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Technical Programme Schedule
Time
10:00-11:00
IST

14-Mar-22
(Monday)

05:30-06:30
UTC

16-Mar-22
(Wednesday)

17-Mar-22
(Thursday)

18-Mar-22
(Friday)

Inaugural

Plenary session &
Panel Discussion
on Monsoon
and climate
variability

Session-08 :
Atmospheric
Chemistry and
pollution

Session-08 :
Atmospheric
Chemistry and
pollution

Presentation
by Commercial
Exhibitors

Venue:
Auditorium

Venue:
Auditorium

Venue: Hall-A

Venue: Hall-A

Venue:
Auditorium

Co-Chairs Lokesh Kumar
Sahu,Paravadha
Suntharalingam

Co-Chairs Lokesh Kumar
Sahu,Paravadha
Suntharalingam

Session-11:
Inter-basin
interactions in
the Indian Ocean

Session-11:
Inter-basin
interactions in
the Indian Ocean

Venue : Hall-B

Venue : Hall-B

Co-Chairs - S S C
Shenoi,Weidong
Yu,Juliet
Hermes,Michael
McPhaden

Co-Chairs - S S C
Shenoi,Weidong
Yu,Juliet
Hermes,Michael
McPhaden

Session-05 :
Biogeochemistry
and Microbiology
of the Indian
Ocean: Recent
advances

Session-05 :
Biogeochemistry
and Microbiology of
the Indian Ocean:
Recent advances

Session-13:
Geology,
geophysics and
seabed mapping
of the Indian
Ocean

Venue: Hall-A

Venue: Hall-A

Venue: Hall-A

Co-Chairs - V V S
S Sarma,Raleigh
Hood,Lynnath
Beckley,Eric Reas

Co-Chairs - V V S
S Sarma,Raleigh
Hood,Lynnath
Beckley,Eric Reas

Co-Chairs Jyotiranjan S.
Ray,Jerome
Dyment,Renat
Shakirov

Session-09 :
Coastal and
estuarine
processes:
Anthropogenic
impacts and
vulnerabilities

Session-09 :
Coastal and
estuarine
processes:
Anthropogenic
impacts and
vulnerabilities

Session-14 :
Extreme events
and their
impacts

04:30-05:30
UTC

11:00-12:00
IST

15-Mar-22
(Tuesday)
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INTERNATIONAL INDIAN OCEAN
SCIENCE CONFERENCE (IIOSC)
Time

14-Mar-22
(Monday)

15-Mar-22
(Tuesday)

16-Mar-22
(Wednesday)

18-Mar-22
(Friday)

Venue: Hall-B

Venue: Hall-B

Co-Chairs - Sunil
Kumar Singh,Mike
Roberts

Co-Chairs - Sunil
Kumar Singh,Mike
Roberts

Co-Chairs - M.
Mohapatra,Chari
Pattiaratchi,JumaAl-Maskari

Comfort Break

06:30-06:45
UTC

06:45-07:45
UTC

17-Mar-22
(Thursday)

Venue: Hall-B

12:00-12:15
IST

12:15-13:15
IST

2022

Plenary session &
Panel Discussion
on Blue economy
and sustainable
development

Session-02:
Impacts of
climate change
on the Indian
Ocean

Session-05 :
Biogeochemistry
and Microbiology
of the Indian
Ocean: Recent
advances

Session-05:
Biogeochemistry
and Microbiology of
the Indian Ocean:
Recent advances

Session-13:
Geology,
geophysics and
seabed mapping
of the Indian
Ocean

Venue:
Auditorium

Venue: Hall-A

Venue: Hall-A

Venue: Hall-A

Venue: Hall-A

Co-Chairs - S.
Rajan,Helen
Philips,Fangli Qiao

Co-Chairs - V V S
S Sarma,Raleigh
Hood,Lynnath
Beckley,Eric Reas

Co-Chairs - V V S
S Sarma,Raleigh
Hood,Lynnath
Beckley,Eric Reas

Co-Chairs Jyotiranjan S.
Ray,Jerome
Dyment,Renat
Shakirov

Session-07: AirSea interactions,
exchange of
trace gases and
related processes

Session-09 :
Coastal and
estuarine
processes:
Anthropogenic
impacts and
vulnerabilities

Session-09 : Coastal
and estuarine
processes:
Anthropogenic
impacts and
vulnerabilities

Session-14 :
Extreme events
and their
impacts

Venue: Hall-B

Venue: Hall-B

Co-Chairs - Vinu
Valsala,Hermann
Bange,Kawser
Ahmed

Co-Chairs - Sunil
Kumar Singh,Mike
Roberts

Co-Chairs - Sunil
Kumar Singh,Mike
Roberts

Co-Chairs - M.
Mohapatra,Chari
Pattiaratchi,JumaAl-Maskari
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Time

14-Mar-22
(Monday)

13:15-14:15
IST
07:45-08:45
UTC

15-Mar-22
(Tuesday)

16-Mar-22
(Wednesday)

17-Mar-22
(Thursday)

18-Mar-22
(Friday)

Session-02:
Impacts of
climate change
on the Indian
Ocean

Session-02:
Impacts of
climate change
on the Indian
Ocean

Session-03:
Circulation and
Boundary currents
in the Indian Ocean

Session-13:
Geology,
geophysics and
seabed mapping
of the Indian
Ocean

Venue: Hall-A

Venue: Hall-A

Venue: Hall-A

Venue: Hall-A

Co-Chairs Co-Chairs - S. Rajan, Co-Chairs - P. N
Helen Philips,Fangli Vinayachandran, Yukio
S. Rajan, Helen
Philips, Fangli Qiao Qiao
Masumoto,Fabien
Durand
Session-07: AirSea interactions,
exchange of trace
gases and related
processes

Session-10: Climate
and monsoon
variability: Lessons
from paleo-climatic
studies and links to
polar regions

Session-14 :
Extreme events
and their
impacts

Venue: Hall-B

Venue: Hall-B

Venue: Hall-B

Venue: Hall-B

Co-Chairs - Vinu
Valsala,Hermann
Bange,Kawser
Ahmed

Co-Chairs - Vinu
Valsala,Hermann
Bange,Kawser
Ahmed

Co-Chairs - Ravi S.
Nanjundiah,Birgit
Gaye

Co-Chairs - M.
Mohapatra,Chari
Pattiaratchi,JumaAl-Maskari

Comfort Break

08:45-09:00
UTC

09:00-10:00
UTC

Co-Chairs Jyotiranjan S.
Ray,Jerome
Dyment,Renat
Shakirov

Session-07: AirSea interactions,
exchange of
trace gases and
related processes

14:15-14:30
IST

14:30-15:30
IST

2022

Session-01: IIOE2 contribution
to sustainable
development:
toward the UN
Decade of ocean
science

Session-04
: Ocean
observations
and data in the
Indian Ocean:
toward an ocean
data information
system

Plenary
session & Panel
Discussion on
Biogeochemistry
and Ecology

Plenary session &
Panel Discussion on
Ocean value chain:
Observaitons to
services

Panel discussion
on Contribution
to United
Nations Decade
of Ocean Science
for Sustainable
Development

Venue: Hall-A

Venue: Hall-A

Venue:
Auditorium

Venue:
Auditorium

Venue:
Auditorium
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INTERNATIONAL INDIAN OCEAN
SCIENCE CONFERENCE (IIOSC)
Time

14-Mar-22
(Monday)
Co-Chairs M.Atmanand,Ben
Milligan

15-Mar-22
(Tuesday)

16-Mar-22
(Wednesday)

Co-Chairs - Shailesh
Nayak,Sidney
Thurston

Session-12 :
Session-06 :
Marginal seas of Ecology of the
the Indian Ocean Indian Ocean:
Understanding
and
Predictability

15:30-16:30
IST
10:00-11:00
UTC

Venue: Hall-B

Venue: Hall-B

Co-Chairs - S R
Shetye,Joaquim
Goes,Behrooz
Abtahi,Faiza
Yamani

Co-Chairs - G V
M Gupta,Gregg
Cowie,Francis
Marsac,Zainal
Arifin

Session-04:
Ocean
observations
and data in the
Indian Ocean:
toward an ocean
data information
system

Session-04:
Ocean
observations
and data in the
Indian Ocean:
toward an ocean
data information
system

Venue: Hall-A

Venue: Hall-A

Co-Chairs - Shailesh Co-Chairs - Shailesh
Nayak,Sidney
Nayak,Sidney
Thurston
Thurston
Session-06 :
Ecology of the
Indian Ocean:
Understanding
and
Predictability

Session-06 :
Ecology of the
Indian Ocean:
Understanding
and
Predictability

Venue: Hall-B

Venue: Hall-B

Co-Chairs - G V
M Gupta,Gregg
Cowie,Francis
Marsac,Zainal
Arifin

Co-Chairs - G V
M Gupta,Gregg
Cowie,Francis
Marsac,Zainal
Arifin
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17-Mar-22
(Thursday)

2022
18-Mar-22
(Friday)

Time

14-Mar-22
(Monday)

15-Mar-22
(Tuesday)

Workshop for
Early-Career
Scientists (by
invitation only)

Workshop for
Early-Career
Scientists (by
invitation only)

Venue:
Auditorium

Venue:
Auditorium

16-Mar-22
(Wednesday)

16:30-16:45
IST

11:15-12:15
UTC

18-Mar-22
(Friday)

Comfort Break

11:00-11:15
UTC
16:45-17:45
IST

17-Mar-22
(Thursday)

2022

Session-04:
Ocean
observations
and data in the
Indian Ocean:
toward an ocean
data information
system

Session-04:
Ocean
observations
and data in the
Indian Ocean:
toward an ocean
data information
system

Session-03:
Circulation
and Boundary
currents in the
Indian Ocean

Session-03:
Valedictory/
Closing
Circulation and
Boundary currents
in the Indian Ocean

Venue: Hall-A

Venue: Hall-A

Venue: Hall-A

Venue: Hall-A

Co-Chairs - Shailesh Co-Chairs - Shailesh Co-Chairs - P. N
Nayak,Sidney
Nayak,Sidney
Vinayachandran,
Thurston
Thurston
Yukio
Masumoto,Fabien
Durand

Co-Chairs - P. N
Vinayachandran,Yukio
Masumoto,Fabien
Durand

Session-06 :
Ecology of the
Indian Ocean:
Understanding
and
Predictability

Session-06 :
Ecology of the
Indian Ocean:
Understanding
and
Predictability

Session - 10 :
Climate and
monsoon
variability:
Lessons from
paleo-climatic
studies and links
to polar regions

Session-10 : Climate
and monsoon
variability: Lessons
from paleo-climatic
studies and links to
polar regions

Venue: Hall-B

Venue: Hall-B

Venue: Hall-B

Venue: Hall-B

Co-Chairs - G V
M Gupta,Gregg
Cowie,Francis
Marsac,Zainal
Arifin

Co-Chairs - G V
M Gupta,Gregg
Cowie,Francis
Marsac,Zainal
Arifin

Co-Chairs - Ravi S.
Nanjundiah,Birgit
Gaye

Co-Chairs - Ravi S.
Nanjundiah,Birgit
Gaye
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INTERNATIONAL INDIAN OCEAN
SCIENCE CONFERENCE (IIOSC)
Time

14-Mar-22
(Monday)

15-Mar-22
(Tuesday)

16-Mar-22
(Wednesday)

2022

17-Mar-22
(Thursday)

Workshop for
Early-Career
Scientists (by
invitation only)
Venue:
Auditorium
17:45-18:30
IST
12:15-13:00
UTC

Interactive
poster session
Session 1,
2 and 3

Interactive
poster session
Session 4,
6 and 7

Interactive poster Interactive poster
session
session
Session 5 and 8
Session 9, 10, 11, 13
and 14

Venue: e-Poster
Gallery

Venue: e-Poster
Gallery

Venue: e-Poster
Gallery
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Venue: e-Poster
Gallery

18-Mar-22
(Friday)

2022

Plenary sessions & Panel Discussions
14 March 2022
(Monday)
Time

Blue economy and sustainable development
Moderator: Dr Ben Milligan
Speaker

Title

12:15-12:20 IST
06:45-06:50 UTC

Dr Ben Milligan

Opening Remarks by Moderator

12:20-12:40 IST
06:50-07:10 UTC

Dr Shailesh Nayak

Towards Blue Economy: An Indian Perspective

12:40-13:00 IST
07:10-07:30 UTC

Dr (Cdr) Arnab Das

Underwater Domain Awareness Framework for
a Safe, Secure, Sustainable Growth for all in the
Indian Ocean Region (IOR)

13:00-13:20 IST
07:30-07:50 UTC

Prof Oliver Steeds

Nekton’s Indian Ocean Mission 2018-2022

13:20-13:40 IST
07:50-08:10 UTC

Ken Findlay

Ocean Accounting: Integrating transdisciplinary
ocean data to bridge the science-policy gap for
ocean sustainable development

13:40-14:10 IST
08:10-08:40 UTC

Panel Discussion

1. How to optimize the role of the ocean in
sustainably feeding the world’s population?
2. What are the probable solutions for equitable
and sustainable development of the ocean
economy?

14:10-14:15 IST
08:40-08:45 UTC

Dr Ben Milligan

Closing Remarks by Moderator

15 March 2022
(Tuesday)
Time

Monsoon and climate variability
Moderator: Dr Marie-Alexandrine Sicre
Speaker

Title

10:00-10:05 IST
04:30-04:35 UTC

Dr Marie-Alexandrine
Sicre

Opening Remarks by Moderator

10:05-10:25 IST
04:35-04:55 UTC

Dr Michael McPhaden

Advances in Describing and Understanding
Equatorial Indian Ocean Circulation

10:25-10:45 IST
04:55-05:15 UTC

Prof Sulochana Gadgil Role of the Indian Ocean in the variability of the
Indian Monsoon

10:45-11:05 IST
05:15-05:35 UTC

Dr Roxy Mathew

IndOOS-2: A Roadmap to Better Observations of
the Rapidly Warming Indian Ocean

11:05-11:25 IST
05:35-05:55 UTC

Dr R. Krishnan

Monsoon Hydrological Cycle Response to Global
Climate Change: Key messages from the IPCC AR6
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13:40-14:10 IST
05:55-06:25 UTC

Panel Discussion

1. How to generating knowledge base to enhance
understanding of the ocean-climate nexus?
2. What are the probable solutions to mitigate,
adapt and build resilience to the effects of
climate change?

11:55-12:00 IST
06:25-06:30 UTC

Dr Marie-Alexandrine
Sicre

Closing Remarks by Moderator

16-Mar-22
(Wednesday)
Time

Biogeochemistry and Ecology
Moderator: Prof Raleigh Hood
Speaker

Title

14:30-14:35 IST
09:00-09:05 UTC

Prof Raleigh Hood

Opening Remarks by Moderator

14:35-14:55 IST
09:05-09:25 UTC

Dr Sunil Kumar Singh

New results from GEOTRACES India

14:55-15:15 IST
09:25-09:45 UTC

Dr Greg Cowie

What controls sedimentary carbon content?
Insights from the contrasting margins of the
Arabian Sea

15:15-15:35 IST
09:45-10:05 UTC

Dr. Mar Benavides

On the role of non-cyanobacterial diazotrophs as a
source of nitrogen for the Southern Indian Ocean

15:35-15:55 IST
10:05-10:25 UTC

Dr. Amal Jayakumar

Distribution of Nitrogen fixing microbes in the
Oxygen Minimum Zones

15:55-16:25 IST
10:25-10:55 UTC

Panel Discussion

1. How do we understand the sources of
pollutants and their potential impacts on
human health and ocean ecosystems?
2. What are the best possible solutions to monitor,
protect, manage and restore ocean ecosystems
and their biodiversity

16:25-16:30 IST
10:55-11:00 UTC

Prof Raleigh Hood

Closing Remarks by Moderator

17-Mar-22
(Thursday)
Time

Ocean value chain: Observaitons to services
Moderator: Dr Sidney Thurston
Speaker

Title

14:30-14:35 IST
09:00-09:05 UTC

Dr Sidney Thurston

Opening Remarks by Moderator

14:35-14:55 IST
09:05-09:25 UTC

Dr M. Rajeevan

Role of Oceans on South Asian Monsoon

14:55-15:15 IST
09:25-09:45 UTC

Dr Fehmi Dilmahamod The South-East Madagascar Bloom - An
observational and modeling perspective
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15:15-15:35 IST
09:45-10:05 UTC

Dr Juliet Hermes

Keeping the Agulhas current

15:35-15:55 IST
10:05-10:25 UTC

Dr Satheesh Shenoi

Ocean Services in India and their impacts on the
end users

15:55-16:25 IST
10:25-10:55 UTC

Panel Discussion

1. What are the new developments towards
sustainable ocean observing system?
2. How new age autonomous instrumentaiton
such as gliders, drones, etc., can be used for for
sustained ocean observations?
3. What could be probable strategies to enhance
the multi-hazard early warning services
including predictions for the ocean, climate
and weather?

16:25-16:30 IST
10:55-11:00 UTC

Dr Sidney Thurston

Closing Remarks by Moderator

18-Mar-22
(Friday)

Contribution to United Nations Decade of Ocean Science for
Sustainable Development
Moderator: Dr. Vladimir Ryabinin

Time

Speaker

Title

14:30-14:35 IST
09:00-09:05 UTC

Dr. Vladimir Ryabinin

Opening Remarks by Moderator

14:35-14:50 IST
09:05-09:20 UTC

Dr Ben Milligan

Learning from plenary session on Blue economy
and sustainable development

14:50-15:05 IST
09:20-09:35 UTC

Dr Marie-Alexandrine
Sicre

Learning from plenary session on Monsoon and
climate variability

15:05-15:20 IST
09:35-09:50 UTC

Prof Raleigh Hood

Learning from plenary session on Biogeochemistry
and Ecology

15:20-15:35 IST
09:50-10:05 UTC

Dr Sidney Thurston

Learning from plenary session on Ocean value
chain: Observaitons to services

15:35-16:25 IST
10:05-10:55 UTC

Panel Discussion

1. Contribution of IIOE towards UN Ocean Decade
- What is done and road ahead

Dr Shailesh Nayak

Panellist

Dr M Ravicnadran

Panellist

Dr T Srinivasa Kumar

Panellist

Dr Hermann Bange

Panellist

Prof Sunil Kumar Singh Panellist
16:25-16:30 IST
10:55-11:00 UTC

Dr Arvind Singh

Panellist

Dr. Vladimir Ryabinin

Closing Remarks by Moderator
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International Scientific Planning Committee
¾¾ Dr. M. Ravichandran, Secretary, MoES, India, Chair
¾¾ Dr. Vladimir Ryabinin,(IOC Executive Secretary & Co-chair IIOE-2), Vice Chair
¾¾ Dr. Marie-Alexandrine Sicre (President SCOR & Co-chair IIOE-2), Vice Chair
¾¾ Dr. Lynnath Beckley, Australia, Member
¾¾ Dr. Hermann Bange, Germany, Member
¾¾ Dr. Margareth Kyewayanga, Tanzania, Member
¾¾ Dr. Raleigh Hood, USA, Member
¾¾ Dr. Weidong Yu, China, Member
¾¾ Dr. Yukio Masumoto, Japan, Member
¾¾ Dr. Juliet Hermes, South Africa, Member
¾¾ Dr. Jerome Dyment, France, Member
¾¾ Dr. Ben Milligan, UK, Member
¾¾ Dr. Shailesh Nayak, India, Member
¾¾ Dr. Zainal Arifin, Indonesia, Member
¾¾ Dr. TaeKeun Rho, South Korea, Member
¾¾ Dr. Renat Shakirov, Russia, Member
¾¾ Dr. Danielle Su, Australia, Member (Early Career Scientist)
¾¾ Dr. Arvind Singh, India, Member (Early Career Scientist)
¾¾ Dr. Faiza Yamani, Kuwait, Member
¾¾ Dr. S.S.C. Shenoi, India, Member
¾¾ Dr. T. Srinivasa Kumar, India, Convener
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2022
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National Organizing Committee
¾¾ Dr. M. Ravichandran, Secretary, MoES, Chair
¾¾ Prof. Sunil Kumar Singh, Director, CSIR-NIO, Member
¾¾ Dr. Mirza Javed Beg, Director, NCPOR, Member
¾¾ Dr. G. A. Ramadass, Director, NIOT, Member
¾¾ Dr. G. V. M. Gupta, Director, CMLRE, Member
¾¾ Dr. R. Krishnan, Director, IITM, Member
¾¾ Dr. A. K. Mitra, Head, NCMRWF, Member
¾¾ Dr. M. V. Ramanamurthy , Director, NCCR, Member
¾¾ Dr. A. Gopalakrishnan, Director, CMFRI, Member
¾¾ Dr. Raj Kumar, Director, NRSC, Member
¾¾ Dr. V. M. Tiwari, Director, CSIR-NGRI, Member
¾¾ Director, DNOM, Member
¾¾ Prof. Debasis Sengupta, Chairman, CAOS, IISc., Member
¾¾ Dr. Nilesh M. Desai, Director, SAC, Ahmedabad, Member
¾¾ Prof. Harilal B Menon, Vice Chancellor, Goa University, Member
¾¾ Prof. J. S. Ray, Director, NCESS, Member
¾¾ Dr. T. Srinivasa Kumar, Director, INCOIS, Member Secretary
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INTERNATIONAL INDIAN OCEAN
SCIENCE CONFERENCE (IIOSC)

2022

Local Organizing Committee
¾¾ Prof. Sunil Kumar Singh, Director, NIO, Chairman
¾¾ Dr. Mirza Javed Beg, Director, NCPOR, Vice-Chairman
¾¾ Dr. T. Srinivasa Kumar, Director, INCOIS, Vice-Chairman
¾¾ Prof. B. Harilal Menon, Goa University, Member
¾¾ Dr. Aneesh Lotliker, Scientist-E, INCOIS (JPO-IIOE-2) Hyderabad, Member
¾¾ Mr. N. Kiran Kumar, Scientist-E, INCOIS, Member
¾¾ Dr. Mandar Nanajkar, Senior Scientist, NIO, Member
¾¾ Dr. Sameer R. Damare, Principal Scientist, NIO, Member
¾¾ Dr. Sushant S. Naik, Senior Scientist, NIO, Member
¾¾ Dr. N. Anil Kumar, Scientist-F, NCPOR, Member
¾¾ Dr. Sarat Chandra Tripathy, Scientist-F, NCPOR, Member
¾¾ Mr. M. M. Subramaniam, Scientist-D, NCPOR, Member
¾¾ Senior METOC Officer, INS Hansa, Member
¾¾ Dr. V. Sanil Kumar, Chief Scientist, NIO, Member Secretary
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2022
INTERNATIONAL INDIAN OCEAN SCIENCE CONFERENCE (IIOSC)-2022

Editorial Committee
¾¾ Dr. Nimit Kumar, Scientist, INCOIS
¾¾ Mr. Kiran Kumar N., Scientist, INCOIS
¾¾ Dr. Aneesh Lotliker, Scientist, INCOIS
¾¾ Mr. Nagaraja Kumar M., Scientist, INCOIS
¾¾ Mr. Sidhartha Sahoo, Scientist Asst., INCOIS
¾¾ Dr. Srinivas Kumar T., Scientist & Director, INCOIS
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-

1

INTERNATIONAL INDIAN OCEAN
SCIENCE CONFERENCE (IIOSC)

O

N

SESSION-1

S

E

S

S

I

IIOE-2 contribution to
sustainable development:
toward the UN Decade of
ocean science

SESSION-1 - HOME

16

Plenary Sessions &
Panel Discussions

Technical
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INTERNATIONAL INDIAN OCEAN
SCIENCE CONFERENCE (IIOSC)

2022

SESSION-1: IIOE-2 contribution to sustainable development:
toward the UN Decade of ocean science
Presentation

ABS-2022-01- Francis Marsac
0016

The role of marine environmental
sciences to inform management of
tuna fisheries by the Indian Ocean
Tuna Commission (IOTC)

Oral

2

ABS-2022-01- Tainã Gonçalves
0072
Loureiro

Unpacking the role of
Oral
oceanographic data in marine
ecosystem accounting and an ocean
accounts framework

3

ABS-2022-01- Sarma VVSS
0153

Priming primary production for
Oral
‘Blue Economy’ in the Bay of: Bengal:
Prospects

4

ABS-2022-01- Sudip Kumar
0422
Kundu

Oral
Technology-aided advisories to
enhance the societal values of
marine ecosystem services - a grassroots level case study from Odisha

5

ABS-2022-01- Prashant
0454
Srivastava

Blue Economy Policy of India

Oral

6

ABS-2022-01- Nimit Kumar
0098

Status and roadmap towards data
driven management of yellowfin
tuna resource in the Indian seas

Poster

7

ABS-2022-01- Zoe Jacobs
0115

Ocean science in action:
Poster
communicating cutting edge
advances in marine research and
technology via Massive Online Open
Courses

8

ABS-2022-01- Teresia Nyambura Molecular characterization and
0150
Wacira
antimicrobial activity of endophytic
fungi from selected mangrove
species along the Kenyan Coast

-

1

N

Abstract Title

S

E

Poster

S

I

O

Name

S

S.No Abstract No.

1

Co-Chairs - M.Atmanand, Ben Milligan

SESSION-1 - HOME

17

Plenary Sessions &
Panel Discussions

Technical
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INTERNATIONAL INDIAN OCEAN
SCIENCE CONFERENCE (IIOSC)

2022

ABS-2022-01-0016

Francis Marsac*, Paul de Bruyn
Institute of Research for Development (IRD)
SFA, Espace Building, Po Box 449, Victoria, Mahe, Seychelles
Pincode: 248, E-mail: francis.marsac@ird.fr
The Indian Ocean Tuna Commission (IOTC) is an regional organization composed of 31 contracting
parties with the mandate to manage tuna stocks and fisheries in the Indian Ocean and ensure their
sustainability. The large migratory nature of tuna populations requires management measures to
be discussed and implemented at the scale of the ocean. All management decisions are required
to be science-based, which stresses the key role of the Scientific Committee (SC), an advisory body
of the IOTC Commission. The SC advises and reviews tuna-related research activities (including
ecosystem effects of fishing) and considers trends in the oceanic environment to rationalize
the outcomes in terms of recommendations to be discussed and (sometimes) translated into
management measures by the Commission. Fishery data are the bulk of the information used
for the assessment of resources, however it is widely recognized that environmental conditions
interacting with fishing pressure can drive the productivity of a fish stock towards a variety of
diverse trajectories. In the Indian Ocean, the monsoon-driven seasonal signal influences the spatial
distribution of several fisheries. The inter-annual fluctuations associated to Dipole/ENSO events
also drive productivity patterns at the base of the food chain which propagate to the higher levels
of the ecosystem. In this presentation, we review the main environmental stressors on the tuna
fishery and show how these features are taken into consideration to inform the management
advice at the IOTC. We also present a web-based platform to be developed by the IOTC to inform
the public and stakeholders on the status and trends of the environmental conditions which affect
tuna fisheries in the Indian Ocean.
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The role of marine environmental sciences to inform management
of tuna fisheries by the Indian Ocean Tuna Commission (IOTC)
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Unpacking the role of oceanographic data in marine ecosystem
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An ocean accounts framework provide standard, consistent and comprehensive structures
for the compilation of information related to environmental characteristics, social conditions,
and economic activities of the ocean, its resources, and the marine and maritime domains. The
framework comprises several systems measuring stocks and linked by flows between them,
resulting in statistics that, when measured over time, provide critical indicators to inform evidencebased decision-making processes. One of the ocean accounts component systems is the marine
ecosystem accounts (MEA), which provides indicators about ocean wealth and the contribution of
marine ecosystems to the economy, people and welfare. MEA accounts for the typologies, extent
and biophysical condition (degradation and enhancement) of marine ecosystems, ecosystem
assets and services as use (in market, non-market and non-use) values that are either in physical
or monetary terms. Notably, increasing volumes of ocean data brought about by ocean science
technologies are critical in the science to policy interface that underpins informed decision making
processes and adaptive policy cycles. Marine ecosystem accounts track changes in ocean systems
over time and link to other components of ocean accounts that inform economic or social indicator
metrics. Oceanographic sciences can provide essential links to ocean management, governance,
and reporting through marine ecosystem accounts as a component of ocean accounts that are
critical in the context of growing human dependence on marine resources, accelerated coastal
development, and climate change.
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VVSS Sarma*, D.V. Subba Rao, G.V.M. Gupta
CSIR-National Institute of Oceanography
176 Lawsons Bay Colony, CSIR-NO, Visakhapatnam, ANDHRA PRADESH, India,
Pincode: 530017, E-mail: sarmav@nio.org
The Bay of Bengal (BoB) received significant amount of freshwater discharge by major rivers that lead
to existence of brackish condition in the upper layers. The less dense waters stratify waters and do
not facilitate vertical enrichment. Thus, the primary production in the BoB is severely restrained due
to scarcity of essential nutrients. Through artificial upwelling these waters to surface, it is possible
to enhance primary production leading to sequester atmospheric CO2 and promote fishery in the
BoB. On the other hand, the impact of enhanced primary production on other physico-chemical
characteristics of the BoB needs to be evaluated. For example, BoB has one of the world’s thickest
oxygen minimum zones (OMZ) in the northwestern BoB and enhanced primary production may
intensify OMZ. These conditions present a threat for marine living resources and the climate, which
are already under duress due to ongoing climate change. For conducting such eutrophication
experiments and to test Blue Economy concepts, identification of a suitable region in the BoB
will be necessary. The eastern BoB (Andaman Sea) is influenced by eddies resulting in existence
of oxygen-rich subsurface waters due to ventilation of surface waters. Therefore, such regions are
potential to increase primary production through artificial upwelling and the dependent fishery
production and atmospheric CO 2 sequestration as well. Negative impacts, such as increase in
organic matter load, changes in pH, bacterial growth, diversity of plankton, must be evaluated
due to nutrient enrichment experiments. It would therefore be necessary to assess the Ecological
Carrying Capacity of the water body and attention has not been paid to tropical and subtropical
seas. However, caution is warranted to monitor the response and recovery of the ecosystem due
to artificial upwelling and potential consequences on the biology of the BoB.
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Priming primary production for ’Blue Economy’ in the Bay of:
Bengal: Prospects
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Technology-aided advisories to enhance the societal values of
marine ecosystem services - a grass-roots level case study from
Odisha
Sudip Kumar Kundu*, Harini Santhanam
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as well as to develop relevant policies for environmental stewardship. These goals have been the
mainstays of the targets pursued by India towards Sustainable Development Goals (SDG) 14 as well
as effective Blue economy initiatives. With respect to the deliberations at the recently concluded
COP26 meeting at Glasgow, the relevance of using nature-based technology to preserve marine
and coastal ecosystem services has come under attention. In this connection, advancements and
integration of space-based and ground-based technologies have globally proven to improve the
marine ecosystem services. Knowledge products as the Potential Fishing Zone (PFZ) advisories
including species-specific alerts, Ocean state forecast (OSF), Tsunami early warning system,
storm-surge warning, coral bleaching alert, multi-hazard vulnerability mapping, oil spill advisory,
etc. generated using space-based observations have been provisioned as nationally significant
resources for design and implementation of marine resources management plans in India. In
practice, however, the challenges of balancing resources and ecosystem services are greater
than perceived, creating hurdles for effective field operations. Odisha, currently undervalued for
its contributions from fisheries to the state and central economy from the perspective of marine
resources utilisation, is explored for the scope for sustainable utilisation of PFZ and OSF for
enhancing the developmental benefits and preservation of ecosystem services. In this context,
the present investigation details a comprehensive understanding of the socio-technical factors
informing technology utilisation impacting ecosystem services from selected fish landing centres
at Odisha. Keywords : SDG14, Blue economy, Marine ecosystem services, Socio-technical factors,
Odisha
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The global ecosystem services for marine and coastal environments have been valued at 124.8
trillion USD while it is 1.5 trillion INR in the case of India. However, the actual estimates of the
socio-economic, cultural as well as environmental services have not yet been made available
uniformly across the maritime states of India, creating gaps for effective resources management
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Blue Economy Policy of India
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Prashant Srivastava*
Ministry of earth Sciences
Ministry of earth Sciences, New Delhi, New Delhi, India, Pincode: 110001
E-mail: srivastava.pks@gov.in
India’s blue economy is understood as a subset of the national economy comprising the entire
ocean resources system and human-made economic infrastructure in marine, maritime, and
onshore coastal zones within the country’s legal jurisdiction. It aids the production of goods and
services that have clear linkages with economic growth, environmental sustainability, and national
security. The blue economy is a vast socio- economic opportunity for coastal nations like India to
utilize ocean resources for societal benefit responsibly. With a coastline of nearly 7.5 thousand
kilometres, India has a unique maritime position. Nine of its 29 states are coastal, and the nation’s
geography includes 1,382 islands. There are nearly 199 ports, including 12 major ports that handle
approximately 1,400 million tons of cargo each year. Moreover, India’s Exclusive Economic Zone of
over 2 million square kilometres has a bounty of living and non-living resources with significant
recoverable resources such as crude oil and natural gas. Also, the coastal economy sustains over 4
million fisherfolk and coastal communities. With these vast maritime interests, the blue economy
occupies a vital potential position in India’s economic growth. It could well be the next multiplier
of GDP and well-being, provided sustainability and socio-economic welfare are kept centre-stage.
Therefore, India’s draft blue economy policy is envisaged as a crucial framework towards unlocking
country’s potential for economic growth and welfare The Ministry of Earth Sciences (MoES) as the
nodal Ministry has been pioneering the Blue Economy policy for India. It has been rolled out in
the public domain, inviting suggestions and inputs from various stakeholders, including industry,
NGOs, academia, and citizens. The draft blue economy policy document outlines the vision and
strategy that the Government of India can adopt to utilise the plethora of oceanic resources
available in the country. The draft policy framework emphasises policies across several key sectors
to achieve holistic growth of India’s economy. The document recognises the following seven
thematic careas. i. National accounting framework for the blue economy and ocean governance ii.
Coastal marine spatial planning and tourism iii. Marine fisheries, aquaculture, and fish processing
iv. Manufacturing, emerging industries, trade, technology, services, and skill development v.
Logistics, infrastructure and shipping, including trans-shipments vi. Coastal and deep-sea mining
and offshore energy vii. Security, strategic dimensions, and international engagement Several
countries have undertaken initiatives to harness their blue economy. For instance, Australia, Brazil,
United Kingdom, United States, Russia, and Norway have developed dedicated national ocean
policies with measurable outcomes and budgetary provisions. Canada and Australia have enacted
legislation and established hierarchal institutions at federal and state levels to ensure progress
and monitoring of their blue economy targets. With a draft blue economy policy framework of its
own, India is now all set to harness the vast potential of its ocean resources.
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Tunas have been one of the most sought after resource in the international market. Many countries
with smaller coastline and Exclusive Economic Zones (EEZ) area than that of India have much
higher tuna landings. Major reasons for this are the prevailing fishing practices and lack of postharvest standard practices in India. A significant portion of the Indian Ocean tuna production
comes from the fisheries in the Areas Beyond National Jurisdiction (ABNJ) i.e. international waters
or high seas. India is trying to motivate her fishermen to look beyond bottom trawling, the most
prevailing practice. Indian seas have mainly yellowfin tuna (YFT, Thunnus albacores) and skipjack
tuna (Katsuwonus pelamis) resources. The satellite telemetry experiments of YFT carried by Indian
research organizations have provided many unprecedented insights. We present of these findings
with the backdrop of unique ecological conditions in the northern Indian Ocean. We manifest
the operational applications of our findings. We also demonstrate implications of work to the
habitat suitability modeling. Further, we present the near-future strategy, relevant for the UN
decade of Ocean Science period, which can help researchers and policy makers alike for the better
management of the YFT resource in the Indian seas. We also show that the approach is applicable
in tandem with the India’s commitments to the international forums, without compromising
India’s nutritional interests.
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Status and roadmap towards data driven management of yellowfin
tuna resource in the Indian seas
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Zoe Jacobs*, Katya Popova, Lucy Cox, Danny Gill
National Oceanography Centre, Southampton
12 Larch Way, Bursledon, Southampton, Hampshire, United Kingdom, Pincode: SO31 8HU
E-mail: zoecob@noc.ac.uk
MOOCs or Massive Open Online Courses are picking up momentum in popularity. Unlike
regular courses, MOOCs can attract many thousands of enrollees around the world and engage
audiences outside of the academia. As a particular type of digital education, MOOCs can be seen
as a confluence of education (teaching/learning) elements and public engagement (outreach/
publicity) elements. In this presentation we will introduce you to a forthcoming MOOC Ocean
Science in Action: Addressing marine ecosystems and food security in the Western Indian Ocean,
which will be available from October 2020. The MOOC aims to introduce the participants to
innovative marine technologies and their applications used to tackle the challenges of the
sustainable management of marine ecosystems. Marine autonomous systems are becoming ever
more reliable and easy to use for environmental observations  at a fraction of the cost of a research
ship. Earth observation satellites monitor the oceans daily, collecting a wide range of marine
data, most of which are freely available from global archives. Ocean models of increasingly high
resolution make it possible to explore regional ecosystem dynamics and gain insights into reasons
for variability and change. Engaging students globally into the cutting edge research requires
novel approaches to engagement, communication and teaching. Using elements of MOOC created
by SOLSTICE (Sustainable Oceans, Livelihoods and food Security Through Increased Capacity in
Ecosystem research in the Western Indian Ocean) program, this presentation will explore how
research projects can create inspiring digital content to communicate their findings and achieve
long lasting legacy of their results.

S

E

S

S

I

O

N

-

1

Ocean science in action: communicating cutting edge advances in
marine research and technology via Massive Online Open Courses

SESSION-1 - HOME

24

Plenary Sessions &
Panel Discussions

Technical
Programme Schedule

INTERNATIONAL INDIAN OCEAN
SCIENCE CONFERENCE (IIOSC)

2022

Mangroves are the evergreen salt-tolerant trees and shrubs growing in sheltered tidal waters
between mean low water of neap tides and extremely high water of spring tides on tropical shores
and sub-tropical regions. The extraction of natural chemical compounds from the mangrove
trees and other substances of interest to modern industry and medicine are of great significance
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today. Endophytic fungi have a biotechnological potential and are a valuable source of useful
metabolites. The aim of this proposed study will be to investigate the endophytic fungi diversity
on selected healthy mangrove plants in the three creeks (Mida, Gazi, and Tudor) along the Kenyan
coast from which bioactive compounds may be extracted, purified, characterized, and analyzed for
antimicrobial properties against common human pathogens (Staphylococcus aureus, Escherichia
coli, Candida albicans). The findings of this study will ascertain their potential for application in the
pharmaceutical industry.
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Impact of IOD and ENSO on decadal variability of mixed layer depth
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We have identified decadal (2000 - 2020) variability of Mixed Layer Depth (MLD) in the Bay of
Bengal using an global ocean sea-ice couple model, known as Modular Ocean Model (version
5) with sea ice simulator (MOM-SIS). Our model analysis shows prominent decadal increase
(decrease) of MLD during all four seasons (winter, spring, summer and autumn) along east coast
of India and eastern boundary of Bay of Bengal (east coast of Srilanka and central Bay of Bengal).
Also, maximum strength of decadal increase of MLD are observed in the central and southern part
of east coast of India compared to northern. We have tried to link decadal variability of MLD in the
Bay of Bengal (BoB) with interannual El NiñoSouthern Oscillation (ENSO) and Indian Ocean Dipole
(IOD) events. In our analysis, both positive and negative IOD years are considered as a combined
ENSO and IOD events. In the 2000  2010 decade, there are total 8 combined ENSO - IOD and two
Normal events, where, in the 2010  2020 decade, there are total 7 ENSO - IOD and three Normal
events. Our model analysis shows that weaker combined ENSO - IOD events during 2010  2020
decade compared to 2000  2010 are responsible for decadal weakening of MLD in the east coast
of Sri Lanka and central BoB and decadal increase of MLD along east coast of India and eastern
boundary of the BoB. Our model analysis confirms prominent impact of Normal events along east
coast of India and eastern boundary of BoB by increasing MLD compared to other regions of BoB,
where weakening of MLD are observed dominated by combined decadal weakening of ENSO 
IOD events.
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Key climate change stressors of marine ecosystems along the path
of the East African coastal current
Zoe Jacobs*, Andrew Yool, Fatma Jebri, Meric Srokosz, Simon van Gennip, Stephen Kelly, Mike Roberts,
Warwick Sauer, Ana Queiros, Kennedy Osuka, Melita Samoilys, Amani Becker, Katya Popova
National Oceanography Centre
Hampshire, United Kingdom
E-mail: zoecob@noc.ac.uk
For the countries bordering the tropical Western Indian Ocean (TWIO), living marine resources are
vital for food security. However, this region has largely escaped the attention of studies investigating
potential impacts of future climate change on the marine environment. Understanding how
marine ecosystems in coastal East Africa may respond to various climatic stressors is vital for the
development of conservation and other ocean management policies that can help to adapt to
climate change impacts on natural and associated human systems. Here, we use a high-resolution
(1/4°) ocean model, run under a high emission scenario (RCP 8.5) until the end of the 21st century,
to identify key regionally important climate change stressors over the East African Coastal Current
(EACC) that flows along the coasts of Kenya and Tanzania. We also discuss these stressors in the
context of projections from lower resolution CMIP5 models. Our results indicate that the main
drivers of dynamics and the associated ecosystem response in the TWIO are different between
the two monsoon seasons. Our high resolution model projects weakening of the Northeast
monsoon (DecemberFebruary) winds and slight strengthening of the Southeast monsoon
(MaySeptember) winds throughout the course of the 21st century, consistent with CMIP5 models.
The projected shallower mixed layers and weaker upwelling during the Northeast Monsoon
considerably reduce the availability of surface nutrients and primary production. Meanwhile,
primary production during the Southeast monsoon is projected to be relatively stable until the
end of the century. In parallel, a widespread warming of up to 5 °C is projected year-round with
extreme events such as marine heatwaves becoming more intense and prolonged, with the
first year-long event projected to occur as early as the 2030s. This extreme warming will have
significant consequences for both marine ecosystems and the coastal populations dependent
on these marine resources. These region-specific stressors highlight the importance of dynamic
ocean features such as the upwelling systems associated with key ocean currents. This indicates
the need to develop and implement a regional system that monitors the anomalous behaviour of
such regionally important features. Additionally, this study draws attention to the importance of
investment in decadal prediction methods, including high resolution modelling, that can provide
information at time and space scales that are more directly relevant to regional management and
policy making.
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the Arabian Sea from September 2018 to July 2021 period. Though various species of gelatinous
organisms were recorded, only a few species have been attained the population size to form large
blooms. They were Netrostoma coerulescens, Lychnorhiza malayensis, Aequorea pensilis, Pelagia
nocticula, Acromitus flagellates, Crambionella orsini, Chrysaora caliparea, Cyanea nozakii, Beroe
ovata, Porpita porpita, Physalia physalis, and Pleurobrachia pileus. Samples were collected by
using a bongo net having 200 µm mesh with a diameter of 60 cm from a motorized boat or from
FORV Sagar Sampada. Collected specimens were preserved in 4% neutralized formalin solution.
In the laboratory, they were identified up to species or higher taxon level using standard reference
material. The present study provides a formal record of invasive ctenophore species Beroe ovata
from the Arabian Sea for the first time; they are native to the Atlantic coasts of North and South
America. Except for Crambionella orsini, Acromitus flagellates, and Pleurobrachia pileus, which
blooms from monsoon to non-monsoon, most of the species involved in blooms were dominant
during monsoon. The analysis suggested strong correlations between jellyfish abundance and
dissolved inorganic nutrients and chlorophyll-a content. World oceans are reported to be losing
many species of meso and micro planktonic groups and their ecological niche is replaced by
the pervading gelatinous species possibly altering food web structure. So that the correct
identification, documentation of physical and ecological information related to their ecology is
important to understand their response to climate-related issues from the Indian Ocean region.
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Gelatinous zooplankton blooms are frequently recorded over the past two centuries from historical
monographs to recent scientific articles. Only a few scattered information is available on their
distribution, ecology, and taxonomy from the Indian waters. During the present study information
from different research cruises and field visits to estuaries, coastal waters, and offshore regions of
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Is Climate Change Attributed to Enigmatic Gelatinous Zooplankton
Blooms in the Arabian Sea
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Roxy Mathew Koll*, Panini Dasgupta, Michael J. McPhaden, Tamaki Suematsu, Chidong Zhang,
Daehyun Kim
Indian Institute of Tropical Meteorology (IITM)
Pashan, Pune, Maharashtra, India, Pincode: 411008
E-mail: roxy@tropmet.res.in
The Indo-Pacific warm pool, the largest expanse of the warmest ocean temperatures on Earth, has
been expanding at an accelerated rate during the recent decades. The talk summarizes the impact
of the warm pool expansion on the most prominent element of subseasonal variability that travels
across the tropics, the Madden Julian Oscillation. Our study shows that while the total lifespan of
MJO remains the same during 1981-2018, its phase duration has decreased over the Indian Ocean
by 3-4 days and increased over the Indo-Pacific Maritime Continent by 5-6 days in the recent two
decades. We find that the impact of these changes is not limited to the tropics, and has a bearing
on some of the severe weather events across the globe. As a response to the changes in the MJO
phase duration, an increase in mean rainfall is observed over most of the Maritime Continent
including southeast Asia, and over northern Australia, west Pacific, Amazon basin, and southwest
Africa. A decline in rainfall is observed over the central Pacific, Ecuador, and California, and a slight
decrease in rainfall over north India, the Yangtze basin in China, and Florida.
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Indo-Pacific warming changes MJO and global rainfall patterns
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Identifying metocean drivers of turbidity using two decades of
MODIS satellite: Implications for marine habitats under climate
change
Paula Cartwright*
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Here, we analysed long term (18-year) MODIS-aqua data to derive turbidity and the associated
meteorological and oceanographic (metocean) processes in an arid tropical embayment (Exmouth
Gulf in Western Australia) within the eastern Indian Ocean. We found turbidity was associated with
El Niño Southern Oscillation (ENSO) cycles as well as Indian Ocean Dipole (IOD) events. Winds from
the adjacent terrestrial region were also associated with turbidity and an upward trend in turbidity
was evident in the body of the gulf over the 18 years. Our results identify hydrological processes
that could be affected by global climate cycles undergoing change and reveal opportunities for
managers to reduce impacts to ecologically important ecosystems

I

Turbidity impacts the growth and productivity of marine benthic habitats due to light limitation.
Daily/monthly synoptic and tidal influences often drive turbidity fluctuations, however, our
understanding of what drives turbidity across seasonal/interannual timescales is often limited,
thus impeding our ability to forecast climate change impacts to ecologically significant habitats.
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Lynnath Beckley*
Murdoch University
Environmental & Conservation Sciences, Murdoch University, 90 South St., Murdoch, Perth,
Western Australia, Australia, Pincode: 6150
E-mail: L.Beckley@murdoch.edu.au
In the 1960s, Australia made a significant contribution to the first International Indian Ocean
Expedition by regularly occupying the 110°E line in the south-east Indian Ocean. Nearly six
decades later, as part of IIOE-2, a multi-disciplinary team revisited the 110°E line in May and June
2019 with the RV Investigator. This presentation provides a synopsis of the science undertaken
during this recent voyage with indications of the emerging results. Using full depth CTDs (>5000
m) and a 36-bottle rosette at 20 stations, we collected data to assess change in physical, chemical
and biological properties of the water column. Extensive sampling of microbes for genomics,
biogeography and functional diversity was completed and on-board nitrogen fixation and uptake
incubations were accomplished at all stations. Components of the food web from phytoplankton
through to meso-pelagic fishes were sampled to examine trophic relationships and on-board
experiments were conducted to determine grazing by micro-zooplankton. Algal pigments, particle
concentrations, primary production and bio-optical quantities along 110°E were determined and
will allow ground truthing of satellite remote sensing of sea surface colour. Other activities included
acoustic monitoring of whales, Triaxus underway CTD tows and deployment of weather buoys
and Argo floats. Our findings are resulting in a better understanding of the pelagic ecosystem in
the south-east Indian Ocean, particularly in view of documented warming.
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A synopsis of the 110°E voyage of the second International Indian
Ocean Expedition
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Marine heatwaves (MHWs) are extremely warm sea surface temperature (SST) events in the
ocean (above the 90th percentile threshold) that have an unprecedented impact on the marine
environment. Recently, studies have started examining the cause of the genesis of these MHWs
and their effects on the marine environment in different parts of the global ocean. However,
only limited studies have been carried out in the tropical Indian Ocean. This study looks into the
genesis and trend of MHWs in the tropical Indian Ocean during 19822018 and their interaction
with the Indian summer monsoon. We observe that the increased warming in the Indian Ocean
has a significant role in exacerbating the number of MHWs. Moreover, the El Niño variability has
a notable influence on the occurrence of MHWs during the summer monsoon. The Indian Ocean
warming and the El Niño variability are the culprits behind the occurrence of some of the strongest
and long-lasting MHWs in the tropical Indian Ocean. During the summer monsoon period, the
western Indian Ocean (WIO) region and the north Bay of Bengal experienced the largest increase
in MHWs at a rate of 0.40.5 events per decade. The increased solar radiation, relaxation of winds,
and reduced evaporative cooling are the local factors that induced the MHWs in both regions. The
increased solar radiation, relaxation of winds, and reduced evaporative cooling are the local factors
that induced the MHWs in both regions. Moreover, in the western Indian Ocean, the tranquillity
in winds leads to decreased heat transport by ocean currents from the near-equatorial regions
towards the north. This study highlights that the MHWs in the western Indian Ocean and the north
Bay of Bengal are associated with a decreased monsoon rainfall over the central Indian landmass.
On the contrary, MHWs in the Bay of Bengal led to an increased summer monsoon rainfall over
southwest India.
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Marine heatwaves over the tropical Indian Ocean and their
interaction with the Indian summer monsoon
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CSIR-National Institute of Oceanography, Goa, India.
pallathery house, p.o mattathur kunnu, kodakara, 680684, thrissur,kerala, Thrissur, kerala, India,
Pincode: 680684,
E-mail: gopikasurvay@gmail.com
Estimating the time at which anthropogenically-forced signals emerge from the ambient natural
climate noise is crucial for climate-change detection. Here, we propose a new method for estimating
the emergence time of climate signals based on an actual significance estimate rather than the
signal to noise ratio threshold which is usually used. For signals that tend to emerge late in the
21st century, this method provides earlier emergence times. Here, it is applied relative SST (RSST,
SST minus its tropical mean) changes, which tend to emerge much later than absolute SST signals.
RSST is of interest, because it is a proxy of the atmosphere vertical stability changes, and keeps
track of tropical cyclones and rainfall changes. We hence focus on CMIP5/6 RSST emergence time
and investigate its relationship with tropical rainfall emergence time. By 2100, CMIP projections
indicate more warming than the tropical mean (positive RSST signal) in the central and eastern
equatorial Pacific, equatorial Atlantic, and the Arabian Sea, and reduced warming in the three
subtropical gyres of the southern hemisphere. In broad agreement with observations, the Arabian
Sea relative warming and South-Eastern Pacific relative cooling are already detectable in most
models (median emergence time < 2020), making those regions suitable for testing a model’s
ability to predict a regional SST trend. In contrast, RSST signals in other regions only become
detectable after 2050. Tropical rainfall projections indicate more (less) rain in positive (negative)
RSST change regions, but generally emerge one or two decades later. This absence of currentlydetectable regional rainfall trends in CMIP makes it difficult to validate climate models’ ability to
predict tropical regional rainfall trends. The only region where a rainfall signal emerges before a
RSST signal is the central and eastern equatorial Pacific, where increasing rainfall signals emerge
around 2050 (CMIP median).
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Emergence time of regional climate signals in the tropical oceans in
CMIP5/6 simulations
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Regional downscale of projection of sea level rise in the Indian
Ocean based on CMIP6 simulations

score of more than 0.95 as was earlier noted for the global ocean. However, it varies significantly
within the basin with a large spread in the NIO and SIO between 0.75-0.98 and relatively better
in the STIO. The large spread in the NIO and SIO is primarily due to a large bias in the standard
deviation in the DSL of these models. The mean windsress curl shows reasonably good comparison
with a skill score between 0.6-0.8 for the Indian Ocean with a much higher skill score in the SIO
for most of the models. For the equatorial belt, all the models underestimate the west-east sea
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The unabated global sea-level change puts human lives at risk of coastal calamities around the
globe. The impact is particularly devastating for the heavily populated south Asian countries which
is the home of more than 1/3rd world population. The rise in global mean sea level is reported to
be around 3.1 mm/yr in the last two decades and is expected to rise by more than 1 m by the end
of this century. More importantly, the regional sea level change differs significantly from the global
mean change. Therefore, at a local level, for the policymakers, these global mean assessments are
of little use. In order to implement the mitigation policies against the climate change risks, the
regional assessment of sea level rise and associated extremes are of primary importance. This study
aimed to estimate more representative dynamic sea level change estimates for the Indian Ocean
by selecting a subset of best performing models among the available models from phase six of
the coupled model intercomparison project (CMIP6) simulations. A total of 27 models are analysed
using basic statistical metrics and a multi-variate skill score to judge their fidelity in simulating the
Indian Ocean historical sea level and associated physical processes. The best performing models
were then used to estimate the future projection of sea level change for the Indian Ocean under
the SSP2-4.5 and SSP5-8.5 scenarios. Our analysis suggests that the multi-model mean (MMM) of
the dynamic sea level (DSL) compares well with the observation. However, there are few notable
consistent biases across all models which are also reflected in the MMM. In the north Indian Ocean
(NIO), all models produce positive DSL anomaly in the western basin and negative in the east
similar to the SST bias observed earlier. The sharp change in the DSL from positive to negative
driven by zero windstress curl in the south Indian Ocean is stronger in the MMM driven primarily
by the consistent positive bias in the windstress curl in the south tropical Indian Ocean (STIO)
owing to the stronger southwesterly tread winds in the subtropics and westerlies in the south.
Overall, all the models show positive bias in the zonally averaged DSL across the basin. The skill
score of the models in reproducing mean DSL is quite high for the entire Indian Ocean with a skill

S

Indian National Centre for Ocean Information Services
Pragathi Nagar, Nizampet, Hyderabad, Telangana, India, Pincode: 500090
E-mail: sajidh.ck@incois.gov.in

-

2

SAJIDH CK*, ABHISEK CHATTERJEE

2022

level gradient compared to the observation owing to the anomalous easterlies in majority of the
models. This resulted in stronger IOD like features in the tropical belt of the Indian Ocean making
them questionable for interannual/decadal and long-term projection in this equatorial regime
and associated climatic internal variabilities of the Indian Ocean. This IOD like bias is also reflected
in the much larger dominance of the first mode of the empirical orthogonal function. In general,
the high resolution models perform better in almost all the statistical parameters. Particularly,
among all the 27 models, MPI-ESM1-2-HR, HadGEM-G3-MM, CMCC-CM2-HR4 and CNRM-CMR1HR performance was found to be superior across the Indian Ocean. The projected change in the
sea level suggests a consistent rising pattern in the western NIO along the coast of Somalia and
Arabia and along the west and east coast of India. The overall pattern of sea level rise remains
the same for the SSP2-4.5 and SSP5-8.5 scenarios, but with a higher magnitude under the high
emission situation.
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Understanding biophysical interactions over the tropical Indian
Ocean in a changing climate
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Marine primary productivity is central to the marine ecosystem processes and global biogeochemical
cycles. The Indian Ocean has experienced the most significant surface warming amongst other
tropical ocean basins during the past half-century. Previous studies have investigated the response
of the marine ecosystem to ocean warming in the western tropical Indian Ocean and found that
there is a reduction in marine primary productivity caused by warming of the ocean surface. The
seasonal cycle of phytoplankton is very significant in the tropical Indian Ocean due to the semiannual reversal of winds at the equator. Climate change is also expected to alter the seasonality
of phytoplankton through modifications to the underlying physical drivers controlling bloom
timing. This variability in the phenology of these phytoplankton blooms will affect the ecosystem
dynamics with repercussions for the carbon export production and availability of food at higher
trophic levels. This work aims to use satellite and in-situ observations along with a suite of model
outputs (IITM-ESM and CMIP5) to understand the changes and variability in bloom timings and
abundance in response to the change in physical variables under a changing climate.
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Indian Ocean Heat Transport in CMIP5 and CMIP6 models
Indian Institute Of Technology–Delhi (IIT-Delhi)
Centre for Atmospheric Sciences, IIT Delhi, New Delhi, New Delhi, India, Pincode: 110016
E-mail: asz188003@cas.iitd.ac.in
The oceanic meridional heat transport plays a crucial role in regulating the interannual variability
of global climate. The Indian Ocean has a significant cross-equatorial meridional heat transport
driven by the summer monsoon circulation. The study aims to understand Indian Ocean
meridional ocean heat transport (OHT) in climate models and reanalysis data. The meridional heat
transport in the Indian Ocean exhibits a solid annual cycle. The results show that both CMIP5 and
CMIP6 climate models report a decline in mean OHT over the Indian Ocean in future projections
under RCP8.5 and SSP585 emission scenarios. Specifically, the tropical Indian Ocean OHT shows
an apparent decrease in almost all latitudinal sections in the future. These changes in OHT are
more evident in CMIP6 compared to CMIP5. The decomposition analysis revealed that the windinduced velocity-driven overturning component acts as a significant contributing factor for the
changes in OHT. The winter heat transport is increasing across all latitudes in the northern Indian
Ocean, and summer OHT is showing a decline in CMIP5 and CMIP6 future scenarios. Indonesian
Throughflow plays a prominent role in ocean heat transport in the southern Indian Ocean.
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Legacy organic pollutants (Organochlorine pesticides and
Polychlorinated biphenyls) distribution in surface and depth
profiles of the Southern sector of the Indian Ocean and coastal
Antarctic waters
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pesticides (OCPs) and 16 polychlorinated biphenyls (PCBs) congeners were measured from
surface and depth profile samples collected from the Southern Indian Ocean (SSIO) and the coast
of Antarctica (COA), during the Southern Ocean expedition (SOE-10) in 2017. The concentrations
of surface water 7OCPs were ranged between 0.752.22 pg L-1, at SSIO and 0.144.59 pg L-1, at
COA. The concentrations range of surface water 14 I-PCBs was 1.36164.7 pg L-1, at SSIO and 0.59
 36.57 pg L-1, at COA. The depth profiles concentrations of 7OCPs in COA was higher (0.4228.92
pg L-1) than SSIO (0.432.08 pg L-1). Likewise, the depth profiles average concentrations of 14
I-PCBs in SSIO (2.6194.83 pg L-1) and COA (8.9280.61 pg L-1). Among the measured POPs,
congener PCB8 (27.98-158 pg L-1) from SSIO, and congeners PCB44 (0.44-10.74 pg L-1), and PCB52
(3.4-32.70 pg L-1) from COA showed higher concentrations. Results of this study support the longrange atmospheric transportation (LRAT) process to an extent and suggest four possible reasons
that might be responsible for the gradient distribution of POPs in SSIO and COA stations. The
concentrations of POPs in SSIO and COA were found below the acute hazardous levels, indicating
ecologically safe levels of POPs in current conditions in Antarctica.
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Antarctica and the southern sector of the Indian Ocean are pristine environments but it is reported
to be affected by inputs of deleterious persistent organic pollutants (POPs). To understand
the distribution and concentrations of legacy persistent organic pollutants, 7 organochlorine
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Surface winds from 5 models, GFDL-ESM4, CNRM-CM6-1-HR, CMCC-CM2-SR5, HadGEM3-GC31MM, EC-Earth3, of the Coupled Model Inter-comparison Project Phase 6 (CMIP6) were evaluated
for the generation of wave climate for the Indian ocean. Wave hind-cast is generated using the
WAVEWATCHIII wave model for the period 1979-2015. The evaluation of the wind and wave
parameters has been done using in-situ observations as well as reanalysis data. Performance
assessments were done for various wind conditions in the Indian ocean. The study also evaluates
the performance of CMIP6 model winds in representing the teleconnection of various climate
modes ( SAM, ENSO and IOD) with the wave climate of the Indian Ocean. The study shows the
importance of high-resolution wind fields for the accurate representation of wave characteristics.
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Evaluation of CMIP6 wind forcing for wave climate studies in the
Indian ocean
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Footprints of Southern Annular Mode on Indian Ocean Waves
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level pressure (MSLP) over the midlatitudes of the southern hemisphere is constructed. Marshall
SAMI values are taken for the present study which was carried out from December 1979 to February
2018 (Marshall et al,2018). In which the Marshall SAMI is computed using (Gong and Wang, 1999)
method. The positive and negative phase of SAM changes with the low or high pressure anomaly
over the pole and a shift in mid-latitude westerly jet from to pole to equatorward respectively.
ERA5(ECMWF ReAnalysis) model data were used for analysing the variables under study, with data
coverage from January 1979 to within 5 days of real time. It is the fifth generation atmospheric
reanalysis from ECMWF, ERA5-hourly data at 31km horizontal resolution with 137 levels up to 0.01
hPa. The Multiple Linear Regression analysis of Significant wave height( SWH), Swell wave height
(SHTS), mean wave period (MWP), and wind sea height (SHWW )for SAM years reveal that the JJA
(June, July and August) season is most susceptible to other seasons. The anomalies of SWH, SHTS,
MWP, and SHWW are stark opposites during the positive and negative phases of SAM and bandwise in the different IO regions. The southwest monsoon and the strengthening of SAM during the
negative phase contribute to IO’s highest mean wind fields during JJA. Wind speed is maximum
(10m/s-14m/s) between 40°S-60°S. The dominance of wind seas during this period is visible from
the lowest MWP fields of JJA. The swell fields are also indicative of this, with the highest swells
during JJA. The signature of SAM is evident in the atmospheric signals linked to the change in
wave parameters due to the altering wind as a result of modified Hadley cell over this region. A
positive SAM event corresponds to a widespread downdraft and intense updraft of Hadley cell.
For a negative SAM event, the cells are more constricted and less severe. These changes are a
direct consequence of the poleward and equatorward shift of wind during SAM phases. The study
establishes the relevance of SAM as a persuasive factor towards wave climate and the covarying
atmospheric counterparts in the IO.
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The annular modes are hemispheric scale patterns of climate variability as part of internal
atmospheric dynamics in the middle latitudes. On riveting our attention to Indian Ocean, the
potential imprints of tropical-extra tropical teleconnection of Southern Annular Mode (SAM)
through sequential changes of Hadley cell on the North Indian Ocean (NIO) wave parameters are
investigated in the present study. The SAM index (SAMI) that captures the variability of mean sea
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Regional pteropod preservation records from the Indian Ocean: An
overview
Sreevidya E*, M.B.L. Mascarenhas-Pereira2, B. N. Nath , J. Kurian, A. V. Sijinkumar
Central University of Kerala
Central University of Kerala, Tejaswini Hills, KASARAGOD, Kerala, India, Pincode: 671316, E-mail:
vidyaenair@gmail.com
The temporal variations in the shell numbers and post-mortem shell conditions of pteropods
within the marine sediments are an excellent proxy for paleoceanographic and paleoclimatic
studies. These organisms contribute 10 to 12 % of the total CaCO3 produced in the ocean.
Despite their small size, pteropods are astoundingly useful to geologists, paleoclimatologists and
paleobiologists because of their sensitivity to ocean acidification and ability to record past oceanic
conditions. In order to attain the longer record and to understand the preservation pattern of
pteropods, we have analysed several cores collected from different parts of the Indian Ocean,
i.e., IODP 359 Site U1467 (water depth of 487m) and U1468 (521m) (collectively date back to ~24
Ma), NGHP-17 (wd of 1325m) (~12.3 Ma) and SK343/GC01 (wd of 1340m) (~50 ka). The pteropod
abundance study indicates that though these microorganisms have been known to occur from
the Cretaceous, their fossil records only extend to late Quaternary sediments that date back to 1.5
Ma. The pteropods assemblage data combined with the results of carbonate dissolution signals
(Limacina Dissolution Index, Fragmentation Ratio and average shell size of Heliconoides inflatus),
suggests that the variability in carbonate chemistry, stratification of the water column, seasonality,
ventilation and productivity are the main controlling factors for the pteropod preservation in the
Indian Ocean. The pteropod preservation record agrees with the preservation records from the
Pacific Ocean, where better preservation is seen during glacial periods and cold stadials due to
the fall in ACD and biogenic productivity, well-ventilated water column, and highly oxygenated
bottom waters. In the last glacial cycle, the highest abundance in pteropods was observed during
the deglacial period (18-15 ka) and poor preservation during Holocene. However, it is interesting
to report high abundances/preservation of pteropods during the Eemian interglacial, which is
analogous to the Holocene. The offsets in the preservation spikes from different physiographic
domains of the Indian Ocean is believed to be due to the lag in the oceanic circulation and local
climatic variability. The results demonstrate that the ability to calcify and maintain the shells
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of late Pleistocene pteropods was severely affected by the surface water carbonate chemistry.
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data (1979-2019) are considered for understanding the Arabian Sea warming physical mechanisms.
In methodology Crammers statistical test, Gumbel distribution were considered to study the
decadal variations and extremes in Arabian Sea warming. Results indicate that the warming over
the Arabian Sea is significantly increasing from 1951 onwards on annual and seasonal scales.
Decadal variability of Arabian Sea Surface Temperature (SST) shows the rise of temperature over
Arabian Sea is about 1oc from the study period. To further understand the physical mechanism
Wind-Evaporation-SST feedback mechanism is considered. Over the equatorial Indian Ocean the
zonal wind stress is reduced while it is increased over western Indian Ocean near Somali coast and
Northern Arabian Sea. The upwelling induces the variations in the thermocline depth by increase
of equatorial SSTs and it reduces the wind stress over equatorial Indian Ocean. TropFlux short
wave radiations reduced over southern Indian Ocean and converse is observed over equatorial
Indian Ocean. Long wave radiation is high over Arabian Sea including coastal regions. So the net
heat flux also reduces over central Arabians sea, the latent heat flux is high along the western
Indian Ocean and it shifted to northern Arabian Sea in post monsoon season and further persisted
along the west coast of India. But sensible heat flux increased over central Arabian Sea and it
moved along the west coast of India during winter season. Gumbel distribution extreme value
analysis infers that the rise of temperatures 5oC in 100 year returning period over Arabian Sea. Key
words: Arabian Sea warming, Wind-Evaporation-SST feedback, Crammers statistical test, Gumbel
distribution
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Arabian Sea warming is the prime contributor in climate change and its impact on Indian monsoon.
In the present study, Extended Reconstructed Sea Surface Temperature Version 5(ERSSTv5) dataset
(1854-2020), European Centre for Medium-Range Weather Forecasts ReanalysisInterim (ECMWF)
data (1854-2020), TropFlux (1979-2019), Indian monsoon data assimilation analysis (IMDAA) wind
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RECENT CHANGES IN THE ARABIAN SEA WARMING-CAUSES AND
IMPLICATIONS
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CLIVARs work in the Indian Ocean
International CLIVAR Project Office (ICPO)
First Institute of Oceanography, MNR, Qingdao, Shandong Province, China, Pincode: 266061,
E-mail: jing.li@clivar.org
CLIVAR: Climate and Ocean - Variability, Predictability and Change, is one of the six core projects
of the World Climate Research Programme (WCRP), which is co-sponsored by WMO, IOC-UNESCO
and ISC. With the recent published Science Plan for both CLIVAR and WCRP, there is an urgent need
to build a society resilient to environmental changes, and to provide regional ocean and climate
information that is relevant to the society. The Indian Ocean Region Panel (IORP), co-sponsored by
CLIVAR and IOC GOOS, serves to provide scientific and technical oversight for implementation of
the sustained ocean observing system for the Indian Ocean and coordinates research on the role
of the Indian Ocean in the climate system. Several basin-wide initiatives have been coordinated
or supported by IORP, such as the Indonesia Throughflow Task Team, the IndOOS (an integrated
observing system for the Indian Ocean), Year of Maritime Continent (YMC), etc. One of the
greatest contributions from the panel is to lead the decadal review for IndOOS in 2017-2019.
Over 60 scientists and 9 organizations contributed to the Review by generating 136 actionable
recommendations prioritized into 3 tiers in the 2020-2030 IndOOS-2 Roadmap. IORP will do
periodical review for checking the progress of the IndOOS-2 implementation together with other
partner programmes, e.g., IRF, IOGOOS, IIOE-2, SIBER, etc. Meanwhile, there is also an increasing
interest from the CLIVAR community on the tropical basins interaction, and both the IORP and
the Monsoons Panel showed an interest in understanding the interactions among Indian Ocean,
ENSO and monsoons, and their relations to weather and climate extremes. In addition, there is a
strong emphasis on the capacity building in the WIO region - specifically targeted at supporting
ocean observing systems and utilizing global data sets, as well as the motivation to coordinate
the existing effort of Early Career Scientists networks by initiating the ?Indian Ocean Ambassador.
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Issufo Halo*, Tarron Lamont

The Agulhas Current (AC) is one of the most intense Western Boundary Currents in the world’s
ocean. It flows adjacent to the east coast of South Africa, in a southwestward direction, with peak
propagation speeds way above 1.5 m.s^-1. The current carries about 70 Sv (1 Sv=10^6m^3s^-1),
in the upper 2000 m below the sea-surface, and transports warmer and more saline tropical Indian
Ocean waters into the South Atlantic. It is thus an important route for the inter-ocean exchange
that feeds the upper branch of the Meridional overturning Circulation which plays a strong role in
controlling the regional and global climate system. While earlier studies have described distinct
differences in water masses inshore of the AC compared to further offshore, more recent in situ
hydrographic observations have revealed the presence of the Antarctic Intermediate Waters
(AAIW) along the inshore edge of the AC. This raises an important fundamental question: Given
the robust nature of the AC, associated with its intensity and vertical extension through the water
column, what could possibly drive the intrusion of the AAIW along the inshore edge of the AC,
and over the shallow continental shelf on the southeast coast of South Africa? We explored this
question using the output from an eddy resolving Global Oceans Physical Reanalysis (GLORYS
12V1) model, vested with assimilation capabilities, simulated on c-grid, with a spatial lateral
resolution of 1/12^o ~ 8 km, and 50 vertical layers discretized on a z-coordinate system. The
performance of the model has been satisfactorily assessed against satellite altimetry observations,
and high resolution hydrographic data collected as part of the DFFE and ACEP Phakisa Ocean
Cruises Initiative on the southeast coast of South Africa, in January/February and July/August of
2017. Our preliminary results suggest that the intrusion of the AAIW along the inshore edge of the
AC is mainly driven by the dynamics of mesoscale eddy activity. On one hand, through the lateral
advection of intermediate waters, and on the other hand, through upwelling process within the
eddies, especially the cyclonic eddies.
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The Makassar Strait throughflow of ~12 Sv, representing ~80% of the total Indonesian Throughflow
(ITF), displays fluctuations over a broad range of time scales, from intraseasonal (Madden Julian
Oscillations, Rossby and Kelvin Waves); to seasonal and interannual (ENSO) scales, reflecting their
connectivity with the larger scale ocean and climate systems. It is driven by the Pacific to Indian
Ocean pressure gradient profile, with regional sea surface salinity playing a surprisingly large role
in governing the volume and heat transport. Strong southward transport during boreal summer,
modulated by ENSO interannual signal: weaker southward surface layer flow, mainly in winter; a
deeper subsurface velocity maximum weaker/deeper during El Niño; stronger/shallower during
La Niña: modulates ITF heat flux into the Indian Ocean. Once in the Indian Ocean the ITF spreads
westward as a relatively cool/fresh plume within the South Equatorial Current (SEC) thermocline
between 10°-15° S (capped in the eastern Indian Ocean by a low salinity surface layer drawn from
the Bay of Bengal) reaching the western tropical Indian Ocean, which mostly advects southward,
but a branch turns northward towards the Arabian Sea. A ITF component spreads southward along
the west coast of Australia, within the Leeuwin Current, reaching into the subtropical gyre regime.
The ratio of between the SEC and Leeuwin pathways varies with time, with potential consequences
to the tropical Indian Ocean heat/freshwater inventories. By one pathway or another the ITF water
must exit the Indian Ocean within the Agulhas Current, mostly leaking into the Atlantic, with some
curling back within the Agulhas Retroflection, towards the Pacific Ocean.
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Michael J McPhaden*, Kandaga Pujiana
NOAA Pacific Marine Environmental Laboratory (NOAA/PMEL)
7600 Sand Point Way NE, Seattle, WA, United States, Pincode: 98115
E-mail: michael.j.mcphaden@noaa.gov
Intraseasonal oceanic variations in the Indian Ocean are prominent mode of variability affecting
evolution of the Indian Ocean Dipole, the semi-annual Wyrtki jets, and the Indonesian Throughflow.
This presentation highlights the structure and propagation of wind forced intraseasonal Kelvin
waves along the equator in the Indian Ocean and their penetration into the Indonesia Seas. For
this purpose, we use unique, multi-year (2004-2016) moored velocity time series data from the
equatorial eastern and central Indian Ocean, moored time series from Lombok, Makassar, and
Ombai Straits, satellite altimetry, and oceanic and atmospheric analysis products. The waves are
generated along the equator by the Madden-Julian Oscillation with periods of roughly 20-90
days. Phase propagates eastward and upward, consistent with Kelvin waves that radiate energy
downward as they travel along the equator. Meridional structures in zonal velocity and sea level
are Gaussian with a decay scale equivalent to that of a second baroclinic mode. As the modes
reach the coast of Sumatra, they partially reflect into Rossby waves, but some energy radiates
poleward. Southward propagating energy along the coast of Java can be traced through Lombok
Strait into Makassar Strait and later to Ombai Strait at lags of about 2-3 weeks. The implications
of these results for understanding variability in the Indian Ocean and its connectivity with the
Indonesian Seas will be discussed.
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Knowing how the ocean responds to atmospheric variability on diurnal to subseasonal
timescales is essential in determining the role the ocean may have in phenomena such as the
MJO. The stratification of the upper ocean plays an important role. In the Indo-Pacific warm pool
that stratification is often dominated by the concomitant fresher surface waters. The extent of
these fresher waters is seen from satellite measurements to be variable on a range of timescales
particularly along the eastern edge of the Indian Ocean and along the thermocline ridge in the
tropical southern Indian Ocean. A key factor is the stratification at the base of the fresh/warm
surface layer. In situ observations from CINDY/DYNAMO and YMC cruises show the highly variable
nature of the response of the upper ocean to the changing atmosphere ranging from strong
diurnal warming to deeper mixing by wind and convection. The depth of mixing is very much
restricted by the presence of a very sharp pynocline that inhibits entrainment of the cooler waters
below. The stratification is strengthened or weakened depending on whether mixing is induced
from the surface (and extending down to the base) or within the pycnocline (induced by breaking
internal waves), with evidence of substantial weakening occurring in one instance. We will also
delve deeper into the ocean to see the mixing induced by breaking wind-generated internal
waves that links the scale interactions between the MJO, ocean mixing and larger scale ocean/
atmosphere interactions.
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Dynamics of eddy generation in the central Bay of Bengal
College of Oceanography, Hohai University
1 st Xikang Road, Nanjing, Jiangsu, China, Pincode: 210096
E-mail: xuhuacheng@hhu.edu.cn
Eddy activity in the central Bay of Bengal (BoB) is revealed using satellite observations and
hydrographic data. Altimetric data show that eddies are generated near the eastern boundary,
propagate southwestward, and have periods predominantly in the 30120-day band. Temperature
profiles from the RAMA buoy at 90°E, 15°N, have their highest amplitude in the depth range of the
thermocline, indicating that the eddies are associated with a vertical motion of the thermocline
(a first-baroclinic-mode response). To investigate the cause of the eddies, we obtained a suite of
solutions to nonlinear and linear versions of a 1½layer (reduced-gravity) model. They demonstrate
that equatorial wind forcing, Myanmar bump and Andaman Island, and nonlinearity are all essential
for eddy formation. Among the nonlinear terms, the advection terms are the primary cause.
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We describe the variability of the East India Coastal Current (EICC) on the continental slope and
shelf during 2009-2018 using data from four moorings equipped with acoustic Doppler current
profilers (ADCPs). The decade-long ADCP records show that the seasonal cycle dominates the
variability of the EICC on both slope and shelf. The dominance of the seasonal cycle implies that the
direction of the EICC is more predictable than that of the WICC, for which intraseasonal variability
is stronger than the seasonal cycle. The interannual variability, as manifest in the low-pass-filtered
current, is not weak, with this component of the EICC exceeding 20 cm/s on several occasions.
Upward phase propagation is common in the ADCP data, but there are instances of downward
phase propagation as well. Use of HF (high-frequency) radar data for 2011-2012 from two pairs of
HF radars deployed on the Indian east coast shows that the upward propagation of phase does
not always extend to the surface owing to strong stratification. There is a high correlation between
the EICC on the continental slope and outer shelf, but the HF radar data show that this imprint
of the large-scale boundary current of the Bay of Bengal extends to the near-coastal regime. The
nearshore imprint of the boundary current has an important implication for environmental impact
assessments (EIAs). As the Indian economy grows, so does the number of industrial projects in
the coastal zone. The EIA studies for such projects typically use small-domain model simulations,
assuming that the nearshore current of interest is dominated by local processes. The ADCP and
HF-radar data prove the limitation of such limited-domain model studies.
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Takanori Horii*, Iwao Ueki, Eko Siswanto, Iskhaq Iskandar, Kentaro Ando
JAMSTEC
2-15 Natsushima, Yokosuka, Kanagawa, Japan, Pincode: 2350033
E-mail: horiit@jamstec.go.jp
Coastal upwelling occurs along the southern coasts of Sumatra and Java due to southeasterly
wind during the boreal summer monsoon and plays an important role in the ocean surface heat
balance, biogeochemical balance, coastal ecosystem and fisheries in the southeastern tropical
Indian Ocean. To understand the coastal upwelling system, we investigated ocean temperature
and salinity variations obtained from Argo floats. During 2005-2017, several Argo floats successfully
observed vertical structure of temperature and salinity near the coasts of Sumatra and Java.
During the 2008 positive Indian Ocean Dipole (IOD) event, an Argo float approached Java and
observed intraseasonal-scale temperature cooling events in July and August, with significant
upward movements of thermocline. During 2013-2017, two Argo floats observed temperature
and salinity variations within 100 km from the southwestern coast of Sumatra. These data indicate
that the Argo floats observed coastal upwelling signals along the southern coasts of Sumatra and
Java. On the observational data south of Java, we found that the coastal upwelling signal can be
quantitatively explained by local southwesterly alongshore winds. In case southwest of Sumatra,
the upwelling signals were frequently accompanied by surface low salinity and subsurface density
stratification associated with local precipitation. The relationship of the local precipitation, surfaceto-subsurface salinity stratification, barrier layer thickness, and mixed layer temperature variation
observed during the coastal upwelling events are further presented. In the presentation, we also
present our recent results on the coastal upwelling signal estimated from the satellite-observed
Chlorophyll-a data. A relationship between the coastal upwelling variations and the Indian Ocean
Dipole will be discussed.
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Coastal upwelling events along the southern coasts of Sumatra and
Java and its relation to Indian Ocean Dipole
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Annihilation of the Somali current upwelling system and its impact
on the biogeochemistry during summer monsoon

entrainment due to the deepening of the thermocline in the central section. Owing to the large
concentration of nutrient flux the northern section of the Somali transect is dominated by large
phytoplankton, whereas in the rest of the coast small phytoplankton dominants. We have also
discussed possible limiting factors that determine the growth of these phytoplankton communities
along this coast. We believe that our results not only augment the existing knowledge of the Somali
current system but also raise serious implications on our existing understanding of the processes
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Somali coast is argued to be one of the strongest upwelling zones in the Indian Ocean during
summer monsoon. Observations and ocean model experiments show that upwelling along the
Somali coast is limited to the early phase of the summer monsoon when the alongshore Findlater
Jet sets in across the Arabian Sea. At this time, the windstress curl turns negative over most part
of the Arabian Sea south of approximately 15degN. As the wind strengthens during July/August,
the windstress curl also gets intensified results in strong Ekman pumping (negative vertical
velocity) over the interior of the basin and therefore deepening the thermocline. Subsequently,
these downwelling signals then propagate west to interfere with the upwelling signal off Somalia.
As a response, thermocline along the major part of the Somalia coast (~60%) deepen by about
40-60 m, particularly in the central part of the Somali coast. Moreover, strong alongshore winds
and weaker stratification allows more mixing in the bottom of the mixed layer which further
deepens the thermocline there. As a result, during the peak summer months, upwelling becomes
limited primarily to the eddy dominated frontal flows in the northern and to some extent in the
southern part of the coast. Further, thermal surface flux and entrainment driven cooling play a
key role in strong sea surface temperature cooling observed along this coast. This heterogeneity
in the evolution of thermocline along the coast is also reflected in the primary productivity
and phytoplankton distribution of this region. Both observation and the model simulations,
suggests that the intense chlorophyll concentration is restricted to the northern part (north of
9 degN) of the Somali coast in response to the strong nutrient influx induced by upwelling. The
maximum chlorophyll (~5μg/L) and nutrients (Nitrate: 8-10 μmol/kg, Phosphate: 05-0.7 μmol/kg)
concentration observed in the northern section is during the peak summer monsoon. In addition
to the coastally upwelled nutrients in the north, the strong boundary currents along the Somali
coast facilitate the advection of nutrients from the central and southern section to the northern
flank of the Great Whirl. The low chlorophyll concentration to the south of 9 degN is driven by
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Abhisek Chatterjee*, Lakshmi R Shenoy
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important for primary productivity of this region and also underscores the use only alongshore
winds based projection of future climatic changes in the upwelling intensity along this coast. This
abstract is based on the following papers: Abhisek Chatterjee, Praveen Kumar B, S. Prakash, and
P. Singh (2019). Annihilation of the Somali upwelling system during summer monsoon, Scientific
Reports, https://doi.org/10.1038/s41598-019-44099-1. L R Shenoy, Abhisek Chatterjee, S. Prakash,
T. Mathew (2020). Biophysical interactions in driving the summer monsoon chlorophyll bloom o_
the Somalia coast. Journal of Geophysical Research, 125, https://doi.org/10.1029/2019JC015549.
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Spatial distribution of dissolved Nd concentrations and eNd in
equatorial and southern Indian Ocean: Impact of water mass
circulation and dust deposition
Vineet Goswami*, Sunil K. Singh
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were sampled in high resolution (every 100 m) and investigated for Nd and eNd in the southern
Indian Ocean and Indian sector of Southern Ocean (65°S to 35°S, 57.5°E). The dissolved Nd and eNd
distribution in the surface waters of the western Indian Ocean exhibit significant spatial variations.
The surface water Nd concentrations in the equatorial to southern Indian Ocean vary from 10-20
pmol/kg, however, in the southern Indian Ocean (58°S), the surface waters how a very high Nd
concentration (60.1 pmol/kg), hinting at significant Nd input to the southern Indian ocean waters
sourced from iceberg-hosted atmospheric dust and sediments [1]. Similar pathway for Fe delivery
to the surface polar waters has been suggested earlier [1]. The spatial distribution of Nd isotopic
compositions in surface layers of the western Indian Ocean show a significant variation, varying
from -18.0 to -7.0. Overall, eNd of the northern (north of 10°S) and southern (south of 45°S) Indian
Ocean are radiogenic (eNd > -10) relative to the central Indian Ocean (10°S to 45°S; eNd < -10). The
eNd in the surface waters of the equatorial western Indian Ocean (0° to 20°S) is quite low, around
-7. We used an inverse modelling approach to quantify the proportion of various water masses in
the Indian Ocean surface waters. Our inverse model computations suggest significant influence
(~60  80%) of the Indonesian Throughflow Waters (ITW) in the equatorial western Indian Ocean
region, supplied from the eastern Indian Ocean [2, 3]. Further, the inverse model calculations show
a significant contribution (~18  35%) of the Arabian Sea High Salinity Waters (ASHSW) in the
equatorial Indian Ocean, which could be supplied from the Arabian Sea through Somali Current
(SC), and South Equatorial Countercurrent (SECC) [3]. Two shallow vertical profiles in the southern
Indian Ocean (35°S, 41°S; 57.5°E) show consistent Nd concentrations with depth (average ~ 13
pmol/kg; 11 to 15 pmol/kg). The eNd measured in surface and intermediate waters in the Southern
Ocean near Antarctica (65°S; 57.5°E) is around -9, intermediate between Atlantic and Pacific
waters. However, a vertical profile of surface and intermediate waters in the Subantarctic zone
(35°S; 57.5°E) show a larger spread with eNd varying from -17.4 to -11.9 suggesting substantial
mixing of northward progressing Antarctic waters with surface to intermediate Indian Ocean

S

The surface waters of the western equatorial to southern Indian Ocean (4°N to 65°S, 45°E to 67°E)
were analyzed for dissolved Nd abundances and isotopic composition (eNd). These samples were
collected during the boreal spring (Feb-Apr 2009). In addition, to investigate the water mass
structure of the upper Antarctic Circumpolar Current (ACC), three shallow stations (<1000 m depth)
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waters. In this work, the water mass circulation in the southern Indian Ocean and Indian sector of
the Southern Ocean have been studied using Nd abundances and isotopic composition (eNd). In
addition, proportions of various water masses have been quantified using an inverse modelling
approach. [1] Raiswell et. al., (2016) Biogeosciences 13, 38873900. [2] Amakawa et. al., (2000)
Geochim. Cosmochim. Acta 64, 17151727. [3] Schott and McCreary (2001) Prog. Oceanography
51, 1123.
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Northern Indian Ocean serves as an ideal space to study the interaction between Ocean and
atmosphere as it accommodates unique and versatile oceanic conditions and the largest monsoonal
circulation in the world.Through this study we aim to understand the Impact of mesoscale SST
features in Bay of Bengal on the Indian Summer monsoon . The South Asian Monsoon System
,being the largest of its kind, has a direct impact on the lives and livelihoods of billions of people
living in the Indian Subcontinent. Various factors that influence its strength and characteristics
have been studied extensively throughout the years. But, owing to its complex and dynamic nature
, a comprehensive understanding and accurate prediction of the monsoon remains a work in
progress. Several Oceanic components that play part in monsoon processes have been identified.
The focus of our study area is the Bay of Bengal ,which is distinguished from other oceans due to
its highly stratified upper layers. While the influence of overall SST and meridional SST gradients
in the Bay have been analysed in previous studies, the role of smaller oceanic features is largely
unexplored. Several studies across the globe have shown that SST gradients along the path of
wind cause a change in the speed and direction of wind. It is expected to be reflected in the Bay
of Bengal Air-Sea interaction , which may influence the circulation on a larger scale. Sensitivity
experiments, conducted using GFS v14 (Semi-lagrangian,resolution 12km) showed a difference
in monsoonal strength and distribution when the mesoscale SST gradients in Bay of Bengal were
diluted down. A change in the overall strength of monsoonal circulation was observed, which
varied from year to year suggesting that the type and strength of gradients present in the bay and
their alignment with respect to the wind direction may be a factor in determining their effect on
net circulation. Understanding these processes will further enable us to better represent them in
the model simulations and thus help in an advancement of prediction systems.
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Anoop T R*, Subeesh M P, Teesha Mathew, Glejin Johnson, Sheela L Nair, Sreejith N, Sameer V K, Jubin
K Thomas, Prasad R, Anil Kumar N
National Centre for Earth Science Studies
Project Scientist B, MGG, National Centre for Earth Science Studies (NCESS),
Thiruvananthapuram, Kerala, India, Pincode: 695011
E-mail: anooptr43@gmail.com
The subsurface high salinity core (HSC) is a climatological feature in the eastern Arabian Sea (EAS).
The formation and erosion of HSC is critical in determining the upper water column stability and
the heat distribution in this region. We utilised spatial and time series hydrographic observations
obtained from a cruise during the period 4 April to 4 May 2021 together with numerical model
simulations to understand the evolution of HSC in the EAS. Spatial hydrographic survey reveals
the presence of HSC at a depth range of 70-140 m in outer shelf and deeper region with upwelling
signature towards the coast. It is observed that the HSC bifurcates at around 100m depth from
26 April and reforms in the first week of May. Intrusion of a low salinity water mass associated
with the strong northward current is found to be the primary mechanism behind this bifurcation.
The bottom part of HSC is detached by this intruded water and starts to sink as a water parcel.
This parcel is clearly distinguishable from the ambient water by its comparatively higher salinity.
While sinking, the parcel loses its temperature at the rate of ~1°C/day and it reaches its neutral
buoyancy at ~200 m water depth from 28 April onwards. Numerical simulations using a highresolution (~1 km) Regional Ocean Modelling System (ROMS) for eastern Arabian Sea shows that
the HSC is maintained by equatorward current associated with an anticyclonic eddy during the
observation period. During the disruption of the HSC, the low saline subsurface water mass driven
by a strong northward current displaces this eddy westward. The weakening of this current allows
the eddy to return back, leading to the reformation of the HSC. The experimental simulation
with reduced current magnitude from the southern boundary failed to reproduce the observed
disruption associated with the movement of eddy. Our study shows that the temporal evolution
of the HSC in the EAS is largely determined by the position and movement of the eddy in the
region in combination with the advection of water mass from the south.
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Fate of Arabian Sea high-salinity core after the intrusion of low
salinity water mass
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the central part of the delta that occurred in 2006-2007. This results in a sudden landward progress
of the salinity front of about 20 km, which was not reported before. We investigate the various
drivers of this sudden change and identify three possible forcing factors: the decrease in Ganges
freshwater discharge, the rise of sea level and the depletion of the groundwater level. These
factors may act independently, or in concert. Given the threat of the ongoing climate change and
its cohort of adverse effects expected in the course of the 21 st century in the Bengal delta, our
study contributes to set the observational basis for the development of the next generation of
salinization modeling platforms.
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Salinization stands among the most prominent environmental hazards of the largest delta on
Earth, the Bengal delta. It has significant impacts on the local societies and the economy. Using an
unprecedented collection of in situ river salinity records over the Bengal delta, extending from the
Hooghly estuary in the west to the Meghna estuary in the east, we report a sudden salinization of
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Recent salinity intrusion in the Bengal delta: observations and
possible causes

SESSION-3 - HOME

63

Plenary Sessions &
Panel Discussions

Technical
Programme Schedule

INTERNATIONAL INDIAN OCEAN
SCIENCE CONFERENCE (IIOSC)

2022

ABS-2022-03-0035
Two distinct thermocline domes in the Bay of Bengal
Cochin University of Science and Technology,
Dept. of Physical Oceanography, Lakeside Campus, CUSAT, Cochin, Kerala, India,
Pincode: 682016, E-mail: anupnambiathody@gmail.com
Thermocline domes are observed over world oceans and are usually associated with the
cyclonic circulation with isotherms elevated and shaped like a dome. The study investigates the
occurrence and evolution of domes in the Bay of Bengal (BoB). Climatological observation shows
two prominent negative anomalies in sea level in the BoB. Associated with this low sea level, a
pronounced thermal dome develops in both regions, as shown by the doming of isotherms. The
first dome is known as Northern BoB Dome (NBBD), located in the northwestern BoB (86-89o E and
16-19o N) from May to September which is reported for the first time. The second dome is better
known as Sri Lanka Dome (SLD), located in the southern BoB (83-87o E and 5-10o N) that develops
from June to September. Here in this study, we focus on the evolution of the NBBD which is then
compared with the SLD. The mixed-layer heat and nutrient budget are calculated by tracking two
domes to understand how the different physical processes impact these two domes. Our analysis
shows that higher near-surface stratification in the NBBD inhibits the entrainment of nutrients and
cooler waters to the surface compared to the SLD. This difference causes the domes to behave
distinctly from the point of view of surface chlorophyll and temperature distribution.
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Limited societal drivers along South Africas southeast coast, inshore of the Agulhas Current
system, have historically constrained in situ sampling in the region. Two recent hydrographic
surveys conducted by the DFFE and ACEP Phakisa Ocean Cruises Initiative during the summer and
autumn seasons of 2017 have provided the only high spatial resolution in situ observations across
the entire shelf south of 30.5°S to date. While these surveys provided a good baseline description
of the hydrographic variations and physical processes across the shelf, further opportunities for
continued in situ sampling at similar spatial scales have been limited. Thus, we have evaluated
output from the GLORYS (Global Ocean Reanalysis and Simulation) ocean model to determine its
suitability for investigating oceanographic variability in shelf regions along the South African east
coast. GLORYS accurately reflected most of the known large-scale seasonal changes in surface
temperature and salinity, and the vertical hydrographic structure on the shelf agreed well with
in situ observations. However, the model was unable to capture nearshore changes in salinity
resulting from seasonally varying river outflows. In addition, the model was also very successful in
capturing the dynamics associated with shorter-term mesoscale features. In particular, our study
provides the first evidence that cyclonic eddies observed inshore of the Agulhas Current during
the 2017 cruises were well resolved in the daily GLORYS output. Due to its relatively higher spatial
resolution (~8km), the model highlights spatial variations associated with these eddies that could
not be observed from coarser resolution satellite altimetry. In light of limited in situ data records,
the GLORYS model is a useful tool to examine, understand, and monitor oceanographic variability
and change in this region.
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Evaluation of the GLORYS ocean model for environmental
monitoring in the Agulhas Current System
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C.V. Raman road, CAOS, Indian Institute of Science, Bangalore, Karnataka, India, Pincode: 560012,
E-mail: nihar@iisc.ac.in
Freshwater from rivers influences Indian summer monsoon rainfall and tropical cyclones by
stratifying the upper layer and warming the subsurface ocean in the Bay of Bengal. Here, we use
{\it in situ} and satellite data with reanalysis to showcase how river water experiences a significant
increase in salinity on sub-seasonal timescales. This involves the trapping and homogenization
of freshwater by a cyclonic eddy in the Bay. Using a specific example from 2015, river water is
shown to enter an eddy along its attracting manifolds within a period of two weeks. This leads
to the formation of a highly stratified subsurface layer within the eddy. When freshest, the eddy
has the largest sea-level anomaly, spins fastest, and supports strong lateral gradients in salinity.
Subsequently, observations reveal a progressive increase in salinity inside the eddy within a
month. In particular, salty water spirals in, and freshwater is pulled out across the eddy boundary.
Lagrangian experiments elucidate this process, whereby horizontal chaotic mixing provides a
mechanism for the rapid increase in surface salinity. A salinity budget also suggests that horizontal
advection explains much of the change in mixed layer salinity. Further, the adjustment of this
freshwater eddy triggers submesoscale dynamics which appear to be an integral part of the
process of salinity homogenization. This pathway is distinct from vertical diffusive mixing and is
likely to be important for the evolution of salinity in the Bay of Bengal.

S

E

S

S

I

O

N

-

3

Eddy induced trapping and homogenization of freshwater in the
Bay of Bengal
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The Bay of Bengal (BoB) is a unique domain, which experiences seasonal wind reversal and fresh
water influx. The ocean processes in a regional domain play vital role in maintaining the ocean
structure through complex interaction of flow dynamics and energetics. Many earlier studies
foscused on the Bay of Bengal dynamics with coarser horizontal resolution and sponge lateral
boundary condition. In this study, regional domain in the BoB basin, ranging from 75 E to 95 E and
10 S to 25 N, was used with two different horizontal resolutions, namely, 0.250 and 0.1250 with 1 m
vertical resolution near the surface. Additionally, a radiation type Open Boundary Condition (OBC)
for smooth exchange of fluxes across open ocean interaction is implemented. To study above
objectives, Modular Ocean Model (MOM 5) developed by NOAA’s Geophysical Fluid Dynamics
Laboratory was used. The K-profile parameterization (KPP) mixing scheme was incorporated in
the model setup to parameterize the vertical mixing. The model was forced with SODA data wind
stress and world ocean atlas initial temperature and salinity profiles. The results from above study
confirm successful implementation of radiation OBC near boundary and smooth exchange of
fluxes across boundary. Conservation of mass was verified by model output variables. Obtained
results provide better understanding of the ocean sub-surface mixing process due to the wind
stress forcing. The finer resolution case (0.1250) observes the presence of small eddy near east
coast of India which we failed to capture through 0.250 simulation. This proved as a successful
attempt to go closer to resolving the meso-scale processes in Bay of Bengal. The ocean currents,
sea surface temperature (SST) and sea surface salinity (SSS) are in good agreement with the SODA
reanalysis data. Model parameterization performed well in simulating the seasonality in the ocean
currents. The turbulent kinetic energy (TKE) was compared in both the resolutions and some
interesting energetics were observed.
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Dynamics and energetics of regional domain in the Bay of Bengal
using Modular Ocean Model
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Yi Xu*, Ying Wu, Jing Zhang

Stratification increases in tropical and subtropical oceans due to global warming is predicted
to inhibit primary marine productivity. Analysis of 17-years of satellite chlorophyll (Chl) data
demonstrates increased Chl concentrations in the southern Indian Ocean (IO) with known rising sea
surface temperature (SST). This seemingly bring the fundamental assumption in the stratification
control model into question. Herein, using the newly available temperature/salinity observations,
we re-evaluated stratification in the southern IO by calculating the squared buoyancy frequency
(N2) down to depths of 2,000 m. This avoids the limitation of previous quantification of stratification
that has depended on SST or temperature difference between the surface and depths of 200
m. We found that the southern IO experienced basin-wide surface warming, 50100 m cooling
around 10°S, and faster rates of subsurface warming in the subtropical IO gyre. Specifically, we
demonstrate that around 10°S, meridional and zonal advections contribute to the temperature
increase, while vertical diffusion and advection decrease the temperature. In the gyre, vertical
advection drives the temperature increase, which offsets the meridional advection and vertical
diffusion-induced cooling. These inhomogeneous trends in the vertical thermohaline structure
induce subsurface instability, making the surface stratification more likely to be disturbed in
the condition of increasing heat lossthus increasing the potential for upward entrainment of
nutrients into the euphotic zone. Our results highlight the importance of a three-dimensional
framework for examining stratification to assess future marine ecosystem responses to a changing
climate.
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The impact of inhomogeneous variability of oceanic properties on
stratification and chlorophyll concentration in the southern Indian
Ocean
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Bay of Bengal (BoB) hosts an oxygen minimum zone (OMZ) to its north. OMZ in BoB is unique
from other OMZs globally because of steady concentration levels of dissolved oxygen within.
The atmospheric interactions modulate near-surface concentrations of dissolved oxygen (DO),
but below the surface, large-scale circulation and vertical mixing modulate the distribution and
concentrations of DO. OMZs are regions in the ocean interior where the consumption of DO is
more significant than its supply. Steady concentration of DO within BoB OMZ creates interest
in understanding the supply of oxygen. This study uses DO and microstructure profiles in the
southern BoB (BoBBLE in July 2016) to estimate turbulent and salt fingering fluxes for dissolved
oxygen. Profiles from ARGO floats in BoB show signatures of high salinity core observed in the
BoBBLE as far as 19 $^\circ$N. As observed in the southern BoB, high salinity water recorded by
the ARGO floats is also rich in oxygen. During the summer monsoon, summer monsoon current
(SMC) advects high salinity Arabian Sea water rich in DO, to the south of BoB, and circulations
within the basin help in northward movement of the high salinity, high DO water. A high salinity
core indicates salt fingering, which effectively mixes salt and dissolved oxygen downwards than
turbulent processes. Vertical mixing due to salt fingering and turbulent processes recharge the
DO concentration in the thermocline. These processes are essential since strong stratification in
northern BoB prevents atmospheric interactions with the subsurface.
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Transport and mixing of dissolved oxygen in the Bay of Bengal
during the summer monsoon
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SW monsoon characteristics of sea state and surface currents in the
North Indian Ocean deduced using X-Band Radar.
Rajith K*, Rajive Krishnan R, Athira K, Harikrishnan, M,
Naval Physical &Oceanographic Laboratory, Cochin
Naval Physical &Oceanographic Laboratory, Cochin, Kerala, India, Pincode: 682021, E-mail:
rajith_k@yahoo.com
In Anti-Submarine Warfare operational scenario, sea-state is considered to be one of the most
critical variables in active and passive sonar detection. Depending on type of sensor, the noise level
created by wind waves will result in a minimum of ASW operational effectiveness. Currents play an
important role in the re-distribution of physical properties of water which determines the sonar
performance. In addition, data on current is essential for the safe and efficient operation and routing
of marine traffic especially during the Southwest monsoon period. Considering these aspects,
during the Southwest monsoon period of 2019, simultaneous data on surface current and wave
parameters are collected using X-band radar system that is installed onboard INS Sagardhwani. This
is the first set of data collected using the X-band Radar system in India. The advantage of X-band
radar system over other remote sensing techniques is that it measures oceanographic parameters
with very high spatial and temporal resolution. The survey is conducted along the track extending
from off Kochi (Kerala) to off Port Blair (Andaman &Nicobar Islands) during July 18th to Sept 5th
2019. For the easiness of study, the survey area is divided into four, viz West coast India, east side
of Srilanka, and west side of Srilanka and 10°channel. Southward currents with maximum speeds
upto 0.6m/s is observed along the west coast of India. Predominant wave direction is southwest.
The significant wave height is upto 3m with maximum wave height upto 4m. Maximum significant
wave height is observed along the west coast of Sri Lanka. Here, the Hs is ranging upto 4m. But
the predominant direction was WNW direction. The surface current direction is south-eastward
with maximum the value of 1m/s. Strong north east currents speeds upto 1.5m/s is observed
along the east coast of Sri Lanka and Southerly waves with Hs upto to 2m is also observed here.
Compared to east coast of Sri Lanka, the current speed is less along 10° channel. North-eastward
current upto 0.6m/s is recorded here. Southerly waves with Hs was upto 2m observed along 10°
channel. Comparison of OSCAR with in-situ data in the study gives correlation coefficient of 0.77
and 0.78 for zonal and meridional components of current respectively. This study demonstrates
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the potential use of the X-band radar technology as a monitoring tool and to validate satellite
derived data and the model results.
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Characteristics and Seasonality of eddies in the Eastern Arabian Sea
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Variability of ocean currents occur at various Spatio-temporal scales, mesoscale eddies (smaller than
the size of gyres, with horizontal dimensions of around 30 km to 150 km, vary at the time scale of a
few weeks) are one of the main sources of such variability, which are driven by the instabilities in the
ocean circulation, especially in the vicinity of a boundary current system. These mesoscale eddies
are ubiquitous in nature and they play an important role in the dynamics of ocean systems ranging
from tracer exchange; to altering fluxes to having biogeochemical implications. The characteristics
of eddies in the Arabian Sea with added significance to the Eastern Arabian sea have been studied
using an eddy tracking algorithm (PyEddy tracker) developed by Mason et al., (2014) for a 26 yearlong period (1993-2018). It is deciphered that most of the eddies propagating westward formed
in the Eastern Arabian Sea are formed in Winter. It is also observed that the number of cyclonic
eddies is higher than that of anticyclonic eddies in the Eastern Arabian Sea. However anticyclonic
eddies show larger average amplitude and radius as compared to their cyclonic counterparts. It
is also observed that more eddies are formed during Spring and Winter compared to Summer,
during which the Arabian Sea is forced with strong monsoon winds. Our analysis suggests that
the eddies in the Eastern Arabian Sea have a longer lifetime and larger amplitude during the
Spring, however, though the horizontal dimension of the eddies is more during the Summer
Monsoon season. Previous studies suggested that the forcing from the equatorial Indian Ocean
via downwelling Kelvin waves, which propagates all through the coastal waveguide of the Bay of
Bengal and turns around Sri Lanka to propagate further along the west coast of India influence
the formation of the mesoscale eddies in the Eastern Arabian Sea (Rao et al., 2014). Our analysis
based on the baroclinic instability calculations of the mean flow in the region using data from
simulations from a state-of-the-art regional ocean circulation model (NEMO GLORYSV4) confirms
this mechanism. Eddy heat flux and salt flux computed also discern the observed seasonality of
winter dominance in eddies in the Eastern Arabian Sea. The observed interannual variability in
the eddies has a high correlation with the DMI index which confirms the existence of dependence
between interannual wind anomaly in the eastern equatorial Indian Ocean and eddy frequency
in the Eastern Arabian Sea. References: Mason, E., Pascual, A., & McWilliams, J. C. (2014). A new
sea surface height based code for oceanic mesoscale eddy tracking. Journal of atmospheric and
oceanic technology. 31(5) 1181-1188 Raghunadha Rao, A., Nageswara Rao, G., & Hareesh Kumar,
P. V. (2014). Propagating waves and their influence on eddy field variability in the northeastern
Arabian Sea and the northern Bay of Bengal. International Journal of Remote Sensing, 35(14),
5467-5478.
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Evolution of upwelling in the eastern boundary of Arabian Sea:
Based on In-situ Observations
Ch V Ramu*, Vishnu N N S, Y V B Sarma, G V M Gupta
Centre for Marine Living Resources and Ecology (CMLRE)
Centre for Marine Living Resources and Ecology, LNG Road, Puthuvype, Kochi, Kerala, India,
Pincode: 682508, E-mail: venkataramu.cherukuri@gmail.com
The upwelling along the west coast of India is one of the typical eastern boundary coastal upwelling
systems. In recent times, ocean eastern boundary processes have received greater attention due
to their ecological and economic importance in view of global warming and climate change
scenarios. For the first time, utilizing the in-situ time series (ten times) data collected across seven
to ten coast-offshore transects between December 2017 and January 2019, the spatial-temporal
variability of the evolution of upwelling along the entire eastern boundary of the Arabian Sea
has been described. This upwelling phenomenon is divided into the southern upwelling system
(SUS) and the northern upwelling system (NUS). Additionally, remote sensing data of sea surface
winds and sea surface height anomaly (SSHA) were also utilized. The depth of 26ºC isotherm
(D26) has been used as a proxy to describe the progression of upwelling. The upwelling over the
southernmost shelf (off Cape, 7ºN) initiated as early as in January as a subsurface process but
remained at subsurface until the first week of May due to mesoscale processes and intrusion of
the warm pool, thereafter it quickly progressed from offshore to nearshore surface by June at a
rate of 3 km/day. The onset of SUS at mid-shelf off Kochi (10ºN) occurred in the third week of May,
but its northward progression took about 40 days to reach off Goa (~15ºN) at a rate of 16-18 km/
day. Similar to the northward progression of upwelling its withdrawal also commenced in the
same pattern from September in the south to October in the central region. The evolution of NUS
over the northern shelf off Okha (22ºN) followed a similar pattern as that of the central shelf, and
the central shelf is a part of SUS although upwelling between these regions is not continuous due
to their differential governing factors. The upwelling had a strong vertical upliftment rate in the
south (0.7 - 1.4 m d-1) relative to central/north (0.25 - 0.54 m d-1) at the shelf edge. Of the entire
eastern Arabian Sea shelf, the upwelling over Mumbai (19ºN) always remained at subsurface
depths with the lowest residency period due to the widest shelf, strong and persistent pycnocline,
dominant cross-shore winds, currents, positive alongshore Ekman transport, and low Ekman
pumping velocities. Overall, the cross-shore upwelling withdrawal rates were almost double to
that of its progression rate and the sustained period of upwelling south of 15ºN was relatively
longer than north of it. Key Words: Southern Upwelling System, Northern Upwelling System,
Upwelling progression rates, Upliftment of Isotherms, Ekman Indices.
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The Bay of Bengal (BoB) is uniquely distinguishable from other parts of the tropical world ocean
for its intense spatio-temporal salinity contrast caused by the enormous amount of freshwater
input, mostly in its northern sector, from monsoon rain and river runoff. This study investigates
the sensitivity of the BoB upper ocean characteristics to these two freshwater sources using the
Regional Ocean Modeling System (ROMS). A set of four long-term eddy-resolving simulations
is carried out using different combinations of the two freshwater components, while keeping
all other forcing unchanged. Simulated fields show that the freshwater inputs largely affect
the thermohaline structure, circulation, and the upwelling along the western boundary of the
BoB. The impact of freshwater on sea surface temperature (SST) is very small compared to the
impact on sea surface salinity (SSS). The presence of freshwater in the surface layers marginally
reduces the SST mostly in the northern BoB during the post-monsoon and winter season. The
major impact of freshwater on temperature is realized in the subsurface layers - heating within
the barrier layer and cooling in the layers underneath. The precipitation reduces the SSS over
the entire domain throughout the year; however, it is not sufficient to maintain the SSS contrast
observed in the BoB. The river runoff impacts regionally over the plume areas (maximum near the
river mouths) and plays the dominant role in maintaining the spatial and seasonal salinity contrast.
In addition, the river runoff is found to be the primary factor behind the formation of the near
surface stratification, barrier layer and temperature inversions observed in the northern BoB. The
freshwater input increases the SSH and shoals the D20 of the domain. The formation, maintenance
and intensity of the southward flowing current along the northwest coast during the summer
monsoon, followed by the southward flowing east India coastal current (EICC) along the western
boundary are substantially affected by the freshwater input, especially from river runoff.
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Sensitivity of the Bay of Bengal Upper Ocean to Precipitation and
River Runoff
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Aldabra is a remote atoll belonging to the Outer Islands of Seychelles, and has received World
Heritage Site status due to its unique and relatively pristine natural environment. Unfortunately,
like many other remote islands in the western Indian Ocean, enormous quantities of marine debris
have accumulated at its shores. Assessing the source of this pollution is challenging. Observational
and modelling studies have provided valuable insights into the sources of marine debris
accumulating at Seychelles but, to date, the relative importance of these various sources remains
poorly understood. We have run sophisticated dispersal models to assess the most likely sources,
both terrestrial and maritime in origin, for debris accumulating across Seychelles and other islands
in the western Indian Ocean. Our global simulations incorporate the effects of surface currents,
waves, and wind, in addition to flexible parameterisations for beaching and buoyancy loss. Our
methodology allows us to store results from hundreds of billions of virtual particles with relatively
modest storage requirements, which is vital as previous studies with smaller particle numbers
have been unable to reach statistically significant conclusions for small islands such as those that
comprise Seychelles. The results from these simulations will be valuable for many stakeholders,
not only those in Seychelles, but also other small island states in the western Indian Ocean region.

Department of Earth Sciences, University of Oxford
Department of Earth Sciences, South Parks Road, Oxford, Oxfordshire, United Kingdom,
Pincode: OX1 3AN, E-mail: noam.vogt-vincent@st-annes.ox.ac.uk
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Marine debris attribution for remote islands in the western Indian
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The Second International Indian Ocean Expedition (IIOE-2) is the first large-scale, internationallysupported effort in 50 years to study the Indian Ocean comprehensively with the state-of-the-art
scientific tools. IIOE-2 will investigate the status and dynamics of the Indian Ocean?s biodiversity,
biogeochemistry, ocean-atmospheric coupling, and geology - from the full depth of its basins to
its coastal regions. A large number of scientists from many of the leading research institutions of
the world are already involved in, or are planning their involvement in this cooperative endeavor,
structured around a comprehensive Science Plan (Hood et al. 2015). Given the scale of IIOE-2 and
the number of stakeholders engaged in it, it was essential that the IIOE-2 had a website that was
prominent and could support and help manage the breadth of activities being undertaken. These
were the major factors addressed successfully in the website?s development led by specialists at
INCOIS (https://iioe-2.incois.gov.in). The web-based application for IIOE-2 provides a user-friendly
environment for the presentation of the various activities under IIOE-2 and their progress in a lucid
manner. The responsive layout of the website makes it accessible through a wide range of web
browsers and devices, including mobiles and tablets. In addition, we have developed a WebGIS
application that presents the status and progress of all the scientific projects endorsed under
IIOE-2 . This application has also been linked to the website (https://iioe-2.incois.gov.in/WebGIS.
html).In this presentation, we discuss the architectural framework and look-up mechanism of the
infrastructure that has been designed to serve the users, as well as the additional functionalities,
enhancements and user-friendly interface to showcase the IIOE-2 activities. We also focus on
our future planned initiatives for the website which will facilitate capacity building in the Indian
Ocean region through an application of the observational data and research outputs that will
be made available through the webpages. Capacity development is a fundamental objective of
IIOE-2 and in making information and data available through the IIOE-2 website, scientists who
may not have the capacity nor funds to undertake a research project, can still utilise the outputs
of others to meet their own objectives. Reference: Hood, R.R. et al, 2015. Science Plan of the
Second International Indian Ocean Expedition (IIOE-2): A Basin-Wide Research Program. Scientific
Committee on Oceanic Research, Newark, Delaware, USA.
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Samiran Mandal*, Sourav Sil, Avijit Gangopadhyay, Basanta Kumar Jena, R. Venkatesan, R. Balaji
Indian Institute of Technology Bombay (IIT Bombay)
Powai, Mumbai, Maharashtra, India, Pincode: 400076
E-mail: samiranmandal7@gmail.com
The hourly ocean surface current observations from available High Frequency Radars (HFR) have
been analyzed to identify the nature of tidal asymmetry in the inverted funnel-shaped Gulf of
Khambhat (GoKh) on the western shelf of India. Tidal harmonic analysis of the HFR currents
showed that the tidal currents at the mouth are dominated by the M2 constituent with amplitude
~4.5 times higher than that of K1. Among the shallow water constituents, M4 dominates the
entire Gulf with significant amplitudes (~10 cm/s) and gets amplified towards the head of the Gulf
(~30 cm/s), followed by MS4. Comparisons with sea level heights from tide gauges show a higher
correlation for the major (>0.97) and shallow water (>0.96) tidal constituents in terms of the order
of amplitudes of the tidal constituents. The circulation pattern in the Gulf is predominantly driven
by tidal currents, with the total tidal variance being ~90% of the total current variance. The major
contributions are from the M2 tidal currents (70-90%), except at the head, where the M4 component
contributes significantly up to 40%. The harmonic analysis derived relative surface phase (2M2 M4) and higher M4/M2 amplitude ratio at the head of the Gulf reveal that the Gulf is highly tidally
asymmetric and flood dominant, indicating stronger non-linear tidal distortions in the nearshore
regions. A generalized skewness-based analysis confirms the flood-dominance with positive
values of a morphology-dependent asymmetry factor and skewness. Two tidal combinations (M2/
M4 overtide and M2/S2/MS4 compound tide) are identified as the major contributors to the flow
velocity skewness in the GoKh with mixed, mainly semi-diurnal tidal regime.
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Flow Velocity Tidal Asymmetry in the Gulf of Khambhat, Arabian
Sea using HF Radar Surface Currents
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The present study investigates the advective pathways and transit times of virtual particles
released in the Red Sea outflow area as a proxy for the poorly understood Red Sea Overflow Water
(RSOW) spreading. This work uses the Parcels toolbox, a Lagrangian framework, to simulate tens
of thousands of trajectories under different initial conditions. All simulations are based on the
eddy-rich GLORYS12 reanalysis that merges almost all in-situ (temperature-salinity) and satellite
observations collected over the last two decades into a dynamical framework. This study shows
that GLORYS12 reproduces relatively well the climatological seasonal cycle of the RSOW to the
Gulf of Aden and essential characteristics of the exchange at the Strait of Bab al-Mandab. Statistical
comparisons between synthetic trajectories and RAFOS floats in the Gulf of Aden corroborate
the quality of GLORYS12 velocity fields used for the Lagrangian simulations. Experiments were
designed to identify the typical pathways, evaluate how the eddy field impacts the probability
distributions (and time scales), the effects of the monsoonal circulation variability. In the Arabian
Sea, six main advective pathways are uncovered (by order of preference): Southwest, Northwest,
Socotra Passage, Central, Eastern, and Southern. Trajectories from Argo floats give observational
support for some of these paths. Transit time distributions indicate that it takes about six months
for outflow-originated particles to spread over the entire Gulf of Aden and one to three years to be
exported along the western boundary, toward Somalia (through the wintertime Socotra Passage
and Southwest pathways) and off the Yemeni-Omani coast (Northwest Pathway). In contrast,
reaching the Arabian Sea eastern boundary takes much longer. North of 14o N, the most frequent
time is around 10-15 years and about 20-25 years at the southeastern Arabian Sea. Hence, the
RSOW can often carry oxygen to the western boundary but not to the eastern basin. This may
contribute to the eastern shift of the Arabian Sea Oxygen Minimum Zone, a subject that deserves
investigation. Statistical analysis of the particles outside the Arabian Sea is currently under analysis.
Special attention is being given to how the RSOW spreads in the South Indian Ocean.
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Pathways and Transit Times of the Red Sea Overflow Water in the
Indian Ocean from Lagrangian Simulations

SESSION-4 - HOME

81

Plenary Sessions &
Panel Discussions

Technical
Programme Schedule

INTERNATIONAL INDIAN OCEAN
SCIENCE CONFERENCE (IIOSC)

2022

ABS-2022-04-0015

S

E

S

S

I

O

N

-

4

Variability of mackerel fish catch and remotely-sensed biophysical
controls in the eastern Pemba Channel
Hellen Josepth Kizenga*, Fatma Jebri, Yohana Shaghude, Dionysios E. Raitsos, Meric Srokosz, Zoe L.
Jacobs, Francesco Nencioli, Mwanahija Shalli, Margareth S. Kyewalyanga, Ekaterina Popova
Institute of Marine Sciences, University of Dar es Sala, Zanzibar
PO Box 668, Mizingani street, Zanzibar, Zanzibar, Tanzania, Pincode: 000, E-mail:
hellenkizenga45@gmail.com
Advances in satellite remote sensing of environmental perturbations have become important in
understanding variations of ocean productivity and small pelagic fish catches. This marine resource
is vital for coastal populations dependent on artisanal fishing for their income and food security,
such as in coastal East Africa. In this region, the eastern Pemba Channel (Tanzania) represents a
hotspot area, for a variety of marine species including small pelagics and coral reef associated
species. This study examines the links between mackerel fish catch, one of the important small
pelagic fish for direct consumption in the region, and changes in environmental oceanographic
parameters over the period 2012-2018. The fisheries catch data is a rare local dataset, consisting
of daily mackerel landings (from 2012 onwards) and supplemented by qualitative information on
the mackerel fishery obtained through interviews with local stakeholders. The physical factors
influencing phytoplankton biomass, and in turn, mackerel fisheries yield is investigated, using
remotely-sensed chlorophyll-a (Chl-a) and Sea Surface Temperature (SST), together with Mixed
Layer Depth (MLD) data from the high-resolution ocean model NEMO. We show that seasonal
variations in mackerel landings are positively (negatively) correlated with Chl-a (SST) with a
1-month time lag (i.e., biophysical factors change first, mackerel stocks follow one month later).
On the eastern side of the Pemba Channel, cooler SST and higher Chl-a are observed during
the Southeast monsoon accompanied by increased mackerel landings, suggestive of enhanced
productivity. Interannually, these relationships remain valid both for monthly and annual means,
which confirms the close link between the variations of mackerel and biophysical conditions.
Analysis of the Chl-a and MLD anomalies, relative to the mean, reveals that the phytoplankton
blooms observed on the eastern side of the Pemba Channel, during the Southeast monsoon,
are likely due to the deepening of the mixed layer, which tends to entrain cold and nutrient rich
waters from greater depths to the surface. We conclude that upper ocean mixing contributes to
the observed enhanced productivity along with other environmental factors. Additionally, we
show how our results can be applied in the management of the mackerel resource in the Pemba
Channel.
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Seasonal and Cyclonic Wind-Wave Relationship from Moored Buoy
Measurements in the South-East Arabian Sea Considering Local and
Remote Wave Effects
Dr M Kalyani*, Dr K Jossia Joseph, Dr G Latha, Dr R Venkatesan
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Moreover, wave characteristics at a specific location include the effects of local wind waves (wind
seas) as well as remote forcing (swells). The coefficients applicable for one location may not
describe the characteristics satisfactorily at another location and hence may not be applicable.
The linear relations may not suffice during high intensity events such as cyclones and may need
to resort to nonlinear relationships for better description and assessment. Though the frequency
and the intensity of cyclones is less in the Arabian Sea when compared to that of the Bay of
Bengal, the climate change effects are altering the scenario rapidly. This speaks of the dire need for
establishing a better relationship between winds and waves, especially wherever the observations
are available. Observed data of both winds and waves are needed to formulate effective empirical
relations, alleviating above mentioned inadequacies. The dynamic nature of the relationship
under varying seasons, demands at least yearlong measurements at any location. Long-term
measurements can bring out the inter-annual variation. In situ observations with high temporal
resolution are necessary to capture the intricacies of the dynamics. Considering the above fact,
the continuous high resolution wind and wave measurements obtained from OMNI buoy of ESSONational Institute of Ocean Technology on the southeast Arabian sea in deep waters have been
utilized to establish the wind-wave relationship. The South-east Arabian Sea is characterized by
swells originating from Southern Indian Ocean. It is also under the influence of seasonal wind
reversal and Indian monsoons. Seasonal variability of wind intensity, and direction, local and
remote effects (seas & swells) of waves, as well as nonlinear variation during cyclones are taken
into account. These established empirical relations can be utilized to obtain oceanic parameters
(wave) from meteorological observations alone (wind) with reasonably good accuracy at that site.

E

Wind and wave characteristics are site specific in nature. They vary seasonally with varying
sea-states. The available wind-wave relationships are primarily based on empirical relations for
equilibrium and neutral conditions. These are generally linear relations with constant coefficient
which do not account for the varying wind conditions such as wind intensity and direction.
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Earth and Climate Sciences Area, National Remote Sensing Center, ISRO, Balanagar, Hyderabad,
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Generation, Evaluation and Inter Annual Variability (1993-2020)
Analysis of Satellite Derived Total (Geostrophic + Ekman) Ocean
Surface Currents in the Tropical Indian Ocean

-

ABS-2022-04-0109

Rajesh Sikhakolli*, Siva Shankar Manche, Shashank Misra, R. K. Naik, Seshasai M. V. R

Conventionally, Ocean Surface Current (OSC) is measured using moored as well as drifting buoys.
Even though these conventional observations are proved to be invaluable and have improved
our understanding of ocean circulation quite significantly, their coverage is very limited. As far
as the data-sparse Indian Ocean is concerned, the surface current observations are very limited
and are mainly restricted to the near equatorial region covered by the RAMA buoy network. On
contrary, measuring any physical parameters of Ocean through satellites provides the advantage
of synoptic repetitive coverage which is not possible by any other means, thus becomes a very
important tool for long-term monitoring of global Ocean circulation. Even though there is no
operational satellite service available for direct measurement of ocean surface currents from
space, scientists have devised mechanisms to estimate this important variable from other satellite
derived parameters. In general the absolute Ocean surface current comprises of two parts based
on their forcing mechanisms. The first part is the Geostrophic Current (Proportional to the slope
of the dynamic topography) arising due to the balance between the pressure gradient force and
the Coriolis force (pseudo force due to earths rotation). Since the beginning of the era of satellite
altimetry the geostrophic current is regularly mapped using altimeter derived sea surface height
(SSH). The second part is the ageostrophic or Ekman current mainly arising by the frictional force
due to wind stress on the Ocean surface. The satellite scatterometers which measures the ocean
surface roughness, in turn the vector winds (OVW) provides this information. By synergic use of
these two satellite derived parameters the absolute OSC is derived and used widely to understand
the intraseasonal and interannual variability of mesoscale Ocean general circulation. However, the
equatorial current features could not be reproduced with reasonable accuracy due to equatorial
singularity problem. To overcome this Bonjean and Lagerloef, (2002), developed a new diagnostic
model using quasi-linear and steady physics. They used three surface variables, namely SSH, OVW
and sea surface temperature (SST), all available from satellite measurements, in order to derive the
surface current product, known as Ocean Surface Current Analysis Real time (OSCAR). This model
formulation combines geostrophic, Ekman, and Stommel shear dynamics, and a complementary
term from surface buoyancy gradient through SST data. Since local acceleration is neglected, this
diagnostic model is able to calculate the low-frequency motions in near equatorial region with
improved accuracies compared to previous studies. This OSCAR OSC product is currently available
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at 0.33o x 0.33o grid and at five day interval only. Recently, AVISO has started providing daily
merged altimeter products on an experimental basis by combining the various satellite altimeter
data. Taking advantage of the availability of high resolution daily gridded SSH, OVW and SST data,
in the present study we have generated a daily OSC product at 0.25o x 0.25o grid for a long period
of more than 28 years (From 1993 to 2020). In the present study we have evaluated this long
term high resolution OSC product using RAMA buoy currents and also presented the results of
Interannual variability of major current systems in the TIO using this long term data set generated
using satellite data. The validation results shows very good agreement with RAMA buoy and HF
Radar data with RMSE and correlation ranging from 10 to 30 cm/s and 0.5 to 0.9 respectively.
In general excellent match is observed for off equatorial regions and relatively poor results are
observed for near equatorial regions especially for meridional currents. The Interannual variability
of EICC, WICC, and Monsoon Current shows interesting results associated with basin scale events
such as Indian Ocean Dipole.
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Ravi Kumar Jha*, TVS Udaya Bhaskar
Indian National Centre for Ocean Information Services (INCOIS)
INCOIS, Hyderabad, Telangana, India, Pincode: 500090
E-mail: ravikumar.jha@incois.gov.in
In this study temperature and salinity datasets obtained from Argo profiling floats were used
and gridded products were generated. Data-Interpolating Variational Analysis (DIVA) method
was chosen for generating the gridded datasets for T/S profiles. Extensive analysis was taken for
obtaining the correct choice of correlation length (L) and signal-to-noise ratio (λ) for generating
the value-added products from the raw temperature and salinity. The gridded data obtained for
different choices of L and λ were validated with datasets deliberately set aside before performing
the analyses and with subsurface data from OMNI buoys. Finally, a comparative analysis was
performed with the obtained gridded products from DIVA against the gridded product obtained
from objective analysis (οА) to demonstrate the reliability of the product. Such extensive analysis
helped to obtain an optimal pair of L and λ. With the optimal estimate of L and λ, further Argo
gridded products will be generated and will be made available on INCOIS Live Access Server.
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Smooth Approximation to Estimate Analyze Fields and Error Fields
of Argo T/S data using Data Interpolating Variational Analysis
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trend during the pre-monsoon months and vigorous sub-seasonal fluctuations in boreal winter
are well captured. We believe this is also a major progress in estimation of Qnet over the Indian
Ocean. Further, this study is important to identify the most reliable heat flux product available
over the tropical Indian Ocean domain and to check present day coupled models for their ability
to simulate the regional and seasonal dependence of Qnet controlled SST variability.

I

In this study net heat flux (Qnet) and its components from four reanalyses (NCEP-2, CFSR, ERA5
& MERRA) and two blended products (OAFlux & TropFlux) are compared with in-situ observation
(two RAMA buoys and one independent WHOI buoy) over the north Indian Ocean to better
quantify their uncertainties in daily, seasonal and annual scale. These comparisons are essential to
reconfirm the present status of Qnet error. The root mean square error (RMSE) remains as large 2-3
times the mean value, similar to the RMSE a decade earlier, despite the new advancement in the
flux data having better observation and improved reanalysis models. There is a clear separation
of flux quality from older generation reanalysis (NCEP-2) to newer generation reanalysis (MERRA,
CFSR and ERA5) as evident by significant improvement in spatial distribution and buoy location
comparisons. Taylor and time series plots demonstrates that while individually ERA5 provides the
best estimate of all the flux components, the ensemble mean (i.e. average of ERA5, CFSR, MERRA,
TropFlux and OAFlux) being close to ERA5 both in correlations and RMSE for all flux components
provides the most reliable estimate by virtue of removal of some of the uncertainty in estimation
of flux by each of the flux products. Significant reduction of RMSE of Qnet estimates from 100 W/
m2 in NCEP-2 to 45 W/m2 in the ensemble mean is a major progress. It is noteworthy that all the
recent flux products estimate the increasing trend in the north BoB and sub-seasonal fluctuations
with considerable fidelity. Also, in the south of equator location as well they estimate the lack of
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Which product is potentially more reliable among the heat flux
products available over Indian ocean in daily to annual scale?A
statistical and comparative study.
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Real-time assessment of phytoplankton photosynthetic activity
using underway Fast repetition rate fluorometry (FRRf)
Jagadish S Patil*, V.V.S.S. Sarma
CSIR-National Institute of Oceanography
CSIR-NIO, Dona Paula, Goa, India, Pincode: 403002
E-mail: patilj@nio.org
The distribution of phytoplankton is known to be heterogeneous with space and time; hence,
vertical profiles of plankton provides only a snap-shot of spatial variability. In order to capture
the heterogeneous distribution of planktonic constituents various efforts are being made to
generate high-resolution data at spatial and temporal scale using modern automated throughflow systems (e.g., fluorometer). This study, for the first time, explores the in situ versions of fast
repetition rate fluorometry (FRRf; FastOcean fluorometer, Chelsea Ltd.) to probe phytoplankton
biomass and physiological status at high spatial and temporal resolution along the cruise track
from Goa (India) to the northeastern Arabian Sea and back during February 2015. During the
voyages we could able to detect several chlorophyll peaks with a notable massive green Noctiluca
bloom. The variable fluorescence detected bloom between 20oN and 22oN, and the causative
phytoplankton was diatoms (between 200N and 210N) and green Noctiluca (between 21oN and
22oN). Further photosynthetic efficiency (Fv/Fm) was relatively lower during the day than night
time, and the photoinhibition could be one of the possible reasons for the former. For physiological
assessment following scenarios low (<0.30), moderate (0.300.50) and high (0.510.65) levels of
Fv/Fm suggesting stressed, transitional and growing conditions, respectively for phytoplankton
were adapted. Fv/Fm was moderate and low to moderate in the bloom and non-bloom region
respectively. The dominance of cells, which are either in growing stage (lag to exponential
during bloom development) or in stationary to declining phase of the developed bloom or the
prevalent of low-nutrient concentrations could be the potential reasons for moderate and low
Fv/Fm respectively. Nevertheless, the recorded low to moderate night time Fv/Fm values were
consistent with elsewhere in the world, suggesting that the phytoplankton community operates
approximately half of maximum photosynthetic efficiency (Fv/Fm = 0.65) in this region as well. The
presentation highlights the incorporation of such proposed high-resolution measurements (on
phytoplankton biomass and photosynthetic activity) and the ways for data correction to generate
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robust data using ships of opportunity beneficial for ocean research.
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Quantification of various oceanic processes on the variability of sea
surface temperature in the northern Bay of Bengal using seaglider
and mooring observations
V. P. THANGAPRAKASH*, M. S. GIRISHKUMAR, J. SREELEKHA, N. SURESHKUMAR, M. RAVICHANDRAN, S.
SHIVAPRASAD, D. SENGUPTA, E. PATTABHI RAMA RAO, TOM FARRAR, S.S.V.S.RAMAKRISHNA
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(BLT) warms during shallow ML and contributes later to MLT when ML deepens. Our BLT budget
analysis indicates both the BL horizontal and vertical advection plays a significant role in BLT
tendency. In general, the residual term is small during both study periods of 2015 and 2018 except
on some occasions.

E

Concurrent availability of temperature and salinity measurements from a combination of seaglider
and a mooring along with near-surface meteorological parameters during 06 September-12
December 2015 and 20 August-25 November 2018 are utilized to understand the sub-seasonal
variability of mixed layer (ML) temperature (MLT) in the northern Bay of Bengal (nBoB). During this
time period, seaglider captured five freshening episodes (3 and 2 events during 2015 and 2018)
with vertically extending upto 3-4 m depths. During these events, the drop in sea surface salinity
(SSS) varied between 2-6 psu with ~0.3-1.4 oC cooling in SST. Further, Our analysis indicates that
variability in the mixed layer heat budget are mainly dominated by effective surface heat flux
(Qeff ) where the penetrative component of shortwave radiation (Qpen) dominates whenever ML
becomes shallow (<10 m) while, horizontal advection and vertical processes are mainly governing
the variability in the mixed layer salinity where local fresh water flux (evaporation-precipitation)
are not much significant. The contribution from horizontal advection is significant during the later
part of 2015 and 2018 while it warms the ML. The barrier layer (BL) and TI are strong during the
winter of 2015 compared to the winter of 2018, and the magnitude of TI during 2015 was two
times greater than that during 2018. Vertical processes shows warming (cooling) of ML by the
entrainment of warm (cool) subsurface water into ML due to the presence of strong (weak) barrier
layer (BL) and temperature inversion (TI) during winter (summer/fall). Moreover, BL temperature
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P. Amol*, V. Jain, S. G. Aparna
CSIR-National Institute of Oceanography
CSIR-NIO, Regional Centre, 176 Lawsons Bay Colony, Visakhapatnam, Andhra Pradesh, India,
Pincode: 530017, E-mail: amol@nio.org
We use spectra of zonal currents at 4000 m depth to show signatures of surface wind forcing in
the near-bottom circulation. The data were collected from deep-sea moorings that were deployed
along the equator from 2000-2020. The zonal velocity spectra show a shift in the dominant
frequencies from the east to the west. The 3090-day period is stronger at 93E, the 60120-day
period at 83E, 120180-day period at 77E. This shift in frequency can be explained using the
theoretical ray paths of Kelvin and Rossby waves. The signatures of these wind-generated waves
propagating downwards as equatorial beams are also evident in the direct current measurements
from the near-surface and intermediate depths.
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Evidence for wind-driven bottom current in the equatorial Indian
Ocean
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The Arabian Sea is one of the most productive regions in the tropical oceans. Hence to understand
the modulation of physical parameters and its consequent impact on biogeochemical variability
in the region is of utmost importance. In this context, INCOIS deployed a biogeochemical float
equipped with chlorophyll, nitrate, dissolved oxygen, optical backscatter, temperature, salinity,
and depth sensors in the northeastern Arabian Sea. The float collects data in the upper 2000 m of
the water column once every 5-day. The simultaneous availability of physical and biogeochemical
parameters, especially chlorophyll and nitrate along with satellite data products provide an
unprecedented opportunity to examine the evolution of chlorophyll in various temporal scales,
from seasonal to short intense weather events such as a tropical cyclone. In this study, we analyzed
data since May 2019. We observed a subsurface chlorophyll maximum between 40 to 80m depth.
Our analysis shows two episodes of enhancement of chlorophyll one during August 2019 and
the other in November 2019. During November, enhancement of nutrients (~ 6 M)  in  the  nearsurface layer due to increase in wind-induced vertical mixing associated with the tropical cyclone
Kyaar lead to an enhancement of chlorophyll (>1.5 mg m-3) with a lag of 10 days. Though a similar
magnitude of enhancement of chlorophyll was observed during August 2019, the nutrients in the
near-surface layer were negligibly small. We speculate that the advection of chlorophyll to the
float location might be a plausible explanation for this.
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Jofia Joseph*, Ashin Kuriakose, Girishkumar M.S, Sureshkumar N, Sherin V Raju, Suprit Kumar, V P
Thangaparakash, S.Shivaprasad, E. Pattabhi Ram Rao, S. S. C. Shenoi
Indian National Centre for Ocean Information Services (INCOIS)
INCOIS, Pragathi Nagar, Hyderabad, Telangana, India, Pincode: 500090, E-mail: jofiajoseph1992@
gmail.com
Sea surface temperatures (SSTs) simulated in the coupled model consistently colder (~-1 to
-4°C) than observation in the northern Arabian Sea (AS) during winter and spring. These biases
significantly weaken the seasonal and extended summer monsoon prediction skills and climate
change projections’ reliability in this region. To understand the relative contribution of diapycnal
heat flux compared to other terms in the mixed layer (ML) temperature (MLT) budget during
these two seasons, we use time series of vertical profiles of microstructure shear measurements
collected in the northeastern AS (NEAS) at 18.4°N and 67.4°E during 10-17 January 2019 (W19)
and 7-21 May 2019 (S19). It is found that the vertical processes term and net surface heat flux
together determine the bulk of MLT tendency during S19 and W19, and the contribution of the
horizontal advection and diapycnal term is relatively smaller. It is also found that consistent with
the higher mean value of eddy diffusivity (Kρ) at the base of the ML in S19 (1.6x10-2 m2 s-1) than
W19 (2.5x10-5 m2 s-1), mean diapycnal heat flux (Jh) was higher in the former case (~-2.5 Wm-2)
than latter (-200 Wm-2). Our analysis exhibits that Kρ and Jh values estimated using different KρRi based interior ocean parametrization schemes at the ML base in the NEAS overestimate with
respect to observation, though Peters et al. (1988) low-shear outperforms other schemes. The
alleged role of overestimation of Kρ and Jh in parameterization schemes on model simulation of
cold SST bias in the AS is also discussed.
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Mixed Layer heat budget in the North Eastern Arabian Sea during
winter and spring and relative contribution of diapycnal heat flux
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Analysis of subsurface temperature deviation in OMNI buoy system
due to extreme mooring movement during super cyclonic storm
Amphan
Venkatesan R., Biswajit Haldar*, Senthilkumar P., Jossia Joseph K., Arul Muthiah M., Kesavakumar B
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profile measurements in north Indian Ocean used for validation of forecasting. This network
of buoys collects marine data in real-time for climate studies, cyclone forecast and warning
applications. To improve the accuracy of cyclone forecasting, a unique algorithm is implemented
in this indigenous buoy system capable of transmitting real time data sets in high frequency
mode during cyclone at low pressure and high wind speeds. One of the Indian moored buoy
system BD13 (87E, 14 N) deployed in Northern Bay of Bengal was very close to the cyclone track
at a distance of 74 km (40 nm) had switched over to high frequency transmission mode during
the passage of cyclone Amphan on 19th May 2020. All the OMNI buoy systems are deployed with
inverse catenary mooring, with the combination of inductive cable, nylon rope polypropylene and
long link chains with the scope of 1.2 to 1.4 to withstand the buoy from the severe cyclonic storm
but at the same time it will be highly respond to wind, wave, and current forcing especially during
cyclone which will lead to deviation in subsurface temperature measurements. The standard
sensor fit of the OMNI buoy systems has the sea surface temperature sensor varying from 1 m
to 500 m at discrete depths of 1, 5, 10, 15, 20, 30, 50, 75, 100, 200, and 500 m. The sensor fixed at
a depth of 500 m has the additional pressure parameter to ensure the depth of measurement.
Various studies have been shown that, the upper ocean mixing and temperate cooling during the
passage of cyclone is high but this study reveals that the measuring sensors vertical movement
in the deeper depth is more than the surface sensors vertical movement during the cyclonic
period has the buoy experiencing the extreme weather condition. A max depth variation of 80
m has been observed at 500 m during the cyclone Amphan. The depth variation of the other
sensor has been analyzed in orcaflex software by using the mooring design data and forcing by
the environmental parameter. A temperature deviation field has been calculated by subtracting
original temperature from the interpolated temperature at original deployed depth. The study
shows that the maximum value of temperature deviation in the lowest instrumented depth where
the line experiences a greater range of motion.
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The upper layer heat content in the ocean plays a crucial role in cyclone formation and movement
Cyclone. The network of deep sea instrumented moored buoy systems deployed in Northern
Indian Ocean by National Institute of Ocean Technology(NIOT) provides high density in-situ data
which consist of meteorological and oceanographic variables along with temperature and salinity
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Indian National Centre for Ocean Information Services (INCOIS)
INCOIS, Hyderabad, Telangana, India, Pincode: 500090, E-mail: aneesh@incois.gov.in
The subsurface radiative transfer has large implication in-terms of energy reservoir within the
water column. It also has impact on the ocean thermodynamics from local to regional scale. Thus
to account for the energy budget in the upper ocean, it is require to understand underwater
radiative transfer. The attenuation coefficient of photosynthetically available radiation (kPAR)
defines the subsurface light field, which exhibits linear relationship with downwelling diffuse
attenuation coefficient at 490 nm (kd490). The ocean colour remote sensing has the ability to
estimate kd490 and thus can be very well utilized to understand subsurface light field at synoptic
scale. During the first expedition of second Internal Indian Ocean Expedition (IIOE-2), onboard
ORV SN-105, hyperspectral radiometer was operated along 67 E transect, from Goa to Mauritius,
measuring surface and subsurface light field. In the present study, two models were evaluated
to estimate kPAR from satellite (MODIS-Aqua) derived kd490. Subsequently spatio-temporal
variability of kPAR was described using satellite data at monthly climatological scale. The kd490 and
kPAR estimated from satellite (MODIS-Aqua) was found in good agreement with in situ data. The
satellite-estimated kPAR depicted the water to be oligotrophic and optically clear with maximum
euphotic depth reaching up to 80 m. There was no significant variability observed in kPAR, along
the cruise transect, at monthly climatological scale. However, at spatial scale, maximum kPAR was
observed at 5 N that decreased towards equator and increased further at 10 S. The surface chl-a
was very low, along the transect, of the order less than 0.1 mg-m^-3. The deep chl maxima (DCM)
was observed at depth 60-70m till 2 S beyond which DCM swallowed till 50m. The average light
level at DCM was 11% of the surface. Along the sampling transect, attenuation of light was more
sensitive to chlorophyll-a (chl-a) apart from water molecule itself.
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Meridional variability of subsurface light field from satellite data Learning from first expedition of IIOE-2
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integrated set of measurements in the shelf break region off Paradip performed onboard ORV
Sagar Nidhi during 3-6 October, 2019. Specifically, vertical profile measurements of conductivitytemperature-depth (CTD), currents, and turbulence microstructure (small-scale shear) were
made at different locations along a 20 km transect across the continental slope. Strong changes
of around 8 psu in the near-surface salinity and 1 deg C in the near-surface temperature are
observed during a tidal cycle at a fixed location. CTD profiles from various instruments are then
visualized on the (T, S) plane, and they sometimes reveal noticeable temperature excursions at
around 40 m depth, with fine-scale lateral gradients in temperature observable up to around
150 m depth. The aforementioned features are then understood in terms of advective transport
by barotropic tides and geostrophic currents, which are obtained from satellite and reanalysis
products. A prominent double pycnocline structure is observed in vertical stratification profiles,
with a staircase-like density structure present all the way up to 250 m. With underway CTD (uCTD)
measurements, lateral density gradients are also measured, using which we comment on how far
the upper ocean is from geostrophic adjustment. Vertical microprofiler (VMP) measurements are
then used to reveal that enhanced turbulence occurs up to around 200m depth along the transect,
Correspondingly, lowered ADCP (LADCP) measurements reveal alternating current directions with
depth up to 200 m. These features in the small-scale turbulence and horizontal currents are likely
due to internal tide interactions with the strongly stratified upper ocean, a hypothesis motivated
by internal tide ray paths and weak wind conditions. The internal tide hypothesis is then tested
in high-resolution numerical experiments using a non-hydrostatic ocean model, which is run for
different background stratifications observed during flood and ebb tide.
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Satellite altimetry and numerical ocean modeling reveal strong internal tide activity in the northwest Bay of Bengal (BoB), the source of which is likely to be the continental shelf break region in
its neighbourhood. This region is also dynamically unique owing to the large freshwater input
from the riverine systems along the northern boundary of BoB. In this work, we report on an
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Observations of the dynamical ocean state on a continental slope in
the north-west Bay of Bengal
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INCOIS, Hyderabad, TELANGANA, India, Pincode: 500090, E-mail: suprit.k@incois.gov.in
An operational moored-buoy network called OMNI (Ocean Moored buoy Network for the
Northern Indian ocean) is set up under the Ministry of Earth Sciences (MoES) National Data Buoy
Program (NDBP) to ensure the availability of high quality and high-resolution time-series in-situ
observations in the data-sparse region of the Northern Indian Ocean. The buoy network consists
of 5 buoys in the Arabian Sea and 7 buoys in the Bay of Bengal. It provides meteorological and
upper-ocean observations in both real-time and delayed mode. The OMNI boys were deployed
and maintained by the National Institute of Ocean Technology (NIOT) and data management
activities are taken care of by the Indian National Centre for Ocean Information Services (INCOIS):
both are autonomous institutions under the MoES. At the INCOIS data center, data quality control
involves a two-tier approach that includes automated real-time quality checks and a manual
delayed-mode assessment of the sensor data retrieved after the deployment. In this study, we
will present the status and summary statistics of the data returns which show the availability of
high-quality observations since 2012 when the first couple of OMNI buoys were deployed in the
Bay of Bengal and the continuous evolution and improvements made thereafter. Further, some
applications of data and derived-data products obtained from buoys will be discussed, along with
user feedback, which contributed significantly to improving the data quality and related services.
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Recent moored-buoy observations in the Northern Indian Ocean: A
data management perspective
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translation of scientific knowledge to operational oceanographic services. OOS comprises of insitu and remote sensing platforms measuring a suite of marine meteorological and oceanographic
parameters on a broad spectrum of spatial and temporal time scales. These multinational observing
systems generated invaluable datasets and improved the scientific understanding of physical
and biogeochemical processes and its variability, air-sea interactions, forecasting of weather and
ocean state, and climate variability on regional and global scales. The observational network
was sustained and enhanced to meet the increasing demands for monitoring, understanding
and predicting the Indian Ocean and climate change. Preservation of the long-term data of
different parameters and its availability from a single source would facilitate multi-disciplinary
approach in understanding the oceans in a better way and bringing out new insights. Further,
technological advances in the last two decades in oceanographic sensors; communication and
computing systems facilitated the ocean scientists to acquire data in real-time from a variety
of ocean observing platforms. Management of heterogeneous and voluminous oceanographic
data is imperative to ensure high-quality data for research and for data-driven decision making
in operational oceanographic services. Ocean data management is becoming an integral part of
ocean observation programmes with emerging technologies such as sensor observing service,
web-based data services to serve the data with analytical and visualization features on the fly. In
this paper, we present the ocean observing systems implemented by India in the Indian Ocean,
development of ocean data and information system, an end-to-end data management system to
provide data services to the stakeholders and the recent developments. Internationally concerted
efforts in developing standards for metadata and data, quality management systems are also
briefly discussed.
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Since the first International Indian Ocean Expedition, oceanographers worldwide focused on
observing the Indian Ocean because of its unique characteristics compared to any other oceans.
Many countries conducted several oceanographic expeditions and established ocean observing
system (OOS) in the Indian Ocean. India is part of this endeavor, established OOS and carried
out special field campaigns to understand different oceanographic processes that led to the
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Proposal for a New Annual Indian Ocean Transect (AIOT) and
Oceanographic Training Program
Jim Costopulos*
Global Oceans, New York, USA
President/CEO, Global Oceans, New York, New York, NY, United States, Pincode: 101
E-mail: jcostopulos@global-oceans.org
For scientific communities and institutions in the Indian Ocean and Indo-Pacific regions, access
to large-scale research infrastructure such as research vessels and exploration vehicles suitable
for open ocean and deep-sea research are often not available. Yet, establishing a critical mass of
research capacity, technical expertise and education at a level that can catalyze and inform regional
policies for climate risk mitigation and sustainable development requires largescale investments
in infrastructure and the institutions to manage them  investments that for many developing
nations is currently impossible. Global Oceans, a US based 501c3 nonprofit organization, has
developed a strategy for organizing, adapting and enabling the use of existing private-sector
resources, primarily by chartering ships and other assets operating within the global offshore
energy sector, to expand physical capacity for conducting world-class ocean science on manned
platforms. The vessels mobilized by Global Oceans are called Modular Adaptive Research Vessels
(MARVs), comprised of the managed integration of short-term, time-chartered offshore service
vessels (OSVs) together with modular laboratory and workspace systems installed on deck, and
coordinated at the local level through a global network of port facilities and technical staff. Enabled
by this capacity for program-configured MARV vessels, we are proposing a new annual program
called the Annual Indian Ocean Transect (AIOT). We propose to replicate on an on-going annual
basis selected transects undertaken in the Indian Ocean by the GO-SHIP Hydrographic Survey
program, initially to replicate the IO9N transect from Freemantle, Australia to Phuket, Thailand,
and subsequently to replicate the IO7N transect from Durban, South Africa to Goa, India. The
AIOT will focus on GO-SHIP Level 1 core measurements comprising about twenty-five individual
parameters, all of which can be analyzed on board. Modular laboratories will be configured
to support these analyses, with methods, reference materials, and quality control processes
standardized and calibrated with GO-SHIP methods from these transects for data comparability.
The AIOT will be a regional, multinational effort led by scientists and students from regional Indian
Ocean institutions and government agencies. A second major component of the program is the
development of a new curriculum to provide students and early career scientists with hands-on
field training and experience in the use of instrumentation, sample collection and processing,
standard methods, and laboratory analyses, initially focused on assisting with the core Level 1
measurements. We are working with the IOCs Ocean Teacher Global Academy (OTGA) and with
Ocean Best Practices to begin scoping a new curriculum framework that will be globally portable
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to support international collaboration. The curriculum will be hosted in the cloud for universal
access and ongoing refinement, and will include video training materials, and translation into
regional languages. The program funding plan anticipates generating support for about half of
the project cost from one or more major foundations, with the other half cost-shared between
sponsoring regional nations and participating regional science teams. Support and input on
program development is currently being sought from the Indian Ocean science community.
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Seasonal Variability of the Mixed Layer Heat and Salt Budget in the
Northern Bay of Bengal using Argo observations
Abhijit Shee*, Sourav Sil
Indian Institute of Technology Bhubaneswar (IIT Bhubaneswar)
IIT Bhubaneswar, Argul Campus, Jatni, Khurda, Odisha, India, Pincode: 752050
E-mail: as29@iitbbs.ac.in
Northern Bay of Bengal (NBoB) is well known for its unique features such as seasonally reversing
monsoon winds, less saline surface layer due to huge precipitation over evaporation, strong
temperature inversions, more buoyancy, high stratification etc. which independently or
combinedly maintain and hold the seasonal variation of surface layer temperature and salinity.
This study investigates the seasonal variation of mixed layer (ML) heat and salt budget in the NBOB
using Argo observations. Dominated processes in the mixed layer heat budget are net surface
heat flux (NSHF), horizontal advection, vertical entrainment, and vertical diffusion. During winter,
NSHF leads to cooling while vertical processes show a warming tendency and overall temperature
tendency results a low mixed layer temperature (MLT, 26 - 27oC) with in ML. During spring, the
penetrative shortwave radiation flux (Qpen, ~35 W/m2) and the NSHF (~180 W/m2) both increase
to maximum value. On the other hand, vertical processes show a strong cooling tendency and
overall temperature tendency shows the heat gain. Due to presence of cloud, during summer
the shortwave radiation decreases and NSHF varies between -50 and 150 W/m2. During fall, net
shortwave radiation and Qpen again increase and a warming temperature tendency is observed.
Presence of strong temperature inversions with thick barrier layer during fall and winter season
have a significant role on MLT variation. In the mixed layer salt budget, dominated processes are
net freshwater flux (NFF), horizontal advection, vertical entrainment, and vertical diffusion. During
summer, huge precipitation over evaporation helps to decrease the surface salinity and to form
a strong oceanic salinity stratification (OSS). In this period horizontal advection show a negative
tendency. During fall the OSS reaches to maximum value. In this period vertical entrainment
show a strong negative tendency and overall salinity tendency results the lowest salinity (~27 - 29
psu) within mixed layer. During winter, NFF shows a weak positive tendency due to increase in
evaporation over precipitation, OSS gradually decreases and salinity within ML increases. During
spring, OSS reaches to minimum value. Vertical processes shows a positive tendency and overall

S

salinity tendency shows the salt gain. In this time salinity within mixed layer increases to maximum
value (~34 psu).
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Flow Velocity Tidal Asymmetry in the Gulf of Khambhat, Arabian
Sea using HF Radar Surface Currents
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The hourly ocean surface current observations from available High Frequency Radars (HFR) have
been analyzed to identify the nature of tidal asymmetry in the inverted funnel-shaped Gulf of
Khambhat (GoKh) on the western shelf of India. Tidal harmonic analysis of the HFR currents
showed that the tidal currents at the mouth are dominated by the M2 constituent with amplitude
~4.5 times higher than that of K1. Among the shallow water constituents, M4 dominates the entire
Gulf with significant amplitudes (~10 cm s-1) and gets amplified towards the head of the Gulf (~30
cm s-1), followed by MS4. Comparisons with sea level heights from tide gauges show a higher
correlation for the major (>0.97) and shallow water (>0.96) tidal constituents in terms of the order
of amplitudes of the tidal constituents. The circulation pattern in the Gulf is predominantly driven
by tidal currents, with the total tidal variance being ~90% of the total current variance. The major
contributions are from the M2 tidal currents (70-90%), except at the head, where the M4 component
contributes significantly up to 40%. The harmonic analysis-derived relative surface phase (2M2 
M4) and higher M4/M2 amplitude ratio at the head of the Gulf reveal that the Gulf is highly tidally
asymmetric and flood dominant, indicating stronger non-linear tidal distortions in the nearshore
regions. A generalized skewness-based analysis confirms the flood-dominance with positive
values of a morphology-dependent asymmetry factor and skewness. Two tidal combinations (M2/
M4 overtide and M2/S2/MS4 compound tide) are identified as the major contributors to the flow
velocity skewness in the GoKh with mixed, mainly semi-diurnal tidal regime.
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Indian National Centre for Ocean Information Services (INCOIS)
INCOIS, Hyderabad 500090, Hyderabad, Telangana, India, Pincode: 500090
E-mail: ashinkuriakose001@gmail.com
Vertical turbulent mixing induced diapycnal heat flux at the base of the mixed layer is an important
process that influences the evolution of sea surface temperature (SST). Direct measurements of
ocean turbulence require specialized instrumentation and are collected relatively infrequently.
An alternative approach to estimating vertical temperature diffusivity (KT ) is to compute it from
the residual of the mixed layer (ML) heat budget. Using this approach, we use moored buoy data
at 15°N, 12°N, and 8°N along 90°E to estimate the seasonal average of KT at the base of mixed
layer in the Bay of Bengal (BoB). We find that KT is lower during spring and higher during winter in
comparison with summer and fall at respective mooring locations. Moreover, in a particular season,
KT values are relatively high in the southern BoB in comparison to the northern BoB. The present
study also shows that the seasonal and spatial variability of KT is modulated both by stratification
at the base of ML and through seasonal and spatial heterogeneity in atmospheric forcing fields,
most notably wind stress and buoyancy flux. The availability of information on the spatial and
seasonal variability of KT in the BoB will facilitate evaluation and validation of turbulent mixing
parameterization schemes incorporated into ocean models.
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Estimation of vertical diffusivity at the base of mixed layer in the
Bay of Bengal
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Ocean surface currents have been measured since late 2009 using a network of high-frequency
radars (HFR) (SeaSonde). The systems are installed and operated by the National Institute of Ocean
Technology (NIOT), Ministry of Earth Sciences (MoES), India. These surface current observations
from Indian Coastal Radar Network (ICORN) are a revolution to provide a unique opportunity
on studying the multiscale coastal processes, from the extraction from tidal currents to the
interannual variability of surface currents. The high frequency and high-resolution HFR currents
made it possible to extract the tidally driven currents and their spatial characteristics due to major
(M2, S2, N2, K1, and O1) and shallow water (M4, MS4, M8, etc.) tidal constituents along the Indian
coast. The hourly observations also enable to characterize the frontal eddies due to a strong
temperature gradient during spring and salinity gradient in autumn on the western Bay of Bengal
(BoB). The HFR observations also helped for identification, characterization, and monitoring of the
evolution of the coastal mesoscale eddies in the BoB. The HFR currents are validated with satellitederived surface currents, the drifter, and NIOT moored buoy on a different time scale. The HFR
derived surface currents captured the seasonal reversibility of the boundary currents, northward
propagating Western Boundary Current (WBC) during March-May and southward propagating
East India Coastal Current (EICC) during November-December in the western BoB. The HFR data
are being utilized for the measurement of the ocean currents during the cyclone passages. The
HFR data also made it possible to quantify the tidal asymmetry in the northeastern Arabian basin,
which is well-known for high tidal variability. The impact of the IOD and ENSO events on the
coastal currents are also observed in the HFR observations. During the negative phase (2016) of
the IOD, the southward EICC is found to be stronger, whereas, the springtime WBC is relatively
active in the positive phases (2015). The efficient and quality data provided by the ICORN has
recently increased its popularity towards operational oceanography.
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Indian Coastal Radar Network (ICORN): A New-Age Monitoring
System for Coastal Circulation Processes along the Indian Coast
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Norfolk, Virginia, United States, Pincode: 23507, E-mail: misha001@odu.edu
When salinity dominates upper ocean stratification, mixed layer depth (MLD) can be shallower than
isothermal layer depth (ILD), creating a barrier layer (BLT). Large freshwater fluxes are instrumental
in driving the formation of barrier layer. Indian Ocean Dipole (IOD) reflects differences in SST across
the IO and is known to impact BLT. In this study, we explore regional differences in the IOD impact
on BLT by using quality-controlled Argo profiles spanning the years 2000 to 2020. The relationship
between the BLT and IOD shows that positive IOD events result in thinner BLTs and negative IOD
events result in thicker BLTs. The coupling between the IOD and BLT is most pronounced in the
BoB and EEIO. We examine the variability of this relationship and the forcing mechanisms behind
this coupling.
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Regional impacts of the IOD on barrier layer thickness
in the Indian Ocean
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Observed diurnal air-sea fluxes variability in the Northern Indian
Ocean using moored-buoy data
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The northern Indian Ocean (NIO) is a region of extreme air-sea interactions impacting both regional
and global weather and climate. Quantifying these air-sea interactions through surface fluxes (heat,
freshwater, and momentum fluxes) at appropriate scales is a historically challenging problem in the
NIO owing to the lack of data. In recent years, there are efforts to install reference flux stations in the
NIO to measure the fluxes directly. However, there are operational moored-buoys already set up in
the region which provide high-resolution time-series observations of surface meteorological and
upper-ocean variables. In this study, we have utilized one such buoy network called OMNI (Ocean
Moored buoy Network for the Northern Indian Ocean) to estimate hourly surface-fluxes (heat and
momentum) and related uncertainties to document their variability. Hourly observations from
three OMNI buoys (BD08, BD09 (in the northern Bay of Bengal; ~89°E, 18°N), and BD12 (in the
Andaman Sea; 94°E, 10°N)) were used to derive the hourly fluxes using COARE V3.0 algorithm. We
have estimated the impact of ignoring the diurnal variability in estimating the daily fluxes. Latent
heat flux exhibited diurnal variability with a maximum of about 30 W/m 2 (mean: 107 W/m 2 )
and sensible heat flux of about 8 W/m 2 (mean: 5.73 W/m 2 ) which would probably affect the net
heat flux. Most of this variability could be explained by the warm layer and cool skin effects, as
we obtained comparable estimates of diurnal variability when we switched these effects off and
on, in the COARE V3.0 algorithm. Strong seasonality was also observed, with maximum SHF and
LHF diurnal variability occurring in the spring season (March-May) as compared to peak monsoon
season (JuneAugust). Since diurnal variability is resultant of the competing effect of stabilizing
solar heat influx and destabilizing wind stress, the seasonality in the controlling factors may also
evoke similar responses in related processes. High-frequency air-sea flux data is sparse in the
northern Indian Ocean, which may affect the predictability of various climate modes. Our primary
objective is to address this lacuna and enhance the accurate determination of fluxes which will
enable us with better numerical weather prediction and climate research in the near future.
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Micrometeorological observations at 20 Hz were obtained from the Bay of Bengal using a custommade Eddy Covariance (EC) System installed on a mooring and collected 15 months of data.
The EC system included an Infrared Gas Analyzer, Sonic anemometer, and motion sensor pack,
and data from all these instruments were stored in a data logger, which was later recovered for
processing. Detailed quality checks and post-processing of the raw data have been done, and eddy
covariance fluxes of heat and momentum were calculated and compared with flux observations.
Our preliminary analysis suggests that the stability parameterizations for dimensionless shear
in the widely used COARE v3.5 bulk flux algorithm underestimate the observed dimensionless
shear by at least 40% in the convective regime, which results in a 25-35% mismatch between bulk
and EC fluxes in weak winds. The detailed data processing aspects and preliminary results will be
presented.
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Eddy covariance observations in the Marine Boundary Layer from
the Bay of Bengal.
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Sea-level observations provide information on various processes occurring over different temporal
and spatial scales that may contribute to coastal flooding and hazards. However, the research on
sea-level extremes is restricted to hourly datasets, which prevent the quantification and analyses of
shorter-period processes, like seiches, meteotsunamis, infragravity, and coastal waves, which may
even dominate in low tidal basins. This study examines for the first time the intensity, frequency
and temporal and spatial distribution of high-frequency (< 2 h) non-tidal and non-seismic sea-level
variabilities along the entire Indian coastline using all available tide gauges having an interval of
1-minute. Here we use a quality control method similar to Zemunik et al. [2021], for creating an
Indian Minute Sea-level dataset. The paper describes the data quality control procedures applied
to the tide gauges. Preliminary analysis shows the existence of high-frequency oscillations (<2
hours) along the entire Indian coastline. The range of these oscillations are comparable with the
climatological storm surge height at the west coast of India. Finally, an overview of all the existing
major frequencies and its temporal and spatial distribution is described across the east and west
coast of the Indian subcontinent.
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Observation/characteristic of high-frequency coastal sea level
variabilities along the Indian subcontinent using tide gauges
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The present study we have evaluated the Arabian Sea variability using regional ocean modeling
system which have two different spatial resolutions 17km and 25km. We have evaluated climatology
of upper ocean dynamics of the Arabian Sea. The resolution of the model is an important factor
in simulating the climatic oceanic features. A comparison of the model resolution is an important
factor in simulated physical and ocean fields with observation and the high resolution model
outputs reflect the ocean physics and ocean dynamics. The upper ocean dynamics associated with
the variability of mixed layer depth, temperature and radiation as well as deep ocean characteristics
of temperature, salinity and radiation effects. The comparison of model results with available
observation and reanalysis indicates reasonable resemblances in reproducing the spatiotemporal
distribution of surface. The study shows that the variability is governed by annual and seasonal
high-resolution setup which shows better performance for both season. The increasing resolution
shows minimal improvement, indicating the fact that its not always guaranty to enhance the
performance towards increasing resolution for every aspect.
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Simulating the upper ocean charchertistics of Arabian Sea using
Regional Ocean Model System: impact of horizontal resolution
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Do the data of grounded Argo floats validate bathymetry in the
continental shelf?
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Application of Argo floats profiling depth data to improve the bathymetry maps in poorly sampled
regions of the continental shelf has been demonstrated in this study. As a part of the international
Argo program, nearly 4000 floats have been deployed in the global ocean. The deepest profiling
depth was 2000 m for the majority of the Argo floats. As these floats are freely drifting objects,
some of them tend to move to shallow regions owing to the currents and get grounded. The
maximum profiling depth data of these floats near the continental shelf were compared with the
ship track data. This study proved that the use of the profiling depth data from these grounded
floats significantly improved the bathymetry of the region for which the Trackline data are sparse.
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Why is seasonal anoxia confined only to the central west coast of
India? Upwelling vs anthropogenic effects

the extent of coastal deoxygenation follows the corresponding spatio-temporal changes in the
distribution of dissolved oxygen concentrations in the offshore OMZ. The eastern Arabian Sea has
a perennial OMZ with its southern boundary at 12ᵿN and its core OMZ (10 µM of oxygen) has
a northern boundary at 18ᵿN. The formation of cyclonic eddies in the south and central regions
respectively during peak and late phases of SM leads to a shift in the upliftment of oxycline
from outside the core OMZ to within core OMZ during the progression of SM. Accordingly, the
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The growing number of oxygen-deficient coastal zones around the world and their impacts on
marine life has always been a controversial issue as their development is largely attributed to
anthropogenic activities which can be mitigated by human actions. The west coast of India houses
the world’s largest seasonal coastal hypoxic-anoxic zone and despite several studies in the recent
past have addressed its biogeochemical effects, it is still debated the exact mechanism(s), i.e.
natural vs terrestrial, behind its formation. The new coherent datasets collected from estuaries to
coastal to offshore regions during early, peak and late summer monsoon (SM) established, for the
first time, that this largest coastal hypoxic-anoxic zone along the west coast of India (WCI) is not
driven by the anthropogenic inputs but formed naturally through upwelling of oxygen minimum
zone (OMZ) waters. Coastal oxygen deficiency during SM upwelling gradually intensified from
hypoxic during early SM to suboxic/anoxic (<5 µM) by late SM, with the latter confined to the
central shelf between 11ᵿ and 18ᵿN, which is equivalent to almost half of the WCI. This anoxic
central zone (where famous Goa and Mangalore are occupied) is located away from receiving
significant anthropogenic inputs unlike in the south (Kochi) and north (Mumbai), where the two
largest coastal cities receive substantial allochthonous inputs, yet they remained at hypoxia during
entire SM. The two-fold lower concentrations of nutrients in the estuaries of central region during
SM, where coastal anoxia is confined, than those in the northern and southern regions infer that
the increased anthropogenic activities have not impaired these coastal waters. This is true as the
coastal hypoxia in the south remain unchanged compared to five decades ago and the monsoonal
estuaries of India are acting as heavy sink zones and export only <10% of anthropogenic nutrients
to the coastal seas. The stable isotopic composition of particulate organic matter showed
confinement of significant anthropogenic signals only to few pockets of nearshore regions and
the paleoceanographic records did not show significant impact of anthropogenically derived
eutrophication, inferring that this coastal deoxygenation is not an human induced effect. Rather,
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development of anoxia over the central WCI (11°-18°N) is caused by the upwelling of suboxic
waters sourced from the core OMZ, while those of the south and north are from hypoxic waters
(~20 µM) outside the core OMZ. The formation of weak or no coastal anoxia during IOD and ENSO
years further supports of it being driven naturally. The upwelling driven coastal biogeochemistry
further intensifies this oxygen deficiency. Notably, the spatio-temporal variation of oxycline depth
also governed by the interaction between equatorward spread of Arabian Sea high saline waters
and the upwelling is a significant finding as large anoxic volumes have greatly reduced the habitat
for higher pelagic organisms. The fish mortalities due to such situations have been often occurring
over the central anoxic coast (Goa). Nevertheless, considering the natural origin of the world’s
largest zone of coastal hypoxia-anoxia over the WCI it is likely that not all the coastal dead zones
around the world are anthropogenically derived and emerging studies are evidently supporting
this argument
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What causes the model-data misfit of the oxygen minimum zone in
the Arabian Sea?
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The Arabian Sea hosts one of the thickest oxygen minimum zones (OMZ) of the world and to
make reliable future predictions with models, it is crucial to represent the current status of such an
ecosystem. However, coarse global circulation models, as used for the IPCC, show generally a large
model-data misfit with regard to oxygen. Therefore, a detailed comparison of models that present
our present-day understanding of physical and biogeochemical processes, shall give an overview
of the main model deficiencies. We use the historical state of 10 coupled climate models from
the 5th coupled model intercomparison project (CMIP5) to compare their water mass properties
and the mixing behaviour with observations and refer these results to the oxygen profiles in the
Arabian Sea. Grouping the data with a cluster analysis reduces the high dimensionality of the data
and gives more meaningful statements. We show which processes are significant and how they
cause uncertainties in the oxygen representation. This should not only help to better illuminate the
complex connections, but also to improve future models and thus to improve climate predictions.
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Fast local warming is the main driver of recent deoxygenation in the
northern Arabian Sea
Zouhair Lachkar*, Muchamad Al Azhar, Michael Mehari, Marina Levy, Shafer Smith
New York University Abu Dhabi
1121 Building A2, NYU Abu Dhabi, Saadiyat campus, Abu Dhabi, Abu Dhabi, United Arab
Emirates, Pincode: 129188, E-mail: zl28@nyu.edu
The Arabian Sea (AS) hosts one of the most intense oxygen minimum zones (OMZs) in the world.
Observations suggest a decline in O2 in the northern AS over the recent decades accompanied
by an intensification of the suboxic conditions there. Over the same period, the local sea surface
temperature has risen significantly, particularly over the Arabian Gulf (also known as Persian Gulf,
hereafter the Gulf ), while summer monsoon winds may have intensified. Here, we simulate the
evolution of dissolved oxygen in the AS from 1982 through 2010 and explore its controlling factors,
with a focus on changing atmospheric conditions. To this end, we use a set of eddy-resolving
hindcast simulations forced with winds and heat and freshwater fluxes from an atmospheric
reanalysis. We find a significant deoxygenation in the northern AS, with O2 inventories north of
20N dropping by over 6% per decade between 100 and 1000m. These changes cause an
expansion of the OMZ volume north of 20N at a rate of 0.6% per decade as well as an increase
in the volume of suboxia and the rate of denitrification by 14 and 15% per decade, respectively.
We also show that strong interannual and decadal variability modulate dissolved oxygen in the
northern AS, with most of the O2 decline taking place in the 1980s and 1990s. Using a set of
sensitivity simulations we demonstrate that deoxygenation in the northern AS is essentially
caused by reduced ventilation induced by the recent fast warming of the sea surface, including
in the Gulf, with a contribution from concomitant summer monsoon wind intensification. This is
because, on the one hand, surface warming enhances vertical stratification and increases Gulf
water buoyancy, thus inhibiting vertical mixing and ventilation of the thermocline. On the other
hand, summer monsoon wind intensification causes a rise in the thermocline depth in the northern
AS that lowers O2 levels in the upper ocean. Our findings confirm that the AS OMZ is strongly
sensitive to upper-ocean warming and concurrent changes in the Indian monsoon winds. Finally,
our results also demonstrate that changes in the local climatic forcing play a key role in regional
dissolved oxygen changes and hence need to be properly represented in global models to reduce
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uncertainties in future projections of deoxygenation.
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Climate change impact on the Arabian sea Oxygen Minimum Zone:
Insights from downscaling experiments
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The land-locked northern boundary and seasonal high productivity in the Arabian sea (AS) leads
to the formation and the maintenance of one of the most intense and thickest open ocean oxygen
minimum zones (OMZ) there. Earlier studies based on both observation and model sensitivity
experiments have reported that this perennial OMZ is highly sensitive to the strength of the
monsoonal circulation and surface heating. Model simulations from the fifth phase of Coupled
Model Intercomparison project (CMIP5) indicate significant changes in the Indian monsoonal
circulation and the atmospheric heat fluxes under climate change. However, the future projection
of AS OMZ under climate change remains largely uncertain and ill-understood. This is mainly
due to a poor representation of the AS OMZ in the CMIP5 simulations and an important spread
in their future oxygen projections for the region. Here we explore how downscaling CMIP5
global simulations with a high-resolution configuration of the Regional Ocean Modeling System
(ROMS) model coupled to a nitrogen-based NPZD ecosystem model can help improving the
representation of the AS OMZ and reduce the spread in CMIP5 projections. To this end, we
performed a climatological reference simulation, i.e., the control simulation, where ROMS is
forced with observed atmospheric and lateral boundary conditions, and a set of corresponding
downscaled sensitivity experiment where ROMS is forced with atmospheric and lateral boundary
conditions derived from CMIP5 present day and the high emission scenario (RCP8.5) simulations.
The control simulation has been extensively validated against the observations for its skill in
simulating the physical and biogeochemical variables. We explore the sensitivity of the downscaled
oxygen distribution and OMZ to the regional model setup by varying the model resolution from
1/3deg to 1/12deg and expanding the model domain from a small AS-limited domain to one
encompassing the full Indian Ocean. The analysis of these simulations reveals a strong sensitivity
of the downscaled solutions to the employed horizontal resolution and domain size. Furthermore,
we find that both local and remote forcings are important in controlling the predicted evolution
of the AS OMZ.
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Genevieve L. Fernandes*, Belle Damodara Shenoy, Samir Damare
CSIR-National Institute of Oceanography, Goa and Goa University
Trinity Apt, Flat no. 5, Bicholim, Goa
Bicholim, Goa, India
Pincode: 403504
E-mail: 1990eve@gmail.com
The Indian Ocean harbors oxygen minimum zones (OMZs) in the Arabian Sea and Bay of Bengal,
with dissolved oxygen < 20 μM, located at the mid-depths of the water column. Till date, highthroughput sequence-data on depth-wise distribution patterns of prokaryotic communities
have rarely been reported from the Arabian Sea and Bay of Bengal OMZs. This study is aimed to
characterize prokaryotic communities inhabiting Arabian Sea Time Series (ASTS), Indias Idea 2
(II2) locations in the Arabian Sea, and Bay of Bengal Time Series (BoBTS) location in the Bay of
Bengal OMZs by using 16S rRNA gene metagenomic approach, along 6 sampled depths in the
water column. With the use of Illumina sequencing, high prokaryotic richness was observed from
the Arabian Sea and Bay of Bengal sampled locations. Operational taxonomic units (OTUs) in the
range of 12493298 were identified, wherein, less prokaryotic diversity was observed at surface
and within oxygen minimum depths. At phylum level, most OTUs were affiliated to Bacteroidetes,
Chloroflexi, Cyanobacteria, Marinimicrobia, Planctomycetes and Proteobacteria. Prokaryotic
community differed between ASTS, II2 and BoBTS locations along varying physicochemical
conditions. Presence of bacterial clades, δ-Proteobacteria and γ-Proteobacteria, suggested their
possible participation in biogeochemical cycling of nitrate and sulphur in the OMZs. Bacterial
genera involved in anammox processes, e.g. Candidatus Scalindua was relatively high at ASTS
and II2 locations in the Arabian Sea. This study implies that microbial diversity can be better
understood by using recent identification techniques and by considering the distribution of
abundant microbes along with the dynamic environmental conditions.
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Modern molecular techniques used to decipher bacterial
communities in the oxygen minimum zone of the Indian Ocean
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(1.10%). To understand the functional differences, generic level comparison is best suited, but the
main problem with this approach was that high percent of organisms were left as unclassified and
not falling within defined genera.
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The Indian ocean OMZ which include the Arabian Sea and Bay of Bengal is characterized by O2
concentration <0.1 ml L-1 within a depth ranging from ~100/150 to 1,000 m. Both the basins show
a contrasting difference in their biogeochemical cycling due to the fact that Arabian Sea has a
lower O2 concentration as compared to Bay of Bengal. Differences in the oxygen levels, effects
a change in the living biota in the water column. Culture-dependent techniques alone does not
give a holistic account of the bacterial diversity as less than 5% of the bacterial population can be
detected using this. The emergence of culture-independent approach has allowed us to assess
the diversity in better perspective which can detect rare populations also. In the present study,
samples have been collected from the OMZs of both Arabian Sea and Bay of Bengal over 5 years
to compare the microbial population present in there. Different culturing techniques along of the
modern Next Generation Sequencing approach were employed to describe the diverse microbial
communities present. The water samples were collected from the upper interface of OMZ,
mid-OMZ and lower interface of OMZ. For culture-independent diversity, DNA were extracted
and high-throughput amplicon sequencing of V3/V4 and V6 16S rDNA regions was performed
on Illumina HiSeq. A comparison between the two areas showed that Proteobacteria were the
largest contributors in the both the basins, but were higher in AS (89.30%) than BOB (67.10%).
Gamma sulphur oxidisers (GSO) SUP05 reported to have the genetic potential to oxidize reduced
sulphur in oxygen minimum zones having a role in cryptic sulphur cycle- higher in BOB (1.80%)
than AS (0.70%). Pelagibacteraceae, encompassing quarter-half of the prokaryotic cells in the
ocean was higher in BOB (26.00%) than AS (20.50%). SAR406 belonging to the Marine Group A
(MGA) uncultivated phylum of bacteria reported in carrying out dissimilatory sulfur oxidation was
found to be second most abundant phylum, higher in BOB (36.00%) than AS (21.20%). Phylum
Planctomycetes involved in anaerobic oxidation of ammonium to nitrite or nitrate to yield N2,
contributing to nitrogen loss in oxygen-deﬁcient systems was higher in AS (4.90%) than BOB

E

CSIR-National Institute of Oceanography
Dona Paula, Panaji, Goa, India, Pincode: 403004
E-mail: samir@nio.org

S

Samir Damare*, Genevieve Fernandes, Larissa Menezes, Amara Mulla Begum, Ram Murti Meena

5

Bacterial communities from the Oxygen Minimum Zones of the
Arabian Sea and Bay of Bengal Basins

INTERNATIONAL INDIAN OCEAN
SCIENCE CONFERENCE (IIOSC)

2022

ABS-2022-05-0127

S

E

S

S

I

O

N

-

5

Sources and nature of particulate matter in sediment traps: a
comparison between the Arabian Sea and the Bay of Bengal
Kurian, S*, Shenoy, D.M, Kabeer, M, Karapurkar, S, Khandeparkar, R, Krishnendu, P, Megha, D, Apsara,
P.V., Harshada, K, Naqvi, S.W.A
CSIR-National Institute of Oceanography, Goa
Panaji, Goa, India, Pincode: 403004
E-mail: siby@nio.org
Sediment traps are widely used to study particles sinking through the oceanic water column and
provide information about the sources and nature of particulate matter. These particles (marine
snow, fecal pellets, macroaggregates) consist of intact and remineralized biogenic and lithogenic
material. Earlier studies have shown that the downward flux depends mainly on surface processes
such as primary production, which varies seasonally and inter-annually. As a part of the SIBERINDIA program, we had deployed a mooring in the Arabian Sea (AS; 17°N, 68°E) and Bay of Bengal
(BoB; 18°N, 89°E) consisting of sediment traps at three depths (shallow: 600m, 480m, middle:
1200m, 1070m and deep: 3000m, 1600m) respectively. Here we compare the data of BoB sediment
traps collected during 2011-12 with the AS traps collected in 2012-13. In both AS and BoB, middle
and deep traps collected more material (>300 mg/m2/day) during the fag end of the southwest
monsoon compared to shallow ones, probably due to lateral advection or scavenging of particles.
Carbonates are the dominant component, ranging between 36 and 41% (avg.) in the AS and 14.6
and 21% (avg.) in the BoB. The high percentage of lithogenic flux (~50%) in the BoB traps is possibly
due to the heavy discharge of suspended sediments through fluvial input. Organic carbon (Corg),
total nitrogen (TN) contents and total hydrolyzable amino acid (THAA) concentration decreases
with increasing water depth. This decreasing trend is possibly due to the decomposition of labile
organic constituents in the sinking material while passing through the water column. The Corg
and TN contents were higher in the AS (6.6 - 12.2%; 0.8- 1.5%) compared to BoB (4.6 - 9.3%; 0.7
 1.1% respectively). δ15N is heavier (6 - 6.6 ⿰ avg.) in the AS than that of BoB (2.7 - 3.3⿰ avg.).
Denitrification in the AS leads to a significant enrichment of 15N, whereas input from large rivers
depletes 15N in the northern BoB. Though the Arabian Sea is more productive, opal flux is more in
the BoB traps probably due to the higher ballast effect in the BoB. The opal % varied between 8.3
and 12.3 % (avg.) in the AS whereas it varied between 21.3 and 23.2% in the BoB. While our results
are comparable with the earlier Indo-German collaborative sediment trap program carried out in
the 1980s, long-term monitoring of sinking flux is essential for assessing the changes in source
and nature of the particulate matter in the present scenario of global change.
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Somalia and results in a broader upwelling, whose signature often propagates to the central AS.
The strong physical forcing mediates the nutrient supply and makes this bay highly productive.
The biogeochemical variability in relation to physical forcing along the west coast of India and
in the central AS was monitored in Aug 2018 (RV Sindhu Sadhna, SSD 55). The physical features
along the southwest coast of India indicated upwelling, which supported high nutrients, Chla,
particulate organic carbon (POC) (31.5 ± 27.1μmol L -1 ), and nitrogen (PN) (4.1 ± 2.6μmol L -1 )
concentrations within the upper mixed layers. In contrast, the northern sector was characterized
by, substantially lower POC (8.3 ± 2.9 μmol L -1 ) and PN (1.2 ± 0.4 μmol L -1 ) with deeper mixed
depths (MLDs). Interestingly, despite the presence of upwelling in the southern sector, the total
organic carbon (TOC) concentrations along the west coast of India varied between 168266 µmol
L -1 (0-20 m) and did not differ significantly between the southern and northern sector. On an
average, slightly higher dissolved organic carbon (DOC) concentrations were observed in the
northern regions (184± 21μmol L -1 ) than in the south (171± 22μmol L -1 ), and the DOC:POC ratios
were significantly lower in the south (2.416.7) than the north (1538). Higher water temperatures,
nutrient limitation and dominance of smaller phytoplankton cells were likely to be responsible for
the increased partitioning of organic carbon into the dissolved fraction in the north. The contrast
in DOC:POC ratios suggest disparate carbon cycling pathways in the two regions. In the central
Arabian along 64° E, diverse environmental conditions were apparent from wind speeds and
MLDs. The sampled stations were classified into three regions: i) Northern (19°21°N); ii) Findlater
Jet Axis (16°18°N) and iii) Southern Stations (11°15°N). Substantially higher POC concentrations
were seen at the northern stations (11.7 ± 5.6 μmol L 1 ) influenced by open ocean upwelling that
occurs due to the positive wind stress curl. In contrast, low POC concentrations were measured
at the stations impacted by the Findlater Jet axis (7.6 ± 1.8 μmol L 1 ) and the southern stations
(7.9 ± 2 μmol L 1 ). Despite the highest POC values in the north, the highest TOC concentrations
were observed in the center (218286 μmol L -1 ) of the transect between 1517° N bound by
lower values (142173 μmol L -1 ) on the northern and southern end. Accordingly, the highest
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Arabian Sea (AS), one of the highly productive zones in the global oceans, is under the marked
influence of the Indian monsoon system. During June-September, the low pressure over the Indian
subcontinent gives rise to south-westerly winds, which drive upwelling along the Somalia, Oman,
and Indian southwest coast. A low-level jet (Findlater) blows almost perpendicular to the coast of
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Variability in POC and DOC in the eastern and central Arabian Sea
during southwest monsoon 2018
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DOC values were observed in the center (209278 μmol L -1 ), flanked by lower values in the north
(130144 μmol L -1 ) and south (137166 μmol L -1 ). Notably, the highest TOC and DOC values
observed between 1517° N in conjugation with the highest wind speeds, lowest temperatures,
and low salinity values indicate the influence of the Findlater Jet axis and its contribution to
the lateral advection of TOC from the western Arabian Sea in addition to the local processes.A
substantial amount of TOC can be advected towards the Findlater Jet axis to the central Arabian
Sea and may supply organic matter that may support the oxygen minimum zone OMZ, and this
observation supports the existing hypothesis.
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Stable carbon and nitrogen isotopes (δ13C and δ15N) are widely used to distinguish between the
sources of organic matter, and the influence of anthropogenic activity in an aquatic environment.
δ13C is particularly useful to differentiate between land and marine sources of organic matter
whereas, δ15N of the particulate organic matter (POM) provides an insight into the availability
and utilization of nutrients along with identifying the transformation processes in the oceanic
environment. We measured δ13C and δ15N of POM in the central and eastern Arabian Sea (AS)
during spring 2017. In the central AS, the δ13C values showed mixing between continental inputs
and marine sources ( 24 to  27 ⿰) however, in the eastern AS, the values were of purely marine
origin (~ 22 ⿰). On the other hand, the δ15N values were within marine range (~ 8 to 10 ⿰) up to
100 m depths in most of the stations whereas, enriched values above 12⿰ were obtained below
100 m indicating signatures of denitrification.
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Natural isotopic composition of carbon and nitrogen in particulate
organic matter in the Arabian Sea
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Characterization of Colored Dissolved Organic Matter along the
western continental shelf of India during the south west monsoon
Albertina Dias*, Siby Kurian
CSIR-National Institute of Oceanography
HNo 1176, Segundo Bairro, Santa Cruz, Tiswadi, Panaji, Goa, India, Pincode: 403005
E-mail: albertina.dias8@gmail.com
In recent years the number of hypoxic zones in the world are rising, which has been attributed to
the increase in nutrients and organic matter along with anthropogenic activities. Here we present
results on the variations in absorption and fluorescent characteristics of colored dissolved organic
matter (CDOM) along the western continental shelf of India (WCSI) during south-west monsoon
(SWM). WCSI hosts worlds largest, natural, seasonal hypoxic zone covering 180000 km2. The
water samples were collected along 4 transects off Kochi, Mangalore, Karwar and Goa during SWM
(June - July 2018). In addition, the Goa In recent years the number of hypoxic zones in the world
is rising, which has been attributed to the increase in nutrients and organic matter along with
anthropogenic activities. Here we present results on the variations in absorption and fluorescent
characteristics of colored dissolved organic matter (CDOM) along the western continental shelf
of India (WCSI) during the southwest monsoon (SWM). WCSI hosts the worlds largest, natural,
seasonal hypoxic zone covering 180000 km2. The water samples were collected along 4 transects
off Kochi, Mangalore, Karwar, and Goa during SWM (June - July 2018). In addition, the Goa transect
was sampled during late SWM (September - November 2016 and September 2018). The onset of
upwelling was observed on the hydrographical parameters with low temperature and dissolved
oxygen (DO) at the subsurface waters along the Kochi transect. The surface DO concentration
increased from south (Kochi) to north (Goa). DO decrease with depth, and was hypoxic to suboxic
in the bottom waters (except the nearshore waters off Goa). The waters along the Goa transect
were highly stratified during the late SWM (September 2018) with low saline waters at the surface
(due to heavy rainfall), with the development of hypoxia in the bottom waters. In general, high
CDOM absorption (ag412 m-1) with low spectral slopes was observed in the bottom waters which
coincided with hypoxic conditions. Three fluorescent DOM components were identified from
PARAFAC analysis. Component 1 (C1) and 2 (C2) were humic-like with emissions in the longer
wavelength, while component 3 (C3) was protein-like with excitation and emission in the UV
region. CDOM absorption (ag412) and humic-like fluorescent component (C1) showed a positive
correlation with apparent oxygen utilization (AOU) (r2 = 0.55 and r2 = 0.64 respectively), attributing
the production of marine humic-like DOM during microbial remineralization. Laboratory
experiments also shed light on the production of CDOM in low oxygenated waters. This study
gives insight into understanding the cycling of dissolved organic matter under varying oxygen
conditions observed in these waters.
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Seasonality in the characteristics of fluorescent dissolved organic
matter along the eastern Arabian Sea
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Eastern Arabian Sea experiences various seasonal physical processes viz. convective mixing
induced Arabian Sea High Salinity water (ASHSW) formation, intrusion of the Bay of Bengal water
mass, warm pool, coastal upwelling, etc. which greatly affects the distribution and characteristics
of dissolved organic matter. To address these seasonal changes, basin scale six cruises were
undertaken between January and September 2018 with seven to ten coast-offshore transects along
the eastern Arabian Sea as part of the project Marine Ecosystem Dynamics of eastern Arabian
Sea (MEDAS). Source characterization of colored dissolved organic matter (CDOM) was done by
three dimensional Excitation Emission Matrix (EEM) fluorescence spectra combined with parallel
factor analysis. The surface waters of entire study showed five fluoropores viz. C1 (phytoplankton
derived), C2 (phytoplankton degradation), C3 (microbial reworking), C4 (degraded protein) and
C5 (lignin degraded). Between January and May (non-monsoon), their abundance followed the
order C1>C2>C3>C4 with no presence of C5. While the same during June-September (summer
monsoon) was C4>C1>C3>C2>C5. The intensity of humic like fluoropores (C2 and C3) was high
in the northern and southern regions during January-February due to winter convective mixing
and intrusion of Bay of Bengal water, respectively. But with the setting of warm pool conditions in
May, the intensity of these high molecular weight compounds reduced due to photodegradation.
With the change of season to the summer monsoon, these fluoropores with shorter emission
maxima (low molecular weight compounds) were found with large north-south and coastoffshore variations; the upwelling induced phytoplankton production along the entire eastern
Arabian Sea has increased the tryptophan protein like fluoropores (C1). Consequent to withdrawal
of upwelling, the phytoplankton degraded fluoropores (C2) increased in south in September. But
Phenylalanine like fluoropore (alias C5), which is an end product of protein degradation, has been
found abundantly in the centre and northern regions during September may be due to late phase
of upwelling when phytoplankton production is relatively reduced. Keywords: Eastern Arabian
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Eddy mediated chlorophyll blooms in North Indian Ocean
Indian Institute of Technology, Kharagpur
Coral 6th Floor JC Ghosh PC Ray Block Indian Institute of Technology Kharagpur,
KharagpuR, West Bengal, India, Pincode: 721302, E-mail: sunanda.narayanan@gmail.com
The North Indian Ocean is known for its complexity of dynamics in both physics and biology owing
to two similar yet contrasting basins, Bay of Bengal (BoB) and Arabian Sea (AS). Mesoscale eddies
are formed due to the interplay of ocean currents, winds having a lifetime of the order of a month,
and they have a significant influence on the physics and biological properties of the ocean. In this
study, we analyse the role of mesoscale eddies in regulating Chlorophyll-a (Chl-a) blooms in AS
and BoB for the period from 1997 to 2019. We have used Ocean Color Climate Change Initiative
(OC-CCI) data at 4 km x 4 km resolution for Chla. We have made use of Sea Level Anomaly data
from AVISO, which were constructed by merging different satellite measurements at a resolution
of 0.25° x 0.25°. In general, AS is traditionally pronounced as a more productive basin compared
to BoB, although some studies have shown that BoB is subjected to eddy-mediated primary
productivity during fall and spring intermonsoon seasons. The tracking algorithm suggests the
dominance of cyclonic eddies (negative SSHA) over anticyclonic eddies in NIO. The highest blooms
are confined to the monsoon (June, July, August and September) season in AS and BoB. For the
composite analysis of SSHA and Chla, and to investigate the dynamic link between them, these
data are interpolated to the same grid. The eddy data are interpolated to ¼ ° x ¼ ° and Chl  a is
subjected to low pass filter to retain the mesoscale variability. We collocate the Chl  a for each
eddy over space and time. The contribution of cyclonic and anticyclonic eddies in regulating the
phytoplankton blooms is analysed and will be presented.

S

E

S

S

I

O

N

-

5

Sunanda N*, Jayanarayanan Kuttippurath, Anjaneyan P, Arun Chakraborty

SESSION-5 - HOME

128

Plenary Sessions &
Panel Discussions

Technical
Programme Schedule

INTERNATIONAL INDIAN OCEAN
SCIENCE CONFERENCE (IIOSC)

2022

Observed variability of monsoon blooms in the north-central
Arabian Sea and its implication to deeper water oxygen
concentration: A Bio-Argo study
Teesha Mathew*, Satya Prakash, Lakshmi R Shenoy, Abhisek Chatterjee
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and sub-surface chlorophyll was also persistently observed, the intensity and duration of the
bloom has been decreasing over the past few years. Also, the winter bloom was more prominent
compared to the summer bloom in the study region which is located north of CAS. Our analysis
shows that the observed inter-annual variability in the summer bloom can be attributed to the
variabilities in wind speed, oceanic near surface stratification and advection of nutrient rich water
from the western Arabian Sea. During the winter monsoon, the upwelling Rossby wave propagating
from the west coast of India also influences productivity as far as north of 15ºN. We also observed
that the dissolved oxygen concentration in the deeper waters has been increasing during the past
few years and it is consistent with the decrease in the surface chlorophyll. We speculate that the
decrease in surface productivity has reduced the oxygen demand in the deeper layer and hence
is the observed marginal increase in the deeper layer dissolved oxygen concentration. This is in
contrast with the reports based on observation and model that suggest a decline in the oxygen
inventory of the ocean. Also, in the event of recent reports on decreasing trend in productivity
in the Arabian Sea, the present study provides new insights on the possible effect of declining
productivity on the dissolved oxygen concentration under the climate change regime.

S

The central Arabian Sea (CAS), the second most intense Oxygen Minimum Zones (OMZs) in the
world oceans, is productive during both the summer and winter monsoons. In this present study,
we analysed five years (2013-2017) record of chlorophyll and dissolved oxygen concentration from
a Bio-Argo float in the CAS. Though the surface bloom was observed during both the monsoons
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Indian National Centre for Ocean Information Services (INCOIS), MoES
Pragathinagar, Hyderabad, Telangana, India, Pincode: 500090
E-mail: uday@incois.gov.in
The Arabian Sea (AS) and the Bay of Bengal (BoB) forms integral part of the northern Indian Ocean,
exhibiting different characteristics despite falling in same latitudinal region. The present study is
aimed at assessing the surface and sub-surface chlorophyll-a (chl-a) structure of the AS and BoB. For
the first time, due to the BGC-Argo programme, simultaneous data from AS and BoB is measured
for studying the factors responsible for differences in the chl-a structure and its variability, in these
basins. A Pair of floats in the AS (WMO ID: 2902093 & 2902118) and BoB (WMO ID: 2902086 and
2902114) were used to study the variability of surface and sub-surface chl-a. The factory supplied
BGC-Argo gain factor and offset were corrected and data from this corrected profile were used
for assessing the spatio-temporal variability. From this study, the existence of a permanent deep
chlorophyll maximum (DCM) is observed in both the basins. DCM is observed to vary at an annual
mode in BoB and at a quasi-semiannual mode in the AS region. Strong correlation between DCM
and depth of 26°C isotherm is observed in both AS and BoB. However, no concrete role of barrier
layer is observed with DCM in either of the basins. The existence of sub-surface blooms in the
pre-monsoon season in the upper 200m of the AS region is observed to be shoal during winter
season, while shoaling in BoB happened only during passage of cyclones and eddies. The timeseries data from BGC-Argo floats revealed the bio-optical mechanisms and their relationship with
the physical processes.
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A BGC-Argo perspective of sub-surface chlorophyll variability in
Arabian Sea and Bay of Bengal
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the depth of nitracline (3 µM NO3-). The nitracline was found positively aligned with the upper
boundary of thermocline (depth of 26ᵿC or D26), with the strongest relationship in the south
EAS (R2=0.91; p<0.001) due to its relatively strong stratified and stable conditions compared to
that in the north EAS (R2=0.63; p<0.001). A very unstable water column in the north during the
winter convection resulted in their poor correlation, whereas they were tightly coupled during
the summer monsoon upwelling along the entire EAS. Mixed layer nutrient availability varied
with the nitracline/thermocline and relatively faster exhaustion of nitrogen than phosphorus
during the nutrient enrichment events viz. upwelling and convective mixing yielded low N/P
ratios. The N/P ratios of nutricline waters upwelled/entrained to the mixed layers were found
significantly low (6-14) especially at the north EAS where perennial denitrifying zone persisted in
the intermediate depths. With continued uptake of nutrients following Redfield ratio, the system
during oligotrophic inter-monsoons become nitrogen limited with surplus (excess) phosphate
(P*), resulting in lowest N/P ratios (1.5±0.7) in the mixed layer. Higher nutrient supply through
entrainment and upwelling from the relatively shallow nitracline led to higher P* in the north EAS
(0.43±0.10 µM) and throughout EAS (0.40±0.14 µM) during the summer monsoon, respectively.
This excess phosphate led to a dominance of diazotrophy under calm environment during the
inter-monsoon seasons which reduced the P* to almost half (0.22±0.12 µM) compared to the
nutrient enrichment seasons and counterbalance to some extent the N-limiting condition in the
surface waters. The N-limiting condition can be severe in a global warming scenario, so more
observations and extensive experiments are needed to ascertain the capability of diazotrophs to
counteract the N-limiting situations by utilising the excess phosphate.
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Repeat measurements (nine times) of nutrients along seven to ten coast-offshore transects of
eastern Arabian Sea (EAS) in 2018-19 revealed nitrogen as the major limiting nutrient controlling
the primary production in the EAS. The EAS experienced upwelling at varying extent during
the summer monsoon (SM), and the winter convection in the north EAS primarily controlled
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Nitrogen limitation and excess phosphate linked to nutricline
variability and their stoichiometry in the eastern Arabian Sea

SESSION-5- HOME

131

Plenary Sessions &
Panel Discussions

Technical
Programme Schedule

INTERNATIONAL INDIAN OCEAN
SCIENCE CONFERENCE (IIOSC)

2022

ABS-2022-05-0383

Jayashree Ghosh*, Dr.Kunal Chakraborty
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E-mail: jayashree.g@incois.gov.in
The Upwelling Systems are among the most productive areas in the world ocean. The upwelling
zones are known to be biogeochemically active sites and are supersaturated with CO2 with respect
to the atmosphere due to the input of carbon-rich waters from deeper layers. At the same time,
the nutrient-rich water due to upwelling fuels the primary production and lowers the pCO2. These
two processes influence the variation of CO2 across the sea-air interface. The southeastern Arabian
Sea (SEAS) is one of the prominent upwelling zones of the Indian Ocean. The coastal upwelling
dynamics strongly influence the biogeochemistry of this area. This study delineates the factors
that regulate the spatio-temporal variability of pCO2 in SEAS using an ocean-ecosystem model
simulated outputs and ship-based observations. The contribution of the physical dynamics and
biological processes are segregated to enumerate the net effect of upwelling on surface ocean
pCO2.The sea-surface temperature and dissolved inorganic carbon exert a significant influence
in controlling the surface ocean pCO2 of SEAS. The colder temperature of the upwelled waters
results in a drawdown of surface ocean pCO2 by 49.8 µatm. On the contrary, the presence of
carbon-rich waters into the surface due to upwelling amplify the surface ocean pCO2 by 51.9
µatm. Salinity is not significantly controlling the variability of pCO2 of SEAS. It causes an increase
of surface ocean pCO2 by 1.6 µatm. The contribution of biological pump consists of both hard and
soft tissues leading to a decrease of surface ocean pCO2 by 1.9 µatm. It is found that the biological
pump is more dominant in controlling the variability of pCO2, reducing the surface ocean pCO2
by 3.7 µatm, in the southern part of SEAS. It is evident that the physical dynamics is dominantly
controlling the spatio-temporal variability of pCO2 in the SEAS. The contribution of the biological
processes in controlling pCO2 variability is negligible when compared with the contribution of the
physical dynamics.
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Modeling coastal upwelling dynamics and its influence on the pCO2
variability in the southeastern Arabian Sea.
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varied between 60 and 1350 m; its thickness decreased from north to south. During the winter
monsoon, the upper boundary of the OMZ in the north and south was deeper (150-160 m) than
the central EAS (~110 m). Consequent to the summer monsoon upwelling and resultant Ekman
transport, this upper boundary shoaled to 50-70 m in the south and central EAS. In contrast,
relatively weaker upwelling in the north restricted the shoaling to ~110 m. The core-OMZ (<5 µM
oxygen), representing the core-denitrifying zone, has been found to have a perennial southern
boundary in the central EAS at ~15°N, which was thinner (150-750 m) than in the north (1901000 m). The restriction of perennial core-OMZ to the central EAS is augmented by the relatively
stronger upwelling south of it during the summer monsoon; the resultant upliftment of the water
column has facilitated the progression of poleward undercurrent that ventilates this region. The
aeration due to this poleward undercurrent enhanced the oxygen levels of OMZ (150 to 500 m)
by ~5 µM between 6.5°N and 13°N, and further north it increased by ~2.5 µM up to ~15°N. But
this core-OMZ extended to the south up to 12°N when a weak equatorward undercurrent acted
in the region during the non-monsoon seasons. The study affirms the importance of sustained
ship-based studies on OMZ in the EEZs, where no autonomous observatories like Bio-Argo floats
are available, as such studies are critical to assess not only the future changes in the extent and
behaviour of OMZ (core-OMZ) and its consequent advection onto the western continental shelf of
India developing severe hypoxic to anoxic conditions but also its implications in modifying their
biogeochemistry and food chain

E

The oxygen minimum zone (OMZ) in the eastern Arabian Sea (EAS, ~6° to 21°N), within Indian
Exclusive Economic Zone (EEZ), is mapped, for the first time, for one year through ten repeated
ship-based observations between December 2017 and January 2019 at seven to ten stations
along the 2000 m depth contour. On an annual basis, the OMZ (<20 µM oxygen) in the EAS
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Oxygen minimum zone along the eastern Arabian Sea: intra-annual
variation and dynamics based on ship-borne studies
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Thraustochytrids are obligate marine Stramenopilan protists regarded as fungal-like organisms
due to the resemblance of their reproduction to zoosporic fungi and their saprophytic and/or
parasitic role in the marine ecosystem similar to fungi. These protists are ubiquitous in the marine
environment and are known to be a food source to zooplankton owing to their production of
polyunsaturated fatty acids such as w-3 docosahexaenoic acid (DHA), which are required for the
growth and reproduction of zooplankton. Thraustochytrids bear a strange relationship with the
primary producers, the diatoms. The diatom cells seem to inhibit thraustochytrid growth but their
extracellular polysaccharides favour thraustochytrid growth. Such growth phenomenon is seen in
water as well as on marine aggregates. Lipids produced by diatoms during their late stationary phase
of growth have been found to inhibit thraustochytrid growth in laboratory conditions. Diatoms
are known to express allelopathic effects on other organisms which results in negative effect on
the other communities. The negative relationship of thraustochytrids and diatoms is therefore
indicative of allelopathy. This explains the weak positive correlation between thraustochytrids and
chlorophyll a concentration found in oceanic waters and increase in thraustochytrid numbers after
subsidence of diatom bloom. Thus, diatoms exhibit allelopathic interactions with thraustochytrids,
the effects that diatoms are known to express against other organisms.
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Association of marine fungal-like organisms  the thraustochytrids
with diatoms
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Marine planktonic protists have an integral role in the food-webs of the Indian Ocean, and
their productivity regulates biogeochemistry, higher trophic levels, and fisheries in one of the
worlds most populous ocean basins. Yet the region remains under-sampled and understudied
with respect to protist species diversity, their nutritional strategies, and their influence on marine
ecology. We analysed 20 Vertical Net Tow samples collected during the Australian contribution
to IIOE2, along the 110°E line from 39.5 S to 11.5S, in May 2019 (austral autumn). Using light,
fluorescence, and electron microscopy, we observed more than 250 taxa in the 10  1000 µm size
range. Diatoms and dinoflagellates were the most species-rich taxonomic groups, followed by
loricate (tintinnid) ciliates and coccolithophorids. Forams, appendicularians and radioalarians were
sometimes abundant, but were rarely identified to species. Abundances increased towards the
equator for diatoms, radiozoans and tintinnids, whilst dinoflagellate abundances were relatively
constant from south to north (although taxa present along the transect changed for all taxonomic
groups). Silicoflagellates and coccolithophorid abundances decreased from south to north. We
compare protist distributions and abundances to standard oceanographic variables (temperature,
salinity, nutrients, oxygen, chlorophyll) and assigned trophic type (photo/autotrophy, mixotrophy,
osmo/heterotrophy, and variations within) to refine our understanding of environmental filtering
of functional types and who is where. This taxonomic work forms part of a larger effort to
understand the drivers of the diverse nutritional strategies employed by microorganisms in this
sector of the Indian Ocean, and the development of new indices to better understand the complex
role of lower trophic levels in our changing oceans.
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Dissolved aluminium cycling in the Indian Ocean: Implications
to lithogenic matter transport, and regional circulation and
scavenging
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Naman Deep Singh*, Sunil Kumar Singh, Venkatesh Chinni

Distribution of dissolved aluminium (dAl) in ocean water column acts as a proxy of lithogenic
matter input to the ocean basin. However, varying nature of internal cycling of dAl in different
oceanic basins, in terms of water mass mixing, variations in dAl removal rates and fractional
solubility of Al from the lithogenic sediment supply, etc., could also influence the distribution
of dAl. Therefore, a comprehensive understanding of dAl cycling is a prerequisite for using the
dAl distribution as a tracer of continental material input to the ocean basins. We measured dAl
concentrations in 52 vertical water column profiles, sampled along three separate GEOTRACESIndia transects (GI-01, GI-05 and GI-06) to understand the biogeochemical cycling of dAl in
the northern (i.e. the Bay of Bengal (BoB), the Andaman Sea and the Arabian Sea), equa-torial
and subtropical gyre region of the Indian Ocean. Al released from the large input of lithogenic
sediments from the Ganga-Brahmaputra (G-B) river system, Indian peninsular rivers and sediment
resuspension from the continental shelf and slope, predominantly controls the dAl distribution
throughout the vertical water column in the BoB. Using the observed surface dAl concentrations
and the estimates of the lithogenic sediment flux in the upper water column of the BoB, the fractional solubility of Al from the lithogenic sediments in the surface waters of the BoB is calculated
to be in the range of 1.1-4.7 %. Surface dAl distribution in the Arabian Sea demonstrates an eastwest gradient, i.e., elevated dAl (12.7-20.9 nM) close to the Indian coastal region and low dAl (1.53.3 nM) along the western boundary of the Arabian Sea. Given that the Arabian Sea is marked by
significant spatio-temporal changes in surface dAl levels, an attempt is made to simulate the seasonal variability in surface dAl concentrations in the western Arabian Sea region using a simple
one-dimensional, non-steady-state model to understand the control of seasonal changes in dust
de-position input and scavenging removal fluxes on the surface dAl distribution. Such a model
could be utilized as a first-order tool to estimate the seasonal variations in dust deposition flux
using the surface dAl variations, and vice-versa, in highly meteorologically dynamic basins such
as the Ara-bian Sea. Under the influence of the Northeast Monsoon Current, advective mixing
between the dAl-rich surface waters of the southern BoB and relatively, dAl-depleted surface
waters of the southern Arabian Sea dAl controls the surface dAl distribution in the equatorial
Indian Ocean. Advection of dAl enriched Arabian Sea High Salinity Water and Persian Gulf Water
results in ele-vated dAl levels in the upper thermocline water depths of the northern and central
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Arabian Sea. In the subtropical gyre region, deposition of the Australian dust and advection of
the Indonesian Throughflow Water set the dAl distribution pattern in the upper water column
(<500 m). Using a 1-D scavenging-advection-diffusion model, the scavenging removal time of
dAl in the deep waters of the equatorial Indian Ocean is estimated to be in the range of 92-141
years. Near uniform dAl ob-served in the deeper waters (>1000 m) at the southern Andaman Sea
results due to rapid renewal of and vertical mixing in the deeper waters relative to scavenging
removal of dAl. Sediment resuspen-sion near the Central Indian Ridge probably enrich the dAl
in the ambient deep water depths (20003500 m) and this signal dampens as the deep waters
progress north-westward in the Central Indian Ocean Basin. The bottom water (>3500 m) advects
across the Ninety East Ridge from the Western Australian Basin to bring the dAl-rich waters to the
northern end of the Central Indian Ocean Basin.
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During the Bay of Bengal Boundary Layer Experiment (BoBBLE) field program, that was conducted
in the southern Bay of Bengal, 11-day-long high-resolution time series of temperature, salinity
and chlorophyll were measured at 8N, 89E from 4 to 14 July 2016. A strong barrier layer (BL) was
observed during most of the observation period associated with low-saline surface water (< 34.0
psu). A prominent subsurface chlorophyll maximum (SCM) is observed within the BL (30 - 70 m),
and it has a diurnal amplitude of 0.1 to 0.2 mg m-3. During 6 - 9 July, the mixed layer depth (MLD)
deepened (30 - 60 m), and the BL eroded. The deepening of MLD was accompanied by a sharp
increase in surface chlorophyll (0.5 mg m-3), an increase in sea surface salinity (0.5 psu) and a
decrease in sea surface temperature (1oC). Diurnal variability in the surface chlorophyll is evident
during this phase of the observation when the BL is absent. A coupled physical-biogeochemical
one-dimensional water-column model is used to describe the diurnal variability of chlorophyll at
the observation location. The model reproduced the diurnally-filtered variability of the chlorophyll,
surface temperature and mixed layer depth. Experiments conducted using the model show that
co-limitation of light and nutrients determine the position of SCM in the southern bay. Further,
low wind speed and BL promote strong SCM, and the diurnal variability in shortwave radiation
determines the diurnal variation of SCM.
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Characteristics of vertical distribution of chlorophyll-a in the
Southern Bay of Bengal during the BoBBLE field program
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is complicated. Modern molecular techniques now allow for monitoring of microbial activities
and functions in the environment through the analysis of genes and expressed genes (messenger
RNA) contained in natural microbial assemblages. However, gene transcript turnover in cells can
be as short as 30 seconds and stability varies greatly between transcripts. Traditional sampling
of in situ communities involves an inevitable delay (hours, not minutes) between the collection
of seawater and the extraction of its RNA, leaving the bacterial communities a sufficient amount
of time to alter their gene expression. To address these challenges we designed an autonomous
in situ fixation multi-sampler (AFISsys) for reliable sampling of microbial metatranscriptomes
at frequent intervals, for refined temporal- and spatial-resolution. To advance the development
of such a sampling tool, we examined the minimal seawater volume necessary for adequate
coverage of community gene expression, the suitability of phenol/ethanol fixation for long-term
preservation of transcripts, and the field eligibility of the instrument itself, in our case in brackish
systems. AFISsys is able to collect, fix, and store water samples independently off-shore at high
temporal resolution. It can conserve sensitive mRNA directly in the environment for up to a week.
Thus, it constitutes an invaluable tool for the integration of molecular functional analyses in
environmental monitoring in brackish waters and in aquatic environments in general.

S

Microbial communities are the main drivers of biogeochemical cycling of multiple elements
sustaining life in the ocean. The rapidity of their response to stressors and abrupt environmental
changes implies that even fast and infrequent events can affect local transformations of organic
matter and nutrients. Studying dynamics in microbial functionality at temporal- and spatial-scales
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AFISsys - an autonomous instrument for the preservation of water
samples for microbial metatranscriptome analysis
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Marine sponge associated bacteria exhibit protease inhibitory
potential.
Maushmi Kumar*
SVKM’S NMIMS, SPPSPTM
SPPSPTM, SVKM’S NMIMS, Vile Parle west,
Mumbai, Maharashtra, India
Pincode: 400056
E-mail: maushmiskumar@gmail.com
In order to aim for sustainable production of bioactive molecules from marine source, we have
isolated marine sponge associated bacteria and fungi species from Ratnagiri coast, Maharashtra.
We have checked the effects of sea water- biotic and abiotic parameters on sponge growth and
their associated culturable microorganisms. Studies were conducted on triturated sponge samples
to analyze the number of culturable bacteria, vibrio and heterotrophic bacteria present by dilution
and plating method. Spongia obscura was found to show the highest number of culturable
bacteria (1200 CFU/ml), while Haliclona cratera and Hyortis cavernosus inhabited highest number
of vibrio (850 CFU/ml) and heterotrophic bacteria (1240 CFU/ml) respectively. Seawater analysis
values obtained for the fecal coliform analysis gave evidence to the presence of anthropogenic
contamination present in the seawater samples. The study of temporal and spatial distribution of
the pH, temperature and salinity were found to be in the same range as that of the waters of Bhayate
Estuary, Ratnagiri. The voltage and resistivity were recorded for the first time. The conductivity,
total dissolved solids and dissolved oxygen values showed a wide variety of variations and did
not match the parameter results when compared to the Bhayate Estuary, Ratnagiri and the water
bodies of Gujarat. The nutrient content of the collected surface seawater showed highest nitrate
content in the month of January and December, which corresponds to good growth of sponge.
Phosphate and silicate analysis conducted showed highest values during the month of March. The
conditions for the growth of the sponges particularly pH (6.8-8.2), temperature (22-24), salinity
(25-53ppt) and dissolved oxygen (295-692.2mg/l) supported maximum growth of sponges and
matched the value range mentioned in earlier studies, while the rest of the parameters showed
variation from the compared literature.
For biological screening, bacteria and fungi were isolated from Sarcotragus foetidus, Haliclona
cratera, Xestospongia carbonaria and Hyrtios cavernosus and purified for screening of their
antimicrobial and protease inhibitory activities. We could isolate 8 actinomycetes solely from H.
cavernosus, 118 bacteria and 40 fungi isolates from remaining three sponges. Primary screening
with caseionolytic plate assay and tryptic digestion assay guided selection of three strains to show
good protease inhibitory activity. They were identified as Bacillus subtilis subsp. subtilis NCIB
3610(T) and Aspergillus awamori from H. cratera, Aerococcus virus ATCC 11563(T) from Hyrtios
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cavernosus by 16S and 18S rRNA sequencing as protease inhibitor producing strains. They gave
26.38 %, 46% and 100% trypsin inhibitory activity. The isolated strains sequences are submitted
in Genbank with accession numbers MN482715, MN396261 and MN482715 respectively. The
samples were purified by ammonium sulphate precipitation and gel filtration chromatography
and fractions are under study for identification of bioactive protein.
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We aim to determine and identify the protease inhibitor from these sponges associated
microorganisms for exploring them as antiviral agents in future and scale up the bioprocess.
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Micro-phytoplankton communities and the hydrographic conditions that control them are
described from north and south of the eastern Arabian Sea during winter monsoon (November
to February). Convective mixing and geostrophic currents associated with the Rossby wave
propagation are considered to be the prominent oceanographic process that influences
phytoplankton composition and biomass during the sampling season in the northeastern
(NEAS) and southeastern (SEAS) Arabian Sea respectively. The surface water collected for microphytoplankton samples during two and one cruises in the north (February 2015 and November
2016) and south (November 2016), respectively, were used to decipher the differences. Here the
morphotypes and taxa are used as traits to understand micro-phytoplankton distribution. The
results revealed that the phytoplankton biomass, abundance, number of species and composition
(both morphotypes and taxa) were higher in NEAS than SEAS. Overall, diatoms dominated the microphytoplankton community and the contribution was highest in NEAS (86-98%) compared to SEAS
(68%). A total of 66 (37 diatoms and 29 dinoflagellates) and 39 (19 diatoms and 20 dinoflagellates)
micro-phytoplankton species corresponding to sixteen and ten morphotypes were recorded
in NEAS and SEAS, respectively. Among them, the highest number of species corresponded to
cylindrical followed by an ellipsoid, ellipsoid+2 cone+cylinder and elliptic prism morphotypes.
In terms of abundance, contribution of cylindrical and prism on parallelogram morphotypes
were highest (65%) in NEAS whereas in SEAS, cylindrical, ellipsoid, and prism on parallelogram
morphotypes contributed equally (~20% each) suggesting that the micro-phytoplankton with
these morphotypes have some selective advantages over others for dominance in NEAS and SEAS.
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Micro-phytoplankton communities from contrasting oceanographic
conditions in the eastern Arabian Sea during the winter monsoon
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There has been a recent widespread interest in the application of Laser Induced Breakdown
Spectroscopy (LIBS) for the analysis of biological samples by the research community. LIBS
technique consists of analysis of the spectral emission from laser induced plasma. It can provide
an insight into the chemical composition of sample in any state. In contrast with other techniques,
LIBS possesses many advantages. Few benefits of LIBS such as the remote analysis capability,
minimum sample preparation required as well as quantitative measurement of minor elements
make it an attractive method for analysis [1]. Quantitative elemental composition of Spirulina, a
blue green algae (which are used as a dietary supplement), have been estimated with LIBS [2]. LIBS
has also been employed for the determination of accumulation of toxic metal ions in T. minutus
and Chlamydomonas species [3]. Strontium (Sr) or Calcium (Ca) is taken up by marine species to
strengthen their shells, tissues etc. Detection of Strontium in marine algae by using LIBS has been
reported [4]. This is relevant as Strontium is an ecological and nuclear waste indicator. Hence, it
can be seen that there is a considerable interest in the elemental analysis of marine algal species.
In this study, we have carried out the elemental composition analysis of marine algal species such
as Chlorella vulgaris, Nitzchia sigma and Chaetoslorenzianus. The major elements detected were
Sodium (Na), Potassium (K), Magnesium (Mg) and Calcium (Ca). It was also possible to determine
Strontium (Sr) in trace levels. This study is a preliminary attempt to quantify the elements of marine
algae in natural state, so that it serves as a database for the study of variations in algal composition
due to bioaccumulation. This will also give an insight into the marine ecosystem condition.
References: 1. J.P. Singh and S.N. Thakur, ‘Laser Induced Breakdown Spectroscopy’, Elsevier, 1st
edition (2007) 2. S. Zivkovic et al., ‘Spectrochemical analysis of powdered biological samples
using transversely excited atmospheric carbon dioxide laser plasma excitation’, Spectrochimica
Acta Part B, 128, 22 (2017) 3. Porizka et al, ‘Application of Laser Induced Breakdown spectroscopy
to the analysis of algal biomass for industrial biotechnology’, Spectrochimica Acta Part B, 74-75,
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Determination of Bioaccumulation in marine ecosystem by Laser
Induced Breakdown Spectroscopy
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169 (2012). 4. Lin Niu et al., ‘Direct determination of Strontium in marine algae samples by Laser
Induced Breakdown Spectroscopy’, Applied Spectroscopy, 56, 1511 (2002)
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Dimethylsulphide (DMS) is an organosulphur compound produced in the surface layer of the
ocean. It is formed from its precursor Dimethylsulphinopropionate (DMSP), an osmolyte found
in phytoplankton cells and on escape into the atmosphere it participates in the radiation balance
of the earth system. Distribution of DMS, total dimethylsulphoniopropionate (DMSPt) and total
dimethylsulphoxide (DMSOt) was studied along a north-south transect in the eastern Arabian
Sea (8-21°N; 68°E) during the summer monsoons (SM; September) of 2014, 2016 and 2017 and
the winter monsoon (WM; February) of 2017. The study was restricted to the upper euphotic zone
(150 m) of the water column. DMS and associated compounds were measured using a Shimadzu
gas chromatograph following the purge and trap technique. Concentrations of DMS and DMSPt
showed significant seasonal and inter-annual variation. Maximum concentrations were observed
during the SM of 2017 followed by SM of 2016, WM of 2017 with the lowest concentrations
observed during the SM of 2014. Phytoplankton biomass also followed a similar trend during the
study period. The mean concentrations of DMS, DMSPt and DMSOt during summer monsoon
are 10.68±25 nM, 10.11±20 nM and 16.42±10 nM, respectively, and those in winter monsoon are
2.22±10, 9.44±15 and 14.43±20 nM, respectively. The work focuses on how nutrients input into
the surface layers during the SM and WM influences phytoplankton distribution, DMS and DMSPt
in the eastern Arabian Sea.
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Monsoonal distribution of DMS, DMSP and DMSO in the eastern
Arabian sea
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Phytoplankton biomass is generally recognized to play a key role in the global carbon cycle,
stressing the need for a better understanding of its spatio temporal distribution and variability
in the global ocean. It also plays a role in modulating distribution of heat (through radiative
transfer process) in the ocean. Chlorophyll concentration (hereafter Chla) is the main proxy of
phytoplankton biomass, representing a key oceanic biogeochemical variables(cullen, 1982).
The spatial & temporal distribution of phytoplankton (Chla) in oceans is monitored through
space borne ocean color sensors like MODIS, OCM, VIIRS etc.. But the products generated from
these sensors have lots of gaps for different reasons like cloud masking, sensor saturation, sun
glint, algorithem fail etc. In this study we are producing methodologies(statistical, AI based) for
generation of seamless ocean color products from ocean color sensors.
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The biogeochemical recycling process occurring at the sediment-water interface has a
profound influence on the sequestration and release of rare earth elements (REE) in the oceanic
sediments. Therefore, the distribution of REEs in the porewater of pelagic sediments can be
used as a robust marker for better constraining the post-depositional processes. For instance,
the REEs concentrations and their shale-normalized pattern in sediment porewater give critical
information regarding the early diagenesis and recycling process at the sediment-water interface.
The REE concentration in porewater is helpful for the flux evaluation across the sediment-water
interface and establishing an ocean REE budget. We studied here the diagenetic behavior of REE
in porewaters of upper 20 cm box core sediments collected from a recent Indian Ocean expedition
SSD 079 (March-June 2021). The REE concentrations were rather high in porewater immediately
below the sediment-water interface, indicating significant release from the sediments during the
early diagenesis process resulting from the remineralization of particulate organic matter. One
interesting feature related to the REE data of porewaters obtained from the spade core collected
from south of the equator is the prevalence of high concentrations of heavy (HREE: Tb, Dy, Ho,
Er, Tm, Yb, Lu, and Y) and middle rare earth elements (MREE: Sm, Eu, and Gd) contrary to nearby
locations. Such abnormal enrichment of MREE and HREE in the sediment porewater profiles is
most likely attributed to the reductive dissolution of iron oxyhydroxides or silicate weathering
of ferromagnesian minerals. The shale normalized pattern of the porewater samples reflects a
negative Ce anomaly in all these stations. The Ce anomaly is significant and relatively constant
(PASS Normalized) throughout the depth profile, indicating that the Ce depleted in seawater
was restored in porewater. These results have implications for understanding the distribution of
oceanic REEs at the sediment-water interface.
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Rare earth element Biogeochemistry of Porewater in the Indian
Ocean
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Life in the ocean requires a variety of bio-essential trace metals that act as a vital part of their
metabolic pathways, being the reactive centres in the metalloenzymes making their study very
crucial. To understand the control of biogeochemical processes on the distribution of Nickel
(Ni), the present study details the distribution of some of the bio-essential trace elements
(micro-nutrients) such as dissolved Ni (dNi) from16 complete vertical profiles in the Arabian Sea
encompassing an area between the latitudes 9° - 17.4°N and longitudes 75.5° - 61.9ºE as a part of
the GEOTRACES-India program. The Arabian Sea is distinctive due to dual monsoon activity, high
dust flux from nearby arid landmasses, upwelling, intense Oxygen Minimum Zone (OMZ), and shelf
input from the continental margins controlling the biogeochemical cycling of micronutrients. dNi
concentration ranges from 2-2.5nM in the surface waters to 10.2-11nM in the deeper waters of
the Arabian Sea. A relatively high concentration of dNi than the other micronutrients may be due
to the incomplete drawdown of Ni, which may be due to the bio-unavailability of some Ni. The
distribution of dNi features a kink (increase in slope) in the Ni-PO4 relationship. This study suggests
a significant deficit of dNi with respect to the PO4 in the intense OMZ compared to waters outside
OMZ. Ni depletion up to 4.0 nmol kg-1 is observed in 100-1000m depth of intense OMZ, whereas
in deeper waters, the deficit was less than 1.0 nmol kg-1. OMZ waters seem to act as a sink for
dNi, unlike dFe and dMn, possibly due to its precipitation as sulphides or its differential biological
uptake/release.
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Iodine cycling in the oxygen minimum zones of the
Northern Indian Ocean
Adnan Shaikh*, Siby Kurian, Damodar M. Shenoy, Anil K. Pratihary, Richita Naik
CSIR-National Institute of Oceanography
Chemical Oceanography Division, CSIR-National Institute of Oceanography, Dona Paula, Goa,
India, Pincode: 403004, E-mail: sadnan@nio.org
Iodine is an important element in the metabolism of marine plants and animals and a potential
oxidant for the respiration of organic matter. It exists in the ocean predominantly as dissolved
iodate (IO 3 - ), iodide (I - ) and a small proportion of organic iodine. Oxygen minimum zones
(OMZ) represent key regions of enhanced cycling of biologically active elements in the oceans. In
the northern Indian Ocean, the Arabian Sea (AS) and the Bay of Bengal (BoB) house two unique
low oxygen environments of the worlds ocean, which contribute to nearly 1/3 rd of the nitrogen
loss from the ocean. While the AS OMZ is net denitrifying, the BoB OMZ is traditionally known
to be non-denitrifying. Dissolved iodide and total iodine concentrations were measured over
a latitudinal transect from 9° to 21°N (stations II-2 to II-14) along the 68°E in the AS during late
spring inter monsoon (SIM)-early southwest monsoon (SWM) (May-June 2019) and peak SWM
(July 2020), and at several stations spread between 15° to 20°N and 82° to 90°E during the SWM
(September 2019) in the BoB. Analyses for dissolved iodide and total iodine (after reduction using
ascorbic acid) were done using Cathodic Stripping Square Wave Voltammetry following standard
protocols. Dissolved iodide concentrations up to 716 nM were measured within the AS OMZ in
association with the secondary nitrite maxima (SNM). Higher concentrations of dissolved iodide
were observed towards the north. Both iodide and total iodine were higher during peak SWM
(up to 716 nM) as compared to the early SWM (up to 614 nM). The southern boundary of iodide
and SNM shifted from II-06 (13°N) during early SWM to II-04 (11°N) during peak SWM suggesting
seasonal variation and expansion of the AS OMZ during the peak SWM. While the secondary
nitrite was absent in the BoB OMZ, iodide maxima (maximum of 578 nM) were present at several
stations. Based on these results we speculate that iodate reduction may play an important role
in the respiration of organic matter in the OMZ of the BoB. To understand the long-term changes
in iodide concentrations in the AS, present data were compared with that of US JGOFS, sampled
in 1995 (SIM, March-April). Dissolved iodide concentration up to 953 nM was reported within the
OMZ during JGOFS and was attributed to the advection from the margin sediments off India.
However, our data showed a significant decrease (~25%) in the dissolved iodide concentrations
in the OMZ of the AS. The plausible sources of iodine in the OMZs of the northern Indian Ocean
and the role of iodate in the respiration of organic matter will be addressed in the present study.
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Zinc (Zn) is an essential micronutrient influencing marine phytoplankton growth and hence
plays a significant role in controlling the primary production and hence the carbon cycle. The
bioavailability and internal cycling of dissolved zinc (dZn) and its dissemination in the oceans is
regulated by the numerous physico-bio-geo-chemical processes. In this study, the biogeochemical
cycling of dZn has been investigated in the Indian Ocean with an unprecedented data set from
several GEOTRACES-India section cruises. The dZn vertical profiles in the study region display a
typical nutrient type behavior and showed a good linear relationship with silicic acid (hereafter Si)
consistent with the other oceanic basins. Interestingly, the dZn/Si is significantly different between
the productive (i.e., northern Indian Ocean) and oligotrophic regions of the Indian Ocean, with
significantly lower value in the northern Indian Ocean controlled mostly by the dZn distribution
in the oxygen minimum zone. Dissolved Zn could be lost via sulfide precipitation or its biological
uptake and subsequent release in the oxygen deficient waters of the northern Indian Ocean might
be having a profound impact on Zn biogeochemical cycle in this region. Resuspension of sediments
could be an important source of Zn along the Indian continental margins. Hydrothermal activity
does not seem to play an important role in dZn budget of the Indian Ocean. The estimated Zn:C
remineralization ratios from our data set is comparable with the published Zn:C uptake ratios of
the phytoplankton community in the Indian Ocean. The preliminary estimates suggest upwelling
and horizontal advection/diffusion processes exert dominant control on dZn budget in the
Arabian Sea compared to atmospheric input which are balanced by the biotic and abiotic removal
processes. The first geochemical budget estimate for dZn in this region provides residence time
for Zn in photic waters of the Arabian Sea in the range of 0.3-0.9 years.
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Geochemical behaviour of dissolved Rare Earth Elements in the
Indian Ocean
Chhaya Yadav*, Sunil Kumar Singh, Tapas Kumar Mishra, Venkatesh Chinni, Robin John
CSIR National Institute of Oceanography
NIO COlony, Dona Paula, Goa, India, Pincode: 403004
E-mail: chhayadav1095@gmail.com
Rare Earth Elements (REEs) in seawater can be widely used as a tracer of water masses, boundary
exchange and oxidative-reductive processes. Factors influencing their distribution in the
contemporary ocean and recycling in the water column are vital to understand their application
to study paleo-oceanographic processes. Here, we present the vertical profiles of dissolved
Yttrium and REE (Rare Earth Element) from the Indian Ocean sampled during the spring intermonsoon period of 2021 as a part of GEOTRACES-INDIA section cruise to assess the role of riverine,
boundary exchange, aeolian input and various waters masses in controlling the distribution of
REEs in the basin. Dissolved REE concentrations are significantly high in surface water in the Bay
of Bengal which display a strong north-south gradient, being quite high near the mouth of the
Ganga-Brahmaputra River System suggesting strong input of REEs from riverine fluxes, particularly
sediments which is further evident by their release from slope sediments at higher depths. Similarly,
shelf sediments of the Andaman Sea are contributing significantly to the REEs budget through
boundary exchange. The PAAS (Post-Archean Australian Shale) normalized pattern REEs in the
Indian Ocean show prominent negative Ce anomaly with an incessant increase in MREEs (Middle
Rare Earth Elements) and HREEs (Heavy Rare Earth Elements) suggesting removal of Ce and heavy
rare earth elements by oxidation and adsorption on sinking particles respectively. Sm/La ratio
in the BoB surface water, 0.20-0.18, underscores the role of G-B sediments in contributing to the
REEs budget of surface Bay of Bengal which decreases with depth due to mixing with southern
sourced water with Sm/Nd as low as 0.11-0.14 corresponding to deep water masses. Y/Ho ratio
in the surface waters of the Indian Ocean ranges from 90 to 134 with lower values in BoB and
highest in the southernmost stations attributed to high scavenging by particulate matter. REEs
distribution in the Indian Ocean is a complex balance among their riverine and water mass inputs
and removal by adsorption and oxidation. Seasonal variability in the riverine fluxes, the dominant
input, seems to control their residence times and hence could be responsible for their temporal

S

and spatial variabilities.
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This study presents the phytoplankton (>10µm in size) composition, abundance and distribution
in the SEAS during the peak Southwest Monsoon (July 2018) and Northeast Monsoon (February
2019) seasons. Samples from surface waters and subsurface chlorophyll maxima (SCM) layer from
nine stations (30m, 300m and 600m depths) along three cross shore transects off Goa, Mangalore
and Trivandrum were considered in this study. The results showed lower phytoplankton diversity
in the surface waters during the Northeast Monsoon (47 genera) as compared to the Southwest
Monsoon (59 genera). The surface water community was largely dominated by dinoflagellates
particularly during the Northeast Monsoon when the study region was influenced by low saline
and warmer Bay of Bengal waters. Contrarily, the phytoplankton community in the SCM layer was
more diverse during the Northeast Monsoon (39 genera) as compared to the Southwest Monsoon
(28 genera). SCM community was composed mainly of diatoms (Amphora, Asterolampra, Attheya,
Coscinodiscus, Ditylum, Leptocylindrus,. Odontella, Striatella, Planktoniella, Pleurosigma, Pseudonitzschia) and dinoflagellates (Chattonella, Gyrodinium, Prorocentrum, Scrippsiella). It seems
that the concentration of diatom dominant phytoplankton assemblage in the SCM may favor an
increase in abundance of specific plankton grazers there.
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The southeastern Arabian Sea (SEAS) is characterized by large hydrographical changes associated
with seasonally reversing monsoonal winds and coastal currents. Coastal upwelling dominate
the hydrography of the SEAS during the southwest Monsoon, whereas, low saline, warmer and
oligotrophic Bay of Bengal waters plays a major role during the Northeast and Pre-Monsoon seasons.
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Data on dissolved aluminium (dAl) and dissolved manganese (dMn) relative to their geochemical
behavior remains limited in the northeastern Indian Ocean (IO, including Bay of Bengal (BoB) and
equatorial Indian Ocean (Eq. IO)). Seawater samples collected in the BoB and Eq. IO during the
spring inter-monsoon period (7th March to 9th April) of 2017 were analyzed to investigate the
behavior and main processes controlling the distribution of dAl and dMn in the northeastern
IO. The average concentrations of dAl and dMn in the mixed layer of BoB were 16.6 nM and 6.7
nM, respectively. A modified version of 1-D box-model equation was utilized to estimate the
contributions of different sources to dAl and dMn in the mixed layer of northeastern IO. Al released
from the desorption of and/ or dissolution of the lithogenic sediments discharged by the GangaBrahmaputra (G-B) river system, predominantly controlled the dAl distributions in the mixed layer
of BoB. While lithogenic sediments release supported about 13~21% dMn. Additional dMn input
from the advection of Andaman Sea water and photo-reduction-dissolution of particulate Mn
(IV) contributed more than 60% dMn in the mixed layer of BoB. dAl and dMn in the surface mixed
layer of Eq. IO were mainly affected by the mixing of BoB surface water and southern Arabian
Sea surface water through the relationship between dAl, dMn, and salinity. dMn had an obvious
regeneration under the low oxygen in the subsurface and intermediate water body of BoB. The T-S
diagram and dAl distributions indicated that the intermediate water (750~1500 m) of study area
resulted from mixing of Red Sea Intermediate Water (RSIW), Indonesian Intermediate Water (IIW),
and intermediate water of BoB. Relatively high dAl and dMn than original water masses supported
remineralization and/ or regeneration under low oxygen environment during water transporting.
The influence of Indonesian Throughflow (ITF) on dAl and dMn distribution was also observed at
the southernmost area in the study.

S

E

S

S

I

O

N

-

5

Processes controlling the distributions and cycling of dissolved
aluminium and manganese in the northeastern Indian Ocean
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Western margin of India (WMI) is one of the highly productive regions in the eastern Arabian
Sea (EAS). Characteristically, this margin is intercepted by over 1000 m thick intense “Oxygen
Minimum Zone (OMZ)” between the water depths of 120 to 1200 m. The sediments juxtaposed
with the OMZ are highly enriched with the organic matter contents. Hence, this area is an ideal
location to investigate the biogeochemical cycle of carbon in the oceanic realm. Considering
the unique biogeochemical nature of the region, we decided to understand the influence of the
reducing environment of OMZ on the settling particle fluxes, particularly organic fluxes. For this,
we deployed two bottom moored sediment traps on the slope off Goa in such a way that the
shallow trap (SMT) was located at a depth of ~150 m coinciding upper boundary of the OMZ
and the deep trap (DMT) was located at a depth of ~1150 m coinciding with the lower boundary
of OMZ. These traps collected the particle fluxes from December 2000 to February 2003. The
moorings also consisted the current meters to understand the influence of currents on settling
particles. Results show that the average annual total particulate flux is 160 g m-2 in SMT and is
136 g m-2 in DMT. Generally, the SMT shows higher particle flux throughout than the DMT. These
annual total particulate fluxes are 3-5 times higher than the open ocean traps close by in the EAS
signifying the importance of WMI as an important repository of particulates. Biogenic material
dominates and constitute 60-70% of the total flux. Carbonate is the major biogenic component
(40-45%) of the total flux. Calcium carbonate flux dominates over the siliceous flux implying that
this region is a carbonate ocean. Average annual organic matter (OM) fluxes are 24 g m-2 in the
case of SMT and are 17 g m-2 in the case of DMT. Similar to the total flux, OM fluxes are higher by a
factor of 3-7 that the open EAS underlying the importance of this coastal zone in biogeochemical
cycling of organic C. The C/N values of about 5-8 indicate dominance of productivity oriented OM
in both the traps. Lower organic carbon fluxes and high C/N in the DMT (6-8) comared to SMT (5-7)
is attributed to the mineralization of OM during sinking through the OMZ, The clay mineralogical
data (smectite and illite) reveals no significant response to the seasonal changes except that both
the clay minerals show enhanced content during the SW monsoon and followed by the intermonsoon in 2001 compared to the same seasons during 2002. The current meter data shows that
the currents associated with the SMT are much stronger (20 cm/sec and sometimes exceeding
30 cm/sec) as compared to that of DMT (5-10 cm/sec). There seems to be a positive correlation
between current patterns and the particle flux with northerly component is usually responsible
for higher particle flux. In general, the above findings suggest that this is an area which needs
to be thoroughly investigated for biogeochemical cycling of organic carbon in context with the
climate change.
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Removal of phosphate through adsorption on estuarine sediments
in the Indian estuaries
Kiran Kumar Reddy Shiligireddy, Dipin Ghosh, Narasimha Rao, VVSS Sarma
CSIR-National Institute of Oceanography (NIO),
D. No. 8-45-9/2, Chinna Waltair, Visakhapatnam, Andhra Pradesh, India, Pincode: 530003
E-mail: skiran2888@gmail.com
Dissolve inorganic phosphorus is an essential nutrient for all living organisms and plays an important
role in regulating the primary production in the aquatic environment. Removal of phosphate
through adsorption on sediment particles was reported to control the flux of phosphate to the
coastal waters. This mechanism plays a crucial role on limiting flux of phosphate the coastal waters
as excess phosphate could lead to formation of eutrophication and formation of dead zones.
The intensive use of artificial fertilizers in agriculture increases the phosphate concentration in
the river water and its removal to sediment is dependent on various factors such as particulate
organic matter, pH, salinity, clay minerals, iron oxides, etc. Despite India being the second largest
country in the utilization of fertilizers, after China, coastal eutrophication was not reported along
the Indian coast and it is possible that significant fraction of dissolved inorganic phosphate may
be efficiently removed from the water column resulting in low flux to coast. In order to examine
this hypothesis, a series of P adsorption/desorption experiments were conducted on the estuarine
sediments collected from 12 estuaries along the Indian coast to assess the adsorption capacity
and influencing factors on P adsorption. Our results suggested that small estuaries (river discharge
<2000 m3/s) have the greater adsorption capacity (up to 10 µM) over the large estuaries (>10000
m3/s) (up to 2 µM). The amount of P adsorption on these estuarine sediments is linearly related with
the particulate organic carbon (POC), the proportion of clay and inversely related with salinity. The
high pH (Avg. 7.8) condition of small estuaries supports high adsorption than the large estuaries
containing low pH (Avg. 7.0) suggesting that the characteristics of these sediments play a vital role
on P adsorption. Neglecting these physicochemical processes in estuarine systems may lead to the
overestimation of P flux to the coastal ocean. This study confirms the high P adsorption capacities
of Indian estuarine sediments might be the reason for low P availability in the coastal regions that
prevent the formation of eutrophication and oxygen minimum zones along the Indian coast due
to river discharge. Keywords: Phosphate; adsorption; estuarine sediments; clay minerals; Indian
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Occurrence of phytoplankton bloom in the northern Arabian Sea (NAS) during winter monsoon
is perplexing. The convective mixing leads to a deeper and well oxygenated (>95% saturation)
mixed layer. We encountered low chlorophyll condition though the nutrient conditions were
favorable for a bloom. The mean ratio of silicate to NOx (nitrate + nitrite + ammonium) in the
upper 100 m was 0.72 indicating Silicate stressed condition for the proliferation of diatoms.
Also, the euphotic depth (~49 m) was much shallower than the mixed layer (~110 m) suggesting
the Sverdrup critical depth limitation in the NAS. We show that the bloom in this region initiates
only when the mixed layer shoals towards euphotic zone. Our observations further suggest that
two primary factors, stoichiometric ratio of nutrients, especially Si/N ratio, in the mixed layer and
re-stratification of the upper water column, govern the phytoplankton blooming in NAS during
the later winter monsoon.
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Phytoplankton community structure during different phases (early, peak and late) of summer
monsoon (SM) nutrient enrichment event (upwelling) of 2018 was studied along the eastern
Arabian Sea (EAS). The three consecutive observations during the early (June-July), peak (August),
and late (September-October) phases of SM covered the entire EAS basin between 6 and 22⁰N.
The High Performance Liquid Chromatography (HPLC) and CHEMTAX techniques were used to
determine the phytoplankton pigment distribution and relative abundance of phytoplankton
group to total chlorophyll a (Chl a). The early phase of upwelling was characterised by a moderate
phytoplankton production (column Chl a: 39.62±35.86 mg m-2) dominated by diatom species
(60-70%) in the coastal EAS. In contrast, the offshore waters, where the nutricline was below 50
m, were dominated by pico-phytoplankton species (cyanobacteria 30% and prochlorophytes
20%) while diatom contributed to <20% due to low N/P condition (2.6±1.31). During peak SM, the
shoaling of thermocline leading to high N/P conditions (8.4±5.25) have significantly enhanced
the phytoplankton biomass (90.42±69.94mg m-2) with diatoms as major contributor (>90%)
along the coastal EAS. Parallelly, the shallow nutricline in the offshore waters also supported
the dominance of diatoms, especially in the south EAS (up to 75 %) relative to north EAS (up
to 35 %), where the upwelling intensity was relatively less compared to the former region. The
lowering of N/P ratios with the withdrawal of upwelling during the late SM was conducive for the
reoccurrence of cyanobacteria and diatoms population sharply decreased (~50%) and succeeded
to dinoflagellates. Noticeably, upwelling in the EAS brings the nitrogen deficit (denitrified) waters,
the available nitrogen gets immediately consumed by the diatom community and the resultant
low N/P conditions favour the dominance of the cyanobacterial population towards the late SM.
Thus, the present study indicates that the changes in nutrient stoichiometry during various phases
of upwelling control the phytoplankton community structure of the EAS during SM. Keywords:
Eastern Arabian Sea, Upwelling, Phytoplankton pigment, HPLC, CHEMTAX, Nutrient stoichiometry
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In situ remote sensing reflectance band ratios-based FDOM quantification in the northwestern
Bay of Bengal Pandi Sudarsana Rao1,2*, D.B. Rao1, N.V.H.K. Chari1, Nittala S. Sarma1, Sarat C.
Tripathy2, Aneesh A.Lotlikar3, N. Anil Kumar2 1Marine Chemistry Laboratory, Andhra University,
Visakhapatnam, Andhra Pradesh-530003, India. 2ESSO-National Centre for Polar and Ocean
Research (NCPOR), Ministry of Earth Sciences, Headland Sada, Vasco-da-Gama, Goa-403804, India.
3ESSO-Indian National Centre for Ocean Information Service (INCOIS), Ministry of Earth Sciences,
Hyderabad, Telangana- 500090, India. *Corresponding Author e-mail: sudarsanr1@gmail.
com Synoptic measurements by ocean colour satellites are very useful for studying the marine
environment. The remote sensing reflectance (Rrs) is the most important variable measured by
ocean colour satellites, and derivation of all optically active substances (OAS) depends on Rrs.
Phytoplankton biomass (chlorophyll), suspended sediments and coloured dissolved organic
matter (CDOM) are the major OAS that determine the upwelling radiation of seawater. An important
property of CDOM is its fluorescence (FDOM), and since fluorescence measurement is nearly a
thousand times more sensitive than absorbance measurement, modelling fluorescence against Rrs
is an attractive proposition. This exercise is expected to give more precise estimates of CDOM and
be particularly helpful in low as well as high CDOM waters in which the degree of variation is small
and is often poorly captured by the regular spectrophotometric measurements. This work deals
with the bio-optical characteristics of the northwestern Bay of Bengal coastal waters measured from
April 2014 to March 2017 (4 years). The in situ Rrs was measured using a hyperspectral underwater
radiometer. The CDOM absorbance and FDOM excitation-emission matrix (EEM) spectra were
also measured by UV-Visible spectrophotometer and spectrofluorometer, respectively. Through
the parallel factor (PARAFAC) analysis of EEM spectra six fluorescent components consisting of
four, humic-like fluorophores i.e., (Marine humic (M), UV humic-like (A), Red shifted UV humic(Ar),
Visible humic-like (C), and two protein-like i.e., (Tryptophan (T) and Tyrosine (B) could be
obtained. The increasing abundance of fluorophores during the study was B(0.0038)>T(0.00229)>
A(0.00148)>Ar(0.00073)> M(0.00044)> C(0.00007), which infers influx of protein-rich organic
matter from the terrestrial source such as from GosthaniRiver and Megadrigadda reservoir. The
humic fluorophores, A and C showed significant linear relationships (R2=0.50, 0.30, 0.28, n=62
p<0.0001) with Rrs(443)/Rrs(555) and showed a moderately significant relationship with Rrs(412)/
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In situ remote sensing reflectance band ratios-based FDOM
quantification in the northwestern Bay of Bengal
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Rrs(443)(R2=0.26, 0.30,0.33 n=62, p<0.0001) whereas, the protein fluorophore T and B and humic
fluorophore were did not show any relationship with the Rrs band ratios. The decreasing of R2
from M to C with Rrs(443)/Rrs(555) indicates autochthonous organic matter and increasing R2
from M to C with Rrs(412)/Rrs(443)suggests allochthonous organic matter. This study proves
that the band ratios Rrs(412)/Rrs(443) and Rrs(443)/Rrs(555)can be used as proxies for deriving
FDOMfrom Rrs and also identifying their sources. To the best of our knowledge, this is the first of
its kind observation carried out in the coastal waters of India and it has implications for retrieval
of FDOM from space-based sensors. Keywords: Bay of Bengal, Fluorescence dissolved organic
matter, parallel factor analysis, 3D EEM spectra, remote sensing
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across three stations [BC20 (7), IRZ (7) and PRZ (6)] along with the physicochemical parameters at
each sampled depth. The average water column depth was 5100 m. A comparison between the
samples of the same station and across stations elucidated a total of 28,812 OTUs with maximum
OTUs (2120) at PRZ (3500 m). The total OTUs obtained were classified into 49 phyla, 128 classes,
328 orders, 621 families, 1308 genera and 1743 species. A higher species diversity was observed
below 600 m depth in the water column. Proteobacteria was found to be the most dominant
bacterial phylum throughout the water column followed by Cyanobacteria with higher abundance
only at 30 m and chlorophyll maxima. Actinobacteria, Marinimicrobia (SAR 406 clade), Firmicutes,
Bacteroidetes, Planctomycetes, Chloroflexi and Verrucomicrobia are some of the other abundant
bacterial phyla. Among Archaea, Euryarchaeota was found to be the most abundant phylum
followed by Thaumarchaeota. Crenarchaeota group was found only in the lower depth of the water
column while it was not detected above 200 m. The lower depths (3500 and 5100 m) showed a
positive correlation with total phosphate, nitrate and suspended particulate matter while the 30
m, chlorophyll maxima, 200m and 1000 m showed a positive correlation with dissolved oxygen,
pH and temperature. A negative correlation of the environmental parameters with 600 m depth
was observed. Microbial groups such as Nitrospira, Nitrospinia, Dehalococcoidia, Actinobacteria,
Bacilli, Deferribacteres and Nitrososphaeria were present with higher abundance below 200
m depth and positively correlated with the nitrate, phosphate and suspended organic matter
indicating their significance in nutrient cycling and biogeochemical cycles especially Nitrogen
cycle in the deep sea environment.
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Polymetallic nodules are metal-rich deposits found on the seabed in certain regions of the Pacific
and Indian Ocean. These sites are potential mining sites for extraction of these mineral deposits.
This study aimed to decipher the microbial diversity from the water column of polymetallic
nodule-rich region of the Central Indian Ocean Basin. A total of 20 water samples were obtained
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Dissolved Organic Carbon (DOC) being a major reservoir of carbon in world ocean has great
potential for impact on the carbon cycle in the ocean. DOC accumulation in the surface water
column reflects the integrated biological productivity over a long period of time. We find unusual
DOC concentration gradients in the water column of the northern Indian Ocean basin, which is
generally not observed in other oceanic basins. The Bay of Bengal recieves huge amount of fresh
water flux and sediment, whereas the Arabian Sea experiences very high biological productivity
due to seasonally reversing monsoon systems. The Bay of Bengal receives almost three times
higher DOC than the Arabian Sea despite being less productive. Since DON is related to DOC cycle,
proportionally higher DON is observed in the northern Indian Ocean compared to other oceanic
regions. The northern Bay of Bengal shows highest concentration of DOC with surface DOC and DON
concentration ranging from 75-100 µM and 6-8 µM respectively. While in the Arabian Sea surface
concentrations were observed between 75-85 µM and decreases with water column. Enhanced
DOC concentration in subsurface waters of the bay of Bengal is due to the remineralisation of
sinking organic matter along with huge flux of sediment from Ganga-Bramhaputra rivers having
very high DOC and POC concentrations (~363 µM and ~170 µM respectively) while in the Arabian
Sea primary productivity plays major role in concentration. The fraction of oxygen consumed for
DOC mineralisation can be evaluated by the relation between Apparent Oxygen Utilisation (AOU)
and DOC. The oxygen consumption related to DOC remineralisation has been calculated to be
~18 % in the Bay of Bengal. The water column stratification in the surface Bay of Bengal is due to
enormous fresh water flux, surface productivity and export of DOC from surface ocean and has
implications to the controlling factors of latitudinal variation in DOC.
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The Arabian Sea is one of the highest productive zones in the global oceans and possesses several
highly interesting biogeochemical features including open-ocean upwelling, monsoon reversal of
currents, persistent oxygen minimum zone. These features collectively attracted oceanographers
from all over the world. This dynamic land-locked basin has been thoroughly investigated in the
past under two major multidisciplinary oceanographic observational programs 1) International
Indian Ocean Expedition- I (IIOE-I) during 1962-1965, and 2) Joint Global Ocean Flux Study
(JGOFS) by the international and Indian scientists. Several biogeochemical peculiarities were
noticed during these research expeditions. In the present context of climate change, it has been
documented that the entire north Indian Ocean is warming faster than any other ocean basin in
the world and the Arabian Sea also showed a steady warming trend which may potentially impact
the biogeochemical features. Unfortunately, in the last two decades, any systematic sampling and
data analysis have been stopped in the central Arabian Sea due to several logistical problems.
Further, among other seasons, the data from the summer monsoon (time of highest biological
productivity) is scarce mostly due to rough weather conditions. Hence, the missing data set in
the last two decades does not allow us to understand if there is any change that is happening
due to warming. To fill this lacuna, a program was initiated under CSIR funding to revisit the India
JGOFS track in 2017 to capture the seasonal variability of the key biogeochemical features and
compare it with the existing data. We have completed two summer monsoon cruises (2017, 2018)
using CSIR-NIOs research vessel RV Sindhu Sadhana (SSD 40 and 55) covering 25 stations in
the eastern Arabian Sea (western Indian shelf ) and the central Arabian Sea. In addition to water
column monitoring, atmospheric dust fall and benthic community analyses were the two major
components included in this program. More than 20 parameters including physical, biological,
and chemical features were sampled and measured during these cruises. We present the first
complete set of basic physicochemical and biological parameters during the summer monsoon
from this area. A very strong south-north gradient was noticed in the western Indian shelf water
and the central Arabian Sea influenced by upwelling. A strong inter-annual variability was noticed
during two consecutive summer monsoon seasons and atmospheric forcing seemed to play the
key role in this process. Very high atmospheric deposition was registered in the central Arabian Sea
in association with strong summer monsoon winds coming from the Somalia region. Our onboard
incubation experiments revealed that dust fall along with increasing CO2 has a strong potential
to change phytoplankton community structure. No significant change in the biogeochemical
feature was noticed compared to the JGOFS reports.
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La Pérouse seamount is located in the Mascarene Basin at a relatively short distance (160 km) from
Reunion Island. A research cruise was organized in September 2016 to investigate bio-physical
interactions in the framework of a shallow-seamounts project. La Pérouse seamount was selected
with regards to its shallow depth (60 m) and pelagic fishing occurring in the area. At distances
ranging from 1 to 20 km from the summit, we investigated the vertical structure of the current,
temperature and chlorophyll-a concentration and sampled mesozooplankton with Bongo nets
and micronekton by acoustics and midwater trawls. Local circulation revealed evidences of
disturbance, with implications on temperature and chlorophyll-a distribution in the water column
around the seamount. Alternating convergent and divergent cells driving these dynamics were
suggested in relation to the irregular and crescent-like shape of the seamount. Spatial differences
in zooplankton abundance were observed with some variable patchiness of higher concentration
on the leeward flank. The vertical dynamics of micronekton and the aggregation effect along the
seamount slopes and summit are likely to promote favorable foraging conditions for seamountassociated demersal and pelagic predators. Albacore tuna and swordfish are two species
dominating longline catches west of Reunion Island in association with underwater shoals,
however only partially associated to La Pérouse seamount, as other deeper topographic features
also exist in the area. We cannot demonstrate any remarkable phytoplankton or zooplankton
enrichment at La Pérouse, neither a notable high diversity of micronekton species or demersal fish
species, although estimates for the latter are similar to that of seamounts in other oceanic regions.
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Physical environment and ecological interactions at La Perouse
Seamount
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The relative contribution of key diatom genera to export flux in the
Western Indian shelf
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In the productive coastal areas, marine phytoplankton, particularly diatoms support the pelagic
fisheries as well as benthic production by transporting organic matter to the sediment. They are
potential carbon exporters as the silica frustules provide excellent ballasting that facilitates the
sinking speed of phytodetritus. The eastern Arabian Sea or Western Indian shelf is characterized
by high spatial and seasonal biogeochemical variability that directly impacts phytoplankton
production and community composition. There is a significant quantity of literature available
to date describing the surface water phytoplankton variability in the shelf region. However, the
contribution of the key diatoms in transporting organic materials to the sediment has never been
addressed. To fill this gap, we had collected three short sediment cores (up to 5 cm at 0.5 cm intervals)
from coastal stations i.e, Kerala (C1), off Goa (C2), and off Gujarat (C3) along the western Indian
Shelf (200 m isobaths). The results depict high diatom diversity from all stations with substantial
variability among the stations. Out of a total of 39 diatom genera identified (size range 30-60 µm),
15 belonged to centric and 24 were pennate. Centric diatoms were the major contributors to the
surface sediments and the most frequently occurring genera were Thalassiosira sp. followed by
Coscinodiscus sp. suggesting their role as an efficient carbon exporter in this shelf region. The
ability of Thalassiosira to form a long chain and the large frustule size of Coscinodiscus could be
the reasons for their ability to escape grazing followed by consequent sinking. In general, C1 was
majorly dominated by centric diatoms Thalassiosira (52%) Coscinodiscus (18%), and Cyclotella (9%)
with the least contribution from pennate. On the contrary, in C2 Thalassiosira contributed 28% and
Coscinodiscus 12% while chain forming pennates like Fragilaria, Fragilariopsis, Nitzschia, Pseudonitzschia and Thalassionema were also prominent in this region. Centric diatom Thalassiosira
(36%) and Coscinodiscus (33%) dominated C3 region while pennates like Nitzschia and Surirella
were also found. This study is the first of its kind from the Indian Shelf region and could help
infer more about the type of phytoplankton contributing to carbon export with rapidly changing
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Deepa Yogi*
National Institute of Oceanography
Dona Paula, Goa, India, Pincode: 403004
E-mail: deepayogi2801@gmail.com
Catfishes are meso-predators known to influence both higher as well as lower trophic strata in
marine coastal food chains. Their ecological role as predators remain mostly under-studied as
many catfishes have low commercial value and are non-target species. The present investigation
was carried out for the Caranzalem bay catfish population using specimens from the regular
beach-seine and gillnet fishery catch and their gut contents were analysed. As mega-benthic
predator, they mostly have broad feeding niche and can consume new prey. Results reveal two
catfishes occupying this bay viz; Plotosus sp. and Arius sp. Percent frequency of occurrence (% FO)
and weight (%W) was used to establish trophic position by applying Levins dietary breadth (Bi)
and Piankas dietary overlap (O) index to evaluate interspecific relationships in fish assemblage.
Both catfish species using this bay are mostly juveniles or sub-adults (07-25 cm) while adult
Plotosus sp. occupy reef areas and Arius sp. use deeper shelf areas. Both the species predominantly
prefer crustacean as major prey and also consume small fishes, molluscs and polychaetes. Being
opportunistic feeders, their diet is based on prey availability and moreover due to their voracious
nature, considerable feeding overlap was noted. However, some niche segregation was noted due
to discrete feeding modes and behaviour. Plotosus sp. juvenile schools are known to plough the
sediments in advancing wave formation while Arius sp. individuals search and attack prey when
detected. Shallow bay areas are intense sites of trophic interaction and known sites for juveniles
and small sized species that use this habitat as refuge thus it also attracts large sized top predators.
In this bay, apex predator Hydrophis schistosus (hooked nose sea-snake) specifically feeds only on
Arius sp. thus catfishes occupy an important function as a link between macro-benthic to large
mega- benthic trophic transfer. Whether these two species have a top-down control on the
lower trophic strata can only be ascertained by estimating exact predatory populations and the
estimates of prey quantities available.

S

E

S

S

I

O

N

-

6

Feeding niche of two co-existing juvenile catfishes
from Caranzalem Bay, Goa
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Ocean temperature and copepod feeding strategies influence
zooplankton assemblages along 110°E, Indian Ocean
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Zooplankton sampling with a Heron net and a Continuous Plankton Recorder along the 110oE
transect as part of the second International Indian Ocean Expedition allowed investigation of the
relationship of copepod assemblages to environmental variables. The environmental variables
and the copepod assemblages were found to cluster into four groupings with the most distinct
being in the region of the Subtropical Front. As the ocean temperature increased from south to
north along the transect, zooplankton abundance and diversity also increased, the dominant
copepod species changed accordingly and were predominantly those that can feed on motile
prey. Although copepods were the most abundant taxa, the proportion of microzooplankton,
particularly, mixotrophic Rhizaria, was consistently high indicating a highly mixotrophic system
supporting production in an oligotrophic ocean.
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Dr. Ashrenee Govender*, Dr. Sohana Singh, Prof. Johan Groeneveld, Dr. Sandi Willows-Munro
Oceanographic Research Institute
1 King Shaka Avenue, Point, Durban, KwaZulu-Natal, South Africa, Pincode: 4001
E-mail: govenderashrenee0@gmail.com
Zooplankton species composition and relative abundance respond rapidly to environmental
variation making them good indicators of ecological change in marine pelagic ecosystems. The
objective of this study was to develop and test metabarcoding approaches for zooplankton
biomonitoring in the Southwest Indian Ocean. Novel taxon-specific DNA mini-barcodes were
designed to increase species identification rates of meroplanktonic taxa, mainly decapod
crustaceans and fish. Mock communities with known species composition and relative abundance
were used in an experimental setup to test detection rates and the accuracy of designed and
published primers. To compare spatial differences in zooplankton assemblages over a narrow
continental shelf and bight in eastern South Africa, cross-shelf transects (20  200 m bottom
depth) were sampled using plankton tow nets (500 um mesh) at night in surface waters (1-5 m
depth). Shelf width, seafloor substrate and benthic habitat structure differed among transects.
Metabarcoding of samples detected 186 zooplankton species clusters of which 70.4% could be
identified to species level, based on >95% sequence similarity. Malacostraca, Actinopterygii and
Copepoda dominated zooplankton assemblages. Zooplankton assemblages from transects within
a bight (broad shelf ) differed from those over a narrow shelf area and spatial distribution patterns
could best be explained by benthic-pelagic coupling and known oceanographic features of the
region.
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Metabarcoding of zooplankton enhances analyses of connectivity
in marine pelagic environments
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Next steps in modeling climate and marine ecosystem variability on
sub-seasonal to seasonal (S2S) time scales
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Variability in climate signals and its effect on marine ecosystems has accelerated significantly in
the past decade. Examples include extreme events, such as marine heat waves  that can range
in time scales ranging from weeks to multiannual  and are occurring more frequently and in
all oceans. Such events are causing shifts in species abundance and distribution, changes in
biodiversity, emergence of harmful algal blooms, etc. The ability to anticipate such ecosystemlevel impacts would allow for management actions to be put into place, thereby minimizing
negative effects on human communities that depend on the health of our marine resources. We
will focus our discussion on efforts predicting the occurrence of events on the 3-month to 3-year
time scales, which we refer to as subseasonal-to-seasonal (S2S) time scales. Developing an S2S
predictive capability would allow us to anticipate and plan for scenarios that would minimize
social and economic impacts that could result from prolonged fisheries closures. We will review
ongoing efforts within U.S. NOAA, and we will also outline possible areas of collaboration with
India that would accelerate our joint quantitative understanding and predictive capabilities of
phenomena on S2S time scales. We will close with ideas for next steps in joint US-India research
within the broader theme of Earth System Modeling, and in support of the UN Decade of Ocean
Science for Sustainable Development goals.
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Operational Forecast systems for Indian oil Sardine landing
Swarnali Majumder*, Elizabeth Holmes, T.M. Balakrishnan Nair, Sourav Maity, Nimit Kumar, Vera L.
Trainer

The Indian oil sardine (Sardinella longiceps) is an important profit-oriented fish in India. The goal
of this work is to develop an operational forecast bulletin that forecasts quarterly sardine landings
that assist in fisheries planning. Our study area is the southwest coast of India, where the majority
of the Indian oil sardines are landed. The forecast will use quarterly fish landing data provided
by the Central Marine Fisheries Research Institute (CMFRI) in Kochi, India. These landings data
are based on a stratified multi-stage sample design, which considers landing centers, number
of fishing days and boat net combinations in fishing operations. The forecast models will use
environmental covariates which reflect ocean conditions relevant for sardine recruitment, survival
and exposure to the fishery: location-specific monthly composites of sea surface temperature
(SST), chlorophyll-a (CHL), upwelling (UPW), Oceanic Niño Index (ONI) and precipitation are
derived from satellite. Researchers have found that a variety of environmental variables are
correlated with landings of the Indian oil sardine, however these variables may be location specific
and many are collinear. In a recent study (Holmes et al. 2019), we applied time series models with
non-linear covariate responses to study the relationship between the ocean environment in
critical months of the sardine life-cycle and future sardine landings in winter versus the summer
monsoon. Holmes et al. (2019) used the life-cycle of the oil-sardine to drive the structure of the
models. In this study, we take a machine-learning approach to the problem of developing a
sardine landings forecast. We apply decision tree model with quarterly landings as the response
and a suite of environmental covariates. Decision tree provides a machine-learning approach to
variable selection and are robust to collinearity for the purpose of prediction. Comparison of these
two fundamentally different approaches for developing forecasts, machine-learning via decision
tree versus a biologically-informed model study, helps us understand how best forecast highly
variable pelagic resources.
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evolutionary character. Therefore, a better understanding of how these gelatinous zooplankton
communities are structured by local hydrography and physical force has important implications
for different trophic levels in the marine environment and their ecosystem services. Unfortunately,
studies on gelatinous zooplankton distribution are scanty from the Arabian sea, so that the correct
identification, documentation of physical and ecological information related to their ecology is
important to understand their response to climate-related issues from the Indian Ocean region.
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The present work focused on studying the gelatinous zooplankton distribution in the coastal
waters and of shore regions of South East Arabian Sea (SEAS) from the September 2018 to July
2019 period. Samples were collected from selected stations by using a bongo net having 200 µm
mesh with a diameter of 50 cm from a motorized boat or from FORV Sagar Sampada. Specimens
were preserved in 4% neutralized formalin solution. In the laboratory, they were identified up to
higher taxon levels using standard reference material and photographed using a camera attached
to the microscope. A total of 16 species belonging to seven groups such as chaetognaths,
siphonophores, hydrozoa, and scyphozoan of the phylum Cnidaria, ctenophores, appendicularians,
and thaliaceans. The average value of biomass and abundance of mesozooplankton were
1.89 ± 1.13 ml/ m3 and 856 ± 568 No/ m3 respectively. In mesozooplankton composition, 7.4
% were contributed by gelatinous zooplankton community and density of was 93 ± 159 No/
m3. Chaetognaths were the dominant (48 %) and most abundant group among gelatinous
zooplankton, followed by thaliaceans (43 %). Though various species of gelatinous organisms
were recorded, few species have been attained the population size to form large blooms. They
were Netrostoma coerulescens, Lychnorhiza malayensis, Aequorea pensilis. Pelagia nocticula,
Beroe ovata, Doliolum sp. and Porpita porpita. The present study also provides formal record of
Beroe ovata, a predatory ctenophore species from Indian waters for the first time; they are native
to the Atlantic coasts of North and South America. This species has been previously reported from
the Black Sea, Azov Sea, Marmara and the Mediterranean. Most of the jellyfishes are voracious
predators and a threat to ichthyoplankton and other zooplankton. World oceans are reported to
be losing many species of meso and micro planktonic groups and their ecological niche replaced
by the pervading gelatinous species possibly altering food web structure. In addition, jellyfishes
are adapted to live in reduced oxygen conditions and their blooms could interfere with fisheries
by clogging fishing nets. They show a rapid increase in numerical density is deeply rooted in
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Elizabeth Holmes*, Smitha B.R., Nimit Kumar, Sourav Maity , David Checkley, Mark Wells, Vera Trainer

Commercial landings of sardines are known to show strong year-to-year fluctuations. A key driver
is thought to be environmental variability, to which small forage fish are especially sensitive. We
examined the utility of including environmental covariates in forecasts for landings of the Indian
oil sardine using a long-term time series of quarterly catches. Potentially influential variables
examined included precipitation, upwelling intensity, sea surface temperature (SST), and
chlorophyll-a concentration. All of these have been shown to be important for oil sardine growth
and survival, spawning and/or movement into the nearshore fishing regions. However, improving
out-of-sample landings forecasts using environmental covariates has often proven elusive. We
tested the inclusion of environmental covariates in forecast models using generalized additive
models, which allow for non-linear responses, and dynamic linear models, which allow for timevarying responses. Only two environmental covariates improved out-of-sample prediction: the
2.5-year average regional SST and precipitation over land during JuneJuly. The most significant
improvement was with the SST covariate and post-monsoon landings with a 19%22% reduction
in mean-squared prediction error. Models with the second best covariate, monsoon precipitation
over land, provided a 4%8% reduction in prediction error. We also tested large-scale ocean climate
teleconnection indices. One, an index of the Atlantic Multidecadal Oscillation, also improved outof-sample predictions similarly to the multiyear average regional SST. The earth’s changing climate
is associated with both rapid warming in the Western Indian Ocean and changes to monsoon
rainfall patterns. Our work highlights these as key variables that can improve forecasting of oil
sardine landings. This study was facilitated through a Memorandum of Understanding between
National Oceanic and Atmospheric Administration, USA and the Ministry of Earth Sciences,
Government of India.
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longiceps) landings using environmental variables: tests using outof-sample forecasts and Generalized Additive Models
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The seas surrounding the Indian subcontinent, known for its dynamic nature has an unexplored
wealth of primary producers. The spatial and vertical distribution of phytoplankton pigments in
the eastern and central Arabian Sea and western and central Bay of Bengal were studied during
the pre-monsoon period (April-May) of 2017 and 2019, respectively. The pre-monsoon period
over the northern Indian Ocean is associated with highly stratified and oligotrophic waters.
The present study aimed to unravel the phytoplankton community structure and diversity
through investigating the phytoplankton pigment composition using High Performance Liquid
Chromatography (HPLC). Since pigment biomarkers are associated with phytoplankton size
classes, diagnostic pigment information gathered from HPLC was used to classify phytoplankton
community into pico, nano and microphytoplankton. Further, the data obtained from both
the seas were compared to understand their similarities and differences. Based on the marker
pigments and pigment ratios, the phytoplankton classes identified were prochlorophyceae,
chlorophyceae, bacillariophyceae, dinophyceae, pelagophyceae, cryptophyceae, haptophyceae,
dictyochophyceae and prasinophyceae. Among the classes identified, prochlorophyceae
dominated the open ocean surface waters of both, the Arabian Sea (58-72 %) and Bay of Bengal
(47-63 %) during pre-monsoon period, which was represented by the ubiquitous existence
of divinyl chlorophyll a. Diatoms comprised less than 7% of the total phytoplankton diversity
within the study area with exceptions observed over the continental shelf zones. Dinoflagellates
occurred mostly in the northern regions of both the seas. While cryptophytes were detected in
traces (less than 4%) in the Arabian Sea, they showed considerable presence at certain regions
of Bay of Bengal (~24%). The vertical profiles of pigment composition revealed the dominance
of picophytoplankton followed by nanophytoplankton in both the seas. Only the well-mixed,
nutrient rich waters of the continental shelf regions of the Arabian Sea was dominated by
microphytoplankton. Chlorophytes, pelagophytes, dictyochophytes and haptophytes showed
a greater preference for subsurface euphotic water column. Since, phytoplankton primary
production accounts for about 95% of global marine primary productivity, any change in their
composition and abundance is bound to affect the overall functioning of ecosystems and their
biogeochemical activities. The study, thus, provides prime knowledge about the distribution of
major phytoplankton groups based on biomarker pigments, in the yet unexplored regions of the
Indian Ocean.
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WIO-Benth A project to map benthic habitats and communities in
the Western Indian Ocean
Sean Fennessy*, Bernadine Everett, Bernardino Malawene, Errol Wiles, Fiona MacKay, Jean-Jacques
Bé, Julius Okondo, Martin Ohldieck, Mary Kishe, Mike Roberts, Patrick Vianello, Rui Mutombene
Oceanographic Research Institute
seanf@ori.org.za, Durban, KZN, South Africa, Pincode: 4001
E-mail: seanf@ori.org.za
The aim is to describe, map and model continental shelf and upper slope seabed habitats and
their benthic communities in the western part of the WIO. The project is supported by WIOMSA,
partnered by the EAF-Nansen Programme. While typically vulnerable habitats (corals, mangroves,
seagrasses) are reasonably well known in the WIO, little is known about the remaining shelf and
upper slope. The project is using existing survey data: acoustic, chart and satellite-derived data on
seabed attributes; seawater parameters; and trawled benthic communities. WIO shelf gradients
are shallow, and the shelf break, which often originates from submerged coastlines, ranges mainly
between depths of 100150m. The offshore distance of the break varies, with very narrow shelves
predominating, apart from near large rivers where it can be up to 140 km offshore; these areas
are characterized by depositional centres of finer sediments (mud). There are extensive coral
reefs along the coasts of Kenya, Tanzania, Mozambique and Madagascar, but no true coral reefs
off South Africa. Most reefs occur within 2 km of the coast and can act as a barrier to offshore
sediment flow. However, the vast majority of the shelf and slope comprises unconsolidated
sediments of terrigenous origin, though the reefs produce large volumes of carbonate and
bioclastic sediment. Seabed habitat types were also mapped based on interpolation of benthic
faunal communities through assignment of taxon habitat type preferences. Over the latitudes 2°S
to 32°S, and over four depth strata (050, 50100, 100200, 200500m), mean seawater surface
temperature declined from the tropics, with a peak of around 30°C at 10°S to 13°S and a low
of around 22°C at 28°S to 29°S. The latter indicates persistent upwelling in that area, while the
former reveals the heating effect of the South Equatorial Current. Mean bottom temperatures,
however, only showed this spatial trend for the 050 and 50100 m strata; at 100200 m depth,
temperatures were consistently low (14° to 15°C) from 19°S southwards, and were consistently
lower (10° to 12°C) at 200-500 m along the whole region. These patterns were apparent in both
surface and bottom water in the austral summer, but in winter were less apparent in surface water,
yet persisted in the bottom water. Very warm (ca. 2830°C) water extended to depths of 80100
m from 2°S to 22°S, whereafter the influence of cooler, deeper water was apparent closer to the
surface, particularly from 28oS southwards. Trawled faunal communities (based on frequency of
occurrence of benthic taxa only) were dominated by fish families, although many invertebrates
were only identified above family level. Depth was an over-riding driver of distribution, with
influence too of latitude and seabed habitat. The most frequently encountered family was the
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Penaeidae (shrimp), followed by lizardfishes (Synodontidae), armoured gurnards (Peristediidae)
and cuttlefishes (Sepiidae). On the shelf, penaeids and lizardfishes dominated while on upper
slope habitats to 500m, armoured gurnards, cuttlefishes and coffinfishes (Chaunacidae) prevailed.
Invertebrates dominated in depths >500 m, notably deep-sea shrimps (Aristeidae), pandalid
shrimps (Pandalidae) and lobsters (Nephropidae). Penaeids dominated in shelf trawls in the
tropical north (2°S  10°S) and central latitudes (10°S  16°S), but were replaced by lizardfishes on
unconsolidated habitats in the south (16°S  32°S). On the slope, armoured gurnards dominated
throughout, with skates (Rajidae) common in the north, greeneyes (Chlorophthalmidae) in the
centre and cuttlefishes in the south. This is an ambitious attempt to map and broadly categorize
seabed habitats and associated communities, on the shelf and upper slope of a very large area in
the WIO, which will also assist decision-makers with regional marine spatial planning.
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Lidita Khandeparker*
CSIR-National Institute of Oceanography
Dona Paula, Goa, India, Pincode: 403004
E-mail: klidita@nio.org
Production in the northeastern Arabian Sea (NEAS) during the winter monsoon is supported by the
convective mixing process, which injects nutrients from the base of the mixed layer to the surface.
This region also harbours many sea surface temperature (SST) fronts and filaments, representing
varied biogeochemical conditions. These fronts with congregated biomass are expected to
be significant sites of enhanced bacterioplankton activity, which play an important role in the
microbial loop. Observations on bacterioplankton were carried out in the NEAS region during
early and peak winter monsoon (EWM and PWM) with an emphasis on their physiological state,
i.e., metabolically active (HNA; high nucleic acid content) bacteria and metabolically inactive (LNA;
low nucleic acid content) bacteria. The results point out that irrespective of seasons, HNA bacteria
were dominant in the frontal zones coupled with higher bacterial production (BP), whereas LNA
bacteria were abundant in the non-frontal regions. The differentiation in bacterial metabolic types
indicate organic matter enrichment in the frontal regions. During the PWM, the nutrient levels
increased, resulting in a further increase in HNA bacteria and BP in the frontal regions. Transparent
exopolysaccharides (TEP), which are one among the carbohydrates released as exudates during
primary production or decaying process, were also higher in the frontal zones, and were inversely
related to the total bacterial abundance indicating a fast turnover of the organic matter. The age
of the front and the background condition before the formation of the front influences the relative
contribution by bacterioplankton to food web dynamics. Thus, evaluation of physiological state
of bacteria can be used as a marker for bacterial activity and would be a useful tool in forecasting.
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Dynamics and significance of metabolically active bacterioplankton
in the frontal regions of the Northeastern Arabian Sea
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Spatial distribution and diversity of planktonic ciliates in the
Eastern Indian Ocean, with emphasis on tintinnids
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Planktonic ciliates are important microzooplankton in pelagic ecosystems. Previous studies in
the Indian Ocean are rare and have only investigated tintinnid community structure without
considering aloricate ciliates and variations of tintinnid species richness and abundance in the
horizontal level. In this study, we investigated ciliate communities near the equator (79-99°E,
10°N-10°S) in the Eastern Indian Ocean during the spring (1 March to 12 April). Ciliate abundance
had bimodal distribution that ciliates were more abundant in the surface layer and DCM than
other layers. Abundance of aloricate ciliates were higher than tintinnids in each sampling point
and tintinnid proportion were less than 10% of total ciiates in the most of these sampling points. In
addition, aloricate ciliates decreased with depth more quickly than tintinnids. Thirty-one genus and
112 species were identified in the present study except 3 unidentified species. Richness (maximum
30 species) and abundance (maximum 134 ind. L-1) of tintinnid were extremely high in the surface
and DCM layers. The stations near to land had richer tintinnid species and higher abundance than
the stations far away from land. The study area near the equator had lower tintinnid and aloricate
ciliate abundances and tintinnid richness than other areas. The dominant tintinnid species were
varied in the horizontal level, Rhabdonella elegans was dominant in the stations near to land and
Eutintinnus lusus-undae was the dominated species in the equator area. R. elegans, E. obliqua,
E. stramentus, E. lusus-undae and Salpingella acuminata (proportion account for >50% of total
tintinnids) were overwhelmingly dominant in some sampling points, and these points tended to
be near to land. Our results will help predict the variations of spatial distribution and diversity of
ciliates communities and other plankton in a large horizontal level in the Indian Ocean.

S

CAS Key Laboratory of Marine Ecology and Environmental Sciences,
7 Nanhai Road, Qingdao, PR, China, Pincode: 86
E-mail: wuchangzhang@qdio.ac.cn

-

6

Wuchang Zhang*

SESSION-6- HOME

179

Plenary Sessions &
Panel Discussions

Technical
Programme Schedule

INTERNATIONAL INDIAN OCEAN
SCIENCE CONFERENCE (IIOSC)

2022

ABS-2022-06-0228
The status of Dugong conservation in Gulf of Kutch, Gujarat
Wildlife Institute of India
501 Devdatta co op Ho So Rajaram Tawade Road Dahisar West, Mumbai, Maharashtra, India
Pincode: 400068, E-mail: pprachi62@gmail.com
Dugong (Dugong dugon) populations all over India are on the verge of extinction. The
megaherbivore about 10 to 15 dugongs were estimated in the Gulf of Kutch according to GEER
Foundation. Wildlife Institute of India (WII) in collaboration with Gujarat Forest Department,
other line implementing stakeholders like Indian Coast Guard, Indian Navy, NGOs, Marine Police
and divers and local communities in carrying out detailed population and habitat surveys to
address the gaps in the knowledge of Dugong ecology in the marine protected area of Gulf of
Kutch. Existing Dugong habitats have already been identified by conducting extensive field and
questionnaire surveys by the Wildlife Institute of India. Drone surveys are being conducted by WII
to generate baseline information on the occupancy and population status of Dugongs in marine
protected areas. The seagrass beds are the foraging grounds of Dugongs with characteristics
including depth, species composition, shoot density, patchiness. Ecological Quality Status
(EcoQS) of seagrass meadows is being conducted with the help of seagrass-associated benthic
fauna. Threats in terms of litter pollution and boat traffic are being assessed and monitored.
Extensive awareness campaigns for spreading conservation needs for this charismatic species
and its habitats are conducted reaching out to the locals and fishermen communities. Dugong
volunteers and ambassadors network has been established to report the direct sighting and to
report stranding. Capacity-building programs for the Gujarat Forest Department to improve the
management of dugongs and their habitats in the Gulf of Kutch have been conducted on yearly
basis. New seagrass meadows and foraging sites of dugongs have been identified in the Gulf
of Kutch. Sighting and stranding reports have been reported after a decade through the locals
and forest officials. The baseline data on polychlorinated-bi-phenyls contamination in the critical
dugong habit have been assessed. Total 50 stakeholders have been trained for drone surveys and
seagrass habitat monitoring. Till now 207 students have benefitted from Dugong scholarship
programs. The awareness programs have reached out to more than 10, 000 people through social
media awareness campaigns. These measures will ensure to conserve and manage the declining
population of Dugongs in the Gulf of Kutch, Gujarat. Keywords: Dugong, Gujarat, ecology, Seagrass,
Gulf of Kutch Corresponding author: ksivakumar@wii.gov.in
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The Southwestern Indian Ocean (SWIO) is home to around 5% of the world’s tropical coral reefs,
which are enormously important for marine biodiversity, as well as the coastal communities
that depend on them. Reefs across the region are seriously threatened by climate change,
but the resilience and vulnerability of particular reefs depends on a number of parameters,
one being connectivity (established by the transport of coral larvae through ocean currents).
However, tracking larval dispersal directly is unfeasible due to their small size, necessitating
indirect observations from genetics or numerical models. We have run a regional configuration
of the CROCO ocean model, spanning the SWIO at a resolution of c. 2km, to simulate surface
currents over a timescale of 28 years and gain insight into likely coral larval dispersal pathways
and connectivity. Using lagrangian particle tracking and statistical parameterisations for larval
mortality and recruitment, we will estimate patterns of connectivity between reef sites (with a
particular focus on Seychelles), persistent barriers to dispersal, and seasonal/interannual variability
in connectivity across this highly dynamic region. Predicted connectivity will be compared against
independent connectivity estimates from genetic studies, and previous regional simulations at
a lower resolution to establish whether the computational expense involved in running such a
high resolution simulation is necessary for predicting connectivity on a regional scale. Ongoing
progress towards this goal will be presented.
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Phytoplankton diversity at surface and Deep Chlorophyll Maxima in
Arabian Sea and Bay of Bengal during pre-monsoon season
Anima Tirkey*, Aswathy Vijaya Krishna, Arvind Sahay, Arvind Singh, Mini Raman, Hitesh Solanki
Department of Botany, Gujarat University, Ahmedabad
GUJARAT UNIVERSITY GIRLS HOSTEL, NAVRANGPURA, AHMEDABAD, GUJARAT, India
Pincode: 380009, E-mail: animatirkey20@gmail.com
Arabian Sea and Bay of Bengal, the two wings of the Indian Ocean, is known for its oligotrophic
existence during the pre-monsoon season. Studies comparing the phytoplankton diversity at
surface and Deep Chlorophyll Maxima (DCM) in the Indian Ocean are sparse. DCM reflects the
depth of absolute maxima of Chlorophyll-a concentration among the deep ocean vertical profiles.
In a stratified ocean, DCM usually forms near the nutricline and the bottom of the euphotic zone.
The objective of this study was to understand the phytoplankton community structure at the
surface and DCM in the Arabian Sea and Bay of Bengal during pre-monsoon season. Phytoplankton
diversity was studied using microscopy and High Performance Liquid Chromatography (HPLC).
The phytoplankton cell count observed using microscopy ranged from 1.44 x 10 3 l -1 to 3.14 x 10
5 l -1 and 4.07 x 10 3 l -1 to 25.21 x 10 5 l -1 at surface and DCM, respectively in Arabian Sea and 1.16
x 10 3 l -1 to 3.23 x 10 6 l -1 at surface and 3.68 x 10 3 l -1 to 3.32 x 10 6 l -1 at DCM in Bay of Bengal
during the pre-monsoon season. Microscopic study, thus, showed dominance of diatoms in both
Arabian Sea and Bay of Bengal at surface and DCM depth followed by dinophyceae, and other
algal classes like dictyochophyceae, cyanophyceae and prymnesiophyceae. Similar phytoplankton
species were observed to occur at both the surface and DCM depths of respective sampling points,
provided that the cells identified at DCM were larger in size with higher chloroplast content. Also,
chain forming species were observed to have greater cell numbers per chain at the DCM depth.
The most abundant diatom genera identified in the study were Chaetoceros, Pseudo-nitzschia,
Bacteriastrum, Rhizosolenia, Proboscia, Leptocylindrus, Guinardia, Coscinodiscus, Lauderia and
Thalassiosira. Among dinoflagellates Ceratium, Scrippsiella, Protoperidinium, Dinophysis and
Oxytoxum were common genera observed in both the Seas. In contrast, HPLC derived phytoplankton
pigment analysis revealed the study area to be dominated by pico and nanophytoplankton during
the pre-monsoon season. Prochlorophytes, Pelagophyltes, Prymnesiophytes and Chlorophytes
were observed to be the major contributors towards phytoplankton community according to
pigment data analyzed using HPLC. As a consequence of using both techniques, eleven classes
of phytoplankton were identified during the study period Bacillariophyceae, Dinophyceae,
Dictyochophyceae, Cyanophyceae, Chrysophyceae, Prymnesiophyceae, Prasinophyceae,
Chlorophyceae, Prochlorophyceae, Pelagophyceae and Euglinophyceae in both Arabian Sea
and Bay of Bengal. The present work thus shows that in order to understand the phytoplankton
diversity as a whole, both microscopy and HPLC techniques should be treated complementary to
each other.
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seamount compared to the Madagascar shelf and eddy, with mean values of 23 and 16 L-1 at the
surface and fmax respectively. Dinoflagellates were again most abundant (13 and 6 L-1), followed
by ciliates (5 and 6 L-1), with very low abundances of radiozoans and copepod nauplii (<1 L-1).
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Microzooplankton play a key but largely understudied role in marine ecosystems as primary
and often significant consumers of phytoplankton, important contributors to the diet of
mesozooplankton, and nutrient recyclers. Image analysis was used to explore the abundance
and taxonomic composition of microzooplankton communities associated with three different
oceanographic environments in the South West Indian Ocean: the southern continental shelf of
Madagascar, a cyclonic eddy off the southwest shelf of Madagascar, and Walters Shoals, a shallow
seamount on the Madagascar Ridge. Sampling off Madagascar was conducted in July 2013 on
the RV Algoa, whereas the Walters Shoals study was conducted in May 2017 on the RV Marion
Dufresne. Water samples for microzooplankton analysis were collected from the surface and
depth of maximum fluorescence (fmax) at 15 stations on the southern Madagascar shelf, from
the surface, fmax and within the upper mixed layer (UML) at 25 stations along a transect though
the cyclonic eddy, and from the surface and fmax at 24 stations surrounding Walters Shoals.
Samples (5-12 L) were pre-filtered through 200-µm mesh and collected on 20-µm mesh. Samples
collected off Madagascar in 2013 were processed live onboard the vessel using a FlowCam at 4x
magnification, then preserved with formaldehyde, whereas those collected from Walters Shoals
were preserved onboard the vessel and analysed later in the laboratory, following the same
procedure. Mean abundance of microzooplankton in surface samples was significantly greater in
the cyclonic eddy (157 L-1) compared to the nearby shelf (74 L-1), and abundance was greater at
the surface than at the fmax. Microzooplankton communities in the eddy surface samples were
dominated by dinoflagellates (53 L-1), followed by ciliates (35 L-1), radiozoans (33 L-1) and copepod
nauplii (15 L-1). Dinoflagellates were significantly more abundant in the eddy core compared to
the eddy periphery, likely due to enhanced primary production in the core through upwelling of
nutrients from deeper layers, but there were no significant differences between eddy zones for
the other groups. Microzooplankton abundance was significantly reduced over the Walters Shoals
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Mishal Gudka*, David Obura
CORDIO East Africa
#9 Kibaki Flats, Kenyatta Beach, Bamburi Beach, Bamburi, Bamburi, Kenya, Pincode: 10135
E-mail: mgudka@cordioea.net
Coral reefs face an ever-expanding array of threats. In many parts of the world, the severity of the
impacts is pushing reefs to phase-shift or collapse, directly jeopardizing the nutrition, livelihoods,
and jobs of millions of people. It is therefore vital to empirically classify an ecosystems threat
status, and the factors driving the decline. We applied a standardized method for assessing the risk
of ecosystem collapse, the IUCN Red List of Ecosystems (RLE), to coral reefs in the Western Indian
Ocean (WIO), covering 11,919 km2 of reef (about 5% of the global total). Our approach combined
indicators of change in historic ecosystem extent, ecosystem functioning, and projected sea
temperature warming. We show that WIO coral reefs are Vulnerable to collapse at the regional level,
while in eleven nested ecoregions they range from Critically Endangered (islands, driven by future
warming) to Vulnerable (continental coast and northern Seychelles, driven by fishing pressure). The
results can support national and regional policy responses that include mitigating and building
resilience to climate change and implementing ecosystem-based management of coral reefs, to
reduce risks of ecosystem collapse. The approach assesses ecosystem area and integrity, meeting
the need for both metrics in global policies including the Convention on Biological Diversitys
post-2020 global biodiversity framework and the United Nations Sustainable Development Goals.
The next steps involve promoting the replication of the RLE approach to other coral reef regions
and undertaking finer-scale national coral reef assessments in Kenya, Tanzania, and Mozambique
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Assessing the threat status of coral reefs of the Western Indian
Ocean using the Red List of Ecosystems framework
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combined effects of reduced nutrient input, enhanced metabolism, and phytoplankton size shifts
that reduce trophic transfer efficiency. On R/V Investigator cruise IN2019V03 (May-June 2019), we
investigated phytoplankton production, growth and grazing processes along the historic IIOE
110°E transect from 39.5 to 11.5°S in the eastern IO. Stations spanned a 14°C gradient in mean
euphotic zone temperature from temperate and subtropical to tropical water masses. Production
and grazing were strongly coupled over the transect and balanced on average. Increasing growth
conditions (light and temperature) were mainly manifest as more rapid biomass turnover and
mesozooplankton biomass accumulation, which was elevated by 3 fold in tropical waters. Over
uniformly oligotrophic subtropical-tropical waters spanning a 10°C temperature increase, growth
of the phytoplankton biomass dominant, Prochlorococcus, showed no rate response, violating
expected Q10 rules and predictions of the Metabolic Theory of Ecology. However, biomassnormalized grazing of mesozooplankton increased 6 fold over the transect, showing a strong
temperature relationship (r2 = 0.87) that exceeded expected temperature effects on gut turnover
and metabolic rates. Such results might be explained by an increasing role of mixotrophy in
warmer tropical waters and selection for defenses that minimize phytoplankton mortality to
protistan grazers, the latter as an alternative to growing faster in highly coupled oligotrophic
systems where production, grazing and nutrient cycling processes must balance. Predictions of
future states of the warming ocean will be difficult to make from relationships derived from lab
cultures incorporated into models. Our results highlight the importance of using existing natural
gradients of adapted complex communities like the eastern IO as laboratories for observation and
hypothesis testing.
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With mid- to low-latitude waters of the Indian Ocean (IO) warming faster than other major oceans,
many questions can be raised about the potential impacts of increasing temperature on IO
productivity and food webs. Most models would predict strong increases in phytoplankton growth
rate with rising temperature and declining intermediate consumers like zooplankton due to the
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Mintu Chowdhury*, Haimanti Biswas, Diksha Sharma, Saumya Silori
CSIR-National Institute of Oceanography, Goa
Biological Oceanography Division, CSIR-National Institute of Oceanography, Panjim, Goa, India
Pincode: 403004, E-mail: mintuchy90@gmail.com
Coccolithophores, the calcifying photosynthetic nanophytoplankton, constitute a significant
part of the phytoplankton community from the Arabian Sea. However, there is no published
report on coccolithophores from the Indian shelf waters. We present here the first baseline data
on coccolithophore abundance and community composition from five stations from 17°21° N
along the north-western Indian shelf (200 m depth contour) during southwest monsoon (SSD-55;
August-2018). For quantitative and qualitative analysis, coccolithophore samples were inspected
under a JEOL-JSM IT300 Scanning Electron Microscope (SEM) at CSIR-NIO. The results revealed
the occurrences of a total of 18 species from 10 genera of coccolithophore at 6 different depths.
High abundances of coccolithophores and coccoliths were observed in the northernmost station
and decreased southward. Spatial and vertical profiles exhibited significant variability in species
abundance and diversity. Gephyrocapsa oceanica was the most dominant coccolithophore
species found in this region especially in the top 20 m followed by Umbilicosphaera sibogae,
Helicosphaera carteri and Calcidiscus leptoporus. The deeper waters were dominated by the deepphotic species Florisphaera profunda. In the southernmost station, species such as Michaelsarsia
adriaticus and Calciosolenia murrayi contributed substantially along with G. oceanica. Our results
are consistent with the existing literature from the other parts of the north Indian Ocean. Such
variability in coccolithophore distribution was linked to water column stratification, mixed layer
depth, light, and nutrient dynamics. Furthermore, phytoplankton pigment analysis also confirmed
their predominant abundance over diatoms and dinoflagellates in this oligotrophic region. We
conclude that coccolithophores are an important component of the phytoplankton community in
this region and are likely to contribute significantly to carbon cycling and the food chain.
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First report on living coccolithophore community from the northwestern shelf waters of India during SW monsoon
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the Comoros to train individuals from the Western Indian Ocean (WIO) in a variety of marine
disciplines. Participants on the benthic biodiversity team were introduced to traditional and more
innovative methodologies such as benthic camera systems. The use of underwater imagery in
benthic habitats has increased our understanding by allowing for the collection of descriptive
and statistically robust data from shallow and deep habitats alike. Photographic evaluations of
marine environments are an important research tool used by both scientists and industry, and
the non-destructive nature allows for use in protected and inaccessible areas. Thus, the main goal
of the Regional Benthic Imagery Workshop, hosted by the DFFE and sponsored by the MASMA
Programme, was to provide information and training on how to use an underwater imagery
platform to better understand benthic invertebrate communities and simultaneously sampled
fish assemblages. The week-long virtual event was conducted between August 30 and September
3 in partnership with Scifest Africa and specialists from the region and beyond and drew 266
participants from countries within the WIO area, as well as neighboring African and Indian Ocean
countries. Lessons, practical demonstrations, and discussion sessions covered the steps required
to conduct underwater imagery research from survey design to data collection, processing and
analyses, and also data management. A discussion session was devoted to participatory talks and
topics covered the best practices for habitat classification on a regional scale, data challenges
and overcoming these barriers, and developing collaborations and infrastructure. The outcomes:
(i) An internationally attended regional workshop that reached a far wider audience than first
proposed prior to Covid-19 (226 versus only 20!), (ii) Participants trained on the steps required to
conduct underwater imager and minimize the technique’s shortcomings by employing taxonomy
and collections as a verification tool, (iii) A free online training resource consisting of recordings
of each session. This digital legacy has the potential to reach many more marine researchers
both regionally and globally, (iv) Step-by-step training videos of three camera systems available
in English and French which can be used to teach employees or students, and is a first step in
standardizing techniques among WIO institutes, and (v) A well-established network for benthic-
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The Second International Indian Ocean Expedition (IIOE2) is an internationally renowned
program with the ultimate objective of collaborating and building scientific capacity within
the African community. As part of this initiative, the Department of Forestry, Fisheries, and the
Environment (DFFE) hosted the 2017 and 2018 IIOE2 expeditions in Mozambique, Tanzania, and
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Refining Outputs from Past IIOE2 Expeditions: The WIO Regional
Benthic Imagery Workshop

2022

image-based research within the WIO. Where to from here? From attendees live questions, an
evident need exists for the continued development of sampling guidelines and best practice
protocols, as well as locally relevant species identification resources and image databases. Our
immediate steps are to produce a specimen occurrence and image observation database from the
IIOE2 expeditions while building on the momentum established through this regional workshop
and continuing to strengthen and build partnerships. Many institutes will lack the resources and
infrastructure needed to exploit underwater imagery, but we’ve seen that a lack of resources may
spur creativity and collaboration, allowing us to know more than we are capable of knowing on
our own.
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cerithiid gastropods and co-occurring macroinvertebrates?
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Species aggregation has important implications for population survivorship and ecological
functioning in many habitats, including rocky intertidal shores, which have been valuable to
research for understanding ecological patterns and process. Intertidal gastropods of the family
Cerithiidae often form extensive aggregations for which driving mechanism may be positive
thigmotaxis, i.e. movement occurring until an obstructing surface is contacted, then cessation
of movement. However, it is unknown if thigmotaxis may occur by cerithiids contacting and
aggregating around uneven surfaces of the rock topography, or by contacting other conspecific
individuals. We quantified aggregation patterns in invertebrate assemblages and topographic
complexity at intertidal rock platforms in NW India with extensive cerithiid populations. The
cerithiids Clypeomorus moniliferus and Cerithium caeruleum were the most common species.
Distribution analysis confirmed significant over-dispersion indicative of aggregation (densities
were often around zero but occasionally reached up to 680 dm-2). Multivariate correlation analyses
showed that topographic complexity contributes to overall species assemblage variability, but
there was no evidence that topographic complexity correlates with cerithiid abundances or was
likely to affect their aggregation. Thus the thigmotaxis producing cerithiid aggregation is probably
associated with individuals contacting each other rather than any feature of the rock surface
such as crevices or raised areas. Overall, while some components of species assemblages were
associated with complex topography, regarding the abundant cerithiids, potential population
benefits from aggregation (e.g reduced desiccation and temperature) may be expected on rocky
shores with any level of topographic complexity. Many ecological events are taking place due to
the tidal effects, physicochemical parameters, topographic changes etc. but this phenomena is
the attraction of the intertidal Indian coast.
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Ranjana Yadav*, Nanajkar M
National Institute of Oceanography
Dona Paula, Goa, India, Pincode: 403004
E-mail: yadav.ranjana124@gmail.com
Gastropods belonging to family Cerithiidae comprise of 219 species, primarily distributed in tropical
to warm temperate regions worldwide. Cerithiid gastropods are mostly detritivores thus actively
forage on organic matterand therefore occupy intertidal mudflats. They serve as first intermediate
obligatory host of several species of parasitic trematodes. With complex life cycle, trematodes
have multiple hosts and cerithiid gastropods play a crucial role as they are the obligatory hosts
and the influence of parasitism affects both the populations in terms of their behaviour, physiology
and efficiency in terms of ecosystem functions. Analysis of cerithid populations and presence of
any trematode parasitism was investigated for tropical intertidal snails, Cerithiidea sp., on the
representative mudflats of Mandovi and Zuari estuary from west coast of India. The preliminary
measurements carried out were total length of the cerithiid individual, thickness of whorl, eroded
shell, biomass, sex ratios, infection rates by parasites and their stages. The results suggest a very
patchy distribution of Cerithiid populations on mudflats and a significant difference in shell size
was noted between the sites.Cerithiidsex ratio was 3:2 wherein males were significantly infected
by trematodes. Parasitism was highin larger snails of more than 20mm length with thickened lips
and eroded shells. The overall infection rate of 6.03% in Mandovi estuary and 8.5% in Zuari estuary
was noted with complete castration of gonads having abundance of 18816 trematodes per host.
This abundance was together for two stages of parasites that included sporocyst and cercaria
stage. This high trematode infection to cerithiid gastropods on the mudflat and its effect on the
overall ecosystem functioning requires further studies.
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Population of Cerithiid gastropod and their parasitic trematode on
mudflats of Goa- India.
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Continental margin sediments are key sites of carbon cycling and sequestration. Factors including
oxygen exposure time and sedimentation rate are important controls on eventual C preservation,
but the least well understood aspect is the role of benthic fauna. Seafloor faunal communities exert
influence via a number of activities, including digestion, bioturbation/bioirrigation, respiration,
and microbial stimulation. In addition, oxygen and OC (food) availability are known to influence
faunal size and abundance, and thus benthic biological processing of OC. Consequently, complex
relationships exist between benthic faunal communities, sediment geochemistry and oxygen
availability, which have been challenging to deconvolve. The Arabian Sea oxygen minimum zone
provides a natural laboratory to study the interplay of these factors, and to assess how ecosystems
and biogeochemical cycling may respond to projected environmental change. Isotope tracing
experiment were performed at three sites exhibiting contrasting oxygen and OC concentrations,
and faunal communities. Experiments were performed at ambient oxygen concentrations,
and under oxygen saturations manipulated upwards and downwards by 5%. Both upward and
downward oxygen manipulations led to increases in bacterial C uptake and decreases in total
community respiration (except at the lowest oxygen site). Increases in oxygen availability favoured
faunal C uptake, but the relative benefits to foraminifera and macrofauna varied amongst sites.
Downward manipulations of oxygen always led to an increased dominance of foraminiferal
C uptake over macrofaunal uptake, but led to a decrease in faunal uptake overall. Thus, both
upward and downward oxygen manipulations affected the pathways of benthic organic carbon
cycling, with implications for the impacts of future spreading of hypoxia on ecosystem function.
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Organic matter cycling in evolving hypoxic environments: the roles
of oxygen availability and benthic faunal communities
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Zalak G. Sabapara*, Dr. Paresh U. Poriya
Bhakta Kavi Narsinh Mehta University, Junagadh
606- Axar Villa, Behind Radhika heights, New SP Road, Morbi-363641, Morbi, Gujarat, India
Pincode: 363641, E-mail: zgsabapara27@gmail.com
Population ecology and distribution pattern of intertidal sponges were studied at Veraval coast
of Gujarat state, India. Sponges were identified using standard identification keys while quadrate
method and various ecological indices were employed to study population ecology and distribution
pattern. The uneven substratum of the selected intertidal zone supports various assemblages like
coral assemblage, zooanthid assemblage and cerethium assemblage which provides good habitat
for sponges. Total 12 species of sponges were considered for the study. High species diversity
noted during winter season. Among all 12 sponge species, Cliona laticavicola was prominently
found in selected intertidal area. In sponge community, of the 12 species of sponge, the highest
cover (46.58%) was exhibited by Cliona laticavicola, 13.18% cover by Cinachyrella alloclada, 8.72%
cover by Callyspongia diffusa, 2.16% cover by Halichondria panacea, 3.76% cover by Haliclona
cinerea, 2.87% cover by Haliclona tubifera, 1.6% cover by Cliona acephala, 1.91% cover by Cliona
aprica, 1.27% cover by Paratimea constellata, 1.17% by Mycale parishii, 0.51% cover by Halichondria
melanodocia and 1.92% cover by Clathria sp. were observed all over the coast.
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Population Ecology and Distribution Pattern of Intertidal Sponges
of Saurashtra Coast, Gujarat.
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aquatic organisms especially benthic organisms which are known as secondary producers of the
food chain. We aimed to study the benthic meiofaunal community response to DO concentrations
during monsoon and its related factors in the surrounding environment from a potential fishery
zone off Mumbai. A spatiotemporal variation in meiofaunal assemblages was investigated based
on depth gradient (20, 30, 40 & 50m), which was previously known to be a seasonal hypoxic region
off Mumbai. The environmental gradients highlighted a significant difference in the bottom
environment between depth gradient as well as temporally. The meiofaunal mean density was
lower (0.41 ind/10 cm2) at 50 m during November 2017 where DO value has also recorded the
minimum (0.3 ml/l). And the highest (5638.06 ind/10cm2) mean density recorded at 20 m depth
during April 2017 with maximum DO record (3.23 ml/l). Dissolved oxygen and meiofaunal density
showed a positive correlation during the study period. Nematodes (57%) were the numerically
dominant meiofaunal taxon at all stations followed by foraminiferans (40%), copepods (1.2%)
and polychaetes (<1%). Spearmans rank correlation depicted, variables associated with food
quantity and quality correlated strongly with each other. The higher values of Chlorophyll than
pheophytin pigments depict high Chlorophyll rich pigment (Chl/Pheo) and Chlorophyll rich
organic matter (Chl a normalized to TOC) representing the freshness of the organic matter while
higher pheophytin pigments than chlorophyll decrease Chl/Pheo, Chl a normalized to TOC values
and dissolved oxygen. Copepods, polychaetes, nauplius, ostracods abundance increased with
increasing concentration of dissolved oxygen. In particularly dissolved oxygen, primarily shaped
the meiofaunal assemblage structure. The meiofaunal community structure (density and diversity)
showed significant positive correlations with Chl/Pheo and Chl a normalized to TOC. On the other
hand, chlorophyll a, pheopigments and organic matter were the secondary factors influencing
the meiofaunal assemblage. These results revealed the role of dissolved oxygen in structuring
meiofaunal assemblages in the less explored coastal waters off Mumbai and may be useful as a
baseline for future comparisons.
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Arabian Sea is known for its profoundly low concentration of dissolved oxygen (DO)(between 150
to 1250 m water depth) due to the biogeochemical process related to monsoonal changes in the
region. A low concentration of DO also occurs near to the coast related to the monsoon process as
well as anthropogenic eutrophication. The changes in concentration of DO have a direct effect on

N

-

CSIR-National Institute of Oceanography, Regional Centre
Mumbai, Mumbai, MAHARASHTRA, India, Pincode: 400053
E-mail: sanofar1641992@gmail.com

6

Role of dissolved oxygen in structuring the benthic meiofaunal
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Plankton Ecology Lab, BOD, CSIR-National Institute of Oceanography, Panaji, Goa, India
Pincode: 403004, E-mail: saimicrobes@gmail.com
We studied the community composition of microzooplankton (MZP) in surface water over a
period of one year (January-December, 2013) from nearshore (stns: G3 & G4; station depth:1014m) to offshore (G5 & G6; 27-36m) region of the eastern Arabian Sea, off-Goa-India. The MZP
numerical abundance found to vary spatially irrespective of the seasons, higher in the offshore
region (38-127 cells L-1) than in the nearshore stations (20-97 cells L-1). MZP community was
represented by 35 species of 25 genera, which include loricate ciliates (18 species of 14 genera),
aloricate ciliates (5 species of 3 genera), heterotrophic dinoflagellates (HDS;12 species of 8 genera)
and Copepod nauplii.The contribution of HDS to MZP community was large (16-85%) during most
part of the year particularly during high saline (salinity: 35) period of spring intermonsoon. While,
ciliates and copepod nauplii communities together contributed only 15-20%. The dominated
species of HDS were Porocentrum micans, Protoperidinium breve, Protoperidinium latistriatum,
and Protoperidinium granii. The statistical analysis (Spearman’s rank correlation) depicts that MZP
abundance and community composition in the study region is mainly controlled by salinity (r=
0.4-0.7). The dominance HDS in the marine environment could be the reason of diverse feeding
mechanism and mixotrophic in nature. Further, investigation on heterotrophic dinoflagellates
feeding mechanism and species-specific salinity preference would help to understand their key
role in coastal food web dynamics.
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Dominance of heterotrophic dinoflagellates in the continental shelf
waters of the Eastern Arabian Sea
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Current) data had been retrieved from satellites, whereas the in-situ Chl-a and nutrients data
were retrieved from WOD, and the river discharge data were collected from BWDB for this study.
The study showed that Chl-a ranged from 1.34 ± 2.23 mg/m3 to 0.12 ± 0.02 mg/m3 where as
the coastal area comprised higher Chl-a irrespective of the month, season, and year. The postmonsoon period showed the highest concentrations (1.19 ± 2.12 mg/m3) of Chl-a while the premonsoon period showed the lowest concentrations (0.66 ± 1.12 mg/m3) of that in the coastal
area. Moreover, during the northeast, and post-monsoon period Chl-a was observed as 0.16 ± 0.02
mg/m3, and 0.14 ± 0.01 mg/m3 respectively, whereas during the pre-, and southwest monsoon
period the concentrations were lowest (0.13 ± 0.03 mg/m3) in the offshore area. Chl-a showed a
rising, and falling trend during the study period for the study area, however, BoB showed a rising
trend of Chl-a at a rate of 0.02 mg/m3 per decade. Chl-a and SST showed a significantly (p<0.05)
negative relation, and for each additional SST, Chl-a showed a declination of 0.035 mg/m3 in the
BoB. Chl-a showed a positive relationship with POC, NPP, and SSHA, River Discharge and Nutrients
(silicate, nitrate, phosphate) in the BoB where wind speed showed no significant relationship
with Chl-a in the study area; however, southwesterly and northeasterly wind showed an effect on
Chl-a concentrations. Regression analysis showed that for each additional POC, NPP, SSHA, Nitrate,
Silicate, Phosphate, River Discharge, Chl-a increased by 0.006 mg/m3, 0.001 mg/m3, 0.531 mg/
m3, 0.140 µg/l, 0.078 µg/l, 1.448 µg/l, 0.00001 mg/m3 respectively in the BoB. Moreover, Nitrate
had a great influence (45.65%) on Chl-a (µg/l) than Phosphate (37.57%) and Silicate (16.78%) in
the BoB. Arabian Sea (AS) water entered into the BoB during the southwest monsoon season
through activating the West India Coastal Current (WICC). Furthermore, during the post-monsoon
season in October, AS waters flowed into the BoB, then reversed in November during this study.
Northern BoB is mostly comprised of a warm-core eddy that founds in the eastern, and western
boundary mostly. Except for the pre-monsoon season (except March) the eddy was observed
during all other seasons; thus, productivity was high during all those seasons. Satellite-derived
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This study determined the spatial, and temporal distributions of Chlorophyll-a (Chl-a) concerning
environmental factors in the Bay of Bengal (BoB) during 2003-2020. Three regions of interest (A,
B and C) was selected by considering 2.5° ÿ 2.5° grid for each in the BoB. Chl-a data had retrieved
from MODIS-Aqua and the environmental factors (SST, POC, NPP, SSHA, Wind, Wind Vector,
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Chl-a data showed a correlation coefficient r = 0.75 (n=58, R2 = 0.56), and the RMSE = 2.54% with
WOD derived Chl in the BoB. This research will aid in the knowledge of marine ecosystem health,
the identification of PFZ, the comprehension of global warming, and the development of the blue
economy in Bangladesh’s maritime area. Keywords: Chlorophyll-a, Environmental Factors, Satellite
data, Ocean Colour Remote Sensing, Bay of Bengal, Bangladesh.
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Carbon monoxide (CO) is a trace gas, mostly known for its toxicity. Globally,  1000 teragrams
CO is produced annually by anthropogenic and natural processes. Microbial consumption of CO
is one of the main ways to remove this toxic gas from the atmosphere. Both soil and ocean are
considered to be important sinks of CO due to microbial consumption. Experimental studies to
date have identified microbial CO-metabolizers from a few regions of the sea, but the scope of
CO-metabolism in the entire marine biota remains uncertain. In this work, we have performed a
database survey to identify marine CO-metabolizers. The CO metabolizing microbes use enzymes
called carbon monoxide dehydrogenase (CODH) to oxidize CO to CO2. The CODHs are classified
into two distinct groups: the nickel-containing CODHs (Ni-CODH) and molybdenum-copper
containing CODHs (MoCu-CODH), depending on the metal content in the active centre. While
Ni-CODHs are oxygen-sensitive, the MoCu-CODHs are oxygen tolerant. Our analysis identified
167-anaerobic, and 328-aerobic CO-utilizing species distributed in the various ocean zones.
Compared to MoCu-CODHs (identified in species from five bacterial and one archaeal phylum), NiCODHs are spread over a broader range of marine prokaryotes (found in species from 10 bacterial
and one archaeal phylum). Interestingly, while CODH expressing organisms are dispersed across
the entire oceanic zones and the seafloor sediments, distinct differences are observed between
the habitats of Ni-CODH and MoCu-CODH containing species. The Ni-CODHs expressing species
are prevalent in hydrothermal vents and marine sediments, whereas MoCu-CODH containing
organisms are more frequent in the coastal environments (including mangrove soil). Usually, the
Ni-CODHs are encoded by anaerobes, while MoCu-CODHs are expressed in aerobes. Therefore,
it is likely that the distribution of these species across different oceanic layers is regulated by the
dissolved oxygen concentration in the seawater. Overall, this work provides a comprehensive
overview of the extent of CO-metabolism in the marine ecosphere to understand the scope and
influence of CO-metabolism on the ocean ecosystem.
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The open ocean region of the Northern Arabian Sea (NAS) experiences intense high biomass
algal bloom during the winter monsoon. This study uses a satellite-based (MODISA) approach to
determine the long-term distribution of diatom and green Noctiluca scintillans (GNS) bloom over
NAS from 2002 to 2019. The distribution indicates a higher chlorophyll-a (chl-a) concentration
in association with GNS and diatom abundance in December as a pre-conditioning for GNS. The
distribution of chl-a showed a consistent pattern over the last 17 years with a peak in FebruaryMarch and a subsequent decline towards April. The Sea Surface Temperature (SST) also showed a
similar trend over the years by starting to decrease from December to February and subsequent
increase from March until May. Chl-a was observed with a significant inverse relationship with
SST. Response of chl-a with elevated levels following a decline in SST signified the utilization
of growth-promoting nutrients introduced to the euphotic zone through convective mixing.
Daily climatology of chl-a and SST revealed gradual lowering of SST signifying progression of
convective mixing and subsequent elevation in the concentration of chl-a indicating initiation of
bloom during the initial phase of December. GNS spread area started to increase towards the end
of January and surpassed diatom during the initial phase of March. The evolution of GNS within
diatom-dominated regions indicated substantial grazing by mixotrophic GNS on its preferred
diet diatom as a prerequisite condition in preparing a conducive bed for GNS proliferation. Longterm analysis (2002-2019) of SST during the peak bloom months (February-March) confirmed a
stable trend over the years. In contrast, the trend of chl-a was observed with a marginal increasing
pattern over the years. The spread area of diatom and GNS for the peak bloom period (FebruaryMarch) during 2002-2019 discerned stable trends for diatom while GNS with a marginal increasing
trend over the years.

S

E

S

S

I

O

N

-

6

Long-term trend in high biomass algal bloom in the northern
Arabian Sea
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monthly variations in the species composition. Biodiversity assessment of microphytobenthos from
five selected mangrove ecosystems along the southwest coast of India was studied for a period
of eleven months from December 2018 to October 2019.In the present study 110 species coming
under 49 genera belonging to taxonomic classes Bacillariophyceae, Dinophyceae, Cyanophyceae
and Euglenophyceae were examined. Bacillariophyceae (diatoms) was the best represented class
followed by Cyanophyceae. The diatom genera found frequently during the study were Amphora
spp., Navicula spp., Pleurosigma spp., Gyrosigma spp.,and Nitzschia spp. The presence of raphae and
its capability to undergo vertical migration can be considered as the reason for its predominance
during the study period. Microphytobenthos showed maximum diversity in Kollam with 94 species
comes under 34 genera followed by Kannur with 81 species and least in Kochi with 78 species. The
mangrove ecosystem along Kochi experienced anthropogenic influences and it has been shown
that in a heavy eutrophication state in Kochi mangrove station leads to the explosive growth of
Cyanophytes over benthic diatoms. The largest number of mangrove species occurs in Kollam (9
species) and least in Kochi (5 species). Hence the diversity of mangroves and microphytobenthos
are positively correlated. Globally studies on microphytobenthos in mangrove ecosystems are
limited when compared to its ecological and economic importance.
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The microphytobenthos (MPB) found in well illuminated surface sediment are the major primary
producer in the potentially productive benthic ecosystem. Spatio-temporal variation in the
distribution of Microphytobenthos in a biodiversity-rich mangrove ecosystem is sparsely studied.
To address this microphytobenthos in the intertidal mangrove ecosystem were investigated with
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oceans result from turbulence, and the eddy covariance method (ECM) is the most direct way of
measuring them from in-situ observations, and is considered to provide an unbiased estimate
of the fluxes. In other three methods, some amount of empiricism is built-in and appropriate
relations or coefficients are to be determined. For the ECM, however, platform motion needs to
be accounted for to get true fluxes. The Inertial Dissipation Method (IDM) relies on measurement
at high frequency unaffected by the ship/platform motion. This method is a good compromise,
being insensitive to the platform motions, and up to some extend of flow distortion. It provide
more direct estimate than the bulk (BM) simply because it accounts for the turbulence statistics;
thus it is desirable for obtaining considerable amount of data under various atmospheric and sea
state conditions over the ocean. In the present study, two sets of data obtained from two cruises
(one in the Arabian Sea, and other in the Bay of Bengal) are used to estimate latent, sensible heat
fluxes and momentum flux using the IDM. The inter-comparison between the IDM, ECM and BM
are made and preliminary results are presented.

S

The heat fluxes (latent and sensible) are needed for a variety of purposes in meteorology and
oceanography, for example, weather forecast, cloud process and mixed layer modeling. There are
four standard methods for determining these fluxes, namely 1) eddy covariance or eddy correlation,
2) inertial-dissipation, 3) mean profiles, and 4) bulk aerodynamic methods. The fluxes over the
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Moisture and heat fluxes from the Bay of Bengal, and multi-scale air-sea interactions play an
important role in tropical convection associated with the Indian monsoon precipitation. The
complex spatial structure of upper ocean heat content and temperature distribution is determined
largely by the salinity stratified shallow layers in the North Bay. Although coupled models suggest
that air-sea coupling over the Bay of Bengal improves the strength, time scales and propagation
of monsoon convection and precipitation on intra-seasonal time scales, the physical mechanisms
of coupling are not well known. This has motivated two successive large Indo-US collaborative
programs. The first one, ASIRI-OMM, explored the upper ocean structure and air-sea fluxes in
much detail via multiple cruises in 2013-2015 with Indian and USA research vessels. A followup
collaboration called Monsoon Intra-seasonal oscillations in the Bay of Bengal (MISO-BOB) explored
the role of coupled ocean-atmosphere boundary layer processes, with the help of simultaneous,
detailed measurements of the oceanic and atmospheric boundary layers and air-sea fluxes. Its
objectives are to understand the ocean's influence on the intensity and propagation of the coupled
ocean-atmosphere MISO signal, and to evaluate how the sub-mesoscale and mesoscale processes
governing the ocean boundary layers impact the MISOs. The intensive observations conducted
in 2018 and 2019 include coupled boundary layer observations during the Monsoon onset in
2018, and the coupled boundary layers at the edge of a mesoscale eddy during 2019. Significant
training workshops for young scientists formed an integral part of these collaborations. Salient
results from these collaborations will be presented in this talk.
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Arabian Sea during the study period. The variations of isoprene tend to follow the distribution of
Chl-a in seawater with lower (0.38±0.14 ppbv) and higher (0.75±0.17 ppbv) values over the central
and northern regions, respectively. Major enhancements exceeding 0.6 ppbv were associated
with the blooms of Trichodesmium and Thalassiosira in oligotrophic, high SST (>28oC), and calm
conditions. The high abundances of diatoms and cyanobacteria, intense solar flux and high SST
favored production of isoprene from both microbial and abiotic sources and sea-to-air flux. This
is the first measurement of isoprene in the MBL of northern Indian Ocean and the levels fall in
the higher range of those reported for some highly productive oceanic regions of the world. This
study highlights the implications of Arabian Sea Paradox on regional atmospheric chemistry.
The combination of elevated emissions of BVOC from seawater and NOx from shipping activities
could play major role in atmospheric chemistry over Arabian Sea.
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Isoprene was measured in marine air samples collected on-board R/V Sagar Sampada over the
Arabian Sea during spring inter-monsoon 2017. Arabian Sea is a thick oxygen minimum zone
(OMZ) where production of phytoplankton in the surface water is very high. Incidentally, the year
2017 was the warmest on record for the global ocean with positive SST anomalies (>0.5oC) over the
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Differential response of surface ocean pCO2 to tropical cyclones in
the contrasting basins of northern Indian Ocean
Trishneeta Bhattacharya*, Kunal Chakraborty, Balaji Baduru
Indian National Centre for Ocean Information Services (INCOIS)
“Ocean Valley”, Pragathi Nagar (B.O.), Nizampet (S.O.), Hyderabad-500 090. Telangana, India
E-mail: trishneeta@gmail.com
This study examines the spatio-temporal variability of surface ocean pCO2 and its controlling factors
in response to the cyclonic events, Phailin (8th -14th Oct 2013; over the Bay of Bengal) and Ockhi
(29th Nov-6th Dec 2017; over the Arabian Sea) using a high-resolution, regional ocean-ecosystem
model simulated outputs and available surface ocean carbon observations. Dissipation of large
amounts of energy into the upper ocean and strong vertical mixing during tropical cyclones
erode stratification under the influence of strong winds. As a consequence, colder, nutrient and
carbon-rich waters upwell from the deeper layers, creating a favorable environment for biological
productivity that eventually utilizes dissolved carbon, leading to striking spatio-temporal pCO2
variability along the track of cyclone. The spatio-temporal variability of pCO2 is strongly associated
with the changes in temperature (T), dissolved inorganic carbon (DIC), total alkalinity (ALK), and
salinity (S). To identify the factors controlling spatio-temporal variability in pCO2, a decomposition
analysis has been carried out. In the case of Phailin (Ockhi), the mean contribution of the deeper,
colder water rising to the surface i.e., T-driven changes in inducing pCO2 variability are 5.4 (-8.82)
and -7.59 (-58.75) μatm as a response to the pre- and post-cyclonic conditions. In contrast, DICdriven changes due to the presence of carbon-rich waters at shallower depths are 23.59 (19.5) and
27.76 (77.97) μatm. In the case of Phailin (Ockhi), S-driven changes in inducing pCO2 variability as
a response to pre- and post-cyclonic conditions are -18.7 (3.33) and 14.08 (1.04) μatm. Salinity has
a relatively lesser control when compared to T- and DIC-driven changes in inducing surface ocean
pCO2 variability. But its response to the post-Phailin conditions is significant owing to the strong
salinity stratification in the Bay of Bengal. The estimated mixing length for the cyclones Phailin
(Ockhi) during their peak is ~35 (~45) m which indicates that stratification is a more dominant
controlling factor in the Bay of Bengal than in the Arabian Sea. Alkalinity exerts negligible control
in inducing pCO2 variability. In the case of Phailin (Ockhi), ALK-driven changes in inducing pCO2
variability as a response to the pre- and post-cyclone are -0.809 (-2.99) and 0.59 (-0.09) μatm.
Contrastingly, the spatio-temporal variability induced by the biological pump, consisting of soft
and hard tissues, is 0.005 (0.06) and 0.21 (4.51) μatm. Although the impact of the biological pump
is significant in the case of Ockhi, the physical dynamics dominate the biological processes in
inducing spatio-temporal variability of surface ocean pCO2 in the case of both cyclones.
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Dissolved trace gas dynamics in the coastal and open Arabian Sea
during winter monsoon
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transects, including 65°E and coastal areas, in the Arabian Sea during winter monsoon (December
2019). Average N2O and CH4 were supersaturated, while CO2 was undersaturated in the surface
waters of the Arabian Sea. N2O showed peak concentration in the OMZ, produced mainly from
denitrification, while nitrification seemed to be active at the surface and below OMZ. CH4 was
supersaturated at all depths with the highest supersaturation at the surface. In general, profiles of
CO2 showed undersaturation at all depths. The presence of anticyclonic eddy showed a profound
effect with an enhanced surface concentration of all three dissolved gases. In the present study, it
was observed that the Arabian Sea acted as a source of N2O and CH4 and a minor sink of CO2 with
respect to the atmosphere during the winter monsoon.

S

and nitrous oxide (N2O), which are the primary agents of atmospheric radiative forcing affecting
the climate. Due to natural and human-induced global changes, the OMZ of the Arabian Sea has
intensified and expanded in recent decades. In light of these changes, the role of OMZ in the
dynamics of these trace gases need a relook in the open Arabian Sea by thoroughly investigating
their temporal and spatial variabilities. In the present study, the vertical distribution of dissolved
CO2, CH4, and N2O were measured from the surface to 3000 m at fourteen locations along three

N

The Arabian Sea hosts one of the most intense oxygen minimum zones (OMZs) in the world. These
OMZs are known as hotspots for dissolved trace gases such as carbon dioxide (CO2), methane (CH4),
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Jofia Joseph*, Girishkumar M.S., E. Pattabhi Ram Rao
Indian National Centre for Ocean Information Services (INCOIS)
“Ocean Valley”, Pragathi Nagar (B.O.), Nizampet (S.O.), Hyderabad-500 090. Telangana, India
E-mail: jofiajoseph1992@gmail.com
High temporal resolution (10 min) measurements from RAMA moorings in the central (90°E) Bay
of Bengal at 8°N, 12°N and 15°N is used to document the diurnal variability of cold pool activity
and its impact on the modulation of near-surface meteorological and oceanographic parameters.
In sub-daily time scale a well-defined afternoon (1200-1800 LST) peak in the generation of
atmospheric cold pool (42-52% events were occurred during this time period) in the northern
Bay of Bengal (15°N and 12°N) is observed. On an average atmospheric cold pool leads to the
enhancement of latent and sensible heat loss from the ocean around 100 Wm-2 and 40 Wm-2
respectively. The cold pool intensity (based on air temperature drop) is relatively high in the
northern Bay of Bengal. Moreover, the intensity of cold pool is relatively high during morning
hours. In response to a cold pool events sensible heat flux is modulated pre-dominantly by seaair temperature difference (90 %) and latent heat flux is modulated primarily by sea-air specific
humidity difference (75 %) and secondarily by wind speed (25 %). Our analysis further, shows that,
the reduction in of net shortwave radiation, primarily due to cloud cover and turbulent heat flux
associated cold pool that formed in the afternoon hours have potential to modulate sea surface
temperature variability. The diurnal evolution of large scale synoptic conditions associated with
those cold pool activities is evaluated using six-hour composite of TRMM3b42 rainfall. Our analysis
shows that the southeastward propagation of rainfall band is initiated as untidy rainfall maxima
in the north-west coast of Bay of Bengal during 0000-0060 LST. The rainfall activity intensified and
further moves to offshore and reaches at 15°N and 12°N mooring location during 1200-1800 LST,
when maximum coldpool activity observed.
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A study on diurnal variability cold pool activity in the Bay of Bengal
during summer monsoon using moored buoy observation
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Flux of Dimethyl sulfide from eastern Araabian sea during northeast
monsoon; influence on cloud microphysics
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to 77.220E). To understand the distribution of DMS, seven transects have been selected where
each transect is covering a distance of approximately 200Kms from coast to open ocean. DMS
concentration was measured onboard immediately after collection using purge and trap technique
and flux was calculated as a function of sea surface temperature and wind speed. An attempt has
been also made to compare the observed DMS flux with empirically calculated DMS flux using DMS
concentrations derived from Andersons model as a function of chlorophyll, shortwave radiation
and nitrate. Cloud droplet number concentration (CDNC) and aerosol extinction coefficient have
been calculated from cloud parameters (cloud optical thickness (COT) and cloud effective radius
of liquid (CER), aerosol optical depth(AOD)) obtained from MODIS satellite. DMSO concentrations
showed increasing trend with depth and higher than that of DMS in the deeper waters.This study
aims to understand the responsible processes for such high concentrations of DMSO. DMS export
to the atmosphere and to the other reduced forms have been discussed. Influence of DMS on cloud
microphysics is elucidated by comparing the observed and modelled fluxes of DMS with that of
CDNC over the study region during North east monsoon. Surface DMS concentrations ranged
from 0.73 to 38.24 nM with an average of 5.74±5.58 nM during January 2019. DMS flux is found to
be 28 µmol m2 d1. CERl data obtained from MODIS data suggests that lower atmosphere in the
study region contains a homogeneous patch of liquid particles with lower particle size (ranged
between 14 and 16.5µ) and high numbers of CDNC (90 to 150 cm-3). Significant correlation (r=0.6)
between the DMS flux and CDNC suggest the considerable role DMS in the formation of CDNC
during north east monsoon. Keywords: Arabian Sea, DMS export, DMSO, North east Monsoon,
cloud microphysics, CDNC.

E

consumption and Oxidation of DMS to dimethyl sulfoxide(DMSO). As part of the ongoing MEDAS
(Marine Ecosystem Dynamics of eastern Arabian Sea) , samples for DMS have been collected in
northeast monsoon (NEM, from 14.01.2019 to 02.02.2019) season onboard FORV Sagar Sampada.
Sampling was carried out in the eastern arabian sea (between 6.460N to 22.230N and 67.680E

S

Biogenic gases and particles emitted from surface seawater play an important role in atmospheric
chemistry. Among the biogenic compounds contributed from oceans Dimethyl Sulfide
(DMS) occupies considerable place. DMS is produced biologically from its precursor Dimethyl
sulfoniopropionate and removed through various processes such as sea to air flux, microbial
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The sea-air flux of iodine species: An overview of current
parameterisation technique
Swaleha Inamdar*, Liselotte Tinel, Rosie Chance, Lucy J. Carpenter, P. Sabu, Racheal Chacko, Sarat C.
Tripathy, Anvita U. Kerkar, P. V. Bhaskar, Anoop S. Mahajan
Indian Institute of Tropical Meteorology
IITM, Dr Homi Bhabha Road, Pashan, Pune, Maharashtra, India, Pincode: 411008
E-mail: swaleha.inamdar@tropmet.res.in
Iodine chemistry plays an essential role in controlling the radiation budget by changing various
atmospheric parameters. Iodine in the atmosphere is known to cause depletion of ozone via
catalytic reaction cycles. It alters the atmospheric oxidation capacity, and lead to ultrafine particle
formation that acts as potential cloud condensation nuclei. The ocean is the primary source of
iodine; it enters the atmosphere through fluxes of gaseous reactive iodine species. At the ocean
surface, seawater iodide reacts with tropospheric ozone (gas) to form inorganic iodine species
in gaseous form. These species namely, hypoiodous acid (HOI) and molecular iodine (I2) quickly
photolyse to release reactive iodine (I) in the atmosphere. This process acts as a significant sink
for tropospheric ozone contributing to ~16% ozone loss throughout the troposphere. Reactive
iodine released in the atmosphere undergoes formation of iodine monoxide (IO) or higher
oxides of iodine (IxOx) via self-recombination reactions. It is known that inorganic iodine fluxes
(HOI and I2) contribute to 75% of the detected IO over the Atlantic Ocean. However, we did not
observe this from ship-based MAX-DOAS studies between 2014-2017. At present, there are no
direct observations of inorganic iodine (HOI; few for I2) and are estimated via empirical methods
derived from the interfacial kinetic model1 by Carpenter et al. in 2013. Based on the kinetic model,
estimation of HOI and I2 fluxes depends on three parameters, namely, ozone concentration,
surface iodide concentration and the wind speed. This parameterisation for inorganic fluxes
assumes a sea surface temperature (SST) of 293 K and has limiting wind speed conditions. A
minimum windspeed is suggested by MacDonald et al. 2014 as the wind shear drives turbulent
mixing, which reduces the proportion of HOI and I2 entering the atmosphere2. Following which
Mahajan et al. 2019 showed that the flux equation works well below the wind speed of 14 m s-1,
and above which, it results in a negative flux3. Since the parameterisation conditions assumed SST
of 293 K higher uncertainties due to errors in activation energy creeps in the estimation of HOI
flux compared to I2 as the flux of HOI is ~20 times greater than that of I2. For three consecutive
expeditions in the Indian and Southern Ocean, we detected ~1 pptv of IO in the marine boundary
layer. These levels are not explained by the calculated inorganic fluxes by using observed and
predicted sea surface iodide concentrations. This method of iodine flux estimation is currently
used in all global models, along with the MacDonald et al. 2014 iodide estimation method. Model

SESSION-7 - HOME

210

Plenary Sessions &
Panel Discussions

Technical
Programme Schedule

S

E

S

S

I

O

output using these parameterisations have not been able to match the observed IO levels in the
Indian and Southern Ocean region. This discrepancy suggests that the process of efflux of iodine
to the atmosphere may not be fully understood, and the current parametrisation does not do
justice to the observations. It also highlights that the flux of organic iodine may also play a role
in observed IO levels, especially in the Indian Ocean region. A correlation of 0.7 was achieved
above the 99% confidence limit for chlorophyll-a with observed IO concentration in this region.
There is a need to carry more observations to improve the estimation technique of iodine seaair flux thus improving model predictions of IO in the atmosphere. References: 1. Carpenter, L.
J. et al. Atmospheric iodine levels influenced by sea surface emissions of inorganic iodine. Nat.
Geosci. 6, 108111 (2013). 2. MacDonald, S. M. et al. A laboratory characterisation of inorganic
iodine emissions from the sea surface: Dependence on oceanic variables and parameterisation for
global modelling. Atmos. Chem. Phys. 14, 58415852 (2014). 3. Mahajan, A. S. et al. Observations
of iodine oxide in the Indian Ocean Marine Boundary Layer: a transect from the tropics to the high
latitudes. Atmos. Environ. X 1, 100016 (2019).
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Analysis of Wave Climate in Northern Bay of Bengal using Deep
Ocean Wave Measurements
K Jossia Joseph*, M Kalyani, R Venkatesan, G. Latha
National Institute of Ocean Technology
NIOT, Chennai, Tamil Nadu, India, Pincode: 600100
E-mail: jossia@gmail.com
The characteristics and variability of wave parameters remains major input in coastal and offshore
developmental activities and a decisive factor in shoreline management. The waves play a
significant role on the air-sea flux exchange and mixed layer dynamics as well. The climate change
induced variability necessitates detailed analysis of wave characteristics in both coastal and open
ocean. However, most of the wave records available are from coastal areas and lacks related
information on oceanographic and meteorological parameters. The Bay of Bengal with its limited
northward extent and significant seasonal variability demands accurate information on wave
characteristics that are necessary for those who ventures into the sea. The presence of long swells
along with the increase in intensity and frequency of cyclones in recent past further increases
the complexity in wave characteristics. The satellite derived or model simulated wave parameters
mostly fail during cyclone events. The analysis of simulated wave parameters in Northern Indian
Ocean exhibits significant bias in estimating swell waves. The moored buoy network established
by National Institute of Ocean Technology (NIOT) under Ministry of Earth Sciences provided the
filled these gaps with systematic measurement of wave parameters both coastal and deep ocean
along with a suit of met-ocean parameters. The moored buoy wave measurements in northern
Bay of Bengal during the period 2011 to 2019 is utilized in this study to analyse the wave climate
in detail. The analysis of wave parameters revealed significant seasonal variability in-line with the
march of seasons. It is observed that rough sea conditions prevail during the southwest monsoon
season and calm sea state in general for the remaining period except for the cyclone passage. The
significant wave height is in general ~1m during calm seasons, which reaches more than 4m during
southwest monsoon season. The dominance of local winds is indicated by high waves coincident
with short wave period during southwest monsoon season. The seasonality is well reflected in the
mean wave direction which exhibits south south westerly waves during most of the year and a
transition period followed by north easterly waves by the end of the year, which extends till next
February. The study area recorded many cyclone passages, which leads to extreme sea conditions.
The moored buoy recorded maximum significant wave height of 6.3m during the cyclone
Phailin in 2013 at this location. It is worthwhile to note that the moored buoy remained in-tact
and continued the measurement even during these extreme sea conditions. The measurements
exhibit presence of swell waves throughout the year at this location. However the contribution
of swell waves are dominant during the calm period. The analysis shows the presence of long
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swells generated in the southern Indian Ocean and young swells generated within BoB with travel
time of a few days to more than 10 days. These swell waves interact with the locally generated
sea waves and modify the local sea state. The unprecedented change in sea state without any
significant change in local wind and its impact while breaking in the coastal areas necessitates
advance warning. However the analysis of simulated wave parameters of WW3 exhibit significant
bias in magnitude and direction of swell waves. The magnitude is over estimated during calm sea
conditions and under estimated during rough sea conditions. The realtime wave data from deep
ocean moored buoys can provide significant information which can be readily utilised for various
applications. The assimilation of these information can greatly improve the model performance
which can result in better predicting the coastal sea state particularly the arrival of swell waves.
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Spatial and seasonal variation of pCO2 and air-sea CO2 flux in the
Devi estuary, east coast of India
Shaheen Akhtar*, Sk. Md. Equeenuddin, Fakira Bastia
National Institute of Technology, Rourkela
Department of Earth and Atmospheric Sciences, NIT-Rourkela, Odisha, India, Pincode: 769008
E-mail: shaheen.nitrkl@gmail.com
Estuaries act as an important land-ocean transition zone where complex biogeochemical processes
commonly lead to a super-saturation of CO2. The CO2 super-saturation makes them significant
emitters of this trace gas to the atmosphere via air-sea exchange. Globally, total CO2 emission
from estuaries is estimated to be in the range of 0.27 to 0.50 Pg C yr-1. This counteracts for about
21% of the total uptake of CO2 by the continental shelf. Thus, the large estuarine emission or efflux
rates of CO2 cause them to play a significant role in the global carbon budget. Moreover, the rate
of CO2 flux mostly depends on temperature, wind speed and depth of water. Therefore, a wide
variability in CO2 flux has been observed depending on the environmental setup in an estuary. To
address this inconsistency, it is important to estimate the pCO2 and CO2 fluxes in different major
and minor estuaries on a spatial and temporal scale. Also, the dynamic nature of these coastal areas
challenges the accurate estimation of pCO2 and CO2 flux. Considering this variability, a complete
database of representative estuaries is necessary for the accurate estimation of the global estuarine
CO2 emission and net carbon budget evaluation. This study aims to present data on the spatial
and seasonal variability of pCO2 and CO2 flux along with their various controlling factors in the
Devi river estuary formed by a major distributary of the Mahanadi River draining into the Bay of
Bengal. The average surface water pCO2 in the Devi river estuary is estimated to be 1565 ± 782
μatm, which is higher than that of the atmosphere (400 μatm). Such a high pCO2 is attributed to
intense organic matter decomposition that suggests a net heterotrophic environment prevailing
in the estuary. Seasonal variation of pCO2 is significant having the highest pCO2 in winter (2071
± 828 μatm) and lowest during monsoon (951 ± 316 μatm). This super-saturation of pCO2 makes
this estuary a significant source of CO2 to the atmosphere with an annual flux of 40.1 ± 7.5 mol
C m-2 yr-1. A contrast in seasonal variation of CO2 flux is observed in the estuary as a result of
differences in wind speed and temperature of water. These variables have led to higher CO2 flux in
the summer season (126±69 mmol C m-2 d-1) in comparison to that of the winter (112±64 mmol
C m-2 d-1) in spite of having lower pCO2. The net annual flux from the estuary contributes about
0.003 to 0.006% of the global estuarine CO2 emission. Therefore, this study shows the importance
of small-scale estuaries in the global carbon budget, and highlights the role of various local-scale
atmospheric factors in controlling the pCO2 and its flux to the atmosphere.
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The developmental activities have increased exponential around the coastal areas of maritime
states. Especially in India 12 Major ports and 200 minor ports are established in the respective
maritime states.these development may cause the reason for increasing the particulate matter
percentage as aerosols in the atmosphere particularly in the atmospheric boundary layer.it may
directly or indirectly have an effect on the climate forcing parameters to increase the risk in the
air pollution and put environment in and around coastal regions in grave peril. therefore in depth
study on the aerosols over the coastal region is pre-requisite in climate change projections were
analyzed through the radiation budget and forecast models.
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Climate forcing parameters on coastal region due to oceanic
aerosols
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Indian National Centre for Ocean Information Services (INCOIS)
“Ocean Valley”, Pragathi Nagar (B.O.), Nizampet (S.O.), Hyderabad-500 090. Telangana, India
E-mail: raju.vsj@incois.gov.in
Understanding air-sea interaction processes over the Bay of Bengal is critical to the economies
of the countries in the Asian sub-continent, more particularly to India. Of late, there has been
significant progress over the efforts by the modeling community in implementing both regional
and global models for near realistic forecasts of weather. A crucial component of all the models is
the accurate parameterization of near-surface fluxes. The fluxes are the boundary conditions in the
model equations. To parameterize these fluxes there is the need for accurate direct measurements.
The eddy covariance method is the direct measure of these fluxes. To address this long felt need
for direct measurements, a highly instrumented buoy was deployed at 18N 89E to carry out direct
measurements of the eddy covariance fluxes. Here we report, preliminary results on marine
boundary layer processes arising from these direct measurements. The results are also compared
with the popular parameterization schemes that are routinely used by the modeling community.
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Direct near-surface eddy covariance measurements over the
northern Bay of Bengal
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Quasi-Biweekly Mode of the Asian Summer Monsoon Revealed in
Bay of Bengal Surface Observations
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oscillations are not due to quasi-biweekly variations of surface freshwater flux or river runoff. We
show from moored wind, salinity and current data, satellite SSS, and reanalyses, that surface wind
changes associated with the quasi-biweekly mode of the monsoon and embedded weather-scale
systems, drive the SSS and coastal sea level oscillations in the summer of 2015. When winds are
calm, mesoscale ocean eddies transport Ganga-Brahmaputra-Meghna river water southward to
the mooring, salinity falls and the ocean mixed layer shallows to 1-10 m. During active (cloudy,
windy) spells of the quasi-biweekly monsoon mode, directly wind-forced surface Ekman-like
currents carry river water away to the east and north, leading to increased salinity at the mooring,
as well as 0.1-0.5 m rise in sea level along the northeastern boundary of the bay. In July-August
2015, a shallow pool of low-salinity river water lies in the northeastern bay. The amplitude of a
20-day SST oscillation is two times larger within the fresh pool than in the saltier ocean to the
west, although surface heat flux is nearly identical in the two regions. This is direct evidence that
space-time variation of Bay of Bengal salinity influences sub-seasonal SST variations, and possibly
SST-mediated monsoon air-sea interaction.

S

The Asian summer monsoon has a planetary-scale, westward propagating quasi-biweekly mode
of variability with 10-25 day period. Six years of observations from open ocean moorings at 18N,
89.5E in the north Bay of Bengal reveal distinct quasi-biweekly oscillations in sea surface salinity
(SSS) during summer and autumn, with peak-to-peak amplitude of 3-8 psu. These large-amplitude
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Bijan Kumar Das*, TS Anandh, Arun Chakraborty, J Kuttippurath, Biswajit Haldar
Department of Mathematics, Midnapore College (Autonomous).
Midnapore, West Bengal, India, Pincode: 721102
E-mail: dasbijankumar555@gmail.com
The Bay of Bengal (BoB) exhibits a complex upper ocean dynamics owing to its semi-open basin
shape, monsoon winds, equatorial remote influence, huge fresh water influx and tidal forcing. The
river fresh water plays a significant role in the BoB on defining the upper ocean characteristics
like mixed layer, stratification and density distribution. Again, the tidal forcing has substantial
contribution on mixing and energy distribution. Earlier studies have reported the challenges
to understand and represent the winds-fresh water-tide-eddy driven BoB mixing and air-sea
interactions, which have a crucial role in the regional climate prediction. Therefore, this study
aims to find the individual and combined role of river fresh water and tidal forcing on mixing
and heat exchange in the BoB. The study includes four Regional Ocean Modelling System (ROMS)
simulations; one climatological run and three other sensitivity experiments with river discharge,
tide forcing and both together. The results show that the tidal buoyancy increases the upper layer
temperature which eventually increases the upper ocean heat content and deepens the mixed
layer. The river fresh water influx distributes the low saline water more horizontally and forms a
well stratified layer, which is reduced by tidal vertical mixing in the combined forcing. The warmer
ocean surface in the tidal forcing radiates more longwave, while the fresh water driven horizontal
advection and tidal mixing in the combined forcing resulted maximum sensible and latent heat
fluxes. Moreover, the study reveals that the upper ocean mixing as well as the heat exchanges in
the BoB are largely modulated by the river fresh water and tides.
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Mixing and heat exchange in the Bay of Bengal: role of river fresh
water and tidal forcing
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Light stress induced DMS(P) production in Skeletonema costatum:
An experimental approach and field observation
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axenic culture of S. costatum maintained in laboratory condition (25oC and at 1000 Lux; 12
hour photoperiod) was studied to comprehend the effects of different growth stages and light
stress on DMSP and DMS production. The concentration of DMSP and DMS varied significantly at
different growth stages of the culture experiment, with high release during the stationary growth
phase. The S. costatum culture on average produced 1479±135.2 nM of DMSPt and 20.1±24.1
nM of DMS concentration. The intracellular DMSP concentration (normalized to cell volume)
attained a maximum (483.1 µmol S cm-3) during the stationary phase (average: 148.5 µmol S cm3) indicating more contribution from mature cells compared to younger/ smaller cells. Likewise,
the exposure of culture to light (at 1000 Lux) after the 12 hour dark phase was found to cause a
stress on the cells invariably leading to the elevated levels of DMS (~ 9 fold) in the experimental
culture flasks. This observations corroborated findings of time-series experiment carried out at
the open ocean station in the Arabian Sea (ASTS; 17oN 68oE), recording high DMS concentrations
on early mornings just after sunrise. Thus, our study specifies that in addition to different growth
stages of S. costatum which produce variable concentrations of DMSP and DMS, it also gives new
information on the influence of light stress on DMS production. This finding should be taken into
consideration as it may have a bearing on DMS flux calculations and budgeting.
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Dimethylsulphide (DMS) is a dominant anti-green house biogenic sulphur gas produced from its
precursor dimethylsulphoniopropionate (DMSP); which is in turn produced primarily by marine
phytoplankton. Skeletonema costatum, a cosmopolitan diatom species, is known to contribute
~1% to the total phytoplankton community in coastal waters of the eastern Arabian Sea. A non-
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Nunna Kameshwari*, Udaya Bhaskar TVS
Indian National Centre for Ocean Information Services (INCOIS)
“Ocean Valley”, Pragathi Nagar (B.O.), Nizampet (S.O.), Hyderabad-500 090. Telangana, India
E-mail: kameshwari.n@incois.gov.in
This study describes the systematic error correction derived for ship-based wind speed observations
and its effect on fluxes at sea surface across TIO. The ship-based observations made across the
Tropical Indian Ocean (TIO) are obtained from Indian Meteorological Department (IMD) and Naval
Operations Data Processing and Analysis Centre (NODPAC). These are combined with International
Comprehensive Ocean-Atmosphere Dataset (ICOADS R3.0). These ship observations from the
Voluntary Observing Ships (VOS) have been found to contain both random and systematic errors.
The current study makes an attempt to apply a systematic error correction upon wind speed (WS).
The error correction upon WS is obtained by correcting the World Meteorological Organization
(WMO) 1100 scale. The error correction derived exclusively for TIO reduces the magnitude of overestimated WS and increases the magnitude of underestimated WS as given by the old WMO 1100
scale. A similar pattern of change is observed in momentum fluxes also. The heat fluxes derived
from the error corrected wind speeds and other independent variables are analyzed and the net
heat flux budget across TIO was observed to reduce significantly.
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Effect of systematic error correction to ship based wind speed
observations on Air-sea fluxes across Tropical Indian Ocean
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Analyses of atmospheric CO2 over the Indian Ocean using satellite
measurements for the period 2002-2016
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Carbon dioxide (CO2) is fourth most abundant gas and also an important greenhouse gas in the
Earth's Atmosphere. Since it is climate relevant trace gas, monitoring the spatial and temporal
variability of CO2 is very important in the context of climate change. Here, the variability of CO2
in different time periods over the Indian Ocean and surrounding land areas is studied using
the Atmospheric Infrared Sounder (AIRS) satellite data for the period 2002-2016. The analysis is
performed for different seasons; monthly and annual scales. Spatial analysis of CO2 distribution
reveals that its concentration is highest during the pre-monsoon season and lowest in the
post monsoon season over the North Indian Ocean, whereas it is highest in the post monsoon
season and lowest in the pre-monsoon in South Indian Ocean. Therefore, to further investigate
the interannual and seasonal variability of CO2 in the northern and southern Indian Ocean, the
analyses are done for different oceanic domains, such as Northern Indian Ocean (NIO) [ 0°N-30°N ,
30°E- 120°E] ,Southern Indian Ocean (SIO) [ -30°S -0°, 30°E - 120°E], Bay of Bengal (BoB) [4°N- 24°N,
76°E- 100°E] and Arabian Sea (AS) [4°N- 24°N, 45°E- 75°E]. The analyses show that the largest values
of about 388-415 ppm are found during the pre-monsoon season, but about 387-406 ppm over
NIO, BoB and AS during the post monsoon season. The CO2 concentration shows an increase of
about 2.13 ppm / year over the AS, which is also comparable to the global increase of about 2.11
ppm / year during the same period of 2002-2016. Since CO2 is one of the strongest GHGs, the
continued increase in atmospheric CO2 is a serious concern for climate change.
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Surajit Das*, Jai Sukhatme, Arindam Chakraborty, Debasis Sengupta
Indian Institute of Science
Bangalore, Karnataka, India, Pincode: 560012
E-mail: srjt.ds@gmail.com
The study illustrates the characteristics of the quasi-biweekly oscillation (QBWO) in CAM5 with
March equinox condition and zonally symmetric SST configuration with and without continents.
The model results are compared with the 21 years (19952015) of ERA-Interim reanalysis data.
The aquaplanet mode of the model produces double ITCZ on both sides of the equator. When the
continents are introduced with realistic orography and interactive surface properties, the ITCZ gets
strengthened over the Pacific Ocean in the northern hemisphere. The QBWO signal dwells inside
the envelope of total precipitable water for both the observation and the model. The analysis of
the 1025 days filtered model precipitation between 10N to 24N shows that the aquaplanet
mode produces a weak signal compared to the observed QBWO activity over the Western North
Pacific in boreal summer. In the presence of the continents, the intensity of the signal resembles
the observation. The propagation dynamics and the maintenance mechanism of the QBWO are
studied by using the vorticity budget and the moist static energy (MSE) budget analysis. The model
data, as well as the observation, suggest that the advection due toβ effect plays the crucial role
for the northwestward propagation of QBWO associated vorticity while the propagation of the
column MSE anomaly occurs mainly due to the horizontal advection of MSE. The surface heat flux
and the vertical MSE advection is the most dominant contributor for the growth and maintenance
of column MSE anomaly for observation and model respectively. However, the surface heat flux
also has a significant contribution on growing the QBWO associated MSE anomaly in the presence
of land in the model while, in the aquaplanet mode, it shows negligible impact.
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Westward Propagating Quasi-Biweekly Oscillation in CAM51with
Aquaplanet-like Configuration
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Intra Seasonal Variability of Aerosols and its implication over the
Indian Sector of Southern Ocean
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m-3) were carried out and supplemented by Radiosonde launches to understand the atmospheric
dynamics. Second order derivative of ÿngström exponent, α˿, Direct Shortwave Aerosol Radiative
Forcing (DSARF), Convective Available Potential Energy (CAPE) and Convective Inhibition Energy
(CIN) were estimated. The in-situ data were further supplemented by HySPLIT trajectories and
fire count data. Additionally, MODIS-AQUA derived Chl-a (mg m-3) surface mass concentration.
Monthly averaged surface incoming solar flux (W m-2) along with time-averaged surface mass
concentration (ng m-3) products of Dimethyl Sulfide, Black Carbon, and Sulphate and cloud
albedo had also been used. On the basis of AOD distribution, the study area is divided into two
zones: Zone-1 (35  48°S) and Zone-2 (64  69°S). The study revealed AOD500 to be higher in
Zone-1 during SOE 9, while similar values were encountered in Zone-2 during both expeditions.
The AOD spectra did not follow Junges power law. More spectral variability was observed in
both zones during SOE-9 compared to SOE-10. Moreover, Spectra were much flatter in Zone-2
compared to Zone-1 in both the expeditions. The dominance of fine mode over coarse mode
was prominent in January. However, the trend reversed as the season advanced from summer
to winter as the source of fine mode decreased. Analysis of decadal satellite data revealed that
chl-a concentration increased from September to January and further decreased from February
onwards, depicting maxima during November-December. A peak in chl-a mass concentration was
observed as the solar insolation reached its optimum level during November-December (onset of
austral summer). DMS production during December and January was found to be high, as DMS is
produced during the lysis/grazing of Phytoplankton. Hence, a lag was seen between chl-a maxima
and DMS maxima. DMS further underwent gas to particle conversion increasing the fine mode
particle concentration, depicted as a peak in December-January. Sulphate mass concentration
over the region matches with DMS. Since the resultant aerosol particles are hygroscopic, they act
as cloud condensation nuclei (CCN) leading to increased cloud formation as the season advanced.

S

To study aerosol characteristics and associated thermodynamics in the Indian Ocean sector of
Southern Ocean (35°S to 69°S), experiments were made in the 9th and 10th Indian Southern
Ocean Expedition (SOE) during austral summers of 2016-2017 and 2017-18. Along the track
measurements of Aerosol Optical Depth (AOD) and Black Carbon (BC) mass concentrations (ng

N

-

Goa University
School of Earth, Ocean and Atmospheric Sciences,
GOA University, Panaji, Goa, India, Pincode: 403206
E-mail: atibashaikh123@gmail.com

2022

The newly formed cloud particles being in liquid state reduces the albedo for the season. The
study also revealed the presence of black carbon aerosol in the ambient aerosols due to longrange transport. The average BC concentration was marginally lower in Zone-2 (59.41±28.30
ng m-3) as compared to Zone-1 (61.76±29.71 µg m-3) for SOE-9, while for SOE-10 it was higher
in Zone-2 (74.67±16.22 ng m-3) than Zone-1 (72.31±39.53 ng m-3). Composite AOD and MABL
height determine the DSARF. The DSARF was 3.27 ± 0.58 W m-2 and 1.84 ± 0.30 W m-2 for SOE-9
and SOE-10 in Zone-1 respectively. Similarly, the DSARF was 1.24 ± 0.23 W m-2 and 1.44 ± 0.19 W
m-2 for Zone-2. Average Heating rate (HR) values (~0.020 K day-1) encountered in Zone-2 were
much lower compared to Zone-1 for SOE-9; unlike SOE-10 where only slightly lower HR values
(~0.004 K day-1) were observed in Zone-2.
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Biomass burning derived organic aerosols over the Arabian Sea:
insights from the molecular distributions and relative abundances
of sugar compounds
Poonam Bikkina*, Kimitaka Kawamura
CSIR-National Institute of Oceanography (CSIR-NIO)
Integrative Oceanography Division, CSIR-NIO, Dona Paula,
North Goa, Goa, India, Pincode: 403004
E-mail: ptyagi@nio.org
Biomass burning (BB) is a significant source of atmospheric organic aerosols (OA) over the
marine basins that are downwind of the continental outflows. To assess the impact of BB, we
measured three classes of BB organic aerosols (BBOA) including anhydrosugars (levoglucosan:
Lev, galactosan: Gal, and mannosan: Man), sugars (glucose, fructose, sucrose, and trehalose) and
sugar alcohols (arabitol, mannitol, erythritol and inositol) in wintertime aerosols collected over the
Arabian Sea (SS379: 6-25 December 2018). Molecular distributions of anhydrosugars showed the
predominance of Lev (av. 121 ng m-3) followed by Man (7.5 ng m-3) and Gal (2.3 ng m-3). Besides,
Lev strongly correlated with Man (r = 0.80), Gal (r = 0.91), sugar alcohols (r = 0.86) and elemental
carbon (r = 0.72), indicating their common origin from biomass burning emissions. The backward
air mass trajectories intercepted by the satellite-based fire counts over the Indo-Gangetic Plain and
southern India together with the presence of Lev, confirming the impact of BBOA. A comparison
of diagnostic mass ratios of anhydrosugars (Lev/Man ~16 vs. Lev/K+ ~0.27) in the TSP samples
with those of source-emissions revealed their origin from crop-residue/hardwood burning
(Lev/Man>10; Lev/K+<1). Sucrose (a tracer of atmospheric pollen particles) is the second most
abundant sugar compound, whose concentration sometimes dominates the Lev levels. Arabitol
strongly correlated with mannitol, erythritol and trehalose, suggesting their contribution from
airborne fungal spores. Glucose correlated well with the fructose, likely because of their origin
from leaf fragments, fruits and pollen particles. High mass contribution of Lev-C in organic carbon
(0.2  20%) along with other primary sugars over the neritic waters of the Arabian Sea during the
winter cruise further strengthen the impact of biomass burning emissions. Furthermore, basinwide estimate of atmospheric dry-deposition of total saccharides to the Arabian Sea (25 Gg-C
yr-1) is comparable with that of riverine supply (30 Gg-C yr-1). All these results emphasize the
significance of atmospheric anthropogenic sugar compounds from the South Asian outflow.
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Source fingerprinting of atmospheric dust over the Arabian Sea
using Sr and Nd isotopic systematics during the winter monsoon
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source and transport pathways over the Arabian Sea are needed for better constraining the
biogeochemical effects in the sunlit surface waters. Here, we investigated the radiogenic Sr and
Nd isotopic composition (87Sr/86Sr and εNd(0)), respectively) of dust samples collected over the
Arabian Sea during a winter cruise (13 January-10 February 2020). The 87Sr/86Sr ratios of dust
samples from the Arabian Sea varied between 0.7097 and 0.7236, whereas the εNd(0) ranged
between -12.4 and -6.3. More specifically, the dust samples collected alongside the east coast of
the Arabian Sea are more enriched in radiogenic Sr (87Sr/86Sr: 0.7164-0.7236) but contained less
radiogenic Nd (εNd(0): -12.4 to -10.3) compared to those collected over the open ocean waters
(87Sr/86Sr: 0.7097-0.7153; εNd(0): -9.4 to -6.3). These proxy signatures were further tagged with
their provenance based on the origin of backward air mass trajectories, which are computed using
the hybrid single-particle lagrangian integrated trajectory model (HYSPLIT) for the sampling days
and, then, compared with the source profiles of dust from the Middle East and India. Besides, the
Cloud-Aerosol Lidar and Infrared Pathfinder Satellite Observation (CALIPSO) satellite retrievals of
vertical sections over the Arabian Sea also corroborate the presence of mineral dust particles at
higher heights. Overall, our results underscore the significance of aeolian dust from the Arabian
Peninsula through high altitude transport in addition to that of mineral aerosols from the Thar
Desert during the impact of South Asian outflow to the Arabian Sea.
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The long-range atmospheric transport of mineral dust from the Middle East and South Asia to
the Arabian Sea is an important route for delivering key trace metals and nutrients1. Despite
being surrounded by the vast majority of deserts, it is not clear which dust source is most
likely contributing to mineral aerosols over the Arabian Sea. Therefore, understanding the dust
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Harshbardhan Kumar, Shani Tiwari*
CSIR National Institute of Oceanography (CSIR-NIO)
Integrative Oceanography Division, CSIR-NIO, Dona Paula,
North Goa, Goa, India, Pincode: 403004
E-mail: stiwari@nio.org
Atmospheric aerosols are one of the crucial constituents of atmospheric pollutants and play a
vital role in global climate change through the scattering and/or absorption of solar radiation,
modification of cloud properties and hence hydrological cycle. Indian ocean is a unique platform for
aerosol loading and serves as a natural laboratory to investigate the various aerosol characteristics
and their complex interactions. Thus, in order to assess the evolution of aerosol parameters
affecting climate change, a long-term trend analysis of aerosol characteristics is highly needed.
With this objective, in the present study eighteen years (2003  2020) MODIS (Moderate resolution
Imaging Spectroradiometer) derived aerosol parameters over the Northern Indian Ocean have
been analyzed. A large spatial variation in aerosol loading is observed, having maximum mean
aerosol optical depth (AOD) over the central-east/northern Arabian sea (i.e. AOD>0.52) and
northern Bay of Bengal (i.e. AOD>0.56). Relatively higher AOD trend is found near the coastal
region of the Indian landmass which is >0.005yr-1, suggesting a significant contribution of aerosol
from the Indian subcontinent which is further confirmed by five days airmass back trajectories
analysis indicating the importance of long-range transportation over the region. Further details
of aerosol characteristics, their interannual variation and decadal scale trend will be discussed
during the presentations.
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Interannual variation and trend of atmospheric aerosol over the
Northern Indian Ocean
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Geochemical characterization and provenance identification of dust
from wet deposition over the Northeastern Arabian Sea

deposited particulates (2013, 2014, 2015, and 2019) range from 0.7091 to 0.7194 and -0.6 to -9.1
respectively. The 87Sr/86Sr ratios at the BM are relatively less radiogenic than the MM samples and
more radiogenic at the EM. The εNd values show the opposite trend to that of the 87Sr/86Sr ratios
throughout the monsoon, with more radiogenic εNd in the MM, and less radiogenic at the EM. The
large variation in isotopic ratios (87Sr/86Sr and εNd) indicates different sources of dust reaching
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The Arabian Sea is surrounded by various arid and semi-arid regions, receives a substantial
amount of mineral dust particularly during SW monsoon [1] (June-September) which provides
various macro and micronutrients to the surface water which can modulate surface ocean
biogeochemistry [2]. In this study, wet deposition (WD) samples have been collected at a coastal
location in the North-Eastern Arabian Sea (NEAS) during the Southwest Monsoon (SWM) period
of 2013, 2014, 2015, and 2019 at Goa (15.4̿ N, 73.8̿ E). These WD samples have been used to
characterize and identify sources of mineral dust using mineralogical, elemental as well as isotopic
(Sr and Nd) signatures. The samples collected during SWM have been classified as Beginning of
Monsoon (BM, June samples), Mid Monsoon (MM, July- August samples), and End of Monsoon (EM,
September samples). Palygorskite, Smectite, Kaolinite (K), Illite (I), and Chlorite (C) are the major
clay minerals identified, and their ratios and abundance were used to assess changes in the source
contribution of WD dust [3]. It is observed that at the BM (of 2013, 2014, and 2015), palygorskite
(average = 40%) content is very high, which subsequently found to decrease in MM, including
2019 samples (20-25 %) and almost negligible (0-10%) in EM samples. However, smectite is found
to be highest during MM (30-35%) except for a few samples collected during the SW monsoon
period of August 2019. Smectite is found to be inversely proportional to palygorskite. An increase
in the I/K ratio from BM to MM with the highest at the EM is observed during the SW monsoon
period of 2013, 2014, 2015, and 2019. This increase, possibly, indicates a change in dust sources
from the Arabian Peninsula to SW Asia [4]. An increase in the K/C ratio at BM, which decreases
gradually at MM and reaches the minimum at the EM during the SW monsoon period of 2013,
2014, 2015, and 2019 is observed. The lower value of K/C indicates its source from SWA [5] while
the higher values indicate its source from the Arabian Peninsula. This considerable variation in
the relative percentage of clay minerals suggests significant temporal variability in dust sources
impacting during the SW monsoon. The 87Sr/86Sr ratios and εNd values of silicate fraction of wet
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the NEAS during the SW monsoon period. The variation in isotopic ratios during BM, MM, and EM
period shows the abundance of dust sources such as the Arabian Peninsula, NE Africa, and SW Asia
particularly during SW monsoon [6]. [1] Ramaswamy, V., Muraleedharan, P.M., Babu, C.P., 2017. Sci.
Rep. 7 (1), 18. [2] Anderson, R.F., 2020. Annu. Rev. Mar. Sci. 12, 4985. [3] Caquineau, S., Gaudichet,
A., Gomes, L., & Legrand, M. (2002). Journal of Geophysical Research: Atmospheres, 107(D15), AAC4. [4] Kumar, A., Suresh, K., Rahman, W., 2020. Sci. Total Environ. 138576. [5] Svensson, A., Biscaye,
P.E., Grousset, F.E., 2000. J. Geophys. Res.-Atmos. 105 (D4), 46374656. [6] Suresh, K., Singh, U.,
Kumar, A., Karri, D., Peketi, A., & Ramaswamy, V. (2021). Atmospheric Research, 250, 105377.
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is dominated by Na+ and Cl- ions followed by Ca2+ and Mg2+ with minor contribution of SO42and NO3-. The relative contribution of ionic species to WSIC remain same for both years, although
higher WSIC is observed during 2018 (70.0±63.5µgm-3) compared to 2017 (40.7±32.9µgm-3).
Sea salt (estimated from Na+ and Cl-ions) and mineral dust (calculated from Al concentration)
are dominant constituent of aerosols, with negligible contribution from anthropogenic species,
during both campaigns. Almost similar spatial distribution of sea-salt and mineral dust is observed
for both years with maximum average concentration in the northern sector of the Arabian Sea. The
mineral dust is characterized by a uniform εNd signature (~ -6) during both campaign indicating
their sources to the Arabian Peninsula during south west monsoon month. Source approtionment
of mineral dust using Nd isotope is supported by back-trajectory analyses as well as satellite
retrieved (MODIS and CALIPSO) data. The Cl-deficit which is mainly attributed to the interaction
of sea-salt with acidic species is found to be relatively low (10-12 %), compared to those during
reported during continental outflow over the Arabian Sea, indicate insignificant contribution from
anthropogenic emissions during the SWM months.
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The nutrient supply to surface water of oceanic region depends on the ambient atmospheric
aerosol concentration and associated chemistry. In this context, we report chemical composition
(inorganic ions and major elements) of atmospheric aerosols and their spatial distribution over the
Arabian Sea during southwest monsoon (SWM) period. Water soluble ionic concentration (WSIC)
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Atmospheric aerosols scatter and absorb incoming solar and outgoing terrestrial radiation and
alter the Earth-Atmosphere radiation balance. They influence the forcing indirectly by altering
cloud optical properties, cloud water content, and lifetime. The Indian Ocean provides a unique
natural laboratory to study the role of anthropogenic aerosols in climate change. This is the region
where an intense source of anthropogenic aerosols exhibits juxtaposed to the pristine air of the
Southern Hemisphere. The polluted and pristine air are connected by a cross-equatorial monsoonal
flow into the Intertropical Convergence Zone (ITCZ). Weather Research and Forecasting with
Chemistry (WRF-CHEM) model was utilized to simulate the spatial, temporal and vertical variability
of anthropogenic aerosols over the Indian Ocean region. The model simulation was performed
at a horizontal grid resolution of 60 km x 60 km. The 6-h initial and lateral boundary conditions
for the meteorological fields from National Centre for Environmental Predictions, Final Analysis
(NCEP/FNL) were utilized in the simulations. The chemical mechanism for gas-phase chemistry in
WRF-CHEM simulations was provided from MOZART4 and for aerosol process based on Goddard
Chemistry Aerosol Radiation and Transport (GOCART) bulk aerosol scheme (MOZCART). The
measured black carbon mass are compared with the simulated concentration. The detailed results
on spatial, temporal and vertical variations of black carbon over the Indian Ocean region will be
presented and discussed.
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ABS-2022-07-0056
Massive Methane Loss During Seasonal Hypoxia/Anoxia in the
Nearshore Waters of Southeastern Arabian Sea
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Repeated observations over the Kochi and Mangalore shelves of the south-eastern Arabian
Sea (SEAS) from April to December 2012 revealed substantial accumulation of methane (CH4)
in the nearshore waters (48.6 ± 34.4 nM) compared to the outer shelf (2.9 ± 0.7 nM). Sediment
methanogenesis and estuarine discharge appear to be the major sources of CH4 in the nearshore
regions during the non-upwelling period. But under oxygen-deficient upwelling conditions,
substantial reduction of CH4 concentration in the nearshore anoxic region of Mangalore (14±2
nM) than the similar region of hypoxic Kochi shelf (35.5±15.4 nM) has been observed. We propose
that this is mainly due to its greater loss through anaerobic oxidation and in part by the reduced
sedimentary inputs by weak bioturbation over Mangalore relative to Kochi. On an annual basis,
SEAS is found to be a net source of CH4 to the atmosphere; its effluxes ranged from 0.03 to 170
µmol m-2 d-1 (21.9±36.7 µmol m-2 d-1). Following a new zonal extrapolation approach, the
estimated CH4 efflux from the SEAS (7-14oN; 3.2Gg Tg y-1) accounts for ~16% of its total CH4
emission from the Arabian Sea.
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Mansi Gupta*, Nidhi Tripathi, Arvind Singh, L K Sahu

Dimethyl sulfide (DMS) is a biogenic volatile organic sulfur compound primarily present in the
marine atmosphere at trace levels. DMS in seawater is primarily produced from the decomposition
of the algal metabolites such as dimethylsulfoniopropionate (DMSP) which in turn is produced by
phytoplankton. DMS is the major precursor of secondary Sulphur aerosols in the marine atmosphere.
Therefore, DMS plays a significant role in modulating cloud coverage and the radiation balance
of the Earth. The air-sea exchange is the main source of DMS in the marine atmosphere, which
strongly depends on the biogeochemical processes in the surface seawater as well as physical
and environmental parameters like wind turbulence, wave breaking, sea surface temperature,
solar flux, etc. The biogeochemistry of carbon and nitrogen compounds are reasonably known,
particularly in the northern Indian Ocean, our understanding of sulfur compounds is limited.
Despite being critically important in chemistry-climate interactions, the in situ measurementbased studies of DMS in the marine atmosphere over the northern Indian Ocean are very limited.
The In-situ, high spatio-temporal resolution measurements of DMS in the marine atmosphere
over the Bay of Bengal (BoB) and Andaman Sea (AnS) were conducted using online sulfur trace
gas analyzer during the post-monsoon season (September-October 2021) onboard ORV Sagar
Kanya (SK) between 10-14oN and 80-95oS. The significantly elevated levels of DMS were observed
over the central to southern AnS with concurrent dense bloom patches and extreme weather
conditions (turbulent sea). These regions of AnS are upwelling zones and therefore, experience
high biological productivity. Our measurements reveal distinct spatiotemporal variations in the
atmospheric DMS, with strong diurnal patterns over the southern BoB and AnS. The biological
parameters were also investigated to identify and classify the DMS producing species in the region.
A detailed result and discussion on DMS distributions, including its latitudinal, meteorological
dependence, role of biogeochemistry, and the estimation of the air-sea exchange flux will be
presented over the Bay of Bengal and the Andaman Sea.
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Bengal during the post-monsoon season and the role of biological
productivity
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meteorological conditions can have strong impacts on aerosol composition and characteristics
1, including the aerosol acidity. The effect of the emissions of the acidic species includes the
formation of acid rain 2 and a two to threefold increase in the deposition of reactive N to the
oceans. The acidity of atmospheric particle can promote specific chemical processes that result in
the production of extra condensed phase mass from lesser volatile species (secondary aerosol),
change the optical and water absorption characteristics of particles, and solubilize metals that
can function as essential nutrients in nutrient-limited environments. The acidity and liquid water
content of atmospheric aerosol are key state parameters that profoundly influence the patterns,
fluxes, and impacts of atmospheric nutrient deposition to the oceans. Many key multiphase
chemical reactions involving aerosols are strongly pH dependent, thus, the measurement and/or
estimation of the acidity as well as water content of aerosols are essential. In this study, aerosol pH
is estimated indirectly through thermodynamic model (ISORROPIA-II) wherein, we used chemical
composition of fine mode (PM2.5) aerosols collected on Tissuquartz filters at a coastal site in the
Eastern Arabian Sea (Goa; 15.45°N, 73.20°E, 56m above the sea level) during 2017-19. Our chemical
data shows high water-soluble ionic concentration (WSIC) during winter (November-February;
19.6 ± 5.8 μg m-3) and was lowest during the post-monsoon months (September-October; 14.4 ±
8.1 μg m-3). SO42- ion was predominant among anions while NH4+ was major contributor among
cations throughout the season. These results suggest contribution from anthropogenic emissions
and formation of secondary inorganic species at the study site. The modelled results showed
highest acidity (average pH = 0.80) in the summer season and is well complemented by the lowest
aerosol water content (AWC) during the season (AWC=15.58 ± 3.24 μg m-3). The AWC for post
monsoon and winter was reported 29.76 ± 5.97 μg m-3 and 42.41 ± 6.05 μg m-3 respectively and
corresponding average pH of 1.15 and 1.03. Variation of diurnal relative humidity over the region
being at the coast was the primary driver of the AWC variability. From sensitivity analysis it was

S

Atmospheric aerosols over the marine region play an important role in the Earths atmosphere
and subsequently on the climate system. Coastal and remote marine environments are generally
dominated by continental and seawater-derived natural aerosols respectively, however, the
outflow of polluted atmospheric particles from the continental regions under favourable
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found that the variation in aerosol pH was impacted significantly with even a small variation in
relative humidity and thus AWC. Dominating concentration of SO42- throughout the study period
can be attributed as the reason behind high acidity over the region. Source identification using air
mass back-trajectory (AMBT) analysis revealed air parcels originated primarily from the maritime
region during summer directing that dimethyl sulphide from the phytoplankton as a major
contributor of SO42- and thus higher pH. Winds were driven from continental sites of the Indian
subcontinent in winter, whereas from both continental and marine sites in the post-monsoon
season. High acidity in winter and post-monsoon was possibly due to the higher contributions of
SO42- from biomass burning, industrial activities and fossil fuel combustion.
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Composition and characteristics of atmospheric aerosols over North
Indian Ocean and implication to surface ocean biogeochemical
processes: A synthesis
Ashwini Kumar*, B. Srinivas, M. A. Aswini, N. Rastogi, A. k. Sudheer
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deposition fluxes of macro (reactive nitrogen, phosphate) and micro (trace metals) nutrients over
NIO, and will discuss the related implications on the surface biogeochemical processes.

S

The North Indian Ocean (NIO), mainly constituted of two basins - the Bay of Bengal (BOB) and
Arabian Sea (ARS). Owing to its geographical location, NIO is vulnerable to the pollutants coming via
atmospheric outflows from surrounding continental emissions. Several studies have documented
on large scale continental outflow (natural and anthropogenic aerosols as well as pollutants e.g.
trace gases, acidic species, trace metals) from surrounding arid/semi-arid region (Middle-east and
Thar), densely populated Indo-Gangetic Plain and adjoining South East Asian region. This outflow
consist of unique blend of processed aerosols which are potential supplier of essential macro
and micro nutrients to surface waters of both basins. Input of nutrients via atmospheric outflow
can significantly modulate the various biogeochemical processes within NIO, including primary
productivity. It is thus, important to understand the linkage between aerosol chemistry and
surface ocean biogeochemistry of NIO to better constrain their impact on climate change. Thus
chemical characteristics and composition of aerosols over the NIO are very crucial. Post Indian
Ocean Experiment (INDOEX) program, studies on the chemical characterization of aerosols over
NIO had been intensified. There were dedicated cruise campaign undertaken to understand the
distribution of chemical (inorganic and organic) species in aerosols on spatial as well as temporal
scale. Here, we synthesize the results obtained from various studies (mainly cruise campaign based)
undertaken to chemically characterize aerosol over NIO. In this study, we also attempt to quantify
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Atmospheric deposition is one of the major sources of macro and micro-nutrients to the surface
waters of coastal and open oceanic regions. Subsequent to their deposition, they can impact
on surface water biogeochemical processes, including primary productivity. It is thus important
to quantify the composition and fluxes of trace metals (which also act as micronutrients) in
the atmospheric aerosol over the marine region. In this context, we are reporting here trace
metal composition of aerosols at a coastal location in the Northeast Arabian Sea (Goa; 15.46°N,
73.8°E,~55.8 m above sea level). Size-fractionated aerosols (PM10 and PM2.5) were collected on
the main building terrace of CSIR-NIO, Goa (~35m above from mean sea level and nearly 500m
away from Arabian seacoast) using high volume samplers from December 2018 to February
2019 (excluding monsoon period (May 2018-August 2018). Subsequently, all samples were
acid digested using HF and HNO3 in Savillex vials under clean flow-bench and trace elements
(Cr, Mn, Co, Ni, Cu, Zn, Cd, Pb) were analyzed using HR-ICP-MS (Attom ES) and major elements
(Al, Fe) by using ICP-OES (AGILENT-710 Axial). We estimated dust abundance (in µgm-3) using
Al concentration, presuming Al value similar to upper continental crust. Preliminary data shows
uniform mineral dust concentration during summer and winter months (25.7±10.3 and 25.1±
8.6 µg m3 respectively) in PM10, however, lower values were observed in post-monsoon season.
Very low values of dust concentration were observed in PM2.5, compared to PM10. In order to
understand the anthropogenic impact on ambient aerosols, we calculated enrichment factors
(EF) for trace metals. Our data suggest Fe, Cr, and Co are normally enriched element with EF<10,
throughout the year suggesting no significant contribution from anthropogenic sources for
mentioned element. However, Mn and Ni show significant enrichment with 0<ef100) for Zn, Cd
and Pb confirming their contribution from anthropogenic sources.
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Seasonal variability of trace metal composition of atmospheric
aerosol over Northeast Arabian Sea
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aerosols over the Northeastern Arabian Sea
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1-year long aerosol chemical composition data of PM10 and PM2.5 at a coastal location in the
northeastern Arabian Sea (Goa; 15.45°N, 73.20°E, 56 m above the sea level). Average water-soluble
ionic concentration (sum of anion and cation) is highest (25.5 ± 6.9 and 19.6 ± 5.8 μg•m3 for
PM10 and PM2.5, respectively) during winter season and lowest during post-monsoon (17.3 ±
9.1 and 14.4 ± 8.1 μg•m3 for PM10 and PM2.5, respectively). Among water-soluble ionic spices,
SO42- ion was dominant in anions and NH4+ in cations for PM10 and PM2.5 during all seasons.
These observations clearly hint to the contribution from anthropogenic emission and significant
secondary inorganic species formation. Sea-salt (calculated based on Na+ and Cl) concentration
shows significant temporal variability with highest contribution during summer seasons in both
fractions. Sea-salt corrected Ca2+, an indicator of mineral dust is found mostly during summer
months, particularly in PM10 samples, indicates contribution from mineral dust emissions
from arid/semiarid regions located in the north/northwestern India and southwest Asia. These
observations are corroborated with back-trajectory analyses, wherein air parcels were found to
derive from the desert area in summer and Indo-Gangetic Plains (a hot spot for anthropogenic
emissions) during winter. In addition, we also observe the presence of nss-K+ (sea-salt corrected),
for PM2.5, particularly during winter months, indicating influence of biomass burning emissions.
The impact on aerosol chemistry is further assessed based on chloride depletion. Chloride
depletion is observed very significant during post-monsoon months (October and November),
wherein more than 80 up to 100% depletion is found, mediated by excess sulphates highlighting
the role of secondary species in atmospheric chemistry. Regional-scale characterization of
atmospheric aerosols is important for their better parameterization in chemical transport model
and estimation of radiative forcing. Keywords: Chemical composition, Northeast Arabian Sea,
Water Soluble Ionic Composition, seasonal variation, aerosols.
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Water-soluble species constitute a significant fraction (up to 6070%) of the total aerosol loading
in the marine atmospheric boundary layer (MABL). The indirect effects, that is, climate forcing
due to modification of cloud properties depend on the water-soluble composition of aerosols.
Thus, the characterization of aerosols over the MABL is of greater relevance. Here, we present

N

-

CSIR-National Institute of Oceanography (CSIR-NIO)
Integrative Oceanography Division, CSIR-NIO, Dona Paula,
North Goa, Goa, India, Pincode: 403004
E-mail: ankush.sharma095@gmail.com

2022

N

-

9

INTERNATIONAL INDIAN OCEAN
SCIENCE CONFERENCE (IIOSC)

O

SESSION-9

S

E

S

S

I

Coastal and estuarine
processes: Anthropogenic
impacts and vulnerabilities

SESSION-9 - HOME

242

Plenary Sessions &
Panel Discussions

Technical
Programme Schedule

INTERNATIONAL INDIAN OCEAN
SCIENCE CONFERENCE (IIOSC)

2022

SESSION-9: Coastal and estuarine processes: Anthropogenic
impacts and vulnerabilities
Presentation

ABS-2022-09- Lynda-Uta Edet
0075
Okon

Linkages between sediment grain
Oral
size variability and cross-shore
morphodynamic behaviour - a
case study of four tropical sandy
beaches, Central West coast of India

3

ABS-2022-09- Tanisha Nag
0132

Seasonal analysis of benthic fluxes
of dissolved inorganic nitrogen
(DIN) and nitrous oxide (N2O) in
Pulicat lagoon

Oral

4

ABS-2022-09- Dr. Lidita
0159
Khandeparker

Variation in bacterial community
composition in a tropical monsoon
influenced estuary: interplay of
riverine discharge and tides

Oral

5

ABS-2022-09- Dattesh V Desai
0162

Partitioning of economically
important bivalves in a tropical
estuary: significance of habitat
characteristics

Oral

6

ABS-2022-09- Mani Murali R
0260

Mudbanks observations of
Southwest coast of India using
Synthetic Aperture Radar(SAR)

Oral

7

ABS-2022-09- Jubin K Thomas
0275

Sub-inertial Oscillations and its
impact on Flooding in the Tropical
Estuary

Oral

8

ABS-2022-09- Dr. R. Prakash
0278

Investigations on submarine
Oral
groundwater discharge zones along
south Goa, Central west coast of
India

9

ABS-2022-09- Sangeeta M. Naik
0289

Seasonality in dissolved inorganic
carbon dynamics from the major
estuaries of western India

N

2

-

Oral

O

ABS-2022-09- Julian von Borries A novel, highly efficient method for
0051
the separation of plastic particles in
sediments of aquatic environments

S

1

I

Abstract Title

S

Name

E

S.No Abstract No.

9

Co-Chairs - Sunil Kumar Singh, Mike Roberts

S

Oral

SESSION-9- HOME

243

Plenary Sessions &
Panel Discussions

Technical
Programme Schedule

ABS-2022-09- Anil P
0320

Upwelling induced phytoplankton
size-fractionated productivity
and community responses in the
Alappuzha mud banks and nearby
waters

Oral

11

ABS-2022-09- Aneesh Lotliker
0343

Water quality in response to
semidiurnal tides in Mahanadi
Estuary, East cost of India

Oral

12

ABS-2022-09- Pravakar Mishra
0364

Current status of coastal water
quality: A comprehensive
assessment of Chennai metropolis
region, India

Oral

13

ABS-2022-09- Pravakar Mishra
0365

Marine litter and microplastics
in different coastal matrices of
India- Abundance, sources, and
management solutions

Oral

14

ABS-2022-09- Sk. Md.
0399
Equeenuddin

Redox processes in estuary: Rare
earth element as a proxy

Oral

15

ABS-2022-09- Jesbin George
0415

Decadal fluctuations in longshore
sediment transport rates along
the eastern Arabian Sea driven by
Pacific climate variability.

Oral

16

ABS-2022-09- Santosh Gaikwad
0431

The role of habitat distinctness in
shaping functional and taxonomic
diversity of zoobenthos of
urbanized coastal ecosystem

Oral

17

ABS-2022-09- Ashwini Dattaram Seasonal variations in the water
Poster
0126
Toraskar
quality and antibiotic resistance of
microbial pollution indicators in the
Mandovi and Zuari estuaries, Goa,
India.

18

ABS-2022-09- Vasudha
0161
Chandrakant
Bhatawadekar

Isolation and screening of aromatic
hydrocarbon-degrading bacteria
from the coastline of Goa

Poster

19

ABS-2022-09- JESSICA BARMAN Critical Review on the
0246
Bioaccumulation of Microplastics in
Marine Organisms of Indian Seas

Poster

20

ABS-2022-09- Lamjahao Sitlhou Anticipated Impact of Polymetallic
0327
Nodules Mining in Deep Sea

Poster

21

ABS-2022-09- SHAMEENA M K
0358

Poster

S

E

S

O

N

-

9

10

I

2022

S

INTERNATIONAL INDIAN OCEAN
SCIENCE CONFERENCE (IIOSC)

SESSION-9 - HOME

Survey on the succession of fouling
organisms at Cochin estuary,
Southwest coast of India

244

Plenary Sessions &
Panel Discussions

Technical
Programme Schedule

INTERNATIONAL INDIAN OCEAN
SCIENCE CONFERENCE (IIOSC)

2022

Poster

23

ABS-2022-09- JALPA
0370
KARANUBHA
JADEJA

Identifying the impacts of
Poster
anthropogenic activities on species
diversity distribution of corals using
geospatial techniques: A case study
of Poshitra and Narara island of Gulf
of Kachchh, Gujarat

24

ABS-2022-09- Foram Jadeja
0413

Estimation of Shoreline change
detection over past three decades
and future change prediction using
DSAS tool: A case study of Kamboi
to Dehgam cost, Gulf of Khambhat,
Gujarat.

Poster

25

ABS-2022-09- NEETHU K V
0427

Toxicity effects of cadmium (Cd) on
the fish Etroplus suratensis (Bloch,
1790), Cochin Estuarine System,
Southwest Coast, India

Poster

26

ABS-2022-09- Priyansha Gupta
0460

Seasonal distribution and
characterization of microplastics in
the MandoviZuari estuarine system
of Goa, west coast of India

Poster

27

ABS-2022-09- Chayanika
0462
Rathore

Release of microplastics from an
urban sewage wastewater as a
subsequent pathway to marine
environment

Poster

28

ABS-2022-09- Akshata Naik
0463

Microplastics in the surface waters
along the River Ganga, India: A
major conduiting route to the
oceans

Poster

29

ABS-2022-09- Dr Danja Hoehn0467
Adams

India-UK collaboration

Poster

9

Spatio-temporal variation in the
distribution of the ichthyoplankton
community of Off Kochi coastal
waters, southwest coast of India

-

ABS-2022-09- Parvathy R.
0366

S

E

S

S

I

O

N

22

SESSION-9- HOME

245

Plenary Sessions &
Panel Discussions

Technical
Programme Schedule

INTERNATIONAL INDIAN OCEAN
SCIENCE CONFERENCE (IIOSC)

2022

ABS-2022-09-0051

Julian von Borries*, Hannes Imhof, Johannes Schmid, Reinhard Niessner, Natalia Ivleva, Christian
Laforsch
HYDRO-BIOS
Am Jaegersberg 5-7, Altenholz, Schleswig-Holstein, Germany, Pincode: D-24161
E-mail: j.borries@hydrobios.de
Plastic debris is constantly accumulating in aquatic environments. A first important step to assess
the consequences of plastic debris in aquatic ecosystems is the establishment of a reliable,
verified, and standardized method to quantify the amount of plastic particles in the environment.
We improved the density separation approach by the construction of the MicroPlastic Sediment
Separator (MPSS). It enables a reliable separation of different ecologically relevant size classes of
plastic particles from sediment samples. A high dense separation fluid allows for an extraction
of plastic particles ranging from large fragments (L-MPP) to small microplastic particles (S-MPP).
Identification and quantification of the particles with spatial resolution down to 1μm can be
performed using Raman microspectroscopy. Our study is the first providing validated recovery
rates of 100% for large microplastic particles L-MPP and 95.5% for S-MPP. The recovery rate for
S-MPP, using the MPSS, was significantly higher than the value obtained by application of classical
density separation setup (39.8%). Moreover, our recovery rates were significantly higher than
those based on froth flotation (55.0% for L-MPP) commonly used in recycling industries. Hence,
our improved method can be used for a reliable and time-efficient separation, identification and
quantification of plastic fragments down to S-MPP.
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Linkages between sediment grain size variability and cross-shore
morphodynamic behaviour - a case study of four tropical sandy
beaches, Central West coast of India
Lynda-Uta Edet Okon*, Dr. Jaya Kumar Seelam
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Shoreline changes are mostly predicted through variations in the sediment transport estimates
which are often based on a single grain size. However, in-situ field studies highlight the variability
in sediment grain sizes along beaches. Though the role of sediment grain size heterogeneity in
the assessment of coastal morphodynamics is important, more often, this variation is seldom
considered. The use of uniform median grain size (D50) in the evaluation of sediment relationships
along with cross-shore profiles of beaches, particularly in the estimation of the beach face slope, is
attempted in this paper. The potential linkages existing between variability in sediment grain size,
the shoreline morphology characteristics and prevalent physical processes are being investigated.
To this end, field studies of cross-shore sediment grain size distribution, beach profiles, and wave
properties (significant wave height and wave period) were undertaken for four tropical beaches
(Baga, Candolim, Calangute, and Sinquerim) along Goa coast in the Central West coast of India. The
empirical description available in literature is compared to measured profile data and mean grain
size to assess potential relationships. The implications of this comparison are herein discussed.
Keywords: coastal morphodynamics, beach profile, beach face slope, grain size heterogeneity.
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Pulicat lagoon is a shallow, transitional ecosystem connected with the coastal waters of the Bay of
Bengal on the south-east coast of India. The lagoon receives most of its precipitation during the
north-east (NE) monsoon. Benthic fluxes of nitrous oxide (N2O) and dissolved inorganic nitrogen
(DIN) were investigated in North Pulicat in two seasons - the NE monsoon (December, 2020) and
the south-west (SW) monsoon (September, 2021). The objective of the study was to understand
the impacts of seasonally varying physical parameters (salinity and temperature) on benthic
fluxes of DIN and N2O. Benthic N2O fluxes of -8.129 µmol/m2/d (during the SW monsoon) and
-4.359 µmol/m2/d (during the NE monsoon) were observed. DIN fluxes of 41.378 mmol/m2/d (SW
monsoon) and 1.305 mmol/m2/d (NE monsoon) were also observed. N2O fluxes were observed
to be correlated with DIN fluxes and initial concentrations of DIN in the benthic water column.
The DIN pool was dominated by ammonia (NH3-N) in both the seasons. Benthic water column
salinity and temperature were observed to be correlated with N2O fluxes and DIN fluxes. Salinity
(33 PSU) and temperature (32.7 °C) were greater during the SW monsoon compared to salinity
(2.15 PSU) and temperature (26.94 °C) during the NE monsoon. Salinity and temperature likely
impact fluxes of DIN and N2O through enhanced/reduced rates of sediment microbial activity,
production/decomposition of organic matter, and enhanced/reduced benthic activity. Study of
seasonal patterns of benthic fluxes of N2O and associated fluxes of DIN can help us determine the
environmental parameters that control release/uptake of this greenhouse gas (GHG) in shallow,
coastal ecosystems. Such studies are important in the context of climate change.
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Seasonal analysis of benthic fluxes of dissolved inorganic nitrogen
(DIN) and nitrous oxide (N2O) in Pulicat lagoon
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Variation in bacterial community composition in a tropical
monsoon influenced estuary: interplay of riverine discharge and
tides
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The influence of tides on bacterial populations in a monsoon influenced tropical estuary (Zuari,
west coast of India) was assessed through fine resolution simultaneous sampling (1 to 3 h) during
spring and neap tides from the mouth to the freshwater end of the estuary at four stations during
pre-monsoon, monsoon and post-monsoon seasons. The total bacterial count (TBC) in the surface
water was higher at the mouth of the estuary when compared to fresh water end during the
pre-monsoon and reverse was the case in the monsoon season. It was also apparent that tidemediated sediment re-suspension and allochthonous input significantly influenced the bacterial
community structure. The changes caused by allochthonous input and decrease in salinity due
to fresh water inflow during monsoon challenges the immune response in higher organisms and
play an important role in the functioning of the estuarine ecosystem.
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Partitioning of economically important bivalves in a tropical
estuary: significance of habitat characteristics
Dattesh V Desai*, Laxman Gardade, Lidita Khandeparker, A C Ani
CSIR-National Institute of Oceanography (CSIR-NIO)
Integrative Oceanography Division, CSIR-NIO, Dona Paula,
North Goa, Goa, India, Pincode: 403004
E-mail: ddattesh@nio.org
Bivalves are benthic organisms inhabiting most of the coastal marine habitats, especially the
estuarine tidal and mud flats. Due to their high stocking density and rich protein content, they
form a major part of the artisanal fishery resource. In Zuari, a tropical monsoon influenced estuary
along the west coast of India, bivalves Paphia malabarica inhabit the southern bank (Chicalim)
and Meretrix casta inhabit the northern bank (Siridao) exhibiting distinct population partitioning.
Although clam biology and their population dynamics have been addressed, the reasons for the
partitioning of their population within the Zuari bay is not known and is addressed in this study.
The nature of sedimentary organic matter was evaluated through analysis of various sediment
parameters such as texture, organic carbon, the bacterial count, biochemical parameters and the
same was also evaluated from the clam tissues. Fatty acids, which are source specific and commonly
used as biomarkers were used to identify the sources of organic matter (OM) in the sediment
and also in the clam diet. The abundance of P. malabarica at Chicalim and M. casta at Siridao was
maximum during post monsoon (POM) season and minimum during pre-monsoon (PreM). A high
content of total organic matter (TOM) and total organic carbon (TOC) was observed in the silty
sediment at Chicalim as compared to sandy sediment at Siridao. The chlorophyll a content in the
surface sediment at both the sites was almost similar. However, high protein (PRT) content at
Chicalim suggested accumulation of OM derived from the water column phytoplankton. A higher
contribution of heterotrophic bacteria to the total bacterial count (TBC) at Chicalim compared to
Siridao during PreM and MON suggests their role in organic degradation. A low PRT to carbohydrate
(CHO) ratio at Chicalim suggested input of degraded-detrital OM and heterotrophic nature of the
ecosystem. A relatively high content of elemental (C, N & S) and biochemical composition observed
at Chicalim compared to Siridao attributed to semi-enclosed nature, sediment grain size and
influence of anthropogenic inputs. Although the PRT, CHO and lipids (LPD) were high in Chicalim
sediment, the percentage contribution of LPD to the LOM was high at Siridao when compared to
Chicalim and indicate nutritionally rich detrital input at Siridao. A degraded-detrital and aged OM,
which is of low quality gets accumulated in Chicalim against the recently generated fresh OM with
high nutritional value at Siridao. P. malabarica, a short necked clam is a facultative deposit feeder
and M. casta is a suspension feeder. P. malabarica being a facultative deposit feeder, presence of
fatty acids specific to diatoms in their tissues can be attributed to their feeding on both sediment
and water column phytoplankton and their assimilation. Thus, the sediment characteristics driven
by complex interplay of physical processes and the seasonal variation in the quality and quantity
of food could be responsible in the distribution of these clam species.
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forms during the onset of the monsoon and dissipates at the end of the monsoon. This study
focuses on observing the mud bank using Synthetic Aperture Radar (SAR) images, the limitations
of optical data due to the cloud cover during monsoon season, and determining the efficiency of
SAR images. So, multi-temporal SAR images from Sentinel 1 satellite were used to identify the mud
bank and its spatial variations from 2015 to 2019. The changes in the spatial extent of the mud
bank throughout the phenomenon in a year and its inter-annual changes were estimated. This
migration of the mud bank towards the south was found to be having a huge impact along the
coastline. The shifting of the mud bank towards the south from the existing location was evident
and an erosion rate of ~30m/yr was found in the Punnapra beach, a prevalent mud bank location.
These spatial variations of the mud bank and the respective shoreline changes were quantified to
evaluate the importance of the mud bank as a local phenomenon to the coastal community.
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The mud bank formation in Kerala, the Southwest coast of India is a unique and annual phenomenon
that occurs during South West Monsoon (SWM). A calm patch of highly turbid water with thick
fluid mud at the near bottom helps in dampening monsoon-induced large waves and acts as a
landing site for local fishermen to access the coast in rough monsoon weather. The mud bank
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Sub-inertial Oscillations and its impact on Flooding in the Tropical
Estuary
Jubin K Thomas*, Anoop T R, Sheela L Nair
National Centre for Earth Science Studies
National Centre for Earth Science Studies, Akkulam, Thiruvananthapuram,
Kerala, India, Pincode: 695011
E-mail: jubin.oceanography@gmail.com
Sub inertial fluctuations of currents and sea level with a period of few days to weeks have been
reported along various coasts in the world. Similar observations have been made by the Indian
researchers along the west coast and east coast of India. In the present study, an attempt has
been made to investigate the influence of coastally trapped waves on the water level fluctuations
in the Ashtamudi estuary located along the southern part of the Kerala coast. The study is based
on 18 months (January 2020 - July 2021) of water level data at nine locations along the Indian
coast. Out of the nine locations, 5 stations namely, Porbandar, Mumbai, Karwar, Mangalore, and
Cochin are located along the west coast of India, three are inside the Ashtamudi estuary (one at
the mouth (Neendakara) and the other two at distances of 6km (Ashtamudi) & 12km from the
estuary mouth (Munroe Island) and the remaining one is located at Tuticorin representing the
southeast coast of India. The measured water level data is de-tided using the TASK-2000 software
to delineate the intra-seasonal as well as seasonal oscillations along the study area. The de-tided
water level is further subjected to Fast Fourier Transform (FFT) analysis, mainly to identify/assess
the influence of different frequency bands. The results from all nine stations indicate that the
observed long-period oscillations correspond to 3 prominent frequency bands, i.e., 50-, 20-, and
13-day periods. Further detailed analyses using wavelets revealed that the 13-day oscillation was
observed during 2020 and 2021 summer monsoon both along the west and southeast coast of
India. Inside the estuary, this oscillation was maintaining the same energy level (both at Ashtamudi
and Munroe) throughout the estuary whereas the oscillation in 2021 summer monsoon appeared
to be more intensify towards upstream. The influence of the second long-period oscillation of
20-day observed during 2020 summer monsoon, maintaining the same energy level throughout
the estuary without any intensification. During the summer monsoon of 2021, however, a
significant change in the propagation pattern was observed: an oscillation of a 20-day long period
wave propagating constantly into the estuary that lasted more than a month. The observation
of the third long-period oscillation of 50-day was mostly confined to the southern part of the
coast which was confirmed from the data obtained from the Tide Gauge Stations at Tuticorin,
Needakara, Cochin, and Mangalore. The Mumbai and Porbandar stations did not exhibit this type
of oscillation. Propagation of the 50-day oscillation into the estuarine side was significant during
2020 winter monsoon and this coincides with the high sea level reported along the Kerala coast.
From this preliminary study, it can be concluded that the combined effect of the high sea level
and the long-period oscillation could be one of the major causative factors for the flooding events
reported upstream of the estuary, particularly, the Munroe Island.
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percolation of water into the groundwater. South Goa has numerous sandy beaches, one is ~25
km long and others are smaller pocket beaches being enveloped between promontories on two
sides. To understand the submarine groundwater discharge (SGD) in the south Goa coastal region,
archival data and available information were consulted. In addition, thermal infrared images
available from Earth Explorer of United States Geological Survey were downloaded and processed.
Sea surface temperature during pre-monsoon and post-monsoon periods of 2018, 2019, 2020,
and 2021 were generated for off south Goa. Prepared thermal thematic maps/images showed
areas adjacent to the coast with warmer temperature surrounded by colder temperature and vice
versa. With reference to the coastal groundwater data and the thermal images, 8 beach sites were
selected for the detailed field survey. At these 8 locations, seawater was collected from intertidal
zone. Pore water was collected along a transect perpendicular to the coast at 10 m distance, with
first sample in the intertidal zone. Groundwater from open/bore wells closest to the coast was
also collected. Beach profiling survey was conducted across the beaches and linked to the closest
well. The results show that smaller coastal areas bounded by hills on the two sides have significant
variations in pore/seawater parameters and beach profiles as compared to the larger sandy beach.
The conductivity of pore water in the intertidal areas at 1 m depth was much lower than that of
the seawater on beaches bounded by hills suggesting probable SGD zones. Keywords: Submarine
groundwater discharge, Thermal infrared images, hydrogeochemistry, and south goa.
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Abstract Goa receives average 3300 mm of rainfall within a short span of four months every year.
This water is flown to the sea as surface water and part is percolated into bottom soil/rocks as
groundwater. The physiography of Goa is dominated by the spread of the Western Ghats to the
east followed by the coastal plains. Goa is covered mostly by lateratized soil/rocks that help in
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Dissolved inorganic carbon (DIC) is a major constituent of the carbon species and biogeochemically
important parameter in the aquatic systems. The role of oceans in the inorganic carbon dynamics is
well established globally. What is not well understood is the contribution of the estuaries and their
seasonal influence on regulating the inorganic carbon dynamics. In order to address the same,
seasonal study was carried out in seven major estuaries along western India viz. Cochin backwaters
(south), Nethravati, Mandovi, Zuari (centre), Thane, Amba and Narmada (north) during June (high
flow), September (moderate to low flow) and December (lean flow) 2018. Lowest concentrations
of DIC were observed in the south and central estuaries during high flow conditions (242 ± 360
µmol L-1) as they are fed mostly by non-carbonaceous river beds which export less DIC to the
estuary as well as to the adjoining coastal regions of Arabian Sea. The DIC concentrations were
much lesser in other seasons and estuaries viz. northern estuaries during high flow (1695 ± 38
µmol L-1) compared to low (2286 ± 426 µmol L-1) and lean flow (2416 ± 124 µmol L-1) periods. As
the runoff reduced from June to December, the influx of seawater into the estuaries contributed
to higher DIC concentrations in the southern and central estuaries (1538 ± 330 µmol L-1). The DIC
dynamics, in turn, source or sink of CO2 from these estuaries and their export contribution to the
Arabian Sea is being investigated.
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Seasonality in dissolved inorganic carbon dynamics from the major
estuaries of western India
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Upwelling induced phytoplankton size-fractionated productivity
and community responses in the Alappuzha mud banks and nearby
waters
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Mud banks or chakara are unique coastal oceanographic phenomena that usually occur in the
nearshore waters of the southwest coast of India, particularly on the Kerala coast. The seasonal
formation of fragmented stretches of calm turbid waters, especially during the southwest monsoon
period (SWM), along with considerably high suspended sediments, are the characteristic physical
indications of this phenomenon. Among the mud banks on the Kerala coast, the Alappuzha mud
bank (AMB) is unique for its diverse reasons. Since the AMB is highly influenced by the prevailing
SWM induced coastal upwelling process, the whole physico-chemical and biological (mainly
phytoplankton) properties of waters in and around the AMB exhibit pronounced temporal variations.
Therefore, the present study has attempted to elucidate the phytoplankton size-structure-based
productivity (chlorophyll a and primary productivity) and community composition and succession
patterns in the AMB and nearby coastal waters (<15 m depth) during various seasons (2017).
The size-fractionated phytoplankton measurements have shown a distinctive growth pattern
with respect to the seasonal hydrographic changes. An exceptional increase in phytoplankton
chlorophyll a (3.41-16.87 mg m-3) and primary production (1091-1990 mgC m-3 day-1), found to
be mainly derived from microphytoplankton (20-200 µm) community, was evident in the study
region during the peak SWM (July). A more or less similar productivity pattern was apparent in the
study region during the waning phase of SWM (September) and post SWM (November) periods
as well, in which microphytoplankton contributed much to the chl a and primary production.
By contrast, during the pre-SWM (April) and onset phase of SWM (June), the whole study region
was dominated by a relatively smaller nanophytoplankton (2 - 20 µm) community, in terms of
both chl a (47-74 %) and PP (51-86 %). The microscope derived phytoplankton (mostly >20 µm)
composition data has revealed the preponderance of diatoms, despite the prevalence of diverse
species with variable cell sizes. Nevertheless, during the onset of SWM period, dinoflagellates
have outnumbered the diatoms, wherein a marked proliferation of Tripos furca (in stations 1-4)
and Prorocentrum micans (in stations 6-7), was encountered. On the other hand, an exceptional
numerical dominance (88  99 % of the total abundance) of a centric diatom, Thalassiosira sp.
(44.00 - 188.56 x 103 cells L-1), was found to be responsible for the remarkable increase in the chl
a and primary production recorded during the peak SWM period. The present study, even though
it has evidenced the prevalence of wide temporal scale variability in nutrient levels and water
column turbidity, has clearly demonstrated the profound dominance of diverse diatom species,
regardless of seasons, in spite of the sporadic abundance of dinoflagellates. In conclusion, it can
be stated that although the study region is evident for the drastic increase in phytoplankton
growth (mainly due to diatoms) as a result of the upwelling induced nutrient enrichments, the
clear cut dominance of diatoms even before and after the coastal upwelling process, has revealed
the survival capacity of diatoms in low nutrient waters as well.
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The third largest in the peninsular India, Mahanadi River, introduces large amount of anthropogenic
flux in the northern part of coastal Bay of Bengal. The Mahanadi River receives effluents from
different industrial and urban centers. The nearby fishing jetty close to the estuarine mouth adds
certain source of pollutants to the near coastal area. It also receives a large amount of agricultural
run-off along its course. The studies also reports fresh water influx from the estuary influences the
coastal water more than 43 km off coast. A programmatically focused comprehensive study was
carried out to decipher the variability of physico-chemical and biological variables over a period of
semidiurnal tidal cycle during post-monsoon of 2018 in Mahanadi estuary. Two locations (upstream
and downstream) were simultaneously sampled measuring physical and biogeochemical
parameters. The prominent effect of tidal cycle was observed on the variability in physical and
biogeochemical-biological parameters. The study discerned prominent evidence of riverine silicate
source at both downstream as well as upstream and depletion in silicate concentration during
high tide in the downstream. In addition, accumulation of higher level of nitrate in downstream
with freshwater inflow during low tide have been observed. The dissolved oxygen concentration
oscillated with higher magnitude during high tide. The low tide in the upstream was observed
with decline in nitrate concentration. Phytoplankton abundance discerned higher cell count at
upstream in comparison to downstream during both high and low tide. Diatom evolved as the
dominant phytoplankton flora irrespective of tides and salinity regimes. Apart from microscopy,
chromatographic evidence of fucoxanthin and zeaxanthin pigments in the estuarine waters
revealed predominance of diatoms and cyanobacteria, respectively. Concentration of facultative
bacteria, Escherichia coli was observed in higher number during low tide with increased fresh
water inflow. The outcome of this study will be used in setting observatories for now-casting and
subsequently model based forecasting of water quality.
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Water quality in response to semidiurnal tides in Mahanadi Estuary,
East cost of India
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are increasing globally. During the last decade, several episodic events such as the occurrence of
coastal foams, algal blooms, fish kills, and oil spills were encountered along this region. With this
backdrop, this study intends to assess the coastal water quality adjoining the Chennai metropolis
region to suggest appropriate management strategies. Long-term water quality data suggest a
high concentration of nitrogen ( NO3 - 32.35 µM, NH4 - 440.5 µM) and phosphate (58.1 µM) in the
coastal water. The distribution of nutrients demonstrates seasonal and spatial variation mainly
at the river inlets and shore region. Incidents of sea foaming (8 times), algal blooms (7 times)
are regular events that usually occur after a heavy spell of rain combined with rough sea and
higher phosphate load through the river and land runoff. Several harmful algal blooms (HABs)
of diatom (Asterionellopsis glacialis), green alga (Chlorella salina), cyanobacteria (Trichodesmium
erythreaum), and coccolithophore (Phaeocystis sp.) have been frequently encountered. Fish
mortalities of Mugil cephalus, Chanos chanos, and Tilapia mossambica adjacent to the river inlet
were reported. Low salinity (3.63 PSU), hypoxia (1.73 mg L-1), and heavy metal toxicity (Pb = 28.6
and 87.9 mg Kg-1 and Cd =2.13 and 4.3 mg Kg-1in fish tissue and sediment respectively) might be
attributed to the fish kill incidents. High abundance of pathogenic bacteria Vibrio cholerae (6.48
ÿ105 CFU/mL), total heterotrophic bacteria (1.13ÿ107 CFU/mL) and pollution indicator bacteria
such as Total coliforms (9.1 ÿ105 CFU/mL), Fecal coliforms (1.6ÿ105 CFU/mL)and Escherichia coli
(8.5 ÿ104 CFU/mL) were also recorded. Untreated sewage effluents into the coastal water elevate
nutrient and microbial loads. These episodic events are a warning call to the coastal stakeholders
of Chennai metropolis that the coastal water is in an unpleasant state and demands immediate
and appropriate attention in improving the existing sewage treatment capabilities and solid
waste management. Keywords: Coastal water quality; Seafoam; Algal blooms; Fish kills; Chennai
metropolis; India.
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Coastal water is prone to contamination from a variety of point and non-point sources, largely
due to several anthropogenic activities or mismanagement of resources on the land side. Several
studies have documented that environmental catastrophes such as the formation of hypoxia
zones, frequent incidences of toxic blooms, instances of mass fish kill, and ocean acidification
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Marine Litter (ML) and Microplastics (MPs) pollution is a serious environmental threat. Their presence
in the marine environment has raised serious concern and encouraged multiple studies across
the globe, providing evidence on adverse impacts and magnitude of plastic pollution. The paper
highlights the abundance, distribution, and source of ML & MPs from different coastal matrices
(beach, offshore, and biota) along the Indian coast. Litter segregated from 33 beaches covering
both the Indian coasts and Islands reveal that plastics constitute 67% of the total litter. Clean Coast
Index (CCI) classifies 19 beaches as relatively clean and tourism and recreational activities are the
main sources (~ 60%). ML abundance in the backshore are densely (average 0.28±0.34 items/
m2) distributed than intertidal (average 0.20±0.13 items/m2) zone. MPs occurrence in the surface
water and sediments were 5.3ÿ104 particles km-2, 208.6 particles kg-1 of dry weight, respectively.
Over the southeast coast, MPs from offshore sediments records relatively high value after the end
of the monsoon or heavy rainfall. Spatially, high MPs were recorded at a 1km distance in proximity
to the river inlets. Microplastics ingestion from the coastal biota was higher in barnacles 28.2±10.9
followed by bivalve 5.8±3.7, and fish 1.4±2 (gills), 1.3±1.1 (guts). The data reveals a comparatively
lower value than the data reported from other countries. Filament (fiber) was the dominant
morphotype, and the major polymers were polyethylene and polypropylene, possibly originating
from the fishing and improper disposal of single-use plastics. The contamination of MPs in the
sediment with maximum accumulation occurs close to river inlets largely during flood seasons
confirms the potential source at land. Finally, we suggest better management of plastic wastes
is important to contain the ML & MPs contamination in the marine environment. Segregation of
wastes at the source, installing the low-cost floating trap in river mouths and waterways, adopting
and regular monitoring, and formulation and implementation of strict rules and policies on plastic
waste management will help in the reduction of the land-based litter entering into the ocean.
Promotion of 3R- reduce, reuse, and recycle needs to be encouraged at plastic production, waste
management, and community level.
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Marine litter and microplastics in different coastal matrices of IndiaAbundance, sources, and management solutions
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condition has not yet been reported in any global estuary.
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Estuary represents a transition zone at the land-sea interface, and is characterized by strong
geochemical gradient due to the mixing of fresh river and saline ocean water. Riverine inputs such
as nutrients, organic matter and metals have undergone significant biogeochemical alteration in
the estuary before getting discharged into the ocean. Redox reactions are one of the key alteration
processes which ultimately determine the fate of these species and their cycling. Seasonal changes
in discharge and tidal cycle modify the supply of organic matter, dissolved O2 and availability of
electron acceptors that leads to a change in redox environment. Therefore, evaluating the redox
condition becomes vital for understanding the behavior of elements in the estuary. This study
aims to provide insights into the use of rare earth elements (REE) as a proxy for understanding the
redox condition in part of the Mahanadi estuary, east coast of India. Among the REE, europium (Eu)
is highly sensitive to redox environment, and undergo fractionation under oxidized and reduced
conditions. In this study, contrasting Eu-anomaly in the bottom sediment from the upper and lower
estuary has been observed. Upper estuary sediments are characterized by negative Eu-anomalies
(0.75±0.26) which represent the source rock i.e., the Eastern Ghat Group of rocks. However, the
lower estuary sediments show positive Eu-anomalies (1.92±0.62). Under reduced condition, Eu3+
is converted to insoluble Eu2+, which can lead to Eu-enrichment in the sediment resulting in a
positive Eu-anomaly. The reducing environment in the lower estuary has been resulted due to
the presence of dense mangrove forest. To further confirm the idea of a reducing condition in the
lower estuary, the relationship between Eu-anomaly and Mn, another redox sensitive element, is
evaluated. Under reducing condition, insoluble Mn4+ reduces to Mn2+, which is soluble. Thus,
Mn2+ is released from sediment into the water column, and causes depletion in Mn content. A
significant negative correlation between Eu anomaly and Mn in the estuarine sediment is observed
which further supports the idea of prevailing reducing condition in the lower estuary. This unique
contrast in Eu-anomaly between upper and lower estuarine sediment in response to the redox
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Decadal fluctuations in longshore sediment transport rates along
the eastern Arabian Sea driven by Pacific climate variability
Jesbin George*, Dr. Sanil Kumar V
CSIR-National Institute of Oceanography (CSIR-NIO)
Integrative Oceanography Division, CSIR-NIO, Dona Paula,
North Goa, Goa, India, Pincode: 403004
E-mail: jesbingk@gmail.com
Changes in large scale climate variability have a direct impact on the variations in wave heights
and wave directions, which alters the morphodynamics of coasts due to deviations in longshore
sediment transport (LST) supply. The present study examines decadal fluctuations in LST rates for
six decades (1958-2016) along Ganpatipule coast, eastern Arabian Sea. ERA- 40 and ERA-Interim
reanalysis wave parameters at deep water (~50 m water depth) is used as an input to a wave
transformation model (Delft3D) and the nearshore wave parameters were estimated considering
shallow water wave propagation, wave set-up, and breaking. The model simulations were carried
out in stationary mode with a directional resolution of 10˿ and 24 frequency ranges (0.05- 1 Hz).
The model performance was compared and validated using a measured wave data at 14 m water
depth during the year 2011. The skill of the model is determined based on the amount of deviation,
which is measured by root-mean-square-error (RMSE) and bias, between the model results and
observational data and correlation coefficient (R). The measured and model results of SWH, period
and direction shows a bias of -0.2 m, 0.44 s and -8, RMSE of 0.33 m, 0.8 s, and 28 and R values
of 0.94, 0.81 and 0.5 respectively. The transformed breaking wave characteristics were extracted
from the breaker zone, and LST is estimated using CERC (1984) equation, Q =0.023(g/K_i ) H_
b^2.5 sin(2θ) , Where, Q is the LST in volume per unit time, g is the acceleration due to gravity
(9.81 m/s2), Hb is the breaking wave height (m), and θ is the angle between breaking wave crest
and local shoreline (deg). Along the breaker zone, only small changes in Hb is observed during
non-monsoon period, whereas during monsoon, variation is observed to be large indicating
the growing importance of increasing breaker heights in the study region, particularly during
the monsoon. The breaker angle in the study region tends to have a southward shift in the wave
direction. The LST rates estimated in the present study are in good agreement with the previously
reported LST rates along the eastern Arabian Sea. Considerable seasonal, annual and decadal
variations are observed in the LST rates. The LST rates during monsoon, as expected, are high as
compared to other seasons. The annual gross LST rates along the region vary from 3.2  9.1 ÿ 105
m3 yr-1 with an average value of 5.1 ÿ 105 m3 yr-1 whereas the annual net rate varies from 3.0
 8.7 ÿ 105 m3 yr-1 with an average value of 4.9 ÿ 105 m3 yr-1 indicating a northward transport
along the study region. LST rates along the study region have a weak negative correlation with the
Oceanic Nino Index (ONI) and El Niño (La Nina) years are generally associated with low (high) LST
rates as compared with other years. The signatures of Pacific Decadal Oscillation (PDO) variability
on LST rates on both annual and decadal scales were examined with special attention given to
understanding the variability in LST rates during both the warm and cold phases of PDO. A strong
negative correlation between LST rates PDO is observed during the study period. The decadal
variations observed in LST rates for the six decades were 48, 24, 21, 17, 15 and 19 % respectively.
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The role of habitat distinctness in shaping functional and
taxonomic diversity of zoobenthos of urbanized coastal ecosystem

Thus, our study suggests that habitats have been less influenced the taxonomic diversity, whereas
the functional traits have been altered predominantly. The taxonomic diversity indices were found
to be less efficient than functional diversity describing the habitat distinctness in considerable
detail. This study emphasizes the use of a functional approach for zoobenthic studies for small
scale spatial changes, which may be promising in the areas where the urban development has
occupied and influenced the ecosystem processes.
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The marine ecosystem harbours varieties of habitats with an immense diversity of life. Such
biodiversity is essential for ecosystem services which regulate through their energetics and
functional mechanisms. In today's situation, biodiversity is affected by the rapid loss of functional
diversity and processes due to human intervention. Therefore, an analysis of functional diversity
is one of the crucial approaches towards ecological understanding and conservation. In recent
decades, functional diversity has increasingly been used in marine assemblages, but this approach
is very limited in tropical waters compared to the temperate region. The present study aimed to
understand the key role of the habitat structures in influencing the taxonomic, functional diversity
of benthic macrofaunal community from various habitats. We investigated the macrofauna of
10 transects along the intertidal region of Mumbai, India. The habitat types [1) wave exposure:
exposed (E)/sheltered (S), 2) substratum: rocky (r)/sandy (s)/Mud (m)/Boulder (b), and beach slope
: low (L)/high (H)] were classified into seven groups: ErL, ErH, SmL, SsL, SsH, EbL and EmbL. A total
of 72 species belonging to 12 phyla, including 48 species belonging to 22 families of polychaetes
were recorded. The highest number of species was recorded at transect CR8 (EmbL), while CR10
(SsH) was the lowest. Non-metric multidimensional scaling (n-MDS) based on macrofaunal taxa
and polychaete abundance showed an indistinct grouping between habitat types. However, the
n-MDS based on functional traits of polychaete species have revealed many clear patterns in the
habitats. The ErL, ErH, EbL and EmbL sites formed a cluster based on a taxonomic assessment
which failed to discriminate small scale changes within habitat types. The functional traits aligned
with the habitat structure and heterogeneity, e.g. a large body size found at rocky zone than that
of sandy texture. Similarly, tube dwellers and permanently attached traits dominated the exposed
rocky shore area. Multi-trait functional diversity index (wFDc, Rao) showed marked variation
during the present study, whereas FAD2 showed the lowest values in the site where the earlier
reclamation has occurred nearby sites (CR3 and CR7) in comparison to other similar habitat types.
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ABS-2022-09-0126
Seasonal variations in the water quality and antibiotic resistance of
microbial pollution indicators in the Mandovi and Zuari estuaries,
Goa, India
Ashwini D. Toraskar, Abigayle D. Gomes*, Antony Ajith, Ashutosh S. Parab,
Cathrine S. Manohar, Durbar Ray
CSIR-National Institute of Oceanography (CSIR-NIO)
Integrative Oceanography Division, CSIR-NIO, Dona Paula,
North Goa, Goa, India, Pincode: 403004
E-mail: ashwinitoraskar21@gmail.com
The coastal environment and estuaries of India are under immense stress due to the discharge
and disposal of domestic and industrial wastes from point and non-point sources as a result of
the rapid growth of population and commercial activities. The Mandovi-Zuari estuarine complex
situated in Goa along the west coast of India plays a vital role in the economic development of
the state. In the present study, changes in the water quality and levels of microbial pollution of
these estuarine habitats were determined during the pre-monsoon, monsoon and post-monsoon
season in 2019 -2020. The Water Quality Index (WQI) was estimated based on the parameters;
temperature, salinity, pH, dissolved oxygen, biochemical oxygen demand and nutrients. The
seasonal changes in the microbial pollution load were also assessed based on the abundance
of pollution indicator organisms (PIOs) and their resistivity towards multiple antibiotics. The WQI
computed show that the overall water quality conditions remain considerably good due to the
annual southwest monsoon. It has a positive impact on the major physicochemical parameters
such as temperature, salinity and dissolved oxygen levels. Studies on the microbial load and the
levels of PIOs especially based on CFUs also suggest that the load of bacteria is increased in the pre
and post-monsoon period and the numbers are reduced during the monsoon period. However,
the MAR indices determined for the different PIOs suggest that the water quality is not completely
safe during the monsoon season due to increased terrestrial load, which could bring in PIOs with a
very high MAR index. Bacteria with > 0.2 MAR index are considered to be highly detrimental to the
health of the individuals exposed to these microbes. In this study, we have observed that during
the monsoon season an isolate with the highest MAR index of 0.94 was obtained. This shows that
the seasonal changes along with the increased terrestrial load from different sources can alter the
water quality in the estuarine region and the virulence of the microbes in these habitats. Mandovi
and Zuari estuaries are well ventilated by the annual monsoonal rains and the water quality status
is maintained by the increased river runoff each year. However, this study emphasizes the need to
study not only the physicochemical parameters and the microbial numbers, but also the antibiotic
sensitivity of the PIOs present in the habitat. Any reduction in the monsoonal rains and an increase
in the number of antibiotic-resistant PIOs entering the estuarine habitat can alter the microbial
community structure. Hence, adequate treatment of urban runoff and terrestrial inputs into the
estuarine regions has to be undertaken. Studies on the MAR of the PIOs in the estuary also need
to be taken up to ensure the long-term safety of those dependent on the estuarine habitat for
their livelihood. This can play an important role to frame policies for sustainable development and
conservation of these ecologically important coastal zones.
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Isolation and screening of aromatic hydrocarbon-degrading
bacteria from the coastline of Goa
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human and animal health equally. Bioremediation can be considered as a boon for hydrocarbon
degradation. Bacteria play an important role in utilizing aromatic hydrocarbon as a sole carbon
source for growth and energy and thereby helping in mitigating its pollution. Marine bacteria
have an advantage over terrestrial bacteria as they can grow at extreme environmental conditions.
However, the screening of potential aromatic hydrocarbon degraders is laborious and timeconsuming. This study focuses on the quick method to screen aromatic hydrocarbon-degrading
bacteria. Over one thousand bacteria were isolated from different regions of the Goa coast such
as mangrove sediment, water, and sediment from Sal River, Mandovi estuary, beaches, and
Mormugao port (MPT). Among the thousand isolates, six hundred bacterial isolates have been
screened for their ability to use 0.1% Phenanthrene, benzene, and toluene as a sole carbon source
in the minimal salt medium using Folin-Ciocalteu assay. Of the 600 isolates, 30 isolates showed the
ability to utilize Phenanthrene, benzene, and toluene as a sole carbon source. These fast-growing
and potential isolates identified using 16s rRNA gene sequencing showed affiliation of 75% to
Bacilli, 23% to Gammaproteobacteria and the remaining 2% to Actinobacteria.
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World energy demand is met primarily through the extraction of fossil fuels in the form of oil,
coal, and gas. Tons of hydrocarbons enter the environment due to calamities like the oil spill, tank
leakages, and several anthropogenic activities. Hydrocarbon contamination is the worst form of
pollution leading to long term consequences severely affecting the environment, ecosystem,
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JESSICA BARMAN*, GANESH THIRUCHITRAMBALAM
PONDICHERRY UNIVERSITY
H.No2, GOPAL KRISHNA PATH, NABAJYOTI CLUB, HENGRABARI, GANESHGURI, Guwahati, Assam,
India, Pincode: 781036
E-mail: jessica.barman7@gmail.com
Plastic pollution in the oceans has become a serious environmental problem, and a wide variety
of microplastics have been detected in the body of many species of marine organisms. The total
number of plastic particles that are found in the world's oceans, i.e. in all the five subtropical gyres,
have been estimated to be a minimum of 5.25 trillion particles that weigh approximately 268,940
tons. Study suggests that the highest concentration of microplastics for any seafloor setting in
typical hotspots is around 190 pieces per 50 grams. Fragments from larger sized plastic litter or
direct environmental emission leads to the production of microplastics, which are of the size <5
mm, and nano plastics which are <0.1 μm. Microplastics leached into the waterbody are easily
ingestible by small aquatic organisms that may accumulate in subsequent trophic levels causing
severe biological effects to the organisms throughout the food chain. In this review, papers from
the journals namely Science of the Total Environment, Marine Pollution Bulletin and Environmental
Pollution have been taken to understand the ingestion rate in different marine species. The
distribution patterns and the abundance of microplastics in different coasts of India have been
discussed. Keywords: microplastics, marine organisms, ingestion, bioaccumulation.
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Critical Review on the Bioaccumulation of Microplastics in Marine
Organisms of Indian Seas
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Anticipated Impact of Polymetallic Nodules Mining in Deep Sea
Lamjahao Sitlhou*, Parthasarathi Chakraborty
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Deep sea Polymetallic nodules (PMN) are rich with metals that serves as a potential resource
for commercial development. The depositional deep-sea environment of PMN is unique due to
which usage of specialized deep sea mining technology and adequate equipments are essential
for nodule extractions. The technology is recognized as key components for nodules mining
commercialization. However, there is an increasing need to upgrade the mining technology in
order to support commercialization of PMN programmed. Integrated continuous mining concept
involving surface vessel, lifting pipes, buffer, and crawler are considered to be most prospective for
commercial production of PMN. Reliable and meticulous operation to the whole mining system to
mitigate the impact is of particular importance. In view of environmental concern and reduction
of technology risk, the results from research into PMN key mining technology are analyzed. The
smooth performance of crawler, efficiency of nodule pick- up conveyor belt, presence of crusher,
transfer of nodules through flexible riser pipe, unwanted slurry tailing discharge are studied
to compare different PMN mining technology and evaluate the technical feasibility, and the
environmental impact assessment. The key interests to address the environmental concern are
focused on the sediment disturbances, Nodules pick-up style, and whether the nodules are to
be crush or not, filtration for the tailing discharge needed or not. Technology comparison is also
made so as to try to discern the most ideal variant if commercial mining ever takes place now and
ever. This may provide a reference for the research and development of efficient technology for
deep sea PMN mining.
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Survey on the succession of fouling organisms at Cochin estuary,
Southwest coast of India
SHAMEENA M K*
CENTRAL MARINE FISHERIES RESEARCH INSTITUTE, KOCHI
MALIYAM VEETIL, CHALACKAL, MARAMPILLY P.O., ALUVA
ALUVA, KERALA, India, Pincode: 683105
E-mail: E-mail: shameena.mk57@gmail.com
The succession of fouling organisms at National Institute of Fisheries Post Harvest Technology and
Training (NIFPHATT) jetty of Cochin estuary was investigated from October 2019 to March 2020.
Samples were collected using twelve sets of three test panels made from wood of Ailanthus sp. (17
x 15 x 1.6 cm), glass (20 x 12 x 0.02 cm) and stainless steel, SS304 grade (17 x 15 x 0.01 cm) each with
a rough and a smooth surface, submerged for six-month periods. Analysis of fouling panels was
carried out using Stereomicroscope. Maximum fouling biomass of 1.19 gcm-2 was obtained on
wooden panels (after 120 days) when compared to SS and glass panels which showed the surface
specificity for biofouling. The common fouling communities that settled on the panels include
barnacles and Modiolus sp. After 30 days deployment, glass panels had Neritina sp., barnacles and
encrusting bryozoans being amongst the early colonizers while only Neritina sp. were appeared
on wooden panels. The recruitment of barnacles, modiolus, calcareous polychaetes, isopods and
oysters were first observed on wooden panels submerged for 60 days. SS panels had barnacles,
modiolus and calcareous polychaetes when retrieved after 90 days; amphipods after 60 days
and isopods and gastropods after 120 days. Crab was found on the rough surface of glass panels
retrieved after 150 days. Spats of barnacles were observed only on wooden panels while oyster
spats were found to be present on glass and SS panels. The presence of algae, especially diatoms
such as Nitschia, Navicula sp. were observed on all the substrata used for the study. Barnacle
recruitment occurred most frequently throughout the study on all the panels. The percentage
cover of barnacles ranged between 20 and 100%. The number of barnacles recruited varied from
0 to 104 no. cm-2 on SS panels, from 2 to 41 no. cm-2 and 0 to 59 no. cm-2 on glass and wooden
panels, respectively. In spite of a total of 9 macrofouling organisms recorded on the three panels,
the presence of encrusting bryozoan and crab were noted on glass panels. Amphipods, isopods,
gastropods and Neritina sp. were less abundantly found on all the three panels during the course
of succession. Calcareous polychaetes were appeared only on wood retrieved after 60 days and
showed maximum relative abundance of 60 and 100% on smooth and rough surfaces, respectively
but suddenly diminished thereafter. The spats of oyster were uniformly found attached to both
surfaces of glass panels retrieved after 60 days and later increased their number with time of
submersion. They grew in size and develop their hard shells for protection. They were also confined
to the rough surface of wooden panels too. The presence of polychaetes was recorded on all the
panels only after 120 days of submersion, with 100% abundance on SS panel (both surfaces) and
glass panel (rough surface). But later they were diminished or declined in number.
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Spatio-temporal variation in the distribution of the ichthyoplankton
community of Off Kochi coastal waters, southwest coast of India
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as they respond rapidly to alterations in their ambient environment thus affecting their spawning
and recruitment. Hence, a critical understanding of the distribution of the ichthyoplankton
community in response to the habitat changes is a prerequisite for assessing the fishery potential
of the coastal waters. In the present study, the spatio-temporal variations in the distribution of
ichthyoplankton community of the off Kochi coastal waters were evaluated by sampling at five
locations positioned at varying depths (5m, 10m, 20m, 30m and 40m) extending from the inlet to
offshore regions during pre-monsoon (February - May) and monsoon (June - September) in 2021.
Zooplankton and associated hydrographic variables such as temperature, salinity and chlorophyll
a were analyzed on a monthly scale. The ichthyoplankton community were sorted from the
zooplankton samples and identified using standard taxonomic manuals. The study revealed a
marked seasonality in the ichthyoplankton distribution along depths and with seasons. Among
seasons, higher ichthyoplankton abundance was observed during pre-monsoon compared to
monsoon. Spatially, the near-shore locations (5m and 20m) had higher ichthyoplankton density
than offshore locations (30m and 40m). Among the hydrographic variables temperature, salinity
and chlorophyll a exerted a prominent influence on the distribution and abundance of this
ecologically significant taxa in the coastal waters of off Kochi, southwest coast of India.
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Coastal waters owing to high productivity and rich biodiversity are known for its high fisheries yield
globally. However, in the recent decades the tertiary productivity and the fishery yield from these
critical coastal habitats are impacted by the threats arising from both natural and anthropogenic
sources. Ichthyoplankton community are considered to be suitable indicators of habitat changes

S

Central Marine Fisheries Research Institute, Kochi
'Chaithanya', I. N. Menon Lane, N.F. Gate, Tripunithura, Ernakulam, Kerala, India, Pincode: 682301
E-mail: parvathyr95@gmail.com

-

9

Parvathy R.*, P. Kaladharan, Ratheesh Kumar R, Shelton Padua, Vineetha G,
Lavanya Ratheesh, Reena V Joseph, Keziya James, Akhil Babu

SESSION-9- HOME

267

Plenary Sessions &
Panel Discussions

Technical
Programme Schedule

INTERNATIONAL INDIAN OCEAN
SCIENCE CONFERENCE (IIOSC)

2022

Identifying the impacts of anthropogenic activities on species
diversity distribution of corals using geospatial techniques: A case
study of Poshitra and Narara island of Gulf of Kachchh, Gujarat
Jalpa K Jadeja*, Foram K Jadeja, Pradeep C Mankodi
The Maharaja Sayajirao University of Baroda, Gujarat
Department of Environmental Studies, The Maharaja Sayajirao University of Baroda,
VADODARA, Gujarat, India, Pincode: 390002
E-mail: jalpa.jadeja-env@msubaroda.ac.in
Coral Reefs are rich in diversity and important ecosystem which are mainly found in warm
water near tropical region on earth. Coral Reefs are the most ancient and one of the fascinating
ecosystems on the earth. Remote sensing is more practical way to monitor the change in coverage
of the reef ecosystem covering larger area and remotely sensed spectral indices are used in a
range of environments for diversity mapping corals and other different coastal features. In present
study species diversity and distribution of corals of Narara and Poshitra islands of Gulf of Kachchh
(GoK) were mapped using GPS coordinates of In-Situ data and Inverse Distance Weighting (IDW)
Index. GPS coordinates of different coral species were recorded using random quadrant sampling
method of 1m2 quadrants. Species diversity mapping indicates that the number of species were
more at Poshitra in compared to Narara reef. Total 12 species of corals were found in Narara whereas
20 different species of corals were reported during the study. The purpose of the IDW index was to
identify the continues species distribution of the coral even in the area from where In-Situ data has
not been collected and also to identify the favorable geomorphological characteristics suitable
for survival of corals. The study shows that the corals at Poshitra were much healthier, boulders
size were bigger and species richness was also more in compare to Narara. Different small tide
pools have been generated at Poshitra to maintain the water temperature and to also protect
them from human interference during different survey activities. As a result, it was concluded that
the Favia favus, Goniopora and Porites were commonly found species at Poshitra and other coral
species named Acanthastrea hillae, Dendronephthya, Goniopora minor, Montipora explanata,
Mycedium elephantotus, Platygyra sinensis, Turbinaria mesenterina and Turbinaria peltata were
recorded from Poshitra which were not founded at selected study site in Narara. Thus, it can be
stated that the Poshitra is more protected and diverse than Narara and different camping, tourist
and industrial activities at Narara coast has affected the health and growth of corals. Thus, finescale monitoring of coral reef ecosystems is needed for their management and conservation.
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Shoreline is one of the constant shifting features in coastal region. Frequent detection of shoreline
changes is crucial to recognize dynamics of distinct coastal landforms. In present study, shoreline
changes during last 30 years (1991-2021) have been detected using Digital Shoreline Analysis
System (DSAS) tool and Multi-dated satellite datasets (Landsat 5 TM, Landsat 7 ETM+ & Sentinel-2)
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with interval of 10-year from the 1991 to 2021. The study area is the innermost northeast part of
Gulf of Khambhat spreading over approx. 12 km from Kamboi to Dehgam. Total 115 transects
were laid at a distance of 100m each. The result shows, highest erosion rate for End Point Rate
(EPR), Linear Regression Rate (LRR) and Weighted Linear Regression (WLR) to be -40.24m, -49.33m,
-49.33m, respectively at transect no 84. The forecast of shoreline position for the year 2032 & 2042
were observed through Kalman Filter Model and found that there will be erosion of approximately
444m in the next decade for the same transect which will increase about 989m till the year 2042.
However, on the other transects, the future projections of erosion are comparatively lower for
2032 and 2042. The study, therefore, indicates probable erosional potentials in this area.
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Estimation of Shoreline change detection over past three decades
and future change prediction using DSAS tool: A case study of
Kamboi to Dehgam cost, Gulf of Khambhat, Gujarat
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K V Neethu *, P. Hari Praved, N. G. Athul Krishna, B. P. Aneesh, S. Bijoy Nandan
Cochin University of Science and Technology
Dept. of Marine Biology, Microbiology and Biochemistry, CUSAT,
ERNAKULAM, COCHIN, India, Pincode: 682016
E-mail: neethukv457@gmail.com
Cadmium is a highly toxic heavy metal with no physiological benefits. Increased Cd concentrations
are a pressing issue in the Cochin estuarine system (CES). Dissolved Cd recorded an average
of 0.88 ± 0.45 μg L-1 during premonsoon, 1.64 ± 0.79 μg L-1 during monsoon and 1.02± 0.49
μg L-1 during postmonsoon. Sediment bound Cd recorded an average of 6.81 ± 5.28 μg g-1
during premonsoon, 2.198 ± 0.686 μg g-1 during monsoon and 9.23 ± 11.01 μg g-1 during post
monsoon period. Geoaccumulation index and contamination factor shows CES is highly polluted
with Cd. However, research on the effects of Cd exposure on native organisms in the estuary is
hard to extract. Hence, the present study evaluated the toxicity effects of Cd on the fish, Etroplus
suratensis, native to Cochin estuary. The 96 h. effective median lethal concentration (LC50) for
Cd was 1.21 mg L-1. The NOEC (No Observed Effect Concentration) and LOEC (lowest Observed
Effect Concentration) were 0.21 mg L-1 and 0.12 mg L-1 respectively. The chronic toxicity value
for Cd was 0.16 mg L-1. Behavioral, neurotoxic and oxidative stress biomarkers were assessed
in E. suratensis after chronic toxicity test. The AChE activity decreased with increasing exposure
concentration. Highest activity was found in unexposed group (13.6 U/g) and lowest (7.65 U/g) was
in fishes exposed to 0.68 mg L-1. Behavioral changes such as rubbing, nudging, surfacing, partial
jerking and burst swimming were observed in Cd exposed groups. Control fishes showed normal
behavior throughout the observation period. The antioxidant enzymes, super oxide dismutase
(SOD), malate dehydrogenase (MDH) and esterase (EST) showed variations from control groups.
The SOD showed highest activity in control and lowest activity was at LOEC. Catalase showed
decreased activity with increase in cadmium concentration. Highest MDH activity was observed
at NOEC and lowest activity was observed at highest exposure concentration. Key words: Etroplus
suratensis, Cadmium, Neurotoxicity, Behavior, Oxidative stress.
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Toxicity effects of cadmium (Cd) on the fish Etroplus suratensis
(Bloch, 1790), Cochin Estuarine System, Southwest Coast, India
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Plastics are very light, malleable and cheap synthetic polymer, characterized by corrosion
resistant, electrical insulation qualities and therefore have wide range of uses in our society.
Versatile uses of plastic as variety of consumer goods boost the global production of plastic waste
which is eventually responsible for forming microplastics (MPs) in aquatic environments. The
present study describes the significant spatial and seasonal variation on abundance of MPs and
their physiochemical nature along the Mandovi-Zuari estuarine system of Goa, which is having
environmental stresses due to anthropogenic activities. The results revealed that in the wet season
(September), the average abundance of MPs is relatively higherin water and sediment (e.g. 0.107
particles/m3 of water column and 7314 particles/kg of sediment) than that during the dry season
(April)(0.099 particles/m3 and 4873 particles/kg).In the wet period, heavy rain and excessive
riverine freshwater influx would likely to carry more terrestrial plastic debris in the estuarine
system and that might have caused higher average MP density in surface water and sediment.
The black-colored particles of <300 µm in sizeare predominant in both water and sediments
during both the seasons.MPs of different shapes like fragments, fibers, films and beads accounted
for most of the collected samples. FTIR-based compositional analyses showed the major fraction
of MP is composed of high density polymers (e.g. Polyacrylamide, polyacetylene, polyamide,
polyvinyl pyrrolidone, polyvinyl chloride and polyimide).The surface morphology of MPs (SEM
analysis) indicates substantial degradation of the recovered particles and which may enhance the
adsorption of various pollutants onto their surfaces. Our findings also indicated that available MPs
in this estuarine system are originated from both Primary (Microbeads from cosmetics, microfibers
from clothing) and secondary (breakdown of larger debris) sources.Further studies are required to
estimate the relative contribution of potential sources, and to evaluate toxicological impacts of
microplastics on commercially important species.
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Seasonal distribution and characterization of microplastics in the
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The cosmopolitan nature of plastics and microplastics (MPs) in particular has become a major
global issue. Wastewater discharges both treated and untreated are a significant pathway of MPs
and potentially aid its transport from terrestrial to marine environment. This study mainly focused
on identifying and classifying different types of MPs from different point and non- point sources
from the city, Panjim, Goa, India. The sewage wastewater was found contaminated with MP particles
in the range of 79-338.2 MPs/L. The majority of MPs found were fibres (63.3%) followed by films
(25.5%) and fragments (11.2%) at all the locations with the size range varying from 100-300µm
(63.6%), 300-1000 µm (29.8%) and 1000-5000 µm (6.6%). Overall, 43 diverse polymeric materials
were detected in sewage wastewaters (µ- FTIR), with polyacrylamide (PAM), polyvinyl chloride
(PVC), polyamide (PA), polyimide (PI), polyvinyl alcohol (PVAL), styrene/ isoprene copolymer,
ethylene vinyl alcohol (EVOH) and polyethylene (PE) being the most abundant. This study bespeaks
about major constituents of MPs found in sewage wastewaters reflecting the same signatures of
MPs originated from land-based sources such as personal care products (cosmetics), laundering
of clothes, tire wear and tear, road dust and various anthropogenic debris. Moreover, it has been
found that treated as well as untreated sewage wastewaters can contribute significant number
of MPs to the river/estuary catchments and ultimately transported to oceans. Furthermore, this
study can help in formulating environmental management policies for the evaluation of best
practises and insights into creative solutions to prevent entry and dispersal of MPs in the marine
environment.
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Release of microplastics from an urban sewage wastewater as a
subsequent pathway to marine environment
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distribution and composition of MPs in the Ganga River system of Varanasi, Kanpur and Haridwar
cities which is used to determine the amount of microplastic pollution in River/m3 . At each site
i.e. Varanasi (V1, V2, V3, V4 and V5), Kanpur (K1, K2, K3, K4 and K5) and Haridwar (H1, H2, H3, H4
and H5) 5 set of surface waters were collected in the month of February 2020. Water samples were
taken at multiple points along the River Ganga which were heavily polluted with plastic waste.
The Ganga waters estimated higher number of MPs in Varanasi (2.42±0.405 MPs/m3 ) followed
by Kanpur (2.16±0.500MPs/m3 ) and Haridwar (1.30±0.518MPs/m3 ). MPs in form of fragments
were the most abundant compared to films, fibres and beads. Lower-sized MPs (<300µm) were
predominantly found in all the locations. Black, brown, red, blue, green, grey, orange, yellow and
transparent were most common colors of MPs, were found in different sampling locations. Among
them, black (27.34-31.29%) and brown (24.37-26.99%) were predominantly found compare to
other colored particles in all three locations (Varanasi, Kanpur and Haridwar). The micro-Fourier
transform infrared spectroscopy (µ-FTIR) based analysis identified approximately 40 different
polymer compositions in all Rive rwater samples. Polymeric compositions with high densities such
as ethyelene vinyl alcohol (EVOH), poly vinyl chloride (PVC), polyisoperene (PIP), polyvinyl alcohol
(PVAL) and polyacetylene, were relatively high in abundance having commercial applications.
This study will be v e r y useful in understanding the characteristics and distribution of MPs in
Rivers which ultimately sinks into the oceans and can thereby inform well-directed strategies to
reduce microplastic load. Also the data generated from the present study can be beneficial for the
comprehensive evaluation of the original sources of the microplastics and its potential risk.
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Microplastics (MPs) accumulation in the fresh water system has been widely detected in the
aquatic environments and poses a serious threat to human health. Rivers are considered as a
major transporting route and carrier of land-based MPs to reach the sea. However, knowledge on
MPs in Riverine system is still scattered. In this study we focused on the occurrence, abundance,

N

-

CSIR-National Institute of Oceanography (CSIR-NIO)
Integrative Oceanography Division, CSIR-NIO, Dona Paula,
North Goa, Goa, India, Pincode: 403004
E-mail: akkunaik678@gmail.com

9

Microplastics in the surface waters along the River Ganga, India: A
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The Centre for Environment Fisheries & Aquaculture Science (Cefas) has collaborated with the
National Centre for Coastal Research (NCCR) though the Commonwealth Litter Programme
(CLiP) since 2019. CLiP brings together scientists, policy makers and communities across the
Commonwealth to identify actions which can be taken to tackle marine litter pollution. The
collaborative partnership includes knowledge and technology sharing, outreach and education
packs, as well as peer-reviewed articles. A microplastic (MP) sampling pump and sensor pack was
loaned by Cefas to NCCR, which has been used alongside water quality monitoring to improve the
understanding of microplastic abundance and distribution in the Indian Ocean. During a visit to
Chennai, Cefas scientists joined NCCR scientists to carry out beach litter monitoring and sampling
in Puducherry, with the aim to identify different possible sources of litter which are reaching the
marine environment. Training was provided in the use of the MP sampling pump and sensor pack
for collection of samples to understand the abundance and distribution of microplastics in the
Indian Ocean. Cefas helped with the analysis of microplastic samples (using our microFTIR) for
peer-reviewed articles and the development of monitoring programmes. A total of four peerreviewed articles have been jointly developed on a range of plastic pollution issues which will
help to inform policy and management strategies including the Indian Marine Litter Action Plan.
CLiP educational packs have been translated and distributed to primary and secondary schools
in several regions and will be in incorporated into the curriculum. After the end of CLiP in March
2021, the UK Government has renewed its support to India starting the Ocean Country Partnership
Programme (OCPP) under the Blue Planet Fund, which will work on Pollution, Sustainable Seafood
and Biodiversity Conservation in South Asia.
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Signals of Holocene climate transition amplified by anthropogenic
land-use changes in the westerlyIndian monsoon realm
University of Hamburg
Bundesstraÿe 55, Hamburg, Hamburg, Germany, Pincode: 20146
E-mail: nicole.burdanowitz@uni-hamburg.de
In the past the intensity and position of the Indian Summer Monsoon (ISM) have shifted in
response to orbitally forced thermal landocean contrasts. At the northwestern monsoon
margins, interactions between the subtropical westerly jet (STWJ) and the ISM constitute a tipping
element in the Earth's climate system because their non-linear interaction may be a first-order
influence on rainfall. We reconstructed sea surface temperature (SST), supply of terrestrial material
and vegetation changes from a sediment core from the northern Arabian Sea to reconstruct the
STWJISM interaction. The Holocene record shows a distinct, but gradual, southward displacement
of the ISM in the Early to Mid-Holocene, increasingly punctuated by phases of intensified STWJ
events that are coeval with interruptions of North Atlantic overturning circulation (Bond events).
The effects of the non-linear interactions culminate between 4.6 and 3kaBP, marking a climatic
transition period during which the ISM shifted southwards and the influence of STWJ became
prominent. The lithogenic matter input shows an up to 4-fold increase after this time period,
probably related to the strengthened influence of agricultural activities of the Indus civilization,
with enhanced erosion of soils. This anthropogenic land-use change amplifying the impact of
Bond events and adding to the marine sedimentation rates.
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Amino acids (AA) comprise the major proportion in fresh organic matter in the ocean and are
also the main constituents identified by analytical techniques, in most oceanic particulate and
dissolved organic matter pools. AA composition undergoes characteristic changes during organic
matter degradation, making AA based biogeochemical indicators suitable to track decomposition
processes. We analyzed AA data of a large set of samples covering sinking and suspended particles,
sediments and water samples by a principal component analysis to test common degradation
proxies and to better understand particle dynamics. This resulted in a new indicator of sinking
particle and sediment degradation (SDI) which allows a fine tuned classification with respect to
the intensity of degradation during early diagenesis in the water column and sediments. The SDI
is furthermore sensitive to sedimentary redox conditions. We apply this proxy to reconstruct redox
conditions in Holocene and Pleistocene sediments from the Arabian Sea.
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Contrasting trend in inorganic and organic carbon burial in the
west-central Bay of Bengal, during the last glacial-interglacial
interval
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The oceans are vital in global carbon cycling as they act as both carbon source and sink. Therefore,
changes in sedimentary inorganic and Corg can provide clues about carbon cycling during glacialinterglacial timescales. Here, we reconstructed multidecadal inorganic and Corg burial record for
the last ~28kyr, from a 4m gravity core collected off Pennar river in the west-central Bay of Bengal.
The relative abundance of selected planktic foraminifera and stable isotopic ratio (δ18O) were
used to understand the factors affecting the carbon burial in this region. Total carbon content
of the glacial (~11-24kyr) sediments was double of the Holocene sediments due to increased
CaCO3 content which is in contrast with the relatively lower Corg and decreased abundance of
G. bulloides and N. dutertrei. The Corg/TN value indicative of marine organic matter coupled
with relative decreased abundance of G. bulloides suggests reduced precipitation contributing
less terrigenous flux. implying better preservation and reduced dilution to cause the increased
glacial CaCO3. Contrastingly, lower CaCO3 abundance during Holocene coincides with increased
upwelling indicator species and an overall Corg increase suggesting a relatively higher productivity
and intense precipitation leading to increased dilution during δ18O also suggests increased
precipitation during Holocene. Furthermore, we document signatures of Northern Hemisphere
cold events particularly, Heinrich 1, 2 suggesting the influence of northern latitudinal events on
the tropical Indian Ocean. The datasets reveal interesting aspects on carbonate preservation and
productivity during glacial-interglacial timescales furthering our knowledge on carbon storage/
inventory in the northern Indian Ocean.
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MJO-like Variability in the Eastern Pacific during the Pliocene
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precipitation variance increasing with tropospheric warming. However, the variability of MJO in
a warming environment largely unknown. In this study using Community Earth System Model
version 2.1(CESM2.1) we focused on the variability of MJO during Pliocene(5-2 Million years ago)
which is analog of near future climate. Global temperatures during Pliocene are 3 C warmer than
the present climate and CO2 concentrations are 350-500 ppm. To elucidate the variability in MJO,
we have conducted two simulations, one is referred to the Pre-Industrial control (piC) and another
one is Pliocene simulation. The results discussed in this study are November to April season (peak
MJO). Usually, MJO associated precipitation initiates over the western Indian Ocean and moves
eastward through the Maritime continent, and dissipates over the central Pacific as it encounters
cooler sea surface temperatures(SST), we found that during Pliocene MJO activity over central
and eastern Pacific significantly increased whereas decreased over the Indian Ocean and western
Pacific. The decrease in zonal and meridional temperature gradients in the tropics during Pliocene
significantly reduced the rainfall in warm pool region. The abnormal warming during Pliocene over
the cold tongue region (east tropical Pacific) favored the eastward propagation of the MJO. The
phase speed of MJO increased by nearly 2.5 m/s. The variance of rainfall significantly decreased
during Pliocene over the Indian Ocean and warm pool region and increased over eastern Pacific
when compared to the pre-Industrial period. It is also found that, MJO associate convective activity
is mostly confined to the north of the equator.
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The Madden-Julian Oscillations (MJO) is an important oscillation mode of intraseasonal variability
in the tropics and interacts with many weather systems globally. The MJO is characterized by
a slowly (typically 5m/s) eastward propagation band of convection. Previous studies that have
found the effects of the increasing of tropospheric temperatures in association with increasing
greenhouse gases(GHG) concentration on the MJO revealed that its phase speed, amplitude and
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Intrusion of Arabian Sea high salinity water and monsoon
associated processes strongly modulate planktic foraminifera
abundance in the southwestern Bay of Bengal

1

The unicellular calcareous planktic foraminifera being extremely sensitive to environmental
parameters, are extensively used in paleoclimatic reconstruction. The study of surface distribution
of recent planktic foraminifera and its comparison with the ambient parameters, facilitates
information about the ecological preferences of the species and the factors controlling the
geochemical signatures of the tests. We have used absolute and relative abundance of planktic
foraminifera from 55 multicore (core-top) and 11 grab samples to understand the ecological
preferences of planktic foraminifera and factors affecting its distribution in the southwestern Bay
of Bengal. We found 29 species of planktic foraminifera belonging to 14 genera. The absolute
abundance of planktic foraminifera was very high in the southernmost transect in front of Cauvery
River where temperature and salinity both were high. Globigerinita glutinata is the highest
abundant species followed by Globigerinoides ruber and Globigerina bulloides. Globigerina
bulloides is abundant on the shelf, where the upwelling is more frequent. Globigerina falconensis
is more abundant in the southernmost transect where upwelling is not frequent but the winter
monsoon influx is more. We report that Globigerinoides ruber prefers high saline and warmer
waters with the highest abundance in the southernmost transect. The southernmost transect is
well within the region where high salinity Arabian Sea water intrudes during the summer monsoon
season. The relative abundance of Globorotalia menardii is positively correlated with thermocline
salinity and negatively correlated with thermocline temperature suggesting its preference
for cold and high salinity water. Similarly, Neogloboquadrina dutertrei and Globoquadrina
conglomerata are negatively correlated with mixed layer temperature and mixed layer salinity,
as well as thermocline temperature and positively correlated with thermocline salinity. From
the foraminiferal distribution, it is evident that the temperature and salinity of the mixed layer
as well as thermocline and monsoon associated processes affect the planktic foraminifera in
the southwestern Bay of Bengal. These findings will help in reconstructing paleoceanographic
conditions of the Bay of Bengal.
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Variability in the relative strength of summer and winter Indian
monsoon during the last 1.45 myr
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had a large-scale effect on the global climate. However, because of the scarcity in the long term
records of changes in monsoon strength, the effect of MPT on the Indian monsoon has not been
discussed extensively. The western Bay of Bengal, being the core monsoon region, provides an
ideal location to understand monsoon-induced seasonality and productivity changes. We have
used a 1.45 myr record of planktic foraminifera assemblages from the site IODP353 U1446 to
understand the change in the relative strength of summer and winter monsoon and the effect of
MPT on them. We report that productivity was mainly controlled by the summer monsoon during
the last 1.45 myr. The Indian summer monsoon strengthened, and the productivity increased after
the MPT, whereas the winter monsoon weakened. The winter monsoon was stronger during the
glacial period, whereas the summer monsoon was stronger during the interglacial period.
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The substantial variability in the strength of the Indian monsoon greatly affects the Indian
subcontinent and its people. The summer and winter monsoon affects differently to the Indian
climate. The short-term variability in the Indian monsoon is well documented through instrumental
records and paleoclimatic studies of recent geological past. The mid-Pleistocene transition (MPT)
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Temporal variation of 87Sr/86Sr and εNd in the sediments of
equatorial Indian Ocean: Implication for sediment provenance,
climate, and ocean circulation

1

Sr and Nd isotope compositions have been analysed in silicate fraction of sediments of gravity
core SSD 004/GC03 (7.2 °N and 77.9 °E) raised from 1540 meter water depth in the equatorial
Indian Ocean having a depositional history of 0.1 to ~38 ka. 87Sr/86Sr varies from 0.7198 to
0.7249, whereas ƐNd displays a range of -14.8 to -21.9. 87Sr/86Sr and ƐNd demonstrate significant
temporal variation over the ~38 kyr during different climatic intervals, revealing variations in
sediment provenance, derived mostly from the Archean Peninsular Gneissic Complex (APGC)
and Deccan Basalt, with later always dominating the budget. Sediment provenances seem to be
stable at the core site during 38 to 22 ka with an abrupt increase in sediment contribution from
the Deccan Basalt during LGM (~23 to 21 ka) followed by its marginal decrease primarily due to
shift in the intensity of SW vs. NE monsoon and sea-level fluctuations. In addition, enhanced NEmonsoon during the LGM could facilitate the transport of sediments from the Bay of Bengal to
the core site through East India Coastal Currents. The 87Sr/86Sr and ƐNd profile shows a large
excursion at ~ 9 ka coinciding with Holocene intensified monsoon event. The sediments deposited
at ~9 ka revealed distinctively high radiogenic Sr (average 87Sr/86Sr: 0.7235) and less radiogenic
Nd (average ƐNd: -17.4). This could be likely because of the higher sediment influx from APGC.
Alternatively, these observed Sr-Nd isotopic signatures could be due to enhanced lateral advection
of sediments from the Eastern Arabian Sea to the core site through West India Coastal currents
because of the intensification of southwest monsoon during the early Holocene. 87Sr/86Sr and
ƐNd had a significant change at ~4.5 ka and ~2 ka, indicating intense chemical erosion of the
rocks due to the initiation of tilling-based agriculture and farming in Southern India throughout
the Bronze Age. The present study emphasizes the unprecedented control of climate (monsoon)
on the hinterland's erosion pattern and ocean surface circulation and sea-level fluctuations on
distribution and deposition of sediments in the equatorial Indian Ocean (off the southern tip of
the Indian Peninsula).
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Ventilation changes in intermediate waters of the Arabian Sea from
the Last Glacial Maximum to the Holocene
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radiocarbon declined. The mechanism for such atmospheric changes still remains uncertain.
Studies from the Atlantic and Pacific Ocean have inferred that one of the possible source for this
drop in atmospheric  14C could be due to enhanced upwelling of radiocarbon depleted deepwater from the Southern Ocean during the last deglaciation. However evidence to support this
role of the Southern Ocean is still lacking. In this study we have reconstructed the ventilation age
of the intermediate water of the Arabian Sea for over the past 25 kyr using paired mixed-species
benthic and mono-species planktic foraminiferal radiocarbon measurements from Core AAS 9/21
(1800 mbsl). Results show pulse of an old water mass (~1500 14C years) during the Last Glacial
Maximum (LGM) which improved during the Holocene (~400 14C years). Radiocarbon record of the
core along with stable carbon isotope of benthic foraminifera Cibicidoides wuellerstorfi suggest
poorly ventilated and nutrient rich water mass existed during the LGM. In Henrich Stadial 1, the
ventilation age and δ13C data indicates incursion of Antarctic Intermediate Water (AAIW) into
the southeastern Arabian Sea due to the decreased export of North Atlantic Deep Water (NADW)
into the northern Indian Ocean, which was compensated by northward expansion of southern
sourced AAIW. This increase in AAIW penetration was consistent with a CO2 peak observed in an
earlier study (Naik et al., 2015) from the same area, suggesting that the southern sourced water
was nutrient rich, CO2 rich and poorly ventilated, which expelled the CO2 into the atmosphere
from the intermediate water. Decrease in ventilation age during the Bølling-Allerød (B-A; ~14.512.8 kyr BP) indicate resumption of NADW. During Holocene (~10 kyr BP) there was a shift towards
better ventilated and δ13C rich water, suggesting increased flow of NADW to the core site. This
study supports existence of poorly ventilated deep water mass in the Southern Ocean during the
LGM which upwelled into the intermediate water during deglaciation and resulted in enhanced
northward flow of 14C depleted AAIW.

E

During the northern hemispheric stadials: Henrich Stadial 1(HS1; 17.5-14.5 kyr BP) and Younger
Drays (YD; ~12.8-11.2 kyr BP) there was an increase in the atmospheric CO2 while the atmospheric

-

1

CSIR-National Institute of Oceanography (CSIR-NIO)
Integrative Oceanography Division, CSIR-NIO, Dona Paula,
North Goa, Goa, India, Pincode: 403004
E-mail: nisha.121kumari@gmail.com

SESSION-10 - HOME

285

Plenary Sessions &
Panel Discussions

Technical
Programme Schedule

INTERNATIONAL INDIAN OCEAN
SCIENCE CONFERENCE (IIOSC)

2022

0

ABS-2022-10-0102
Characteristics of Madden-Julian Oscillation during the midHolocene
National Institute of Technology, Rourkela
Dept Earth & Atmospheric Sciences NIT Rourkela, Rourkela, Odisha, India, Pincode: 769008
E-mail: chilukotinagaraju@gmail.com
Using Community Earth System Model version 2.1(CESM2.1), this study investigated the changes
in Madden-Julian Oscillations (MJO) in response to the natural forcing [orbital forcing & natural
variability in GreenHouse Gas (GHG) concentrations]. To elucidate the variability in MJO, we have
conducted two simulations, one is referred to the Pre-Industrial control (piC) and another one is
mid-Holocene (MH) simulation (6000 years ago). The distinct boundary conditions of mid-Holocene
from the Pre-Industrial simulation are orbital forcing and greenhouse gas(GHG) concentrations,
and other conditions such as aerosol concentrations, geographical configuration and continental
ice sheet extent are the same as those used in the Pre-Industrial simulation. Difference in GHG
concentrations between mid-Holocene and Pre-Industrial is assumed due to natural variability. The
results discussed in this study are November to April season (peak MJO). The CESM2.1 model able
to simulate the mean rainfall compared to the recent observations. Seasonal mean rainfall is very
similar in both periods except few pockets over Indo-Pacific warm pool region, similar results were
found in MJO filtered rainfall anomalies also. During mid-Holocene Sea Surface Temperature(SST)
and Surface air temperature were colder than Pre-Industrial this can be attributed to the reduction
in solar radiation and less GHG concentrations during this period. MJO phase speed is ~3% weaker
during mid-Holocene when compared to the Pre-Industrial, which is consistent with the previous
studies which find the increase in the phase speed in warming climate. The zonal scale (wave
number) of MJO is slightly higher in mid-Holocene which is consistent with weaker phase speed.
The slow eastward propagation of the MJO and weaker signal strength in MJO wave band during
mid-Holocene compared to the Pre-Industrial is associated the reduction in meridional moisture
gradient. The weaker meridional moisture gradient induces lesser diabetic heating (MatsunoGill response) and in turn altering the horizontal moisture gradient and playing a critical role in
modulating of MJO propagation and wave numbers.
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The application of stable oxygen isotopic ratio of surface dwelling Globigerinoides ruber (white
variety) (δ18Oruber) to reconstruct past hydrological changes requires precise understanding of
the effect of ambient parameters on δ18Oruber. The northern Indian Ocean, with huge freshwater
influx, provides a unique setting to understand the effect of both the salinity and temperature on
δ18Oruber. Here, we assess the effect of seawater salinity and temperature on δ18Oruber in the
northern Indian Ocean. The surface samples (181) for δ18Oruber analysis were collected all along
the path of the seasonal coastal currents, covering the entire salinity end member region in the
northern Indian Ocean. The data generated was augmented with previous core-top δ18Oruber
records published from the northern Indian Ocean. A total of 329 data points (181 from this work
and 148 from previous work) were used to understand the factors affecting δ18Oruber in the
huge freshwater discharge influenced northern Indian Ocean. The analyzed surface δ18Oruber
very well mimics the expected δ18O calcite estimated from the modern seawater parameters
(temperature, salinity, and seawater δ18O). We report large diagenetic overprinting of δ18Oruber
in the surface sediments with an increase of 0.19⿰ per kilometer increase in water depth. The
salinity exerts the major control on δ18Oruber (R2 = 0.73) in the northern Indian Ocean. From the
δ18Oruber-salinity relationship, we report 0.24⿰ change per salinity unit in the northern Indian
Ocean. The relationship between temperature and (δ18Oruber - δ18Osw) in the northern Indian
Ocean [T= -0.80*(δ18Oruber - δ18Osw) + 25.86] is different than reported previously based on
the global compilation of plankton tow δ18Oruber data. The revised equations will help in better
paleoclimatic reconstruction from the northern Indian Ocean.
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Large salinity gradient and diagenetic changes obscure the limited
temperature signal in Globigerinoides ruber d18O in the northern
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The Indian summer monsoon variability during mid-Pliocene
Karishma Dahiya*, Nagaraju Chilukoti
National Institute of Technology, Rourkela
Dept Earth & Atmospheric Sciences NIT Rourkela, Rourkela, Odisha, India, Pincode: 769008
E-mail: 520ER1002@nitrkl.ac.in
The Indian subcontinent experiences 80% of its annual rainfall during the summer monsoon
season (June to September). Indian Summer Monsoon (ISM) seems to be regular as it occurs every
year but its intensity, distribution and onset and retrieval time could vary considerably that causes
heavy floods and droughts. Since the Indian economy is highly dependent on summer monsoon
rains, accurate and timely prediction of it is necessary. Understanding the present and past climate
variability is important for the improvement of ISMR predictions. The present General Circulation
Models (GCMs) has satisfactory skill in predicting the ISMR in seasonal scale, however systematic
biases also exist in the mean state of ISMR. Many climate model future projections are showing large
spread in ISMR variability. It is not clear, the variability of ISMR in the warming climate especially
by end of this century how it will change. In this study, we aim to understand the behaviour of
ISMR variability in warming climate due to increase in Greenhouse gas (GHG) concentrations. To
elucidate the ISMR variability in warming climate, we have chosen a mid-Pliocene period when
the GHG concentrations are nearly equal to the end of the century. We have selected five climate
models for mid-Pliocene simulations from the Coupled Model Intercomparison Project phase 6
(CMIP6) and compared with current ISMR variability and its teleconnections with tropical climate
drivers. Three out of five models shown increase in the mean rainfall over India except over North
Western region and other two models shown decrease in the mean rainfall over India except
North East region during mid-Pliocene when compared to the current ISMR mean values. During
mid-Pliocene all models predicted the increase in rainfall over North East and along the foothills of
Himalaya. The ISMR- El Niño Southern Oscillation (ENSO) relation is strengthen during mid-Pliocene
over India except few pockets (Karnataka, Andhra Pradesh) when compared to the current ISMRENSO strength. Increase in the mean rainfall quantity may be attributed to increase in Sea Surface
Temperature (SST) which favoured the evaporation and increased convective activity over India.
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Variation in carbonate burial in the equatorial Indian Ocean
during late Glacial-Holocene: Implication to the deglacial rise of
atmospheric CO2
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To understand the variations in the history of carbonate burial throughout the last 30 ka, we
have utilized a core (ODP Site716-A, 04.56°N & 73.17 °E) retrieved from a water depth of 533 m
from the Maldives (carbonate platform) Sea. We analyzed CaCO3 %, C-org %, and shell weights
of selected planktic foraminifera species (Globigerinoides ruber, Pulleniatina obliquiloculata, and
Neogloboquadrina dutertrei) to see the contrast in carbonate preservation during the late glacialHolocene. Our data set reveals that carbonate dissolution occurred during the last glacial maximum
and the Holocene epoch, which probably resulted from organic matter degradation (oxidation
process) in sediments. However, the mass accumulation rates of CaCO3 and C-org suggest better
carbonate burial during the last glacial maximum and significantly higher burial rates during the
Holocene. This is a result of increased surface productivity as well as sedimentation rates. Further,
better preservation of the CaCO3 % and increased carbonate ion concentration (increased shell
weight of planktic foraminifera) at the surface and in the water column suggests that outgassing
of CO2 from the ocean to the atmosphere was well coupled with the warming condition of the Sea
during the last deglaciation.
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Spatio-temporal variation of sedimentation rate in the southeastern Arabian Sea over the last ~50 ka
CSIR-National Institute of Oceanography (CSIR-NIO)
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North Goa, Goa, India, Pincode: 403004
E-mail: vmmuruga@gmail.com
Marine sediments serve as an important archive to extract the paleoclimatic and palaeoceanographic
information. The sedimentation rates in the marine system are highly variable across time and
space and depend on proximity to riverine influx, aeolian input, ocean bathymetry and water
depth, ocean currents, biological productivity, climatic variation, sea-level fluctuations, wind
direction and strength and tectonic activities. During the 60th voyage of ORV Sindhu Sadhana
in the year 2019, two sediment cores SSD060-GC02 (10° N and 74.2° E) off Kochi and SSD060GC10 (14 N and 72.2 E) off Karnataka in the South-Eastern Arabian Sea (SEAS) were raised in water
depths of 2475 m and 2055 m, respectively with major objective to better understand the climatic
variability and it impact on erosion, and sediment deposition during the last several thousand
years. The chronology of the retrieved sediment cores was obtained by dating mixed planktonic
foraminifera by measuring 14C using AMS at IUAC Delhi. The core GC02 and GC10 were dated to
have a depositional history up to 48 ka and 36 ka, respectively. The core GC02 collected off Kochi
has an average sedimentation rate of 24.0 cm/kyr, while GC10 was deposited at 16.5 cm/kyr. The
sedimentation rates in the core GC 02 varied moderately during the pre-glacial period (33.6 cm/
kyr), highest during the glacial period (46.8 cm/kyr), fell during the glacial-interglacial transition
period (11 cm/kyr), and was lowest during the Holocene (4.6 cm/kyr). In GC-10, off Karnataka,
sedimentation rates were 24.8 cm/kyr during the pre-glacial period, 12 cm/kyr during the LGM,
maximum (48.0 cm/kyr) at the glacial-interglacial transition, and declining (19 cm/kyr) during
the Holocene. Observed temporal and spatial variabilities in the sedimentation rates in SEAS can
be explained by the interplay among variabilities in the intensities of SW vs NE monsoon and
decrease in sea-level during LGM causing decrease in erosion rates in the source regions, sluggish
transport of sediments and bypassing the continental shelf region. In addition, temporal variation
in the biological productivity could be partly responsible for fluctuating sedimentation rates in
this region.
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Indian Ocean SST records show decoupling of Southwest and
Northeast Monsoon during abrupt climate shifts
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Indian monsoon fluctuation events and variability trends have been studied by precise
reconstructions of sea surface temperatures of the past which have great implications for
understanding the dynamics and possible mechanisms associated with it. On one hand, Indian
monsoon variability (inferred for southwest monsoon; SWM) was reconstructed for the past
~14 kyr through oxygen isotopes and Mg/Ca-derived sea surface temperatures (SSTs) using
planktonic foraminifera Globigerinoides ruber from a western Bay of Bengal (BoB) sediment core
MD 161/17 located off Krishna-Godavari rivers. On the other hand, variability of winter cooling
in the northeastern Arabian Sea (Core SK 239, located off Gujarat) and the associated northeast
monsoon (NEM) strength over the last ~37 kyr BP were reconstructed using SSTs derived by
artificial neural network technique (ANN), based on planktonic foraminiferal species abundance
data. While the BoB SST show warming during colder Younger Dryas (YD), the north Arabian Sea
winter SST anomalies cooled during periods of abrupt climatic shifts like YD and Heinrich Events
(H1, H2, H3) which were documented in the Greenland climate record, implying 1). a decoupling
between the SWM and NEM during these events, and 2). a remote forcing of the north Arabian
Sea winter cooling and NEM strength with a coeval warming of the tropical Indian Ocean in the
BoB during these shifts. This is possible through atmospheric teleconnections driven by AMOC
changes because AMOC changes being associated with boundary conditions in the north Atlantic,
reposition the ITCZ southward (northward) during cold (warm) boundary conditions (viz. YD, H1,
H2, H3) resulting in strengthening (weakening) the NEM and weakening (strengthening) the SWM.
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Mid Pliocene- A period of extreme South Asian Monsoon?
Sarathchandraprasad T, Manish Tiwari
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Mid Pliocene Warm Period (MPWP) is the earths recent-most climatic analogue to modern
temperature rise (Global Warming). We present here the South Asian Monsoon (SAsM)variability
during the late Pliocene (3.3-2.6 million years ago, Ma) including the MPWP utilizing the geochemical
data related to terrestrial input (Ti, Ti/Ca), weathering (Mg/Al, K/Al, and K) and productivity (Ba/Al,
Caexe) from the Arabian Sea. The late Pliocene is particularly interesting as major climatic shifts
including the Cenozoic cooling along with changes in oceanic gateways happened during this
period. During MPWP, SAsM intensified during the interglacial periods and weakened during
the glacials.After the MPWP (~3 Ma), the drastic increase in all the proxies suggests significant
SAsM intensification. This ~3 Ma shift of SAsM seems coeval with the significant change in global
circulation patterns induced by the tectonic reorganization of the Indonesian Throughflow that
cooled the south equatorial Indian Ocean, which ultimately resulted in the intensification of the
SAsM. The spectral and wavelet analysis on the time series of geochemical proxies revealed the
orbital control, especially eccentricity, over the SAsM during the late Pliocene.
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Inter-basin interactions in the
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Simulation of interannual relationship between the Atlantic zonal
mode and Indian summer monsoon in CFSv2
Indian National Centre for Ocean Information Services (INCOIS)
“Ocean Valley”, Pragathi Nagar (B.O.), Nizampet (S.O.), Hyderabad-500 090. Telangana, India
E-mail: vijay.p@incois.gov.in
Recent studies have shown that the Atlantic zonal mode (AZM) can significantly influence the
Indian summer monsoon (ISM). In an earlier study, we proposed that AZM influence propagates
in tropospheric temperature as Kelvin wave-like fea- tures to the east to reach the Indian Ocean
and influences the monsoon by modulating the mid-tropospheric land-sea thermal gradient and
thereby the seasonal mean flow. The changes thus induced in the mean flow were shown to affect
the monsoon depressions in the Bay of Bengal and rainfall over India. In the present study, we use
the Coupled Forecast System version 2, which is utilized for seasonal prediction of ISM in India,
to examine how well the model simulates this AZM-monsoon link. In the sensitivity experiment,
a warm AZM SST anomaly is added over the tropical Atlantic in the boreal summer and the ISM
response is studied. We find that the model simulates the important aspects of the AZM-monsoon
link. The model also simulates a known dynamics-based mechanism wherein a warm AZM SST
anomaly produces a Matsuno-Gill type response, which in turn induces a sinking motion over
India causing a reduction in rainfall. However, some finer details of these mechanisms are not
simulated due to mean state biases in the tropical Atlantic in the model, a problem common to
many coupled models. Our study highlights the need for the improvement of mean state of model
in the tropical Atlantic to better capture the AZM-ISM relationship which will ultimately improve
the monsoon forecasts issued using this model.
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Prolonged La Niña events and the associated heat redistribution in
the Tropical Indian Ocean
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La Niña events influence the tropical Indian Ocean sea (sub) surface temperature, sea level,
heat content and ocean transport significantly. In the present study, heat redistribution in the
Tropical Indian Ocean (TIO) associated with the prolonged La Niña events during 19582017 is
examined using reanalysis/observations. We have chosen the La Niña events which persist for
more than 24-months to study the effects of such events in the TIO. It is found that the prolonged
La Niña forcing strengthened the eastwest thermocline gradient in the equatorial Indian Ocean
and propelled the eastward extension of thermocline ridge of the Indian Ocean (TRIO) from its
climatological location of southwestern TIO. The cyclonic winds over the southeastern TIO and
the associated upwelling Rossby waves are primarily driving the TRIO intensification and its
eastward extension. Anomalous subsurface warming, thermocline deepening, and the associated
increase in the upper ocean heat content and sea-level in the eastern equatorial Indian Ocean,
southeastern TIO and Bay of Bengal (BoB) are characteristic features of the for all the prolonged La
Niña events. Moreover, the features like thermocline deepening and sea-level rise in the headbay,
intense cooling and anomalous sea level low in the TRIO region and Arabian Sea (AS), cyclonic wind
over southwestern TIO are found to be unique of the prolonged La Niña events. Cross equatorial
Sverdrup transport near the eastern boundary during the prolonged La Niña events has increased
the heat content of BoB and is found to be a pathway of the warm Pacific water entering the north
Indian Ocean. The warming (cooling) of the BoB (AS) is speculated to enhance (suppress) pre and
post monsoon cyclones over these regions by modulating the tropical cyclone heat potential
during these prolonged La Niña events.
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Basin-wide sea level coherency in the tropical Indian Ocean driven
by Madden-Julian Oscillation
Indian National Centre for Ocean Information Services (INCOIS)
“Ocean Valley”, Pragathi Nagar (B.O.), Nizampet (S.O.), Hyderabad-500 090. Telangana, India
E-mail: rohith.b@incois.gov.in
Changes in sea level may be attributed either to barotropic (involving the entire water column) or
baroclinic processes (governed by stratification). It has been widely accepted that barotropic sea
level changes in the tropics are insignificant at intraseasonal time scales (periods of 30-80 days).
Based on bottom pressure records, we present evidence for significant basin-wide barotropic
sea level variability in the tropical Indian Ocean during December-April with standard deviations
amounting to ~30-60% of the standard deviation in total intraseasonal sea level variability. The
origin of this variability is linked to a small patch of wind over the Eastern Indian Ocean, associated
with boreal winter Madden-Julian Oscillations (MJO). These large fluctuations are likely to play
a prominent role in the intraseasonal sea level and mass budgets. Because of their much faster
propagation than baroclinic processes, they allow the basin to adjust to climatic perturbations
much more rapidly than was previously thought.
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A comprehensive study of the Indo-Pacific seesaw in the
intraseasonal barotropic sea level
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At intraseasonal time scales, Madden Julian Oscillation (MJO) wind driven see-saw in the IndoPacific oceanic mass has been reported during boreal winters and its impact on polar motion.
The present study is a detailed investigation on understanding the dynamics behind the see-saw.
During the positive phase of see-saw, the barotropic sea level in the Indian ocean rises and the
Pacific ocean falls and vice versa during the negative phase. Here, from a numerical model we show
the intraseasonal barotropic circulation that facilitates the seesaw. During the positive phase, the
MJO winds over the maritime continent drives a large-scale anticlockwise circulation of ~ 2 Sv
around the Australian Continent that gives rise to a barotropic sea level rise in the Indian Ocean.
Simultaneously, it also drives a clockwise circulation in the southern Pacific Ocean leading to a
barotropic sea level fall. This circulation pattern reverses during the negative phase of the seesaw.
Based on a sensitivity experiment, we demonstrate that ITF plays an important role in conveying
the barotropic signals associated with the see-saw. The closure of ITF straits in the model has led
to the collapse of see-saw, which concludes that ITF is the pivotal point of see-saw. Among the
major straits (Timor, Ombai and Lombok) of ITF, majority of transport occurs through Lombok and
Ombai straits. We also found that it takes about a week to activate the seesaw once the MaddenJulian Oscillation winds reach the Maritime Continent. Here,we also illustrate the wave dynamics
responsible for the near instantaneous barotropic sea level response in the Indo-Pacific basin. This
dynamics involves fast propagating Rossby (planetary & topography) and Kelvin waves traveling
across the Indo-Pacific basin within a few days which is in strong contrast to earlier estimates of
months derived from slower baroclinic dynamics. We also show that see-saw is not a result of the
intraseasonal variability in the climatological winds. See-saw is reproducible across various ocean
models and therefore is robust.
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MJO winds driven intraseasonal see-saw of ocean mass in the
Indo-Pacific basin
Indian National Centre for Ocean Information Services (INCOIS)
“Ocean Valley”, Pragathi Nagar (B.O.), Nizampet (S.O.), Hyderabad-500 090. Telangana, India
E-mail: aryapaul@incois.gov.in
The Maritime Continent, which lies over the tropical interface of the Indian and the Pacific Ocean,
is home to intense Madden-Julian Oscillations during boreal winters. Here we show that the strong
Madden-Julian Oscillation winds over this continent drives a barotropic dynamics that adjusts
the Indo-Pacific basin in a few days, and induces a barotropic circulation about the Australian
continent which reverses its direction every 30-80 days. This novel ocean dynamics generates a
seesaw of oceanic mass in the Indo-Pacific basin. The large-scale ocean mass redistribution in the
Indo-Pacific basin, accompanied by strong concurrent meridional transports in the Indian and
Pacific basin, elicits a variability of 50 milliarcseconds in the polar motion of the Earth relative to
its crust.
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The asymmetric relation of the Atlantic Zonal Mode and with the
ITCZ and its impact on the Indian summer monsoon
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Previous studies have reported the existence of a relation between the Atlantic Meridional Mode
(AMM) and Atlantic Zonal Mode (AZM) via the meridional displacement of the Intertropical
Convergence Zone (ITCZ) in the Atlantic during boreal spring. However, the strong relation
between the ITCZ (or AMM) and the associated equatorial zonal winds does not translate into a
strong relation between the ITCZ and AZM. We address this question here using observational and
reanalysis datasets and find that there is a skewness in the relation between ITCZ and AZM: while
a northward migration of ITCZ during spring typically leads to a cold AZM event in the ensuing
summer, the southward migration of the ITCZ is less likely to lead to a warm event. This is contrary
to what the previous studies imply. We attribute the skewness to the Atlantic seasonal cycle and
to the strong seasonality of the AZM. We have also found that all those cold AZM events preceded
by a northward ITCZ movement during spring strictly adhere to typical timings and evolution of
different Bjerknes feedback components. Further, using a novel pictorial representation where
all the AZM events can be captured in one frame from the perspective of Bjerknes feedback
mechanism, we observe that the causative mechanisms of warm events are more diverse than
those of the cold events. Our previous studies have shown that the warm (cold) AZMs have a
significant negative (positive) impact on the Indian Summer Monsoon (ISM). The skewness of ITCZ/
AZM interactions imply that cold events are inherently more predictable compared to the warm
events. These results can be expected to enhance our understanding of the AZM and eventually
contribute to the predictability of the various remote phenomena, especially the ISM through the
links shown in our earlier studies.
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Summer monsoon induced changes in phytoplankton community
structure in the central Arabian Sea (2017-2018): After two decades
of JGOFS
Mintu Chowdhury*, Haimanti Biswas, Diksha Sharma, Saumya Silori, Veronica Fernandes,
Jayu Narvekar, Debasmita Bandyopadhyay, Aziz ur Rahman Shaik
CSIR-National Institute of Oceanography (CSIR-NIO)
Integrative Oceanography Division, CSIR-NIO, Dona Paula,
North Goa, Goa, India, Pincode: 403004
E-mail: mintuchy90@gmail.com
The central Arabian Sea is unique for its open ocean upwelling during the summer monsoon
due to the development of a low-level atmospheric jet (Findlater Jet). In the northern part of this
jet, the upwelling occurs due to a positive wind stress curl, whereas, the southern part witnesses
downwelling induced by negative wind stress curl. After two decades of joint global ocean flux
studies (JGOFS), we present here the first report on the phytoplankton community from the central
Arabian Sea along 64E (11N21N) during the South West Monsoon (SWM) (August 2017 and
2018). Most of the physicochemical and biological parameters showed significant inter-annual
as well as north-south variability which was linked to surface wind forcing. The phytoplankton
cell abundance was almost eightfold higher during August 2018 (1.2 x104 L-1) compared to
August 2017 (0.14 x104 cells L-1). Statistically significant spatial and inter-annual variability in
phytoplankton abundance, diversity, the ratios of diatom: dinoflagellate and centric: pennate
diatoms were noticed and were closely coupled with the dissolved inorganic nutrient distribution
(bottom-up control). Relatively low phytoplankton cell density in 2017 was coupled with high
zooplankton biomass (top-down control). Higher dissolved silicate (DSi) supply in 2018 due to
stronger upwelling and the advected nutrients from the Somali coast seemed to promote larger
diatoms that are capable of escaping grazing and may lead to higher export production. The large
centric diatoms occupied the upwelled regions (2120° N) (e. g. Rhizosolenia imbricata, R. hebetata
and Coscinodiscus radiatus) whereas, small pennate diatoms (Pseudo-nitzschia spp., Navicula spp.
Nitzschia spp.) and dinoflagellates (Gymnodinium spp.) were pronounced in the south (1115° N).
And while comparing the trends with the JGOFS reports, no considerable community shift was
noticed. The overall observations indicated that any future change in atmospheric forcing like
wind speed related to warming may have a high potential to influence phytoplankton abundance
and community structure in this region. This may further impact trophic transfer and carbon
export flux in the central Arabian Sea.
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Comparison of coral sizes under different habitats and management
across three archipelagos in the Indian Ocean
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study, we examine the spatial variation in colony size across three Archipelagos in the Indian
Ocean and determine the factors that are driving those patterns like habitat, management levels
and environmental factors. Using coral reef rapid assessment methods, we surveyed a total of
88 study sites at three archipelagos in Indian Ocean (Kiunga-Lamu in Kenya; Moheli in Comoros;
and Maldives) at different environmental, habitat and management settings. Coral colonies were
categorized into seven size classes; 0-5cm, 6-10cm, 11-20cm, 21-40cm, 41-80cm, 81-160cm and
>160cm. We are utilizing multivariate analysis to determine the effect of environmental conditions,
habitat and management factors that contribute to the spatial pattern in coral community. This
information will help in defining the role of archipelagos in the persistence of coral reefs amid
climate change disturbance.
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Coral colony size is an important life history trait that can be used to reect taxonomic adaptations
and responses to environmental stress such as bleaching. Differential susceptibility of corals to
bleaching is one of the responses that influences coral community re-assembly. Corals suffered
almost 90% mortality at some sites in the Indian Ocean 1998/99 mass bleaching event. In this
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ABS-2022-11-0205
Influence of temperature inversions and barrier layer depth on
deepening of Sonic Layer Depth in the Bay of Bengal
Indian National Centre for Ocean Information Services (INCOIS)
“Ocean Valley”, Pragathi Nagar (B.O.), Nizampet (S.O.), Hyderabad-500 090. Telangana, India
E-mail: anup@incois.gov.in
Seasonal evolution of the sonic layer depth (SLD) in the Bay of Bengal (BoB) is studied. Monthly
sonic layer depth climatology is constructed using Argo temperature and salinity. Depth
of temperature inversions (TI) (>= 0.2°C), magnitude of temperature compared to surface
temperature, magnitude of salinity compared to surface and salinity at depth of inversion are all
obtained from Argo temperature profiles. SLD showed semiannual variability with peaks during
June  August and December  February and lows during pre and post monsoon season. SLD
is observed to be shallower than mixed layer depth over most of the BoB except in the regions
dominated by temperature which usually happens during winter owing to TIs. SLD and mixed
layer depth (MLD) is observed to have high correlation (> 0.80) over most of the BoB indicating a
good relationship between them, except in regions dominated by TIs. Barrier layer is responsible
for formation and sustenance of strong TI in BoB. As sound velocity is sensitive to temperature,
SLD is observed to deepen in comparison to MLD. SLD is found to be deeper than MLD during
the winter season due to the presence of TI which are common phenomenon in BoB during that
period. Advection of cooler low-salinity water over warmer salty water leads to the formation of TI
in BoB. Sound velocity being sensitive to temperature, results in deepening of SLD in this region.
This can be used to understand relation between them to a great degree of accuracy and estimate
one from the other.
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Role of internal oceanic variability and atmospheric forcing in the
generation of South Indian Ocean Dipole
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Variability of ocean surface temperature in interannual/decadal timescales in the south tropical
Indian ocean plays a significant modulator of the regional climate. The south Indian ocean
dipole/ subtropical Indian Ocean dipole (SIOD) mode is one of the primary contributors to the
climate variability in this region in interannual timescale and is associated with large-scale sea
surface temperature anomaly and wind anomaly in the southern Indian Ocean. The positive
phase of SIOD is characterized by a warm SST anomaly in the western Indian Ocean southeast of
Madagascar and a cold SST anomaly in the southeast Indian Ocean off the northwestern coast of
Australia. The impact of SIOD is widespread and plays a significant role in modulating regional
climate. Its positive phase contributes to the enhanced rainfall in southeastern Africa and dry year
in southwestern Australia. In this study, we show that, in addition to its interannual variability,
SIOD also exhibits a strong quasi-decadal variability of ~6-10 years. However, the positive phase
of this quasi-decadal mode of SIOD, unlike its interannual pattern, show anomalous warming in
the centre of the south tropical IO and a strong negative off the west coast of Australia. This shift
in the warm pole is primarily linked to the quasi-decadal variability of the Mascarene high and
the subtropical westerlies. A high-resolution global model simulation shows strong a correlation
between SIOD index and D20 at this quasi-decadal band indicating that this observed variability is
primarily linked to the oceanic dynamical processes. The further model analysis also suggests that
the oceanic internal variability, driven by the shear between South Equatorial Current and South
Indian Counter Current, also significantly contributes to these low-frequency climatic variations.
These findings highlight the importance of internal instability in regional climate and, as a result,
interannual to decadal forecast skills of the models.
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ABS-2022-11-0353
Coupled feedback between the Tropical and Subtropical Indian
Ocean Dipoles
Indian Institute of Tropical Meteorology, MOES, Pune
Short Term Climate Variability and Prediction, IITM, Pune, Maharastra, India, Pincode: 411008
E-mail: anila.sebastian@tropmet.res.in
The feedback between the tropical Indian Ocean dipole (IOD) and subtropical Indian Ocean dipole
(SIOD) in the interannual time scale is investigated. The positive SIOD, which peaks during JanuaryFebruary-March (JFM) leads to the generation or amplification of a positive IOD, which peaks
during the September-October-November (SON) months and in turn the positive IOD triggers
a negative SIOD in the following months. The SIOD can be generated either by the influence of
the tropical Indian Ocean (IO) or Southern IO high-latitudes or the tropical Pacific Ocean. The
anticyclonic circulation in the surface winds associated with positive SIOD over the subtropical
IO leads to the development of positive tropical IOD. An anticyclonic circulation generated over
the eastern tropical IO due to the eastern pole of positive tropical IOD during SON induces Rossby
wave response in the subtropical south IO and which generates a cyclonic circulation in the
subtropical region. This cyclonic circulation gives rise to the development of a negative SIOD in
the following months and which peaks during JFM. These feedback and triggering mechanisms
can be independent of ENSO forcing and it explains the formation of SIOD and IOD during the
non-ENSO years. It is important that this feedback between SIOD and IOD has strengthened in
recent years.
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Variability of the Indian Ocean Shallow Meridional Overturning
Circulation during Boreal Winter and its Impact on Ocean Heat
Content
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dataset Simple Ocean Data Assimilation version 2.2.4, available for the period 1871-2010, to
study the variability of SMOC. To confirm the robustness in the results the study also uses a set of
reanalysis datasets from different agencies, available for different periods. These include Ocean
Reanalysis System 4 (1958-2009), Climate Forecast System version 2 Reanalysis (1979-present),
German contribution of the Estimating the Circulation and Climate of the Ocean project version2
(1948-2016). The quantification of SMOC strength is estimated using the meridional overturning
stream function anomaly integrated from surface to 60m. The standard deviation zonally averaged
stream function across the IO basin shows highest variability between the latitudes 8oS and 15oS.
Therefore, the meridional overturning stream function anomaly spanning 50°E to 110°E and
8.5°S to 15°S is considered to represent variability in strength of SMOC. The SMOC comprises the
transport associated with the shallow Cross Equatorial Cell (CEC) and SubTropical Cell (STC). To
quantify the CEC strength, the upper 60m meridional transport between the latitudes 5oN to the
equator is considered. The difference between the strength of SMOC to that of CEC is considered
the strength of STC. In order to remove the trend, detrending is applied to time series data. The
seasonal mean of SMOC stream function indicates that the transport is strongest during the
boreal summer (JJA)(~24Sv) and weaker during winter (DJF)(~0.5Sv). However, the season-wise
standard deviation of the SMOC stream function shows that the variability is largest during DJF
(~3.6 Sv) compared to JJA (~2.8 Sv). The power spectrum and wavelet analysis of the SMOC stream
function for annual, summer (June to September) and winter (December to February) is carried
out. It is observed that the summer and winter SMOC display variability with periodicity less than
7 years at 95% confidence level, with the peak between 5 to 7 year. The strength of the peak
signal during winter is higher than that for the summer. The robustness in the signal from SODA
is confirmed in other ocean reanalysis datasets also. This motivated us to study winter SMOC
variability in detail. The variability in strength of CEC and STC during DJF is also studied. Apart
from summer and winter, the CEC and STC also display similar peaks in spectrum. The strong and
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The understanding of the Indian Ocean (IO) Shallow Meridional Overturning Circulation (SMOC)
variability and its impact on the IO Ocean Heat content (OHC) remains unexplored. The Centurylong ocean reanalysis data provides an unprecedented opportunity to study the variability of
SMOC during the last century. The present study makes use of the 20th century ocean reanalysis
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weak years are identified from the 5 to 7year bandpass filtered signal of the SMOC. During strong
(weak) SMOC years, the composite displayed more (less) southward (northward) transport (~1.2
Sv) and showed excess (less) subduction over the South Indian Ocean. The spectrum analysis of
upper 200m Ocean Heat Content (OHC200) over SWIO also displays significant peak with 5 to 7
year periodicity, similar to SMOC during DJF. The analysis reveals that the strong (weak) SMOC
(less) leads to reduction (increase) in the OHC200 over the Southwest Indian Ocean (SWIO). Thus,
the study concludes that the SMOC displays strong variability with 5 to 7 year periodicity during
boreal winter. These variations in transport associated with SMOC are seen to impact OHC200 over
SWIO. The mechanisms responsible for this is also explored.
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The South-East Madagascar Bloom - An observational and modeling
perspective
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The South-East Madagascar Bloom is one of the most compelling biogeochemical features of the
Indian Ocean. A unique aspect of it is its sporadic occurrence in an oligotrophic habitat during austral
summer. Using extended observational datasets, a review of the bloom indicates that it occurs
within a shallow-stratified layer, with fresher water in the surface layers. A quantitative assessment
of previously proposed causes revealed the co-occurrence of the bloom with La Nina events and
reduced upwelling intensity south of Madagascar. A new hypothesis was advanced, which entails
an early detachment of the South-East Madagascar Current during La Nina, hence feeding lowsalinity nutrient-rich coastal waters into the Madagascar Basin. This hypothesis is investigated in
a high-resolution biophysical model. The model is able to resolve an intermittent austral summer
bloom but in the subsurface levels (0-20 m), as well as the water mass signature analogous to the
observed bloom. From a nutrient flux analysis, it is shown that horizontal advection of low-salinity
nutrient-rich Madagascan coastal waters can indeed trigger a phytoplankton bloom. The coupled
model is also able to resolve a bloom that is atmospherically forced by cyclonic activity.
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Diazotroph community and activity in the Southern Indian Ocean
Subhadeep Chowdhury*, Hugo Berthelot, Stéphane L'Helguen, Jean-François Maguer, Carolin
Löscher, Arvind Singh, Nicolas Cassar, Sophie Bonnet, Mar Benavides
Mediterranean Institute of Oceanography, Aix Marseille University
163 avenue de Luminy - Bâtiment Méditerranée , 26P/142, Marseille,
Bouches-du-Rhone, France, Pincode: 13009
E-mail: subhadeep.chowdhury@mio.osupytheas.fr
Dinitrogen (N2) fixers (diazotrophs) fuel primary productivity by providing reactive nitrogen into
the ocean ecosystem and promoting CO2 sequestration. N2 fixation has been extensively studied
in the low latitudes of the Atlantic and Pacific Oceans. By comparison, the Indian Ocean remains
the least explored and most enigmatic ocean basin. This is particularly the case for the Southern
Indian Ocean (SIO). Here we explore N2 fixation activity and diazotroph community composition,
diversity, and abundance from 20 to 60ºS in the SIO. While this region plays a key biogeochemical
role serving as a link between the Atlantic and South Pacific Ocean waters, its N2 fixation potential
remains unknown. Our results provide new insights into diazotrophy in a poorly studied region
and expand the range of biomes where diazotrophy may be observed.
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Application of Bio-Argo float in understanding denitrification in the
northern Indian ocean
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N* is a tracer introduced by Gruber and Sarmiento to study the effect of denitrification and nitrogen
fixation in the ocean in 1997. It uses phosphate to correct nitrate portion of its distribution due to
nitrification reaction. N* describes the combined effect of denitrification and nitrogen fixation or
remineralization of the nitrogen-rich organic compound. This process is spatially well separated
and can be understood whether the process from the signals are either coming from one or from
different processes. N*=N-(16. P) +2.9 μmol/kg Here N* is the nitrate concentration in μmol/kg
and P is the concentration of the phosphate in μmol/kg. Distribution of N* has been analyzed
for the northern Indian ocean, both the Arabian Sea (AS) and Bay of Bengal (BoB), using data
derived from two Bio-Argo floats. The average value of N* at denitrification depths are ~ -12 μmol/
kg and ~-5 μmol/kg in AS and BoB, respectively. In concurrence with the previous studies, this
study also confirms that AS is a strong denitrification basin, but BoB is not. It is mainly due to
the slight difference in oxygen level between the Arabian Sea and the Bay of Bengal: BoB being
slightly more oxygenated than AS. Also, we found that N* decreases exponentially in the AS when
the oxygen concentration is less than 2 μmol/kg; N* is as low as ~-20 μmol/kg in the core of the
AS Oxygen Minimum Zone (OMZ). Along the Oman coast, which is outside the core of OMZ, N*
shows large negative values (~-10 μmol/kg). This indicates that the Oman coast is also vulnerable
to denitrification. In BoB, N* in the coastal Ocean is considerably low compared to the open ocean
which implies coastal BoB is also vulnerable to denitrification in the near future.
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ABS-2022-06-0301
Observed dead zone in the western Bay of Bengal continental
margin and its impact in the functional diversity and distribution of
demersal fishes
Centre for Marine Living Resources and Ecology
Centre for Marine Living Resources & Ecology (CMLRE), Kochi, Kerala, India, Pincode: 682608
E-mail: hashim@cmlre.gov.in
Hypoxia effect the life near the bottom directly or indirectly on population structure, community
composition, and ecosystem functioning. This may result in mortality and emigration of the
organism from the region resulting dead zones. These dead zone occurs where oxygen
depletion outpaces its replenishment or generation for which the key regulatory factors are
stratification, residence time and vertical/horizontal mixing. Oxygen depletion in the oceanic
waters impact the functional diversity, some species will adapt to hypoxic conditions and others
will meet their energy requirements through anaerobic metabolism for a short period or try to
migrate to oxygenated waters. In this context, the present study reports the occurrence of dead
zone in the north western Bay of Bengal (300-500m depth contour along 15-18°N latitude) with
nil fish catch in multiple bottom trawl operations, apart from some dead shells. The occurrence
of the dead zone is seasonal indicating the influence of the natural or anthropogenically induced
climatic variabilities even in the demersal/bottom dwelling organisms. The present work intends
to discuss the drivers and implications of dead zones in the Indian waters based on the in-situ
trawl based demersal fishery data sets collected onboard the FORV Sagar Sampada.
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SESSION-13: Geology, Geophysics and seabed mapping of the
Indian Ocean
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Oral
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Sediment thickness variations and
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effective elastic thickness beneath
the Arabian Basin, north-west Indian
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Magnetic tracking of source-to-sink processes
Nitin Kadam*, Firoz Badesab, Virsen Gaikwad, B. Nagender Nath, Mahender Kotha, Lina Fernandes
CSIR-National Institute of Oceanography (CSIR-NIO)
Integrative Oceanography Division, CSIR-NIO, Dona Paula,
North Goa, Goa, India, Pincode: 403004
E-mail: nitinkadam7798@gmail.com
Magnetic minerals are ubiquitous in marine sedimentary system and are sensitive to environmental
and geological processes. In this study, we employed rock magnetism, mineralogy, and granulometry
methods on shelf sediment cores off Narmada (Arabian Sea), Ganga, and Penner (Bay of Bengal)
Rivers to elucidate the sediment source-to-sink processes. Detrital (titanomagnetites, magnetites,
hematite, and maghemite) and diagenetic (pyrite) minerals in varying proportion and grain sizes
contribute to the bulk sediment magnetic record of the studied sediment cores. Thermomagnetic
remanence curves revealed the presence of different magnetic mineral phases as seen through
their distinct curie temperatures and intermediate mineral transformations. Magnetic grain size
diagnostic proxy (Day Plot) confirmed the presence of single domain (SD), multidomain (MD), and
pseudo single domain (PSD) grains. Electron microscopy observations on the magnetic particles
exhibited distinct features linked with post-depositional influences including maghemitization
and different degree of diagenetic alterations. Magnetogranulometry data showed a reversed
relationship between magnetic and clastic grain size. In Narmada and Ganga River samples, the
reversal is clearly noticed at medium silt (20-40 µm) fractions, whereas it occurs at fine silt (4-20 µm)
for Penner shelf sediments. Such reversal is attributed to the presence of fine magnetic inclusions
in host silicate fractions. In general, our multi-proxy data suggest that distinct geological sources,
differential weathering and erosive conditions manifested by monsoon driven climatic changes
at source regions and fluvial transport system generated variable sediment inputs and controlled
the spatial distribution and enrichment of magnetic minerals in nearshore and shelf environment.
Magnetic approach presented in this study provides valuable insights on how the magnetic
signal exhibited by the bulk sediments and individual fractions can effectively be used to track
the sediment provenance and sink (transport, deposition) processes in the geologically complex
marine sedimentary systems.
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A review on enhance oil recovery through CO2 capture in deep-sea
sediments
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for reducing CO2 emissions and inject within near-permanent geologic reservoirs. At the high
pressures and low temperatures which is common in deep-sea sediments, CO2 exist in in its
liquid state and can be denser than the overlying pore fluid, making the injected CO2 to be
gravitationally stable. The booming industrial revolution, over burning of fossil fuels (coal, oil
and natural gas) and decontrolled deforestation leads to release of huge amount of toxic fumes
into the atmosphere. Carbon Dioxide (CO2) capture and burial in deep sea geological formations
along with oil recovery from same formation has emerged as an important option for reducing
greenhouse gas emissions as well as bridging the gap between energy need and availability. The
physical and chemical interaction of injected CO2 with rocks and fluids that are residing in the
reservoir, create favorable mechanisms for enhanced oil recovery. The advanced mechanisms
involving displacement of crude oil by injecting CO2 needs through investigation about several
aspects such as an increase of oil density, a reduction of the viscosity of the original crude oil,
vaporization of intermediate components of the oil, a reduction of CO2-oil interfacial tension, oil
swelling, a reduction of wateroil interfacial tension, and an improvement of reservoir permeability.
The technologies for capturing, separation, transportation, storage, leakage, monitoring and life
cycle analysis of CO2 for different geological formations need appropriate study. In USA and
China, enhanced oil recovery through CO2 storage has been established and practiced since
long back but its economic feasibility for CO2 production from anthropogenic sources needs to
be validated for sedimentary geological formations. For effective recovery, factors such as the
reservoir fluid and rock characteristics, availability of injection material and equipment are major
components. Now-a-days, India is also growing interests in CO2 storage in saline aquifers and
deep sea sedimentary formations due to their enormous potential storage capacity and several
projects are in the pipeline for the demonstration of its viability.

E

Enhanced oil recovery (EOR) through CO2 injection is a striking recovery practice that involves the
injection of CO2 molecules into the deep sea reservoirs and produce oil/gas from the geological
formations >3000m depth, which is conventionally difficult to extract. CO2 capture-enhanced
oil recovery (CO2-EOR) and storage is currently the most effective and economic technology
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ABS-2022-13-0183
Structure and tectonics of the Indian Ocean: current status of
knowledge and some unresolved problems
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V. Yatheesh*
CSIR-National Institute of Oceanography (CSIR-NIO)
Integrative Oceanography Division, CSIR-NIO, Dona Paula,
North Goa, Goa, India, Pincode: 403004
E-mail: yatheesh@nio.org
The Indian Ocean was formed as a result of fragmentation and dispersal of the eastern sector of
the Gondwanaland since the Late Jurassic. In this framework, various sectors of the deep ocean
basins and the bordering continental margins of the Indian Ocean were formed by the different
episodes of rifting and subsequent drifting among the continental blocks of Africa, Antarctica,
Australia, India, Madagascar and Seychelles, along with the several identified microcontinental
blocks. The deep ocean basins in the Indian Ocean contain the imprints of this plate tectonic
history, which was further influenced and modulated by several major events such as Kerguelen,
Marion and Rèunion hotspots volcanism, the India-Eurasia collision and the deformation of the
Central Indian and Wharton basins. Therefore, a detailed understanding of the structure, age and
evolution of all these ocean basins are important to trace the plate kinematic history of the Indian
Ocean and the bordering continental margins. The geophysical investigations carried out in the
Indian Ocean and the adjacent continental margins for the last four decades created significant
knowledge base on the structure and tectonics of different sectors of the Indian Ocean. These
constraints were further used to provide improved plate tectonic evolution model to decipher
the stage-by-stage evolution of the Indian Ocean. A detailed review of the existing knowledge on
the structure and tectonics of the Indian Ocean reveal the existence of several problems pending
satisfactory explanations, largely due to inherent tectonic complexities or the unavailability of
the adequate data. Some of the major problems that need to be addressed/examined are the
existence and extent of the Prathap and Kori-Comorin ridges, locations of the continent-ocean
boundaries around the continental margins of India, timing of formation of the deep offshore
regions adjacent to the Indian continental margins, deeper crustal structure and trend of the 85°E
Ridge, the crustal configuration as well as the extent of the postulated microcontinental slivers,
and cause of intense seismicity over the Chagos Bank. The way to go forward to address these
problems is the acquisition of high-resolution and deep penetrated multichannel seismic reflection
data, seismic refraction data using Ocean Bottom Seismometers (OBS) and closely-spaced seasurface and deep-tow magnetic profiles along with high-resolution seafloor mapping. This could
probably be achieved by international collaborative efforts through the Second International
Indian Ocean Expedition.
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A Seismotectonic Analysis of Earthquake Swarm in Andaman and
Nicobar Islands Region, India (1960 to 2020)
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The Andaman arc-Sea region is the highly tectonically and seismically active region in India. This
is the perfect location for studying earthquake swarms and how the swarms are reciting with the
volcanic activities and tectonic processes. We documented 17 earthquake swarms from 1960 to
2020 from the ISC & USGS NEIC catalogue and plotted via GeoMapApp. The focus of the earthquake
swarms are located between 5 km. to 50 km. depth. We examined the sources mechanisms and
seismotectonic characteristics of these swarms. The Moment Tensor Solutions of these swarms
showing these events are controlled by pure normal faults also controlled by normal faulting
with a significant strike-slip component, few are dominated by strike-slip faults but no thrust
mechanisms are recorded. The b value of this region significantly high, above 1. The investigation
and supporting evidences expose that the earthquake swarms in the Andaman & Nicobar Island
region are generated by hydrothermal activities beneath the oceanic crust or magma intrusion in
the thin and hot oceanic crust. High b values, active volcanoes, cratered seamount supports the
volcanic background of these swarms.
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Collaboratively Building a Seabed Map of the Indian Ocean
Vicki Ferrini*, Tinah Martin, Kim Picard, Vasudev Mahale
Columbia University /Lamont-Doherty Earth Observatory
61 Rte 9W, Palisades, New York, United States, Pincode: 10964
E-mail: ferrini@ldeo.columbia.edu
Bathymetry data provide essential observational information about the shape of the seafloor and
are important for a broad suite of scientific investigations. From ocean modeling and geohazard
assessment, to biodiversity and habitat studies, and the establishment of marine protected areas,
bathymetry data provide critical information for baseline characterization. As the need for ocean
monitoring efforts increases and the blue economy develops, these data have an even broader
impact on activities in our oceans. The need for high-quality seabed mapping data will continue
to increase as the need to accommodate multi-sector use of the ocean grows, and as we work to
develop sustainable practices in the ocean. High-quality bathymetric data at a variety of scales and
the range of other data collected simultaneously (e.g. seabed backscatter and water column) will
have significant benefits for ocean science. Despite its importance, very little of the ocean has been
mapped in detail, and not all existing bathymetry data have been shared. The Nippon Foundation GEBCO Seabed 2030 Project has the goal of creating a complete ocean floor map by the year 2030,
and is an endorsed action of the UN Decade of Ocean Science for Sustainable Development. It is
a call to action for data sharing and innovation, and presents new opportunities for collaboration,
cooperation and integration within and across disciplines. By identifying all known data to reveal
gaps in coverage, and developing new approaches and collaborations to acquire and share data,
we can create a detailed map that will benefit all stakeholders in the region. This presentation will
include information about the current state of knowledge about seabed mapping data coverage
and suggestions for how we can come together to address this important gap in observational
data.
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Rock magnetic properties of short sediment cores from the
Carlsberg Ridge
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N
O
I
S
S

E

S

The Carlsberg Ridge (CR) is located in the north-western Indian Ocean. It is a slow-spreading
ridge, spreading along the northwest-southeast direction and separates the Indian plate from
the Somalian plate. Three spade cores (SC), SC03 of 31 cm, SC04 and SC07 of 38 cm each were
collected from the axis valley of the Carlsberg ridge. The sediments were analysed for rock
magnetic parameters and CaCO3 content to study changes in the rock magnetic properties at the
ridge axis. The colour of the sediment in core SC03 is pale yellowish brown to moderate yellowish
brown, in core SC07 colour is dark yellowish brown to moderate yellowish brown whereas, in
core SC04 colour is moderate brown throughout the core. The CaCO3 content in the cores ranges
between 54.4 and 71.9% with relatively higher values in SC03 as compared to SC04 and SC07.
Magnetic susceptibility (Xlf ) ranges between 15.1 and 34.5 ÿ 108 m3 kg1 with relatively higher
values observed in the core SC04. Down core variations in Xlf and CaCO3 does not show any
correlation suggesting carbonate content may not be main controlling factor for changes in the
magnetic susceptibility. Down core Xlf variations observed in the spade cores may be result of the
changes in contribution of the magnetic minerals and/or the diagenetic processes. The magnetic
concentration parameters in core SC03 show higher values between 10 and 20 cm whereas there
are no variations in the magnetic grain size parameters. Core SC04 and SC07 exhibit decrease in
magnetic concentration parameters down core and increase in the magnetic grain size parameters.
The S-ratios are high (>95 %) in all the cores suggesting magnetite to be dominant mineral.
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ABS-2022-13-0315
Genesis and alteration of the Central Indian Ridge and Ocean Basin
basalts: Implications on the mobility of elements during basalt
alteration

1

The petrography and geochemistry of fresh oceanic basalts help in understanding the magmatic
processes. But the alteration of the basalts due to several factors such as metamorphism, interaction
with seawater, hydrothermal fluids and so forth will affect their primary geochemical signatures.
It is noted that the rate of alteration and elemental fluxes vary from the ridge to the ocean basin
and these are characterized by the fluid responsible for the alteration. Therefore, the alteration
processes and their products could provide information about the characteristics of the fluid
responsible for the alteration. Several studies have been carried out to decipher petro-genesis of
ocean basalts but not many studies have attempted to understand their alteration and elements
mobility under deep-sea conditions especially of basalts from the slow-spreading Central Indian
Ridge (CIR) and Central Indian Ocean Basin (CIOB). Samples were collected from different water
depths from the CIR (1,875 to 3,000 m) and CIOB (>5,000 m). Based on textural, compositional and
geochemical parameters, the CIR basalts are categorized as fresh and altered rocks and compared
with those from the basin. Rapidly cooled CIR pillow basalts show concentric zoning with the
least altered inner zone. Petrographic studies depict labradorite spherulites and laths along
with phenocrysts of augite and forsterite in fresh basalts. The altered samples have essentially
clinochlore and quartz which indicate a high degree of alteration. Both fresh and altered samples
(CIR-35 samples, CIOB-6 samples) were digested and geochemical study was carried out using
ICP-MS and TIMS. Prominent Pb enrichment prevails in all the samples (CIR and CIOB) while Sr,
Zr and Hf are depleted in two altered samples. The positive Ce anomaly indicates an oxidizing
environment of seawater in the sampled locations. The altered basalts are LREE enriched relative
to HREE as evidenced by increasing La/Yb ratios from fresh and glass samples (̴1.68) to altered
samples (̴ 3.56). A few samples show negative Gd anomaly. Negative Nb anomaly is increasing
with the extent of alteration (Fresh ~ 0.83, Altered ~ 0.64, CIOB ~ 0.52) and glass has Nb anomaly ~
0.67 as Nb is mobile in the glass. Change in 87Sr/86Sri is significant evidence for basalt alteration
by seawater as it is independent of element partition in secondary phases. 87Sr/86Sri of fresh
basalts ranges between 0.703010 and 0.703471, as in typical MORB from the CIR. In contrast, the
altered basalts of CIR have 87Sr/86Sri up to 0.708488 which is close to the present day seawater
(0.709211). Furthermore, 87Sr/86Sri of 0.706201 of the outer altered zone is skewed towards
seawater and correlates positively with the Ce anomaly. These initial results would help to quantify
the mass-elemental exchange between the CIR and CIOB basalts and the seawater.

S

E

S

S

I

O

N

Pondicherry University
Research Scholar, Dept. of Earth Sciences, Pondicherry University, Kalapet
Pondicherry, India, Pincode: 605014
E-mail: dilu.abc9@gmail.com

-

R Dileepkumar Reddy*, Sridhar D. Iyer, S Balakrishnan, Rajneesh Bhutani, M Ashok

SESSION-13 - HOME

324

Plenary Sessions &
Panel Discussions

Technical
Programme Schedule

INTERNATIONAL INDIAN OCEAN
SCIENCE CONFERENCE (IIOSC)

2022

Geophysical investigation over the axial seamount chain in the
Laxmi Basin, Eastern Arabian Sea
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geomorphology of this seamount chain was studied in detail by earlier researchers; however, its
detailed characteristic geophysical signatures are yet to be clearly established. We attempted for
detailed understanding of the geophysical signatures over the spatial extent of these seamounts
using a fresh set of multibeam bathymetry and sea-surface gravity and magnetic anomalies,
complemented by the existing geophysical data. The high-resolution multibeam bathymetry
maps of these seamounts were prepared to understand the morphological characteristics these
three seamounts. The free-air gravity anomaly map shows that the seamounts are associated
with a very short wavelength gravity high, superimposed on the short wavelength gravity low
of the Panikkar Ridge. The major part of the Raman Seamount, Wadia Guyot and the major peak
of Panikkar seamount are characterized by magnetic lows, with their minima located in the
southern, northwestern and northern parts, respectively. The isochron map of the Laxmi Basin
region, updated using the additional magnetic anomalies used in the present study, shows that
the western and eastern sides of the Laxmi Basin seamount chain are closely bounded by the
magnetic isochron representing chron C28ny (~62.5 Ma), implying an age younger to 62.5 Ma for
the genesis of these seamounts.

S

The Laxmi Basin is the deep offshore region existing between the northwestern continental margin
of India and the NW-SE trending segment of the Laxmi Ridge in the Eastern Arabian Sea. The Laxmi
Basin contains a linear seamount chain that constitute the Raman Seamount, Panikkar Seamount
and Wadia Guyot, located over the axial basement high representing the Panikkar Ridge. The
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ABS-2022-13-0390
Detection of Faults and high amplitude reflections in Krishna
Godavari basin using Machine learning
Indian Institute of Technology Kanpur
H 356 NEHRU COLONY, DHARAMPUR, Dehradun, Uttarakhand, India, Pincode: 248001
E-mail: surbhi27goswami@gmail.com
Faults play a major role in hydrocarbon accumulation and its migration. Knowing the location of
faults allows the assessment of reservoir quality and helps in identifying the traps. In this paper
faults are identified using U-Net Convolution Neural Network where deep learning workflow used
for the seismic interpretation for fault identification from the Krishna-Godavari basin, which is a
petroliferous basin and was formed as a result of rifting along the eastern continental margin of
Indian Craton in early Mesozoic. Statistical filter like DSMF (Dip Steered Median Filter) was applied
in the 3D seismic cube and then Pretrained U-Net model was used as an autoencoder to predict
fault probability map. Faults are identified between Inlines 50065 and 50200; growth faults and
Blind faults were identified and then differentiated by plotting Throw vs Two way Travel Time.
Fault throw were calculated by measuring the cutoff distance between the footwall and hanging
wall in seismic profile perpendicular to the fault strike. Fault throws further used to compute fault
contours as well as Expansion index (EI) which identifies whether the fault is active or inactive.
Variation in gradient (K) of T-Z plot was computed to identify growth and non-growth periods,
null-slopes (K = 0) representing periods of no-growth, positive slopes (K > 0) indicating growth
periods and negative slopes (K < 0) reflecting the reversal of movement in faults, or fault overlap
and linkage during the propagation of distinct segments. We demarcated the different stages of
the faults where initial stage shows that normal slope sediments were least affected by the tectonic
activities whereas later stages indicate that there were some neo tectonic activity that influenced
the sedimentary strata and resulted in faulting which lead to the formation of pathways for fluid
migration from the fault planes. Keywords- T-Z (Time v/s Depth), Convolution Neural Network,
Throw.

S

E

S

S

I

O

N

-

1

Surbhi Nath*, Dibakar Ghosal, A. Sai Kumar

SESSION-13 - HOME

326

Plenary Sessions &
Panel Discussions

Technical
Programme Schedule

INTERNATIONAL INDIAN OCEAN
SCIENCE CONFERENCE (IIOSC)

2022

Remaining problems in the age and structure of the Indian Ocean:
can we solve some of them with adequate transit data?
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The Indian Ocean encountered a complex evolution characterized by many separate small plates,
some being transferred from one major plate to another one with corresponding readjustment of
the spreading ridge system. Some plates split, some others unified. The inception and evolution
of hotspots (Karoo, Madagascar-Marion, Rajmahal-Kerguelen, Deccan-Reunion, Afar...) opened
and affected the oceanic basins, while the fringing subductions - then collisions - of the northern
plates (Makran and Indonesian subductions; Caucasus, Zagros, Himalayas collisions...) triggered
many of the observed reorganizations. In this talk I will present some of the remaining problems
arising from the complexity and imbrication of the successive tectonic phases and will propose a
few profiles that may adequately help us to resolve these problems using minimum ship time - for
instance during transits of the current IIOE2.
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ABS-2022-13-0426
Sediment thickness variations and effective elastic thickness
beneath the Arabian Basin, north-west Indian Ocean
Banaras Hindu University, Varanasi
Room No: 76, Dr. CPR Aiyer Hostel, Banaras Hindu University, VARANASI, Uttar Pradesh, India,
Pincode: 221005
E-mail: shravan.kumar10@bhu.ac.in
In the present study, spatial extent of sediment as well as effective elastic thickness below Arabian
Basin are estimated. Although it is considered as a normal oceanic crust, evolutionary history of
the basin has been very complex. Ship-borne as well as satellite altimetry derived bathymetry
and gravity data with available seismic and DSDP data have been used to investigate sediment
thickness distributions using gravity data modelling. It shows that northwestern region of the
Arabian Basin is carpeted with thick Indus Fan sediments (~3.5 km), whereas northeastern flank of
the Carlsberg Ridge is covered with a thin veneer of sediments (~500 m). As it is known that the
effective elastic thickness (Te) of the oceanic lithosphere is a proxy for mechanical strength and
can be used to constrain lithospheric rheology and its relation to deep Earth processes. Here, we
map Te variations over the Arabian Basin from the inversion of the admittance between free-air
gravity anomaly and bathymetry data calculated using a continuous wavelet transform, taking
both surface and subsurface loads into account. The basin lithosphere shows Te ranging between
0 and 50 km with a mean of 15.8 km and a standard deviation of 15.4 km. Most of the oceanic
plateaus and seamounts present in basin show Te nearly 10 km, with the lowest values (<10 km)
around the flank of the Carlsberg Ridge. The highest Te estimates (>30 km) are found in areas near
Indus Fan and its surroundings.
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Formation and emplacement of ophiolite at the Andaman
subduction zone

3

ABS-2022-13-0458

Jyotiranjan S Ray*

N
O
I
S
S

E

S

The Andaman ophiolite forms part of the ophiolite chain that encircles the northern and eastern
boundaries of the Indian plate. Unlike its northern counterparts it occurs on an accretionary
prism, located at the convergent margin of Indian and Burma plates. It not only forms part of the
basement of the accretionary complex but also occurs as thrust sheets on outer-arc sediments. The
timings of formation and emplacement/obduction of this ophiolite had remained tentative. Here
we present results of our effort to date these events by 147Sm-143Nd and 40Ar-39Ar methods
and understand their implications for the evolution of the Andaman subduction zone. Our
geochemical data suggest that the ophiolite had formed in a supra subduction zone setting. The
whole-rock 147Sm-143Nd isochron age of the ophiolite suggests a formation age of 98 ± 8 (2)
Ma, which is consistent with the existing age data and with the age of the oceanic crust located
beneath the Andaman volcanic arc. The 40Ar-39Ar apparent age spectra for rocks that occur along
the faulted margin of the east coast of the south and middle Andaman Islands, though disturbed,
yield plateaus for low temperature steps having concordant ages with an average of 0.9 ± 0.3 (2s)
Ma, the timing of argon resetting. This timing points to thermal metamorphism during a thrusting
event, which most likely was responsible for obduction of the entire eastern belt ophiolite. Based
on our results and stratigraphy of the Andaman Islands we propose a tectonic evolutionary model
for the Andaman Accretionary Prism that involves twofold ophiolite obduction, one prior to 55 Ma
and the other at ~0.9 Ma.
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The Riddle of the 85°E Ridge
Manik Talwani*, Maria Ana Desa
Rice University
Houston, Texas, United States, Pincode: 77005
E-mail: manik@rice.edu
The 85E Ridge is a buried ridge in the Bay of Bengal. It is unusual in that it has a negative Free
air anomaly. It owes its existence to the long mid Cretaceous jump of a part of the spreading
center in the Enderby Basin (off Antarctica) to a location on the Indian continent as the Rajmahal
and Sylhet Traps. Because the entire spreading center did not jump but only a part jumped, the
two parts have to be connected mostly by a strike slip fault. This fault would lie in part in the
Indian continent and in part in the already opened ocean. Strike slip faults, by definition, have
zero width and the oceanic Bengal Basin would lie immediately adjacent to the continental Indian
platform. However, as seismic refraction studies extending from the Indian platform to the Bengal
Basin have shown, there is about a 150 km wide gap between the two. This gap has a negative
gravity anomaly, which continues south into the ocean as the buried 85E ridge. Seismic reflection
studies reveal the shallow structure of the 85E ridge but do not explain its origin, nor why it has a
negative gravity anomaly. We offer some speculations about the peculiar nature of this strike slip
(transform) fault.
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1D poroelastic full waveform inversion (FWI) for the estimation of
pore fluid pressure distribution in KG basin, India
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The Krishna-Godavari (KG) basin is one of the most petroliferous basins located in the eastern
continental margin of India. Presence of gas hydrate deposits have been proven in shallow
marine sediments of the basin beyond water depth of 750 m. High resolution seismic datasets
and bathymetry have shown slumping and sliding of upper and midslope sediments in the KG
basin. Slumps and slides cause geohazards affecting offshore production platforms. Slumping
and sliding occurs due to variation of subsurface pore fluid pressure from the movement of gas
and fluids through regional fault systems. Hence estimation of pore fluid pressure from seismic
datasets of offshore reservoirs is essential for prediction of occurrence of slumping and sliding
and prevent calamities in development and production of offshore reservoirs. Acoustic and elastic
reservoir modelling techniques employ indirect approximations for reservoir characterization as
they do not incorporate the pore fluid content of reservoir rocks. Full waveform inversion (FWI)
using Biots theory of seismic wave propagation in poroelastic media has been found to be most
accurate for modelling and estimation of pore fluid pressure distribution in hydrocarbon reservoirs.
In poroelastic FWI, the seismic wavefield contains four components i.e., two components each for
the solid and fluid phases of the reservoir rock. This makes the inversion scheme more non-linear
compared to elastic modelling techniques and hence, more likely to converge to local minima
due to cycle skipping. To ensure convergence to global minimum and accurate inversion of
reservoir parameters, global optimization techniques need to be used for poroelastic FWI. Unlike
local gradient-based optimization techniques used in conventional FWI, global optimization
techniques are computationally cheap and are independent of initial model parameters as they
operate on the entire search space. In our abstract, we have used Biots poroelastic theory for onedimensional poroelastic FWI of pore fluid pressure in marine reservoirs. For the forward modelling
scheme, we discretized Biots poroelastic wave formulations using staggered-grid finite difference
method of the second order in time and fourth order in space to simulate propagation of seismic
waves in fluid-saturated porous media. Convolutional perfectly matched layer (C-PML) was placed
at the edges of the computation model to absorb seismic energy incident at the boundaries. In
the inversion scheme, we implemented damped-inertia-coefficient particle swarm optimization
(PSO), a stochastic global optimization technique, to minimize the error between the observed
and modelled seismic trace. The inversion scheme was applied on a 200m x 200 m synthetic
model with poroelastic parameters of the Utsira formation and the pore pressure obtained after
inversion was considerably accurate compared to their true values. This inversion scheme will be
used for estimation of pore fluid pressure in hydrocarbon reservoirs in the KG basin.
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ABS-2022-13-0466
Hydroacoustic observations of seismic swarms along the Southwest
Indian Ridge of the Indian Ocean
University of Brest and CNRS, Lab Geo-Ocean
CNRS, Lab Geo-Ocean, Institut Universitaire European de la Mer,
Place Copernic, Plouzané, France, Pincode: 29280
E-mail: vaibhavvijay.ingale@univ-brest.fr
Seismic swarms of volcanic and tectonic events along mid-oceanic ridges are inherent to seafloor
spreading. Due to the rapid attenuation of seismic waves in the solid Earth, landbased seismic
networks lack the low-level seismicity associated with such swarms. However, regional studies
using autonomous underwater hydrophones overcome this difficulty due to their sensitivity to
low-frequency hydroacoustic T-waves, that travel in SOund Fixing And Ranging (SOFAR) channel
over very long distances with little attenuation. A network of 7-9 hydrophones, OHASISBIO,
moored in the SOFAR channel, has been monitoring the seismicity in the Indian Ocean for more
than 10 years. During this period, the land-based seismic networks have detected 15 major seismic
swarms along the ultraslow spreading Southwest Indian Ridge (SWIR) with spreading rate of 1415 mm/yr. We have, so far, examined three of these swarms using hydroacoustic records from
the OHASISBIO network combined with that of the permanent stations of the Comprehensive
Test Ban Treaty Organization (CTBTO). Two of these seismic swarms along the SWIR occurred in
2018. The first swarm, located at the ridge-transform intersection with Novara Fracture Zone
(58°E), comprised 231 International Seismological Center (ISC) catalogue events between July
06 and July 18 (13 days). Out of them, 7 events display normal faulting mechanisms parallel to
ridge axis (Global Centroid Moment Tensor (GCMT) solutions). In the same period, we detected
1109 hydroacoustic events, an increase of about 5 times compared to terrestrial detections. The
second swarm, located near a ridge-axis discontinuity (67.5°E), 220 km west of the Rodrigues
Triple Junction (RTJ), comprised 92 ISC catalogue events between September 25 and October 27
(33 days), 6 of which display normal faulting mechanisms (GCMT), vs 4880 hydroacoustic events,
a ~53-fold increase relative to land-based detections. The third swarm occurred in 2016 near the
Melville FZ (61°E) and comprised 259 ISC events, 17 of which display normal faulting mechanisms,
between June 09, 2016 and March 25, 2017. In a preliminary analysis from June 09 to July 11,
2016, we detected 4273 hydroacoustic events vs 28 ISC events, a ~150-fold increase in the event
detections. All hydroacoustic events were detected over two iterations of T-wave picking, which
improved the uncertainties to ~0.4 km in latitude and longitude, and ~0.2 s in origin time. Peculiar
to these three SWIR swarms is the detection of ~110 highly energetic and short duration (~10s)
impulsive events compared to the longer (~100s) duration of local earthquakes. These events are
all located on slopes of seamounts near the ridge axis. Another hydroacoustic experiment has
demonstrated that similar impulsive events were associated with active and fresh lava flows. So,
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we interpret them as thermal explosions resulting from direct magma supplies on the seafloor.
Series of other hydroacoustic events indicate migration patterns within the swarms, interpreted
as dyke migrations. However, no observations of strong mainshock-aftershock sequence, typical
of tectonic events, are found in these swarms. So, overall, combined observations of impulsive
events, clustered near seamounts, migrating events and absence of aftershock sequences point to
a magmatic origin for these three distinct swarms with active sources located near local seamounts.
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ABS-2022-13-0018
Integrated geophysical analysis along a transect southeast of Sri
Lanka, Bay of Bengal
CSIR-National Institute of Oceanography (CSIR-NIO)
Integrative Oceanography Division, CSIR-NIO, Dona Paula,
North Goa, Goa, India, Pincode: 403004
E-mail: mdesa@nio.org
Integrated analysis of high quality magnetic, gravity, bathymetry and multichannel seismic
reflection data along a 1300 km long transect between the DSDP218/IODP1455 and ODP718 sites
reveals the structure and evolutionary history of the underlying sedimentary load and basement.
The smooth southward increasing bathymetry is pierced by several topographic highs of varying
dimensions. Gravity does not mimic the bathymetry in general, and is low over the inferred deep
basement. Magnetic anomalies depict significant variation along the transect, with chron A34
identified at its either end. Multichannel seismic reflection data reveal sediment thickness up to 3
s TWT, but minimal over the topographic highs. Deep drilling facilitated the identification of major
horizons in the sedimentary record such as the Pleistocene, Pliocene and Miocene unconformities.
The steep topographic highs are basement outcrops, and the truncation of sediments against
these highs indicates that they may have emplaced along with the surrounding oceanic crust.
Intense deformation of the sediments and basement is seen towards south, resulting in smaller
broader topographic highs. Integration of these data sets suggest that the transect is underlain by
Early to Late Cretaceous crust. The basement highs lying at the southern end of the NW-SE trending
fracture zones may have formed as the spreading center rotated clockwise during the Middle
Cretaceous period. The arcuate gravity low is due to the presence of a deep and old basement,
overlain by thick sediments. A prominent step in the basement coinciding with an abrupt change
in magnetic anomaly pattern probably indicates the concurrent presence of oceanic crust of
different ages, as a consequence of the Middle Cretaceous major plate reorganization.
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Anatomy of a submarine volcano near Narcondam Island using
high-resolution seismic reflection data
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Andaman sea lies in an active tectonic setup where Indo-Australian Plate subducts below the
overriding Eurasian plate. This sea results from a three-phase tectonic evolution- extension,
extension-rifting, and seafloor spreading between Alcock and Sewell rises during Early to Middle
Miocene, separating Burma plate in NW from the Sunda (Eurasia) in SE. A conspicuous volcanic
chain passes through the west of the Andaman Sea connects Burma in the north, Narcondam
Island, Barren Island, Java in the east, and Sumatra in the south. Narcondam Island is a dormant
volcano located East of Andaman Island and is consisted of Dacite-andesite-rhyolite. This submarine
volcanic chain and its associated pyroclastic flow fall in a complex tectonic regime influenced by
both subduction and seafloor spreading. To date, very few geophysical studies have been carried
out close to Narcondam Island to understand its past volcanic activities and associated tectonics.
Here, we present a seismic image of a submarine volcano adjacent to Narcondam island using
industry-derived high-resolution seismic reflection datasets. We processed a set of E-W trending
2D seismic reflection lines of ~30 km length each, located east of the Narcondam island, in which
we first apply bandpass and F-K filtering, followed by parabolic Radon transform to remove noises
and seawater multiples, respectively; and then carried out post-stack and pre-stack Kirchhoff time
migration followed by a depth conversion. From migrated section of Line 30837, we image an
offshore basin enclosed by a cluster of submarine volcanoes in which water depth varies from
~1378-1558 m and sediment thickness varies at CDPs 1032, 2906, and, 4249 as ~0.8, 2.13, and 0.37
km, respectively. From the semblance-based interval velocity, we observe an increase in P-wave
velocity from 1.5 km/s near seafloor to ~2.0 km/s at the bottom of the basin deposits, which onlaps
to a bathymetric high at the east. A sharp increase in interval velocity to ~6.6 km/s at ~2.4 km
depth at CDP 4404 confirms this high as a volcanic origin. We further image a veneer of sediments
with a thickness of ~0.1-0.16 km topping the volcano summit and a flow of pyroclastic deposits
along the west flank of the volcano.

-

1

Indian Institute of Technology Kanpur
Room no J 109, Hall 7, IIT Kanpur, Uttar Pradesh, India, Pincode: 208016
E-mail: kharshad@iitk.ac.in

SESSION-13 - HOME

335

Plenary Sessions &
Panel Discussions

Technical
Programme Schedule

INTERNATIONAL INDIAN OCEAN
SCIENCE CONFERENCE (IIOSC)

2022

3

ABS-2022-13-0446
Morphotectonics of the southwestern continental margin of India
and the adjacent deep offshore regions
National Centre for Polar and Ocean Research
VASCO DA GAMA, GOA, India, Pincode: 403804
E-mail: bijeshcm@ncpor.res.in
The Arabian Sea was formed by rifting and drifting among India, Seychelles and Madagascar,
along with the microcontinental blocks of the Laxmi Ridge, Laccadive Plateau and Saurashtra
Volcanic Platform, since the Late Cretaceous. The relative motions among these continental blocks
created the Mascarene, Laxmi, Gop, Arabian, Eastern Somali and Laccadive basins and all these
regions were affected by the subsequent geodynamic events such as volcanism caused by the
Marion and Rèunion hotspots, and India-Eurasia collision. Therefore, a detailed understanding on
the morphotectonics of these ocean basins is important as it appears to carry the imprints of
these events. In this perspective, we carried out a detailed marine geophysical investigation in the
southwestern continental margin of India and the adjacent deep offshore regions consisting of
the Laccadive Basin, Laccadive Plateau and the Arabian Basin to understand the morphotectonic
signatures, distribution and probable genesis of the bathymetric high features, using multibeam
bathymetry data complemented by sea-surface gravity and magnetic profiles and multi-channels
seismic reflection sections. Our updated high-resolution bathymetric map of the study area
reveals the presence of large number of distinct bathymetric high features that can be classified as
seamounts, hills, knolls, guyots and plateaus. Among these, the prominent are: (a) a total number
of 33 bathymetric high features mapped on the southwestern continental margin of India and the
adjacent Laccadive Basin; (b) two seamounts connected with structural high/ridge like features,
together representing a large circular bathymetric high complex in the Arabian Basin; and (c) the
distinct bathymetric highs associated with the Laccadive Plateau. All these features are associated
with characteristic gravity highs superimposed over regional negative anomalies and complex
negative and positive magnetic anomalies. Interpretation of the multichannel seismic reflection
sections suggests that some of these identified features are extrusive in nature, while others are
intrusive. In light of the present understanding on the plate tectonic evolution of the study area,
we attribute Marion hotspot volcanism for the genesis of features on the southwestern continental
margin of India and the Réunion hotspot volcanism for the genesis of features in the Laccadive
Basin, Laccadive Plateau and the Arabian Basin.
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ABS-2022-14-0073
Role of marine heatwaves in supercharging tropical cyclones and
driving India-Pakistan heatwaves
Indian Institute of Tropical Meteorology (IITM)
IITM, Pashan, Pune, Maharashtra, India, Pincode: 411008
E-mail: roxy@tropmet.res.in
Heatwaves are among the deadliest weather phenomena in northwest India and Pakistan,
killing about 350 people annually. Terrestrial heatwaves are projected to increase by six-fold in
this region if emissions are to continuewhich raises concerns for the vulnerable population
that is projected to reach 1 billion by 2050. While we know that the frequency and intensity of
heatwaves have increased in the region, their driving mechanisms are largely unknown. Here
we identify an intriguing interplay between extreme weather events in the marine, atmospheric,
and land environments that lead to these deadly events during the pre-monsoon cyclone season
(AprilMay). We find that an increasing number of marine heatwaves in the Bay of Bengalriding on
rapid ocean warmingis energizing tropical cyclones and driving intense heat over the Indo-Pak
region. 93% of the cyclones during this season were preceded by marine heatwaves. The duration
of marine heatwaves in the basin has increased from about 1 day per year to 6 days per year, while
the area covered has increased by 86%, during 19822019. These marine heatwaves intensify
the local convection, enhancing the cyclone updraft by almost twofold over the Bay of Bengal.
This anomalous atmospheric circulation leads to subsidence of dry air over northwest India and
Pakistan, heating the atmosphere and occasionally driving severe heatwaves. Considering that
the rapid warming in the Bay of Bengal is projected to continue into the future, the cascading
impacts and interplay between the marine heatwaves, tropical cyclones, and land heatwaves
depicted here need to be closely monitored for early mitigation and adaptation.
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Cyclone induced changes in the ocean and atmosphere in the north
Indian Ocean
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Tropical cyclones in the north Indian Ocean evolve differently in response to the SST changes
during the pre-monsoon (April-June) and post-monsoon (October-December) cyclone season.
It is observed that during the pre-monsoon season, cyclone induced SST cooling is significantly
larger than the post-monsoon cyclones. Also, the maximum cooling is observed 2-3 days after the
passage of the cyclone. This difference in the SST response is mainly due to the different ocean
subsurface dynamics and difference in the cyclone translation speed during the two seasons.
The recovery time of the cyclone induced SST cooling in pre-monsoon season is more than two
weeks, which is larger than the post-monsoon season. Further, the pre-monsoon cyclones induce
large mid-to-upper tropospheric warming, of the magnitude of up to 3 ºC, in both the basins. This
cyclone induced atmospheric warming is relatively low in the post-monsoon cyclone season. This
difference in the atmospheric warming induced by the cyclones in the two seasons is linked to the
difference in the cyclone-ocean interactions during the two seasons.
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ABS-2022-14-0268
Marine heat waves and tropical cyclones - two devastating types of
coastal hazard in South-eastern Africa
University of Cape Town
Private Bag X3, Rondebosch, Cape Town, Western Cape, South Africa, Pincode: 7700
E-mail: dado1307@hotmail.co.uk
The coast of southeastern Africa is the only part of the continent to experience landfalling tropical
cyclones (TCs), the most destructive and hazardous of weather systems. It is also a region which
frequently experiences intense marine heat waves (MHWs). Three coastal regions in southeastern
Africa with high biodiversity and relatively large populations dependent on local coral reefs and
artisanal fishing are analysed in terms of their TC and MHW characteristics. Significantly increasing
trends in MHW duration, frequency and intensity, TC heat potential and coral bleaching are found
during austral summer in all three coastal areas, with northeastern Madagascar experiencing the
fastest rate. The co-occurrence of TCs and MHWs in each region is also considered. A parameterspace plot of MHW intensity versus TC translational speed is suggested as a useful way in which to
categorise and monitor such co-occurrences. Evidence is presented that pre-existing MHWs can
pre-condition the ocean ahead of TC arrival which may then be favourable for storm intensification.
Following TC passage, existing MHWs tend to be significantly weakened or sometimes ended by
these storms as are the coral thermal stresses. Of the three coastal zones considered, northeastern
Madagascar appears to be more prone to landfalling severe cyclones and hence TC-MHW
co-occurrence. It is suggested that the rapid increase in surface wind friction velocity as the TC
approaches the MHW region is important for the rate at which the MHW weakens towards its
demise. This work highlights the complex relationship between these devastating coastal hazards
with the view to raising awareness for the need for improved real time observing systems to
support these vulnerable regions in both forecasting and mitigating climate change impacts.
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Upper-ocean responses induced by Cyclone Ockhi (2017) at rapidly
intensified and weakened regions: A Case Study
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and fresher while they are relatively cooler and saltier in the rapid weakening region. Analysis of
the sea surface temperature anomaly associated with Ockhis passing showed a weaker cooling
when rapid intensification occurred (-0.8C) and larger cooling (-1.9C) when rapid weakening
occurred. A detailed examination of the mixed layer heat budget terms revealed the total
temperature tendency under rapid intensification was driven roughly equally by surface thermal
forcing (-0.01C) and entrainment (-0.0098C); while the tendency in the rapid weakening region
was mainly dominated by entrainment (-0.02C). In both of these cases, the role of horizontal
advection was minimal towards the total thermal changes. The difference in the magnitude of
entrainment-based cooling is mainly attributed to stronger stratification in the rapid intensification
regime and weaker stratification in the rapid weakening regime. The strong wind-induced mixing
over a weakly stratified ocean resulted in a large drop of dynamic temperature (Tdy) at a rapid
weakening regime compared to the intensification regime indicating the prominence of salinity
stratification in modulating the oceans negative feedback to the TC intensity changes. Further,
the difference between the depths of mixing length and 26C isotherm at rapid intensification
and rapid weakening regimes suggests the incorporation of Tdy instead of Tropical Cyclone Heat
Potential in the forecast models, particularly in the salinity stratified regions.
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This study analyzes the influence of upper-ocean stratification in two regions where Rapid
intensification and Rapid Weakening of Tropical Cyclone Ockhi (2017) took place. This analysis is
performed using simulations from the high-resolution HYbrid Coordinate Ocean Model (HYCOM).
Results indicate that oceanic conditions prior to the occurrence of rapid intensification are warmer
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Anomalous Sea Surface Temperature Over Southeastern Arabian
Sea during Indian Ocean Dipole years
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Simi Mathew*, Manikandan Mathur
Dept. of Aerospace Eng. and Geophysical Flows Lab., IIT, Chennai
D1202, Radiance Mandarin, 200 ft Radial Road, Thoraippakkom,
Chennai, Tamilnadu, India, Pincode: 600097
E-mail: simikennady@gmail.com
The anomalous nature of the eastern and western regions of the equatorial Indian Ocean during
Indian Ocean Dipole (IOD) years is well known and characterised by several previous studies.
However, corresponding signatures of IOD in the northern Indian ocean is relatively less explored.
In this work, we focus on the anomalous behaviour of sea surface temperature (SST) over
southeastern Arabian Sea during IOD years. The southeastern Arabian Sea is dynamically relevant
due to the favorable condition it sets up for the monsoon convective cloud formation during
summer monsoon, and for the genesis and intensification of cyclonic storms later during fall
transition months. Here, we characterize the SST anomalies over southeastern Arabian Sea during
the southwest monsoon season and fall transition months of two representative IOD years: 2016
and 2019; these years were strongly negative and positive, respectively, in terms of the IOD index.
The SST fields from the group for high resolution sea surface temperature (GHRSST) reveal positive
and negative anomalies during the positive and negative IOD years, respectively. In a given year,
the SST undergoes two warming phases, one each during spring and fall transition months, and
two cooling phases, one each during the summer and winter monsoons.The cooling rate during
the summer monsoon of the negative IOD year is around 1.5 times larger than that during the
positive IOD year, which subsequently results in a cooler sea surface throughout the fall transition
months of the negative IOD year. We perform a heat budget analysis, using a combination of
mooring, satellite and reanalysis data, to understand the various features in the SST evolution
during both 2016 and 2019. The resultant net heat flux into the mixed layer favored intense
cooling during summer monsoon in 2016 and favored enhanced warming during fall transition
months in 2019. The shallow mixed layer depth favored penetrative loss of net shortwave radiation
below the mixed layer, and thereby resulted in lower SST during the fall transition months of 2016.
Lateral advection, another relevant factor for SST evolution largely favored cooling of SST during
southwest monsoon of 2016 and 2019, and fall transition months of 2016. However, it has favored
warming and hence favored positive anomalies in SST over southeastern Arabian Sea during fall
transition months of 2019. In summary, the heat budget analyses have allowed us to identify the
roles of different terms in the differing SST evolution during representative positive and negative
IOD years.
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The strongest ever Super Cyclonic Storm-Kyarr over the Arabian Sea
in October 2019: A Satellite analysis based Case Study
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The Arabian sea saw the formation of 4 Very Severe Cyclonic Storms (Maximum sustained wind
speed exceeding 64 kt) for the first time in the satellite era (Post 1965). In the recorded history
of 1891-2019, the year 2019 became only the second such year after 1902 that witnessed the
development of 4 cyclones. The only Super Cyclone formed in the Arabian sea previously is
'Gonu' which formed in 2007 made two landfalls, first over Oman and second over Iran. The Year
2019 witnessed another such Super Cyclone over the Arabian Sea in the last week of October.
However, this Super Cyclone weakened over the sea itself without making any landfall. As these
cyclones are formed over the deep oceans, their analysis is largely dependent on Satellite imagery.
Super Cyclone 'Gonu' was tracked using Kalpana-1 and METEOSAT-7 geostationary satellites.
Super Cyclone 'Kyarr' was tracked simultaneously using three Geostationary satellites viz. INSAT3D, INSAT3DR and METEOSAT-8. The rapid scan imagery of INSAT-3DR was also made use of.
The present case study makes use of these satellites imagery and products to understand the
formation, intensification and weakening of Super Cyclone 'Kyarr' vis-a-vis Super Cyclone 'Gonu'
over the Arabian Sea.
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Cyclone-induced rainfall in North Indian Ocean during the period
2000-2020
Indian Institute ofTechnology Kharagpur
CORAL, 6th floor, J C Ghosh PC Ray block, IIT Kharagpur, Kharagpur, West bengal, India
E-mail: akhilarajeev08@gmail.com
Tropical cyclones (TCs) are extreme events accompanied by strong winds, heavy rainfall and storm
surges. In the North Indian Ocean (NIO), the TCs which made landfall produce heavy to very high
rainfall, resulting in coastal flooding. In this study we have used the global precipitation mission
(GPM): IMERG precipitation Cal products (2000-2020) to quantify the distribution of rainfall in
tropical cyclones formed over NIO, and those made its landfall over the Indian subcontinent. The
best-track data are taken from the Indian Meteorological Department (IMD) to analyse the TC
activity in this area from 2000 to 2020. A total of 86 cyclones (30 cyclones in Arabian Sea and 56
in Bay of Bengal) have occurred in NIO during this period. The NIO shows maximum TC activity in
the months of May, October and November, and the lowest TC activity is observed from January
to April and in July. Our analysis suggests that cyclone induced rainfall is higher, when the cyclone
reaches its maximum intensity and most of the rainfall is observed near the left side of the track.
Tropical cyclones over NIO basin are generally smaller in size in comparison to the similar systems
over other oceanic basins. A distance of 300 km from the centre is believed to be adequate to cover
the majority of the rainfall associated with TCs. Therefore, we consider the rainfall amount and
sectors of radius 150 and 300 km to show the intensity and distribution of the rainfall category in
individual sectors for the cyclones. The overall contribution in rainfall due to cyclones is analysed
on an interannual and monthly scale. In addition to this, the contribution of different category
cyclones to the annual precipitation is also investigated.
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Warning Services
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storm surge forecasting system is very much essential to foresee the risk due to an approaching
tropical storm and to prevent the life loss. Keeping this in view, Indian national centre for Ocean
Information Services (INCOIS) established a real-time storm surge forecasting system for the Indian
coasts. This warning system is utilising an efficient Decision Support System (DSS) that automates
the end-to-end standard operation procedure during a tropical storm. DSS has the capabilities to
take the cyclone track from India Meteorological Department (IMD) as input and launch the storm
surge model to compute possible inundation due to landfall of cyclone along the Indian coast.
DSS use these model outputs further to generate advisories with maps at required administrative
boundaries using GIS platform and disseminate to the stakeholders as per the Standard Operating
Procedures of the service. DSS provides real-time processing, assessment, visualisation, decision
making, warnings and dissemination. It is a unique interoperable and standardised tool that
supports the operator in managing the event in a short time frame with clear decision process
workflows, and a high degree of usability.

S

Coastal regions of India are frequently experiencing the land-falling of low-pressure systems such
as tropical storms with different intensities. Storm surge and inland inundation extent associated
with tropical cyclones are the main processes that create infrastructure damage and life loss of
coastal habitats. 30 % of the Indian population lives along the coastal regions. Hence, a real-time
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Operational estimation of Radius of wind maximum (Rmax) during
the Cyclone- Digital Image Processing Approach
CSIR-National Institute of Oceanography (CSIR-NIO)
Integrative Oceanography Division, CSIR-NIO, Dona Paula,
North Goa, Goa, India, Pincode: 403004
E-mail: srinivasn@incois.gov.in
Cyclones are one of the natural disasters and catastrophic weather events on Earth. Over the years,
the intensity and frequency of occurrence of tropical cyclone activity have significantly increased
for various geophysical dynamics, especially in regions around India. Thanks to the meteorological
satellite observations, which provide the necessary data to analyze and forecast the dynamics of
cyclones. So, the task of tropical cyclone surveillance using remotely sensed data from satellite
sensors is vital for disaster risk management. For instance, the estimation of cyclone centre or eye
and radius of maximum wind (R_max) are the essential parameters for the forecast of cyclone
dynamics and intensity, even for post-cyclone assessment analysis. However, most of the analyst's
work to assess and forecast cyclone kinetics is still done manually, where a supervisor must perform
the tasks in a static environment. In this regard, we develop a novel automatic segmentation
algorithm to localize the cyclone region and center in thermal images using prominent analysis
techniques. To the best of our knowledge, the proposed algorithm is the first of a kind to detect
a cyclone region that mimics the human decision automatically. For these purposes, we build an
algorithm that uses several artificial intelligence (AI) techniques from digital image processing
and pattern recognition. The AI techniques in image processing and pattern recognition, such as
adaptive thresholding, morphological operations, structure symmetry analysis, pattern matching,
and isothermal contour analysis, helps to perform object recognition, segmentation, tracking of
cyclone regions, and estimation of R_max. To assess and evaluate the algorithm's performance,
we conducted various experiments using the cloud-top temperature (CTT) images with varying
complexity of cyclones structure. The CTT images (from 2007 to 2021) are from an advanced very
high-resolution radiometer (AVHRR) sensor from different satellites such as Metop-1, Metop-2,
NOAA 18, and NOAA 19. The obtained cyclone region identification and centre detection results
demonstrate the potential and feasibility of the proposed algorithm in a complete operational
environment for the first time. The proposed algorithm provides a thoughtful perspective on
automatic cyclone recognition, R_max estimation, and track determination that opens many
innovative attitudes towards analyzing cyclones using satellite imagery.
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Rapid intensification of Tropical Cyclones: Case Study of Super
Cyclone Amphan
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Tropical cyclones are one of the most frequent natural disasters that occur in India. These systems
are associated with high winds and heavy rains and cause widespread damage to both life and
infrastructure upon interaction with the land. Tropical Cyclone Amphan, pronounced as Umpun meaning sky formed over the Bay of Bengal and went on to develop into a super cyclonic
storm. It became the first super cyclone to form over the Bay of Bengal after two decades since the
1999 Odisha cyclone. The system crossed West Bengal on 20th May 2020 and caused extensive
damage in eastern parts of India particularly in West Bengal, Odisha and Bangladesh. TC Amphan
underwent rapid intensification as it developed from a cyclonic storm (CS) to a super cyclonic
storm (SuCS) in about 40 hours. In the due course, it also broke the Final T no constraints of the
Dvorak Technique. In the present case study, we show how the satellite imagery and products can
prove useful in identifying the signals of rapid intensification of Tropical Cyclones.
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Upper Ocean Response to Tropical Cyclones in Northern Indian
Ocean using in-situ and satellite observations
National Institute of Ocean Technology, MoES, Government of India
Ocean Observation Systems, NIOT, Chennai, Tamilnadu, India, Pincode: 600100
E-mail: kesavakumar.b@gmail.com
Tropical cyclones in the Northern Indian Ocean, characterised by sustained maximum wind
speeds and lower atmospheric pressure in the Arabian Sea and Bay of Bengal region are known to
cause significant amount of destruction to the coastal communities and results in socio-economic
impacts. The forecast of tropical cyclones are complicated in this region due to complex features
such as air sea interaction, freshening of surface layers due to high amount of river discharge.
The present era provides numerous observation platforms such as moored buoy systems, satellite
sensors to observe the pre and post conditions due to the passage of tropical cyclones. The
OMNI (Ocean Moored buoy network in the Northern Indian Ocean) buoy system are equipped
with atmospheric, surface and sub-surface sensor and deployed at 12 locations in Northern
Indian Ocean, generates a voluminous amount of time series data and has captured signatures
of many tropical cyclones. The present work involves utilisation of in-situ data from buoy system,
satellite sensors for understanding the conducive property of the ocean for cyclogenesis along
with analysis sub surface data from sensors mounted till 500m of water depth from the deep
ocean buoy system. The parameters such as TCHP, SST, Salinity, Barrier layer thickness (BLT), Mixed
layer depth (MLD), wind speed , air pressure are derived from in-situ, satellite and models for
understanding the conditions favouring the increase in intensity of cyclones are explored.
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Impacts of continental aerosol on a natural phytoplankton
community under variable CO2 levels from NE Arabian Sea
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The Arabian Sea is a significant sink of atmospheric dust and satellite data-based model studies
showed a close coupling between dust fall events and phytoplankton production suggesting its
nutrient enrichment impact. The Arabian Sea is warming faster than any other oceanic basin and
may lead to enhanced stratification and oligotrophy in the future. In this context, the significance
of atmospheric dust-induced nutrient enrichment may increase and exert a considerable impact
on phytoplankton growth and community composition. At the same time, the Arabian Sea is also
a natural source of atmospheric CO2 and in the future, the projected increase in atmospheric
CO2 level may further intensify the condition. However, how phytoplankton would respond
to the combined enrichment of CO2 and atmospheric dust is not well known. We present here
the results of a microcosm experiment [conducted onboard RV Sindhu Sadhana, on the natural
phytoplankton community collected from the northeastern Arabian Sea (19° N; 73.69° E)] during
the southwest (SW) monsoon (Aug 2018). The nutrient levels were quite low and two pCO2 levels
were chosen (ambient CO2: A-CO2  470µatm; and high: H-CO2 970 µatm). The Atmospheric
dust used for this experiment was collected (30th May 2018) from the west coast of India (Goa).
Our results revealed that phytoplankton biomass was nearly unchanged in response to elevated
CO supply; whereas, dust addition made a significant enhancement under both CO2 levels. Such
growth-stimulating impacts can be attributed to mostly nitrogen and iron enrichment from the
dust and are consistent with earlier literature. The dominating pennate diatoms Pseudo-nitzschia,
Cylindrotheca closterium, and Nitzschia sp. were seemed to be well adapted to an H-CO2 condition.
In contrast, a few centric diatoms like Dactyliosolen sp., and Guinardia sp. showed CO2-fertilisation
impact. Almost all phytoplankton showed a growth stimulatory effect under aerosol enrichment,
particularly diatom like Pseudo-nitzschia sp., C. closterium, Nitzschia sp., Guinardia sp., D.
fragilissimus, and Leptocylindrus sp. Importantly, some phytoplankton genera exhibited reduced
cell density at the elevated CO2 levels; however, recovered by aerosol addition. The concerning
fact was to notice a few toxic producing diatoms under the elevated CO2 levels (with and without
dust) and may be marked as potential bloom-forming species under future ocean scenarios. Some
important ecological processes like grazing and trophic transfer can be considerably impacted
by such a community shift. This is the first experimental study on this aspect and needs further
investigation.
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Sandhya K G*, Aditya N Deshmukh, PLN Murty, Siva K Srinivas, Remya P G, Dr. Francis P A,
Dr. T M Balakrishnan Nair
Indian National Centre for Ocean Information Services (INCOIS)
“Ocean Valley”, Pragathi Nagar (B.O.), Nizampet (S.O.), Hyderabad-500 090. Telangana, India
E-mail: sandhyakg@incois.gov.in
India is a peninsular country with Arabian sea to the west, Bay of Bengal to the east and Indian
Ocean to its south. This densely populated country with a population of approximately 1.3 billion
has many of its major cities like Mumbai, Kolkata, Chennai, etc., on its coasts. The high density
coastal belts along with India's blue economy initiatives have led to rapid increase in marine
activities in the recent times. The increase in the number of vessels at the sea has resulted in a surge
in planning and operational activities at ports and harbours, and in turn, an increasing number of
vessel-related hazards like oil spills, etc. In India, Indian National Centre for Ocean Information
Services (INCOIS), an autonomous organisation under the Ministry of Earth Sciences, is mandated
to issue ocean information operationally to the Indian ocean, including the coastal regions of
India, and the Indian Ocean rim countries. INCOIS issues forecasts of sea state parameters such as
waves, currents, sea surface temperature, etc. up to 10 days in advance for the parameters such
as significant wave height, wave direction, wave period, wave energy, etc. The forecasting system
is forced with high quality winds from European Centre for medium-range Weather Forecasts
(ECMWF), National Centre for Medium-Range Weather Forecasts (NCMRWF), Weather Research
and Forecasting model (WRF), etc. and is validated thoroughly using a vast observational network
which constitutes wave rider buoys, moored buoys and satellite observations (www.odis.incois.
gov.in). The wave forecasting system at INCOIS uses spectral wave models such as Simulating
Waves Nearshore (SWAN), WAVEWATCH III (WWIII) and MIKE21 SW - which are nested /coupled
with each other or with hydrodynamic models such as ADvanced Circulation Model (ADCIRC) to
get the best possible forecasting capability. Although SWAN and WWIII are both third generation
models, the former is preferred over the latter in coastal shallow waters, and vice versa for deep
sea conditions. SWAN with shallow water physics packages, appropriate numerical schemes and
high computational efficiency in coastal waters, makes it a preferred choice. The coastal wave
forecasting system presented in this work uses an unstructured SWAN setup with the highest
resolution near the coast, which is gradually relaxed to coarser resolutions offshore. The gradual
decrease in spatial resolution from the coast to offshore is attained by the use of flexible unstructured
mesh. This high resolution coastal setup is directly nested in WWIII to incorporate the wave energy
contribution to the system by distant swells/remote forcing. This method eliminates the need for
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an extra structured SWAN model setup that is required in the conventional method, for feeding the
WWIII boundary conditions to the unstructured SWAN grid. Separate east and west coast models
are setup and the effect of integration of the two wave models viz., WWIII and SWAN is studied.
The integrated SWAN+WWIII models for the east and west coasts are evaluated for normal as well
as cyclonic situations with the help of observational data from waverider buoys. The results of
the analysis show that the integration of the two models has a significant effect in filling up the
energy in the low-frequency part of the wave energy spectra. Statistics of model errors before
and after integration shows that the errors are significantly reduced after the integration, which
in turn certifies the innovative method of integration used here. The integrated model setups for
the east and west coasts are implemented in the High performance computing facility of Ministry
of Earth Sciences to be used for operational wave forecasting at Indian National Centre for Ocean
Information Services (INCOIS).
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Phailin: Role of Pre-existing Oceanic Features
Indian National Centre for Ocean Information Services (INCOIS)
“Ocean Valley”, Pragathi Nagar (B.O.), Nizampet (S.O.), Hyderabad-500 090. Telangana, India
E-mail: jyothi.l@incois.gov.in
The upper oceanic thermal response induced by Tropical Cyclone Phailin (914 October 2013)
under the influence of East India Coastal Current (EICC) and a cyclonic eddy is investigated and
contrasted with the response from open ocean region using a high-resolution HYbrid Coordinate
Ocean Model simulation. There is significant cooling (7  C) inside the cold core eddy and negligible
cooling (0.5  C) within the EICC region characterized by the shallow and deeper thermocline,
respectively. Our analysis of mixed layer heat budget terms showed that the horizontal advection
plays a significant role in determining the temperature tendency for the location within the
EICC, in contrary to the general dominance of vertical processes as reported in previous studies
during the cyclone period. The analysis for the locations inside eddy and open ocean concurs
with the previous studies showing the dominance of vertical processes toward the temperature
tendency. Further, near the coast, the surface cooling is minimal compared to the subsurface
cooling, dominantly seen between 50- and 100-m depth. This disparity indicates that the factors
responsible for the surface temperature anomalies are different from those of subsurface. Our
analysis of thermal signatures after the passage of cyclone showed that the EICC and cyclonic
eddy contribute to the faster advection of cold wake and recovery of sea surface temperature to
the prestorm state.
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Impact of ocean warming in the genesis and rapid intensification of
extremely severe cyclone Tauktae
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cyclonic storm undergoing rapid intensification under favorable ocean-atmospheric conditions.
Earlier Arabian sea was less vulnerable to tropical cyclones when compared to Bay of Bengal,
recent studies indicate an increase in the tropical cyclone occurrence over the Arabian sea basin.
The current study is an effort to understand the ocean-atmospheric conditions favorable for the
genesis and intensification of Extremely Severe Cyclonic Storm Tauktae. Our analysis show that
along with the conductive atmospheric conditions, warm ocean conditions led to the genesis and
intensification of cyclone Tauktae. The accumulated cyclone energy calculated for the cyclone
Tauktae is around 7.2 (104 kt2) which is very much higher when compared to the climatological
cyclone records. Also, the SST anomaly observed in the pre-monsoon season over the Arabian Sea
basin rise above 0.8-1.2oC over the east central Arabian Sea region. High Tropical Cyclone Heat
Potential of around 120-140 KJ/cm2 was found over the south east and east central Arabian Sea
when compared to the northern Arabian Sea during the formation of cyclone. Rise in SST and
TCHP can cause high Accumulated Cyclone Energy (ACE) in the east AS during pre-monsoon and
enhance cyclogenesis and intensification. Ocean Heat Content seasonal anomaly (D700) over the
Indian Ocean when observed over a period of 66 years (1955-2021) shows large scale variability.
Recent Ocean heat content anomaly over the Indian Ocean is around 3.5 x 10 22 J respectively,
with a gradual rise from 2003-2016. High Sea Surface Temperature and Ocean Heat Content creates
warm ocean conditions and provide continuous energy in the form of sensible and latent flux
from the upper ocean surface to the atmosphere. Warmer atmosphere could hold more moisture
and can have potential effect on cyclogenesis and intensification. As the Indian Ocean continues
to warm, it is inevitable to understand its effect on tropical cyclone genesis and intensification
which can open the way to mitigate the catastrophic effect of changing weather over India.
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Recent years shows an increase in the number and intensity of tropical cyclones over the Arabian
Sea basin during the pre-monsoon season. This is evident from the extremely severe cyclonic storm
Tauktae, which occurred over the Arabian Sea on May 2021. It was the strongest pre-monsoon
cyclone which occurred in the Arabian Sea after Kandla in 1998. It turned in to an extremely severe
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Dynamical and Synoptic characteristics of four extreme heavy
rainfall events that occurred during the last four years (2018-2021)
in the state of Kerala
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The state of Kerala witnessed several extremely heavy rainfall events during the last four years
and this study is revisiting those events by analyzing the synoptic as well as dynamical aspects
associated with those events. We had considered four extremely heavy rainfall events in this study
1) 14-16 August 2018 2) 08-10 August 2019 3) 04-08 August 2020 and 4) 16th October 2021. Case
one and two is associated with large-scale flooding over Kerala whereas case three and four is
associated with severe landslides. ERA 5 reanalysis data (0.25oX0.25o) is utilized in this study for
estimating various dynamical parameters associated with severe weather events. The main factor
for the first three cases is the stronger westerly/southwesterly winds over the Arabian Sea along
and off the Kerala coast. Usually, the strength of this westerly/southwesterly winds increases
in association with the formation of low-pressure areas over the northwest Bay of Bengal and
their further intensification and westward movement. These systems led to the strengthening
of westerly/southwesterly winds along and off Kerala coasts due to the increase of the crossequatorial monsoon flow towards the region of the low-pressure system. The extremely heavy
rainfall events in August 2018 can be attributed to the consecutive formation (within seven days) of
the low-pressure systems on 6th and 13th August morning over Northwest Bay of Bengal. Further
both these low-pressure systems intensified into Depression and moved west-northwestwards
along the monsoon trough. The extremely heavy rainfall spell in August 2019 was attributed to
the formation of a depression over NW BoB on 06th August 2019. This system further intensified
and moved North Westwards during 07-09 August 2019. In August 2020, the formation of a lowpressure area over North Bay of Bengal on 4th Aug 2020, and its intensification and movement
caused the strengthening of the strong south-westerlies in the lower-mid tropospheric levels over
the peninsular region caused intense rain spell during 04-08 August 2020 over Kerala. In all these
three cases, strong low level (925-850 hPa) wind convergence (~20-25 X 10-5 s-1) was observed
during the extreme weather period with strong vertical velocities indicating updrafts (1-2 Pa/sec).
On 15 August 2018, even the vorticity field was very high at 300 hPa (~10-20 X 10-5 s-1), especially
over central Kerala. On 08 August 2019, strong upper level (200 hPa) divergence (~10-15 X 10-5
s-1) was observed over Kerala. On 06 August 2020, strong upper-level easterlies (~ 50 knots) were
seen over south Kerala which may in turn increase upper-level divergence during the extremely
heavy rainfall event. The extremely heavy rainfall event that occurred on 16th October 2021
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was different from the previous three cases. A low-Pressure Area has formed over east-central &
adjoining the southeast Arabian Sea off the Lakshadweep area on 14 October 2021 and it moved
east¬southeastwards and reached the Kerala coast on the morning hours of 16th October 2021
this, in turn, triggered the extremely heavy rainfall activity over south Kerala. It was observed that
the vorticity, convergence, and vertical velocity had a steep increase during 03 UTC to 12 UTC of
16 October 2021 over south Kerala. The rainfall received from an automatic weather station at
Peerumade of Idukki district was also indicated the peak rainfall activity during 03 to 06 UTC of 16
October 2021. Area-averaged (Centered around 9.5oN,76.5oE) vorticity, divergence, and vertical
velocity at 850 hPa had shown a sharp increase from almost zero to ~ 40 X10-5 s-1, ~-20X10-5 s-1,
and 3Pa/sec during this period. The vorticity field, as well as vertical velocity, was extending up to
300 hPa with a high value of upper-level divergence (~ 40 X10-5 s-1) over the same region which
in turn increased the convection within the short period and created havoc over south Kerala.
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Variability in chlorophyll-a (chl-a) and other associated Essential Climate Variables (ECVs) impact
marine ecosystems and their resource abundance. Chl-a variability during the past decades in
the South Eastern Arabian Sea (SEAS) is related to the prominent changes in these ECVs which
are mainly controlled by basin-scale to mesoscale processes. For better understanding of this
variability, satellite imageries of ocean colour and other relevant ECVs with high resolution are
effective tools. Monthly data for chl-a, Sea Surface Temperature (SST), Sea Level Anomaly (SLA)
and sea surface wind during 1998 to 2016 were analysed to explore the chl-a variability and
possible causative factors influencing the variability. The time series and Hovmöller analysis
indicated a strong relation between chl-a and other ECVs with maximum variability during the
summer monsoon season (June to September). The occurrences of extreme climatic events such
as El Niño-Southern Oscillation (ENSO) and Indian Ocean Dipole (IOD) were noticed during the
study period. Significant variability in chl-a concentration and associated environmental variables
was observed during such extreme events. Cross Correlation Function (CCF) analysis divulged the
negative correlation between Chl-a and IOD with a lag of one month or less, whereas ENSO did
not indicate such direct relations. The variability was further increased in those years in which IOD
events co-occurred with ENSO. The possible physical mechanisms that might explain the chl-a
variability associated with extreme climatic events for the SEAS region are explored.

S

E

S

S

I

O

N

-

1

Muhammad Shafeeque*, Balchand A. N., Grinson George, Smitha B. R., Phiros Shah, Shubha
Sathyendranath, Trevor Platt

SESSION-14 - HOME

358

Plenary Sessions &
Panel Discussions

Technical
Programme Schedule

