality analysis of Mn-Acetate
compound

Bioassay studies on the effect of
treated effluents on selected
specimens (Fish/Prawns)

Marine ecological studies of beach
mixing processes in Kerela and Tamil
Nadu

Analysis of PCB in dry paints and
engine oll

Toxicity testing of IGSURF 9100
dispersant

Toxicity testing of Castrol oil
dispersant

Evaluation of the oil spill dispersant
Spillcare-O
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Sponsoring Agency

BBI Power, Krishnapatnam

Kalpataru Land (Surat) Pvt. Ltd., Mumbai
Abhishek Beach Resort, Ganpatipule,
Ratnagiri

Finolex Industries Ltd., Ratnagiri
Narmada Cement Company Ltd., Gujarat

Bharat Oman Refinery Ltd., Mumbai

Govt. of Gujarat, Gandhinagar

Physical Oceanographic Laboratory,
Kochi

Gama Manganese Chemicals, Vasco

Institute of Petroleum Safety and
Environment Management, Goa

METASAL Speciality Chemicals Pvt Ltd.,
Vasco

Cheminor Drugs Ltd.,Visakhapatnam

Metallurgical & Engg. Consultants (I) Ltd.

Central Pollution Control Board, Vadodara

Kalina Metal and Engg. Works, Mumbai

-do-

Spillcare-O Metaclean Pvt. Ltd.,Chennai

Project Leader/contact
*EPABX Ext., e-mail:
name@csnio.ren.nic.in
name@darya.nio.org

M.C. Pathak
*4431, mcpathak

-do-
-do-

-do-
-do-
-do-

Ehrlich Desa
4000, ehrlich

J.S. Sarupria
*4211, sarujs

V.K. Banakar
*4361, banakar

-do-

-do-

B.S. Ingole
*4242, baban

Sarala Devi
#390306/390814

Anupam Sarkar
*4206, asarkar

Classy D'Silva
*4436, classy

-do-

S.R Fondekar
*4286, fondekar



Title

Ground transfer the centre
line alignment

Proposal for contour/seismic
survey for Mundra Port

Consultancy services for the offshore
work of PPN Combined Cycle Power

Preparation of tender document

Grant-in-Aid

Bay of Bengal and Monsoon
Experiment (BOBMEX) under the
ICRP Programme

Role of marine microaerophilic

and anaerobic bacteria on Dimethyl
Sulphide (DMS) abundance in an
estuarine ecosystem (Biochemistry
of DMS in estuarine ecosystem)

Microbiology reference facility
under Coastal Ocean Monitoring &
Prediction System (COMAPS)

Delineation of outer limits of
continental shelf

Development of GIS based
databases and information
system for COMAPS

Production of Indian horse-
shoe crab Amoebocyte in vitro

Sponsoring Agency

Hydroair Tectonics Pvt. Ltd., Mumbai

Gujarat Adani Port Ltd., Ahmedabad

PPN Power Generating Co. Ltd., Chennai

Hindustan Petroleum Corp. Ltd., New Delhi

Dept. of Science & Technology (DST),
New Delhi

DST, New Delhi

Dept. of Ocean Development (DOD),
New Delhi

DOD, New Delhi
*4318, kodagali

DOD, New Delhi

Dept. of Biotechnology (DBT), New Delhi

Project Leader/contact
*EPABX Ext., e-mail:
name@csnio.ren.nic.in
name@darya.nio.org

Rajiv Nigam
*4340, nigam

V. Subrahmanyam
*4334, svan

M.C. Pathak
*4431, mcpathak

-do-

LV.G. Rao
*4222, lvgrao

Shanta Achuthankutty
*4239, shanta

D. Chandramohan
*4281, mohan

V.N. Kodagali

J.S. Sarupriya
*4211, sarujs

Anil Chatterji
*4354, anil
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coastal environment

* EIA « COMAP « Coastal & Estuarine
Dynamics ¢ Biodiversity & Biomedical
Potential « Marine Archaeology

Environmental Impact
Assessment (EIA)

Chemical studies carried out in the
Mandovi estuary, Goa, to understand
the effects of mining rejects showed
low levels of phosphate and nitrate
during premonsoon. However,
reduced levels of phosphate
accompanied by elevated levels of
nitrate near the discharge point of
mining rejects indicate that the
suspended sediments derived from
the mining rejects adsorb phosphate
and remove it from the water column.
Increase in nitrate is mainly due to
ammonium nitrate used in mining
explosives. (De Sousa, S.N., 1999. Indian
J. Mar. Sci., 28:355-359).

A study on the occurrence of Vibrio
choterae was carried out along the
coastal waters off Mangalore (west
coast). These organisms are
pathologically significant and have
been implicated in diarrhoea as well
as infections in human beings. The
study indicated high incidence of
Vibrio cholerae in these nearshore
waters while offshore waters showed
a gradual diminishing trend. The
frequent isolation of these organisms
from an ecosystem indicate a possible
health hazard. (Sreeja, S. and O.
Raveendran, 1999. Fish Tech., 36: 96-99).

Particulate organic carbon (POC) and
particulate humic material (PHM)
studied in the Arabian Sea close to
the coast during winter and
intermonsoon period showed
contrasting features. Increased POC
due to higher biological production
was observed in the north as a result
of winter overturning. Abundance of
PHM seems to be related to the
intensity of biological activity, the
nature of organic material and the

12

spatial and temporal variations in
biochemical conditions. (Sardessai, S.
etal., 1999. Indian J. Mar. Sci., 28: 5-9).

Coastal Ocean Monitoring and
Prediction (COMAP)

The Coastal Ocean Monitoring and
Prediction Programme has been
partially funded by the Department of
Ocean Development (DOD) since
1992. Seven organizations involved in
the programme along the east and
west coast of India, make regular
biannual observations at different
stations. The data collected are mainly
biological, chemical and
microbiological. The programme is
aimed at building up a data base of
long term time-series measurements
to determine the level of pollutants
and their fluxes and to develop
models that describe the behaviour of
pollutants.

West Coast

Two sets of observations were made
during November-December, 1999
and February-March 2000 along 3
transects off Goa (Mormugoa, Velsao,
Tiracol), 3 transects off Karnataka
(Karwar, Honavar, Mangalore) and 2
transects off Maharashtra (Malvan,
Ratnagiri). About 125 water samples
were collected for analysis of
chemical and biological parameters.
The water quality data indicates that
the coastal waters between Ratnagiri
and Mangalore are healthy. The
environmental parameters show
values normal for the coastal area of
the region. Distribution of dissolved
oxygen and nutrients indicate intense
oxidation of organic matter in deeper
waters. This is supported by biological
studies which suggest that the area is

biologically rich with high density of
phytoplankton, high zooplankton
population density and benthic fauna.
BOD measurements do not indicate
any organic pollution in the coastal
region. A study on the occurrence of
Vibrio cholerae off Mangalore,
however, indicated a high incidence of
these organisms (described earlier).

East Coast

Monitoring along the Andhra coast
included two cruises on board the
CRV Sagar Purvi during June 99 and
March 2000 besides an intensive hot
spot monitoring in Visakhapatnam
harbour, Kakinada Bay and Godavari
estuary. Nine stations and 5 point
sources of industrial effluents were
selected for chemical and biological
observations in Visakhapatnam
harbour and to determine the waste
load and its assimilation capacity of
the coastal waters. The concentration
of nutrients (NOs, NH4, PO4) was
higher in the inner harbour compared
to the outer harbour and showed a
distinct tidal influence. The analysis of
different industrial effluent samples
revealed high concentrations of
phosphates and ammonia
concomitant with high-suspended
solids and BOD. The eutrophic
conditions of Visakhapatnam inner
harbour are caused by the flow of
these effluents. The high
concentration of chlorophyll and
phytoplankton, observed in the
Visakhapatnam harbour, is similarly
attributed to the eutrophication.

The phytoplankton standing stock
was dominated by the Skeletonema
costatum and Thalassiosira spp.
Skeletonema costatum is tolerant

of salinity fluctuations while
Thalassiosira can survive in polluted



waters (high ammonia concentration)
and bloom in harbour waters. The
zooplankton population dominated by
copepods, was low in the inner
harbour compared to the outer
harbour. Polychaetes which are highly
tolerant of sewage and industrial
pollutants, dominated the benthic
population.

Coastal & Estuarine Dynamics

Numerical modelling of tidal
propagation off the west coast of
India

Characteristics of tidal propagation off
the west coast of India were using an
inhouse 2D barotropic model to
simulate the tidal propagation in the
coastal regions. The Bombay High
and Gulf of Khambhat regions were
studied with a grid resolution of about
6.37 km. The observed sea level at
Bombay and currents from the
Bombay High region and from a

shallow station off the port of Dahanu
compare favourably with the fields
simulated by the model. Another 2D
model, having a fine grid resolution of
about 15 km, was developed for the
study of tidal propagation in the Gulf
of Kutch. A comparison of model
results with moored current meter
observations shows that the model
reproduces the amplitudes and
phases of surface elevations and
currents satisfactorily, relative to the
observations. Both these Gulfs
experience very high tidal ranges. It
has been shown that the high tidal
ranges that occur in the Gulf of
Khambhat are mainly due to
geometric amplification, while in the
Gulf of Kutch, they are caused mainly
by resonance in the semi-diurnal
periods. (Unnikrishnan, A.S., S.R. Shetye

and G.S. Michael, 1999. Proc. Indian Acad.

Sci. (Earth Planet. Sci.), 108(3), 155-177;
Unnikrishnan, A.S., A.D. Gouveia and P.
Vethamony, Journal of Waterway, Port.
Coastal and Ocean Engineering, ASCE,
125(6), 276-284.)
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The numerical model grid (6.37 x 6.37 km) used for the tidal propagation
studies. C1 & C2 are the locations of current meter observations.

Seasonal cycle of sea level and
currents along the coast of India

The seasonal cycle of sea level along
the Indian coast matches the
observed alongshore coastal currents
computed from ship drifts. A
comparison with the local alongshore
winds, however, shows a mismatch,
suggesting that remote forcing of the
coastal circulation is important.
Numerical models of the north Indian
Ocean are able to simulate the
seasonal cycle of coastal currents and
surface circulation in the north Indian
Ocean, but fail to reproduce the
seasonal cycle of sea level along the
Indian coast. This failure is due to their
neglect of salinity, variations in this
being large off the Indian coast,
especially in the east. (Shankar, D.,
2000, Curr. Sci., 78(3), 279-288).

Sea level during storm surges as
seen in tide-gauge records along
the east coast of India

A preliminary analysis of hourly sea
level recorded by tide gauges of the
Survey of India (SOIl) at Paradip,
Visakhapatnam and Chennai helped
in identification of storm surges in the
record. For instance, three periods
were identified, 6-10 August 1979,
6-10 August 1981 and 24-27
September 1981, when storms formed
over the Bay of Bengal and crossed
the east coast of India. During each
event, the impact was largest at
Paradip and weakest at Chennai. In
the first event, the sea level at Paradip
was depressed, whereas there was a
surge during the second and third
events. The analysis shows that
historical SOI tide-gauge data would
be useful for testing the numerical
models that are now emerging, as an
important component of defence from
storm surges in the Bay. (Sundar, D.,
Shankar D. and S.R. Shetye. 1999. Curr.
Sci., 77(10). 1325-1332)

Anoxia along the west coast

To understand the biogeochemical
dynamics of the west coast of India,
several cruises covering the
southwest (SW) monsoon seasons,
were undertaken since 1997 under
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Cross-shelf sections of temperature, salinity, oxygen, CTD-chlorophyll, inorganic nitrogen species and
hydrogen sulphide off Goa during 3 - 4 October, 1998.

the Land-Ocean Interactions in the
Coastal Zone (LOICZ) programme.

It was found that coastal upwelling
together with land run-off during the
SW monsoon was found to lead to
oxygen-deficient conditions. This was
due to the decreased vertical mixing
caused by prevalence of low salinity
surface waters. Under suboxic
conditions, bacteria utilize alternate
oxidants such as nitrate and sulphate
for oxidation of organic matter and
hence, high nitrite and low nitrate
compliment each other, suggesting
the occurrence of intense
denitrification. Furthermore, very high
concentration of ammonia together
with hydrogen sulphide reveals the
prevalent intense anoxia.

Most significantly, nitrous oxide is
highly abundant in the neighbourhood
of intense denitrification reaching
levels of ~ 250 nM, not known to occur
in world oceans hitherto.
Simultaneously, total consumption of
nitrous oxide occurs in anoxic water
since this greenhouse gas is also
reduced (along with sulphate) during
the bacterial oxidation near the coast.
The results strongly suggest that the
coastal upwelling zones experiencing
suboxic conditions emit potentially
higher levels of nitrous oxide to
atmosphere than under normal
conditions. The occurrence of coastal
anoxia affecting the coastal biological
resources, also facilitate higher
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production of nitrous oxide and its
ejection to atmosphere. (Naqvi et al. -
communicated to Nature).

Biodiversity & Biomedical
Potential

A new Chaetognath species

It was observed that sometimes
confinement of organisms to enclosed
waters promote speciations as was
evident from the discovery of a new
chaetognath species Sagitta
madhupratapi from the Agatti Atoll,
Laccadive Archipelago reported for
the first time. The species belongs to
the "hispida" group. Though collections
were made from other atolls, this
species was found restricted to Agatti,
suggesting that the species is
endemic. It appears that the isolated
waters of lagoons promote speciation
as this, as well as another species
dwelling in the area which is new to
science yet undescribed. Isolation
from surrounding neritic populations of
chaetognaths is probably one of the
reasons for endemism. (Casanova, J.P.
and V.R. Nair, 1999. Indian J. Mar. Sci., 28:
169-172).

Bothid larvae

Flat fishes though forming a small
percentage of the total fish population,

are highly preferred as food. Bothid
larvae, sparsely distributed in the
Indian Ocean, are mostly confined to
coastal waters. Their density was
found to be higher in the Bay of
Bengal, with maximum number in the
Malacca Straits. The Bay of Bengal
considered the cradle for larval
bothids, holds 45.9% population
compared to 38.4% in the Arabian
Sea. Engyprosopon grandisquamis - a
dominant species contribute to 23.2%
of the total larval population. (Devi,
C.B.L..,1999. Indian J. Mar. Sci., 28:
198-210).

Coral Reef

The environmental surveys carried out
in six of ten inhabited islands of
Lakshadweep, during October-
November showed that the lagoon
waters in all the six islands are
virtually pollution-free. Biophysical
surveys in seven islands showed live
coral coverage to be less ihan 20%.
The recovery from the massive
bleaching of 1998 has been only
marginal.

As an outreach activity encouraging
stakeholder participation in coral
monitoring and conservation, the
institute organised a training in
SCUBA diving and biophysical
surveys for five islanders. An
informative booklet about coral reefs
was also released.



Scientists and islanders who participated in the SCUBA diving programme.

Pharmacologically active
compounds

A zoanthus animal collected from Goa
was found to cause severe eye and
skin inflammations. Preliminary
studies had indicated its crude extract
to have oxytocic and anti-serotonin &
anti-nicotinic activities. Later, the
active principles were located in the
ethyl acetate and petroleum ether
fractions respectively. Bioassay guided
purification of the active fractions led
to the isolation of 2-deoxyecdysterone
(oxytocic) and peridininol
(antiserotonin & antinicotinic activity)
as the active compounds.

2-Deoxyecdysterone is a known
steroidal hormone. Its activity was
comparable to that of standard
oxytocin and PGF,,,, commonly used
oxytocic agents. Normally, steroidal
hormones are present as complex

mixtures in natural sources.

However, 2-deoxyecdysterone was the
only such hormone present in this
marine animal which makes its
purification rather easy. This is also
the first report of occurrence of this
compound in a zoanthus species.

Peridininol, a C,, carotenoid is known
to be present only in marine
dinoflagellates. Examination of the
animal under a microscope had
revealed the presence of some
dinoflagellates in it. This pigment may
not therefore be a true animal
metabolite, but produced by the

associated dinoflagellates.
Pharmacological studies with the
isolated guinea pig ileum tissue have
confirmed the anti-serotonin and anti-
nicotinic activities of this compound,
which may find possible therapeutic
use in abdominal colics, diarrhoea
and other intestinal disorders.

Other natural products

The red alga Chondria armata is
known to be a rich source for several
halogen-containing compounds
possessing diverse biological
activities. Our preliminary studies had
indicated its MeOH extract to possess
antiviral and hypotensive activities.
But isolation of the active metabolites
could not be achieved for several
years due to the labile nature of these
molecules. The improved isolation and
separation techniques such as gel
chromatography, reverse phase
HPLC, etc. have enabled isolation of
two halogenated polyether
compounds from this organism.
Structure of one of these compounds
has been established as Armatol A.
Although similar compounds have
previously been isolated from the red
alga Laurencia sp. and the

Armatol A

anaspidean mollusc Dolabella
auricalaria, this is the first report of a
halogenated squalene-derived
polyether from this organism. In
addition, several 3B-hydroxy sterols
including cholesterol, 24-methyl and
ethyl sterols and a novel compound,
6B-hydroxy, cholest-4-en-3-one too
have been isolated from this
organism.

Marine Archaeology

The salient features of archaeological
explorations in Dwarka, Somnath and
Goa waters are furnished here.

Dwarka

Explorations undertaken during the
year revealed two zones of
underwater artefacts - structures of
stone blocks with three single-holes
and four stone anchors at water
depths4 -6 mandat 12-15m
depths, twenty triangular and
prismatic stone anchors. This place
might have been an ancient
anchorage point, the type and shapes
of anchors indicating probable visits of
boats from different places.

Somnath

The underwater explorations in
Somnath yielded 11 single holed
stone objects most of them at 8 - 11 m
water depth. Most of these are hard
rocks (Basalt ?) circular in shape and
with a hole in the centre. Some also
had smaller holes on the sides. It is
surmised that the stones were used
tor fixing ropes for anchorage of boats.

Onshore explorations at
Gopakapattanam

The onshore explorations and
excavations of the ancient port of
Gopakapattanam (Goa) revealed
massive laterite stone walls (1246.5
and 92 m long respectively) along the
Zuari river bank. During high tide the
port wall remains submerged.
Excavation in intertidal zone revealed
six course along with foot steps
attached to the wall.
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Single holed stone objects and triangular stone
anchors from Somnath and Dwarka waters

respectively.

Project monitoring committee on a visit to Late

Harappan Settlement site at Khuda Dost, Bet

Dwarka.

Shipwrecks in Goa waters

Exploration of shipwrecks in Sunchi

reef revealed an iron anchor,

four

i

broken rudder and well
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six course steps at ancient
Gopakapattanam port site.
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engineering, techniques &

technology

« Coastal Engineering ¢ Instrumentation
« Biotechnology ¢ Biofouling & Corrosion
* Aquaculture

Coastal Engineering

Directional spread parameter at
intermediate water depth

The characteristics of directional
spread parameters at intermediate
water depth were investigated based
on a cosine power '2s' directional
spreading model. This is based on
wave measurements carried out using
a Datawell directional waverider buoy
in 23 m water depth. Directional
spreading function estimated based
on the Maximum Entropy Method is
compared with those obtained using a
cosine power '2s' parameter model. A
set of empirical equations relating the
directional spreading parameter
corresponding to the peak of wave
spectrum to other wave parameters
such as significant wave height and
period were derived. Wave directional
spreading at peak wave frequency, it
was seen, can be related to the non-
linearity parameter, which allows
estimation of directional spreading
without reference to wind information.
(Sanil Kumar, V., M.C. Deo, N.M. Anand,
K. Ashok Kumar, 2000. Ocean Engg., 2:
889-905)

Directional waves

In a study on spreading of wave
energy in the long term, the entire
omni-directional data collected was
categorised into 8 wave direction
sectors. Sectorial data was fitted to the
commonly adopted Weibull distribution
using the moments fit. Design Hg
values corresponding to 100-year
return period for all direction sectors
were estimated. The 100-year Hs value
obtained without categorising data into
sectors (or the omni-directional value)
was also evaluated. Directional
categorisation of Hs data reduces Hg

value for that sector, compared to the
omni-directional Hs values. Thus
directional distribution of wave energy
lowered wave heights estimated for
marine structures. As an example, the
conventional procedure for omni-
directional 100-year Hs was compared
to the theoretical distribution of Weibull
for each sectorial data set convoluted
to yield an equivalent ‘all direction’
distribution of Hs values. The 100-year
Hs value estimated by this procedure
was 4.6% lower than the conventional
omni-directional method.

A high pressure retaining deep sea
water sampler

For studies related to deep sea
microbiology, it is desirable to use a
sampler which can retain the sample
at the in-situ hydrostatic pressure.
Normally water samples from deep
sea are collected by samplers which
do not retain the in-situ pressure
condition. In order to meet this
requirement, a Pressure Retaining
Deep Sea Water Sampler was devised
(Patent No. NF-361/99). This sampler
contains a spring loaded valve
opposing the ambient hydrostatic
pressure. Hydrostatic pressure
unseats the valve and sea water
enters the sampler at the
predetermined depth. The valve then
closes and retains the sample at the
in-situ hydrostatic pressure. The water
sample is further sub-sampled under
the same pressure conditions for
further analysis and study, on board.

Instrumentation

Sea truth validation of ocean
colour sensor

Coastal waters present unique
challenges to their study by satellite

Newly designed deep sea water sampler.

colour sensors. Coastal waters
contain a mix of chlorophyll,
suspended sediments, and dissolved
organic matter resulting in a complex
water-leaving signal reaching the
satellite sensor. We validated
SeaWiFS data for the coastal waters
of the Arabian Sea focussing on bio-
optical measurements. The range of
chlorophyll concentrations lay
between 0.2 and 2 mg/m?®. Although
the matches between in-situ and
satellite data were sparse, they
indicate that direct application of the
algorithm of choice - the OC2
algorithm - in the coastal waters of the
Arabian Sea underestimates
chlorophyll-a concentrations by as
much as 40%. Various authors have
reported both under- and
overestimation of SeaWiFS water-
leaving radiances when compared to
in-situ radiometric measurements,
attributed to difficulties in correcting
atmospheric effects accurately in the
coastal regions, where aerosols are
likely to be absorbing. Until a more
comprehensive bio-optical data set is
assembled, however, the OC2
algorithm will continue to be used.

India launched her first operational
oceanographic satellite OCEANSAT |
on 26 May 1999. The satellite carries
two sensors, namely the Ocean
Colour Monitor (OCM) and the Multi-
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Participants of ORV Sagar Kanya cruise 149C.

channel Scanning Microwave
Radiometer (MSMR). The former is
designed to study the biological
productivity of the sea and the latter
for air-sea interaction and the
monsoon. The OCM has 6 spectral
channels in the visible at 412, 443,
490, 510, 555 and 670 nm with a half
power bandwidth of 20 nm. There are
2 channels in the near infrared at 765
and 865 nm with a width of 40 nm.
The MSMR has eight spectral
channels in microwave part of the
electromagnetic spectrum including
horizontal and vertical polarization
modes at 6.6 GHz, 10.6 GHz, 18.3
GHz and 21.8 GHz.

Cruises SK 149C and SK 152 on ORV
Sagar Kanya were organized to
validate the OCM. The OCM revisit
time is 48 hours, in contrast SeaWiFS
revisit period of 24 hours, though the
OCM has a resolution approximately 9
times higher than SeaWiFS.
Coincident passes when both OCM
and SeaWiFS could be validated were
on 21, 23, 25 and 27 November. A
passing Leonids meteorites cluster
had prompted SeaWiFS to be
switched off between 16 and 19
November as a precautionary
measure. Validation was however
undisturbed for the OCM, and during
the 6 pass days it was decided to
increase spatial coverage for OCM by
taking three stations during the day.

The critical observations for OCM
validation were radiometric and
inherent optical properties
measurements, biological
observations, CTD profiles, aerosol
optical depth and meteorological
records. The CTD also provided the
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water samples for the biological
studies on chlorophyll-a estimation.
(Desa E., et al., Communicated to
Curr. Sci.).

Field-performance enhancement
of sea level gauges

Sea level measurements are subject
to various site-related errors, primarily
due to flows, waves, differential water
density in the vicinity of the gauge
and, in some situations, suspended
sediment. Widely used sea level
recorders that are adversely affected
by these site-related influences are
float-driven gauges, pressure gauges,

; Y Ty
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and guided air-acoustic gauges. Since
mean sea-level is being analysed in
the context of climate change, we
have anlysed the errors that occur in
our gauges with respect to suspended
sediments.

Our measurements of water level in
two turbid natural water bodies (Hugli
estuary, India; Humber estuary, United
Kingdom) using a pressure transducer
indicate that suspended sediments
affect the accuracy of water level
measurement, when the measured
bulk density of water is used to
compute water level from pressure.
The observed under-estimation we
postulate arises from a reduction of in-
situ density of turbid natural waters.
We have observed that the effective
depth-mean density values, pes of
these turbid water bodies are less than
(~2.70% - 6.5%) their bulk densities,
and also less than (~0.4% - 4.5%) that
of the density of the same water after
removal of suspended sediments. The
values of pei varied slightly from mid-
tide to slack water period of the same
tidal cycle, with pes being lower at mid-
tide. Based on this new finding, it was
possible to increase the accuracy of
water level measurements using two

SeaWiFS derived chlorophyll-a during SK 149C.
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or more precisely separated pressure
transducers, to estimate density.
(Joseph, A. et al, 1999. J. Atmos. Ocean.
Techno!., 16: 1150-1155)

Biotechnology

Terrestrial species of fungi isolated
from marine habitats could have
important applications in
biotechnology. The production of
various enzymes in several such fungi
were studied. The basidiomycetous
fungus, Flavodon flavus, isolated from
sea grass produced high amounts of
the lignin-modifying enzyme, laccase,

industries. Various dyes in industrial
effluents, which are an environmental
nuisance are also decolourized by the
same fungus (Patent NF-160/99).
Further, it decolourized melanoidin
pigments in spent wash distillery
waste. About 60-70% decolourisation
was achieved within 3 days at room
temperature. This was also effective in
the presence of 50% diluted seawater
(Patent NF-334/99). A process for
producing an unique xylan-degrading
enzymes was developed using
another fungus, a strain of Aspergillus
niger (Patent NF-30/2000).

An improved process was also
developed for the treatment of spent
wash using marine algae and a
marine sponge (Patents NF-318/98
and NF-2/99). Marine algae and
sponges were also shown to be
effective in the treatment of agro-
based liquor waste and effluents and
to produce potable water (Patents
NF-319/99, NF-3/99 and NF-318/99).

Molecular biological studies on the
18S ribosomal RNA of
thraustochytrids, a group of single-
celled marine protists, have yielded
fresh insight into the phylogenetic
relationship of different species within
this group. Thraustochytrids contain
high amounts of omega-3
polyunsaturated fatty acid (PUFA),
which are important for human health
and in aquaculture. The PUFA
contents of these organisms could be
enhanced beyond normal levels by

e X W

that has applications in paper

Dr. Chandralata Raghukumar demonstrating the effectiveness of the
white rot fungus in decolourising melanoidin pigments in spent wash.
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subjecting these organisms to higher
viscosity levels in the culture medium
(Patent NF-79/2000).

Biofouling & Corrosion

The major aim of marine material
research is to understand biofouling
and corrosion processes in the sea
and to develop means to prevent
material deterioration from these
processes. The various aspects of
study include the dynamics of biofilm
formation, development of biomarkers
for biofilm evaluation, and elucidation
of inter-relationships between
deterioration processes. Part of these
investigations were also carried out
under Indo-US collaboration.

Naturally occurring microbial
exopolysaccharides seem to exert
control over corrosion of metals in
marine waters. Biofilm biomass,

both as organic carbon and
exopolysaccharides increased over
28 days in an experiment where mild
steel panels were deployed in surface
waters. In addition to bacteria and
diatoms, thraustochytrid protists were
also observed to form part of the
biofilm microbial communities.
Scanning electron microscopy showed
that the species Ulkenia profunda
Gaertner attached directly to glass
and aluminium surfaces, in the
absence of formation of ectoplasmic
nets.

The search for natural compounds
that prevent biofouling on marine
surfaces, continued. The crude
methanol extract of the sponge Ircinia
sp. inhibited the settlement of the
diatom Amphora sp. and barnacle
larvae in the laboratory. This extract
was also effective against
macrofoulers in the field (Patent NF-
27/2000). One of the natural surfaces
that is relatively clean of biofouling
organisms is the carapace of the
female horseshoe crab, Tachypleus
gigas. Males harbour a relatively
denser fouling of epibionts. Scanning
Electron Microscopy revealed that the
surface of male carapace was rougher
and more hydrophobic than that of the
female. Star-shaped openings on the
female carapace could be those of
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Photo micrograph of carapace (Tachypleus
gigas) showing star shaped openings
(dorsal view).

The rough zones of horseshoe crab (Prs. &
Opt,) harboured highest number of barnacles.

pore glands, whose exudates keep
the carapace clean of epibionts. A
process for the preparation of an
antifouling extract from female
horseshoe crab was developed
(Patent NF-53-2000).

Aquaculture

In an ongoing effort to develop
aquaculture diets, a new synergistic
feed for shrimps was formulated
(Patent NF-335/99). Besides, a
comparative study on the growth
performance and biochemical
composition of mixed culture of the
single-celled algae, Isochrysis
galbana and Chaetoceros calcitrans
with monocultures was carried out.
This has implications in shrimp
hatcheries where different species
and size groups of larvae are to be
fed. A cladoceran used by us in our
aquaculture studies has the potential
for use as alternate live feed to
supplement Artemia in shrimp
hatcheries. A study on the role of

salinity in algal grazing and
parthenogenetic reproduction in this
animal showed that gut concentrations
of pigments, which is an indication of
algal consumption, was significantly
higher at lower salinities. Growth and
neonate production were also higher at
lower salinities. Salinity increase also
adversely affected the size and age of
primiparous females. The results
indicate that the cladoceran is adapted
to low saline estuarine environment.

The horseshoe crab, belonging to
Tachypleus gigas continues to be
investigated for useful compounds.
Field studies have shown that the
species occurs sympatrically along
with another horseshoe crab species,
Carcinoscorplus rotundicauda along
the Orissa coast. Another interesting
organism for useful compounds is
Perna viridis (green mussel). An
improved process was developed for
the preparation of pharmacologically
active mussel hydrolysate from this
bivalve (Patent NF-159/2000), in
collaboration with the Pasteur Institute,
St. Petersburg, Russia.
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The northeastern arm of the Indian Ocean, the
Bay of Bengal, is the most turbulent region in
the Indian Ocean. The bay is a positive water
body wherein precipitation ami run-off
together exceed evaporation. Intense run-off
from rivers of the subcontinent results in
strong surface stratification that inhibits
vertical exchange. Besides, weak upwelling
and winter cooling phenomena only facilitate
restricted supply of nutrients from subsurface
layers. Hence the biological production is
expected to be comparatively lower in the Bay
of Bengal than in the Arabian Sea The
variability in biological productivity and its
dependence on the physical farcing is little
known in this area. The intensive run-off
contributes large volumes of suspended loads
into the bay promoting enhanced removal of
organic matter from the water column. The
effect of the magnitude of run-off on sea level
is however not well known and, our studies
have focused on these aspects.

Sea level changes from variability
in rainfall

A link between rainfall and sea level
was found through changes in salinity
in coastal waters. Rivers fed by
southwest monsoon (June-
September) contribute a large fraction
of the runoff to the Bay of Bengal,
from where it is transported to the
west coast of India by an equatorward
East India Coastal Current. This
current is triggered partly by the
withdrawal of the southwest monsoon.
The West India Coastal Current
carries the low-salinity water from the
bay northward together with the runoff
from local rivers. The advection of the
riverine inflow to Mumbai occurs
within a season, but the slow mixing in
the ocean forces changes in the

cross-shore density gradient to occur
on longer time-scales. This density
gradient leads to a two-layer
geostrophic circulation with a surface
current, having the lighter water on its
right, and an undercurrent. Lower
(higher) salinity at the coast implies
higher (lower) coastal sea level and a
rise (fall) of the pycnocline at the
coast. Thus, the inter-decadal
variability of sea level along the Indian
coast can be linked directly to the
variability of the monsoon (rainfall),
the major feature of the climate of the
region; but by a mechanism that is
different from those generally
proposed to link sea level to climate
change (i.e. hypotheses usually
invoke a change in volume because of
ice melting or thermal expansion).
(Shankar D. and S.R. Shetye, 1999. J.
Geophys. Res. (C: Oceans). 104(C11):
26031-26042).

Physical forcing on productivity in
the bay

The seasonal changes in primary
productivity (PP) in the Bay of Bengal
are not well known. Production is
generally driven by changes in
circulation and the consequent
nutrient inputs to the sunlit layers.
Data collected during three cruises
between 1989 and 1992, in the
western Bay of Bengal together with
remotely sensed ocean colour data
(OCTS and SeaWiFS) revealed
significant changes in biological
production driven by seasonal
variability in physical dynamics.
During the pre-SW monsoon the
productivity (average depth integrated
chlorophyll a of 18.8-30.4 mg m? and
PP of 0.16-1.05 g C m?d™) in the bay
appears to be sustained by upwelling
and occurrence of eddies that disrupt
strong stratification; huge volumes of
river run-off into the bay leads to the
formation of low salinity surface layer

that inhibits vertical exchange
between deep and surface layers. The
production was found to be more in
the area where nutrients were
pumped into the surface layers
because of eddy formation. On the
other hand, despite the increase in
nutrient availability in SW monsoon
due to enhanced vertical mixing and
river run-off the productivity (average
depth integrated chlorophyll a of 97-
165 mg m? and PP of 0.30-0.55 g C
m?2 d™) did not increase in proportion
to the physical forcing because of the
intense cloud cover lowering isolation
levels. In the NE monsoon, however,
production (average depth integrated
chlorophyll a of 26.2-27.6 mg m? and
PP of 0.30-0.44 g C m? d™) was
higher in the northern part of the bay
driven by the availability of river
transported nutrients and increased
solar irradiation. These trends

are in excellent agreement with
satellite images of the region. (Gomes,
H.R. et al, 2000. Cont. Shelf Res., 20:
313-330).

Vertical stability effect on
chlorophyll in the bay

Hydrographic data collected during
May-June 1996 indicated two gyral
circulation in the Bay of Bengal; a
cyclonic gyre to the west of Andaman
Islands and an anticyclonic gyre in the
northwest bay. The prevailing
circulation systems result in intense
southward flow in the central bay.
Deep chlorophyll maxima (DCM)
occurred in the ranges of 30-50 m in
coastal regions and 50-100 m in the
open sea. These DCM were located
below the surface mixed layer and
above the deep stability maximum
(DSM). Deep DSM (140 m) and DCM
(100 m) were associated with
anticyclonic gyre whereas shallow
DSM (80 m) and DCM (50 m)
occurred in the cyclonic gyre.
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These trends clearly reveal the
influence of meso-scale circulation on
the vertical and spatial distribution of
chlorophyll in the Bay of Bengal.
(Murty, V.S.N., etal., 2000. Deep-Sea
Res., 47: 859-873).

Tectonics

The age of the oceanic crust in the
Bay of Bengal, its distal areas and on
either side of the Ninetyeast Ridge, is
yet to be established unambiguously.
Major plate reorganisations at about
95 + 5 and 42 Ma, several ridge jumps
during the early Tertiary period and
the presence of aseismic ridges
(Ninetyeast Ridge and 85°E Ridge),
have complicated the sequence of
magnetic lineations. Abandoned
spreading centres, pairs of magnetic
lineations about the centres and origin
of the ridges, are the key constraints
required to understand the past
tectonic processes and evolution of
the Bay of Bengal and its distal areas.
In one such exercise to map traces of
early Tertiary ridge jumps we collected
data on magnetic, gravity, seismic
reflections and deep sea drilled cores
in the distal Bengal fan. This study
was a first in the Indian Ocean where
magnetic interpretations have been
supported by other geophysical data
sets. The two studies reported below
address this aspect.

Neotectonism - offshore
evidences

A minor tremor measuring 4.5 on the
Richter scale occurred around 4.58
p.m. on 18 December 1995, with its
epicentre located in the Bay of Bengal,
nearly 30 km east of Vizianagaram on
the Andhra Pradesh coast. The
location of the epicentre was around
18°42'E. It is significant that the
epicentre falls in the inner-shelf off
Vizianagaram, where a suite of rocks
(Santapalle Rocks) outcrop at a water
depth of around 30 m. Bathymetry and
magnetic data were collected over this
region along closely spaced, coast
parallel profiles covering the shelf
regions. Observed magnetic
anomalies were of short wavelength
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and high amplitude (of the order of
600 to 700 nT). Two-dimensional
modelling of these anomalies using
conventional and inversion methods,
indicated a severely faulted and folded
basement of the order of 1 to 6 km.
Three closely spaced river channels
(Nagavali, Vamsadhra and Nelimarla)
trending NW-SE are associated with
the faulted and folded basement. The
fault associated with the Nelimarla
river channel, that extends into the
offshore zone may have been the
possible cause of the tremor. Strong
magnetic anomalies, complex
basement structure and exposed rock
outcrops in the inner-shelf (20 m) in
the vicinity of the epicentre of
Vizianagaram earth tremor provide
evidence of Neo-tectonic activity in
this region. The epicentral region falls
in a shallow marine environment, ideal
for generating a geophysical database
for stable continental region earth-
quakes. These observations, geo-
physical data and geomorphological
information establishing a link
between onland and offshore tectonic
lineaments may prove useful in
understanding the factors responsible
for tectonic activity. (Subrahmanyam,
A.S..etal.,1999. Curr. Sci., 76:
1251-1255).
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Abandoned spreading centre
identified

Magnetic data from the northeastern
Indian Ocean reveal east-west
trending magnetic lineations 28
through 34, an abandoned spreading
centre and part of the Cretaceous
Magnetic Quiet Zone. These are used
to reconstruct past tectonic processes
of this area. Offsets in the magnetic
lineations outline the existence of four
N-S trending fracture zones: 80°E,
82°E, 84.5°E, and 86°E. The 84.5°E
Fracture Zone acts as a boundary
separating oceanic crust of different
magnetic isochron patterns. The pairs
of magnetic lineations 30 through
32n.2 between the 86°E Fracture
Zone and the Ninetyeast Ridge reveal
an abandoned spreading centre of
about 65 Ma age, parallel to ~0.5°S
latitude. The structure of the
abandoned spreading centre is well-
identified in seismic reflection data as
an undulating basement topographic
rise covered by up to 2 km of Bengal
Fan sediments. The spreading centre
might have initiated its activity along
with other spreading centres of the
Wharton Ridge and India-Antarctica
Ridge, after the first major plate
reorganisation of the Indian Ocean
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(about 95+ Ma) but ceased shortly
after formation of anomaly 30 (about
65 Ma). Then it jumped southward
between anomalies 32n.2 and 33. The
jump captured the oceanic crust of
anomalies 30 through 32n.2 that
initially formed on the Antarctica plate,
but were later transferred to the Indian
Plate. The spreading centres in the
vicinity of the Nintyeast Ridge jumped
several times southward to maintain a
close proximity to the Karguelen
hotspot. (Krishna, K.S. and D.G. Rao,
2000 Mar Geol, 162:215-224).

Arabian Sea

The Arabian Sea is the northward extension of
the western Indian Ocean. Evaporation
dominates over precipitation in this region
making it a "negative" water body. Intense
evaporation results, in the formation of high
density waters that sink and flow southward.
Besides, the formation of high density miter
masses in the marginal seas (the Red Sea and
tile Persian (gulf) ensure that Arabian Sea
water column is well structured one. Seasonal
variability in heat exchanges at ocean
boundary layer drive the atmosphere
circulation thai leads to alteration in wind
driven physical forcing of the Arabian Sea.
Consequently, the Arabian Sea is one of the
most productive regions of the world oceans
supported by vertical pumping of nutrients
driven by strong upwelling in the southwest
monsoon and convection in winter. The very
high surface production leads to oxygen-
deficient conditions at mid-depth and to the

occurrence of denitrification. Therefore,

understanding of the occurrence of sea surface
temperatures highs, the variability and extents
of sub-oxic conditions, and living and dead

organic matter are important and are dealt

with here.
Physical, Chemical and
Biological Processes

Upper ocean heating - Role of
chlorophyll pigments

The chlorophyll concentration influ-
ences absorption of solar radiation
leading to local heating of the upper
ocean waters. Mixed layer embedded

ocean isopycnal general circulation
model (OPYC) together with remotely
sensed chlorophyll pigment
concentration data from the Coastal
Zone Colour Scanner (CZCS) was
used to estimate the biological heating
rate and modulation of mixed layer.
The results indicate that the
chlorophyll pigments alter the mixed
layer heat budget significantly. The
SST increases by upto 0.6°C and
mixed layer thickness decreases,
while the sub-surface temperature
decreases due to reduced penetration
of solar radiation. These changes in
the model mixed layer are consistent
with JGOFS-Arabian Sea
observations during 1994-95.

Dr. Prasanna Kumar preparing for an MoU
v/ith JAMSTEC.

Although the CZCS data are not ideal
to simulate the ocean state, especially
in the Arabian Sea where large dust
events and cloud cover make atmos-
phere correction inaccurate, they are
useful to examine the impact of
chlorophyll pigments on upper ocean
heating. (Nakamolo. S.. el at, 2000.
Geophy. Res. Lett, 27: 747-750).

Oxygen minimum layer and
organisms

The Arabian Sea has the thickest
oxygen deficient zone and it is an
important area to study the extent and
variation of oxygen with time, in view
of changing climate. Characteristics of
this oxygen minimum zone (OMZ)
over the complete monsoon cycle of
1995 were studied. The suboxic
conditions within the northern Arabian

Sea are well documented, as are

the biological and chemical
consequences of this phenomenon.
Overall, the conditions found in the
suboxic portion of the water column in
the Arabian Sea were not greatly
different from earlier reports with
respect to oxygen, nitrate and nitrite
distributions. Within the main
thermocline, portions of the suboxic
waters with secondary nitrite maxima
were found, suggesting active nitrate
reduction. In particular, there was not
much evidence for the occurrence of
secondary nitrite maxima in waters
with oxygen concentrations greater
than ~4.5 pM. Distributions of
organisms showed strong
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relationships to the oxygen profiles,
especially where the OMZ is
pronounced, but the biological
responses to the OMZ varied with the
type of the organism. ADCP acoustic
backscatter measurements show diel
vertical migration of plankton or
nekton and movement into the OMZ.
Daytime acoustic returns from depth
were strong, and the dawn sinking
and dusk rise of the fauna were
obvious. However, at night the
biomass remaining in the suboxic
zone was so low that no ADCP signal
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Dr. S. W.A. Naqvi preparing the sampling bottle. Dr. T. Yoshinari, State University

of New York at Albany is looking on.

was detectable at these depths. There
are at least two groups of organisms,
one that stays in the upper mixed
layer and another that makes daily
excursions. A subsurface zooplankton
peak in the lower OMZ (near the lower
~4.5 UM oxycline) was also typically
present; these animals occurred day
and night and did not vertically
migrate. (Morrison, J.M., et al., 1999.
Deep-Sea Res. (lI: Top. Stud. Oceanogr),
46:1903-1931).

Phaeocystis bloom

Phaeocystis is one of the few marine
phytoplankton that form gelatinous
colonies, of non-motile cells that may
exceed 10 mm in diameter, and is
known to inhabit largely temperate
and polar regions. Phaeocystis
occurrence has not been reported
from the Arabian Sea, an area
otherwise dominated by diatoms. A
thick bloom of Phaeocystis globosa
was found in the central Arabian Sea
during the summer monsoon of 1996.
The intensity of the bloom was as high
as 3750 x 10° cells m? and the carbon
content ranged between 33 and 550
ug I". Almost 90% of the
phytoplankton population was
composed of this species in the bloom
area. It, however, did not exhibit any
quantitative relation with chlorophyll,
perhaps because it was in senescent
phase when the sampling was carried
out. It is important to know whether
this species is introduced and adapted
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to new environments due to human

influence and how will it influence food
chains in future. (Madhupratap, M., etal.,

2000. Oceanol. Acta, 23:83-90).

Mesozooplankton and myctophids

An important feature of the Arabian
Sea is the occurrence of high
mesozooplankton biomass in the
surface mixed layer almost round the
year despite the fact that the extent of
productivity in this region is highly
variable both in space and time. The
generic composition of these
mesozooplankton does not change
with season and is mostly dominated
by copepods of < 2 mm size.
Maintenance of such high biomass of
mesozooplankton seems to sustain a
huge stock of mesopelagic fish (~100

Phaeocystis colony.

million metric tonnes) mostly

belonging to Myctophidae. These are
strong diel migrators and ascend to

the surface layer at night but are
otherwise adapted to subsurface
oxygen deficient waters. Myctophids
are found to occur in high densities
both in inshore and offshore. (Nair,
K.K.C. Nair, et at.. 1999. Indian J. Mar. Sci.,
28: 138-145).

The evolution of the crust between the
Laccadives-Laxmi Ridge and the
western continental margin of India,
and the origin of the Pratap Ridge
complex and the Panikkar Ridge/
seamounts in the Laxmi Basin, are
important problems that need
addressal in the eastern Arabian Sea.
Interpretation of integrated
geophysical data may provide certain
clues regarding the opening and
evolution of the Arabian Sea.

Meandering Indus channels :
Multibeam bathymetric study

The Indus and Ganges-Brahmaputra
river systems contribute large volumes
of sediments to the northern Indian
Ocean region, forming large deep-sea
fans. The discharge of sediments by
the river Indus has accumulated into a
pile over 2 km thick, forming one of
the largest deep sea fans in the world.
Though there are many reports on the
occurrence of channels in different
regions of the fan, five distinct
channels far from the mouth (as far up
to 12°18'N; 67° to 68°30'E ) have been




deciphered during multibeam Resources
bathymetric (Hydrosweep) surveys in
the Arabian Sea. The channels

show steep slope angles at 15 - 30°.
The limonite(???), meander patterns
and associated morphological
features of these channels are similar
to meander patterns and associated
flood plain features of the world's
largest fluvial systems.

(Kodagali, V.N., and P. Jauhari, 1999.
Curr. Sci., 76:240-243).

Internal structure and chemistry of
Mn-nodules

Deep-sea ferromanganese nodules
occur over large areas and on many

Indian Ocean

The Central Indian Ocean Basin (CIOB). the
largest basin in the Indian Ocean, extends
from 0 to 25°Sand 70° to 90° E. A large
number of seamounts and hills dot the
seafloor. together with fracture -ones and
lineations. The second largest ferromanganese
(FeMn) deposits of the world oceans occur in
this basin and are carpeted by siliceous
sediments. The FeMn deposits [ manganese
nodules and crusts) have been studied
extensively and intensively for two decades.
These deposits, besides their economic
potential, are good indicators of the
environment under which they formed, as
refleted by their interned growth features.
Cobalt-rich crusts have also been studied and
are of special interest as likely resources for
cobalt, besides being excellent recorders of
palaeoceanographic conditions.

Dr. R. Banerjee looking for microlayers in
the polished nodule section.

Qilier than the Fe-Mn deposits, a variety of
volcanics are associated with the morpho-
structural features of the CIOB. Because of
the continuous exposure to seawater, the
volcanics tend so be altered and give rise to
authigenic minerals. Although the CIOB is 60
Ma old yet evidences, for localised and recent
volcano-hydrothermal signatures exist.

The oceanic ridges that occur in the vicinity of
the CIOB are also significant. This ridge
system, made up of the Central Indian (CIR).
South East Indian (EIR) and South West
Indian (SMR) ridges, constitute a large part
of the global oceanic ridge chain. Many of the
features observed in the CIOB are a result of
their formation from the ancient SEIR. The
tectonic, volcanic and geochemical nature of
the Indian Ocean ridge systemis unique and is
the subject of investigation under the
Institute's Ridge programme.  The Institute has
also become an associate member of the
International Ridge study community.

different sediment types of the Central
Indian Basin. Selected nodule
samples were studied to determine
their chemical and mineralogical
compositions and microstructural
features. Repeated laminations of
variable thickness, alternately
dominated by minerals, todorokite and
vernadite are characteristic of these
nodules. Electron microprobe line
scans have drawn inter-laminar
partitioning of Mn-Cu-Ni and Fe-Co.
The bulk chemical compositions of
these nodules plot in both the
hydrogenetic and early diagenetic
fields on the Fe-Mn-(Ni+Cu+Co) x 10
ternary diagram. The binary diagram
depicting the covariation of Mn+Ni+Cu
against Fe+Co shows two distinct
parallel regression lines. One is
delineated by nodules from
terrigenous, siliceous ooze and
siliceous ooze-terrigenous sediments;
and the other by nodules from red
clay, siliceous ooze-red clay and
calcareous ooze-red clay The degree
of diagenetic influence in the nodules

(b) Dendritic microstructure, (c) Biogenic test inside a nodule,
(d) Laminated microstructure at the contact with nucleus, (e) Undissolved
radiolaria inside nodule (SEM) & (f) Philipsite crystals inside nodule (SEM).
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varied with the type of the host. The
nodules show dendritic, laminated,
and globular microstructures formed
by primary growth of Fe-Mn oxide
laminae. Depositional hiatuses in the
primary microstructures indicate that
the growth of these nodules was
episodic. The oxide laminations show
extremely complex growth patterns.
Scattered biogenic remains and
mineral grains acted as accessory
'seeds’ for growth of oxide layers in
addition to the main nuclei. None of
the primary microstructures can be
uniquely linked to a particular

growth process or growth rate. Radial
cracks, cutting across primary
microstructures, are often filled by
todorokite of a later generation. Post-
depositional modifications of the
nodules were largely controlled by
accreted biogenic remains as
indicated by their progressive
dissolution with increasing depth from
nodule surfaces, their pseudomorphic
replacement by todorokite and the
later growth of phillipsite and
todorokite in the microfossil moulds.
The growth patterns of the in-filled
oxides are often controlled entirely by
the cavity-walls and are discordant
with the primary growth fabric. This
indicates that the dissemination plots
using bulk chemistry needs to be
viewed with caution. Later generation
veins of todorokite cut across and
chaotically disrupted the primary
laminae. (Banerjee, R., etal., 1999. Mar.
Geol. 157: 145-158).

Micronodule geochemistry

Ferromanganese micro-nodules were
earlier reported to occur in the Bay of
Bengal. An attempt was recently
made to determine the influence of
sedimentation on Mn accretionary
processes in this high terrigenous
area. Based on down core variations
in O/Mn ratio in sediment and in
micro-nodules, Mn content, organic
carbon and abundance of micro-
nodules in two box core sediments
from high and low sedimentation
regions of the Bay of Bengal, 0-20 and
0-40 cm levels were identified as "Mn
oxidation zone" in the western and the
eastern regions of the Bay. Despite
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similarity in bottom water oxygen and
organic carbon contents of the region,
a higher abundance of micro-nodules
down to the deeper levels was
observed in the area of low
sedimentation. But increased
enrichment of Mn was observed in the
upper layers of core 1, located in the
area of higher sediment accumulation.
Rapid recycling of Mn (faster burial-
transfer to Mn reduction zone-Mn
dissolution and its upward diffusion-
re-precipitation) increasing upward
flux of Mn(ll) and associated higher
consumption of O,, limits the width of
Mn oxidation zone. This appears to
be responsible for Mn enrichment in
the area of high sedimentation. The
results also suggest that though the
availability of Mn controls the
formation of micronodules, their
residence time in the Mn oxic zone
regulates their growth and influences
their morphology. (Chauhan, O.S. and

Ch. M. Rao, 1999. Mar. Geol., 16: 39-47).

Ferromanganese encrustation and
cobalt enrichment

After many years of intense surveys in
Mn-nodule areas, global attention is
driven towards the search for cobalt-
rich Fe-Mn crusts. Samples of
ferromanganese encrustation (Fe-Mn
crusts) dredged from the upper flank
of the Afanasiy-Nikitin seamount,
above the Carbonate Compensation
Depth in the Northern Central Indian
Ocean were analysed for Al, Fe, Mn,
Ca, Ba, Cu, Ni, Co, Zn and V and
found to be rich in Co (upto 0.88%).
Mineralogically, these Fe-Mn crusts
contain poorly crystallised 6-MnO, and
minor amount of carbonate fluorapa-
tite and feldspars. The low Mn/Fe
ratios (<2), 6-MnO, dominant

Cobalt rich Fe-Mn crust from Afanasiy-Nikitin seamount.

mineralogy and the interlement
associations show that these crusts
are formed by slow hydrogenetic
precipitation of colloidal Fe-Mn
oxyhydroxides. Fe, Mn, Co, Zn and V
exhibit mutually strong positive
association (r=0.7) indicating their
incorporation into the Fe-Mn crust
during the hydrogenetic precipitation.

The Al on the other hand, appears to

be independent and a diluant for
hydrogenetic component. Therefore,
the Al in the Fe-Mn crusts might be
due to the presence of fine
lithogeneous detritus intermixed with
hydrogenetic component. Another
detrital indicator element 'Ti', instead
of showing affinity to Al exhibits affinity

towards hydrogenetic oxide elements

suggesting a possible incorporation

into Fe-Mn oxides analogous to other
transition metals. (Parthiban, G. and

V.K. Banakar, 1999. Indian Mineral., 33:
125-132).

Pseudo side-scan images for
nodule exploration

The deep ocean floor, a storehouse of
vast quantities of mineral resources

and manganese nodules is one of the
important resource there. A semi-
quantitative method to evaluate
nodule resource estimation, using the
root mean square (rms) backscatter
amplitude gain values from a
multibeam echosounding system, was
proposed. Normally, the echosounding
system provides information only
about water depths whereas sidescan
images can give information on the
large and small scale roughness and
seafloor texture. The multibbeam

system - Hydrosweep on ORV Sagar

Kanya does not provide sidescan
images but, does give the rms



amplitude values for each of the 59
pre-formed beams. The rms amplitude
values are utilised to generate pseudo
sidescan images of the seafloor. An
area of about 6600 km? in the Central
Indian Basin was mapped using the
Hydrosweep system. Depth contour
and pseudo sidescan images of the
area were generated. A comparison
of nodule abundance values with

the sidescan image shows that, the
light grey patches relate to high
manganese nodule abundance (more
than 10 kg/m?) and the dark tones
correspond to low abundance (up to
4 kg/m?). As multibeam mapping can
be carried out at normal ship speeds,
the pseudo sidescan images can be
an useful and inexpensive tool for
manganese nodule exploration.
(Kodagali, V.N., etal., 1999. In: Proc. Third
ISOPE Ocean Mining Symposium, Goa,
India, 97-104).

Impact assessment studies

Detailed laboratory studies were
carried out to decipher the impact of
the benthic disturbance simulated
during 1997 to understand the
environmental impact of nodule mining
in the CIB. Varying effects were
discernible at different levels of eco-
systems. Photographic data in the pre-
disturbance phase revealed typically
undisturbed conditions with extensive
biological activity in the form of benthic
organisms as well as their traces such
as fecal casts, tracks, trails. In the
post-disturbance, distinct features of
disturber tracks, sediment piles and
resedimented areas in and around the
disturbance site were seen.

There was a negative effect on benthic
biomass and a decrease in bacterial
numbers and related biochemical
parameters (seen from the reduction
in meiobenthos abundance within the
disturbance zone), when compared to
the pre-disturbance sample.

No effects of the disturbance plume
could be observed from CTD and
rosette profiles at 20 m altitude even 5
days after the completion of the
disturbance. Time series sediment
traps deployed at 7 m above the
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seabed close to the disturbance track
collected higher amounts of
resuspended sediment, compared to
those further removed from the track.
The trap having the highest sediment
collection corresponded in location to
the general deepsea current pattern in
the area.

The sediment strength showed an
increase from 0 to ~7 kPa towards the
bottom due to the semi-liquid nature of
sediment at the top. While the shear
strength after disturbance in the towing
zone decreased in the top layers, but
increased in the lower sections due to
resuspension and loosening of the
surface sediment layers. (SharmaR.,
1999. In: Proc. Third ISOPE Ocean Mining
Symposium, Goa, India, 118-125.)

T
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Gas Hydrates along the
continental margin of India

Gas hydrates, known to occur in
marine sediments on the continental
margins, are widely considered as a
promising alternate energy resource.
These hydrates can be detected over
a large area very efficiently, from
seismic reflection data by the identifi-
cation of anomalous reflections
known as bottom simulating reflection
(BSR) that roughly parallels the
seafloor. The BSRs are the manifesta-
tions of high acoustic velocity
hydrated sediment layer overlying low
velocity water-saturated or very low
velocity gas-filled sediment. The
acoustic impedance contrast between
the hydrated sediment layer and the
gas filled sediments results in a
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Seismic data processing lor identification of BSRs (Proxy lor gas
hydrate occurrence).

reverse polarity reflection with respect
to that of seafloor at the base of Gas
Hydrate Stability Zone (GHSZ). It was
our objective to locate and map the
spatial distribution of BSR-like
features on the western continental
margin of India, from the 5000 line km
of regional seismic reflection data that
we had collected. Special processing
and analysis suggests the presence of
BSR-like features at several locations
between 1000 and 3000 m water
depths and 200 to 900 m (TWT) below
the seafloor. The spatial extension of
these features along the profiles
varies from few hundred meters to
over 10 km and the depth to the
observed BSRs generally agrees with
the base of the GHSZ. Detailed
analyses of high-resolution seismic
data from the continental shelf and
slope helped in identifying regions of
gas-charged sediments, gas seeps
and gas hydrate horizons for the Goa-
Mangalore area. These positive
indications call for detailed multi-
disciplinary investigations of the
Indian offshore areas for exploring gas
hydrate deposits, which could become
the fuel resource of the future.
Analysis of high-resolution seismic
reflection profiler data also revealed
bright, high amplitude seismic
reflectors 25 m below the seafloor
(bsf), and distinct pulldown structures
140 m bsfat 200 m water depth.
These clearly indicate gassy
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sediments. Similar occurrence of
BSRs at about 240-340 m (TWT) bsf
between 1160 and 1825 m water
depth suggests the occurrence of gas
hydrates off Cape Comorin-Quilon.
(Ramprasad. T., etal., Tech. Rep.. NIO/
CON-3/99).

Paleoceanography &
Sedimentology

Reconstruction of paleomonsoonal
precipitation

Benthic foraminiferal distribution,
diversity and skeletal morphology
were studied in the surface sediments
and two cores from shallow regions
off central west coast of India. A total
of 177 species, comprising 72 genera,
47 families, 26 super families and 5
suborders have been identified.
Spatial distribution maps revealed low
abundance of angular-asymmetric
forms (<25%) at the river mouths
probably due to river discharge (low
salinity). On the other hand, rounded-
symmetrical morpho-forms seem to
prefer the low salinity areas (abun-
dance >50%). Lateral distribution of
these two morpho-groups have helped
in identifying two major wet periods at
around 3200 years BP and 1000 AD
separated by a dry spell at around
~2000 years BP. (Nigam R. and Khare
N., 1999. Micropaleontol.. 45: 285-303).

Pyloniid radiolarian and
astronomical forcing on monsoons

Oceanic micro-zooplanktons such as
radiolarians are surface dwellers and
sensitive to monsoon driven SSTs and
salinity. Variation in the abundance of
one such radiolarian Pyloniid groups
has been studied in a sediment core
from the central Indian Basin (7.49°S,
80.01°E; water depth ~5463 m) to
reconstruct the paleoclimatic history.
The Pyloniids percentage distribution
at 5 kyr intervals during the last 500
kyr exhibited sinusoidal changes. This
suggest several short and long term
periodic fluctuations during the past
monsoons. Spectral analysis of the
data revealed the triplet peaks at the
Earth's orbital cycles at the
eccentricity (405, 129 & 95 kyr),
obliquity (41 & 30 kyr) and
precessional (23, 19 & 17 kyr) peaks.
The results suggest the effect of
astronomical forcing on the monsoons
in the equatorial Indian Ocean during
the last 500 kyr. (Gupta, S.M., 1999. Man
& Environ., 24: 99-107).

Ferromanganese crusts

Ferromanganese crusts provide a
good record of paleo-climatic history
compared to deep sea sediments.
For example, detailed analysis of
very short sections (few mm) may
provide a long record comparable to
several metres of history recorded by
sediments. Paleoclimatic events
deciphered from major element
geochemistry and Pb and Nd isotopic
composition of seven hydrogenous
ferromanganese crusts from the
Atlantic, Indian, and Pacific Oceans
were compared. Average crust growth
rates and age-depth relationships
were determined for the last 10 Myr
using 10Be/9Be profiles. A
comparison of 10Be/9Be- and Co-
based chronology of three Co-rich
crusts supports the use of
extrapolated 10Be/9Be-based growth
rates. The data show that the flux of
Co into Co-poor crusts has been
considerably lower. The distribution of
Pb and Nd isotopes in the deep
oceans over the last 60 Myr are
interpreted to be controlled by two
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main factors: (a) variations of
oceanic mixing patterns and flow
paths of water masses with distinct
isotopic signatures related to major
paleo-geographic changes and

(b) variability of supply rates or
provenance of detrital material
delivered to the ocean, linked to
climate change (glaciations) or major
tectonic uplift. In this study, Co is the
only element which shows a
relationship to Pb and Nd isotopes in
Pacific crust. A possible link to
changes of Pacific deep water
properties associated with an
enhanced northward advection of
Antarctic bottom water from about 14
Ma is consistent with the Pb but not
with the Nd isotopic results. The self-
consistent profiles of the Pb and Nd
isotopes suggest that post-
depositional diagenetic processes in
hydrogenous crusts, including
phosphatization events, have been
insignificant for particle reactive
elements such as Pb, Be, and Nd.
Isotope time series of Pb and Nd
show no systematic relationships with
major element contents of the crusts,
which supports their use as tracers of
paleo-seawater isotopic composition.
(Frank, M., et al. 1999. Geochim.
Cosmochim. Acta, 63: 1689-1708).

Excess aluminium in the Central
Indian Basin sediments

Although aluminium in marine
sediments is traditionally considered
to represent lithogenous sources,
recent reports have linked excess Al
(Al from non-crustal sources) to
surface biological productivity, opal
productivity or authigenic clay mineral
formation. The Al/Ti ratios in the CIB
interface sediments were high (48.5)
and are up to 3 times that of a shale
(which represents upper crustal
composition). Higher Al/Ti or Al
excess values are considered with the
volcanic unaltered glass shards
present in the sediments, considered
here. Glass shards have high Al/Ti
ratios (~175) and may contribute to
the excess aluminium to the
sediments, making the excess Al opal
productivity proxy more complicated.
(Pattan. J.N. and P. Shane, 1999. Mar.
Geol., 161:247-255).
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Volcanogenic sediments

Occurrence of volcanic materials such
as magnetite-rich spherules, Ti-rich
particles and possibly nontronite were
recovered at 19°S and 76°E from the
pelagic clay in the Central Indian
Ocean Basin (CIOB). Most of the
magnetite spherules have metallic
sheen with some showing large, well-
developed crystal faces. The chemical
and mineralogical evidences of the
spherules and nontronite suggest
localised volcanic hydrothermal
activity. Considering radiolarian age
dating of the sediment, the age of the
volcano-hydrothermal episode seems
to be between 425 and 650 ka. The
spherules and the associated
materials are compared with similar
occurrences 555 km to the north in
the vicinity of the 76°30'E fracture
zone. It is inferred that there could
have been widespread local
volcanism in the CIOB in the past.
(lyer, S.D.. etal., 1999. Mar. Geol., 158:
15-25).

Basaltic glass

Basaltic glasses were found to be
altered to varying extents through
their interaction with the seawater,
resulting in the formation of
palagonite. Consistent with earlier
findings the major chemical changes
observed were, the loss of Si, Mg and
Ca and a gain of Na and K whilst, Fe
and Ti remained immobile. This
indicates that basaltic glasses have
undergone initial to intermediate
stages of palagonitisation under low
temperature oxidative alterations.
Subsequent accretion of
ferromanganese oxides over the
glasses have halted the progress of
alteration. (lyer S.D., 1999. J. Geol. Soc.
India, 54: 609-620).

Monsoon

The seasonal reversal of wind
directions along the Indian Ocean is
often referred to as the monsson. It
flows from the southwest (SW) during
one half of the year and from the
northeast during the other.
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The SW monsoon (summer from June
to September) rainfall displays
considerable inter-annual variability.
The most characteristic changes seen
are the onset and withdrawal phases,
extent, and the strength of the
monsoon. Rain gauges, which have
been in existence in India for more
than 150 years, have recorded this
monsoon rainfall, and are used in
studying inter-annual variability. These
important aspects are:

« onset date over the Kerala coast

« the total quantum of monsoon
rainfall and

« the duration of active/break period
within the monsoon cycle.

Further the interaction of monsoon
with the other global phenomena such

Dr. Sridhar lyer looking for
volcanic particles.

as El-Nino and Southern Oscillation
(ENSO) is also important. Though
several earlier studies have shown a
strong negative correlation between
El-Nino and monsoon rainfall over the
Indian subcontinent, the recent ENSO
of 1997, which was one of the most
intense during the last century, the
subcontinent received normal rainfall.
In order to look into the role of the
various air-sea interaction processes
over the Indian and Pacific Oceans on
the Monsoon and ENSO, we have
made composites of deficit monsoon
and El Nino years (1987 and 1992),
normal/excess and EI-Nino years
(1997 and 1994), normal and non
El-Nino years (1989, 1993, 1995,
1996 and 1998) and excess and non
El-Nino years (1988 and 1990). In this
study, we look at the fields of sea
surface temperature, wind speed,



latent heat flux and rainfall and their
association with the Monsoon and
El-Nino using the Hamburg Ocean
Atmosphere Parameters and Fluxes
from Satellite data (HOAPS). We
observed positive latent heat flux
anomalies (difference between excess
and EI-Nino year (1997) and deficit
and EI-Nino year (1992)) persisting for
a period of 9 months over the Arabian
Sea and Bay of Bengal following the
summer monsoon, which could play a
significant role on the monsoon
activity over the Indian subcontinent.
In the case of SST, negative
anomalies were prevalent during the
winter and spring seasons in the
central and eastern equatorial Pacific
Ocean. But with the onset of summer
monsoon, large positive anomalies
were observed in the eastern
equatorial Pacific, off South America,
the maximum anomalies were
observed in the fall season of about
6°C. The convective activity which was
active in the central equatorial Pacific
Ocean during deficit and

El-Nino (1992) shifted to western
equatorial Indian Ocean during the

excess and EI-Nino year (1997) during

the winter and spring seasons. During
the summer and fall seasons, the
convective activity shifted from
eastern equatorial Indian Ocean
during a deficit and EI-Nino (1992) to
eastern Pacific Ocean during an
excess and EI-Nino year (1997).
(Ramesh Kumar, M.R. and J. Schulz.
2000: Monsoon-ENSO interaction).

Onset vortex of monsoon from
SST high

Changes in sea surface temperatures
are closely linked to atmospheric
processes. The north Indian Ocean
becomes the warmest area of the
world oceans prior to the onset of
southwest monsoon in June. During
this period a zonal band of high sea
surface temperature (SST), the
"thermal equator" (TE), moves over this
region concurrently with the
Intertropical Convergence Zone (ITCZ).
Using a weekly SST data set, it is
shown that another SST high develops
off southwest India in the
Lakshadweep Sea in March, well
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SST anomalies (as differences between excess and deficit
monsoon composites) for winter, spring, summer and fall seasons.
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before the TE moves into the area, and
that it continues to retain its identity
until the onset of monsoon. The SST
high has its genesis about six months
earlier in the Bay of Bengal. The
collapse of the southwest monsoon in
October and the onset of the northeast
monsoon trigger downwelling coastal
Kelvin waves that propagate along the
periphery of the Bay of Bengal, forcing
an equatorward East India Coastal
Current, which brings low-salinity water
from the bay to the southeastern
Arabian Sea during the northeast
monsoon (November-January). As the

Kelvin waves continue to propagate
poleward along the west coast of India
after turning around Sri Lanka, they
radiate downwelling Rossby waves that
produce a ‘high" in sea level off
southwest India. The downwelling and
the surface layer of low-salinity water
lead to the formation of a SST high in
January. By March, with the increase in
solar insolation due to the northward
march of the Sun and the deep stable
surface layer, the SST high reaches a
mature phase, particularly in the
Lakshadweep Sea. By May, the high is
found to merge with TE as it moves
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Evolution of weekly SST during Jan-Jun 1989. The SST high first appears off
SW India in early March and retains its identity until the end of May, even
though it merges with the thermal equator by the end of April.
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into this region along with ITCZ. It is
speculated that at this time the high
helps in producing conditions that are
conducive for the genesis of the
monsoon onset vortex. (Shenoi, S.S.C..
etal., 1999. J. Geophys Res., 104(C7):
15703-15712).

Heat content variability in the
Indian Ocean

The Indian Ocean Experiment
(INDOEX), an international
programme, aims to understand the
relative roles of aerosols and clouds in
the atmospheric radiation budget with
particular reference to southward
transport of anthropogenic aerosols
from the subcontinent, by the ITCZ
during the NE monsoon. The surface
meteorological data and upper ocean
temperature profiles, obtained on-
board ORV Sagar Kanya (cruise 120)
during the second pre-INDOEX
Campaign (December 1996-January
1997) for evaluating the north-south
variability of surface heat fluxes and
upper oceanic heat content, revealed
a southward decrease in the heat
content in the upper 200 m by

50 x 108 J.m? along the cruise. A net
heat loss on either side of the equator
with a marginal gain (because of weak
winds) at the equator was observed.
In the vicinity of the ITCZ, around 8°S,
where sea surface temperature was
maximum, the heat content was
conspicuously low suggesting a
divergence regime in the water
column (0-200 m) due to a shear
between southern equatorial and
equatorial counter currents. (Rama
Rao. E.P, etal., 1999. Curr. Sci.,
76:1001-1004).

Other studies

Basalts from the back-arc basins
of SW Pacific

Southwest Pacific is a complex
tectonic region comprising of several
trenches (Maine, Tunga, New Guinea,
etc.) and back-arc basins. Studies of
back-arc basins for their structure,
tectonic setup and petrological
variations are vital in understanding



their evolution. Hydrothermal
mineralization has also been reported
at several of these sites. Therefore, a
study of petrography, petrochemistry
and mineral chemistry of basalts from
the Woodlark, Hanns and Lau basins
from the SW Pacific has been
undertaken to understand their
magmatic evolution. Basalts from the
western Woodlark basin indicate
mixing of a near pristine magma with
fractionated basaltic melt in shallow
magma chambers. Basalts from
Manns Basin & Central Lau spread
Centre (Lau Basin) are typical N-
MORBs. They exhibit olivine
fractionation under highly oxidising
conditions. While basalts from
Mangilan Triple Junction (Lau Basin)
are enriched in Al, K, Zr, indicating a
contribution from a subducting plate.
(Mudholkar, A.V. and A.L. Paropkari,
1999. Geo-Mar. Lett., 18: 305-314)

Antarctic lacustrine bacteria

Studies in the Antarctic region have
focussed on biomass and activities in
the terrestrial and aquatic eco-
systems, and have indicated that the
bacteria-based food webs are as
important in overall energy and
material cycling in the high latitude
oceans as they are at lower latitudes.
In the course of analysing Antarctic
water samples from lakes, the unusual
phenomenon of retrievable viable
counts (RVCs) of total anaerobic
bacteria (AnB) far exceeding the
aerobic ones in the form of colony

Complexly zoned plagicclase lath in Lau-
basin basalt. b & ¢ euhedral olivine &
olivine with rounded edges in basalts from
Dobre Seamount.

forming units (CFUs), was noticed.
The averages of general heterotrophic
AnB were > Thiobacillus denitrificans
like organisms (TDLO) were > lactate
and acetate fermentors (FB) were >
sulfate-reducing bacteria (SRB) were
> aerobic bacteria (AB) in lacustnne
environment where the dissolved
oxygen is known to range from

10.4 -13.8 mg I, It has been a
common observation that the

retrievable aerobic counts in the form
of CFUs are generally higher than
anaerobic counts in surface layers of
any water body. Exceptions are from
specialized ecosystems like offshore
oil wells or deep, anaerobic, alkaline
aquifers; where the anaerobic counts
are higher than the aerobic. In the
Antarctic lake waters where the
oxygen concentration is generally
high, it was intriguing to encounter
more anaerobic bacteria than aerobic
forms in the surface waters. The
importance of the anaerobic forms vis-
a-vis the aerobic ones have however
received little attention. It was also
observed that the direct viable counts
carried out in these water samples
showed higher viability under reducing
conditions.

Thus, the field observations indicate
that the potential expression of
anaerobic growth by the bacterial
population (viable and retrievable
numbers) is much higher than the
aerobic when the waters have
generally high dissolved oxygen
content. This paradoxical expression
of increased anaerobic viability under
oxygenated condition is more evident
in the lacustrine environment than the
marine. It is suggested that this
phenomenon could be a strategy
adopted by bacteria to express
viability under reducing conditions
when the concentration of dissolved
oxygen in the surrounding waters is
high/saturating. (Loka Bharathi, PA.
etal., 1999. Curr. Sci., 76: 1585-1587).
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bilateral
programmes

Indo-US

The Indian Ocean Ridge System

(Tectonics and petrologic implications of
fracture zones on crystal generation)

Funded by the ONR/USIF (Grant no:
ONR NO00014-97-1-0925) and initiated
in 1997, this project involves
collaboration among scientists from
National Institute of Oceanography
(Goa & Visakhapatnam centres),
National Geophysical Research
Institute (Hyderabad) and SOEST,
University of Hawaii (Honolulu).

Under the project the NNW-SSE
oriented Central Indian Ridge (CIR)
between latitudes 50°S and 180°S is
being investigated, with special
emphasis on the intersection points
between four major NE-SW trending
fracture zones (FZ) and the CIR. The
study is focused on understanding the
spreading rate dependent ridge
characterisation - geophysical,
petrologic, geochemical and
hydrological, effect of ridge
segmentation on melt chemistry,
eruption style and conduit geometry of
near-axis seamounts and their relation
to fracture zones, and tectonic control
on hydrothermal fluid circulation.

In the last year, a detailed analysis of
magnetic and bathymetric data over a
part of the CIR- between 7°S and
12°S was carried out to constrain the
effect of the deepest intersection point
(with Vema FZ at 6200 m) along the
CIR on the present day accretionary
process. The spreading dynamics for
the last 10 Ma is documented to find
that mean half spreading rate north of
Vema FZ is low (18 mm/yr), compared
to the south of this FZ (21 mml/yr).

The investigation has also isolated an
area in segment 3 where conjugate
anomalies 1, 2 and 2A are found to be
similar in nature to those of the
adjacent segment 2. This appears to
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be a case of unique overprint, related
to de-magnetisation. It is possible that
the rocks near the fracture zone were
de-magnetised when the thermal
anomaly associated with ridge axis in
the neighbouring area (segment 2)
passed close to this isolated area, and
re-magnetised when rocks cooled
again below their Curie temperature.
This segment 3 is very narrow to have
thick crust of basalt and may include
serpentinised outcrops, magnetised
through magnetite crystals created
during the process of serpentinisation.
This 'overprint magnetisation
hypothesis', would be confirmed, in
future, through petrology.

The physical process of observed
differential spreading in the CIR -
Vema FZ intersection area may be
accommodated at shallow level by
small jumps of neo-volcanic zone. This
indicates that tectonic evolution may
have been controlled by nearly
continuous tectonic extension, with
distinct periods of volcanic
constructions.

Studies on microfilm formation in
relation to physico-chemical,
biological and biochemical
parameters

To evaluate influence of quality of
larvae on metamorphosis

Balanus amphitrite, an acorn barnacle
is a dominant fouling organism with
world-wide distribution. Larval
development in this species includes
planktotrophic naupliar instars and a
non-feeding, pre-juvenile cyprid
instar. The cyprid larva depends on
energy reserves incorporated during
naupliar development for its survival
and metamorphosis. The relationship
between the two nucleic acids (DNA
and RNA) is an index of cells
metabolic intensity and can be related
to growth and nutritional condition.
We assessed the influence of food
concentration (Chaetoceros calcitrans

at 1 and 2x10° cells.ml™) and
temperature (20 and 30°C) at which
the larvae were reared on the nucleic
acid concentrations of the nauplii and
the cyprids. Food concentration and
temperature jointly determined the
naupliar instar duration. The total
naupliar development period lasted
9-11 days at 20°C, long when
compared to 5-6 days observed at
30°C. The evidence gathered from the
experiments indicate that the naupliar
experience determines the cyprid
metamorphosis capability. The RNA
concentrations of the larvae raised at
20°C which had longer total naupliar
duration was considerably less than
those raised at 30°C. This difference
in RNA concentration reflected in the
capability of the cyprids to survive
aging at 5°C. The cyprids raised at
20°C could successfully metamor-
phose for 2-4 days whereas those
raised at 30°C could do so for

8-16 days. Such differences in the
capability to metamorphose will be of
critical importance to recruitment and
early post settlement mortality.

Comparative physiology of
temperate and tropical marine
wood borers

Spatial and temporal distribution of
fungi and wood-borers in the coastal
tropical waters of Goa

Marine wood-degrading fungi are
believed to contribute to the settle-
ment and growth of wood-borers in
the sea. However, little information is
available on the association between
species of these two groups of
organisms. In view of this, the occur-
rence of marine lignicolous fungi and
wood-borers in mango (Mangifera
indica Linn.) panels submerged in the
coastal waters of Goa, India, during
different seasons, was studied. Three
test sites were selected along the
Mandovi and Zuari estuarine systems.
A total of 33 fungi (20 Ascomycota,

1 Basidiomycota, 12 Mitosporic fungi)



and 8 wood-borers (7 Teredinids and
1 Pholad) were recorded.

Contrary to earlier observations, more
fungi appeared as early colonizers on
wood during the first month of submer-
gence than later. Periconia prolifica
and Antennospora quadricornuta
colonized wood throughout the period
of submergence. Our study indicates
that in Goa waters, these two fungi
and the wood-borers Martesia striata
and Lyrodus pedicellatus are highly
versatile in their occurrence and were
present throughout the year, at all
sites. The numerous variations in
distributional patterns observed in this
study highlight the need to examine
the response of marine fungi to
physico-chemical parameters at the
individual species level.

Role of exopolysaccharides in
particle sedimentation

Seasonal variations in amino acid
composition of suspended particulate
material (SPM)

The SPM of the Dona Paula bay was
analyzed for protein amino acids,

the nonprotein amino acids
g-aminobutyric acid and ornithine, and
bulk parameters such as particulate
organic carbon (POC), particulate
organic nitrogen (PON), chlorophyll-a
and total hydrolyzable amino acids
(THAA). The THAA concentrations
exhibit significant correlation with the
concentrations of chlorophyll-a
suggesting that phytoplanktons were
the major source of amino acids. The
mole fractions of most amino acids did
not show strong variations over the
period of observation and were similar
to those observed in the three major
sources of organic matter - marine
diatoms, macroalgae and mangrove
leaves. The observed negative
relationship between dissolved
oxygen and the concentrations of
g-aminobutyric acid indicates
microbial decomposition which is in
contrast with the general observation
that this nonprotein amino acid is
preserved in the marine environment.
The pattern of amino acids
distribution, especially nonprotein
amino acids, reported in this study

add to the global picture of amino acid
distribution.

Laboratory and field studies on the
efficacy of antifouling agents and
their probable impact on bio-
ecology of marine organisms

Screening of mangrove leaves extract
against fouling organisms

A compound, tentatively identified as
terpinoid was found to be effective
against fouling diatoms N. subinflata,
N. crucicula, Amphora sp. and
Nitzschia sp. at concentrations (Ec50)
of 160, 60, 200 and 45 ppm
respectively. It was found to control
50% attachment of mussels in
laboratory at a concentration of

180 ppm. The compound exhibited
temperature dependent activity and
the activity increased with decrease of
temperature from 30 to 20°C. The
Ec50 of the compound for N.
subinflata at 20°C was 40 ppm,
whereas, it was 160 ppm at 30°C.
Further, it has been observed that the
uptake of nitrate and phosphate were
not affected significantly in the cells
exposed to different concentrations,
whereas, the silicate uptake was
found to have been affected
considerably. Secondly the enzyme,
'NR', which is responsible for nitrogen
incorporation in the cell was found to
be unaffected.

Indo-ltaly

Nudibranchs (Opisthobranchs,
Mollusca) are a class of marine
mulluscs which have no hard
calcareous shell outside their body. To
protect themselves from predation.
they resort to chemical defence
methods. They are also well known
for their rather specialized feeding
habits. Thus majority of them feed only
on one type of algae or sponge. The
toxic compounds ingested through
food or their derivatives are then used
against predators.

In collaboration with the scientists
from CNR, ltaly, we studied the
secondary metabolites of two
nudibranchs (Volvatella sp. &
Glossodoris atromarginata) as

well as their prey organisms (Green
alga Caulerpa sp. and a sponge
belonging to the genus Spongia sp.
respectively). The alga is a well known
source for several sesquiterpene
compounds such as caulerpin,
caulerpenyne, etc. The nudibranch,
Volvatella sp. which primarily feeds on
the algae Caulerpa sp. also had the
same terpenes. In addition to this, a
new, rather unstable molecule
volvatellin(1) too has been isolated
from these animals for the first time.

Two new scalaranes, viz., 12-keto
deoxoscalarin(2) and 12-deacetyl-12-
epideoxoscalarin(3) alongwith the
known metabolite, heteronemin(4)
were isolated from the nudibranch G.
atromarginata and its associated
sponge. Among these compounds

(2) & (4) showed selective cytotoxicity
against human thyroid carcinoma
(25% & 30% mortality).

Chondriol A - a new bromotriterpene
polyether from the Indian Ocean alga
Chondria armata has been identified
from the chloroform fraction of this
alga. The new structure was
established on the basis of 1D and 2D
NMR spectra, and the relative
stereochemistry based on NOESY
and NOE data.

Indo-Germany

Particulate Mn fluxes in the
Arabian Sea

An Indo-German collaborative project
between NIO and University of
Hamburg on understanding the
present day sedimentation in the
Northern and Equatorial Indian
Ocean in relation to climatic
processes using the moored sediment
traps has been in progress since
1986. Total fluxes, biogenic and
lithogenic (on inter-annual basis)
were measured routinely during last
14 years.

Particulate manganese (Mn) fluxes
measured in samples retrieved from
six time series sediment traps,
representing the period between
January 1993 and 1994, showed that
the annual settling fluxes were
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3-6 times higher in the west compared
to those in the east and central
Arabian Sea. Annual detrital Mn (Mn,)
flux was nearly the same in the
eastern and western Arabian Sea, but
excess Mn (Mn,) fluxes were much
higher (4 times) in the western
Arabian Sea. Atmospheric inputs
cannot account for these high-Mn
fluxes. Central and eastern Arabian
Sea traps are overlain by a thick and
intense denitrification layer, which may
cause reductive dissolution of Mn
oxides from settling particles and
consequently low Mn_, fluxes. As the
exchange of intermediate waters
between the Arabian Sea and the rest
of the Indian Ocean is confined largely
to the western Arabian Sea, relatively
more oxic and dynamic conditions
prevail in this region. Increased
oxidizing conditions coupled with
higher inputs of dissolved Mn through
intermediate and surface advective
processes might have led to in situ
oxidation of Mn, thus resulting in
higher vertical fluxes on Mn_. Mn_
fluxes in traps at ~1000 m depth
exhibited seasonal variability with a
minimum during the winter monsoon
(January-February) and maximum
during the pre- and early- southwest
monsoon (March-June). This variation

25 1 3 Mn,, flux
8 Mn.. flux

201

151

Flux (mg m2y")

Atnospher ¢ sclutle
Mo f ux

is correlated with watermass
movements and bacterial abundance
observed during the Joint Global
Ocean Flux Study (JGOFS).The
possible involvement of bacteria and
the microbial loop is one suggested
explanation for the concentration and
vertical transport of excess Mn. (Nair,
T.M.B., elal., 1999. Deep-Sea Res.

(1. Oceanogr. Res. Pap.), 46: 1827-1839)

Total fluxes during 1992-1994

Recently, studies were conducted on
the intercepted particle to understand
factors controlling vertical flux of
biogenic particles in the Arabian Sea.
In this connection particle fluxes were
measured using six time-series
sediment traps at three sites in the
western (16°20'N; 60°30'E), central
(14°31'N; 64°46'E) and eastern
(15°31'N; 68°43'E) Arabian Sea. Trap
deployment depths were between 900
and 3000 m and collection period was
from December 1992 to February
1994. Annual particle fluxes showed
an east-west trend with minimum
fluxes (22.25 g m?) in the eastern
Arabian Sea and maximum fluxes
(69.81 g m?) in the western Arabian
Sea. Carbonate contributed mainly by
foraminifers and coccolithophorids,

are the dominant component in all the
traps. Opal fluxes were maximum in
the western Arabian Sea. At all the
locations, lithogenic percentages
increased with depth whereas organic
carbon percentages decreased.
Particle flux patterns show a strong
seasonally with peak fluxes during
the southwest (SW) monsoon (June to
September). Relatively high fluxes
were also observed during the
northeast (NE) monsoon (December
to February). In the western Arabian
Sea, particle fluxes are dominated
mainly by carbonates during the early
SW monsoon but by biogenic silica
during the late SW monsoon. The
increase in particle fluxes during the
early SW monsoon is related to
variations in the mixed layer depth
which, in turn, is controlled by the
strength of the Findlater Jet and the
curl of the wind stress. The increase in
biogenic silica fluxes during the late
SW monsoon is related to the
advection of nutrient-rich water from
the Oman and Somali upwelling
areas. In the eastern Arabian Sea,
particle fluxes are high during the NE
monsoon due to the effects of winter
cooling.(Nair. T.M.B., etal.,1999. J. Gcol.
Soc. India. 54(4): 369-378)

WAST-91¢ m

1
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Spatial variation of Mn fluxes in the Arabian Sea. Inset shows the trap locations
with respect to the geographic extension of denitrification layer (NO, > 1 umol).




Indo-Russia

Hydrocarbons

A study on the bulk distributions and
molecular structures of n-alkanes and
polycyclic aromatic hydrocarbons
(PAH) in organic matter of the
sediments from the Bay of Bengal and
the Eastern and Central Indian Basins
was undertaken. The former two
regions represent areas characterised
by 'normal’ sedimentation while the
third one mainly represents a region
of 'active tectonism'. Content of the
hydrocarbons in the sediments of
'normal' sedimentation ranges
between 4.6 and 10.5 mg/g and
aromatic hydrocarbons ranges
between 0 and 0.38 mg/g. n-Alkanes
in the sediments of the northern deep
part of the Bay of Bengal consist
mostly of long-chain structures (total

C25-C33 up to 70%) with a high
carbon preference index (CPI = 3.01 -
3.43), indicating a large contribution of
organic matter from terrigenous
sources. The sediments from the
Eastern Indian Basin have n-alkane
distributions in which the long-chain
components did not exceed 52.5%
and the CPI was 1.7-1.90, indicating
that the hydrocarbons are mostly
derived from marine sources. Sharp
increases of hydrocarbons are found
in the vicinity of the tectonically active
region of the Central Indian Basin,
particularly in the sediments collected
from the fracture zone. The total
concentration of hydrocarbons
increase to 170 mg/g and the
aromatic hydrocarbons fraction to
156.3 mg/g. The proportion of short-
chain n-alkanes increases up to 70%.
CPI decreases to 0.76-1.12, and high
concentrations of n-C16 (16-40%)

occur, all of which are absent in the
other samples. The molecular content
of PAH includes the unsubstituted
individual structures: biphenyl,
fluorene, pyrene, perylene,
benzo(ghi)perylene, and the groups of
homologues of naphthalene,
benzofluorene, phenanthrene and
chrysene. The association of the

PAH and composition of paraffin
hydrocarbons in the surficial
sediments of deformation zone
indicate that these are the resultant
products of hydrothermal processes.
It is, therefore, suggested that the
association and composition of the
hydrocarbons in sediments can be
utilised as a paleoceanographic
parameter to decipher the history

of tectonism of an area. (Chernova, T.G.
et al, 1999. Mar. Chem. 66: 231-243)
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data & information

« data & information
« library
* publications & public relations

Data & Information

The Responsible National
Oceanographic Data Centre (RNODC)
continued data acquisition, processing
and dissemination activities. While
continuing work on the projects
funded by the Department of Ocean
Development, a couple of new
projects valued at Rs.19.8 lakhs,
mainly to develop GIS based
biochemical data bases for coastal
and estuarine users were taken up.
The newly developed data bases
comply with 1ISO-9001 requirements.

A. Data acquisition

The following data sets were acquired
during the year.

No. of Obs./
Parameter Profiles
CTD 234
CTD 31
XBT 88
XBT 119
Nutrients 56
Total CO, 247
Chlorophyll 30
Surface met buoys 880
Radiation 81
COMAPS data 24 sets

Sponsored research 23 sets
data

Revised JGOFS 1CD
International
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B. Database development

Following are the databases available
at RNODC data bank in RDBMS:

Station inventory No. of Records

() Oceanographic stations 16,198
and cruises

(l) Coastal stations (COMAPS) 4,305

(i) Sponsored project stations 1933

(iv) Time series stations 3,759

Databases

for Indian Ocean

@ CTD 5,24,526

(i) Hydrocast 34,532

(iiy BT (MBT, XBT, DBT) 3,22,158

(iv) Surface meteorological 14,412
parameters

(v) Total CO, 2,758

(vi) Drifting buoys and sea 19,947
surface parameters

(vii) Wave (height & period) 1957

(viii) Biological parameters 48,233

for coastal stations

(i) Physical parameters 9640

(i) Chemical and pollution 20,088
parameters

(i) Biological parameters 22,848

(iv) Sediment analysis 825

Source

SagarKanya (Cr. 120, 147A&B)

MV Polar (18th Antarctic Expdtn.)

MV Polar (18th Antarctic Expdtn.)

Sagar Kanya (Cr. 147A&B)

Sagar Kanya (Cr. 63)

Sagar Kanya (Cr. 63,70, 87, 91, 99, 109, 115,
121)

Sagar Kanya (Cr. 110, 110A, 122, 127)

Sea Truth Programme of Data Buoys
SagarKanya (Cr. 110, 110A, 122, 127)

DOD COMAPS Centres
Field participants

JGOFS Core Office, Norway

C. Data processing

Marine geophysical data set of the
Indian Ocean

More than 1,518,500 records of
marine geophysical data sets on
bathymetry, magnetics and gravity
were processed on request from
NPOL, Kochi and encrypted on CD.
These data sets were collected during
295 cruises participation of USA,
China, UK., Russia, France, South
Africa, Germany, Japan and India. The
CD also includes data coverage
charts and summary.

Hydrographic data of the Indian
Ocean

The hydrographic data sets from IIOE,
RV Gaveshani and ORV Sagar Kanya
cruises undertaken during 1960 to
1994 were processed for NIO-
HYDRO_CD.

A test CD is under modification. The
CD will also have user friendly
interface softwares.

Data dissemination

A total of 21 data requests from SAC,
Ahmedabad; DNOM, New Delhi;
CSMCRI, Bhavnagar; MOD,

New Delhi; NHO, Dehradun; CMFRI,
Kochi; IOC, Paris; WDC-A,
Washington; Universities and IITs
were serviced.

Inventory information on coastal
oceanographic data collected under
the coastal Oceanographic Monitoring
and Prediction System (COMAPS)
project supported by the Dept. of
Ocean Development was provided to
IOC, Paris, under intimation to the
DOD.

CDs with JGOFS (India) processed
data on different parameters and user
friendly software were distributed to
users from Australia, Canada, Greece,
Iran, Japan, Kenya, France, Qatar,
Bangladesh, Germany, UK, USA,
Russia.



Library

The library continued to provide
various services besides acting as
National Information Centre for Marine
Sciences (NICMAS of NISSAT) and
National Input Centre of ASFIS. The
following major jobs were executed
during the year:

* A CD server of 14 trays and CD
contents server of 17 GB
nomenclatured as Walmiki and Vyas
were installed for data base accessi-
bility on LAN.

* The document lending and borrow-
ing facility was computerised.

« A Library web-site was launched on
LAN (intranet).

Publications & Public Relations

Various internal publications such as
the Annual Report, Technical Reports,
Cruise Reports and Sponsored
Project Reports were brought out.
Support services in drawing &
drafting, photography, desktop
publishing, printing & binding was
continued. Visitors and participants of
various meets and workshops were
guided and provided with necessary
information.

Science Forum

Science Forum involving media
persons and science writers, was
formed to provide an interactive
platform between science generators
and science disseminators. The
Forum meets every month and
scientists present their area of work
and its societal importance.

National Technology Day

The Institute observed the first
National Technology Day on 11 May
1999. This was to commemorate the
success of triple nuclear tests at
Pokhran, test firing of Trishul missile
and test flight of NAL built trainer
aircraft Hansa-3.

The institute was open to the general
public. In an invited lecture

The website provides access to: ocean.org) was developed and
launched in November 1999. The
- Indian Ocean literature INDOCEAN database holds over
(INDOCEAN) 23,000 references.

- Library catalogue (OCEANLINE) « A Letter of Agreement was signed by

- NIO's contributions (NIOPUB) the NICMAS with the Food &
_ Agriculture Organisation (FAO) of the
- Details of borrowed documents United Nations for a grant of
(CIRC) and US$15,000 towards digitization of
- Current literature in select journals the Aquatic Sciences & Fisheries
(CURRENT RESEARCH). Abstracts published during 1974.

The website also provides info on how . \work on the development of
to link ASFA data bases on the LAN. Websites and Databases on the

Indian Mangroves and Coral Reefs

* Under NICMAS supported by supported by the Ministry of
NISSAT, DSIR, Gowt. of India, a Environment and Forests, Gowt. of
Website on the Indian Ocean India was initiated.

( HYPERLINK http:/iAww.indian-
ocean.org) _http://www.indian-

« Through various chargeable
services. Library earned a modest
revenue of Rs. 1 lakh.

Representatives from the
national dailies & news
agencies at the Science
Forum.

May 11. 1999
Tributes

{o

Galaxy of Our Scientists

Appraising Institute's activities.
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Dr. P.C. Pandey. Director, Antarctic
Study Centre, spoke on "Remote
sensing techniques and their applica-
tions" with special reference to the
OceanSat  -1.

Orientation course in oceanography

A fortnight orientation course was
organised for the students of classes
X to XIlI. This was basically to provide
a forum for students to interact with
bench level scientists to facilitate
career development. The course
included visits to different depart-
ments and demonstration of modern
laboratory facilities.

Summer Course

One week summer course on "Know
Your Beach" was organised for
students of classes VIl to X. Forty
students from different schools
participated. The course included visit
to two different beaches, besides
lectures, video shows and equipment
demonstrations.

CSIR Foundation Day

The Institute observed 26 September
"CSIR Foundation Day". Rich tributes
were paid to late Sir Arcot
Ramaswamy Mudaliar, one of the
visionaries, whose initiatives led to the
foundation of the CSIR. The Institute
was declared open to the public. Top
rank class X students of the year 1999
(about 100 from different educational
boards) were invited alongwith their
teachers and parents for a briefing on
the activities of NIO and CSIR's
Programme on Youth for Leadership in
Science (CPYLS) - besides general
lectures and film shows. A student-
scientist interaction session was also
held.

Employees who superannuated from
service and those who had completed
25 years of service in CSIR were
felicitated. Dr. B.U. Nayak, Deputy
Director, NIO, who served over four
years as Director of CWPRS, Pune
(on deputation) said, "CSIR has a very
good work culture and one starts
realising it only when one is away
from it".
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Feed back from
the student
participants.

Orientation course
- Participants and
faculty with the
Director-

Participants of Summer
course - lab to field.



Dr. B.U. Nayak expressing his views.

'‘CSIR is an open organisation and
therefore prone to criticism. It gives us
strength and it is what makes CSIR
strong and continuously evolve" said
Dr. Ehrlich Desa, Director while
addressing the gathering.

INMEX-99

The Institute participated at the India
International Maritime Expo (INMEX-
99) held in Panaji (Capital city of Goa)
from 6-10 October. The Expo organ-
ised by M/s Devaiah Associates,
Bangalore, had the participation of
maritime industries such as port,
harbour, shipping & fishing.

National Science Day

The institute observed 28 February
‘National Science Day'. Apart from
declaring the institute open to the
public, talks on "Swimmers hold on!"
by Dr. S. Prasanna Kumar and
"Thermal studies of Southern Ocean
during the recent expedition to
Antarctica" by Shri A.K. Saran were
arranged.

Visitors on the National Science Day.



Visitors

Dr. Murli Manohar Joshi, Union Minister for Human
Resources Development, Science and Technology
and Department of Ocean Development, visited the
Institute on 1 April. Dr. Joshi in his remarks, observed
that the oceans are store house of various resources.
The vast wealth that it holds has been attracting the
attention of the several market forces. It is necessary
that information on various methods of exploration
which is scattered now, be pooled together for
optimum use of the ocean. He expressed the
importance of making ocean science as part of the
curricula for schools and colleges.

Dr. Desa seen appraising the Minister on
institute's activities.

Dr. A.G. Untawale presenting replica of the seal found in marine
archaeological exploration in Dwarka.
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