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REPORT FROM THE BOARD 
Vision 
To serve the society through advancing knowledge on 
Monsoon and Ocean Variability and Coastal Marine 
Ecosystem for sustainable development by promoting inter 
disciplinary research and Educational Cooperation 
programmes in the spirit of Fridtjof Nansen. 

Main scientific research areas of NERCI are: 

• Monsoon and ocean variability,Climate change, Sea 
level variations 

• Marine Ecosystem studies including algal blooms 
• Coastal Zone Management and Societal issues. 

Organisation 
Nansen Environmental Research Centre India (NERCI) was 
established in 1999 as a joint venture between the Indian 
and Norwegian partners. NERCI conducts basic and 
applied research in ocean and atmospheric sciences funded 
by national and international agencies.   Core  funding is  
received  from  the  Nansen  Centre  and  the  Nansen  
Scientific Society,  Bergen,  Norway.  NERCI is recognised 
by DSIR (Department of Scientific and Industrial Research) 
Ministry of Science and Technology, Govt. of India, as a 
non-profit Scientific and    Industrial Research Organization 
(SIRO) from 2012.   

NERCI capitalizes on the joint scientific expertise of the 
Nansen Group (http://www.nersc.no) which has about 200 
staff including 60 Ph.D. and Master Students in the various 
centres around the globe. 

Staff 
The Centre has at present a staff strength of 18 with five 
full time scientists, four associate scientists, 2 consultant 
scientists, one Junior Research Fellow (funded by DST 
project), 3 Research Assistants (funded by DST, 
NERSC,ISRO projects), one Project staff and 2 
administrative staff. Currently 7 students are supervised at 
NERCI (5 students registered for Ph.D. at CUSAT and 2 
students at KUFOS), including 1 Nansen Fellowship 
student. 

Scientists 
Ajith Joseph. K – Oceanography & Remote Sensing 
Nandini Menon. N – Marine ecosystem studies  
Syam Sankar – Climate & Ecosystem modelling  
Bindu. G – Climate change 
Abish B - Aerosols and Indian Monsoon 

Associate Scientists 
N. R. Menon – Marine ecosystem & Coastal zone 
management 
P. V. Joseph – Monsoon & Ocean variability, sea level 
variations 
Ola. M. Johannessen – Oceanography & Climate 
Lasse H Pettersson – Oceanography &Remote sensing  

Consultant Scientists 
Harenduprakash. L – Ocean modelling 
K. Shadananan Nair- Hydro meteorology 

Project fellows 
Mary Swapna George- Ocean modelling 
Smitha A- Oceanography and Modelling 
Poornima Rajan- Remote Sensing and GIS 

Administrative Staff 
Hariharan. K. S. – Finance 
Manuel Prakasia – Assistant 
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Lasse H. Pettersson (Chairman), Director of International 
Cooperation, NERSC, Norway. 
Prof.  N. R.  Menon (Co-Chairman), Professor  Emeritus, CUSAT, 
Kochi, India. 
Prof. Ola M. Johannessen, Nansen Fellow, NERSC and President 
of the Nansen Scientific Society, Norway. 
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Prof.  P.  V.  Joseph, Director (Rtd), India Meteorological 
Department, Kochi, India. 
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Associate Partners 
Nansen Scientific Society, Bergen, Norway 
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Govt. of India, New Delhi. 
Prof. P. V. Joseph,   Director   (Rtd.),   India   Meteorological 
Department, Kochi, India. 
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NERSC, Bergen, Norway. 
Prof. B. Madhusoodana Kurup, Former Vice -Chancellor, Kerala 
University of Fisheries and Ocean Studies (KUFOS) 
Dr. N. P. Kurian, Director(Rtd.), National Centre for Earth 
Science Studies. Trivandrum 
Dr. Laurent Bertino, Research Director,  Mohn-Sverdrup Center 
for Global Ocean Studies and Operational Oceanography, 
NERSC, Bergen, Norway. 
Dr. M. Ramalingam, Former Director, Institute of Remote 
Sensing, Anna University, Chennai, India 
Prof. T. Balasubramanian, Former Dean, Faculty of Marine 
Sciences, Annammalai University. 
Dr. K. Ajith Joseph, Executive Director, NERCI. 
Dr. Nandini Menon, Deputy Director, NERCI and Member 
Secretary, NERCI Board.  
Honorary Member 
Mr. Thomas Mathew, Advisor (Rtd), NORINCO Pvt. Limited, 
Kochi, India. 
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NERCI is an equal opportunity employer and has improved 
its research facilities in 2016.  NERCI has been recognised by 
Kerala University of Fisheries and Ocean Studies (KUFOS) 
as a research centre for Ocean Science and Technology, 
Ocean Engineering and Climate Variability and Aquatic 
Ecosystems. Nansen Environmental Research Centre has 
become a member of Climate Technology and Climate 
Network of  UNFCC from 2016. 

Scientific Outreach 
Outreach is actively done through press releases, conducting 
popular science lectures, international and national 
workshops, conferences and release of newsletters. 
Awareness campaigns are also conducted as part of ongoing 
projects.  NERCI co-organised International Conference on 
Towards a Sustainable Blue Economy: Production, 
Strategies and Policies in Kochi from February 4-6, 2016, 
together with Kerala University of Fisheries and Ocean 
Studies (KUFOS) to promote Blue Economy and to protect 
Oceans for posterity. 

Visit of His Excellency Nils Ragnar Kamsvaag, the 
Norwegian ambassador  
Norwegian ambassador His Excellency Mr. Nils Ragnar 
Kamsvaag visited NERCI with Ms. Ragnhild, Secretary at 
the Norwegian Embassy on 14thDec 2016.  They were 
received by Dr. Ajith Joseph, Director, NERCI; Prof. N. R. 
Menon, Chairman of NERCI Board and Dr.Nandini Menon, 
Deputy Director, NERCI. The ambassador discussed the 
advancements in fisheries and aquaculture sectors in 
Norway and was inquisitive about the socio-economic 
condition of fishermen community in India and the various 
regulations in fishery sector. He congratulated NERCI for 
being part of the ARCONOR project being funded by 
Norwegian Research Council from 2017 to 2019. 

Following training programme was also conducted as part of 
capacity building and outreach programme. 
 
Training programme on Geomatics for Coastal 
Management  
NERCIand Kerala University of Fisheries and Ocean 
Studies (KUFOS) jointly organised a training programme on 
Geomatics for Coastal Zone Management with the technical 
support of ICMAM Project Directorate of Ministry of Earth 
Sciences, Govt. of India, Chennai and the partial financial 
support from Kerala State Council for Science, Technology 
and Environment from April 18- 22, 2016 at KUFOS. 
Around 45 participants were attended the training 
programme from different institutions. The training 
programme was organised with lectures, hands on training 
with QGIS software and web GIS on smart phones with a 
one day field trip to the coastal region around Cochin and 
also a site visit to KUFOS Vanami shrimp hatchery. 
Training manuals both in DVD and hard copy were 
distributed to the participants.  

National and International Cooperation 
Memorandum of Understanding (MoU) between Cochin 
University of Science and Technology (CUSAT), Kerala 
University of Fisheries and Ocean Studies (KUFOS), Toc H  
Institute of Science and Technology (TIST), Sathyabama 

University, Anna University, Nansen Environmental 
Remote Sensing Center (NERSC), Bergen, Norway and 
NERCI are in operation. 
 
MoUs focus on development of bilateral cooperation in 
satellite remote sensing, operational oceanography and 
ocean modelling.The fellowship programme of Nansen 
Scientific Society implemented at the Faculty of Marine 
Sciences, Cochin University of Science and Technology 
under the MoU signed between NERSC, CUSAT and 
NERCI is continuing and currently one student is doing PhD 
under this scheme at Cochin University of Science and 
Technology (CUSAT) with co-guides from NERSC 
(Norway) and NERCI. 

Awards and Achievements 
Prof. N. R. Menon was nominated to the Governing Council 
and the Senate of KUFOS by the Chancellor and as the 
Dean of Faculty of Climate Variability and Aquatic 
Ecosystems, KUFOS. 

Prof. N. R. Menonwas also nominated as the Member of 
Kerala Coastal Zone Management Authority by the Govt. of 
India and also as the Chairman of Research Advisory 
Committee, Central Marine Fisheries Research Institute 
(CMFRI).  

Prof. P.V. Joseph was honoured by the Ministry of Earth 
Sciences, Government of India on 27 July 2016 in a function 
held at Vigyan Bhavan, New Delhi by presenting him the 
National Award for outstanding work done in “Atmospheric 
Science and Technology”. 

 
Indian Meteorological Society honoured Prof. P. V. Joseph 
with Life Time Achievement Award at a special function 
during the National Symposium TROPMET held at 
Bhubaneshwar, Odisha, India during 18-21 December 2016.   

 

 
Minister for Earth Sciences Dr. Harsh Vardhan presenting the 
National Award to Prof. P.V. Joseph (right). Minister of State Sri. 
Y. S. Choudhary (left). Secretary of the Ministry Dr. M. Rajeevan 
to the left of Prof. Joseph. 
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ONGOING PROJECTS 
NERCI has the following ongoing external funded projects 
from agencies like Department of Science and Technology, 
Space Application Centre (SAC)– Indian Space Research 
Organisation (ISRO) and Partnership for Observation of 
Global Oceans (POGO).   Ph.D. programme by Nansen 
Scientific Society is continuing at NERCI. 

Modeling bio-geochemical Cycles in Coastal Oceans 
(2014 - 2018) Funded by SAC-ISRO. 

Principal Investigator: Dr. Mohamed Hatha, CUSAT 
Co-PI: Dr. Nandini Menon N, NERCI 
Co-ordinator: Dr. Mini Raman, SAC 

Aim of this project is to study the carbon pools (organic 
carbon components), fluxes (the rates of primary, new and 
export production) and organic nitrogen components 
involved in the biogeochemistry of coastal oceans around 
Indian subcontinent using satellite data. 

Estimating carbon sequestration potential of mangroves 
in Kunhimangalam area using remote sensing and 
Geographic Information System supported by field 
observations (2016) Funded by APOLLO Foundation 
under CSR initiative. 
Principal Investigator: Dr. Bindu. G 
Co-investigator :Dr. K. Ajith Joseph 
As a basis for mangrove monitoring and management in the 
study area and to serve as baseline data for future studies, a 
map depicting the mangrove vegetation cover pattern over 
the area is to be prepared.  Mangrove species of maximum 
carbon sequestration potential, areas where most destruction 
have occurred and tolerant species fit for replantation is to be 
identified.    

HABAQUA - Harmful Algal Blooms in Aquaculture 
ecosystems: a modeling and remote sensing perspective 
(2016-2017) Funded by NF-POGO Alumni Network for 
Oceans (NANO) 
Project Leader: Dr. Ravidas Naik, NIO, Goa 
Co-leader: Dr. Nandini Menon N (NERCI) 
Aim of the project is to monitor coastal waters of India and 
Sri Lanka for HABs in relation to mariculture activities.  
Along with in situ sampling, Remote Sensing and 
mathematical modelling approaches will also be used to aid 
further understanding of HAB dynamics in the aquaculture 
areas.  Efforts would also be made to validate the Ocean 
Colour data generated for the coastal waters and develop 
regional bio-optical algorithm for the case 2 waters in the 
SW and SE coast of India. 

Atmospheric carbon sequestration potential of trees in 
Kochi City under the changing environmental scenario 
(2016 - 2019) Funded by DST 
Principal Investigator: Dr. Bindu. G 
Co-investigator: Dr. K. Ajith Joseph 
 
The idea of the project is to estimate the sequestration 
potential of the city with the existing vegetation pattern, 
Projecting the carbon balance for business as usual scenario 
and potential scenario and suggest measures to be taken for 
a sustainable city. Under the present scenario it will be an 
important step to address environmental issues related to 

the developmental activities including metro rail work. 

 
NEW PROJECTS 
Impact of Atmospheric Aerosols on the Large Scale 
Circulation over the Indian Summer Monsoon Region 
Funded by DST 
Principal Investigator: Dr.Abish B. 
The Indian summer monsoon is a major component of the 
global climate system thatprovides fresh water to a 
millions of people in the Indian subcontinent. The region 
is also known tobe affected from the excessive 
concentration of atmospheric aerosols from dust, biomass 
burningandindustrialpollution. Thesuppression of surface 
heating by aerosols weakens the land sea thermal contrast 
that is essential forthestrength of the monsoon circulation. 
By conducting different experiments, this studyis expected 
to advance our knowledge on the interaction of aerosols 
on the large scale atmospheric circulation over the Indian 
summer monsoonregion. 

Arctic cooperation between Norway, Russia, India, China 
and US in satellite Earth observation and 
Education (ARCONOR) - research and higher education 
related to sea ice, environment, climate change, and 
operational conditions in the Arctic Ocean focusing on 
the Northern Sea Route Funded by- Norwegian Research 
Council 

Project Coordinator- Lasse H. Pettersson, NERSC 

Objective of this project is to  sustain long term 
international  partnership and cooperation between Norway, 
Russia, India, China and US through advancing research, 
higher education and recruitment within satellite Earth 
Observations for monitoring and forecasting of the Arctic 
and support to Arctic shipping. 

Collaborating Institutions-Nansen Environmental and 
Remote Sensing Center (Bergen), Nansen Scientific Society 
(Bergen), Nansen International Environmental and Remote 
Sensing Centre (Russia), Nansen-Zhu International 
Research Centre (China), University of Connecticut (USA). 

PhD students under joint projects 
Two fulltime and five part  time doctoral students are 
currently carrying out their research work jointly at CUSAT 
and KUFOS or in affiliation with NERCI and NERSC 
including the Nansen Scientific Society Ph. D. Fellowship 
programme. 

Smitha A- INDO-MARECLIM fellow and part-time Ph.D 
student at CUSAT under the guidance of Prof. H. S. Ram 
Mohan. 
Topic of research:Wind induced upwelling and the 
response of surface chlorophyll in the Bay of Bengal. 

Ajin A M- Registered for Ph. D under the guidance of Prof. 
N. R. Menon at CUSAT. 
Topic of research: Marine ecosystem studies and 
biodiversity concepts. 

Nashad. M - Registered for PhD under the guidance of Prof. 
N. R. Menon at CUSAT. Co-guide at NERCI Dr. Nandini 
Menon. N. Co-guide at NERSC – Lasse H Pettersson. 
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Topic of research: Monitoring and modelling of Harmful 
algal blooms along the South Westcoast of India. 

Shinu Sheela Wilson-Nansen Scientific Society fellow, 
doing Ph. D under the guidance of Prof. Mohankumar at 
CUSAT. Co-guides at NERCI-Dr. P. V. Joseph and Dr. Ajith 
Joseph. Co-guides at NERSC - Prof. Ola. M. Johannessen 
and Dr.YongqiGao. 
Topic of research: Inter annual variability of monsoon 
over India. 

R. Renju– DST- INSPIRE Fellow, doing research under the 
guidance of Prof. N. R. Menon at CUSAT. 
Topic of research: Taxonomy and Systematics of Benthic 
Foraminiferans from the South-West Coast of India. 
 
P. Soorya - registered for Ph.D at CUSAT under the 
guidance of Prof. N.R. Menon. 
Topic of research: Structure, seasonality and trophic 
efficiency of autotrophic picoplankton and their importance 
in biogeochemistry of Cochin backwater. 

Jaini Sara Babu– Guided by Dr. Ajith Joseph and 
registered as full time research scholar at NERCI under 
KUFOS in 2016.  
Topic of research: Monitoring and forecasting of coastal 
circulation using remote sensing and hydrodynamic 
modelling. 

Basil Abraham – Guided by Dr. Bindu. G, and registered as 
full time research scholar at NERCI under KUFOS in 2016. 
Topic of research: Investigating the regional differences on 
health effects of short term and long term exposure to 
ambient air pollution 

Funding 

NERCI is a non-profit research organisation recognised by 
Kerala University of Fisheries and Ocean Studies (KUFOS) 
and registered under Article 25 and accredited as SIRO by 
DSIR, mainly funded by Nansen Environmental and 
Remote Sensing Center, Norway and Nansen Scientific 
Society.  It receives funding through projects from European 
Commission, Norwegian Research Council, United Nations 
Environmental Programme (UNEP) and other national 
agencies like Department of Science and Technology, 
Govt.of India, Space Application Centre, ISRO and Dept of 
Environment and Climate Change, Govt. of Kerala. 

Prospects for 2017 
NERCI enters 2017 with plans to strengthen their national 
and   international cooperation within the Nansen Group 
and other Indo-European research institutions. The 
completed EU FP7 project INDO-MARECLIM (Indo- 
European Research Facilities for Studies on Marine 
Ecosystem and Climate in India) has built up the research 
infrastructure and increased the research cooperation with 
European scientists. The Research Council of Norway 
project INDIA-CLIM (Decadal to multi-decadal variability 
in the Indian Monsoon Rainfall and teleconnection with 
Atlantic Multidecadal Oscillation) was an important part of 
the bilateral Indo-Norwegian cooperation in climate research. 
The upcoming ARCONOR project being funded by 
Norwegian Research Council from 2017 to 2019 will be a 
platform for NERCI to enter into Arctic Research in the near 

future.   

Scientists and PhD students from NERCI will also visit 
European research institutions particularly NERSC, Bergen 
and Nansen Scientific Society to work on ocean and 
atmospheric modelling, ecosystem modelling and satellite 
Earth observation research from 2017 and NERCI expects 
more national projects in the coming year. 

 
 
 
Cochin 21 June2017 
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Dr. K. Ajith Joseph, Executive Director,NERCI 
Dr. N. Nandini Menon, Deputy Director, NERCI  
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Key Research Areas 
The current focus of research at NERCI are on the 
following: 

1. Monsoon and ocean variability, Climate change 
and Sea level variation 

Co-heads - Prof. P. V. Joseph, NERCI and Prof.Ola 
M.Johannessen, NERCI/NANSI 

Research Topics: 

• Relation between Atlantic Multi-decadal Oscillation and 
the Indian Summer Monsoon Rainfall 

• The role of Indian Ocean in the intra-seasonal and inter 
annual variability of Indian monsoon rainfall 

• The rapid warming of the equatorial Indian Ocean and 
its impact on the regional climate 

• The cold pool of the Bay of Bengal during the summer 
monsoon season 

• Sea level variations in the Indian Ocean. 

2. Marine ecosystemstudies includingalgal blooms 
Co-heads-Prof. N. R. Menon & Dr. Nandini Menon, N., 
NERCI, Lasse H.Pettersson, Dr. A. Samuelsen, NERSC 

Research Topics: 

• Vulnerability of marine ecosystems to climate change 
and its relevance to marine food resources 

• The effect of seasonal and inter-annual monsoon 
variations on primary production and higher trophic 
levels of the food in the Indian Ocean 

• Increased incidence of Harmful Algal Bloom (HAB) in 
the Indian Exclusive Economic Zone (EEZ) and the 
relevance of physical and   chemical    oceanographic 
parameters 

• Modelling studies and possible development of early 
warning systems. 

3. Coastal zone Management and Societal issues 
Co-heads- Prof. N. R. Menon and Dr. K. Ajith Joseph, 
NERCI; Lasse H Pettersson, NERCI/NERSC 

ResearchTopics: 

• Contemporary challenges in Coastal Zone Management 
in India including the impact on coastal society 

• Focus on the problems in fisheries sector and help in 
bringing up guidelines to policy makers in fishing 
sector 

• The formulation of more meaningful coastal zone 
regulations of regional relevance 

• Utilisation of satellite data for the development of 
decision making tools with linkage to the other research 
areas. 

 

 

SCIENCE REPORT FOR 2016 

The influence of ENSO on the Low Level 
Jetstream of the Asian Summer Monsoon  
Shinu Sheela Wilson1, 2, Joseph P.V.1, K. Mohanakumar2, 
and Ola M. Johannessen3,4 
1Nansen Environmental Research Centre (India), Cochin 
2Cochin University of Science and Technology, Cochin-

682016 
3Nansen Scientific Society, Bergen, Norway 
4Nansen Environmental and Remote Sensing Center, 

Bergen, Norway 
 

Low level jet is an important semi-permanent component of 
the Asian summer monsoon. Its birth coincides with the 
onset of the summer monsoon over Kerala, the extreme 
southwest part of India, according to Joseph et al. (2006) 
and Boos and Emanuel (2009). LLJ has its life duration the 
same as that of the monsoon, with major fluctuations in the 
active-break cycle of the monsoon. There is considerable 
variation in monsoon rainfall over India and LLJ from one 
year to the next (inter-annual variability). El Nino is found 
to weaken the monsoon circulation and the LLJ over Asia. 
It is also associated with increased westerly wind anomalies 
and weakening of the trade wind easterlies in the 
west/central Pacific Ocean - Webster and Yang (1992).  For 
this study we have taken ISMR as average of rainfall from 
01 June to 30 September of 306 climatic rain gauge stations 
well distributed over India (Parthasarathyet al, 1994). Mean 
SST anomalies in the Nino 3.4 (5˚S-5˚N, 120˚W-170˚W) 
region of the season October to December (hereafter called 
N3.4 index) are used to identify El Nino years. Wind data 
with horizontal resolution 1.25˚ X 1.25˚ are taken from 
Japanese Reanalysis (JRA-55) (Kobayashi et al. 
2015).National Oceanic and Atmospheric Administration 
(NOAA) interpolated outgoing longwave radiation (OLR) 
daily data (Liebmann and Smith, 1996) are used as proxy 
for the convective heating of the atmosphere. 

To study the variability of LLJ, the domain of LLJ covering 
a large area (Indian and west Pacific oceans) was divided 
into 6 zones represented by boxes A to F as shown in Fig. 
1. Winds of boxes A and D are predominantly meridional 
and winds in other boxes zonal.  The LLJ wind over Indian 
Ocean is divided into 4 boxes, namely F, A, B and C, and 
the wind over west Pacific ocean is divided into 2 boxes, D 
and E, suffixes z and m denoting zonal (u) and meridional 
(v)  wind components respectively. 

 
Fig. 1 Map showing the six zones (boxes) of 850 hPa wind of 
monsoon season(JJAS), namely A(5S-5N, 35E-55E), B(10˚N-20˚N, 
55˚E-65˚E), C(10˚N-20˚N, 70˚E-85˚E), D(5˚S-5˚N, 100˚E-140˚E), 
E(5˚N-15˚N, 120˚E-160˚E) and F(20˚S-5˚S, 60˚E-90˚E) 
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Inter-annual variability of 850 hPa winds of LLJ 

The inter-annual variability of LLJ  (850 hPa wind of the 
monsoon season June to September) of the six boxes 
covering the domain of the LLJ, four in Indian region (A, 
B, C and F) and two in west Pacific (D and E), are studied.    
From the time series of each parameter a 11-year moving 
average is removed to get a time series free from decadal 
variability and trend for the study of inter annual 
variability. Fig.2 gives a schematic diagram based on the 
linear correlation coefficient (LCC) between pairs of wind 
over the six boxes and ISMR/N 3.4.  We have taken 
negative value for the easterly zonal wind over the box F in 
order to get the same sign of correlation as for the zonal 
wind over the boxes north of the equator.   

The correlation coefficient between ISMR and 850 hPa 
zonal/meridional wind indicates that parameters in the 
Indian Ocean (Am, Bz and Cz) are positively and 
statistically significantly correlated with ISMR and that of 
west Pacific Ocean (Dm and Ez) are negatively correlated.  
The magnitude of the LLJ over the Arabian Sea (box B) is 
directly linked to the strength of the monsoonal heat source 
(Chakraborty et. al, 2009). The heating of the atmosphere 
due to the monsoon convection results in the strengthening 
of the LLJ winds. Stronger LLJ winds are associated with 
higher cyclonic vorticity in the atmospheric boundary layer 
leading to increased convection (rainfall). There is a 
positive feedback between convection and wind on the 
intra-seasonal time scale as discussed in Joseph and 
Sijikumar (2004) and Joseph and Sabin (2008).   

 
Fig.2 Schematic diagram representing Inter-annual correlations 
among ISMR, Nino 3.4 and LLJ components (positive LCC by red 
arrows and negative LCC by green).   A one way relation that is 
statistically significant is marked by an arrow with single head. If 
there is a high and significant LCC between two parameters with 
two way interaction, it is represented by lines with arrows on both 
ends. All LCCs marked are statistically significant. The minimum 
LCC for statistical significance of 99% is 0.35 and for 99.9% is 
0.44 

The LCC between N3.4 on one side and Ez and Dm on the 
other are very high at 0.78. Increased Ez creates increased 
cyclonic vorticity in the boundary layer causing increased 
convection (rainfall) in box E. Convection in box E on one 
side and Ez and Dm on the other grow in a positive 
feedback.  It is well known that El Nino is associated with 
dry monsoon. Nino 3.4 index and ISMR have a LCC of -
0.51. The LCC between N3.4 and Am is negative and very 
high at -0.62 and statistically significant at 99.9%. This 
shows that when N3.4 is high (strong El Nino), Am 
becomes weak which is associated with a weak ISMR. 
When Am is weak the along-shore winds off the coasts of 
Somalia and Arabia become weak reducing the coastal 
upwelling there, generating warm SST anomalies. This 

explains the finding of Babu and Joseph (2002) that 
monsoon droughts accompanied by El Nino creates 
stronger warm SST anomalies over western Indian Ocean 
than drought monsoon not accompanied by El Nino. The 
meridional wind over boxes A and D are negatively 
correlated with a LCC of -0.45.  The cross equatorial flow 
over west Indian Ocean weakened (strengthened), while 
cross equatorial flow over west Pacific strengthened 
(weakened) during a warm (cold) phase of ENSO.  

 An important finding is that the LLJ component south of 
the equator in the Indian ocean (Fz) has very low LCC with 
ISMR and the wind components Am, Bz and Cz. There is a 
general concept  that the trade winds of the Fz region turn 
right to become the cross-equatorial LLJ (Am) and again 
turn right to become the monsoon flow (Bz and Cz). If it is 
so, the correlation between Fz on one side and Am, Bz and 
Cz on the other side should have been high. But other 
influences like diabatic heating, PV modification and 
frictional effects have their roles. Most importantly there is 
interaction between convective heating of the atmosphere 
and the LLJ components Bz, Cz and Am (convection 
leading by 2-3 days) in a positive feedback as described in 
Joseph and Sijikumar (2004) and Joseph and Sabin (2008). 
The strength of the LLJ zonal wind components Bz and Cz 
has no relation with the strength of the trade winds over the 
south Indian ocean (box F) which remains a passive 
component of the LLJ on the interannual time scale.  

Eastward extension of LLJ in intra-seasonal oscillations 

Jayakumar and Joseph (2012) and Joseph (2014) have 
hypothesised that the cyclonic wind stress curl associated 
with the anomalous westerly surface winds over the west 
Pacific Ocean north of the LLJ axis during the monsoon 
seasons June to September of El Nino years cause 
shallowing of the oceanic mixed layer there which has 
support from measurements of mixed layer thickness. A 
shallow mixed layer makes west Pacific Ocean between 
longitudes 120˚E and 160˚E (Box-E) have large amplitude 
intra-seasonal variation of SST in response to the changing 
net heat flux in that region, associated with the intra-
seasonal variation of monsoon rainfall of India in a manner 
similar to the changes over north Bay of Bengal on the 
intra-seasonal time scale as described in Joseph and Sabin 
(2008). We have studied the changes in successive 10-day 
averaged OLR and 850 hPa vector wind of  the two month 
long Active-Break cycle of the  El Nino year 2004.  When 
monsoon rainfall of India is in active phase (second half of 
July), convection is suppressed in the west Pacific box 
between longitudes 120˚E and 160˚E and latitudes 05˚N 
and 20˚N, where SST increases. Active phase convection 
cools the north Bay of Bengal. Thus the difference in SST 
between the west Pacific box and the Bay of Bengal box 
(lat 15˚N-20˚N, long 85˚E-95˚E) increases.  It is found that 
when the difference exceeds one degree Celsius, convection 
begins in the west Pacific Ocean The active convection area 
in the west Pacific Ocean has a life of about a month when 
Indian monsoon is in a weak/break monsoon state. The 
clouds (by reducing solar radiation to the sea surface) and 
increased surface winds in this area (causing evaporative 
cooling of the sea surface) lower the SST of the west 
Pacific box.   The LLJ moves south to equatorial Indian 
Ocean which has warmer SST, where a new cloud band 
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forms. This cloud band moves northwards leading to the 
beginning of the next active monsoon spell as shown in 
Joseph (2014).   Successive ten-day averaged OLR and 850 
hPa vector wind for the A-B cycle of 2004 for the period of 
the A-B cycle are given in Figs 3a,b. The changes in the 
locations of convection from Bay of Bengal to the west 
Pacific box, from there to the equatorial Indian Ocean and 
back to the Bay of Bengal in an active-break cycle are as 
given in the schematic diagram (Fig.8 of Joseph, 2014). 
Most of the cyclones of the west Pacific Ocean occurred 
when the westerly winds of the LLJ moved eastwards into 
box-E. 

 
Fig.3a Successive ten day averages of OLR for the monsoon  
of 2004 
 

 
Fig.3b:  Successive ten day averages of 850 hPa wind for the 
monsoon of 2004. Colour shading shows the wind speed 
(magnitude of wind). During the whole of August 2004     LLJ is 
strong over the west Pacific ocean 
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The Indian summer monsoon rainfall is known to have 
considerable interannual and interdecadal variability. The 
time series analysis of the seasonal summer monsoon rain 
reveals a type of biennial oscillation (Meehl, 1997) with a 
year with large above normal rainfall followed by a year 
with large below normal rainfall and vice-versa. It is also 
known that the monsoon exhibits variability even on 
interdecadal timescale with low frequency component that 
alternates between epochs of above normal (WET) and 
below normal (DRY) rainfall, each about three decades 
long. Several studies have provided evidence for the 
interdecadal variability in the monsoon rainfall 
(Krishnamurthy and Goswami, 2000). We analysed the 
rainfall pattern over peninsular India from 1961-2008. It is 
noted that the mean rainfall during the periods 1871-1900 
(WET) and 1931-1960 (WET) was above the long term 

http://www.tropmet.res.in/
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mean, while that during the periods 1901-1930 (DRY)  and 
1961-1990 (DRY)  was below the long term mean, with 
relatively sharp transitions around 1900, 1930 and 1960 
(Fig. 4). 

Our present study is to analyse the variation in upwelling 
intensity during WET and DRY years of Indian Summer 
Monsoon Rainfall (ISMR) in the Southeast Arabian Sea 
(SEAS) (650E-780E, 50N-150N)(Fig. 5) whichis considered 
as one of the major upwelling zones in the Indian Ocean.  

 
Fig. 4.All India Summer Monsoon Rainfall from 1871-2009 and 
its 11 year moving average. 

 

Weanalysed the magnitude of Wind Stress Curl (WSC), Sea 
Surface Height (SSH) and Sea Surface Temperature (SST) 
as the signatures of Upwelling intensity (Fig 6a &6b, for 
SST-refer table.1).Fig. 4shows that during 1961-2008, there 
were 12 dry years (1965, 1966, 1969, 1972, 1974, 1979, 
1982, 1985, 1986, 1987, 2002 and 2004) and out of these 
12 dry years, the wind stress curl (Fig. 6a) show negative 
anomaly in 1965, 1972, 1979, 1985, 1986, 1987, 2002 and 
2004; i.e. out of 12 deficient years 8 of them are showing 
negative WSC anomaly values. The negative value of WSC 
anomaly signifies that the upwelling in SEAS is relatively 
lower than other years (66% show negative WSC).  On the 
other hand, from 1961-2008, there were only six excess 
years 1961, 1970, 1975, 1983, 1988 and 1994 (Fig.4). 
 

 
Fig. 5 The study region, upwelling zone in the Southeast Arabian 
Sea 

The sea surface height data for the period of 1961-2008 
with 0.50x0.50 resolution is collected from Carton Giese 
simple ocean data assimilation (SODA) version 2.1.6 
(http://iridl.ldeo.columbia.edu/SOURCES/.CARTON-
GIESE/.SODA/.v2p2p4/.ssh/). The meridional and zonal 
wind data at 10m (Kalnayet al., 1996) is obtained from 
National Oceanic and Atmospheric Administration 

(NOAA) National Centre for Environmental Prediction 
(NCEP) Climate Data Assimilation System I [NOAA 
NCEP CDAS I] for the same period. The All India Summer 
Monsoon data is obtained from India Meteorological 
Department (IMD) for the summer monsoon season. This 
data set prepared by IMD is based on measurements from 
2,140 stations with minimum 90% data availability for the 
analysis period 1951–2008 for all the 12 months of the 
year. 

First of all, the trend in sea level variations is estimated for 
all the seasons and its significance is tested using Mann-
kendall test statistics. Similar kind of approach is performed 
on sea surface temperature dataset for the summer monsoon 
season (June – September) for recent epochs 1961-1990 
and 1991-2008. The epochs are chosen on the basis of 
classification of DRY and WET epoch as defined by 
(Parthasarthyet al. 1994; Kripalani and Kulkarni 1997). The 
1961-1990 is considered as a DRY epoch whereas 1991-
2008 is argued to have entered in the WET epoch. 
 
The Mann-Kendall statistics S is given as 

𝑆𝑆 = � � 𝑆𝑆𝑆𝑆𝑆𝑆(𝑥𝑥𝑗𝑗 − 𝑥𝑥𝑖𝑖

𝑆𝑆

𝑗𝑗=1+1

𝑆𝑆−1

𝑖𝑖=1

) 

The test statistic 𝑍𝑍𝑐𝑐  is compared as 

𝑍𝑍𝑐𝑐 =

⎩
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⎪
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𝑆𝑆 − 1
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�𝑉𝑉𝑉𝑉𝑉𝑉(𝑆𝑆)
, 𝑆𝑆 < 0
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Zc here follows a standard normal distribution. A positive 
(negative) value of Zc signifies an upward (downward) 
trend. A significance level α is also utilised for testing 
either an upward or downward monotone trend (a two tailed 
test). If Zc appears greater than Zα/2 where α depicts the 
significance level, then the trend is considered as significant 
(Kendall MG, 1975).  

Variability of Upwelling in SEAS during recent epochs  

In the west coast of India, the trend of SSH during (1961-
1990) is found to have decreased. The decrease in SSH in 
June-September (JJAS) season over this area indicates that 
the intensity of upwelling during 1961-1990 has increased. 
In this region, the trend of SSH in March-May (MAM) (-
3.2) season is statistically significant which implies that 
there is significant decrease in SSH (Fig. 6b) during the 
DRY epoch (1961-1990) of ISMR resulting an increase in 
upwelling intensity as compared to the WET epoch (1991-
2008).  

Similar trend analysis is done for the second epoch also 
(1991-2008) and the trend is found to be increasing in all 
the seasons (including annually).  The above discussion 
concludes that the trend of SSH in recent epoch has 
significantly changed from previous epoch. The SEAS 
which is considered as major upwelling zone has 
decreasing trend in SSH for the first epoch whereas the 
trend is increased in the second epoch.  This analysis 
suggests that the upwelling intensity has decreased in recent 
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epoch (1991-2008) compared to previous epoch (1961-
1990).  

In the second epoch (1991-2008), the trend in SST is 
increasing all over the season and it is found to be 
significant annually (2.0) and in JJAS (2.1) season (figure 
not given).  

Wind stress curl (WSC) is defined as curl 𝜏𝜏𝑧𝑧 = 𝜕𝜕𝜏𝜏𝑦𝑦
𝜕𝜕𝑥𝑥

− 𝜕𝜕𝜏𝜏𝑥𝑥
𝜕𝜕𝑦𝑦

, 
where𝜏𝜏𝑥𝑥 , 𝜏𝜏𝑦𝑦  represents the zonal and meridional wind stress 
respectively. Occurrence of alternative negative and 
positive wind stress curl is the main controlling factor 
behind the vertical motion of subsurface water to the 
surface. The negative wind stress curl creates an 
anticyclonic/clockwise flow where the flow is converging 
whereas the positive wind stress creates a 
cyclonic/anticlockwise flow from where the water will be 
diverging.  

It is found that the wind stress curl (Fig. 6a) has a 
decreasing trend in all the seasons over whole of Arabian 
Sea and the trend is found to be significant in almost every 
case (every season) in the first epoch.  The decrease in 
WSC would also result in decrease in upwelling which is 
consistent with the results obtained in the previous section. 
In the II epoch, the trend of WSC is found to be decreasing 
in MAM but with marginal increase in annual and JJAS 
season and is also not significant.   

 
Fig. 6(a) The inter-annual variation of wind stress curl anomaly 
from 1961-2008 for Indian summer monsoon season for southwest 
coast of India 

 
Fig. 6(b) The inter-annual variation of sea surface height anomaly 
from 1961-2008 for Indian summer monsoon season for southwest 
coast of India 

Table 1 illustrates the trend of SSH,SST and WSC in the 
west coast of India and Zc values are shown for the two 
epochs for annual, March to May and JJAS seasons. The 
significant positive or negative trends are shown with 
asterisk. According to the trend test the values of Zc which 
is greater than ±1.96 is considered as significant at 95% 
confidence.  It is to be noted that in order to carry out these 
calculations weighted average of the region is considered. 

Out of these six excess years (1961, 1970, 1975, 1983, 
1988 and 1994), during the recent epoch 1961-2008, all of 
them show positive anomaly of wind stress curl (Fig. 6a). 
The above results are in agreement with Dubeet al. (1990) 
that during the years of less than below (above) normal 
rainfall, the intensity of upwelling is less (more). But as far 
as the epochal pattern of upwelling is concerned, it shows a 
remarkably different feature. During the first epoch (1961-
1990; DRY epoch), five years have positive WSC 
anomalies (1961, 1962, 1963, 1967 and 1974) while only 
one year has negative WSC anomaly (1985). The intensity 
of WSC anomaly is very large during these years. The 
WSC anomaly in the second epoch (1991-2008; WET 
epoch) show positive values in 1994, 1999, 2007 and 2008 
years while negative anomalies are seen only in the year 
1998.  

Table 1: Trend in SSH,SST and WSC during 1961-1990 (I epoch) 
and 1991-2008 (II epoch) along the southwest coast of India 

SSH 1961-1990 (I epoch) 1991-2008(II epoch) 

Annual ↓ (-1.5) ↑(0.7) 

MAM *↓ (-3.2) ↑(1.3) 

JJAS ↓ (-0.8) ↑ (1.2) 

SST 1961-1990 (I epoch) 1991-2008(II epoch) 

Annual ↑(1.1) *↑ (2.0) 

MAM ↑ (1.3) ↑ (1.0) 

JJAS ↑ (0.2) *↑ (2.1) 

WSC 1961-1990 (I epoch) 1991-2008(II epoch) 

Annual *↓ (-3.2) ↑ (1.3) 

MAM *↓ (-2.8) ↓ (-1.1) 

JJAS *↓ (-3.8) ↑ (1.0) 

Here ↑ indicates increasing trend, ↓ indicates decreasing 
trend, ● no trend, * significant trend at 5%level of 
confidence. 

Fig. 6b depicts the interannual variability of SSH in 
different years in JJAS season. Here also we observe that 
the SSH is less (negative anomaly) in the dry years of 
monsoon whereas it is positive in the wet years of monsoon 
e.g. 1961, 1970, 1983, 1988, 1994, the SSH anomalies are 
more positive as compared to other years. The years of 
deficient years such as 1965, 1966, 1969, 1979, 1986, 2002 
and 2004, the SSH anomalies have negative anomalies. 

Summary  
 
By analysing values of WSC, SSH and SST, it is found that 
during the period 1991-2008 (WET epoch), the trend of 
SSH and SST is increasing which thereby highlights the 
decrease of upwelling intensity during the recent epoch 
(WET) as compared to the previous (DRY) epoch which is 
worth noticed in relation to the decreasing fishery potential 
in the recent decades in the SEAS and warrants more 
research in these lines. 
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The aim of this study is to investigate the relationship 
between decadal variability of Indian summer monsoon 
rainfall (ISMR) and Atlantic Multidecadal Variability 
(AMV) over the last 500 years. We have collected and 
analysed the ISMR data using a combination of available 
high-resolution proxy records and rain gauge observations 
and compared them with available AMV reconstructions.  

Instrumental data of ISMR and AMV 
 
Our period of investigation 1481-2010 can be divided into 
two parts: 1844-2010 when instrumental rainfall data are 
available and 1481-1843 when only proxy data are 
available. We have used rain gauge data from Sontakke et 
al. (1993) for the period 1844-1870, with the number of 
stations increasing progressively from 10 in 1844 to 19 by 
1870. Parthasarathy et al. (1994) constructed an ISMR time 
series from 1871 using rain gauge data from 306 stations 
well distributed over India. We have combined the ISMR 
time series from Sontakke et al. (1993) and Parthasarathy et 
al. (1994) to get a continuous rainfall series for the period 
1844-2010. In this study we define dry (wet) years as years 
with ISMR less (more) than one standard deviation of the 
long-term mean. Epochs of frequent dry years are defined 
as a DRY epoch and epochs of infrequent dry years are 
defined as a WET epoch, as first defined by Joseph (1976). 
The period 1844-1870 is a DRY epoch with 5 dry years, 

1871-1900 is a WET epoch with 3 dry years, 1901-1930 is 
a DRY epoch with 6 dry years, 1931-1960 is a WET epoch 
with 2 dry years and 1961-1990 is a DRY epoch with 10 
dry years. The period 1991-2020 was expected to be a WET 
epoch. The first decade of this epoch, 1991-2000, had no 
dry years; however, since 2001 there have been 5 dry years 
(2002, 2004, 2014 and 2015), suggesting a possible change 
in the alternating 30-year epochal pattern. 

There are several ways to define the AMV index, but all 
definitions are based on North Atlantic SST anomalies, 
low-frequency filtered or smoothed to capture multidecadal 
variability. For the instrumental period, we have used the 
unsmoothed version of the NOAA PSD AMV index 
starting from 1856, which is the detrended area-weighted 
average of the Kaplan Extended SST V2 data set (Kaplan et 
al., 1998) over the North Atlantic (0°N-70°N). We have 
then averaged the index over the monsoon months (June-
September) and smoothed using an 11-yr moving average. 
For the instrumental data, cold and warm phases of the 
AMV correspond to DRY and WET epochs in the ISMR, 
respectively (Fig. 7). 

 
Fig.7 Instrumental ISMR (red) and the AMV-index (based on 
Kaplan Extended SST V2 data) from June to September (blue) 
smoothed with an 11-yr moving average (1856-2010). 

Available proxy data and selection 

a) ISMR 

We chose tree high-resolution ISMR proxy reconstructions 
based on tree rings, viz. the Kerala tree-ring chronology 
(KTRC), the statistical model monsoon rainfall (SMMR) 
and the South Asian summer monsoon index (SASMI). The 
KTRC (Borgaonkar et al., 2010) is a tree-ring width 
chronology of teak (TectonagrandisL.f.) prepared from 
three sites along the Western Ghats mountains in the state 
of Kerala for the following overlapping periods: Tekkedy 
for the period 1785-2003, Narangathara for the period 
1481-2003 and Nellikooth for the period 1742-2003. 
Borgaonkar et al. (2010) combined all the tree-ring series to 
form one single tree-ring width index chronology termed 
the KTRC. Lough and Fritts (1985) used tree-ring 
chronologies from both western North America and the 
Southern Hemisphere to reconstruct the Wright’s index 
(Wright, 1975) of the Southern Oscillation for the period 
1600-1961. This is based on the fact that the influence of 
the Southern Oscillation can be felt on surface climate over 
a large part of the globe. Pant et al. (1988) used this data to 
reconstruct the ISMR over the period 1602-1960 based on 
the known relationship between the Southern Oscillation 
and ISMR (hereinafter SMMR). Shi et al. (2014) 
reconstructed the SASMI for years 896-2000 based on 15 
tree-ring chronologies from Asia. A shift in the rainfall 
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variability was found in this reconstruction in the mid-17th 
century (from 1658 AD), and as a result, the occurrence of 
the extreme monsoon years was investigated by dividing 
the record into two periods: AD 896-1658 and 1659-2000. 

b) AMV 

In this study we have used three annual-resolution multi-
proxy AMV reconstructions: the reconstructions from Gray 
et al. (2004), Mann et al. (2009) and Svendsen et al. (2014). 
The record from Gray et al. (2004) is based on tree-ring 
records from around the North Atlantic and spans the years 
1567-1990. Mann et al. (2009) used a global proxy data set 
comprising thousands of tree ring, ice core, coral, sediment 
and other proxy records spanning the ocean and land 
regions of both hemispheres over the past 1500 year to 
reconstruct surface temperature changes on a global scale. 
We have used the AMV data reconstructed by Mann et al. 
(2009) for the period that overlaps with the ISMR 
reconstructions, years 148-2006. The record from Svendsen 
et al. (2014) is reconstructed using five marine-based proxy 
records from massive-growing tropical coral colonies from 
the North Atlantic Ocean and covers the years 1781-1986. 

Relation between ISMR and AMV 

Previous studies have shown that multidecadal variability in 
North Atlantic SSTs has persistence prior to the 
instrumental records. Here we compare the three selected 
ISMR proxy reconstructions (SMMR, SASMI and KTRC) 
with the three available AMV reconstructions (Gray-AMV, 
Mann-AMV and Svendsen-AMV) to investigate the 
stability of the observed AMV-ISMR  relationship. 

 
Fig.8(a,b,c) Instrumental AMV and ISMR, (b) proxy reconstructed 
AMV (Gray-AMV, Mann-AMV and Svendsen-AMV) and (c) proxy 
reconstructed ISMR (KTRC, SASMI and SMMR). All the time 
series data are normalised and smoothed using an 11-yr moving 
average, except Mann-AMV which is only available as a filtered 
product. 

The filtered time series of the various observed and proxy 
data of ISMR and AMV over the entire period of their 
availability back until 1481 are shown in Fig. 8.  The 
instrumental ISMR and observed AMV during the recent 
one and a half centuries are shown in Fig. 8a. It is clear that 
during the 20th century ISMR and AMV are more or less in 
phase, except for at the very end of the century. We can 

also see that the DRY ISMR epoch identified in the earlier 
instrumental records from 1844 to 1860 corresponds to a 
cold period in the reconstructed AMV indices. The AMV 
proxy data are in good agreement until the mid-18th 
century (Fig. 8b), but they deviate during the decades prior 
to this.  The ISMR proxy reconstructions KTRC, SASMI 
and SMMR are somewhat in agreement with each other 
during the time period available for comparison (1602-
1960), except during the 18th century when all the three 
data differ in phase over a number of decades (Fig.8c). In 
the 16th century when only KTRC and SASMI are 
available for comparison, both of them are in disagreement 
during majority of the decades but are in phase during the 
end of the century. It should be kept in mind that KTRC 
only gives a qualitative measure of the dry years and does 
not distinguish between excess and normal rainfall years, 
possibly leading to some of these phasing differences. The 
discrepancies between the proxy reconstructions 
emphasises the importance of using several reconstructions 
when comparing proxies.  
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Bacteria associated with the marine haptophyte 
Isochrysis sp. 

NandiniMenon N1, Merin Verghese2 and Reema Kuriakose2 
1 Nansen Environmental Research Centre (India), Cochin 
2 St. Teresa's College, Ernakulam 

Relationships between heterotrophic bacteria and 
phytoplankton in aquatic environments has been a subject 
of great scientific interest.  While phytoplankton and 
heterotrophic bacteria often compete for environmental 
resources (Sigee, 2005) they constitute a functionally 
complementary system which plays an important role in 
energy flow, cycling of elements and biogeochemistry.  
Phytoplankton cultivates close associations with bacteria as 
imposed by their dependence on vitamins, recycled 
nutrients, photooxidation of assimilable iron or amino acids 
(Amin et al., 2015). On the other hand, phytoplankton 
varies in terms of biochemical composition, nature of their 

organic excretions or phytotoxins (Doucette et al., 1998), 
which may act as selective agents for bacterial types to get 
associated with the algae.  

As phytoplankton composition varies seasonally, the 
abundance and activity of heterotrophic bacteria vary 
accordingly. Indeed, bacterial production typically 
correlates with the concentration of chlorophyll a, which is 
a proxy for phytoplankton abundance. This correlation 
between phytoplankton and bacterial production is evident 
on both small (micromolar) and large (basin) scales and 
results in a patchy distribution of bacterial activity 
throughout the oceans.  

Identifying the type of bacteria associated with certain 
common toxic or non-toxic phytoplankton can help us 
understand its implications in the environment. Conducting 
biochemical and molecular tests to identify whether the 
associated bacteria are pathogenic or beneficial and their 
antibiotic sensitivity studies will lead to better 
understanding of their influence on the ecology. 

Random water samples containing phytoplankton were 
collected from the coastal waters off Kochi. The 
phytoplanktons were identified and isolated from the 
collected samples and the genera which had maximum 
concentration in the sample was grown in culture medium 
(f/2 medium). Bacteria associated with the marine 
haptophyte Isochrysis is dealt with here. Aliquots from the 
serial dilutions of Isochrysis cultures were spread plated 
onto Zobell Marine Agar, followed by the incubation of 
plates at room temperature for 48 hours.  The prominent 
colonies from the master plate were selected and sub 
cultured. Four prominent colonies were selected from 
Isochrysis and were named as I-1, I-2, I-3 and I-4. 

 
Table 2: BLAST results showing maximum similarity of 99% between bacterial isolate of Isochrysis and Exiguobacteriumprofundum. 
 

 
Isolated bacteria were subjected to routine biochemical tests 
like gram staining, motility and catalase tests.  On the basis 
of these as well as antibiotic sensitivity tests, the isolate 
which was most resistant to antibiotics, namely I-4 was 
selected for molecular identification.   The bacterial isolate 
I-4 selected for molecular characterisation was gram 
positive, motile and catalase positive.   

Genomic DNA was isolated from the bacterial sample 
using the protocol of Zhou et al. (1996).  The isolated DNA 
was checked for its purity and the pure DNA was subjected 
to PCR amplification and then sequencing.  The DNA 
sequencing results were run in NCBI BLAST.  

The BLAST results (Table 2) showed maximum similarity 
of 99% between bacteria associated with Isochrysis (I-4) 
and Exiguobacterium profundum. The sequences were 
compiled and multiple sequence alignment was done using 
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ClustalX program (Thompson et al; 1997) of BioEdit 
software (Hall et al., 1999) with the first ten sequences 
showing maximum identity. Phylogenetic tree was 
constructed using the Neighbor-Joining method (Saitou et 
al., 1987) using MEGA software version 5.0 (Tamura et al; 
2011).  Phylogentic analysis (Table 3) also confirmed that  
the 16S rDNA sequence of bacteria associated with 
Isochrysis (I-4) showed similarity to that of 
Exiguobacterium profundum. 

Exiguobacterium profundum is a gram positive, motile, rod 
shaped facultatively anaerobic bacteria, which is 
halotolerant, moderately thermophilic and non-sporulating. 
E. profundum produce yellow to orange metabolites, which 
has been identified as semi α – carotenone by Astuti et 
al.(2016).This is of importance as the alga Isochrysis onto 
which the bacterium was found isolated has carotenoid as 
its accessory pigment. Hence the relationship between 
Isochrysis and E. profundum is a beneficial one, helping the 
alga to tide over altered light conditions by producing more 
carotenoid.  

Exiguobacterium is supposed to have the ability to 
synthesize polyunsaturated fatty acids (Wannicke et al., 
2015). Isochrysis sp. is preferred as feed in aquaculture 
operations mainly because of their ability to produce PUFA 
(Koven et al., 1989).The role of bacterial – microalgae 
interaction in these matters need to be investigated in detail. 

E. profundum is reported to possess stress responsive genes 
that help them colonize and thrive in diverse ecological 
niches. (Syed et al., 2015).Thus it can be noted that even 
when certain harsh ecological conditions need to be faced 
by such phytoplanktons, because of this symbiotic 
association between the phytoplankton and bacteria, they 
will be able to sustain.  

In short, the identified strain of bacteria is beneficial in 
many ways to the phytoplankton Isochrysis with which it is 
associated.  Knowledge of the biodiversity of bacteria 
associated with natural flora of a water body has a number 
of potential uses, as to how the biotechnological potential 
of these bacteria could be exploited for the conservation 
and sustenance of our water bodies. 

 
 

Table 3: Phylogenetic tree of Isochrysis associated bacteria I-4 

 
(This report is part of the M. Sc dissertation work entitled " Studies on Bacteria associated with selected phytoplankton of Vembanad lake", 
done by Ms.MerinVerghese under the supervision of NandiniMenon N) 
 
Pioneering barcoding study of a Leucosiidae 
species Ryphilacancellus (Galil, 2009) from the 
south west coast of India  

Ajin Madhavan1, Reshma Silvester1, Reza Naderloo2,  N R 
Menon1,3 

1. Department of Marine Biology, Microbiology and 
Biochemistry, School of Marine Sciences, Cochin 
University of Science and Technology, Cochin – 682016. 

2. School of Biology, College of Science, University of 
Tehran, 14155-6455 Tehran, Iran. 

3. Nansen Environmental Research Centre (India), Cochin. 

South west coast of India is known for its unique biological 
and oceanographical features like mud bank, upwelling and 
high primary productivity. South west monsoon influences 

the biodiversity of the intertidal fauna. Crustaceans are one 
of the dominant groups among the diverse animals of this 
coast. Present study deals with the DNA barcoding of the 
crab Ryphilacancellus (Galil, 2009) (Fig.9). DNA 
barcoding has been accepted as a promising tool for species 
identification through the use of short and standardized 
gene targets. The COI (Cytochrome Oxidase I)  gene of the 
crab specimens was sequenced. Since DNA barcoding of 
Ryphilacancellus has not yet been done, the obtained 
sequences were deposited in the Gene bank as new record 
from Indian waters (Gene bank accession numbers 
KT907442 and KT907443). The present nucleotide 
database thus provides the first molecular data of the 
species Ryphilacancellus. The phylogenetic tree and 
distance matrix were plotted to delineate the evolutionary 
status of the crab (Fig. 10 and Fig. 11).  
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Different species assigned to the various genera of 
Leucosiidae are known to inhabit the sub tidal and shelf 
regions of the Indo-Australian archipelago. In this respect 
the presence of the specimen belonging to R. Cancellus 
(Galil, 2009) in the intertidal area is significant. Since this 
species was assigned to various genera by previous authors, 
barcoding became necessary to solve the taxonomic 
ambiguity of this genus. 

 

 
 

Fig. 10. Phylogenetic ML tree based on 1000 bootstraps 

Fig.9.  Ryphilacancellus, (Galil, 2009)  

 
Fig. 11. Distance matrix tree displaying inter and intra specific divergence of Ryphilacancellus from other Decapods 

Commensalism between sponge and echinoderm 
from the south west coast of India 
Ajin Madhavan1, R. Ravinesh2 and N R Menon1,3 
1. Department of Marine Biology, Microbiology and 

Biochemistry, School of Marine Sciences, Cochin 
University of Science and Technology, Cochin – 682016.  

2. Department of aquatic biology and fisheries-University of 
Kerala, Thiruvananthapuram – 695581, Kerala 

3. Nansen Environmental Research Centre (India), Cochin 

Commensalism of Ophiactissavignyi (Fig.12) with sponges 
belonging to the group Desmospongiae from the rocky 
shores of Thirumullavaram (8˚53’42.94’’N, 
76˚33’10.52’’E), Kerala was observed during a study of the 

macrofaunal community of the extensive rocky beaches of 
the area.  This echinoderm was often found associated with 
sponges. Sponge samples were collected from among the 
congregations of sponges encountered in the rocky shores 
of the study areain September 2015. The sponges were 
dissected for the examination of commensal if any, inside 
them.  A few specimens of the sponges had numerous live 
individuals of brittle star belonging to the species of 
Ophiactissavignyi (Fig. 13). The brittle star with the typical 
morphology of a central disc and six elongated thread like 
arms of varying length lived inside the sponge. The arms 
seemed to be embedded in the water circulatory canals of 
sponge. The healthy conditions maintained by the 
specimens clearly indicate that a certain degree of 
commensal relationship is established by a merger of the 
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water circulating system of sponge and the echinoderm. 
However, certain echinoderm specimens were noticed with 
short, ill developed or broken arms. It is quite likely that the 
sharp spicules of the sponge would have resulted in the 
amputation of arm of echinoderm. The morphological 
characters of the echinoderm species and its relationships to 
the structure of the sponge are being investigated. 
 
 
 

 
Fig. 12.Ophiactissavignyi 

 

 
Fig. 13.Ophiactissavignyi collected from Callyspongiae sp. 

 
 

Estimating biomass and carbon stock of 
mangroves using remote sensing and Geographic 
Information system supported by field 
observations 
Bindu.G, Poornima Rajan and Jishnu.E.S. 

Nansen Environmental Research Centre (India),Cochin 

Kunhimangalam village (12o15′N and 75o13′E) in Kannur 
district is one of the largest mangrove villages of Kerala. Of 
the total 5 km2 area of Kunhimangalam mangroves, about 
50% is least disturbed and rest of the area has the potential 
to re-establish as a healthy ecosystem if managed 
effectively. There are eight types of mangroves present in 
the study area. This study integrates field inventory data 
with the satellite images. Analysis involves derivation of 
vegetation indices, forest stratification and collection of 
field inventory data for ground truthing and calculate the 
carbon content. 

The spectral band coverage includes: B2: 0.52-0.59, 
(green), B3: 0.62-0.68, (red), B4: 0.77-0.86 (NIR), B3-
default band for mono. Generally, informations about 
vegetation will be collected at Red and NIR spectral regions 

collected by LISS IV.While comparing all the three bands, 
B4 contains maximum vegetation data. The DN to radiance 
conversion is done band wise. DN values are in binary form 
which is converted to absolute radiance. Remote sensing 
data is analysed by calculating Normalized Difference 
Vegetation Index (NDVI). In general, the value varies from 
-1 to +1. NDVI is calculated by arithmetical operations 
using 4th and 3rd band of satellite. In our area, NDVI range 
between (0.022935 - 0.417395). 

Ground Truthing 

As the first step we have divided the obtained range of 
NDVI into three classes of vegetation. 
Low         : (0.022934 - 0.154421) 
Medium     : (0.154422 – 0.285908) 
High        : (0.285909 – 0.417395) 
 
Vectorization is necessary to perform mathematical 
calculations using geometric measurements which 
includearea calculation. The area covered by each class is 
calculated separately. Random points were generated for 
each class.  

Sample plots were selected at various locations by 
generating random points. The sample plot size is selected 
as 5 X 5m size. A total of twenty plots, two in low, seven in 
medium and eleven in high class were surveyed. The 
biomass is calculated separately for each species. For 
shrubs destructive method is adopted and taken dry weight 
to calculate the biomass. For others non-destructive method 
is adopted and measured Girth at Breast height (GBH). 
From this Diameter at Breast Height (DBH) is calculated. 
AGB is calculated using allometric equation: 

AGB =0.251* ρ *DBH 2.46 

ρ is the specific wood density of each species of 
mangroves. 

The data were drawn for the selected plots established 
through a stratified random sampling scheme, based on the 
vegetation type. A regression equation is developed using 
NDVI as the independent variable and biomass (kg/pixel) 
as the dependent variable. AGB for each plot is 
standardized to kg/pixel (5m X 5m) and registered to the 
image-pixel at the plot location. Nonlinear regression 
provided the best estimate of AGB for the NDVI data. AGB 
is calculated using the equation: 

AGB = a* e (NDVIb) 

The Fig. 14 shows the model established for NDVI and 
AGB for the field plots. The best AGB model came from an 
exponential regression of the AGB with NDVI and 
obtained the following equation: 

AGB = 0.507 e (NDVI*9.933) 

where AGB is in kg /pixel and NDVI is the Landsat NDVI 
value with relatively high r2  value (0.710). The solid line 
represents the final model to calculate AGB from NDVI. 
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Fig. 14 AGB and NDVI model developed using selected plots. 

In the case of mangroves Below Ground Biomass (BGB) 
contributed by roots is equally important in carbon 
sequestration property. In order to calculate BGB the 
following equation is used: 

BGB = 0.199* ρ0.90 *DBH 2.22 

The overall ratio of BGB to AGB is 0.38 which is in 
general agreement with the root:shoot ratios reviewed by 
Yuen et al. (2013) and Ziegler et al (2012). From AGB 
calculated using NDVI data and from the ratio obtained 
with AGB and BGB, BGB for the entire plot can be 
calculated and the total biomass equals sum of AGB and 
BGB. Of the total biomass 0.475% are the carbon content. 
Fig.15a shows AGB values ranging from 636.832 gms to 
32048.5gm per pixel.  Fig.15b shows BGB ranging from 
241.996 gm to 12178.4 gm and fig.15c gives total biomass 
ranging from 878.828 gm to 44226.9 gm. Fig. 15d gives 
carbon content per pixel which varies from 417.443gm to 
21007.8 gm. 

 
15(a) 

 
15(b) 

 
15(c) 
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15(d) 

Fig.15(a) AGB,  15(b) BGB,  15(c)Total Biomass, 15(d)Total 
Carbon  

The total carbon content that is sequestered by the 12 acres 
(48562 sq. m) study area is 12.67 tonnes from total biomass 
of 26.67 tonnes. Comparing the area coverage, high and 
low class vegetation type is more effective in contributing 
carbon sequestration. Low vegetation area is mainly 
covered with dry grass which has low reflectance and low 
NDVI. But has high carbon sequestration capacity 
equivalent to mangoves. Rhizhophoramucronata, 
Excoecariaagallocha and Bruguiera cylindrical are the 
species that contribute more. 
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