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3. Name of the PI 
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4. Names of the Associates with 

responsibilities assigned 

 

: Pl see Annexure I 

5. Brief Technical Program implemented 

(activity wise) 

 

: Capture Fisheries 

The biology and trophodynamics of 

Indian oil sardine, Indian mackerel, 

yellowfin tuna, skipjack tuna, 

threadfin bream, mullets, penaeid 

prawns, squid and green mussel 

were studied from all centres along 

the coast. Region-specific resources 

were also studied at different 

centres.  

 

Biological indices and activity were 

related to different environmental 

parameters with particular emphasis 

on SST, rainfall and chlorophyll. 

 

An attempt was made to study the 

seasonal and long term variation in 

feed composition of mackerel and 

its relationship with sea surface 

temperature.  

 

Impact of SST on pelagic fishes and 

demersal fisheries was studied from 

Veraval 

 

Carbon footprint in Life Cycle of 

marine fisheries and related 



activities of Andhra Pradesh, 

Chennai and Tuticorin were 

analysed.  

 

Criteria developed for vulnerability 

assessment of fish stock along 

Indian coasts and vulnerable species 

are being identified accroos centres.  

 

Mariculture 
Experimental studies were 

conducted on carbon sequestration 

potential of seaweed. 

 

Experimental studies carried out on 

impact of increased temperature on 

growth, associated bacterial flora 

and histopathological changes in 

silver pompano.  

 

Technology Demonstration 
 

Owing to the success of NICRA 

Technology demonstration, the Fish 

Farmers Development Agency 

(FFDA) under the State 

Government initiated a scheme - 

Integrated fish farming in Pokkali 

fields through which the agency 

support fish farming both in open 

Pokkali fields and also in cages 

sited in Pokkali fields. 

 

Demonstration under Integrated 

Multi Trophic Aquaculture (IMTA) 

indicate yield of seaweed 

cultivation with cage farmed cobia 

as almost double the weight of 

seaweed when sea weed farming 

was done alone. 

 

Hands on Training programmes on 

marine cage farming was done for 

officials, fishermen communities 

and SHGs. 

 

Awareness program on cage culture  



practices in marine as well as 

brackish water areas were given to 

fishermen communities and women 

SHGs.  

 

Cage farming of asian seabass, 

cobia and Pompano was carried out 

under participatory demonstration 

programme. 

 

Technical and consultancy services 

were given to SHGs on net 

exchange, feeding protocols, growth 

and environmental monitoring 

through out the culture period. 

Technology demonstration of 

Brackishwater farming of Asian 

seabass were also made. 

 

  

6. Summary of work done (< 1 page) 

 

: Pl see Annexure II 

7. Results in detail (give detailed account of 

results obtained with data, tables, pictures 

etc.) 

 

: Pl see annexure III 

8. Results of significant value (highlight 1-2 

significant results in 2 paragraphs which 

can be highlighted at the national level) 

 

: Pl see Annexure IV 

9. Procurement of equipments : Pl see Annexure V 

 (Rs. in lakhs) 

Name of the 

Equipment 

Status of 

procurement 

Estimated Cost / 

Budget allocated 

Actual  cost 

1.    

2.    

3.    

Total    

 

 



10. Status of works, if any :  

 

 (Rs. in lakhs) 

Name of the Work Allocated Budget Actual expenditure incurred 

1.Installation facilities for 

fish biology and storage in 

fishery biology lab including 

fume hood 

6.00 5.52 

Total 6.00 5.52 

 

11. HRD Programs conducted, if any :  

 (Rs.) 

Sl.No. Name of the Program No. of participants Expenditure incurred 

1.  Brackishwater cage farming of 

Asian seabass 

9 2000 

2.  Brackishwater cage farming of 

Asian seabass and snappers 

7 (Field 

Demonstration-

Hands on training) 

3.  Cage farming of Marine finfish 

and shellfish 

9 90,000 

4.  Cage fabrication and mooring in 

brackishwaters 

7 (Field 

Demonstration-

Hands on training) 

5.  Seed collection of snappers for 

brackish water farming (CBA) 

7 (Field 

Demonstration-

Hands on training) 

6.  Seed transportation and stocking 

in cages, Feeding demonstration 

7 (Field 

Demonstration-

Hands on training) 

7.  Net exchange  7 (Field 

Demonstration-

Hands on training) 

8.  Cage culture Technology 

Demonstration 

15 1,50,000 

 Total 68 2,42,000 

 

 

12. Budget details :  



 

Head 2015-16 Cumulative 

Release Exp. % Release Exp. % 

I. RC       

i. Operational 

Expenditures 

200,00,000 199,67,279     

ii. T.A 8,00,000 7,56,219     

iii. HRD 3,00,000 2,92,015     

II. NRC       

i. Equipment 197,00,000 152,07,174     

ii. Furniture 8,60,000 8,59,880     

iii. Information 

Technology 

10,00,000 9,99,159     

iv. Minor Works/ 

Renovation 

21,00,000 20,76,908     

v. Equipment 

costing less 

than Rs. 5 lakhs 

16,00,000 12,14,847     

III. Inst Charges       

IV. Total 463,60,000 413,73,481     

 

 

13. Publications/patents 

  

: Pl see Annexure VI 

14. Any other information :  
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B. Johnson 

Jayashree Loka 
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Annexure-2 : Summary of Work Done 

Capture Fisheries 

Effects of climatic parameters on phenology of various marine fishes were studied and 

results indicates effects of SST, Chl a, current speed, wind and rainfall do have influence on 

the diet, spawning, maturity, distribution and catch of various marine fishes. Inorder to 

enable the vulnerability assessment of fish stock and for long-term prediction of fisheries 

change along Indian coast, scientific criteria on exposure, sensitivity and adaptive capacity 

of Indian species in relation to climate change were developed. Fish stock vulnerability 

assessment as per the developed criteria carried out at different zones indicated several low, 

medium and high vulnerable species.   Studies were initiated for assessment of carbon 

sequestration ability of mangrove ecosystem of Kadalundy estuary, Kerala. Assessment of 

plant density and species diversity were carried out along with estimation of organic carbon 

in sediments of different mangrove patches for various depths. Analysis of phytoplankton 

community changes in sardine habitat off Kochi reveals unusual dominance of Melonospira 

sulcata in 2015 while SST was high, which could be attributed to high tolerance of the 

species. Genetic stock structure investigations were carried out in Indian oil sardine, 

Sardinella longiceps using microsatellite markers developed. Genetic distinctiveness 

detected points out that; these subpopulations are reproductively isolated to some extent 

which may be associated with some local process of larval retention or natal philopatry. 

Adaptive capacity of Zoanthids and its distribution related to climate change was affirmed. 

The study provides first of its kind information on quantitative Zoanthid distribution and 

the dynamic changes exhibited by Zoanthids in relation to various environmental 

parameters. Carbon footprint in life cycle of marine fisheries was assessed from Mangalore, 

Tuticorin, Veraval and Visakhapatanam and highest emissions were recorded in harvest 

phase in all cases. 

Mariculture 

Experimental studies were conducted on assessment of carbon sequestration potential of 

seaweed (Kappaphycus alvarezii) and the total amount of CO2 sequestered into the 

cultivated seaweed for the year 2013 and 2015 in the coastal districts of southern Tamil 

Nadu was estimated as 1.38 million and 0.32 million kg respectively. Experimental studies 

carried out on impact of increased temperature indicate growth, associated bacterial flora 

and histopathological changes in silver pompano (Trachinotus blochii). 

Technology Demonstration 

Subsequent to the success of NICRA Technology demonstration in Pokkali farmers field, 

the Fish Farmers Development Agency (FFDA) under the State Government has initiated a 

scheme – Integrated fish farming in Pokkali fields through which the agency support fish 

farming both in open Pokkali fields and also in cages sited in Pokkali fields. As a part of 

Integrated Multitropic Aquaculture (IMTA), the demonstration of seaweed cultivation with 

cage farmed cobia yielded almost double the weight of seaweed when sea weed farming 

was done alone.  

 



Several HRD programs were conducted for participants including fishermen communities 

and women SHGs viz Hands on training on marine cage farming, awareness programs on 

marine and brackishwater cage farming, participatory demonstration programs of cage 

farming amd technology demonstration of brackish  water farming of Asian seabass.  

Resilient Strategies 

Wetland restoration and scientific fish farming were identified as resilient strategy for 

enhancing regional climate resilience of Indian fisheries: The concept model includes 

regional level wetland resource mapping and restoration, climate resilient product 

development, farming of climate resilient fish species, improved capture fisheries along 

with technical assistance by scientific bodies. Seaweed farming was identified as another 

prospective climate resilient strategy with multiple advantages of Carbon sequestration, 

coastal pollution abatement, coastal livelihood supplementation, co-farming of mussels, 

oysters and fishes, feedstock for fish feed, marine product development, etc.   

  



Annexure-3: Results in detail 

Capture Fisheries 

 Effects of Climatic Parameters on Phenology of various marine fishes  

Along Veraval coast trend analysis of past 40 years of SST data showed an increase of 1.16 
o
C from 1975 to 2015. A decreasing trend (-0.016 mg chlorophyll/m^3) in chlorophyll 

concentration has been noticed from 1998 to 2015. Time series trend analysis for rainfall 

revealed slight increase of 76 mm in rainfall along the Veraval coast. SST was found to 

positively influence the maturity of Indian mackerel and negatively influence that of ribbon 

fish. Spawning season of mackerel was also triggered by higher current speed. Rainfall also 

was found to have positive influence on the maturities of mackerel, thread fin bream and 

Bombay duck.  

 

 Five yearly trend in the phenological parameters of different marine species  

Phenological study in maturity, over the five year along Veraval coast depicts that, the 

pelagic fishes such as T. lepterus, H. neherus, S. longiceps and R. kanagurta are continuous 

spawners, which gives them high potential to adapt to climatic changes.  

The demersal fishes i.e. N. japonicus and P. aregentus, showed two peaks in the spawning 

seasons, with very less spawning activity during rest of the months, this makes them less 

adaptive to climatic variability.  

 

Breeding seasons for pelagic fishes 

 R. kanagurta showed peak spawning activity from July to September along Veraval 

coast, where as the southwest coast recorded peak spawning activity from June- August. 

 S. longiceps recorded continuing spawning throughout year, with three peaks in year.  

 Three peak seasons of maturity has been recorded for H. neherus, with 70% in the 

month of July, with prolonged spawning season. 

 Coilia dussumeiri, also recorded two peaks in spawning season, one during pre-

monsson (March) and other during post monsoon (October).  

 T. lepterus recorded the maximum maturity in the month of January and February, with 

prolonged spawning season. 

 

Breeding seasons for demersal fisheries 

 The maximum spawning activity for N.japonicus was noticed in post-monsoon 

season, with a small peak in February also. 

 The breeding period for P. argentus was found to be from April to May.  

 



 
Figure 1: Showing seasonal changes in maturity for pelagic fishes 

 

 
Figure 2: Showing seasonal changes in maturity for demersal fishes 

 

Shift in spawning season and diet were found for some species analysed by 

Vishakhapatnam RC. Spawning season of Rastrelliger kanagurta shifted from 

comparatively warmer (May–June during 2000-2005) to cooler months (March–April 

during 2006-2014). Spawning peaks of Trichiurus lepturus coincide with peak summer 
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(Apr–Aug) and peak winter (Nov-Feb). Spawning season of Nemipterus japonicus shifted 

from comparatively warmer (Sept-Oct prior 2000) to cooler months (Nov-Feb in the 

present decade).  

 

At Tuticorin, correlation of monthly SST, pressure and scalar wind with the catch of 

different species of tuna indicated significant negative correlation of scalar wind and 

pressure with the catch of Auxis rochei alone.  

 

At Mangalore research centre, the  anomalies  of  Sea  Surface  Temperature  (SST),  

Coastal  upwelling  index  (UPI),  rainfall,  multivariate  ENSO  Index  (MEI)  and  

Chlorophyll  a  were  analysed and  correlated  with    catch  rate  anomalies  of  oil  sardine  

and  Indian  mackerel  exploited  by  purse  seine  in  the  coastal  waters  off  Karnataka  

along south west coast during  the  period  1990-2014.   

 

The  purse  seines  in  Karnataka  landed  on  an  average  75%  and  65%  of  oil  sardine  

and  Indian  mackerel  respectively.  The  catch  rate  anomalies  of  oil  sardine,  showed  a  

significant  positive  correlation  with  SST  and  negative  statistical  correlation  with  

MEI, whereas such significant relationship was not observed in Indian mackerel.  The  

correlation  within  the  climatological  parameters  even  though  insignificant  showed  

anomalies  of SST  to  be  positive  with  rainfall;  upwelling  index  positive  with  MEI  

and  chlorophyll;  MEI  negative  with  chlorophyll  a  and  rainfall;  and  chlorophyll  a  

negative  with  rainfall.   

 

Generalized  additive  model  (GAM)  was  used  to  relate  the  climatological  parameters  

to  variations  in  distribution  of  oil  sardine  and  Indian  mackerel. Results  indicated  

good  fit  with  mackerel  catch  rate  anomaly  and  chlorophyll  anomaly  while  for  

sardine  good  fit  was  observed  with  SST  anomaly.  R  plot  showed  SST  and  Chl  a  to  

be  predicting  factor  for  good  distribution  of  oil  sardine  and  Indian  mackerel  

respectively.  A  anomaly  range  of  0.1  to  0.3  indicating  temperature  of  28.1°C  to  

28.38°C  (Fig 3)  seems  to  be  favorable  for  sardine  distribution  and  chlorophyll  

concentration  of  0.50  to  0.59mg/m³  for  mackerel  catch  distribution  (Fig 4). 

 

 
Figure 3: Modeled (GAM) effect of SST anomaly on oil sardine catch rate anomaly. 



The x-axis shows the values of the explanatory variables, and the y-axis shows the results of smoothing the fitted values. 

The tick marks on the horizontal axis represent the values of the observed data points. The solid line shows the fitted 

GAM function and the black-dotted line indicates 95 % confidence intervals.  

 

 

 
Figure 4: Modeled (GAM) effect of chlorophyll a anomaly on Indian mackerel catch rate anomaly. 

The x-axis shows the values of the explanatory variables, and the y-axis shows the results of smoothing the fitted values. 

The tick marks on the horizontal axis represent the values of the observed data points. The solid line shows the fitted 

GAM function and the black-dotted line indicates 95 % confidence intervals.  

 

 Criteria developed for long term vulnerability assessment of Indian marine 

fishes 

Scientific criteria on exposure, sensitivity and adaptive capacity of Indian species in 

relation to climate change were developed to enable the vulnerability assessment of fish 

stock and for long term prediction of fisheries change along Indian Coast using 40 year’s 

data on fishery biology and environmental parameters. Impact levels were classified as low, 

medium and high and assessment could be done independently for four zones (NE, NW, SE 

and SW) along Indian coast.  

 

The criteria was formulated as  

Vulnerability = (Exposure + Sensitivity) – Adaptive capacity. 

So far there were no criteria available which can be reasonably attributed to Indian species. 

Fish stock vulnerability assessment as per the developed criteria has been carried out at 

different centres.  

 

At veraval, among the total of 27 fish species analyzed, Penaeus semisulcatus and 

Protonibea diacanthus were observed to be the most vulnerable species; whereas 

Megalaspis cordyla was the least vulnerable species to climatic variability.  

Analysis carried out at Mumbai on selected 34 species points out that the species Otolithes 

biauritus is highly sensitive when exposed to severe change in weather condition.  

 

The southwest coast vulnerability assessment carried out including Kerala and Karnataka 

indicates that the species under study are moderately vulnerable to climate change and any 

change in climate or catch rates would make these species shift to highly vulnerable 

category. 



 

 C stock assessment in mangrove ecosystem 

Initiated assessment of carbon sequestration ability of mangrove ecosystem of Kadalundy 

estuary, Kerala. Field surveys for assessing the plant density and species diversity of 

different mangrove species in Kadalundi estuary were carried out. Five species of 

mangroves were recorded during the surveys viz. Avicennia officinalis, Rhizophora 

mucronata, Acanthus ilicifolius, Sonneratia caseolaris and Bruguiera cylindrical. The 

species A. officinalis dominates covering more than 90 % of total mangrove area. The plant 

height and girth of stem of different species were also measured and classified as adults, 

saplings and seedlings based on size. Estimation of organic carbon in sediments of different 

mangrove patches for various depths were done. Organic C % varied from 0.84 to 5.46.  

 

 Analysis of phytoplankton community changes in sardine habitat off Kochi 

The major species of phytoplankton in the community during 2010-2012 were compared 

with that of 2015. Melonospira sulcata which usually does not dominate the community 

was found to dominate in 2015 when the SST was high indicating high tolerance of the 

species.  

 Population genetic analysis of Indian oil sardine, Sardinella longiceps along the 

Indian coast using microsatellite markers 

Genetic stock structure investigations were carried out in Indian oil sardine, Sardinella 

longiceps using microsatellite markers developed using the method of cross amplification. 

The samples were collected from Gulf of Oman, Veraval, Mumbai, Mangalore, Calicut, 

Kollam, Trivandrum, Chennai and Vizag. 6 distinct population units/ subpopulations based 

on significant Fst values were identified. The genetic distinctiveness detected in this study 

points out that these subpopulations are reproductively isolated to some extent which may 

be associated with some local process of larval retention or natal philopatry. 

 

 Adaptive capacity of Zoanthid sp. to changes in environment 

The distribution pattern of Zoanthid species along three coastal villages of Saurashtra coast, 

Gujarat has been studied against the environmental variables.  Out of total seven species of 

Zoanthids recorded during the survey, Palythoa mutuki formed the abundant species in the 

area with 46% coverage, followed by Zoanthus sansibaricus with 33.7% and Zoanthus 

cf.sansibaricus with 12.26% coverage.  

 

Among abiotic parameters and nutrient data, higher levels of DO was found to favour the 

growth of Palythoa mutuki and Isaurus tuberculatus, whereas increased SST was tolerated 

by Palythoa tuberculosa. Ammonia and phosphate were negatively impacting the growth of 

Palythoa mutuki and Zoanthus sp.  The study provides first of its kind information on 

quantitative Zoanthid distribution and the dynamic changes exhibited by Zoanthids in 

relation to various environmental parameters. The above results in the context of changing 

climate indicate that the community structure of Zoanthids might be dominated by species, 

which can withstand high SST and high nutrients levels. 



  
Figure 5: Palythoa tuberculosa at the intertidal region of Veraval coast  Figure 6: Zoanthis sansibaricus (green in colour) with 

intermittent   growth of Palythoa mutki (brown) 

 Integrated District Level Adaptation And Mitigation [IDLAM] 

 Life Cycle Assessment: Carbon foot print of marine fisheries 

The fuel and electricity consumption in out-board motorized sector at Visakhapatnam and 

Digha were assessed. At Visakhapatnam, the harvest phase burnt the most (68.6%) fuel and 

around 99% of the electricity consumption was from the post-harvest phase. The total 

emission was 0.154 kg C and 0.566 kg CO2 per kg of marine fish. At Digha, the harvest 

phase (98.4%) burnt the most fuel and the electricity consumption was also highest in the 

harvest phase (82.6%). 0.50 kg C and 1.83 kg CO2 was emitted per kg of marine fish over 

all its life cycle phases. 

 

Total carbon footprint in Chennai Fisheries Harbour during 2012-13 was  64 million Kg 

Co2 e. Carbon footprint by fishing was very high 85.46 % (54795303 Kg Co2 e) followed 

by consumption (6.95 % of total carbon footprint). Ice plants, boat building yards, net 

fabrication units and processing units emitted very meager amount of Co2. Carbon footprint 

per hour of actual fishing was 92.63Kg Co2 e. Gear wise, carbon footprint by trawlers was 

very high in compared to gill netters. 

 

 
Figure 7: Carbon footprint by marine fishing in Chennai at 2012 
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At Tuticorin gear wise data on fuel consumption, ice requirements, transportation details 

etc were collected and the carbon foot print of each gear was calculated based on the 

harvest and post- harvest. Among the gears, singivala, released the highest emission per kg 

of fish caught being 42.55 kg co2e followed by single day mechanized trawler of 1.98 kg 

co2e. The hook and line, chala vala, ayila vala and etch vala had minimum emissions. 

 

An analysis was carried out at Ernakulam district, Kerala to assess the fisher’s response to 

climate change causative factors. From the fisher folks response it was observed that the 

climate change impacts will have severe effect on economic factors (0.655) followed by 

development drives (0.653) and environmental factors (0648). The impact of climate 

change on social factors will be minimum (0.58) according to the respondent’s opinion 

 

Mariculture 

 Impact of elevated temperature on silver pompano 

Experimental studies carried out by Mandapam RC on impact of increased temperature on 

growth, associated bacterial flora and histopathological changes in silver pompano 

(Trachinotus blochii) found that increase in water temperature (1-2°C) resulted in better 

growth compared with ambient, but not beyond 2°C increase which resulted in reduced 

growth as well as abnormalities in fishes. Similar observations were made on associated 

bacterial flora and histopathological changes of internal organs. Increased water 

temperature (1-2°C) resulted in major histopathological changes in kidney, liver and gills. 

But, when the increase was 2°C beyond the ambient, it resulted in metaplasia (more 

specialized epithelium) of kidney cells.  

  
Figure 8: Metaplasia. More specialized epithelium  Figure 9: Kidney: Tubular necrosis 

 C sequestration potential of seaweed 

Experimental studies were conducted on assessment of carbon sequestration potential of 

seaweed (Kappaphycus alvarezii) and the total amount of CO2 sequestered into the 

cultivated seaweed (Kappaphycus alvarezii) for the year 2013 and 2015 in the coastal 

districts of southern Tamil Nadu was estimated as 1.38 million and 0.32 million kg 

respectively. The specific rate of sequestration (per unit mass of seaweed per unit time) of 

CO2 by the seaweed was estimated as 0.0187 gday
-1

. 

 



Technology Demonstration 

 Initiative for popularization of NICRA Technology demonstration 

Subsequent to the success of NICRA Technology demonstration in Pokkali farmers field, 

the Fish Farmers Development Agency (FFDA) under the State Government has initiated a 

scheme – Integrated fish farming in Pokkali fields through which the agency support fish 

farming both in open Pokkali fields and also in cages sited in Pokkali fields. Total of 100 

ha open fields and 50 cage units, each comprising 2 cages would receive financial 

assistance from the agency this year. 

 Integrated Multi-trophic Aquaculture (IMTA) 

The demonstration of seaweed cultivation with cage farmed cobia by the Mandapam 

Regional Centre of CMFRI yielded almost double the weight of seaweed. Besides, more 

number of apical portions were formed than the conventional seaweed cultivation.  The 

apical portions could be used for replanting further number of crops. 

 
Figure 10: More numbers of newly emerged apical portion/tips from a bunch of harvested seaweed from the 

rafts integrated with cobia cages 

 Conduct of Hands on Training programmes on marine cage farming 

Six training programmes were organized for State officials of Kerala and fishermen 

communities and Self Help Groups of Karwar. During training on Open sea cage farming 

of Marine fishfish and shell fish, participants were given a hands on training on cage 

fabrication, mooring, net exchange and all the protocols to be followed for cage culture 

management. 

 

 Conduct of awareness programmes to coastal communities on marine and 

brackishwater cage farming 

Nine Awareness programmes were made to fishermen communities and women SHGs of 

Karwar in four areas viz., Kanasgiri, Sunkeri, Nandangadda and Halga. All the groups were 

given awareness on the cage culture practices in marine as well as brackishwater areas and 

made them to understand the need of these activities which help them as an alternate 

livelihood. They are given awareness about the salinity and temperature tolerance of 

species to lower salinities and species to be selected for brackishwater culture. Awareness 

was also related for the selected groups on the need of net exchange, feeding and 



monitoring of temperature and salinity as they play a major risk factors for the culture 

system. 

 

 Participatory Demonstration Programmes of cage farming  

Cage farming of asian seabass, cobia and Pompano was carried out under participatory 

demonstration programme at Goa in three different areas. All the technical and consultancy 

services were given to SHGs in thre areas on net exchange, feeding protocols, growth and 

environmental monitoring through out the culture period. Fish were harvested after 6 

months of culture and the Self help groups harvested 1206 kg od asian seabass, 1025 kg of 

cobia and 1708 kg of Pompano at the end of culture. Total revenue generated from this 

programme was Rs. 998114 /-. The programme was continued in Polem and initiated 

brackishwater farming at Karwar. 

 

 Technology Demonstration of Brackishwater farming of Asian seabass 

Brackishwater cage farming of Asian seabass was initiated at Halga, Karwar. A battery 

type cage system (with 6 number of square type cages) was fabricated and installed at 

Halga on 19
th

 December 2015.  Cages were stocked with nursery reared Asian seabass @ 

1000 numbers / cage with an initial size of 15 g. The culture is under progress. Regular 

monitoring of all the parameters are being carried out at Halga.  

 

Resilient Strategies 

 Wetland restoration and scientific fish farming for enhancing regional climate 

resilience of Indian fisheries 

Since weed infested wetlands hinders the fishing activities and negatively affects the 

dependent livelihoods its restoration efforts at village level seems to be significant. 

Geospatial techniques could be employed for mapping village level wetlands of size even 

below 2 ha, which could enhance the focus on regional resilience along with better eco 

management and monitoring. Geospatial analysis provides qualitative assessment whereas 

implementing fish farming could provide quantitative assessment of wetland leading to a 

comprehensive approach.  

 

During eco-restoration, ‘Aquatic weed harvester’ equipment is proposed to be 

advantageous over tedious manual weed removal approach. Harvested aquatic weeds could 

be converted into climate resilient products such as biochar or as value added products.  

Climate resilient fish species identified through NICRA project could be farmed along with 

native species. Vulnerable community groups as well as traditional dependent local groups 

could be the project beneficiaries. Fisheries related scientific bodies could provide 

implementation   assistance for suitable aquaculture techniques. Wise use of wetlands could 

ensure food and nutrition security at village levels, and the surplus production could be 

offered to global supply chain. 

 

The concept model thus includes regional level wetland resource mapping and restoration, 

climate resilient product development, farming of climate resilient fish species, improved 



capture fisheries along with technical assistance of scientific bodies.  The effective 

implementation could contribute towards climate resilient coastal villages. 

 

 Seaweed farming along Indian coastal waters  

Seaweed farming was identified as a prospective climate resilient strategy with multiple 

advantages of Carbon sequestration, coastal pollution abatement, coastal livelihood 

supplementation, co-farming of mussels, oysters and fishes, feedstock for fish feed, marine 

product development.  

 

 Multivendor E-Commerce solutions for Indian fishermen communities 

Though E Commerce solutions for fish products are available, gap still exists to develop 

multivendor platform for directly engaging various self-help groups of fishermen 

communities as multiple vendors. NICRA project team is ambitiously working out on the 

concept to develop such a system for fishermen community livelihood improvement and 

empowerment. Such systems could be in line with the national goal of farmer income 

increment.  

  



Annexure.4- Results of significant value  

 Analysis revealed the effect of climatic parameters on the phenology of marine fishes. 

SST was found to positively influence the maturity of Indian mackerel and negatively 

influence that of ribbon fish. Spawning season of mackerel was also triggered by higher 

current speed. Rainfall also was found to have positive influence on the maturities of 

mackerel, thread fin bream and Bombay duck.  

 Scientific criteria was developed for vulnerability assessment of fish stock and for long-

term prediction of fisheries change along Indian coast based on exposure, sensitivity 

and adaptive capacity of Indian species in relation to climate change. Fish stock 

vulnerability assessment as per the developed criteria carried out at different zones 

indicated many of the Indian species are highly vulnerable to climate change. 

 Carbon footprint in life cycle of marine fisheries was assessed from Mangalore, 

Tuticorin, Veraval and Visakhapatanam and highest emissions were recorded in harvest 

phase in all cases. 

 Adaptive capacity of Zoanthids and its distribution related to climate change was 

affirmed. The study provides first of its kind information on quantitative Zoanthid 

distribution and the dynamic changes exhibited by Zoanthids in relation to various 

environmental parameters. 

 Experimental studies confirm carbon sequestration potential of seaweed (Kappaphycus 

alvarezii) and the total amount of CO2 sequestered into the cultivated seaweed for the 

year 2013 and 2015 in the coastal districts of southern Tamil Nadu was estimated as 

1.38 million and 0.32 million kg respectively. Hence seaweed farming along Indian 

coastal water could be a prospective resilient strategy. 

 Experiments carried out by CMFRI reveals impact of increased temperature on growth, 

associated bacterial flora and histopathological changes in silver pompano (Trachinotus 

blochii). 

 Owing to the success of NICRA Technology demonstration in pokkali farmers field, the 

Fish Farmers Development Agency (FFDA) under the state government has initiated a 

scheme – Integrated fish farming in Pokkali fields through which the agency support 

fish farming both in open Pokkali fields and also in cages sited in Pokkali fields. 

 As a part of Integrated Multitropic Aquaculture (IMTA), the demonstration of seaweed 

cultivation with cage farmed cobia yielded almost double the weight of seaweed when 

sea weed farming was done alone.  

 

 

  



 

Annexure V: Procurement of Equipments 

 

Sl.No Name of the equipment 
Status of 

procurement 

Estimated 

Quote/ Budget 

Allocated 

Actual Cost 

IT Items 

1.  Sigma Plot Software 
 

 

 

Procured at 

Kochi 

Headquarters 

1,30,000 1,30,556 

2.  

Note Book, touch 

screen, i5 processor, 8 

GB RAM, Twistable 

with accessories 1,00,000 66,990 

3.  

Digital Data Logger & I 

Pad processor with 

accessories 60,000 55,000 

4.  

LED TV with 

aceessories 1,00,000 75,000 

5.  Dell Desktop PC 

50,000 

54,900 

6.  600VA UPS Numeric 2,300 

7.  

 HP LaserJet Printer 

1106 6,700 

8.  

All in one printer, 

scanner& copier, colour 1,50,000 1,31,250 

9.  I C  Recorder 90,000 58,395 

10.  

Desktop with 

accessories, branded 

high end LED screen 2,00,000 2,26,493 

11.  

Portable data processing 

and logging unit with 

accessories 1,20,000 1,57,500 

12.  Printer & Scanner  34,075 

Total 10,00,000 9,99,159 

Furniture Items 

1.  Office chair  

 

 

Procurred at 

Kochi 

Headquarters 

 

 

 

8,60,000  

67,750 

2.  Customized Wall mount 

Wooden Cupboard Unit 99,800 

3.  

Wall mount Unit 48,600 

4.  

Furniture for KVK 88,183 



5.  

Furniture for HQrs. 99,500 

6.  

Vizhinjam R C 

Procurred at 

Vizhinjam RC 82,671 

7.  

Calicut R C 

Procurred at 

Calicut RC 3,73,376 

Total 8,60,000 8,59,880 

Major Equipment 

1 Auto Analyzer 

Procured at 

Hqrs., Kochi 25,00,000 25,09,534 

2 

Temperature Control System 

for culture experiments No Procurement 6,00,000 Nil 

3 Biofilters No Procurement 10,00,000 Nil 

4 

Icthyoplankton net with flow 

meter and winch No Procurement 6,00,000 Nil 

5 Current Meter 

Procured at 

Hqrs., Kochi 7,00,000 8,20,677 

6 Current Meter 

Procured at 

Veraval 7,00,000 8,03,000 

7 Current Meter 

Procured at 

Visakhapatnam 7,00,000 8,08,943 

8 CTD Probe 

Procured at 

Hqrs., Kochi 8,00,000 7,91,093 

9 CTD Probe 

Procured at 

Veraval 8,00,000 9,44,383 

10 CTD Probe 

Procured at 

Visakhapatnam 8,00,000 8,01,492 

11 CTD Probe 

Procured at 

Tuticorin 8,00,000 6,00,449 

12 CTD Probe 

Procured at 

Mumbai 8,00,000 8,94,625 

13 CTD Probe 

Procured at 

Mangalore 8,00,000 9,44,384 

14 Current profiler 

Procured at 

Tuticorin 6,00,000 8,21,699 

15 

Fish Feed Extruder Substitute 

to Laboratory mills and 

Homogenizers 

Procured at 

Hqrs., Kochi 6,00,000 6,42,780 

16 Spectrophotometer 

Procured at 

Hqrs., Kochi 5,00,000 5,20,638 

17 

Micrscope - Binocular with 

image analyzer 

Procured at 

Hqrs., Kochi 12,00,000 5,50,000 

18 

Micrscope - Stereozoom with 

image analyzer 

Procured at 

Hqrs., Kochi 10,00,000 6,21,000 

19 Continuous plankton recorder No Procurement 10,00,000 Nil 



20 Trawl Monitoring System No Procurement 6,00,000 Nil 

21 Digital Balance - 0-500 gm 

Procured at 

Hqrs., Kochi 85,000 44,800 

22 Automatic Weather Station 

Procured at 

Hqrs., Kochi 8,00,000 4,71,833 

23 Zoo plankton net 

Procured at 

Hqrs., Kochi 2,00,000 3,16,280 

24 Infrared CO2 Probe No Procurement 35,000 Nil 

25 Under Water Camera 

Procured at 

Hqrs., Kochi 50,000 27,580 

26 Desktop (5 Nos.) 

Procured at 

Hqrs., Kochi 2,50,000 2,83,116 

27 Desktop 

Procured at 

Karwar 50,000 49,650 

28 Desktop 

Procured at 

Chennai 50,000 49,950 

29 Desktop 

Procured at 

Mangalore 50,000 48,003 

30 
Data processing and 

documentation unit (4 Nos.) 

Procured at 

Hqrs., Kochi 
4,00,000 

1,64,626 

1,41,036 

31 

Data processing and 

documentation unit 

Procured at 

Tuticorin 1,00,000 99,450 

32 

Data processing and 

documentation unit 

Procured at 

Veraval 1,00,000 69,850 

33 

Data processing and 

documentation unit 

Procured at 

Mumbai 1,00,000.00 98,700 

34 

Data processing and 

documentation unit 

Procured at 

Visakhapatnam 1,00,000 99,900 

35 Digital Video Camera No Procurement 50,000 Nil 

36 Digital Video Camera 

Procured at 

Veraval 50,000 32,900 

37 Digital Camera 

Procured at 

Hqrs., Kochi 50,000 50,300 

38 Digital Camera 

Procured at 

Chennai 50,000 50,000 

39 Printer - Colour 

Procured at 

Hqrs., Kochi 30,000 34,503 

Total Amount 197,00,000 152,07,174 

Minor Equipment 

1.  

Fish cutting machine 

No 

Procurement 1,50,000 Nil 

2.  Precision Electronic Balance 

0.01 mg 

Procured at 

Hqrs., Kochi 1,00,000 83,250 

3.  

BOD Incubator 

Procured at 

Hqrs., Kochi 1,00,000 1,09,090 

4.  Van Veen Grab Procured at 1,00,000 66,868 



Hqrs., Kochi 

5.  

CO2 Analyser/Sensor 

No 

Procurement 50,000 Nil 

6.  Precision Electronic Balance 

0.01 mg 

Procured at 

Veraval 1,00,000 98,094 

7.  

 CO2 analyser/Sensor 

No 

Procurement 50,000 Nil  

8.  

Vertical Deep Freezer 

Procured at 

Mumbai 1,50,000 1,85,625 

9.  Precision Electronic Balance 

0.01 mg 

Procured at 

Mumbai 1,00,000 96,188 

10.  
Fish cutting machine 

Procured at 

Karwar 1,50,000 1,50,000 

11.  
Vertical Deep Freezer 

Procured at 

Karwar 1,50,000 1,49,000 

12.  Precision Electronic Balance 

0.01 mg 

Procured at 

Mangalore 1,00,000 79,807 

13.  Precision Electronic Balance 

0.01 mg 

Procured at 

Madras 1,00,000 97,125 

14.  

Vertical Deep Freezer 

Procured at 

Visakhapatna

m 1,50,000 99,800 

15.  
CO2 Analyser/Sensor 

Procured at No 

Procurement 50,000 Nil  

Total 16,00,000 12,14,847 

 

  



Annexure.VI: Publications 

Book 

 Shinoj Subramannian, P.A Vikas F Pushparaj Anjelo Ed. (2015) Samrambakathwa 

Vikasana Paripadi. NICRA – 2015. CMFRI-NICRA Publication series 4. CMFRI, 

Kochi, 97 Page.  

Proceedings 

 Full paper: Zacharia.P.U, Kaladharan.P and Rojith.G, 2015, Seaweed farming as a 

climate resilient strategy for Indian coastal waters, The international conference on 

integrating climate, crop, ecology – The emerging areas of agriculture, horticulture, 

livestock, fishery, forestry, biodiversity and policy issues., ISBN:978-81-930585-9-

6. 

 Abstract: Vikas P.A, ShinojSubramannian, John Bose and P.U. 

Zacharia (2015).  Sustainable intensification of food production from Pokkali 

farming system through Cage farming. International Symposium on Cage 

Aquaculture in Asia (CAA5).  

Journals 

 Shubhadeep Ghosh, M. V. Hanumantha Rao, M. Satish Kumar, V. Uma Mahesh, 

Muktha, M. and P. U. Zacharia, 2015. Carbon Footprint in Life Cycle of Marine 

Fisheries at Major Fishing Harbours of Andhra Pradesh. Indian Journal of Fisheries, 

62 (4): 37-44.  

 Sonia Kumari, P.U. Zacharia, V. Kripa, K.R. Sreenath and Grinson George. 

Distribution pattern and community structure of zoanthids (Zoantharia) along the 

coast of Saurashtra, Gujarat,    India. Journal of the Marine Biological Association 

of the United Kingdom, December 2015, 1-8. 

  Rojith.G and Zacharia P.U, Enhancing Regional Climate Resilience of Indian 

Fisheries Through Wetland Restoration and Scientific Fish Farming, International 

Journal of Tropical        Agriculture, Vol.33, No.4, October – December 2015, 

3439-3445. 

 Muktha Menon, Shubhadeep Ghosh, M. Satish Kumar, M.V. Hanumantha Rao, V. 

Uma Mahesh and P U Zacharia, 2014. Do fishermen believe in climate change? A 

study from the east coast of India. Marine Policy (Communicated).  

 Tamilmani, G., Sakthivel, M., Jayakumar, R., Abdul Nazar, A. K., Rameshkumar, 

P., Kalidas, C., Anbarasu, M., Sirajudeen, S., Thiagu, R, Balamurugan, V., 

Gopakumar, G. Effect of temperature on embryogenesis, hatching, larval survival 

and growth of cobia, Rachycentroncanadum (Linnaeus, 1766).(Paper communicated 

to Indian Journal of Fisheries). 

 Jayakumar R, Abdul Nazar, A.K.,Tamilmani, G., Rameshkumar, P., Kalidas, C., 

Anbarasu, M., Balamurugan, V., Thiagu, R., Sirajudeen, S., Gopakumar, G. Effect 

of temperature on yolk-sac utilization and growth in length of the newly hatched 

larvae of cobia, Rachycentroncanadum (Linnaeus, 1766). (Paper communicated to 

Indian Journal of Fisheries). 

 Sakthivel M, Abdul Nazar, A.K.,Tamilmani, G., Anbarasu, M., Balamurugan, V., 

Thiagu, R., Sirajudeen, S., Gopakumar, G. Impact of high temperature and light 

intensity on growth and metamorphosis of hatchery-reared silver pompano 



Trachinotusblochii (Lacepede, 1801) larvae. (Paper communicated to Indian 

Journal of Fisheries). 

 Abdul Nazar, A. K., Jayakumar, R., Tamilmani, G., Sakthivel, M., Kalidas, C., 

Rameshkumar, P., Balamurugan, V., Thiagu, R., Sirajudeen, S., Anbarasu, M., 

Gopakumar, G. Influence of temperature on incubation, hatching, larval survival 

and growth of silver pompano, Trachinotusblochii (Lacepede, 1801)(Paper 

communicated to Indian Journal of Fisheries). 

 

Technical /popular articles  

 Abdul Nazar, A. K., R. Jayakumar, G. Tamilmani, M. Sakthivel, P., Rameshkumar, 

Johnson, B., Amir Kumar Samal & K. K. Anikuttan, 2013. NICRA demonstration 

on Integrated Multi Trophic Aquaculture. Cadalmin CMFRI NewsletterNo.146, 

Page No.5. 

 Abdul Nazar, A. K., R. Jayakumar, G. Tamilmani, M. Sakthivel, P., Rameshkumar, 

Johnson, B., Amir Kumar Samal & K. K. Anikuttan. Harvest of the seaweed 

Kappaphycus alvarezii from the second crop under the NICRA demonstration on 

Integrated Multi Trophic Aquaculture (IMTA) at Munaikadu, Mandapam, Tamil 

Nadu (Communicated to Cadalmin CMFRI Newsletter October to December 2015 

issue). 

 Abdul Nazar, A. K., R. Jayakumar, G. Tamilmani, M. Sakthivel, P., Rameshkumar, 

Johnson, B., Amir Kumar Samal & K. K. Anikuttan.. Successful harvest of cage 

farmed cobia under the NICRA demonstration on Integrated Multi Trophic 

Aquaculture (IMTA) in a participatory mode with fishermen self-help group at 

Munaikadu, Mandapam, Tamil Nadu. (Communicated to Cadalmin CMFRI 

Newsletter October to December 2015 issue). 

 Effect of temperature on growth of silver pompano (Trachinotus blochii) 

fingerlings, associated bacterial populations and histological alterations in their 

organs. (Communicated to CLIMFISH NICRA Newsletter Vol. No.2). 

 Carbon sequestration potential of seaweed (Kappaphycus alvarezii) in 

Ramanathapuram coast. (Communicated to CLIMFISH NICRA Newsletter Vol. 

No.2). 

 Shift in the spawning season of cobia? (Communicated to CLIMFISH NICRA 

Newsletter Vol. No.2). 

 Successful harvest of the seaweed Kappaphycus alvarezii and cage farmed cobia 

under the NICRA demonstration on Integrated Multi Trophic Aquaculture (IMTA) 

at Munaikadu, Mandapam, Tamil Nadu. (Communicated to CLIMFISH NICRA 

Newsletter Vol. No.2). 

 Socio-economic technological perception on cage farming by fishermen / 

entrepreneurs / SHGs. (Communicated to CLIMFISH NICRA Newsletter Vol. No.2). 

 

 

 

 



Newsletter 

ClimFish, Vol.1,Issue.1, July 2015, T.M. Najmudeen, Sujitha Thomas, Shoba Joe 

Kizhakudan, Rojith.G 

 

Pamphlet 

Climcard-1, Marine climate and fisheries scenario of Tamilnadu, Shoba Joe 

Kizhakudan, R.Geetha, Inira Divipala, K.S.S.M Yusuf, M.Shanti, K.S. Gupta, P.U. 

Zacharia. 

 


