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Institute, Kochi 

3. Name of the PI 

 

: E. Vivekanandan 

4. Names of the Associates with 

responsibilities assigned 

 

: Please refer Annexure 1 

5. Brief Technical Program implemented 

(activity wise) 

 

: Capture Fisheries 

To know the changes in 

distribution, catch and biological 

characteristics, especially spawning 

of ten major species of marine fish, 

shrimp and squid  the data collected 

were co-related with time-series 

data on climatic and oceanographic 

parameters at centres of different 

latitudinal locations, namely, 

Veraval, Mumbai, Mangalore 

Kochi, Tuticorin, Chennai, 

Visakhapatnam, Paradip and Digha.  

Mariculture 

In order to find out the response, 

especially of spawning, the hatching 

success and larval survival of 

cultivable species and live feed 

organisms to different seawater 

temperature, experiments were 

conducted on 3 species of 

microalgae, 1 species of copepod, 1 

species of shrimp, 1 species of 

sandlobster, 5 species of ornamental 

fish and 2 species of food fish. 

Technology Demonstration 

Technology of sea cage farming of 

high-value fishes seabass, cobia and 

pompano, low-cost cage 

construction, mooring of cages in 

the sea;  mussel and seaweed 

farming were demonstrated to 

fishermen and other stakeholders. 



6. Summary of work done (< 1 page) 

 

: Please refer Annexure 1 

7. Results in detail (give detailed account of 

results obtained with data, tables, pictures 

etc.) 

 

: Please refer Annexure 2 

8. Results of significant value (highlight 1-2 

significant results in 2 paragraphs which 

can be highlighted at the national level) 

 

: Capture Fisheries 

From a large amount of data 

collected on climatic and 

oceanographic parameters; and fish 

catches and biological 

characteristics along the entire 

Indian coast, changes in distribution 

and abundance, and phenology, 

especially spawning of important 

fish stocks are evident. Whereas 

fish stocks, in general, have 

adaptive capacity to changing 

climate, marine ecosystem structure 

and function and subjected to 

changes. Some fish (small, low-

value fish) may gain, others (large, 

high-value fish) may lose. 

Similarly, some regions (northern 

maritime states) may gain and 

others (southern maritime states) 

may lose. These changes would 

result in prices and value of 

fisheries, which will have direct 

impact on fishing communities. 

Fishermen will have to adapt by 

complying with fishing regulations.  

Mariculture 

To find out climate resilient species 

for mariculture, impact of seawater 

temperature on egg incubation 

duration, hatching success, and 

larval survival and growth of 

ornamental and food fish and 

shellfish was studied. In general, 

incubation duration shortened and 

larval growth rate was faster at 

higher temperatures. However, 

hatching success and larval survival 

was low at higher temperatures. 

Efforts are continuing to find out 

the optimum temperature, pH and 

other water quality parameters for 



maximum survival and growth of 

larvae of different cultivable 

species. 

Technology demonstration 

A large number of fishermen and 

entrepreneurs were trained in all-

weather mooring of sea cages, 

development of low-cost cages and 

culture of fish in sea cages. 

 

9. Procurement of equipments :  

 (Rs. in lakhs) 

Name of the Equipment Status of 

procurement 

Estimated Cost / 

Budget allocated 

Actual  cost 

1. Research Vessel Construction 

Order Placed 

  

2. Environmental 

Chamber 

Installed   

Total    

 

 

10. Status of works, if any : Nil 

 

 (Rs. in lakhs) 

Name of the Work Actual expenditure incurred 

1.  

2.  

Total  

 

Contd….2  



-2- 

 

11. HRD Programs conducted, if any :  

 

 (Rs. in lakhs) 

Name of the Program No. of participants Expenditure 

incurred 

1. Advanced models on fish stock assessment 

and biodiversity analysis, Chennai 

16  

2. Sea farming avenues and cage farming to 

cope with climate variability, Kanyakumari 

25  

3. Etroplus breeding and farming, Kochi 40  

4. Open sea cage culture for farmers (1), 

Karwar 

18  

5. Open sea cage culture for farmers (2), 

Karwar 

17  

6. Open sea cage culture for officials, Karwar 12  

7. Marine cage fabrication and installation, 

Veraval 

35  

8. Better management practices in lobster 

farming in open cages, Veraval 

25  

9. Open sea cage culture of finfishes, 

Visakhapatnam 

27  

10. High density freshwater fish culture in 

abandoned granite quarries, Kochi 

85  

 

 

12. Budget details :  

 

Head 2011-12 Cumulative 

Release Exp. % Release Exp. % 

I. RC       

i. Contingencies 400,00,000 398,31,515 99.6    

ii. Travelling 

Expenses 

  14,00,000   13,62,873 97.3    

iii.HRD & IPR   40,00,000   37,40,871 93.5    

II. NRC       

i. Equipment 332,81,000 332,81,139 100    

ii. Equipment 

costing less than 

Rs 5 lakhs 

    5,00,000     4,95,000 99.0    

iii. Furniture & 

Fixtures 

       14,000        13,198 94.2    

iv. Information 

Technology 

  40,00,000   40,00,000 100    

III. Technology 

Demonstration 

      



i. Recurring  23,00,000  23,00,000 100    

ii. Non-Recurring                0                0     

IV. Total 854,95,000 850,24,596 99.5    
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Annexure 1 

Summary of work done (< 1 page) 

 

Marine Fisheries 

 Extensive database has been established on time-series climatic such as air 

temperature, wind speed, rainfall etc, and oceanographic parameters such as 

seawater temperature, upwelling strength, chlorophyll etc for several lat-long 

positions along the Indian coast. 

 Several small pelagic populations are able to adapt by changing/extending their 

distributional ranges. Correlation of time series data of oceanographic and climatic 

parameters with fishery data shows that changing climatic and oceanographic 

features are favourable to small pelagic fish populations. 

 Phenological changes such as shift in spawning season, reduction in length at first 

maturity have been observed for species such as threadfin breams, oil sardine, 

Indian mackerel etc. 

 Large amount of data on ITK and opinion of fishermen on climate change and 

marine fisheries have been collected and a compendium is under preparation. 

Mariculture 

 

 A series of experiments were conducted to find out the impact of elevated seawater 

temperature on the ornamental fish, namely, the clownfish and foodfishes, namely, 

cobia and pompano. Egg development, and larval growth were faster at elevated 

water temperature of 32-33
o
C , but hatching success and larval survival were 

highest at ambient temperature of 29-30
o
C. 

 Cell density of food of fish larvae, the microalgae Tetraselmis chuii and Isochrysis 

galbana and the multiplication of copepod Euterpina acutifrons were highest at 29-

30
o
C, and gradually reduced with increase in seawater temperature. 

Technology demonstration 

 

 The technology developed by CMFRI on cage culture of sea bass, cobia and 

pompano were demonstrated to fishermen and other stakeholders. Fabrication of 

low-cost cage and technique of all-weather mooring of cage were also 

demonstrated.  

 

 

 

 

 

 

 

 

          Annexure 2 



 

7. Results in detail (give detailed account of results obtained with data, tables, pictures 

etc.) 

 

1. Capture Fisheries 
 

1.1 Database creation 

 

Database has been created by gathering information from primary and secondary 

sources on climatic and oceanographic parameters such as sea surface temperature, salinity, 

wind speed and direction, humidity, sea level pressure, rainfall, cyclones, coastal upwelling 

index, chlorophyll concentration etc in 25 latitude-longitude positions along the Indian 

coast for the last 30 to 40 years. Together with historic data on fisheries available with 

CMFRI, the data will form the basis for developing prediction models and scenarios on 

marine fisheries.  

 

Sea surface temperature (SST) has increased by 1.24
o
C along Gujarat coast in the 

last 110 years, by 0.5
 o
C along Maharashtra coast in 50 years, 0.8

 o
C along Karnataka coast 

in 105 years, 0.8
 o
C along Kerala coast in 100 years, 1.3

 o
C along Tamil Nadu coast in 110 

years, 0.87
 o
C along Andhra Pradesh coast in 50 years, 0.78

 o
C along Orissa and West 

Bengal coasts in 50 years. There were marked spatial and seasonal differences in SST 

anomaly within each state. Among other parameters, seasonal wind speed has strengthened 

in several regions, and chlorophyll concentration has increased during southwest monsoon 

along Kerala coast.   

 

To find out impact of climate change on fish populations, two approaches were 

followed: (i) Real time data collection in different latitude-longitude positions along the 

Indian coast on fish abundance, distribution and phenological changes; and climatic and 

oceanographic parameters in different lat-long positions and seasons; (ii) Consolidation and 

analysis of above parameters from the historic data available with CMFRI.   

 

1.1 Distribution and abundance 

 

The following fish species have extended their distributional ranges to northern 

latitudes and formed fishery: (i) Oil sardine Sardinella longiceps and Indian mackerel 

Rastrelliger kanagurta to Maharashtra, Gujarat, Orissa and West Bengal since 2005; (ii) 

Skipjack tuna Katsuwonus pelamis into Gujarat; (iii) yellowfin tuna Thunnus albacares into 

northern Andhra Pradesh, Orissa and West Bengal from 2005. 

 

The following climate-driven fish distribution/abundance was found: (i) Positive 

correlation between wind velocity and Indian mackerel and tuna catches off Veraval; (ii) 

Positive correlation between chlorophyll concentration and pelagic off Veraval and Andhra 

Pradesh; (iii) Positive correlation between wind velocity and tuna catches off Andhra 

Pradesh. 

Concentration and size composition of skipjack tuna changes between summer and 

winter seasons along Gujarat coast (Fig. 1 & 2). Concentration during winter months is 

higher and closer to the coast, contributing to good fishery. This shows temperature-related 

distribution, abundance and size composition of skipjack tuna. 



 

 

Fig. 1. Skipjack tuna concentration      Fig. 2. Skipjack tuna concentration  

during winter off Gujarat                         during summer off Gujarat 

 

          
1.2 Phenology 

 

Important information on the relationship between climatic and oceanographic 

parameters on the biological characteristics of commercially important fish species have 

been collected. 

 

Off Veraval, spawning of the threadfin bream Nemipterus japonicus occurs when 

the SST is > 26
o
C. There are evidences of shift in spawning towards warmer months. 

Increase in SST during 1990-2010 has influenced the growth rate, and increased mortality 

rate and biomass. 

 

Off Chennai, a significant shift in spawning season of N. japonicus and the oil 

sardine Sardinella longiceps was noticed during 1977 – 2010. The major spawning months 

were January – March during 1977, which shifted to warmer months of June and July 

during 2007-2012. 

 

Off Visakhapatnam, however, (i) the peak spawning season of N. japonicus has 

shifted over the last decade from the warmer months of September-October to the relatively 

cooler months of November - December. (ii) The peak spawning months of Indian 

mackerel Rastrelliger kanagurta has shifted from June-August during 2001-2005 to March 

and April during 2006-2010. (iii) The length-at-first maturity of the mackerel reduced from 

200 mm in 2003 to 185 mm in 2010, which is a significant reduction (Fig. 3). The increase 

in temperature from 28.86 
0
C in 2003 to 29.01

0
C in 2010 could have accelerated the 

endogenous endocrine system resulting in faster maturation of gonads which might have 

resulted in decreased length at first maturity. 
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Fig. 3. Length at first maturity of  mackerel off Andhra Pradesh 
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1.3 Impact on the spawning and larvae of marine fish 

 

A ranking method – Climate Change Impact Rank (CCIR) was developed to evaluate 

the probable impact of climate change on the spawning and larvae of marine fish based on 

SST anomaly during the last five decades. The ranks were assigned as Highly impacted, 

Moderately impacted, mildly impacted and no impact based on the synchrony of SST 

anomalous months and spawning months of fishes. The months were assigned a value of 

„1‟ if SST anomaly values were higher than 0.5 (lower than -0.5 were also considered 

significant. 

 

Among the 19 species of fishes whose spawning period along the east coast were 

evaluated, it was observed that it is likely that the spawning of 16% of fishes will be highly 

impacted, 53% moderately impacted, 26% mildly impacted and 5%  will not be impacted. 

Along the west coast 56 % will be highly impacted,   28% moderately impacted, 6%  

mildly impacted and  11% not impacted. 

 

The Early Life Stages  (ELS) comprising eggs, larvae and juveniles  of 49 species 

including 18 species of Carangidae, 22 species of Clupeidae and 9 species of Engraulidae 

were analyzed and ranked as per CCIR. Occurrence of ELS in the plankton is an indication 

of spawning. It was observed that 28, 25 and 33% of fishes of the three families 

respectively are likely to be highly impacted; 60, 42 and 22% moderately impacted and 6,8 

and 0% mildly impacted and for 6, 25 and 45 % there is likely to be no impact. An image 

gallery (database) of Indian marine fish larvae reported from the east and west coasts by 

Indian researchers during last century was prepared by redrawing the sketches. The main 

objective of this work was to provide support for real time observations which can be made 

at relevant locations for specific groups in the current decade for direct evaluation of impact 

of climate change on spawning of marine fish.  

 

1.4 Impact on critical habitats 
 

Coastal Lakes and adjacent coastal waters are critical habitats since they serve as the 

breeding and nursery ground of many fishes and shell fishes. The impact of climate change 

on the three major lake systems Vembanad Lake (Kerala), Chilka Lake (Orissa) and Pulicat 

Lake (Tamil Nadu-Andhra Pradesh) was studied. Published information on the spawning 

period (months) and /or the months when the eggs and larvae were obtained in large 

numbers of commercially important resources like shrimps and finfishes were collected. 

The intensity of climate change in these months based water temperature anomaly values 

for each of the coastal lakes were used and ranked as per CCIR. The likely impacts on fish 

spawning in these three systems are given in Table 1. 

 

Table 1. Likely impact of fish spawning in coastal  

lake ecosystems 

 

CoastalLake 

Ecosystem 

Likely impact* 

Vembanad Lake Moderate 

Off Vembanad Lake Moderate 



Pulicat Lake Mild 

Off Pulicat Lake Moderate 

Chilka Lake Strong 

Off Chilka Lake Moderate 

*Based on % of months synchronizing with  

water temperature anomaly and spawning of fishes  

 

1.5 Indigenous Technical Knowledge of fishermen 

 

The ITK of fishermen on climate, climate variability and climate change was 

captured by interviewing a large number of marine fishermen along the entire Indian coast. 

(i) Fishermen have excellent knowledge on climate and oceanographic characteristics, but 

are not clear about climate change. (ii) In general, fishermen opined that major changes in 

climatic parameters are occurring in the last 10 years. (iii) Wind direction & speed, current 

and coastal upwelling are the major climatic parameters for the fishermen to predict fishing 

ground and other fishing activities. These important features are undergoing changes and 

are becoming unpredictable. (iv) Fishing and juvenile exploitation were identified as the 

major problem facing fisheries, and not climate change. (v) Fishermen want safe exit as the 

good adaptation option for any weather related extreme events. (vi) Many indicated that 

coastal protection structures are important followed by shelters. (viii) Traditional fishing 

sector is more vulnerable than mechanized sector. (ixi) Most of the fishermen are interested 

to take weather related insurance with their own money. (x) About 90% fishermen are 

using TV for weather related information and 10% fishermen are using both TV and 

newspaper for the information. They are following it when only wind speed is heavy 

(>50km/hr).  

 

A write-shop on the findings of ITK was conducted at Mangalore Centre of CMFRI 

in March 2012, and a compendium is under preparation. 

  

2. Mariculture 

 

For mariculture, suitable candidate species and live feed organisms, which would be 

benefited by elevated temperature, need to be identified for planning better management 

adaptations. Towards achieving this objective, a series of experiments were carried out by 

subjecting the live feed organisms (microalgae, copepods) and cultivable organisms such as 

shrimp, sandlobster, ornamental fish and food fish, to elevated seawater temperatures. 

 

2.1 Cell density of microalgae Tetraselmis chuii and Isochrysis galbana 

The highest cell density of two species of microalgae, which form food of fish larvae in 

hatcheries, was at ambient sea water temperature of 28.5-31.0
o
C (Fig. 4 and 5). The cell 

density reduced substantially with increasing temperature. 

 

 

 

 

 

 



Fig.4. Cell density of T. chuii   Fig.5.  Cell density of I. galbana 

 

  
 

2.2 Growth and multiplication of marine phytoplankton Nannochloropsis sp 

Between 28 and 32
o
C, the cell density of the phytoplankton Nannochloropsis sp, 

which is a feed for fish larvae in hatcheries, was highest at 29
o
C (in 7 days). The culture 

collapsed on Day 5 at 32
o
C. 

 

2.3 Multiplication of harpacticoid copepod Euterpina acutifrons   

Copepods form important food of fish larvae in hatcheries. Each berried copepod 

produced the maximum number of copepodites (> 5 per ml) at 28.5-31.0
o
C (Fig. 6) on 10

th
 

day of culture. Production of this copepod, which form food for larvae of fish in hatcheries, 

was low at lower and higher temperatures. Several replicates confirmed this result. 

Fig.6. Density of copepodites at different temperatures on the 10th day of culture 

 

 
 

2.4 Hatching success and survival of shrimp Penaeus semisulcatus 

Data mining indicates that the percentage of hatching of the shrimp P. semisulcatus  

decreases in higher temperatures. Among the tested seawater temperatures ranging from 

29.5
o
C to 32

o
C, the maximum hatching success was obtained when the water temperature 

was around 27°C. An increase of 3°C rise in temperature resulted in a decrease in hatching 

by 6.5% and a further increase of 3°C resulted in a decrease by 15.5%. An increase of 3°C 

resulted in a decline in the survival of larval stages, namely, nauplii, zoea and mysis of the 

shrimp by 8.3 , 73.4 and 75% respectively.  

 

2.5 Incubation period, hatching success and larval survival of the sand lobster 

Thenus unimaculatus 

The incubation period of the sandlobster T. unimaculatus eggs was found to decrease 

from 39-41 days at 25-27C to 32-35 days at 28-30C (Fig. 7). At lower seawater 

temperatures (25 - 26

C), hatching efficiency decreases and takes place in two spells (two 



days, i.e. 24 hr gap between hatching spells). At higher temperatures (29 - 30

C), hatching 

is faster, and in a single spell.  At temperatures >30

C, hatching takes place in a single 

spell, but naupliosoma are disfigured with crippled legs, not in a capacity to swim, with 

yolk laden head region; hence settle and die. 

 

Fig. 7. Effect of seawater temperature on incubation period and hatching efficiency (%) 

in the sand lobster Thenus unimaculatus 

 

 
 

2.6 Incubation, larval rearing and growth of the clownfish Amphiprion percula  

A lengthy incubation period (168 hrs) of the ornamental clownfish A. percula eggs 

was observed at ambient temperature of 28.5-30.5
o
C, whereas the incubation duration 

reduced to 144 hrs and 130 hrs respectively at 30-31
o
C and 31-33

o
C (Table 2).  

 

However, the survival of hatched-out larvae was hampered at higher temperature. 

On 30
th

 day after hatching, the larval survival was 80% at 28.5-30.5
o
C, but only 65% 

and 40% at 31 and 32
o
C, respectively. 

 

In 30 days‟ rearing, the growth of juveniles was maximum (3 mg/day) at ambient 

seawater temperature of 28.5-30.5
o
C than at 31

o
C (2 mg/day), 32

 o
C and 33

 o
C (1 

mg/day).  

 

Table 2.  Incubation duration, larval survival and growth of A. percula 

 
 

2.7 Hatching duration and success of Amphiprion ocellaris and Premnas biaculeatus 

Hatchery technology of the ornamental fishes A. ocellaris (Fig. 8) and P. biaculeatus 

(Fig. 9) has been developed at CMFRI. The hatching duration and success of eggs of the 



two ornamental fish were affected by seawater temperature (Table 3). The ideal 

temperature range was found to be 28 to 30
o
C. 

 

Table 3. Hatching duration and success of two ornamental fish species 

 

A. ocellaris   P. biaculeatus 

 

 
 

Fig. 8. False clown A. ocellaris Hatchery produced A. ocellaris 

 

 
 

Fig. 9. Maroon clown P. biaculeatus    Egg case of P. aculeatus 

 

                                                            
 

2.8 Incubation period, survival and growth of larvae and juveniles of pompano 

(Trachinotus blochii)  

Seawater temperature played a major role in the incubation, survival and growth of 

larvae and juveniles of commercially important fish pompano in the hatchery. The highest 

tested temperature (34
o
C) was favourable to hatching duration and success, larval 

metamorphosis and growth, and juvenile growth (Table 4). However, larval and juvenile 

success was very low at 34
o
C.   



Table 4. Incubation period, survival and growth of larvae and juveniles of pompano 

 

 
 

2.9 Incubation duration of Cobia (Rachycentron canadum) eggs  

The commercially important fish, cobia was bred and the hatching of eggs in 

different seawater temperatures was observed in hatchery (Fig.10). Hatching duration 

was lowest (9.1 hr) at 34
o
C, in the hatchery, but the hatching success was very low at 

higher temperatures (Table 5). At higher temperatures (32 and 33
o
C), 25 to 50% of the 

developing larvae were deformed in the tail region. At 34
o
C, the eggs either did not 

hatch, or those hatched out, were deformed. 

 

Table 5.  Hatching duration and success of cobia eggs 

 

 
Fig. 10. Breeders, eggs amd larvae of cobia 

 

  Cobia breeders   Fertilized eggs   4-day old larvae 

  
 

2.10 Sea Surface Temperature (SST) and spawning of cobia and pompano in 

sea cages 

 

 Successful spawning of commercially important finfish, the cobia Rachycentron 

canadum was obtained at a temperature range of 27.5
o
C (March) to 30.6

o
C (July) and those 

of pompano Trachinotus blochii at a temperature range of 26.5
o
C (November) to 29.0

o
C 

(July) in sea cages off Mandapam. 



3. Technology Demonstration 

 

The following technologies developed on mariculture by the CMFRI were 

demonstrated by the Mandapam and Karwar Centres of CMFRI to fishermen and other 

stakeholders to enable them undertake alternate livelihood as a consequence of climate 

change: 

 

3.1. Technology demonstration at farms in Tamil Nadu and Andhra Pradesh 

 

Demonstration programme of hatchery produced seed of two important cultivable 

high value marine finfish species viz., cobia (Rachycentron canadum) and silver pompano 

(Trachinotus blotchii) was carried out at four farm sites, namely Tuticorin, Vethalai, 

Antarvedi and Akividu. Programmes were conducted in sea cages as well as in ponds. The 

results were encouraging as the fish were found to grow fast in cages as well as in ponds. 

 

3.2. Cage culture of high value fishes off Karwar  

 

In a series of demonstration programmes, the cage culture technology developed by 

CMFRI was demonstrated to  farmers, fishermen and officials from Karnataka, Goa, 

Kerala, Lakshadweep, Tamil Nadu, Andhra Pradesh, Orissa and West Bengal at Karwar 

Research Centre of CMFRI, Karwar. Cage farming of high value fish, the sea bass Lates 

calcarifer and cobia Rachycentron canadum (Fig. 11 and 12) was demonstrated from 

stocking, feeding, growth measurement, environment monitoring to harvest by using 

different types of cages. The details of demonstration programmes are given in the sub-

sections (3.2.1 to 3.2.5) below: 

 

 
 

  Fig. 11. Feeding of sea bass in cage  Fig. 12. Cobia in cage 

 

3.2.1.Low cost cage development 

 

 Square (6 m; Fig. 13) and circular cages (3 m diameter; Fig. 14) 

These cages are ideal for nursery rearing and rearing of fishes in the inshore waters 

where wave action is not severe. The cage was constructed using GI pipes and floated on 

HDPE barrels, and provided with one outer and one inner net. These cages were 

demonstrated by making 4 square and 6 circular cages. The cost of each cage is Rs. 20,000. 

 



 

Fig. 13. Square cage (6 m) off Karwar Fig. 14. Circular cage (3 m) off Karwar 

Circular cage (6 m diameter; Fig. 15) 

Research conducted at Karwar Centre of CMFRI showed that the ideal cage for 

taking up cage culture in the inshore waters is a 6 meter circular cage. It provides about 145 

m³ cultivable area and has production potential of about 5 tonnes fishes per cage. The cage 

was developed using locally available materials like 1.5” GI pipe and floated on fibre 

barrels. Each cage is provided with an inner and outer net. The 6 meter epoxy-coated metal 

cage costs only Rs.50,000 against a 6 meter HDPE cage costing Rs.2,50,000. This 

technology makes cage culture affordable to the common fishermen. The low cost cage 

developed by CMFRI was demonstrated by making twelve low cost cages. 

 

 

Fig. 15. Circular cage (diameter: 6 m) 

3.2.2.All-weather mooring (Fig.16) 

 

Locating a cage in the sea at the right position ensures good water flow into and from 

the cage and allows it to rotate freely at its mooring axis to remove the waste from the cage. 

Proper mooring of cages is also important to ensure safety of cages as well as fish in the 

cage. CMFRI has developed all-weather mooring system using the traditional gabion boxes 

enabling fishermen to take up sea cage farming in all seasons of a year. Three 

demonstrations were made in the marine farm of CMFRI off Karwar using 12 concrete 

blocks of 180 kg weight for each cage. Four blocks were connected with a chain of 14 mm 

thickness and three groups of blocks were connected with a common ring. From the 

connecting ring, the chain is connected to a float by a 40 meter chain. The first float is 

connected to a second float by a 20 meter chain and from this float the three chains are 

connected to the cage. All junctions are provided with swivel and shackle so as to enable 

the cage to rotate freely during heavy winds and turbulence.  



 
 

Fig. 16. All-weather mooring system designed and demonstrated off Karwar 

3.2.3.Nursery rearing of sea bass Lates calcarifer (Fig. 17) 

 

The high-value food fish sea bass, which is amenable for farming, is cannibalistic in its 

larval and fingerling stages. Larger fingerlings should be graded and segregated from 

smaller ones and grown separately. Without proper nursery rearing it is very difficult to 

start open sea cage culture of sea bass. At Karwar, the CMFRI had developed an efficient 

nursery rearing system by which almost 100% survival of fingerlings of 15 cm size was 

obtained. The technique of feeding and grading in nurseries, and transportation of 

fingerlings to sea cage farms were demonstrated to fishermen and fish farmers.  

 

       

 Fig. 17. Nursery rearing system for sea bass    Grading the fingerlings of sea bass 

 

3.2.4.Efficient net exchange technique and feeding protocol for cage culture 

In sea cage farms practiced in highly productive water bodies, the net in cages gets 

clogged with fouling. Heavy fouling reduces water exchange resulting in increased 

temperature, pH and low oxygen, and mortality inside the cage. In places where heavy 

fouling takes place, the only option is periodic replacement of inner and outer nets. At 

Karwar, the CMFRI has developed an efficient net exchange method. Both the inner and 

outer nets are separately provided with ballast pipes weighted with heavy iron ropes. Both 

the nets are suspended independently and while replacing, the new inner net is made to 

slide in between and the old net is removed. The fish swims into the new net without 

difficulty.  

 

 



3.2.5.Growth, environment monitoring and disease management practices  

 

Monitoring the environment, and health and growth of fishes is important in cage 

culture. Farmers and fishermen were shown the methodologies for environment monitoring 

like salinity, temperature, pH, oxygen etc. Similarly demonstrations were also conducted on 

fish health management. Collecting the sample fish, narcotizing with anesthetic agents, 

observing the fish body gills, mouth for lesions, infection and parasites were shown to the 

fishermen and hands on training was given. 

 

3.3. Mussel and seaweed farming 

 

Mussel gives substantial income to the fishermen as there is no recurring cost 

involved in mussel culture. Mussel spat were collected from intertidal regions and 

demonstration was conducted in seed collection, spat cleaning, seeding on ropes and 

attaching the seeded ropes on the rafts off Karwar. 

Sea weed culture was demonstrated by introducing Kappaphycus alvarezi off Karwar 

in March 2011. About 75 kg of sea weed was collected from Mandapam and was cultivated 

in rafts in the marine farm in 72 sq. m. area. Sea weed cuttings of 6 cm size were 

introduced at 23 cm intervals. A net with 10 mm mesh was provided in the bottom to 

prevent fishes from gracing the sea weed. 

 

3.4.Establishment of technology demonstration unit at Narsapur 

 

 Farmers of West Godavari District (Andhra Pradesh) were collecting seeds of sea 

bass from the wild and cultivating in ponds for several years. In order to demonstrate cage 

culture technology to these farmers, two cages of 6 meter diameter each was established at 

Narasapur. Each cage was stocked with wild collected sea bass seeds. Nets (2 inner nets 

and 2 outer nets) were purchased and supplied. Two snorkeling sets were also supplied for 

cage monitoring. Each cage was stocked with 7000 sea bass seeds of 50 gm size. Six tonnes 

of fish were harvested from 2 cages in September 2011. 

 

3.5. Establishment of Technology demonstration unit at Gangasagar, Sunderbans, 24 

Parganas, West Bengal 
 

A cage culture demonstration unit was established in Gangasagar Island in 

Sunderbans (West Bengal). The following demonstrations were carried out: (i) Seed 

collection: 25000 numbers of 2 cm size seed of sea bass were collected. (ii) Nursery rearing 

was done in a coastal pond in Gangasagar Island. (iii)  GI pipes, Chains and Barrels were 

procured and given to the fishermen for fabricating cages. (iv) 2 Inner nets and 2 outer nets 

were supplied to the fishermen. (v)      500 kg of formulated feed was given to the 

fishermen for nursery rearing. 

 

3.6. Development of nursery rearing system for technology demonstration at Karwar 

Development of a hatchery cum nursery system for breeding important finfishes and 

also to rear the fingerlings from 6 cm to 15cm size is essential to take up cage culture on a 

large scale. Under the project a hatchery for 40,000 seeds and a nursery system for 40,000 

sea bass seeds is being developed in the annex building of Karwar Research Centre of 

CMFRI. A live feed culture system for phytoplankton and zooplankton is also planned. The 



targeted species for breeding at Karwar is redsnapper, sea bream, cobia and pompano. The 

hatchery is expected to meet the demand of the farmers in the west coast especially those of 

Karnataka, Goa and Maharashtra. 

 

3.6.1. Establishment of sea water pumping line 

Four bore wells were made in the low tide level and connected to 3” HDPE suction 

pipes. Two 5 hp self priming pumps and 500 m HDPE pipes are used for pumping sea 

water. 

 

3.6.2. Sea water storage sump 

 

A 100 tonne storage sump was constructed and used for storing seawater. 

 

3.6.3. Development of drainage system, waste water sump and drainage lines 

 

             Drainage system and drainage lines were constructed. 

 

3.7. Establishment of Environment monitoring lab and PCR lab to assist open sea 

cage farming 

 

Environment lab and PCR lab are established under the project. The lab is helping the 

farmers by screening for White Spot Syndrome and also analyse water and soil samples. 

The following equipments are available in the lab: refrigerated centrifuge; ultra deep 

freezer (-80
o
C), ice flaking machine, UV spectrophotometer, fish tagging equipment, pH 

meter. 

Farm related equipments: FRP boat (overall length: 36 ft), outboard motor (40 hp) 

Training related equipment: Public addressing system. 

 

 

 

 

 

       


