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Current Affairs - Programmes/Committees

In-Depth Profiling

After concentrating on the Core group of the IIOE-2 Steering Committee in our past
issues , we now switch to the Stakeholder Group . This Group comprises of (i) a
Regional Coordination Level with representatives of [I0E-2 ‘National Committees’;
and (ii) a Science Delivery Level, with a leading scientist (typically the Chair or the PI)
from each major science initiative endorsed/implemented under the 10E-2's science
framework. The two Joint Programme Offices (JPOs) communicate with and advise
these Groups as necessary. Let us explore the Regional Coordination Level country
wise in detail:

AUSTRALIA - Chair - Prof. Lynnath E. Beckley
(L.beckley@murdoch.edu.au)

Prof. Lynnath Beckley teaches Marine Science at Mur-
doch University, Perth, Western Australia. She com-
pleted a Bachelor of Science (Honours) , then a Masters
| from the University of Port Elizabeth, South Africa and
obtained her PhD from the University of Cape Town,
South Africa (SA), in 1985 for a study on the estuarine
nursery areas of coastal fishes. She went on to pursue a
post-doctoral fellowship at Murdoch University, West-
ern Australia, where she expanded her interests into
larval fishes. She then opted for a further post-doctoral spell at University of Cape
Town,SA and was later recruited as Senior/ Principal Scientist at the Oceanographic
Research Institute, Durban. There, she became engaged in research on general fish
biology, recreational and subsistence fisheries and completed several fisheries and
conservation projects along the east coast of Africa.

In 2002, Prof. Beckley returned to Murdoch University as part of the faculty of its
Marine Science programme and has now built up the Marine Management Research
Group that focuses on marine resource use and biological oceanography, particularly
that of the Leeuwin Current. She is a member of Australian Marine Science Association
(president from 2010 to 2012).

FRANCE- Chair - Dr. Francis Marsac (francis.marsac@ird.fr)

Dr. Francis Marsac, Research Director, Institut de Re-
cherche pour le Développement (IRD Institute of Re-
search for sustainable Development), France, has been
a fisheries oceanographer since 1979. He holds an MSc
in Marine Sciences and a PhD in biological oceanogra-
phy from the University of Bretagne Occidentale (Brest,
France) and an HDR from the University of Montpellier,
France.

He has 23 years of experience overseas, in the Pacificislands, Indian Ocean (Seychelles
and Reunion) and South Africa, developing research projects and capacities in devel-
oping and emergent countries. His expertise is in the area of large-scale fisheries, tuna
behavior and ecology,tropical tuna fisheries in the Indian Ocean, their impacts on the
high seas ecosystems and how they interplay with the physical and biogeochemical
environment and its variability. Since 2010, he has led the International Centre for

Education, Marine and Atmospheric Sciences over Africa (ICEMASA), a French-South
African scientific joint venture based in Cape Town. He has held the eminent position
of Chair of the Scientific Committee of the Indian Ocean Tuna Commission and is a
member of several steering and scientific committees for regional and global pro-
grammes (ASCLME/UNDP, SWIOFP/World Bank, GOOS).

GERMANY
Co-Chair- Dr. Birgit Gaye (birgit.gaye@uni-hamburg.de)

Dr. Birgit Gaye is a Research Scientist at the Institute of Bi-
ogeochemistry and Marine Chemistry, University of Ham-
burg since 1994. She completed her Masters in Geology
and Palaeontology in 1987 and then her PhD dissertation
on the“Biogeochemistry of sinking particles in the Arabian
Sea: Implications for the Marine Carbon Cycle”in 1990 at
the University of Hamburg. Her research interests include
marine biogeochemistry, sedimentation processes, influ-
ence of climatic fluctuations and global change on biogeo-
chemical cycling of elements, preservation of proxies of biogeochemical cycling in the
sediments, palaeoclimate reconstruction from marine and terrestrial records.

Co-Chair- Prof. Hermann Bange (hbange@geomar.de)

Prof. Bange is with the GEOMAR Helmholtz Centre for
Ocean Research, Kiel, Germany. He completed his PhD
related to N,O and CH, measurements, at Universitdt
Mainz after studying chemistry at Universitdt Goettingen
and Universitat Freiburg. He currently focuses on marine
biogeochemistry of nitrogen, carbon and sulphur in open
and coastal oceans with a special interest in upwelling/
OMZ regions. He heads Working Group 1 - Science and
Research of the IIOE-2 programme while serving as both
the coordinator of the German SOLAS project SOPRAN and that of the Boknis Eck Time
Series Station.

INDIA -Chair- Dr. Madhavan Nair Rajeevan
(secretary@moes.gov.in)

i r Dr. Rajeevan is the Secretary of the Ministry of Earth Sci-
ences (MoES), Govt. of India. He completed a BSc. and
then MSc. in Physics at Madurai Kamaraj University, India.
He was then appointed as Senior Scientific Assistant at
the Tata Institute of Fundamental Research, Mumbai. He
went on to complete his PhD in Physics from University of
Pune in 1997 while posted at the Meteorological Centre
Ahmedabad and National Climate Centre, India Meteoro-
logical Department. He then moved to the National At-
mospheric Research Laboratory, Department of Space, Tirupati progressing to Senior
Scientist before becoming an Advisor with MoES and then Director of the Institute of
Tropical Meteorology, Pune. He was appointed Secretary , MoES in December 2015.

His current research interests include monsoon prediction using coupled models,



decadal variability and prediction, land-surface processes and extreme climate events
(variability and prediction of extreme events like heavy rainfall events, droughts and
heat waves).

JAPAN - Chair - Prof. Yukio Masumoto
(masumoto@eps.s.u-tokyo.ac.jp)

Dr. Masumoto completed his PhD in 1993 at the University
of Tokyo. After working at the University of Tokyo for
almost 2 decades, he moved to JAMSTEC in 2010. His
research interests include climate dynamics and physical
oceanography with a specific interest in climate and
ocean variations in the tropics and subtropics which have
< significant impacts on the global climate system and
especially on elucidating mechanisms responsible for such
climate variations as air-sea coupled modes and ocean
circulations and their variability. He co-chairs 1I0E-2's Science Theme 2 - Boundary
Current Dynamics , Upwelling Variability and Ecosystem Impacts.

UNITED KINGDOM - Chair - Dr. Gregory Cowie
(glcowie@glg.ed.ac.uk)

= : Dr. Cowie is a senior lecturer at the School of Geosciences,
\ University of Edinburgh. He started his research career at
the School of Oceanography, University of Washington,
| Seattle in 1984 and completed his PhD in 1990 with a
topic centred on marine organic diagenesis. He then
moved to the Department of Oceanography, University of
British Columbia where he continued research in marine
geochemistry and then finally moving to University of
Edinburgh.

He currently focuses on biogeochemistry, organic geochemistry, biomarker
applications in modern and palaeoenvironmental settings, organic matter cycling
and preservation in marine sediments, studies of natural and pollutant organic
compounds in marine and terrestrial environments.

II0E-2 at the International Indian Ocean Science Confer-
ence (1105C) 2018

The Steering Committee (SC) of 10E-2 met for the second time as part of an integrated
set of meetings held at 110SC 2018, Jakarta (19-21 March). It was held under the
joint auspices of the UNESCO-10C Perth Programme Office and the Government of
Indonesia’s Indonesian Institute of Sciences (LIPI) and the Indonesian Agency for
Meteorology, Climatology and Geophysics (BMKG), in partnership with 10C, SCOR and
10G0OS, the co-sponsors of [10E-2.

Highlights of the meeting included a keynote talk by Dr. Vladimir Ryabinin, Executive
Secretary, 10C-UNESCO on the “UN Decade of Ocean Science for Sustainable
Development 2021-30" and presentations of progress reports on the II0E-2 Science
Themes and Working Groups. There was a focus on ensuring optimal synergetic
interactions between the II0E-2 Science Themes, Working Groups and the 10C
Regional Bodies, integration of National Committee Programmes and endorsed
projects as well as the future of [I0E-2 as a whole.

The Indian@cean
Bubble

UNITED STATES - Chair - Prof. Raleigh Hood
(rhood@umces.edu)

Prof. Hood teaches biological oceanography at the
University of Maryland, Center for Environmental Science.
He began his research career as an undergraduate at
the University of Washington, studying harmful algae
blooms in Puget Sound, Washington State. After a BS
Oceanography in 1983, he went on to complete his PhD
in 1990 at University of California, San Diego - Scripps
Institution of Oceanography.

He has since conducted research in coastal and open ocean environments all over
the world, including the Atlantic, Pacific and Indian Oceans and both the east and
west coasts of North America. Presently his research is focused primarily on using
models to simulate and predict biogeochemical and ecological variability in marine
environments. He chairs the Steering Committee of the SIBER programme.

In our next issue we will focus on the Regional Bodies associated with the Core group.

CHANGES

New Coordinator - JPO India Node

Due to other personal commitments, Dr. S. Rajan has handed over responsibilities
of JPO Node Coordinator to Dr. Satya Prakash. We thank Dr. Rajan for his exemplary
contributions towards II0E-2 and look forward to his future support as well.

Dr. Satya Prakash (satyap@incois.gov.in) is
*| asenior scientist with the Ocean Information and Forecast
Services Group (ISG) at INCOIS. After an MSc. in Applied
Geology from Indian Institute of Technology, Roorkee
in 2003, he completed his PhD in Geology with major
. empbhasis on biogeochemical aspects at Physical Research
Laboratory, Ahmedabad in 2008. His current research focii
include ocean biogeochemistry, climate change, ocean
carbon/nitrogen cycle etc. He is also the Executive Director
of the SIBER- International Programme Office hosted at INCOIS.

2ndInternational Indian Ocean
Expedition (IOE-2)



India-USA Colloquium 2018

The three-day India-USA Colloquium: Earth Observations and Sciences for Society and
Economy, held at National Institute of Oceanography (CSIR-NIO) at Dona Paula , Goa
during 11-13 June, 2018 was attended by about 100 delegates from India and the
United States. This event marked ten years of MoES- NOAA Science collaboration and
helped in setting the course of action for the next decade in the areas of weather,
climate, ocean and fisheries. The NOAA Research Vessel Ronald H. Brown after
completing a biogeochemical sampling cruise remained docked at Mormugao Port
in Goa, as part of celebrations at the colloquium.

- "

Two other important events held during 10SC 2018 were the 3-day workshop on
[10E-2 Data & Information Management (D&IM) led by Ms. Cynthia L. Chandler, (Co-
Chair of the Working Group 2 on Data & Information Management ) which focused on
identifying and addressing the D&IM issues in the context of II0E-2 (20 participants)
and the I10E-2 Early Career Scientists Poster Session.
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Full Speed Ahead- Important Cruises

NOAA's RV Ronald H. Brown Indian Ocean Expedition 2018 years since the last sampling of the transect in 1995.
Parameters measured and sampling:

1. Conductivity, Temperature, Depth and Chemical observations.

2. State-of-the-art bio-optical measurements which included measurement
of phytoplankton pigments, phytoplankton and zooplankton species
composition, primary production and fluorescence / light response

Other Details: The data
will be used to describe the
phytoplankton community
| structure across biogeographic
regimes. These data will also
be used to help improve

satellite  remote  sensing
estimates  of  chlorophyll
The GO-SHIP (Global Ocean Ship-Based Hydrographic Investigations Program ) 107N | concentration,primary
repeat hydrography line was sampled by scientists aboard the NOAA Research Vessel production and phytoplankton
Ronald H. Brown . community size and structure.

Track: Departed from Durban, South Africa on April 23 2018, proceeding to reach The 107N line was completed on

and then cruise along 55 ° E and then transecting from 30° S to 20 ° N, almost
completely reoccupying 107N . The ship arrived in Goa, India on 6 June 2018.

- schedule and all major scientific
Cruise track superimposed on surface Chlorophyll-a. objectives were met.

( NASA Ocean Color VIIRS SNPP Chl-a 10 Feb -13 Mar 2017)
Objective: To learn how the western Indian Ocean has changed over the last 23



In Memorium

Remembering Ramesh

Dr. Sanjeev Kumar
Associate Professor

Physical Research Laboratory
Ahmedabad, India

sanjeev @ prl.res.in

Dr. Kumar joined PRL in late 2011 as a faculty member in the Geosciences Division . His
research interests lie in understanding the interactions among the physical, chemical
and biological processes that control the distributions of climatically and ecologically
important elements like carbon and nitrogen.

Prof. R. Ramesh with some of his PhD students during a symposium organized in his honour at PRL (June
2016).

Prof. Rengaswamy Ramesh, outstanding scientist (retired) at the Physical Research
Laboratory (PRL), Ahmedabad, India, passed away due to complications related to
colon cancer on 2™ April, 2018 in Mumbai at the age of 61. Ramesh was a person of
immense intellect and curiosity, who made an undeniable mark for himself in diverse
branches of science. His scientific calibre reflected in his numerous publications and
PhD topics of his students, which ranged from hard rock geochemistry, cimate
modelling, isotope hydrology, paleoclimatology, stable isotope geochemistry to
marine biogeochemistry. Contrary to the normal practice of providing a topic of
research to his PhD students, Ramesh used to challenge and encourage them to
come up with a topic of their interest and in the process learnt and explored new
dimensions of science. This was only possible due to his exceptionally sound
knowledge of mathematics and physics. It can only be counted as a tribute to his
brilliance that his colleagues from theoretical physics division at PRL often used to
comment about him belonging to their field, while accidently pursuing research in
Geosciences. Ramesh was an excellent teacher and belonged to the rare breed of
teachers who bring themselves at the level of students to make them understand
complex problems. He loved to teach and travelled every nook and corner of India
for that. He was an avid reader and liked to solve crossword puzzles. He was a person
with great sense of humour and liked to crack jokes, even at his own expense. He had

proficiency in several languages including German and liked to listen to Urdu Ghazals.

Despite being a successful scientist and a person of reason, Ramesh was also a firm

The Indian@cean
Bubble

believer in God.

Ramesh was born in Tamil Nadu and completed his M.Sc. in Physics from the
University of Madras. He achieved a rare feat of securing 100% marks in Mathematics
throughout. As a student, Ramesh was the recipient of several scholarships and
medals. Rather than keeping his medals in a showcase at his home or office, he used
to keep them in an old box, just because there were too many of them. Later in his
career, Ramesh won almost all the prizes and fellowships that the Indian scientific
community had to offer, including the Shanti Swarup Bhatnagar Prize, fellowships of
all three science academies of India and the Third World Academy of Sciences (TWAS).
Apart from being the recipient of the prestigious TWAS prize, Ramesh also received
the life time achievement award and Prof. Satish Dhawan Professorship from the
Indian Space Research Organization (ISRO).

After completing his Masters, Ramesh moved to PRL in 1979 to pursue his PhD in
paleoclimate, where he was instrumental in establishing a stable isotope laboratory,
which ultimately resulted in publications in Nature and Science. Thereafter, he
ventured into different fields of science. Ramesh’s first serious tryst with marine
biogeochemistry and oceanography started in 2001 with a casual discussion during
one of the meetings of ISRO-Geosphere Biosphere Program. ISRO had launched its
first ocean monitoring satellite (OCEANSAT-I) in 1999 and was looking for a capable
person to lead a scientific group to provide ground truth data, particularly f-ratio, in
the northern Indian Ocean, to generate regional map of export production. Given
the limitation of expertise in isotopic measurements and understanding in India
at that time, there were not many takers for this challenge. Using isotopic tracer
techniques, Ramesh and his student (author of this article) enthusiastically accepted
this challenge of measuring new and regenerated production in the Arabian Sea and
Bay of Bengal for the first time, which resulted in the PhD of his student. Not only did
they measure the rates of new and regenerated production but they also successfully,
through their paper published in Geaphysical Research Letters, argued that despite
the Arabian Sea being more productive compared to the Bay of Bengal, the export
production may be comparable in both basins. They also went on to show the effect
of winter cooling on the f-ratio in the Arabian Sea.

After the initial studies mentioned above, Ramesh developed a special liking for
oceanography and marine biogeochemistry leading to three more of his students
getting PhDs on different aspects of nitrogen and carbon cycling. He was very
enthusiastic about participating in cruises and became part of expeditions to the
Arabian Sea, Bay of Bengal, Equatorial Indian Ocean and Southern Ocean. In the
process, he accomplished many firsts in the field of marine biogeochemistry. Apart
from new and regenerated production studies, his group at PRL was the first in India
to measure N, fixation rates and primary productivity during above-mentioned
expeditions using N and ™C tracer techniques, respectively. His work, through
quantification of rates of different processes, has significantly improved the overall
understanding of nitrogen and carbon cycling in the northern Indian Ocean. Some of
his important findings include demonstration of significant increase in f-ratio in the
Arabian Sea during winter monsoon due to Noctiluca scintillans bloom. His estimates
of N, fixation in the Arabian Sea is a useful step towards reducing the uncertainty
in the nitrogen budget. Using nitrogen content data of aerosols and marine new



production, he showed contribution of atmospheric nitrogen deposition to the new
production in the northern Indian Ocean to be not more than 3%. His work in the
Southern Ocean showed insignificant increase in f-ratio due to iron fertilization.
Ramesh also used isotopes of oxygen and surface ocean salinity to trace atmospheric
and oceanic processes. Using all the data he and his students gathered over the years,
Ramesh published his last significant work in this field in 2015, validating his first
argument about the export efficiency of the Bay of Bengal.

Ramesh was working as a Senior Professor at the National Institute of Science
Education and Research, Bhubaneswar, when he was diagnosed with the deadly
disease, which ultimately consumed him. Being a bachelor, his students and
colleagues were his family. The success of a teacher and a scholar can be measured
through the legacy he leaves behind in the form his students and volume of work.
On that count, Ramesh remains right up there. I have no hesitation in assuming that
almost all of us, whose lives he touched, will miss him dearly. Adids Ramesh!

Ocean Voice - Opinions/Discussion

Can Chlorophyll Help Improve Subseasonal-to-Seasonal
(S2S) Predictions over the Indian Ocean?

Prof. Raghu Murtugudde
University of Maryland

ragu@essic.umd.edu

Prof. Murtugudde is a specialist in Earth System Modelling and Predictions, witha
focus on Climate Impacts and the Ocean’s Role in Climate Variability

Soon after the classic text by Jerlov defined water types based on optical properties
in the 1960s, surface ocean modeling followed in the 1970s and 1980s by Denman,
Dickey, Simpson, Morel and others to demonstrate the importance of chlorophyll on
upper ocean heating. Satellite and in situ data allowed direct estimates in the 1990s
by Lewis, Sathyendranath, Seigel, among others. More than a hundred regional and
global ocean, atmosphere and coupled models followed in the 2000s to quantify the
processes by which attenuation of solar radiation affects coupled processes ranging
from hurricanes to EI Nifios. SeaWiFS was launched in the nick of time to capture the
dazzling chlorophyll response to the end of the monstrous 1997/98 El Nifio; especially
a clearssignal of its transition into a very strong La Nifia. What was really new was that
the chlorophyll response led the SST transition by well over 2 months corresponding
to the subsurface processes that preceded the surface cooling and supplied nutrients
to produce an ecosystem response well before SST response.

Arecent study now suggests that chlorophyll signals also appear with sufficient lead
time during the evolution of an El Nifio and hence chlorophyll should be considered
to extend the lead time of ENSO predictions compared to the current SST-based
indices. This raises interesting possibilities for exploring the role of chlorophyll in
the coupled climate variability in the Indian Ocean. The Indian Ocean Dipole/Zonal
Mode is too episodic compared to El Nifio but has a strong concomitant chlorophyll
signal nonetheless. If the claims of I0DZM predictability are confirmed with sufficient
number of successful predictions, then an approach similar to ENSO can be considered
for I0DZM as well.

Remembering that the Indian Ocean is dominated by warm SSTs and coupled
intraseasonal variability and that chlorophyll has already been shown to have
significant signatures associated with MJO, it is worth revisiting chlorophyll at
intraseasonal timescales. It would be an exciting research avenue to explore whether
there are precursor signals in chlorophyll that correspond to the organization of SSTs
prior to MJO and MISO convections and/or to the reorganization of SSTs following

98~10 NovApr MJO, Normalized Comp. Tropics(3~7S)

s Sp— y WL
c 4 1 = 4 0.8
£ a8  »
x 06
=
o] E : 0.4
+2 -
== o2
00 .

O s -02
63
Y -0.4
- |
T -0.6
L

. §-os

60E 75E 90E 105E 120E 135E 150E 165 180 165W 150W 135W 120w

98~10 MayOct MJO, Normalized Comp. Diagonal

~ 6
© 51
= 4 ﬁo.a
S 3_-
® L 0.6
(@] g 144 4
+ 8o L o.
—a ] 0.2
= 61
8 9} 5 —-0.2
=
o ] —0.4
s
= 144 -0.6
-— 8

ey 0.8

Figure 1. Hovemueller diagrams of Log10 (Chl) in color and OLR in contours for November-April and May-
October averaged over 3°S — 7°S. Both fields are band-pass filtered to represent the 20-100 day variability.
Negative (positive) OLR corresponds to convective (dry) phase of atmospheric convection while the magenta
(green) colors correspond to lower (higher) than seasonal mean chlorophyll. Detailed investigations of
the phase relations between chlorophyll, SSTs, thermocline depth and OLR can yield insights into whether
chlorophyll has any early indication of the organization of convection and thus help advance forecast lead
times for MJO/MISO. (Figure from Jin et al. 2012, Clim. Dyn.; DOI: 10.1007/500382-012-1321-4)

these convections which typically cool the SSTs . Some hints of a potential for such
phasing is evident when we look at chlorophyll along with OLR. OLR is of course an
indicator of atmospheric convection. Figure 1 s from Jin et al. (2012) and shows the
winter and summer chlorophyll and OLR averagged over 3°S — 7°S. Clearly, a more
detailed analyses is needed by combining not only chlorophyll and OLR but also
thermocline, nutrients, SSTs, and so on.

Much has been written about the coupled nature of intrraseasonal variability. The
correlation between intraseasonal precipitation and SSTs (Figure 2 reproduced
from Zhou et al. 2017) confirms the coupling. ~ Similar correlations between SSTs,
chlorophyll, and OLR with appropriate lead-lag may yield clues as to whether the
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Figure 2. Correlation coefficient between the intraseasonal precipitation with intraseasonal SSTs averaged
over 5°S-5°N, 80°E-90°E. These correlations are modulated by I0DZM, ENSO, and the Atlantic Nifio. (Figure
from Zhou et al. 2017, J. Clim.,; DOI: 10.1175/JCLI-D-16-0347.1).
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Figure 3. Maps of mean SSTs in contours and standard deviations of log, , of chlorophyll in color for the MJO
and MISO seasons (top). The bottom panels show number of 1°X1° grid boxes with the value of SST shown
on the x-axis as vertical bars and values of the standard deviations of logw{(hl) at each of those SST values
as cloud of points. Maps show that chlorophyll variance is high at both coasts of the Indian Ocean in both
seasons and there is no systematic relation between SSTs and the variance of chlorophyll.
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marine ecosystem response precedes the SST response. A quick look at the variance of
chlorophyll at intraseasonal timescales in Figure 3 shows that the standard deviations
are high at both the eastern and western Indian Ocean in both the MJO and MISO
seasons with additional high variability in the MISO season at the southern tip of
India and Sri Lanka. More surprisingly, the variance of chlorophyll is not systematically
related to mean SSTs which indicates that the nutrient and light limitations as well as
other factors such as iron limitation and coloured dissolved organic matter from river
outflows may be contributing to this rather non-intuitive distribution of chlorophyll
variance with SSTs.

Jin et al. (2012) speculated that a potential for bio-climate feedback does exist at
intraseasonal timescales. Their schematic is reproduced in Figure 4. Considering
the impact of MJOs and MISOs on ENSO, monsoons, and various other phenomena
extending into mid-latitudes, we will be wise to explore the role of chlorophyll in the
processes that determine the rich multi-scale character of MJOs and MISOs as well as
the potential for extending the lead times for their predictions. lI0E-2 observations
and modeling activities will certainly be valuable for all aspects of this exciting
avenue of research.
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Figure 4. Putative bio-physical feedbacks in the convective and dry phases of MJO according to Jin et al.
(2012).

Ocean Vision
Elemental View - Chemistry

Nitrogen fixation: Most important yet least understood
ocean process

Deepika Sahoo and Arvind Singh

Geosciences Division, Physical Research Laboratory (PRL),
Ahmedabad 380009, INDIA.

deepika@prl.res.in, arvinds@prl.res.in

First Author Sahoo is a Junior Research Fellow and Singh holds the position of
Reader at PRL

Nitrogen is the most abundant element in our atmosphere, yet photosynthetic marine

micro-organisms are limited by its availability. The reason is that it is energetically
expensive to break the triple bond of dinitrogen (N,) to convert it into the bioavailable
nitrogen (such as nitrate, ammonium). It requires almost a thousand times more
energy to reduce one mole of N, to ammonium compared to what would take Virat
Kohli to bat one full day in a cricket test match. Diazotrophic cyanobacteria such as
Trichodesmium, however, have exceptional capability to convert N, to NH," due to
their nitrogenase enzyme. Thus, it is important to estimate the rates of N, fixation
(NF) as it provides most of the bioavailable nitrogen to the sunlit ocean. In this article,
we focus on the Indian Ocean as certain regions of this ocean has been traditionally

thought to be the hotspot of N, fixers.
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Figure 1. Sea water sampling locations overlaid on annual mean sea surface temperature in the Indian Ocean.

N, fixation is controlled by a couple of environmental factors related to the
energy and nutrient supply. Sunlight in supplying the sufficient cellular energy to
diazotrophs to split and reduce the N, molecule is an important factor controlling
the NF. Nitrogenase enzyme activity of photoautotrophic diazotrophs is closely linked
to photosynthesis. Thus, NF generally occurs in the warm and strongly stratified
ocean waters. Furthermore, Iron (Fe) and Phosphorous (P) are two major nutrients
that limit the marine NF. Fe is an important cofactor for nitrogenase enzyme and it
requires about 5-10 times more Fe than that for ammonium assimilation. Likewise, P
is inevitably another major requirement for diazotrophs. Since the 1970, it has been
recognised that the supply of bioavailable nitrogen by NF to the mixed layer is a key
factor for regulating the fraction of primary production exported from the sunlit layer
to the deeper layers. Despite its importance, only a few studies have been conducted
to measure the NF rates in the Indian Ocean, mostly limited to the Arabian Sea -
perhaps due to the challenge in conducting experiments to estimate rates (Fig. 1).

The CH, (Acetylene) reduction assay, 15NZ (a tracer 99% enriched in "N, bubble
and recently developed dissolution method) and N* (geochemical) are widely
used methods to measure NF rates. Among these, isotopic enrichment method is
the most precise method (<10% analytical uncertainty). The method involves *N,
tracer incubation of the water samples collected from the sunlit ocean. In the bubble
method, the slow equilibration and low solubility of the injected "N, gas with the
dissolved gas in the water results to an underestimation of NF rates when compared
with the N, gas dissolution method. Because of the high precision, N, method is
still considered as the best available method to directly measure the NF rate.

The eastern Arabian Sea experiences a bloom of Trichodesmium during the spring,
when the optimal temperature and oligotrophic conditions favour their growth in the
surface water. Trichodesmium are the filamentous diazotrophic cyanobacteria found
in calm and deficient bio-available nitrogen conditions. In addition, recent studies
have established that other fixers such as y-Proteobacteria and other heterotrophs
are also able to fix nitrogen. Unlike Trichodesmium, these heterotrophs are not
constrained by light, they can be detected in nutrient rich, cold and dark systems. The
phylogenetic analysis of niff showed that the diazotrophs do not only belong to the
cyanobacteria, the heterotrophic bacteria have also fixed a significant amount of N, ~
52% of the total NF in the eastern Arabian Sea.

Although the studies are limited in the world ocean as well, it has been established
that the eastern Arabian Sea experiences highest NF rates (up to 34 mmol N m?
d™) among the world oceans (Table 1). These highest rates may be attributed to
the sufficient availability of the essential nutrients such as Fe and PO,*. The eastern
Arabian Sea receives Fe from the aeolian inputs of the nearby Thar and Arabia
Desserts. PO, comes through the upwelling of PO, rich water, which s resulted from
the denitrification in the oxygen minimum zone (OMZ) of the Arabian Sea. Surface
Fe concentration of 0.34-0.52 nM and surface PO, concentration of 85-375 nM have
been observed in the Arabian Sea. In addition, NF might also have triggered by the
loss of bioavailable nitrogen through denitrification occurs in the OMZ of the ocean
as the Arabian Sea houses one of the three major OMZs in the world ocean. In the
Arabian Sea, NF contributes up to ~92% of the of “new” nitrogen. This observation is
further supported by the low values of the nitrogen isotopic composition (6"N) of the
particulate organic matter.

Methodology Areal Rates Region References
(umol N m?d?)
Acetylene Central Arabian
Reduction Assay 170 Seq (Caponeetal, 1998)
5 -
N, tracer bubble 24.6-47.1 Arabian Sea (Shiozaki et al,, 2014)
method
Equatorial and
15 .
N, tracer-bubble 6.27-16.6 southern Indian (Shiozaki et al.,, 2014)
method
Ocean
15 . P
N, tracer btjbble 100-34,000 Eastern Arabian (Gandhietal, 2017)
method Sea
N tracer-bubble Southeastern
2 —
method 174-238 Arabian Sea (Bhavya et al,, 2016)
5N tracer- Eastern Arabian
2
dissolution method 1739 Sea (Ahmed et al, 2017)
5N _tracer-bubble Eastern Arabian
2 —.
method* 1,140-8,405 Sea (Kumaretal, 2017)
5N _tracer- 1.5—4.5nmol Eastern Indian
2
dissolution method [The Ocean (Raes etal, 2074)

Table 1: Summary of photic N, fixation rates in the Indian Ocean.

The study of NF is of the great importance to understand the other biogeochemical
processes such as primary productivity, carbon sequestration in the ocean, because
these processes are interlinked to each other. Increase in NF rates from lower to
higher latitudes in the western Australian region of the Indian Ocean is due to the
dominance of unicellular cyanobacteria and not due to the conventionally thought
about Trichodesmium. Despite the increasing fixation rate at higher latitudes, the
values are comparatively less than those of the Arabian Sea. This could be attributed
to the insufficient supply of Fe and PO, to the surface ocean on the eastern
side. Likewise, the NF rate varies regionally due to nutrient availability and the
environmental variables. The estimation of the NF rate can explain the contribution
of the diazotrophic activity to the fixed N in the ocean and will also able to ascertain
the contribution of the other processes such as terrestrial input of N to the ocean. In
fact, Bay of Bengal receives around 9 Tg N y™' through large riverine influx from the
major Indian rivers Although the region situated almost at the same latitude range as
that of the Arabian Sea, but the physical and biogeochemical processes are different
and unique to each basin. But the higher estimates of new production could be due



hypothesized NF in the Bay (Singh and Ramesh, 2015). In future studies, these regions
need to be sampled in order to establish the contribution of NF to the nitrogen budget
of the Indian Ocean. In addition to the photic NF, aphotic NF (>200 m depth) must
be explored to solve the imbalance in nitrogen budget mystery of the world ocean.
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The Indian Ocean bio-physical processes are highly coupled to the monsoon wind
strength and its variability. The ocean nutrient dynamics associated with the
monsoon and its seasonal variability is greatly explained by wind induced upwelling
mechanisms. Understanding the variability in biological production over the coastal
upwelling systems, which are characterized by phytoplankton blooms especially
during the monsoon period are important since it affect the day to day livelihood of
fishing communities and the economic growth of Indian Ocean rim countries due to
their developing country status. Several studies revealed the variability in biological
production over the major upwelling zones of Indian Ocean which includes (1) WAS
(Western Arabian Sea, 40°E:65°E, 5°5:25°N) (2) SLD (Sri Lanka Dome, 81°E:90°F,
0%10°N) (3) SC (Sumatra Coast, 90°E:110°E, 0°:10°S) and (4) SCTR (Seychelles-
Chagos Thermocline Ridge, 50°E:80°E, 5°5:10°S). These regions represents significant
variability in biological production evidenced by the seasonal variation in Chl-a.

Observational and modeling approaches are widely used to reveal the complex
biophysical interactions over these upwelling regions. However, lack of continuous
observations over the ocean often forces us to depend on ecosystem models to
decouple the impact of atmospheric forcings on ocean biogeochemical dynamics.
Simple to intermediate complexity marine ecosystem models have been employed
by several of the previous studies (Sarmiento et al., 2000; Orr et al., 2001; Matsumoto
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Figure 1: Seasonal-mean maps of variable compensation depth (varZc), (a) December to February (DJF), (b)
March to May (MAM), (c) June to September (JJAS), (d) October to November (ON) and its seasonal variations
over (1) WAS (Western Arabian Sea, 40°E:65°F, 5°S:25°N) (2) SLD (Sri Lanka Dome, 81°E:90°F, 0°:10°N) (3)
SC (Sumatra Coast, 90°E:T10°, 0°:10°S) and (4) SCIR (Seychelles-Chagos Thermocline Ridge, 50°E:80°F,
5°5:10°S) shown as climatology computed over 1990-2010. Error bar shows standard deviations of individual
months over these years. Units are meters.

et al., 2008; Valsala et al., 2010). However, the representation of marine ecosystem
production with proper parameterizations in models has always been a daunting
task.

Biological production can be quantified with a better understanding of primary
production which depends on water temperature, light and nutrient availa=bility
(Moisan et al., 2002) and this became the key reason for parameterizing the
production in models as one or more combinations of these terms (Yamanaka et al.,
2004). Any of these basic parameters can be tweaked to alter production in models.

One such biological production depended model parameters is Community
compensation depth (Zc), the depth at which photosynthesis equals entire
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Figure 2: Comparison of model (a) (01 flux and (b) p(OI simulated with constZc and varZc with that of
Takahashi et al. (2009) observations (0BS) over WAS as climatology computed over 1990-2010. Error bar
shows standard deviations of individual months over these years. Units of 0, flux and p(0, are mol m? yr’
and patm, respectively. Legend is common for both graphs.

community respiration and the irradiance at which this balance achieved is the
compensation irradiance (Emm). Icis clearly different from the conventional euphotic
zone depth (Morel, 1988). Depending on the latitude, Zc varies in space and time
(Najjar and Keeling, 1997) just as the euphotic zone depth does as documented in
ship measurements (Qasim, 1977, 1982). Most of the biophysical models prescribe a
constant value for Z¢, e.g., a default value of Zc = 75 m in OCMIP —II protocol (Najjar
and Orr, 1998) and Zc = 100 m in Minnesota Earth System Model (Matsumoto et al.,
2008). Zc separates the production zone (where model allow biological production
representing the Net Community Production (NCP)) and the consumption zone.
At Zc, the NCP is zero and above Zc the Net Primary Production (NPP) exceeds the
community respiration and the ecosystem will grow (Regaudix-de-Gioux and Duarte,

2010; Marra et al., 2014).

In our study we have attempted a novel biological parameterization scheme
for spatially and temporally varying Zc (varZc) using Ocean Carbon-cycle Model
Intercomparison Project (OCMIP-11) biogeochemical model framework by representing
the production as a function of solar radiation (Parsons et al., 1984) and prescribed
Chl-a. In this hypothesis, a variable Zc is estimated from the vertical attenuation of
insolation by the surface Chl-a described in Jerlov et al. (1976) and the depth at which
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Figure 3: Comparison of model export production (Mod. Exp. Prod) and new production (Mod. New Prod) with
satellite-derived export production (0bs. Exp. Prod) for (a) ConstZc and (b) varZc simulations for WAS. Units
are g Cm?yr. Legends are common for both graphs.

the insolation reaches the compensation irradiance (chosen as 10 Wm-) is taken as Zc
(Figure 1). This variable Zc posses the seasonality in insolation and Chl-a and thereby
provide the seasonal variability to production zone which is lacking in the original
OCMIP-II biogeochemical model protocol.

OCMIP-II introduced a simple phosphate-dependent production term in biological
models for long-term simulations of the carbon cycle in response to anthropogenic
climate change with an accurate annual mean state (Najjar and Orr, 1998; Orr et al.,
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Figure 4: The strength of the biological pump (BP, black lines) and solubility pump (SP, red lines) from constZc
and varZc simulations for WAS. Error bar shows standard deviations of individual months over the years 1990
-2010. Units are g Cm yr'.

2001). However, the OCMIP — Il model simulations come with a penalty of strong
seasonal biases when compared with observations (Orr et al., 2003). The Variable
Zcimproved the carbon cycle seasonality in the model. Figure 2 shows the seasonal
variation in CO, flux and pC0, over WAS compared with Takahashi observations.
Significant improvement in the seasonal variability of CO, and pC0, especially
during the monsoon implies the ability of variable Zc in capturing the upwelling
episodes. Further research revealed that the variable Zc strengthened the model
export production (approx. 70%) and thereby achieved a seasonal balance in export
and new production (Figure 3). The variable Zc parameterization also improved the
strength of solubility and biological pump in the model which is significantly weak in
constant Zc model simulation (Figure 4).

The study provides a solution to reduce the ocean carbon model seasonal biases
by having a variable Zc in ocean carbon models and highlights the importance of
seasonal balance in export and new production which significantly improves the
strength of solubility and biological pumps in the model for a better representation
of carbon cycle. A details analysis for Indian Ocean upwelling zones and its impact
on export and new production with influence in solubility and biological pump is
provided in Sreeush et al. (2018).
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Noctiluca Scintalans Bloom

During the winter monsoon, Northern Arabian Sea experiences widespread blooms
of the heterotrophic dinoflagellate, green Noctiluca scintillans. These blooms are
often associated with the toxic levels of ammonium resulting in massive fish
mortalities and thus characterized as harmful. In addition, Noctiluca voraciously eats
one of the most important planktonic organisms, diatom, which is at the base of the

fish-food chain. Also the decay phase of these blooms generates a large fraction of
organic matter and also causes depletion in dissolved oxygen levels in the process of
degradation.

The growth of Noctiluca bloom has been recently linked to the vertical expansion
of the oxygen minimum zone, driven by cultural eutrophication from major coastal
cities in western India. However, this link is strikingly denied by results of a new joint
Indo-US study. Scientists from Indian National Centre for Ocean Information Services
(INCOIS) under the Ministry of Earth Sciences (MoES), Govt. of India and National
Oceanic and Atmospheric Administration (NOAA) - National Marine Fisheries Service
(NMEFS) under the US Dept. of Commerce worked together towards ‘Development of
Predictive Capabilities for Marine Fisheries and Harmful Algal Blooms in Indian Seas’

This collaborative study utilized in situ and satellite data to observe the distribution
of both diatoms and Noctiluca. In addition, sea conditions, nutrients and oxygen

-

Radiometer deployed for collecting in situ data




concentrations were studied using both sensors attached to special free-floating,
self-propelling Argo floats and water samples collected from research vessels. The
near-surface oceanic waters in the northern Arabian Sea were observed to have
sufficient oxygen, clearly refuting any linkage between low oxygen and Noctiluca
abundance and success. There was also no evidence that cultural eutrophication from
major cities along the west coast of India has contributed to the decadal scale shiftsin
plankton composition. Conversely, climatic warming of surface waters is thought to
have intensified stratification, thereby reducing net nutrient flux to the photic zone
and decreasing silicate to nitrate ratios (Si:N); thereby increasing the competitive
advantage of green Noctiluca over diatoms. If so, the decadal-scale trajectory of
phytoplankton community composition in the Northeastern Arabian Sea may be a
harbinger of climate-driven change and thus may be expected to disrupt the food
chain by causing a decline in regional fisheries yields in the future.

(Source: Lotliker, A.A., Baliarsingh, S.K., Trainer, V.L., Wells, M.L., Wilson, C., Udaya
Bhaskar, T.V.S., Samanta, A., Shahimol, S.R. 2018. Characterization of oceanic
Noctiluca blooms not associated with hypoxia in the Northeastern Arabian Sea,
Harmful Algae, Volume 74, 46-57, https://doi.org/10.1016/j.hal.2018.03.008)

Depth (m)

Schematic showing the association of Dissolved Oxygen (D0), measured using bio-argo profiling float, with
high biomass green Noctiluca bloom in oceanic waters of Northern Arabian Sea. Phytoplankton class products
(Noctiluca and Diatom) were generated using the algorithm developed by Dwivedi et al. (2015)
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About OTN

Headquartered at Dalhousie University in Halifax, Nova Scotia, the Ocean Tracking
Network is a Canadian state-of-the-art research facility that brings together
international partners in science, technology and data management to globally
monitor how aquatic species are affected by their changing environments.

OTN’s mission is to foster the conservation and sustainable management of aquatic
animals by providing knowledge of their movements, habitats and survival in the
face of changing ocean and freshwater ecosystems.

Collaborations in Acoustic Telemetry

Since 2008, OTN has deployed electronic tagging systems (primarily acoustic tags
and receivers, but also including data loggers, satellite tags, and radio tracking gear)
and oceanographic monitoring equipment in key ocean locations.

More than 400 international researchers from 20 countries are participating in the
global network. OTN hosts an internationally certified data warehouse—200 million
detection records and growing—that serves as a repository for data collected by OTN
researchers.

OTN is tracking more than 130 keystone, commercially important and endangered
species such as: marine mammals, sea turtles, squid, benthic crustaceans and fishes
including sharks, sturgeon, eels, tuna, salmonids and cod.

Photo: Matt D Potenski

Global Ocean Observing System

As part of its mandate, OTN takes a leadership role encouraging other telemetry
networks to participate in the United Nation’s Intergovernmental Oceanographic
Commission’s Global Ocean Observing System (GOOS).

GOOS is a permanent global system for observations (including biological), modeling
and analysis of marine and ocean variables to support ocean services worldwide.
OTN’s unique position as an international research organization and global data
repository is helping to provide truly global coverage on animal movements and their
survival by connecting researchers sharing interests in common species, and by the
development and sharing methods and tools for data synthesis and visualization. This
work also integrates biotelemetry with other international ocean monitoring efforts
including ocean glider and ROV observations, as well as deep-sea buoy networks.



The Global Ocean
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Indian Ocean Operations

In the Indian Ocean, OTN is deploying receivers on the buoys of the offshore
RAMA (Research Moored Array for African-Asian-Australian Monsoon Analysis and
Prediction) network, maintained by the U.S. in cooperation with Japan, France,
India, Indonesia, China, and an association of nine African nations participating in
the Agulhas and Somali Current Large Marine Ecosystem Project. These deployments
are termed “buoys of opportunity” (BOO) for their potential to capture movements of
highly migratory animals far offshore and in areas that would not otherwise permit
receiver deployments. BOOs globally have resulted in more than 7,500 detections
including salmonids and many species of sharks.

OTN is also involved in a variety of research projects throughout the Indian Ocean
including the southern coast of South Africa, Mozambique and the Israeli Red Sea.

In South Africa, the Acoustic Tracking Array Platform (ATAP), has deployed an acoustic
receiver array using OTN infrastructure under project direction from Paul Cowley
(South African Institute of Aquatic Biodiversity). Much of this research focuses on
large sharks and important coastal fishery species. Prominent species (and number
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tagged) include: white sharks (85), dusky kob (60), leervis, spotted grunter and
raggedtooth sharks (50), Zambezi sharks and sevengill cowsharks (40).

ATAP’s line of receivers stretches approximately 2,200 kilometres from False Bay, near
(Cape Town in South Africa, to Ponta do Oura in Mozambique. To date, more than 700
individual animals representing 27 species have been tagged with a focus on highly
migratory sharks and sport fishes.

Photo: ATAP

In the Israeli Red Sea, OTN is supporting multiple research projects that are tracking
the movements of invasive species such as lionfish.

Invasive species can have negative effects on native reef populations, some of
which have high commercial value. Studying and understanding the behaviour and
distribution of these species will help minimize the escalating impacts they can have
on marine ecosystems and help develop science-based management strategies.

oceantrackingnetwork.org
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The Fishing sector plays a very important role in improving the socio-economic

conditions of over 14 million fishers in the country (whose livelihood depends
solely on fishing and allied activities). Small-scale fisheries are labour intensive
and are conducted by artisanal fishermen whose level of income, mechanical
sophistication, quantity of production, fishing range, political influence, market
outlets, employment and social mobility and financial dependence, keep
them subservient to the economic decision and operating constraints

placed upon them by those who buy their catch. Fishing is an occupation
next in importance only to agriculture and is regarded as a powerful income
and employment generator. It also stimulates the growth of many subsidiary
industries apart from providing protein-rich food to the public. In summary, it is a
viable sector for employment generation for millions of people , supplementing food
supply, raising nutritional level and earning foreign exchange.

India is endowed with a long coastline of 8118 km besides having 1.53 million sq.
km of continental shelf area and 2.02 million sq km Exclusive Economic Zone (EEZ).
To explore the rich marine resources of about 3.9 million tones, the country has a



fishing fleet of 2,80,546 comprising 53,684 mechanized boats and 45,578 motorized
traditional crafts and 1,81,284 traditional crafts. Kerala is one of the important
coastal states on the West coast having a coastline of 600 kms, 9 coastal districts and
222 fishing villages. It ranks third in India, w.r.t. fish production. Overall, the fishery
resources in the inshore area have been over exploited, whereas the offshore and
deep sea resources are yet to tapped to optimum level.

Fish is a source of high quality protein which can easily be digested by humans
including aged or ailing persons. It is affordable even to the lowest ebb of society. Fish
is an excellent source of polysaturated fatty acids that appear to have health benefits
including reducing risk of cardiac disease and easing the cure of certain types of
cancer. So itis not surprising that In the recent years there has been a perceptible shift
witnessed in consumer preference from red meat to white meat leading to growing
demand for fish in domestic and international markets. India and particularly Kerala
can be a major source for the international market if proper hygienic standards and
better infra structural needs are addressed.

Government of Kerala through different agenciesis working to enhance fish production
in the state by formulating polices to utilize offshore resources and increase the
standard of living of fishermen who remain one of the socio- economically weaker
sections of society.

The issues of fishery industry of Kerala that need to be tackled are as follows:
» Growing domestic market and inevitable exploitation for better price realization.

» Better facilities at landing centres to maintain quality and freshness of catches for
better price realization.

» Requirement of facilities for increased export of chilled and fresh fish export to
international markets for better value realization

» International sanitary and hygienic standards and norms are to be met on equipment
and facilities and on exported products.

» Short -term storage facilities required to hold catch for a short periods .

» The linkage between markets and landing centres i.e. link between suppliers,
organizing vendors and traders is required to be strengthened to improve the
distribution system and stop the erosion of income .

» Better infrastructure to ensure hygiene at harbours, landing centres and fish markets
so that the quality, volume and value improves.

» Landing facilities & infrastructure should be increased to match growing demand
and additional facilities for storage, ice, diesel, equipment, pre-processing have to be
created.

» Standardization of practices in harbours, landing centres and markets by
organizing the stake-holders under cooperatives to prevent the erosion of their

income. Improved facilities at harbours, landing centres and markets should also

be integrated so that the proliferation of market intermediaries can be avoided,
excess landing can be handled and sharp price drops can be avoided while making
fish available when there is shortage of supply.

MATSYAFED

Matsyafed, the Kerala State Cooperative Federation for Fisheries Development Ltd,
is the apex federation of 654 primary fisherman development welfare cooperative
societies. Of the 654 active societies 340 are in the marine sector, 183 in the Inland
sector, 131 are women cooperatives and the total membership in these societies is
more than 3 lakhs. The objective of the federation is to improve total quality of life of
the traditional fishing community of the state by providing education, employment,
housing, sanitation and empowering women. The federation has to promote , procure,
process and market fish products for the total development (economical, social and
cultural) of the fishing community. In order to achieve this objective Matsyafed has
taken up a range of activities such as developmental activities that include beach-
level auction for control over the primary sale, integrated fisheries development
plan assisted by NCDC, motorization of country craft, micro finance for getting credit
support, subsidy for suitable gear, popularization of new generation craft, etc. It has set
up employment generation schemes including those assisted by National Backward
(lass Development & Finance Corporation and the National Minority Development
and Finance & Development Corporation. It has also set up women empowerment
schemesinclude ornamental fishery development scheme, production and marketing
of value-added fishery products etc. Matsyafed’s commercial activities include net
factories, ice and freezing plants, import and supply of out board motors, stores,
diesel bunks, fish manure plants, chitin and chitosan plants, 0BM workshops and
kerosene & 2T oil supply. Welfare schemes include input security scheme, personal
accident insurance scheme, bus services, community peeling shed etc. Aquaculture
activities include 4 hatcheries, 3 fish farms and an ornamental park at Thenmala.
The division of extension mass communication handles general awareness schemes
mass contact programs and training programs. The engineering division handles the
construction and developmental needs of the federation.

Post 2004 Tsunami, Matsyafed took up activities for the rehabilitation of the fisher
folk of the state. These include setting up working capital for revolving funds which
ensure minimum wage for fishers and vehicles for fish marketing. Fish kiosks and a
seafood kitchen are two major projects Matsyafed has taken up to sell fresh fish and
fishery products directly to customers. . Matsyafed was in charge of the replacement
of the fishing inputs which were lost during the tsunami period in the state. It could
implement the replacement of inputs worth 15 crores to affected fishers in a very
short time frame because of its accessibility to the traditional sector.
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