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Foreword 
The coastal waters of India are fished extensively subsequent to mechanization and the recent 
production trends indicate a decline in catch per unit effort in spite of the technological 
improvements. The fishing effort expended in the shelf waters being near optimal in most of the 
regions, there is little scope for enhancing the production from the current level. Projections of 
fish production indicate clearly that the increasing demand will not be met in the coming years 
and the price of fish will rise more rapidly under scenarios of collapse in capture fisheries in 
most of South Asia.  
 
While, over-exploitation facilitated by improved technologies has depleted the inshore fish 
stocks, the offshore regions in the Indian EEZ and beyond remains under-exploited. Therefore, 
the development of distant-water fishing operations in the oceanic waters of the Indian EEZ is 
perhaps the only option for increasing marine fish production. Exploring and capitalizing on the 
oceanic fishing ground in Indian EEZ and the international waters beyond the EEZ for tapping 
the un-exploited fishery resources requires vessels of relatively longer endurance. Unlike many 
other developing countries as of today, no distant-water fishing fleet exists in India.  
 
The Central Arabian Sea is considered as one of the richest regions for the oceanic squids (1-1.5 
million tonnes), at depths above 300 m in the region over the continental slopes. However, 
commercial fishing activity for this resource was non-existent due to insufficient studies on its 
abundance, distribution, lack of proper exploitation methods, processing and marketing 
information. The NAIP sub-project ‘Utilization strategy for oceanic squids (Cephalopoda) in 
Arabian Sea: A value chain approach’ was implemented for diversifying into distant-water squid 
fishing operations targeting the unexploited oceanic squids in the Arabian Sea.  
 
A consortium led by CMFRI and comprising of FSI, NIFPHATT, CIFT and private partners 
worked collectively to develop a new commercial distant-water squid fishing operations from 
production to consumption. The project addressed processing aspects such as developing 
technologies for post-harvest processing, product development and value-addition for 
facilitating market-driven end products. Besides developing scientifically regulated offshore 
fisheries, the project aimed at promoting oceanic squid production by transferring the evolved 
fishing methods, post-harvest processing technologies and value-addition processes to 
stakeholders. Techno-economic feasibility of commercial distant water squid harvesting 
technique as part of the value-chain on oceanic squids is very promising. 
 
Through the implementation of this NAIP scheme, the CMFRI together with consortia partners, 
NIFPHATT, CIFT and FSI, have been able to develop all technological know-how for the launch 
of the oceanic squid value chain including fishing methods, area and season of abundance, stock 
abundance in relation to environmental factors, MSY and plan for exploitation and several 
oceanic squid processing technologies.   
 
It is hoped that these achievements will pave way for future development of India’s distant water 
fisheries. 
 

Dr. A. Gopalakrishnan 
Director, CMFRI, Kochi 
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Preface 
This value chain project is unlike other schemes operating under CN2 of NAIP. The uniqueness 
is due to the fact that there was no production to consumption system (PCS) existing for the 
commodity (oceanic squids) which is targeted in the project.  At the end of the project duration 
(of nearly 5 years), a PCS for oceanic squids is yet to be fully established.  However, the 
consortia partners have been able to develop all technological know-how for the future launch of 
the oceanic squid value chain.  It is hoped that 5-10 years down the line, the information and 
knowledge generated in the project would make the development of an oceanic squid fisheries in 
the Arabian Sea much simpler.   
 
This value chain project would not have happened without the support of a large number of 
people in ICAR, New Delhi; PIU, NAIP, New Delhi; CMFRI, Kochi; NIFPHATT, Kochi; CIFT, 
Kochi; FSI, Mumbai and Kochi; M/s Jang Marine, Kochi; Sri Vinayaka, Mangalore; Fishermen 
and fisher associations in Kerala and Karnataka and a number of students and contract staff.  We 
would like to place on record our appreciation and thanks to every one of them.   
 
We would also like to remember kindly the Late Dr. R.K. Goyal, former National Coordinator, 
CN2 of NAIP, the Late Dr. M. Devaraj, former Director of CMFRI and the former Chairman of 
the Consortium Advisory Committee of this project and the Late Mr. Sebastian, a purse seine 
fisherman of Kochi who believed in oceanic squids as a resource of the future.  Destiny did not 
allow them to see the end of this project, but they did guide us well on our path, for which we are 
all ever grateful.   
 
 
 
 
 
 

Dr. K. Sunil Mohamed, 
Consortium Principal Investigator 

30th July, 2014 
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म  य अरब सागर म, 300 मी. से ऊपर की गहराई का क्षेत्र महा वीपीय ढालुओं म महासागरीय ि क्वड 
(1 – 1.5 िमिलयन टन) का सबसे समदृ्ध क्षेत्र माना जाता है. हालांिक इस संपदा की प्रचुरता, िवतरण, 
उिचत प्रकार के िवदोहन तरीकाओं का अभाव, ससंाधन एवं िवपणन की सूचनाओं पर पयार्  त अ  ययन 
नहीं होने की वजह से इस की वािणि यक  म   यन गितिविध चालू नहीं है. अरब सागर के म  य समुद्री 
भाग म अिवदोिहत महासागरीय ि क्वड  के म   यन पिरचालन के िविवधीकरण के उ े  य से ‘अरब सागर 
म महासागरीय ि क्वड  (सेफालोपोडा) की उपयोिगता रणनीितः एक मू  य ृंखला अिभगम’ िवषय को एन 
ए आइ पी उप पिरयोजना म लाया गया. 
 

 एफ एस आइ, एन आइ एफ पी एच ए टी टी, सी आइ एफ टी और िनजी सहभािगय  के एक 
कनसोिशर्यम ने दरू  थ समुद्र म वािणि यक तौर पर ि क्वड म   यन पिरचालन के उ  पादन से उपभोग 
तक के काय  का िवकास करने के िलए संयुक् त प से काम िकया. पिरयोजना ने संग्रहणो  तर संसाधन 
के िलए प्रौ योिगिकय  का िवकास, उ  पाद िनमार्ण और उ  पाद का िवपणन प्रो  सािहत करने के िलए 
मू  य वधर्न आिद पहलुओं पर प्रकाश डाला. प्रमािणत शा  त्रीय प से िनयिमत अपतटीय मा ि यकी का 
िवकास करने के अितिरक् त पिरयोजना का ल  य  टेकहो  डर  को आधुिनक म   यन तकनीकी के तरीक , 
संग्रहणो  तर संसाधन प्रौ योिगिकय  और मू  य वधर्न प्रिक्रया का ह  तांतरण करना था. दरू  थ समुद्र म 
ि क्वड संग्रहण के वािणि यक तकनीकी की आिथर्क  यवहायर्ता, महसागरीय ि क्वड  के मू  य वधर्न की 
इस पिरयोजना म बहुत आशाजनक माना जाता है. पिरयोजना के प्रमुख िन  कषर् इस प्रकार हैः 
 

o यह मू  य ृंखला पिरयोजना एन ए आइ पी के CN2  के तहत अ  य पिरयोजनाओं से 
िवपरीत है. इस कमोिडटी (महासागरीय ि क्वड) के िलए अभी तक कोई उ  पाद से उपभोग 
तक की  यव  था नहीं है, जो िक पिरयोजना का ल  य है, इस त  य के कारण यह पिरयोजना 
अ िवतीय माना जाता है. इसिलए एन ए आइ पी पिरयोजना वारा उदाहरण िरपोट  म 
पिरिक्ल  त िकए जाने के अनुसार एक आधार रेखा  थािपत करना मुशिकल था. समुद्री 
खा य संसाधन क्षेत्र (उ योग) और घरेलू बाजार  के अ  प कालीन प्रभव पर पता लगान ेके 
िलए, जून – अग  त 2009 के दौरान एक आधार रेखा सवेक्षण आयोिजत िकया गया.  

 

o वािणि यक ि क्वड िजिग्गंग पिरचालन के िलए >20 मी. की समग्र लंबाई के वािणि यक 
म  यन ट्रालर एम वी टाइटािनक का पांतरण िकया गया. इस म लगभग 90 – 100 
िक.ग्रा. के पिु लंग पावर युक् त पांच यंत्रीकृत ि क्वड िजिग्गंग मशीन लगाए गए. एक 
अितिरक् त जनरेटर और प्रकाश के िलए 18, 1.5 िकलो वा स की हवाई प्रकाश  यव  था 
लगायी गयी. 

o ि कपजैक यूना म   यन के िलए उपयुक् त परंपरागत पा  लो बोट को प्रकाश युक् त ि क्वड 
म   यन नाव के प म पांतरण िकया गया. प्रकाश के िलए 25 KVA पेट्रोल  टाटर् और 



4 
 

 

िमट्टी के तेल से चािलत जनरेटर उपयुक् त िकया गया. ि क्वड  को आकिषर्त करने के िलए 
500 W  के 5 उ  वल प्रकाश युक् त लाइट उपयुक् त िकए गए. अग  ती वीप से 8 मी. की 
समग्र लंबाई का पा  लो बोट पांतरण के िलए िकराए पर िलया गया. 

 

o पिरवित र्त ि क्वड िजग्गर एम वी टाइटािनक और एफ एस आइ का पोत एम वी विषर्नी 
उपयुक् त करके 2010 –13 की अविध के दौरान  80 N  से  170N  के अक्षांश और 640 E से 760 

E के रेखांश (पूवर् और म  य अरब सागर) की िदशा म अ  वेषणा  मक सवक्षण (58  टेशन  
म) िकए गए.  

 
 

o पिरवित र्त ि क्वड िजग् गर ने परीक्षण म   यन तकनीक जैसे 1) ि क्वड िजिग्गंग 2) है  ड 
िजिग्गंग 3)  कूप नेिटगं 4) िगल नेिटगं 5) कोष संपाशन 6) ट्रामल नेिटगं िकए गए. 

 

o यह  थािपत िकया गया िक अरब सागर म महासागरीय ि क्वड  के िवदोहन के िलए 
पिरवित र्त 20 मी. की समग्र लंबाई का वािणि यक म   यन नाव सबसे क्षमता युक् त िगअर 
है. 

 

o पिरचालन िकए गए 58  टेशन  म तीन लािट यूड/ ल िज यूड िग्रड 130N/710E, 110N/720E 

और 100N/710E म महासागरीय ि क्वड  का अिधकतम जैवभार हुआ था. औसत जैवभार 4.2 
t/km2  और अिधकतम जैवभार 92.8 t/km2  थे. 

 

o कुल जैवभार 2.52 िमिलयन टन और वािषर्क म   यन योग् य जैवभार (एम एस वाइ) 0.63 
िमिलयन टन आकिलत िकया गया. 

 

o अिधकतम प्रचुरता, कम एस एस टी (28.0-28.60C), कम हिरतक (<0.4 mg/m3), कम 
लवणता (30.4-33.8 PSU) और उ  च pH और िवलीन ऑिक्सजन मू  य के साथ आपेिक्षक थी. 

 

o जीववैज्ञािनक अनुसंधान  से यह यह पता चला िक एस. औलािनएि सस तेज विृद्ध दर (िलगं 
और जीवन  तर  के बीच) युक् त मासंाहारी और  वजाितभक्षी जीव है. यह जीव मौसिमक 
प्रजनन और आहार के िलए प्रवास  वभाव और म   यन दबाव से म  यम सुभे यता से युक् त 
है. 

o तकनीकी आिथर्क  यवहायर्ता िव  लेषण ने यह िदखाया िक 3 महीन  के कोष संपाश 
पिरचालन के एक नाव की पूंजी उ  पादकता का अनुपात 0.41 और िनवेश पर आय की दर 
87% थी.  

o ताजे,  लां ड और सुखाए गए महासागरीय ि क्वड के जैवरासायिनक िम ण का िव  लेषण 
िकया गया और यह देखा गया िक सेलेिनयम की उ  च मात्रा की वजह से मानव  वा   य के 
िलए बेह  तर है. 
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o 3 IQF पकाने योग् य और 3 खाने योग् य उ  पाद  का िवकास, ब्राि डगं और परीक्षणा  मक 
िवपणन सफल प से िकया गया. ि क्वड इंक से एक नूतन प्रकार का सॉस िवकिसत करके 
समझौता ज्ञापन के अंदर िनजी उ यमी को ह  तांतरण िकया गया. 

 

o अरब सागर म, भारत के पि चम तट के तीन म   यन पोटर् जैसे को  ची, मागंलूर और गोवा 
को ि क्वड िवदोहन के प्रमुख  थान  के प म चालू िकया जा सकता है. उ  चतम प्रचुरता के 
अक्षांश-रेखांश के िग्रड, इन तीन  प  तन  के पास ह. मांगलूर और गोवा के कोष संपाश  की 
संख् या अिधक पूंजीकृत है और इस वजह से आिथर्क िव  लेषण के आधार पर इन रा  य  के 
माि यकी िवभाग यान  के पिरवतर्न के िलए प्रो  साहन योजनाएं लागू कर सकते है. 

 

यह पिरयोजना महासागरीय ि क्वड  के िलए नई मू  य ृंखला का िवकास लिक्षत करने पर भी 4 
वष  के पिरयोजना अविध के अंदर यह ल  य प्रा  त नहीं िकया जा सका. िफर भी आगामी वष  म ल  य 
प्राि त के िलए सभी प्रौ योिगकीय जानकािरयॉ ंतैयार की गयी ह. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



6 
 

 

 

Executive	Summary 
The Central Arabian Sea is considered as one of the richest regions for the oceanic squids (1-1.5 
million tonnes), at depths above 300 m in the region over the continental slopes. However, 
commercial fishing activity for this resource is non-existent due to insufficient studies on its 
abundance, distribution, lack of proper exploitation methods, processing and marketing 
information. The NAIP sub-project ‘Utilization strategy for oceanic squids (Cephalopoda) in 
Arabian Sea: A value chain approach’ was implemented for diversifying into distant-water squid 
fishing operations targeting the unexploited oceanic squids in the Arabian Sea.  

A consortium comprising of FSI, NIFPHATT, CIFT and private partners worked collectively to 
develop a new commercial distant-water squid fishing operations from production to 
consumption. The project addressed processing aspects such as developing technologies for post-
harvest handling, product development and value-addition for facilitating market-driven end 
products. Besides developing an ecolabelled, scientifically regulated offshore fisheries, the 
project aimed at promoting oceanic squid production by transferring the evolved fishing 
methods, post-harvest processing technologies and value-addition processes to stakeholders. 
Techno-economic feasibility of commercial distant water squid harvesting technique as part of 
the value-chain on oceanic squids is very promising. The major findings are detailed as under:  

o This value chain project is unlike other schemes operating under CN2 of NAIP. The 
uniqueness is due to the fact that there is no current PCS for the commodity (oceanic 
squids) which is targeted in the project. Therefore, establishing a baseline was 
difficult, particularly as envisaged in the example reports provided by NAIP. The 
base-line survey to find out the most likely short-term impact of implementing the 
project on the seafood processing sector (industry) as well as in domestic markets was 
designed and carried out during June-August, 2009.  

o A commercial fishing trawler MV Titanic, of >20 m Overall Length was modified for 
commercial squid jigging operations. Five mechanical squid jigging machines with 
pulling power 90-100 kg were installed. An accessory generator and aerial lighting 
system comprising of 18, 1.5 Kw halogen lamps were set for lighting. 

o The conventional Pablo boats used for pole and line fishing for skipjack tunas was 
modified into a squid fishing boat with lights.  The lights were powered by a 25 KVA 
petrol start and kerosene run generator. Four incandescent lights of 500 W each were 
used for attracting squids. Pablo boat with Overall Length 8 m from Agatti Island was 
leased for conversion. 

o Exploratory surveys (58 stations) using the converted squid jigger MV Titanic and 
FSI vessel MV Varshini, were undertaken in the oceanic waters from 8°N to 17°N 
latitudes and 64°E to 76°E longitudes (Eastern and Central Arabian Sea) during 2010-
13. 

o The modified squid jigger carried out trial fishing techniques 1) Squid jigging 2) 
Hand jigging 3) Scoop netting 4) Gill netting 5) Purse-seining 6) Trammel netting.  
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o It was established that purse seining and gillnetting with light attraction from 
converted 20m LOA commercial fishing boats are the most efficient gears for 
exploiting oceanic squids in the Arabian Sea.  

o Three lat/long grids 13°N/71°E, 11°N/72°E and 10°N/71°E had the maximum 
biomass of oceanic squids among the 58 stations covered. The average biomass was 
4.2 t/km2 and the maximum was 92.8 t/km2.    

o The total biomass was estimated as 2.52 million tonnes and the annual fishable 
biomass (MSY) was estimated as 0.63 million tonnes. 

o Maximum abundances were related to areas with low SST (28.0-28.6°C), low 
chlorophyll (<0.4 mg/m3), lower salinity (30.4-33.8 PSU) and high pH and dissolved 
oxygen values, besides shallow MLD and D20 and negative SLHA.   

o Biological investigations revealed that the S. oualaniensis is a highly carnivorous and 
cannibalistic animal with fast and differential (between sexes and life stages) growth 
rate. The animal is an r-strategist with seasonal breeding and feeding migrations and 
vulnerability to fishing pressure is likely to be medium. 

o The techno-economic feasibility analysis showed that one-boat mini PS operations for 
3 months would have a capital productivity ratio of 0.41 and a rate of return on 
investment of 87%. 

o The detailed biochemical composition of fresh, blanched and dried oceanic squid was 
analyzed and the potential human health benefits due to high selenium content were 
determined. 

o Three IQF ready-to-cook and 3 ready-to-eat products were developed, branded and 
test marketed successfully. A novel squid ink based sauce was developed which was 
transferred to a private entrepreneur under a MoU.   

o Three fishing ports along the west coast of India, Kochi, Mangalore and Goa can 
become the launch pads for oceanic squid exploitation from the Arabian Sea.  The lat-
long grids with highest abundance are located close to these ports.  The number of 
purse seines in Mangalore and Goa are also overcapitalized, and therefore, the DOFs 
of the respective states can launch appropriate incentivized schemes to promote such 
conversions based on the economic analysis. 

Although the project envisaged development of a new value chain for oceanic squids, it 
could not be achieved within the 4 years of project duration.  However, all technological 
know-how is in place for the launch of the value chain in the coming years.   
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Part-I:	General	Information	of	Sub-project	
 

1. Title of the sub-project: Fishable potential and exploitation strategy for oceanic 
squids (Cephalopoda) in Arabian Sea: A value chain 
approach 

2. Sub-project code: 2000035101 
3. Component:   Component-2 
4. Date of sanction of sub-project: 10th February 2009 
5. Date of completion: 31st December 2013 
6. Extension if granted:                         from 1st July 2012 to 31st December, 2013 
7. Duration of the sub project: 4 years 11 months  
8. Total sanctioned amount for the 

sub-project: 
 550.624 lakhs (original) Revised:  629.847 lakhs 

 

9. Total expenditure of the sub-
project: 

 526.87 lakhs 

10. Consortium leader: Name: Dr. A. Gopalakrishnan 
Designation: Director 
Central Marine Fisheries Research Institute (CMFRI) 
Indian Council of Agricultural Research (ICAR)  
P.B. 1603, Kochi-682018, Kerala, India  
Fax: 0484 2394909 
E-mail: agopalkochi@gmail.com  
Website: www.cmfri.org.in 

(Name of CL, Designation, Organization Address, Phone & Fax, E-mail, Website) 
 

11. List of consortium partners: 
 Name of CPI/ CCPI 

with designation 
Name of organization and 

address, phone & fax, email 
Duration 

(From-To) 
Budget 

(` Lakhs) 

CPI Dr. K.S. Mohamed 
PS & Head, Molluscan 
Fisheries Division 

Central Marine Fisheries 
Research Institute (CMFRI) 
Indian Council of Agricultural 
Research (ICAR)  
P.B. 1603, Kochi-682018, 
Kerala, India  
Tel: 0484 2394867; 2394794 
(Per.) 
Fax: 0484 2394909 
E-mail: ksmohamed@vsnl.com 
Website: 
http://www.oceanicsquids.naip.
org.in/  
 

2009-2013 473.60
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CCPI1 Dr. K. Vijayakumaran, 
Director General, FSI 

Fishery Survey of India (FSI), 
Mumbai. 
 

2009-2013 48.44

CCPI2 Dr. S. Girija, Director, 
NIFPHATT 

National Institute of Fisheries 

Post Harvest Technology and 
Training (NIFPHATT), Kochi. 

2009-2013 73.46

CCPI3 Dr. K.K. Asha, 
Sr.Scientist, CIFT 

Central Institute of Fisheries 
Technology (CIFT), Kochi. 

2009-2013 34.34

CPI-Consortia Principal Investigator; CCPI-Consortia Co-Principal Investigator 
 

12. Statement of budget released and utilization partner-wise (` in Lakhs): 

 CPI/ CCPI Name, 
designation & 

address) 

Total budget 
sanctioned 

Fund released 
(up to closing 

date) 

Fund utilized 
(up to closing date) 

CPI Dr. K.S. Mohamed 
Head, Molluscan 
Fisheries Division 

473.60 406.10 406.10 

CCPI 1 Dr. K. Vijayakumaran, 
Director General, FSI 

48.44 40.60 37.97 

CCPI 2 Dr. S. Girija, 
Director, NIFPHATT 

73.46 67.13 64.39 

CCPI 3 Dr. K.K. Asha, 
Sr.Scientist, CIFT 

34.34 22.38 
 

18.42 

Total  629.847 536.21 526.87 
 CPI-Consortia Principal Investigator; CCPI-Consortia Co-Principal Investigator 
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Part-II:	Technical	Details		

1) Introduction		
Indian fisheries sector plays a significant role in national economy, food security, nutrition 
and employment generation. It is estimated that 90% of the major resource groups that form 
75% of total Indian marine fish production in 2004 were either in mature or senescent stage 
(Srinath et al., 2006). The reduction of targeted resources in the coastal waters has also 
resulted in redirecting some effort on other species lower down the food web (Bhathal, 2004; 
Vivekanandan et al., 2005). This indicates that the coastal waters has been fished heavily 
leaving no scope for further expansion in the present fishing grounds. The present situation 
therefore emphasizes the need for extension of fishing operations beyond the shallow inshore 
waters for sustaining the coastal resources. The oceanic waters of the EEZ of India and the 
international waters outside the EEZ (the high sea resources) are perhaps the only source of 
untapped fish wealth. The deeper waters of Indian EEZ and the International waters beyond 
the EEZ remains largely unexploited or under exploited.  

The seafood processing industry in India witnessed rapid developments further to the 
introduction of mechanization of the fishing sector and export of seafood products. Though 
the country is the third largest fish producing country of the world, it is placed only 16th 
among the seafood exporting countries, Indian seafood exports mainly due to a reduction in 
volume of landings of quality fish. Due to raw material shortage several seafood processing 
units with state of the art infrastructure at important centers in the country are under-utilized. 
Despite the changes in consumer preferences towards ready-to-cook and ready-to-eat value 
added products, Indian exports continue to supply low-end products (block frozen) with 
virtually no contribution to the international retail sector. Under the circumstances of 
increasing uncertainty of raw material availability from conventional resources, tapping of 
un-exploited oceanic resources and its value addition becomes crucial for the sustenance of 
the seafood industry. Thus, technological up-gradation, exploitation of unconventional/ un-
exploited resources and value addition towards ready-to-cook and ready-to-eat product 
development are some issues to be addressed for improving the nation’s stake in the 
international seafood trade.  

Oceanic fishery resources: Among the deep-water and epipelagic groups inhabiting the 
oceanic region, the oceanic squids (ommastrephids), remains one of the few relatively 
unexploited resources in the world oceans including Indian Seas (Beddington et al. 1997). 
Currently, squids of the continental slope and oceanic waters are not fished commercially 
within the Indian waters although stray landings occur occasionally (Mohamed et al. 2007). 
There are only preliminary estimates on the abundance of the resource in space and time for 
arriving at the fishable potential of oceanic squids in Arabian Sea. Further, the information of 
the life history traits of the stock with reference to the resilience to fishing pressure is 
inadequate. Therefore, it is imperative to gather scientific information on the species before 
venturing into commercial exploitation. 
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Oceanic squids: Members of the family Ommastrephidae, which comprise bulk of world 
squid production have a pelagic lifestyle and are associated with the continental shelf edge. 
Some of these, including the genera Sthenoteuthis, are true ocean dwellers. The species, 
Sthenoteuthis oualaniensis distributed in the Pacific and Indian Oceans is termed as the 
‘master’ of the Arabian Sea due to its high abundance, large size, short life-span, fast 
growth and near monopoly of the higher trophic niche Chesalin et al. (1995) 

 
S. oualaniensis Female S. oualaniensis Male 

However, commercial fishing activity for this resource is minimal due to lack of information 
on its abundance and distribution (Chesalin and Zuyev, 2002). Globally, the stock of S. 
oulaniensis has been assessed as 3-4 million t (Zuyev et al., 1985) and central Arabian Sea; it 
was assessed as (1.0 to 1.5 million t). Thus there is a need to integrate the expertise available 
in neretic squid investigations with the research information available on the oceanic squids 
to standardize the technology for harvesting this virgin stock from the oceanic region of 
Indian waters. The most promising region to develop a fishery for these squids is the central 
Arabian Sea, where the squid biomass reaches several tonnes per sq.km (Chesalin et al. 
1995). 

Fishing method: The squids are attracted to light and undertake diurnal migrations, rising to 
the epipelagic layer at night for feeding and descending up to 800-1200 m depth in the day-
light. Therefore, the harvest of this resource can be affected by specialized targeted fishing 
methods using light and jigs/nets. Squid jigging is a popular method used exclusively for 
fishing squids. In India, experience in squid jigging is limited to few attempts with 
exploratory jigging trials for neretic squids in the past. Thus it is necessary to make available 
the expertise and conduct distant-water fishing trials for collecting location specific data on 
the technical and economic viability and to train local manpower in the operation. The 
attraction of squid to light sources can also be utilized in their capture using different types of 
traditional gears like scoop-nets or ring-nets and lift nets.  

Processing and Product development: Though oceanic squid and its products are popular 
in many parts of the world, it is a new raw material for our seafood processing units. 
Extensive information is available in processing and product development of oceanic squids. 
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gland 
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To improve the marketability, protocols for improving the organoleptic characteristics are 
widely applied in major ommastrephids processing countries. Therefore, it is necessary to 
conduct processing trials, standardization of protocols and dissemination of technology for 
processing of oceanic squids. Efforts also need to be taken up in establishing market specific 
consumer products and by-products. Therefore, directing efforts toward establishing a 
commercial and sustainable fishery of oceanic squids would enhance marine fish production 
in the country, besides helping to boost the export earnings of the country. Considering this, 
the prospect of diversifying into distant-water squid jigging/ netting operations for the 
unexploited oceanic squids in the Arabian Sea was projected in the proposal with the 
intention of reorienting the R&D efforts for: 

 Developing a new commercial distant-water squid jigging operations for oceanic 
squids. 

 Standardizing technologies for post-harvest handling, product development and 
value-addition for developing consumer products.  

 Establishing an ecolabelled, scientifically regulated offshore fisheries ultimately 
leading to reduction of fishing pressure on inshore stocks. 

2) Overall	Sub-project	Objectives	

 Production: To establish a new commercial jigging fishery for oceanic squids in the 
Central Arabian Sea and to determine the resilience of the species to exploitation. Initiate 
sustainability certification of oceanic squid jigging as an ecolabelled fishery. 

 Processing: Develop protocols for onboard preservation and processing of oceanic squids 
and to enhance organoleptic characteristics of oceanic squids. 

 By-products value addition: Develop value-added products from oceanic squids such as 
squid surimi and balls and efficient utilization of squid processing waste by developing 
by-products such as fish meal and chitosan. 

 Specific to value chain: Determine the techno-economic feasibility of commercial distant 
water squid jigging operations. Formulate Model bankable project/scheme on distant-
water squid jigging suitable for NABARD to accelerate the flow of credit from scheduled 
banks by refinance. 

 Market Linkages: Develop market intelligence on global oceanic squid markets and 
products. Develop export and domestic marketing channels through private partnership. 
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3) Sub-project	Technical	Profile	
Objec-
tive No. 

Work plan Monitoring 
Indicators 

Expected Output Expected Outcome

1. Exploratory surveys for 
squid biomass 
assessment over time 
and space.   

1) Number of 
cruises 
undertaken 

2) Quantification of 
biomass and 
counts on 
numerical 
abundance of 
oceanic squids.  

3) Financial 
expenditure 

4) Reports. 

1) Taxonomically resolved data 
on numerical abundance.  

2) Data on biomass of oceanic 
squids over space and time. 
 

Geographical 
distribution of 
oceanic squids and 
measures of its 
abundance over 
time and space in 
the central Arabian 
Sea. 

 

Fishermen along 
the Indian west 
coast will make use 
of the information 
for oceanic squid 
exploitation. 
 

 Creation of seasonal 
abundance maps in GIS 
platform. 

1) Spatial and 
temporal data on 
abundance.  

2) Technical bulletin 
with GIS maps. 

3) Financial 
expenditure 

4) Reports.  

1) Fishery atlas of oceanic 
squids on GIS platform. 

1) Abundance maps. 

 Investigations on the 
biological 
characteristics.  

Data on: 
1) Oceanic squid life 

span  
2) Annual/ seasonal 

growth 
3) Spawning season 
4) Recruitment time, 
5) Fecundity 
6) Food preferences 
7) Generation time 

and  
8) Reports 
 

 
2) Information on the life-

history of oceanic squids. 
3) Knowledge on resilience 

threshold of oceanic squids to 
fishing pressure. 

Information on the 
biological 
characteristics of 
oceanic squids and 
determination of 
the resilience of the 
species to 
exploitation, for 
sustaining the 
resources will help 
in formulating 
policies.   

Fishery 
management plans 
(FMP) for oceanic 
squids including 
zone-wise total 
allowable catch 
quotas. 

    

 Assessment of fishable 
stocks of oceanic squids. 

Estimates of  
1) Total biomass of 

oceanic squids 
2) Spawning stock 

biomass 
3) Recruitment 

numbers 
4) Jigging efficiency. 
5) Financial 

expenditure 
6) Reports. 

Estimates of: 
1) Number of vessels to be 

allowed in the fishery/ 
optimum fleet size. 

2) Total allowable catch.  

 Improvisation of 
traditional crafts  
 

1) Number of Pablo 
boats modified 

2) Financial 
expenditure 

1) Estimates of jigging 
efficiency 

2) Estimates of netting rates. 
3) Development of small-scale 

Capacity building 
for redeployment of 
larger fishing 
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Objec-
tive No. 

Work plan Monitoring 
Indicators 

Expected Output Expected Outcome

3) Reports 
 

oceanic squid fishing. 

 

vessels from 
inshore waters.  

Capacity building 
to harness oceanic 
squids by 
traditional fishers 
resulting in 
improved local 
economy. 

 Development of distant-
water squid jigging 
operation and 
demonstration of 
techno-economic 
feasibility. 

1) Economic 
analysis 

2) Quantities of 
squid jigged  

3) Financial 
expenditure 

4) Reports 
 

1) Estimates of jigging 
efficiency 

2) Estimates of netting rates. 
4) Development of techno-

economic indicators for 
oceanic squid fisheries. 

2. Develop package of 
practices for post-
harvest processing of 
oceanic squids  

 

1) Equipment 
procured. 

2) Processing 
protocols for 

a) improved 
organoleptic 
characteristi
cs  

b) Improved 
shelf-life 

3) Data on 
biochemical 
changes during 
processing 

4) Financial 
expenditure 

5) Reports. 

1) Enhanced quality of harvest 
on-board. 

2) Standardisation of primary 
processing technology.   

Protocols for on-
board handling of 
seafood which will 
benefit several 
stakeholders in 
realising higher 
auction rates for the 
produce. 

3. Develop protocols for 
value-added products 

 

1) Equipment 
procured. 

2) Market survey 
Report. 

3) Number of value-
added products 
developed for 
domestic and 
international 
markets. 

4) Financial 
expenditure 

5) Report 

1) Value-added products for  
a) Domestic market 
b) International market 
c) Niche markets 

2) Up scaling production 

Value-added 
products from 
oceanic squids with 
commercial value. 
Higher income 
generation for the 
participating 
beneficiaries, 
through emergence 
of domestic and 
overseas markets. 

 
10 Utilization of squid 

waste  

1) Equipment 
procured 

2) Number of by-
products 
developed 

3) Financial 
expenditure 

4) Report 
 

7) Development of by- products  



15 
 

 

Objec-
tive No. 

Work plan Monitoring 
Indicators 

Expected Output Expected Outcome

11 Techno-economic 
feasibility  

 

1) Feasibility Report.
2) No. of cruises for 

demonstration. 
3) Financial 

expenditure 
4) Report 

1) Demonstration of a new 
distant-water fishing 
operation. 

2) Technical guidance for 
fishing operations. 

 

Techno-economic 
viability of a new 
commercial fishing 
practice in the 
country.  

12 Transfer of evolved 
methods by outreach 
programmes 

 

1) No. of training / 
workshops, 
exhibition 
conducted. 

2) No. and category 
of stakeholder 
attending the 
programmes. 

3) Demonstration 
media – media 
coverage, video 
CD, web page, 
publications. 

4) Financial 
expenditure 

5) Report 

1) Empowering fishermen, boat 
owners, small-scale & large-
scale processors, innovative 
entrepreneurs etc. with the 
appropriate skills. 

2) Development of new distant-
water fishing operations. 

 

Higher income 
generation for the 
participating 
beneficiaries. 

13 Collect and collate 
information on global 
oceanic squid markets. 

5) Market survey 
Report. 

 

1) Information on global oceanic 
squid markets. 

 
14 Collect and collate 

information on 
consumer preferences 
in major oceanic squid 
markets. 

1) Product Survey 
reports 

 

1) information on consumer 
preferences in major oceanic 
squid markets 

15 Develop network of 
buyers through private 
partnership. 
 

1) No. of potential 
buyers contacted. 

2) Web page, 
publications. 

3) Report 

1) Development of marketing 
networks. 

16 Participate in global 
fish expos to 
popularise new oceanic 
squid products among 
international buyers. 

1) Report 2) Popularisation of Indian 
oceanic squids products 
among international buyers. 

17 Ecolabelling  

 

Application to Marine 
Stewardship Council 
(MSC)  
Pre-assessment by 
third party certifiers 

Initiation of process for 
certification of distant-water squid 
jigging operation. 
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4) Baseline	Analysis		
This value chain project is unlike other schemes operating under CN2 of 
NAIP. The uniqueness is due to the fact that there is no current PCS for the 
commodity (oceanic squids) which is targeted in the project. Therefore, 
establishing a baseline is difficult, particularly as envisaged in the example 
reports provided by NAIP. As can be seen from the outcomes projected 
above, most are concerned with setting-the-stage for a concerted development down the line 
(mostly post-project). The Study Team debated on the above and decided during the workshop 
held in May 2009 that the most likely short-term impact likely from implementing the project 
would be in the seafood processing sector (industry) and in the export as well as in domestic 
markets. Therefore, separate schedules were structured for gathering information on the current 
status of the seafood processing plants as to the raw materials processed and the products 
prepared. Since conventional (coastal) squids are a high-value resource with little domestic 
consumption (more than 95% of the resource is exported), and since, the local consumption is 
limited to high-income groups, particularly in hotels, a schedule was designed to understand the 
current domestic consumption from hotels. The export market status with regard to the products 
exported and the markets targeted was surveyed from the export statistic database maintained by 
the MPEDA.   

The base-line survey for the National Agricultural Innovation Project was designed and carried 
out during June-August, 2009. The survey was targeted to cover 5% of the total seafood 
processing units in the country (387 numbers). Analysis of the port-wise exports during 2008-09 
recorded the highest share (18%) in seafood exports value of Rs. 1,505 crores from Kochi port, 
located in Ernakulam District. The Ernakulam-Alleppey belt along the southwest coast of India 
is the seafood export processing hub of the country. Therefore, the base-line survey was 
conducted in the seafood processing units located in this area. The survey also included few 
seafood processing units in the State of Karnataka. In practice, 21 units were selected at random 
from the study area and surveyed. The resulting sampling coverage of the base-line study was 
5.4%. The format of the schedule is attached as Annexure-1.  

For socio-economic assessment of the stakeholders, 24 fisher folks were randomly selected for 
the survey. The data collection was carried out from primary sources covering 50% boat owners 
and 50% labourers using schedule detailed in Annexure-2.  

Results: While 74% of the units processed coastal squids, 26% were not exporting squids. The 
major group exported was shrimps followed by cephalopods. Coastal squids formed one third of 
the total volume of seafood exported in the squid processing units surveyed. Installed capacity of 
the processing units surveyed ranged from 6t/day to 46t/day. About 38% of the units surveyed 
were within an installed processing capacity of 20-30 t/day.  

Generally, the processing units engage 75-375 numbers of labourers. It was observed that about 
71% of the units engaged only <150 labourers per day. The seafood processing plants utilized on 
an average only 20% of their installed capacity. During the survey it was observed that in lean 

Unique 
Approach: 
 
No PCS exists 
currently for 
oceanic squids 
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season only 10-20% capacity was utilized. In peak season up to 80% of the installed capacity 
was utilized in certain periods. 

Species composition: At present, the major species processed as raw material are: Loligo 
duvauceli (Indian Squid) L. chinensis (Mitre Squid), Loligo singalensis (Needle squid) L. uyii 
(Little squid) Sepioteuthis lessoniana (Palk Bay squid) 

Export market survey: About 15-20% (Rs 1,393 Cr.) of our marine products export earnings 
(Rs. 8,608 Cr.) is from cephalopods, comprising of coastal squids, cuttlefishes and octopuses in 
2008-09. The squid export from India increased from 34,172 tons in 2007-08 to 57,125 tons in 
2008-09 registering an increase of 67%.  Existing destination markets for the currently exploited 
squids from India are in EU, US, Japan and Mediterranean countries such as Spain, Greece, Italy 
and Portugal. Among the 44 squid products exported from India, the frozen (Fr.) squid (SQ.) 
whole (W.) and frozen squid whole cleaned (W.C.) contributed more than 60% to the exports. In 
spite of upsurge in the demand for ready-to-eat and ready-to-cook products in international and 
domestic markets, our export of value-added squid product such as frozen squid rings breaded 
(Fr. SQ. Rings (breaded)) and frozen squid stuffed is less than 1%. China, Peru, Japan and Korea 
are the major Ommastraphid producing countries of the world together contributing to more than 
60% of the production. 

Domestic utilization: This survey was carried out in hotels (5-star to 1-star category) in Kerala 
and Karnataka. Most hotels had coastal squids in their menu. There is an upswing in the 
consumption of squid in hotels especially after the global decline in prices during the last year. 
The item is particularly popular in bars which serve liquor. The daily uptake of raw material 
ranges from 4 to 20 kg. The price of dishes varies Rs. 50 to Rs. 200 per plate.    

Socio-economic profile-Lakshadweep islands: Agatti Island 
Considering the proximity of the Lakshadweep islands to the area of oceanic squid abundance in 
the Central Arabian Sea, the project aims at involving the traditional fishers of the island. 
Accordingly, the suitability of modifying the traditional crafts for hand-jigging/ lift-net/ dip net 
operations in the islands having access to the resource is considered to assess their efficiency and 
viability. To assess the level of awareness among the fishers on oceanic squids and to analyse the 
socio-economic profile of the stakeholders, a sample of 24 fisher folk were selected randomly 
from Agatti Island for the baseline survey. 

It is observed that the majority (66%) of the fisher folks studied were in the age group 26 to 45 
years. There are 3 primary and 3 upper primary schools in the island. About 80% of the 
respondents attended primary and upper primary school, indicating higher literacy level. The 
fishing experiences of the respondents of Agatti Island ranged from 5 years to 40 years. It is 
observed that 12% of the respondents were having more than 30 years of fishing experience. 
Pole and line fishing is the most popular fishing method in the island targeting tuna in high seas. 
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1. Squids fishing: It was observed that 17% of the respondents targeted squids, whereas 83% 
were catching fish. Oceanic squids were exploited by using hook/ net employing light for 
aggregation. The oceanic squids are utilized as bait in tuna fishery.  

2. Awareness on Oceanic squid resource: About 21% of the respondents had a high level of 
awareness of the oceanic squid resources in the region.  

3. Interest in Squids fishing: Thirteen percentages of the respondents were interested to 
participate in oceanic squid fishing activity when supported with appropriate infrastructure 
for marketing or trade in/ buy-back arrangements. 

4. Constraints expressed by the respondents ranked in the order of priority  
1. LACK OF PROPER MARKETING SYSTEM 
2. INCREASE IN THE OPERATIONAL/FUEL EXPENDITURE 
3. POUCHING BY MAIN LAND BOATS 
4. SHORT SUPPLY OF SPARES, FUEL, FISHING IMPLEMENT 
5. LACK OF INCENTIVES AND WELFARE SCHEMES 
6. LACK OF REHABILITATION PROGRAMMES DURING NATURAL CALAMITY 
7. LACK OF HYGIENIC PROCESSING FACILITIES 
8. LACK OF ICE AND COLD STORAGE 
9. LACK OF VALUE ADDITION OF THE RAW MATERIALS 
10. LACK OF STORAGE FACILITIES IN THE MAIN LAND 
11. LIVE BAIT SCARCITY 
12. LACK OF CREDIT FACILITIES 
13. DECLINE/ERRATIC CATCHES 
14. SHORTAGE OF SKILLED MAN POWER 

Lack of proper marketing system, rise in operational expenditure and encroachment in fishing 
areas were the major constraint experienced by the respondents.    

The significant findings of the baseline study can be summarized as: 
 Oceanic squids are currently not procured or processed by Indian seafood processing units. 

 Due to raw material shortage several seafood processing units with state of the art 
infrastructure at important centers in the country are under-utilized. 

 Only 80% of the installed capacity is utilized during the peak fishing periods from September 
to December. 

 10-20% of the installed processing capacity is only utilized during the major part of the year 
and the idling capacity can be utilized by procuring exportable raw materials. 

 The major export market for squid products from India is Europe, followed by Japan 

 There are more than 40 types (products) of coastal squid products which are exported  

 Awareness of oceanic squid as a likely product which can be exported is only 24% among 
processors 

 The domestic market for squid is on the upswing following recession in global markets  
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5) Research	Achievements	with	Summary	

5.1. Central Marine Fisheries Research Institute (CMFRI) CPI 

5.1.1. Production: Target-1 

Survey and measures of abundance over time and space for oceanic squids using squid jigs and 
assessment of fishable stocks in the Arabian Sea for fixing zone-wise catch quotas. 
 
Achievements 

5.1.1.1. Pre-survey	work	
Estimation of biomass and numeric abundance (n trawl-1 and n m-3) of the different size groups 
was carried out by undertaking cruises in a modified fishing trawler of >20 m Overall Length. 
Conversion of trawler for commercial squid jigging considering the following: 

5.1.1.1.1. Principle	of	Fishing	with	Lights	in	squid	fishing	
Lights in the dark have always been known to attract several marine 
animals, and this has most efficiently been used by modern man to 
design one of the most efficient and highly selective fishing 
methods, i.e., squid jigging. Highly mobile and active predators like 
squid are attracted to the light mainly for feasting on the prey 
available in the lighted zone. These squids wait in the dark under the 
vessel and pounce at prey in the lighted zone. The squid jigs are 
designed to attract an attack from the squid when they move up and 
down in a jerking manner in the zone between light and dark. 
Automation of the jigging technique further helps to increase the 
efficiency of the fishing gear. A large number of fishes are also 
attracted to lights in the sea, particularly half-beaks and dolphin 
fishes. Underwater pictures from a ROV also indicate the large-scale 
aggregation of zooplankton making the sea a veritable soup of 
zooplankton in the lighted zone. Higher trophic animals are attracted 
to this soup and an artificial trophic chain begins to build up in the 
area. The components necessary to carry out squid jigging from a 
vessel are Jigs, Powerful metal halide lights, generator to power the 
lights, Automatic squid jigging machines or hand operated jigs, Parachute 
anchor, Echosounder 

5.1.1.1.2. Squid	jigs	
Squid jigging most often takes place at night with bright overhead lights to 
attract the squid. Jigs of various types, makes and colour are attached to 
the handline at 70 to 90cm intervals. Often as many as 8 to 12 jigs are on 
one line, and many more are used on automated squid reeling systems. 
Lines are lowered to 30-100m depth depending on the strength of the 
lights used, but less deep on a small boat with one or two lamps. It is 
important to keep the jig moving constantly in the water. This is usually 
done by jerking the line, quickly pulling in the slack, jerking once again 
and so on, until the jig is back to the surface. The line is then thrown out 
and allowed to sink to the desired depth, and the same jerking motion is repeated over again. In 

ROV image of plankton 
aggregation in lighted zone 
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India, jigs are available from common coastal fishing stores, but these do not have rings at both 
ends so as to make a line. Squids with rings at both ends have to be imported or, jigs can be 
made into a serial line by improvising.   

5.1.1.1.3. Automatic	Squid	Jigging	
Most automatic squid jiggers are electrically driven, although it 
could be operated hydraulically too. Normally a single squid 
jigging machine drives two reels but a fish jigging machine 
drives only one.  Most automatic jigging machines have an 
easily operated control board which can be adjusted to suit 
most fishing conditions. Variables that can be controlled 
include, Hauling power and speed, Jigging speed and span or 
length, jigging timing in relation to span or length, Depth or 
distance from bottom, Sensitivity when hauling, to prevent 
slackening or overloading of the line even when the boat rolls. 
The essential components of a mechanical jigger are a metal 
frame supporting a sheet of wire netting fitted outward from the 
gunwale of the boat, two rollers and twin hauling drums. The two 
hauling drums are driven through a common gear box by a 1/4 or 
1/3 HP electric motor which is micro-processor controlled 
through a central control unit. Each monofilament line can have 
up to 75 jigs and is run out to a depth of as much as 100 m by a 
sinker weighing 1.0 kg. Hauling drum is usually oval or 
octagonal in section so that although the line is hauled at an 
average speed of 70-75 m per minute the jig moves in a series of 
more rapid jerks as it is hauled. After passing the outboard roller 
the squid unhook, drop into the wire mesh and slide inboard into 
the deck or into collecting baskets. Automatic micro-processor 
controlled squid jigging machines are available from Japan, 
Korea and China.  

If automatic machine are not affordable, one can devise a hand 
reel jigger as shown in the picture.  This method is much easier 
than operating a single jig on a monofilament line.   

5.1.1.1.4. Parachute	or	Sea	Anchor		
In strong winds hand lining and especially squid jigging often 
become inefficient because of the fast drifting and heavy rolling 
of the boat. This problem can be minimized by making use of a 
simple sea anchor. Modern commercial sea anchors are usually 
made of cloth or nylon, shaped like a parachute or cone, and 
rigged so that the larger end points in the direction of the boat's 
movement. When deployed, this type of sea anchor floats just under the surface, and the water 
moving past the sea anchor keeps it filled.  Some varieties are cylindrical, with an adjustable 
opening in the rear that allows the amount of braking to be adjusted when deployed.   

5.1.1.1.5. Squid	Detection	
The Japanese detect good squid fishing grounds by aerial location of current rips, and the 
Koreans use information on sea surface temperature (SST) fronts to locate grounds.  The most 
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areas, however, echo sounders and side-scan sonars are likely to prove the only practical tool for 
finding squid.  Compared to fish which have gas-filled swim-bladders, 
squid reflect very little sound.  Despite these poor acoustic properties the 
Japanese have found that in practice echo sounding is a very good 
technique for locating squid and have used frequencies of 28, 50, 75 and 
200 kHz.  At all 4 frequencies squids produce distinct echo traces, which 
can be detected from stationary or a moving vessel. The optimum 
sounder characteristics for squid detection are frequencies of 75-200 
kHz with a narrow beam (half power beam angles of 8 and 3 at 75 and 
200 kHz respectively) and minimum pulse length.   

5.1.1.1.6. Lights	for	squid	jigging	
Oceanic squids are readily attracted at night to lights at the surface. 
Successful jigging depends completely on light attraction and squid 
jigging vessels must have a generator to operate their fishing lamps.  The 
arrangement of lights is simple but specific, consisting of a row of lamps 
attached to a pole or line stretched horizontally between the foremast and 
mizzen mast. Lights range in power from 0.5 to 5 KW and the current 
standard is metal halide lamps (see pictures). Catches increase with light intensity up to a certain 
limit and a 100 tonnes vessel may have a generator with a capacity of 160-250 KVA and as 
many as 40, 5 KW lamps arranged in two parallel rows. Position of the lamps is above the 
vessel, rather than above the water, due to the behaviour of the squid, which aggregate in the 
boundary between the shadow of the ship’s hull and the lighted zone. The position of this 
boundary in relation to the jigs is therefore of great importance and depends on the height of the 
lamps and their position in relation to the centre-line of the vessel. In practice the height of the 
lamps ranges from 2.2 to 6.5m. Underwater lamps attract more squid than surface lamps but 
fishing efficiency is not improved, probably because of lack of appropriate shadow. However, 
they may be useful in concentrating the squid to the surface before the vessel lamps are switched 
on.   

5.1.1.1.7. Stabilizer	(Ballast)	for	Lights	
A power stabilizer is necessary for providing good quality power to the 
sensitive lamps.  In most models 2 lamps can be connected to one unit.   

5.1.1.1.8. Generator	for	Lights	
For powering the lights and automatic squid jigging machines a generator 
based power supply is needed on the vessels. In large tonnage vessels with 
alternate generator the lights and machines can be powered from this source.  
However in a small vessel like the MV Titanic a separate generator was 
necessary. The placement of the generator could be ideally inside the engine 
room if there is sufficient space. But this needs considerable re-working on 
the vessel. The other alternative is to place it on the deck, and the ideal 
location on the deck is probably aft and mid-ship at the place where 
the trawl winch is located. However this placement would take away 
the trawling capability of the vessel, and hence, in the case of MV 
Titanic, the generator was located in the fore-deck in front of the 
wheel-house in such a manner that the skipper’s view toward the front 
was not affected.  Care was taken to mount the generator on an even 
plane by rearranging the deck planks. Since eighteen 1.5 KW halide 
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lamps and 5 jigging machines required a combined power wattage of 52 KW, a 63 KVA 3-phase 
diesel run generator was installed on board MV Titanic. Exhaust pipe and silencer which was 
originally placed above the generator housing was shifted to above the 
wheel-house. From the generator power was drawn to a mini circuit 
breaker (MCB) board and power was equally distributed across the 3 
phases. The wiring used was superior quality 3-core wires.  Care was 
taken to ensure that proper earth was given by connecting a copper sheet 
wire to the main engine bolts.   

5.1.1.1.9. Catching	Squids	
Modern squid jigging fishery as practiced by Japanese, Koreans, Chinese and Taiwanese employ 
vessels up to 500 tonnes displacement carrying 30 automatic squid jigging machines and are 
fitted with deep freezing and refrigerated storage facilities. Most vessels are, however, in the 50-
100 tonnes range. A 100 tonnes vessel carrying 21 double-line jigging machines (7 on each side, 
4 on the bow and 3 at the stern) can be operated by nine men and remain at sea for 20-30 days. 
The usual practice on a Japanese squid jigger is to first obtain information on currents and SST 
through FAX or email and decide on the fishing ground based on rip currents and SST fronts.  
On the fishing ground echo searching for squid schools start in the late afternoon.  Once the 
characteristic echo traces have been found, the parachute anchor is deployed  and the lights are 
turned on by dusk. The catch rate usually increases around mid-night with a peak between 0400 
and 0500 h. Catches also fluctuate with the phase of the moon, the best conditions occurring 
during dark nights. Minimum catches are taken during full moon period, presumably because 
light attraction is then not so effective.  

5.1.1.1.10. 	Arrangement	of	metal	halide	lights	on	MV	Titanic	
On board the MV Titanic, 18 metal halide lamps (Samsung, Korea) 
of 1.5 KW each were first installed centrally over the vessel at a 
height of 2.5 m from the main deck (see picture).  As efficiency of 
shadow formation was found to be poor, the lights were shifted to 
slightly inside and above the gunwale, and this resulted in better 
light shadow formation outside the gunwale.   

5.1.1.2. Mechanics	of	Light	fishing	and	squid	aggregation	
To determine the abundance and composition of marine 
organisms aggregated during light fishing in the squid 
fishing grounds, bioacoustics data was collected from 
dusk to dawn. Analysis of the acoustic images revealed 
that the deep scattering layer (DSL) which serves as the 
prey for the larger predators in the open ocean including 
the flying squids ascends during early night. The squids 
are attracted to the DSL ascends and aggregates below 
the fishing vessel in the dark zone attracted by the light. 
These squids foray into the light zone for predating on 
smaller preys and continue to return to the dark zone. 
Squid aggregation and dispersal continues till dawn, DSL move from the sea surface to deeper 
waters during day time.  

Foremast 

Mizzen 
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5.1.1.3. Modification	of	existing	vessel	as	a	oceanic	squid	jigger		

5.1.1.3.1. Mechanised	craft:	Trawler	Conversion	
Fishing trawler of >20 m Overall Length was modified for commercial squid jigging operations. 
Five numbers of mechanical squid jigging machines with pulling power 90-100 kg was installed. 
The accessory generator and aerial lighting system comprising of 1.5Kw halogen lamps were set 
for lighting. General Arrangement of MV Titanic before conversion. 

5.1.1.3.2. General Arrangement	of	MV	Titanic	before	conversion 

 

 

Dusk

DSL dispersed 

Early night ‐moon light

DSL at 50 m depth

Early night‐ Halide lights on

DSL concemtrated squids ascends

Early night‐ Halide light on for 1 h

Squids foray into light zone and 
remains under boat

Late night‐ Halide light on for many 
hours

Squid aggregation & dispersal 
continues till dawn

Dawn

DSL dispersed & squid descends
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Modification work on board MV Titanic 

5.1.1.3.3. Conversion	of	traditional	craft:	Pablo	Boat		

The conventional Pablo boats used for pole and line fishing for skipjack tunas was modified into 
a squid fishing boat with lights.  The lights were powered by a 25 KVA petrol start and kerosene 
run generator. Four incandescent lights of 500 W each were used for attracting squids. Pablo 
boat with Over All Length 25 ft from Agatti Island was leased for conversion. Hand-jigging 
trials for abundance estimates were carried-out from 8th to 10th of May, 2010 in Lakshadweep 
Islands using lights. Survey included the depth contours from the lagoon waters to 2,000 m. 

The gears used were stick dip nets and lift nets. The lift netting arrangement is shown in below 
figure.  
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hand jig 

Modification work on 
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at Agatti Island, 
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Fully modified MV Nasarulla for light fishing 
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fabrication 

Lift net operation schematic 

Stick dipnet operation – schematic 
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The lift net gear could not be operated successfully, the stick-dipnet worked better. But hand 
lining using jigs was the most efficient and better 
catches were obtained through this method. The big-fin 
reef squid Sepioteuthis lessoniana was found to 
aggregate in considerable numbers close to the Pablo 
boat near the reef edge around Agatti. Dipnets and lift 
nets were used to capture these squid. Small quantities 
of juvenile diamond squid Thysanoteuthis rhombus also 
obtained in hand jigging. 

5.1.1.4. Exploratory	Survey		
Exploratory surveys using the converted squid jigger MV Titanic and FSI vessel MV Varshini, 
were undertaken in the oceanic waters from 8°N to 17°N latitudes and 64°E to 76°E longitudes 
(Eastern and Central Arabian Sea). Exploratory surveys and jigging cruises were undertaken in 
fishing trawler (>20 m Over All Length) modified for commercial squid jigging operations 
during 2010-13. Squid jigging trial over space and time 
covering different depth contours and distance is 
shown in the map. 58 stations were occupied from 
April-March 2010 during pre-monsoon and post-
monsoon period in Arabian Sea in water depth ranging 
from 100 to 4,000 m. Four squid jigging machines 
were operated simultaneously from 1900h to 0600h 
during the surveys. The fishing cruises covered the 
oceanic waters from 8°N to 17°N latitudes and 64°E to 
76°E longitudes  along the Eastern and Central Arabian 
Sea. The surveys were restricted during June-July due to the seasonal monsoon and resumed by 
August, in Lakshadweep waters.  

5.1.1.5. Abundance	and	Biomass	estimation	
Standard fishery survey protocols were followed for planning fishing cruises.  Cruises could not 
be carried out during the monsoon and immediate pre and post monsoon due to rough seas. A 
total of 58 fishing stations were done in the eastern and western Arabian Sea (see map). Of these, 
in 23 stations oceanic squids were sighted and caught. Two methods were followed for 
estimation of squid biomass which has been developed by Russian investigators. 

Visual Observation Method (for juveniles)  ( ) = ×( × ) 

Where, N=number of squids during 1h of observation; W= average weight of different size 
group; V= drift speed of the ship (3-4 km/h); D=width of light zone (0.009 km) 

Biomass based on jig catches (for adults)  ( ) = ( × × × ) 
Where, Y=Total catch in Kg; N=number of jigging fishermen; T=duration of fishing effort in 
hour; V=drift speed of the ship in km/ h; D=width of fishing zone for one jig (0.005km). 

The data obtained were averaged for 1 degree Lat/Long grids (360 nmi2 or 1235 km2). GIS maps 
were rendered with abundance (kg/km2) and various physico-chemical parameters. The data 
were also analysed for relating oceanic squid abundance with other parameters using GIS 

Reef squid 

Sampling stations covered during the 
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Analyst in ArcGIS software. The average squid biomass obtained was converted into fishable 
biomass using Gulland (1971) formula: MSY=0.5xMxBv, where, MSY=Maximum Sustainable 
Yield; M=Natural mortality rate (here assumed to be low [0.5] due to its higher trophic position 
in the ecosystem); Bv=Biomass of unfished virgin stock. The results obtained are summarized in 
the following Table. 

Table: Summary of oceanic squid survey results 
Total Area Surveyed 601,155 km2 
Number of Lat/Long Grids surveyed 14 
Total number of stations 58 
Number of stations with OS 23 
Minimum density 23.1 kg/km2 
Maximum density 92.8 tonnes/km2 
Average density 4.21 tonnes/km2 
Maximum biomass in Lat/Long grid 13/71 and 11/72 
Total estimated biomass 2.52 million tonnes 
Estimated fishable biomass (MSY) 0.63 million tonnes 

The MSY has been estimated as 0.63 million tonnes (630,000 t). As per the grid-wise estimates, 
maximum biomasses were observed in grid 13oN; 71oE (south off Karwar) and 11oN; 72oE 
(between northern Lakshadweep Islands).   
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Seasonal abundance maps of oceanic squids 

September 2010 October 2010 November 2010 

 
Composite abundance map based on surveys conducted during 2010-11 

 
Composite abundance map based on surveys conducted during 2010-13 

 

December 2010 

January 2011 

February 2011 

 

 
 

 

Oceanic squid 
abundance map in 
GIS format 
created based on 
2010-11 surveys 

Oceanic squid abundance 
map in GIS format created 
based on 2010-13 surveys 
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5.1.1.6. Physico-chemical	parameters	of	oceanic	squid	grounds		
The oceanographic conditions of the areas surveyed were monitored by detailed analysis of 
salinity, temperature, dissolved oxygen, chlorophyll, Rhodamine, plankton levels. Current 
directions and ROV observations were also recorded. 

     
Dissolved oxygen (mg/l) Temperature (SST) levels Chlorophyll (mg/m3) Salinity (psu) pH 

   

Relating OS abundance to key environmental parameters using GIS based raster and vector maps 
High abundance of oceanic squids was related to low productivity and zooplankton biomass, 
besides, low salinity, pH and temperature.  It was also related to shallow MLD and D20 and 
negative SLHA. 
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5.1.1.7. Fishing	trials	for	oceanic	squids		
The modified squid jigger tried the following fishing techniques: 
 Squid jigging: Fishing using mechanical squid jigging machines. 
 Hand jigging: Monofilament hand jigs  
 Scoop netting 
 Gill netting: Polyamide monofilament gillnets of 80 mm, in stretched mesh size, was operated 

for oceanic squids from the modified trawler-cum-jigger in combination with light. The 
surface-set gillnet consisted of 36 m length webbing with 9 m depth. Powerful metal halide 
lights of 1.5 kW where used for attracting squids towards the vessel post sunset for an hour. 
Following squid aggregation, lights were switched off and the net was manually paid-off from 
the starboard side. The net was hauled after 2-3h and the enmeshed squids were removed 
from the net panel. 

 Purse-seining: Large meshed purse-seine net of 1000 m length having 45 mm stretched mesh 
size were used with light fishing for oceanic squid harvest.  

 Trammel net: The trammel net used consisted of an inner panel of 65 mm stretched mesh size 
sandwiched between two out net panel of 265 mm stretched mesh size. The trammel nets 
were operated during night. 

Oceanic squid fishing trials………. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

5.1.1.7.1. Purse	Seining	for	Oceanic	Squids	

During February 2011, one of the purse seine vessel owners of Cochin Fisheries Harbour (Late 
Mr Sebastian, MV Bharat Sagar) evinced interest in doing trials with purse seine to capture 
oceanic squids. A joint cruise of MV Titanic and MV Bharat Sagar was undertaken during March 
2011. Fishing trials were conducted in the position 10°29’N; 71°45’E. The MV Titanic served as 

Gillnetting: Light fishing for 
oceanic squids using 
monofilament gillnets 

Purse seining: Light fishing 
using mechanized purse 
seiner 

Squid jigging: Fishing 
using mechanical squid 
jigging machines 

Stick dipnetting: Light 
fishing using dipnets 
operated from 
traditional fishing crafts
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a light source to attract oceanic squids and the purse seiner MV Bharat Sagar rounded the squid 
school and pursed it. The trial proved very successful, as an estimated total of 2.5 tonnes of 
oceanic squids were retained in the net.  However due to the large mesh of the purse seine net 
(32 mm used for large pelagics), a substantial portion of the catch slipped through the netting 
while hauling the net. Only a little less than 500 kg could be 
taken on board the vessel.  This trial proved the efficiency 
of using purse seines for catching oceanic squids for the 
first time in the country.  The trial also made use of a 
floating lighted platform made of thermocol and petromax 
lamps to keep the squids aggregated during the fishing 
operation. The drawback in this method of fishing was the 
use of 2 vessels and the large number of crew (22 nos) for 
the purse seiner to pay-out and draw-in the nets. The 
logistics of maintaining such a large crew in the high seas 
in a small vessel proved expensive and daunting. Medium sized individuals dominated purse 
seine catches 

5.1.1.7.2. Gillnetting	&	Trammel	netting		

In all MV Titanic cruises gillnetting and trammel net trials were 
also conducted. Polyamide monofilament gillnet of 80mm, in 
stretched mesh size, was operated for oceanic squids from the 
port side of modified trawler-cum-jigger in combination with 
light. The surface-set gillnet consisted of 36m length webbing 
with 9m depth. Following squid aggregation, the net was 
manually paid-off from the starboard side. During operations, it 
was observed that the squids were able to see the gillnet webbing 
in the lighted zone and avoid it by going under the net. 
Therefore, the lights were switched off prior to hauling thus 
driving most aggregated squid into the net panel. The net was 
hauled after 2-3 h and the enmeshed squids were removed from 
the net panel. The trammel net used consisted of an inner panel of 
65mm stretched mesh size sandwiched between two outer net 
panel of 265mm stretched mesh size.   

5.1.1.7.3. Hand	Jigging	for	Oceanic	Squids	

A handline jig is cheap and simple to construct, but making and 
using it, like all fishing techniques, requires skill and knowledge 
to achieve the best results. It is important to keep the jig moving 
constantly in the water. This is usually done by jerking the line, 
quickly pulling in the slack, jerking once again and so on, until 
the jig is back to the surface. The line is then thrown out and 
allowed to sink to the desired depth, and the same jerking motion 
is repeated over again. Readymade lures and single jigs are 
available from local fisheries supply stores and are relatively 
cheap. After the lights are on and aggregation of squid is noticed, 
all fishermen on board the MV Titanic and MV Nasarulla used 

d platform 
uids 

Diamond squid

Gillnet catch 

Trammel net pay-out 
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jigs throughout the night to catch oceanic squids.  The jigs were used with and without baits.  
Baiting with flying fish (caught first using trammel nets) proved more successful. 

5.1.1.8. Which	Gear	is	most	efficient	for	catching	oceanic	squids?	
The Comparison of Efficiency of oceanic squid fishing gears for efficiency where: 
a)automatic squid jigging b) Hand jigging c) Purse seining d) Gillnetting e) Trammel netting f) 
Scoop netting.  

 Squid jigging using larger vessel (268 GRT) (Jig (B)), squid jigging using smaller vessel (Jig 
(S), gill net (GN), Hand jig (HJ), Trammel net (TR) and Scoop net (SC) were compared. 
Gillnet catch rates were relatively higher, followed by mechanized jigging in larger vessel. The 
catching efficiency of gillnets, 9.5 kg/unit-night was comparable with the CPUE of (6.1 kg/tan) 
neon flying squids in Japanese driftnet fishery (Ichii et., al. 2006). Dorsal mantle lengths 
(DML) of oceanic squids caught in different gears were compared. Larger squids of DML 
232±27 mm where caught in gillnets during the study. 

Dorsal mantle length of oceanic squids in different gears Gear efficiency of oceanic squids in kg/unit-night in different gears

 Of these, although automatic squid jigging is the most widely used throughout the world, on 
account of its selectivity and high efficiency and saving on labour, in the present instance, it 
was not very efficient. We are of the opinion that the vessel used (60 foot wooden trawler) did 
not have sufficient stability in high seas to carry out automatic squid jigging efficiently. The 
parachute anchors used could not prevent the rolling of the vessel and therefore, the shadow 
zone was transient and changing. This causes the jigs to be very visible and/or not visible to the 
squids, resulting in poor attacks on the jigs. From the larger FSI 
vessel, which was a larger and stable steel vessel, the catching 
efficiency of the automatic squid jigs was better. Therefore, we 
do not advocate conversion of wooden trawlers into squid 
jigging vessels. 

 Gillnet efficiencies were comparable to that of the Japanese 
squid gillnet fisheries in the Pacific Ocean. This therefore, is a 
viable catching method for oceanic squids from any class of 
vessel.   

 Success story on capture of oceanic squids using purse seine 
needed further modifications to make it more practical. Two-
boat operation was out of question, because of huge labour and 
costs. Therefore, the MV Titanic was further modified into a 
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small purse seine operation vessel. Net dimensions were 250m length x 36m depth. Jigging 
machines were removed and bulwarks made smooth for handling the purse net.   

5.1.1.9. Catches	of	other	fishes	using	light	attraction	
Lights in the ocean attracted a number of fishes as well, many of these could be caught in gillnets 
and handlines. Very often the first fish to be attracted to light were the half-beaks. Within an 
hour of the lights being turned on, they could be seen swimming around the boat at the surface. 
Other fishes which were also attracted to lights were the tunas (yellowfin and skipjack), dolphin 
fishes and queen fishes. This therefore, becomes an additional source of income for fishers.  

 
 
 
 
 
 
 
 

Impact ………………. 
 

 

5.1.2. Resource	characteristics	of	oceanic	squids		

5.1.2.1. Spawning	ground	of	Sthenoteuthis	oualaniensis		
The surveys undertaken identified spawning grounds of 
purple back oceanic squid Sthenoteuthis oualaniensis 
in Arabian Sea. Juveniles of oceanic squids were 
collected in Lakshadweep waters between 10000 N 
71059 E and 10014 N 73044 E during October (between 
Agatti and Kalpeni Islands). Dense aggregations 
(~1,30,000 numbers/ km2) of oceanic squid juveniles 
with dorsal mantle lengths ranging from 3 to 30 mm 
size were observed in the surface layers during night 
(from 7PM to 12 AM and 3AM to 5 AM). The squids 

Dolphin fishes Queen fishes

Halfbeak fishes 

Spawning ground of oceanic squids 
located in the Arabian Sea 
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were attracted to the powerful lights (1.5 KW x 18 halogen lights) on board MV Titanic and 
station depths ranged from 700 to 1500 m. In December 2010, these oceanic squids had moved 
in a northwesterly direction and had grown to nearly 80 mm DML indicating extremely fast 
growth. This preliminary observation indicates that the area around the Lakshadweep Islands is a 
major spawning ground for oceanic squids probably because of higher productivity as compared 
to the central Arabian Sea basin which is the normal foraging area for adults.    

  
Map showing the distribution and abundance of 

juveniles  
Map showing the distribution of paralarvae 

 

 

5.1.2.2. Molecular	Genetics	of	Sthenoteuthis	oualaniensis	
Nucleotide sequence of cytochrome oxidase 
subunit 1 (COI) gene (DNA barcodes) generated 
from the samples 1, 2 and 3 (labelled MFDSqd-
1, MFDSqd-2 and MFDSqd-3) were analyzed 
with the CO I database at BOLD system and 
NCBI BLAST. The sequences were also aligned 
with other related species and the phylogenetic 
tree was constructed using Neighbor Joining and 
Maximum Parsimony methods. Pairwise genetic 
distance (Kimura 2-parameter method) values 
were also calculated. The COI gene sequence 
analysis showed that all the three samples 1, 2 
and 3 were genetically the same as the pairwise 
genetic distance values observed between them was 0.0. Phylogenetic analysis, BLAST searches 
and the BOLD system analysis for species identification showed up to 99% similarity with 
Sthenoteuthis oualaniensis. 

 

DNA barcoding using species specific molecular markers: Bar coding of purple black flying 
squid Sthenoteuthis oulaniensis collected from Arabian sea (South west coast of India) was 
carried out using mitochondrial cytochrome c oxidase 1 gene. Partial sequences of cytochrome c 
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oxidase gene to be used as bar code resolved from Sthenoteuthis oualaniensis were submitted to 
GENBANK and the following accession numbers were obtained. 
squid co1.sqn  nuc_1 JX853228 – Sthenoteuthis oualaniensis  
squid co2.sqn  nuc_1 JX853229 - Sthenoteuthis oualaniensis 
squid co4.sqn  nuc_1 JX853230 - Sthenoteuthis oualaniensis 
squid co5.sqn  nuc_1 JX853231- Sthenoteuthis oualaniensis 
squid co 6.sqn nuc_1 JX853232 - Sthenoteuthis oualaniensis 
squid co8.sqn  nuc_1 JX853233 - Sthenoteuthis oualaniensis 

A preliminary comparison was conducted using the barcode 
data of 6 haplotypes of S. oualaniensis from Indian Ocean (collected by CMFRI) with 4 
haplotypes of S. oualaniensis from the Pacific Ocean (data from GenBank). Pacific Ocean 
haplotypes were genetically distant from Indian Ocean haploypes with a mean genetic distance 
(Kimura 2 parameter distance) of 0.031. S. oualaniensis Pacific 1, 3 and 4 are from Northern 
Hawaiian waters Pacific 2 is from Tropical Pacific waters.  

5.1.2.3. Biology	of	Oceanic	Squids	

5.1.2.3.1. Size	composition	
Analysis of sampling carried out from November 2010 to March 2012. A total of 391 specimens 
were examined and 15 morphometric characters measured. The size of the specimens ranged 
from 68mm to 334mm. Size frequency distribution for male and female are shown in figure. 
Both sexes had different size distribution; mean dorsal mantle lengths (DML) for male and 
females were 120mm and 160mm respectively. Length frequency distribution of male and 
female S. oualaniensis show significant differences. In male minimum size is 75mm and 
maximum is 162mm and in females minimum size is 68 mm and maximum size is 334 mm.  

Correlation Analysis of Various Body parts with Mantle Length

Mantle Length
Pooled sample Female Male

TWT 0.905018 0.92621 0.89292
VML 0.992840 0.99637 0.98974
MW 0.942798 0.94002 0.64296
HL 0.856222 0.8084 0.74411
HW 0.880917 0.77171 0.73128
AR1 0.901129 0.85961 0.73969
AR2 0.938077 0.93173 0.6934
AR3 0.955493 0.86381 0.77217
AR4 0.950883 0.80195 0.76965
AL1 0.924750 0.92654 0.73724
AL2 0.924501 0.88005 0.72522
AL3 0.940286 0.8224 0.70019
AL4 0.895185 0.87016 0.78495
HCL 0.7231
FL 0.941910 0.88186 0.89511
FW 0.925496 0.83102 0.84698

 
Female: Fifteen morphometric characters in comparison with DML indicated high degree of 
correlation ranging from 0.77 to 0.99 in females. Sixteen morphometric characters in comparison 
with DML indicated high degree of correlation ranging from 0.64 to 0.98.  

Length Weight relationship: Total of 384 specimens were measured for length-weight and 
morphometric studies, among them 121 were males and 263 females. The mantle length of males 
ranged from 7.5 to 15.5 cm (mean 11.9cm) and weighed 12 to 180 g (mean 80.3g). The length of 
females ranged from 9.5 to 34.3 cm (mean 15.9cm) and weighed 29 to 1600g (mean 232.2g). 
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Female squids were found to be bigger than males. The values for mean weight by sex were 
simply compared by two sample t-test. There is significant difference in the length weight 
relationship between two sexes (P<0.001) (ANACOVA). The b value obtained for male, female 
and sexes pooled were 3.323, 2.997 and 2.989 respectively. The b value for male was found to be 
slightly higher compared to females and pooled data.  Statistical analysis indicated that the value 
is not significantly different from the isometric value 3 (t-test) hence it is concluded that both 
male and females shows isometric growth pattern.  The ‘b’ value obtained for both sexes pooled 
is 2.989. The corresponding exponential formulae, W=a.Lb can also be expressed as follows. 
Male-W=0.000096.DML3.323 Female-W=0.000045.DML2.997Pooled W=0.000047.DML2.989  

 

5.1.2.3.2. Age	and	Growth	
 Age estimation of squids uses a variety of preparation 
techniques and increment interpretation methods. In general, 
the direct methods of age determination in cephalopods 
include 1) direct observation of cephalopods in captivity, 2) 
mark recapture experiments in the wild 3) Examination of 
growth rings in hard structure such as the statolith, gladius, 
sepion and crystalline lens. Statolith preparation, reading and 
interpretation of the daily growth increments is currently not applied for ageing cephalopods in 
India. Therefore, effort was made for the application of these methodologies for ageing oceanic 
squids in the project. This involves Extraction, Cleaning and preservation, Preparation of 
statoliths for age estimation, Interpretation of growth increments, Image analysis and Data 
analysis. 
 
 
 

Male W = 0.010.DML3.610 R² = 0.861
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M+F W = 0.040.DML3.021 R² = 0.942
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Indices Male Indices Female 
Min Max Mean Min Max Mean 

Mantle Width Index 20.3 45.45 37.9 Mantle Width Index 20.0 49.4 37.3 
Head Length Index 11.1 43.48 24.7 Head Length Index 14.4 62.4 23.1 
Head Width Index 13.3 46.4 25.5 Head Width Index 15.0 69.6 24.1 
I Left Arm Index 29.1 59.32 44.0 I Right Arm Index 5.0 66.7 42.0 
II Left Arm Index 29.1 64.41 51.6 II Right Arm Index 33.9 66.7 50.5 
III Left Arm Index 33.6 68.18 56.5 III Right Arm Index 43.6 70.0 58.2 
IV Left Arm Index 43.5 77.27 64.4 IV Right Arm Index 37.3 70.4 53.3 
Fin Length Index 31.8 45.16 38.0 Fin Length Index 23.7 87.1 39.3 
Fin Width Index 66.7 104.17 86.4 Fin Width Index 40.3 107.3 83.7 
Tentacle Length Index 121.7 182.29 153.0 Tentacle Length Index 46.5 500.0 172.2 

Mounted Statolith 
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Growth based on Length frequency data 
Summary of growth parameters estimated through FiSAT software 

Sex/ Method Mantle Length 
Range      (mm) 

L∞ 
(mm) 

Z/K Kyear-1 Starting 
Sample 
(SS) 

Starting 
Length 
(SL) 

Rn 
Score 

Male 75-165 
Powell-Wetherall  213.3 6.22    -0.76 
ELEFAN  173.3  0.99 1 150 0.566 
Shepherd  173.0  2.01 1 137.2 0.725 
  173.2  1.51 1 137 0.990 
Female 65-345 
Powell-Wetherall  344.4 3.49    -0.92 
ELEFAN  351.7  0.22 2 175 0.303 
  352.0  1.0 8 340 0.220 
Shepherd  368.0  0.79 1 183.5 1.000 
  368.6  2.51 1 183.5 0.652 

Among the estimated parameters, the Shepherd’s method gave the best fit. The selected 
parameters are given below. 

Parameter/ Sex Male Female 
L∞ (mm) 173.0 368.6 
K year-1 2.01 2.51 
t0 -0.20 -0.21 

 
Length (DML cm) at age table from inverse VBGF 
Age in Months Length-Male Length-Female 
1 7.5 19.2 
2 9.0 22.5 
3 10.3 25.2 
4 11.4 27.4 
5 12.3 29.2 
6 13.1 30.7 
7 13.7 31.8 
8 14.3 32.8 
9 14.7 33.5 
10 15.1 34.2 
11 15.5 34.7 
12 15.7 35.1 
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18 16.7 36.4 
24 17.1 36.7 

5.1.2.3.3. Food	and	Feeding	
Samples were caught from the Arabian Sea during exploratory squid jigging surveys conducted 
during 2010 August to 2012 March. Morphometric parameters, sex, and maturity stages are 
recorded. A total no. of 371 squid stomachs were removed and preserved in 5% formalin for the 
analysis. Qualitative and quantitative analysis of the stomach content were done. Gut fullness 
(empty, ¼, ½, ¾, and full) and gut contents were recorded.  The stomach contents were rinsed 
with water through a 500µm sieve to remove the fluid and fine materials. Prey items separated 
and the weight, numbers and occurrence of each item were recorded. If two fish eye lenses or if 
two otoliths (right and left) are noticed in a gut, then it is recorded as one fish. Similarly, if squid 
muscles are present in the gut, then it is considered as one squid. If 2 Squid eye lenses or1 squid 
beak is noticed; (lower or upper) then it can be considered as one squid. The frequency of 
occurrence and Index of Relative Importance (IRI) of the prey item was calculated. The IRI 
(Pinkas et al., 1971) is the integration of number, volume or weight, and frequency of 
occurrence. The percentage of number, weight, and frequency of occurrence of each prey item 
was done and IRI was calculated. IRIі=(%Nі +%Wі)%Oі, Where, Nі, Wі, Oі represents number, 
weight and frequency of occurrence of prey respectively.  

Feeding intensity of Sthenoteuthis oulaniensis Percentage of stomach fullness Index of Relative Importance 
Stomach fullness Numbers 

Full 132 

Three fourth 56 

Half 61 

Quarter full 105 

Empty 17 

Total 371 

 
In total 35.5 % of the stomachs were full and 4.5% was empty. 28.3 % of the stomachs were 
quarter full, 16.4% half full and 15% were three fourth full. Seasonal analysis showed more than 
50% of the females in the sample with full stomach. 

 
Stomach fullness of males in different months  Stomach fullness of females in different months Major food content of S. oualaniensis by size 

 
 

Male samples were obtained mostly in the month of February and March 2012. Most of the squid 
gut in the month of March was quarter full only. No specific pattern could be observed with 
regard to size based feeding preferences. However, younger squids are mainly feeding on fish 
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and as they grow older they feed on other squids (cannibalism). In maturing stage, the males feed 
on fishes only but in immature and mature stages they feed on both fishes and squids. During 
immature, mature and maturing stages the females mainly feed on fishes rather than squid 
whereas the spent females feed on squids. IRI shows that fishes are the most important prey item 
for the squid S. oualaniensis in the Arabian Sea followed by squids. Three groups of finfishes 
were identified by the otolith analysis, which were Diaphus spp, Benthosema spp, and 
Astrenotidae. 

 

 

 

 

5.1.2.3.4. Sex	and	Maturity	
A total of 377 squids were analysed for sex and maturity which include 252 females and 125 
males. The samples were available only for 8 months. The squids were iced onboard and brought 
to the laboratory for further analysis. Stages were recorded as Immature, Maturing, Mature and 
Spent. Gonad was weighed; eggs and spermatophores were counted for each specimen. 
Nidamental gland weight was taken for each female individual. Oviductal gland weight and 
weight of oviduct ova was taken and recorded. Gonado-somatic index and size-at-first maturity 
for female squids were calculated. 

Sex Ratio: Females outnumbers the males in most of the months. The whole population seemed 
to be dominated by females, which have much longer mantle length than male showing a natural 
sexual dimorphism of this species. Female squids were dominant during the period October and 
November whereas during January to March it was seen the ratio between male and female 
decreased, but female squids were more than the males. 

 Male Female 
Sex Ratio Immature (%) Mature (%) Immature (%) Mature (%) 

November 2010 1 7 0.00 0.00 12.50 87.50 
January 2011 1 2.8 0.00 100.00 23.53 76.47 
February 2011 1 1.3 15.56 84.44 72.46 27.54 
March 2011 0 7 0.00 0.00 0.00 100.00 
October 2011 0 3 0.00 0.00 0.00 100.00 
January 2012 1 2.6 40.00 60.00 12.00 88.00 
February 2012 1 3.4 10.00 90.00 46.07 53.93 

Fish scales Fish bones/rays Fish eye lens Fish muscle 

  

Fish otolith Squid muscle Squid beak pieces           Pen pieces 
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March 2012 1 1.47 2.63 97.37 49.37 50.63 
TOTAL   8.52 53.98 35.99 73.01 

Maturity: Generally it was seen that matured squids were caught round the year. Males were 
totally dominated by matured squids in catch. More number of mature female squids were caught 
during Oct and Nov, whereas high number of immature female squids were observed in catch 
during month of February and March.  

Maturity stages of S. oualaniensis during 
different months 

Maturity stages of male squids during different 
months 

Maturity stages of female squid during different 
months 

 

 
 
 
 
 
 
 
 

 

 

 

 

Size at first maturity indicates the size at which half of the population become mature and ready 
for reproduction. The size at first maturity in this area obtained by graphical method was 
118.36mm for females. 

Minimum sperm of 22 numbers were observed in squid with mantle length of 100 mm and 
maximum number of 663 spermatophores in squid with mantle length 135 mm.  It was seen that 
there was no variation in number of spermatophore with mantle length 75 mm to 134 mm. After 
that there was gradual increase in number of spermatophores with increase in Mantle length.  

Ova and Fecundity 

The measurements of ripe ova ranged from 0.82 to 1.08 mm in diameter. To obtain an estimate 
of fecundity, the number of maturing and mature ova was counted from females at stage III.   
The total eggs present in the S.oualaniensis in relation to the mantle length in the Arabian Sea is 
graphically presented and plotted below. The Minimum eggs of 1110 numbers were seen in 

   

Table. Range of Nidamental and Oviduct gland weight in relation to various stages in S. 
oualaniensis 

  Stages Range of  Nidamental Gland weight  Range of Oviduct Gland Weight  
Immature  0.47 - 12.6  0.12 - 5.5  
Mature  0.3 - 80.9  0.1 - 33.4  
Spent  1.71 - 11.9  0.27 - 1.33  

Table. Monthly average Gonado-somatic Index (GSI) value of S.oualaniensis 
Months Female Male 
Nov-11 2.51   
Jan-11 3.53 2.42 
Feb-11 4.04 1.39 
Mar-11 3.70   
Jan-11 5.05 1.62 
Feb-11 3.66 2.43 
Mar-11 3.23 1.78 
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squid with mantle length 135 mm and maximum no. of 1,53,000 eggs in squid with mantle 
length 302 mm. There was a gradual increase in no of eggs as the mantle length increased. 

 
Fecundity in relation to mantle length Needham’s sac in relation to spermatophores of 

different mantle length 
Images of ripe ova 

 

 

5.1.2.3.5. Larval	stages	of	Sthenoteuthis	oualaniensis		
Newly hatched cephalopods that have a distinctly different 
mode of life from the adults, with an end point identified 
by ecologically significant allometric changes in 
morphological characters they termed as paralarvae. 
Ommastrephide paralarvae termed “Rhynchoteuthion”, 
are characterized by the absence of the fourth (ventral) 
pair of arms and the fusion of the tentacles in to a single 
appendage. Separation of the fused tentacle is considered 
as the end of larval stage. In S.oualaniensis, the paralarval 
stage terminates with the separation of the tentacles at 9 or 
10 mm ML while the juvenile period ends around 100 ML 
with the development of mantle photophores. According 
to Roper and Lu (1978) three types of paralarvae were 
recognized, mainly differentiated by the size and shape of the proboscis and the relative sizes of 
suckers in its tip. Paralarvae are morphologically divided in to three types i.e., Rhynchoteuthion 
Type A´, Rhynchoteuthion Type B´ and Rhynchoteuthion Type C´.  

Paralarvae of S. oualaniensis were caught by using Zooplankton net mesh size is about 200 µ 
and diameter is about 57mm (K.C. Denmark) 
and Type C Paralarvae and Juveniles were 
caught by using 2 mm mesh sized scoop net. 
Totally 126 paralarvae were caught during the 
cruises and among them 5 were Type A, 27 
were Type B and 94 were Type C. Out of 58 
stations sampled paralarvae were observed in 
six stations and juveniles observed in 13 
stations during October 2010 to March 2013.   

Statolith microstructure of Paralarvae: Statoliths were removed from paralarvae Type C´ which 
was about 7.12mm size. They were elongated dorso-ventrally with flattened anterior sides and convex 
posterior side. The rostrum was beak-liked with a sharp tip, whereas the dorsal dome was rounded. The 

Beginning of proboscis separation at the base. B. Final stage of 
paralarval period 

Morphological development of Paralarvae (Dorsal 
and Ventral views), A=Type A´, B=Type B´ and 

Type C´. Scale bars = 1 mm. 
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total length of statolith was 333µm. The surfaces of the statoliths were translucent. Numbers of 
increments observed were 31 and it is assumed that the paralarvae had taken 31 days for reaching 7.12mm 
size. Until now, there have been no data on larval statolith growth rate of S. oualaniensis. 

 
A. Statolith removed from paralarvae B. Microstructure of a statolith with increments 

Table Showing the abundance of juveniles 

Months  Number/km² Latitude(N) Longitude(E)  
Oct-10 130030 10° 14 73°14 
Nov-10 36036 14° 00 72° 59 
Jan-11 39039 13° 00 65° 59 
Jan-11 10511 09°30 74°56 
Feb-11 12613 10° 29 73° 58 
Jan-12 3003003 09°44 74°37 
Jan-12 57357 11°00 72°00 
Jan-12 37538 11°19 72°00 
Jan-12 28529 10°23 73°20 
Feb-12 2102 12°07 72°02 
Feb-12 1201 11°15 71°58 
Feb-12 37538 11°00 72°00 
Feb-12 6006 10°32 72°57 
Mar-12 12012 11°41 74°17 

The results presented here provided new information with which to assess the distribution pattern of 
important stages of life cycle. The presence of a wide range of size of paralarvae and small juveniles of 
these species off Quilon and near Lakshadweep Archipelago is almost suitable nursery grounds that 
combine high primary and secondary productivity. Upwelling phenomena may, in fact, be one of the main 
regulators of the availability of food to early life stages of cephalopod and of their growth, survival and 
recruitment.  

 

5.1.3. Summary of biological information 

L-W relationship  
 Male W = 0.010 DML 3.610 Positively allometric 
 Female W = 0.036 DML 3.053  Isometric 
 Pooled W = 0.040 DML 3.021 Isometric 
Differential growth    

 Para larvae   0.335 mm/day 
 Juvenile (10-100 mm)   0.353 mm/day 
 Adult     1.773 mm/day 

Length range in fishery  
 Male 75-162 mm 
 Female 68-334 mm 
Maturity  
Reproductive strategy R strategist 
Lm  (Female)    118.36 mm 
Fecundity    1,53,000 eggs (maximum) 
Relative fecundity 103.37/g 
Ova diameter    0.82 to 1.08 mm 
Food preference   Carnivorous 
 Major food 92% Fish; 8% Squid 

A B 
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 Cannibalism Younger squids are mainly feeding on fish and as they grow older they feed on 
other squids 

Migration  
Larvae and Juvenile Move from shelf edge to deeper slope; capable of flying over surface 
Adult Undertake breeding migration to shelf-edge 

5.1.4. Zooplankton	phototaxis	in	oceanic	squid	fishing	grounds	in	the	Arabian	Sea	
Effects of night-illumination on zooplankton abundance were 
compared with day/night variations in oceanic squid fishing 
grounds in central Arabian Sea. Zooplankton abundance showed 
significant variation in relation to three different light conditions with 
52% of the total abundance happening during night and 25% during 
night with illumination. Siphonophores, chaetognaths, copepods and 
decapod larvae displayed negative phototaxis. The response to light 
stimulus observed among the zooplankton groups were mostly due to 
the prey-seeking or predator avoidance behaviour.  

Zooplankton abundance in individuals m-3, comparison of mean abundance in 
day (D), night (N) and night- illumination (NI) and estimated night:day (N:D) 
and night:night-illumination (N:NI) ratios. Non-identical superscripts, row-wise, 
indicate significant differences at P<0.05 level. 

Groups D N NI N:D NI:N 
Hydromedusae 15 8 10 0.5 1.3 
Siphonophore 24a 101b 92b 4.2 0.9 
Polychaetes 4 8 4 1.7 0.6 
Chaetognaths 198a  999b 416ab 5.0 0.4 
Copepods 13003a 34232b 17017 ab 2.6 0.5 
Ostracods 4242 4289 1573 1.0 0.4 
Cladocerans 339 0 0 0.0   
Mysids 0 27 15 - 0.5 
Amphipods 220 92 333 0.4 3.6 
Lucifer 89 66 52 0.7 0.8 
Euphausids 6 20 3 3.3 0.2 
Salps 5 42 19 8.4 0.5 
Doliolum 4 16 8 3.9 0.5 
Appendicularians 181 370 241 2.0 0.7 
Heteropods 3 4 7 1.5 1.7 
Pteropods 13 34 35 2.6 1.0 
Amphioxus 4 8 5 1.7 0.7 
Decapod larvae 62a 229b 139ab 3.7 0.6 
Cephalopod larvae 0 1 1 6.2 0.7 
Gastropod larvae 87 1399 662 16.1 0.5 
Fish Eggs 4 212 64 58.0 0.3 
Fish larvae 2 14 7 8.6 0.5 
Mean N±SE 529±133a 1205±262b 841±136ab 2.3 0.5 
  

Bray-Curtis similarity dendogram for zooplankton 
groups during day (D), night (N) and night-

illumination (NI) as individuals m-3
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5.2. Fishery Survey of India (FSI) CCPI-1 

5.2.1. Production: Target 

Achievements 

To Survey and measures of abundance over time and space for oceanic squids by jigging, the 
vessel MFV Matsya  Varshini (OAL: 36.5 m, GRT:268.80  and  BHP:1160)  attached to Cochin 
Base of FSI was deployed during March 2010-March 2012.The Area covered during the period  
was  Lat 80N to 120N and 690E to 760E. The depth at sampling stations ranged from 30-4365m.  

 
Table Area wise sampling distribution (Set) and catch (nos) recorded 

Lat/ Long. 69 70 71 72 73 74 75 76 Total 
8 - - - - 1/ 0 1/12   - -  2/12  
9 -  -  -  -  1/0  1/1  -  -  2/1 
10 -  2/66  3/ 21  4/43 7/24  9/75   7/37  1/0 33/266  
11 1/1 -  -  3/91  5/70  2/33  -  -  11/195  
12  - 1/26 1/0   1/0 2/38  -  -  -  5/64  
Total 1/1 3/92 4/21  8/134  16/132 13/121  7/37 1/0 53/ 541 

 
Table Operational details 

 
 
 
 

  

Year/ Months Days out sea Fishing days Fishing Effort 
(machine h) 

No. of squid 
caught 

Mar-10 2 - - - 
Apr-10 11 3 - - 
Dec-10 19 13 260 104 
Feb-11 7 - - -  
Mar-11 20 15 300 23 
Apr-11 11 6 - 13 
Feb-12 13 8 70 202 
Mar-12 19 14 88 199 
 Total 102 59 838 541 
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5.3. National Institute of Fisheries Post Harvest Technology and 
Training (NIFPHATT) CCPI-2 

5.3.1. Processing and By-products value addition: Target 

 Develop package of practices for post-harvest processing of oceanic squids  
 Develop protocols for value-added products. 
 Develop methods for utilization of squid waste  

Achievements  

5.3.1.1. Standardization	of	on-board	processing	protocols		

 To reduce pink discoloration and quality changes during low 
temperature preservation in fish-hold, on-board de-skinning was 
carried out prior to storage in ice. This resulted in improved end-
product product quality and better colour. 

 
  Meat yield from Oceanic squid processing: Blanched yield from oceanic 

squids was 17% more than the neretic squid, indicating higher retrieval 
after processing. 

5.3.1.2. Frozen	Products	
Radical changes have taken place in the development of frozen fish and fishery products over the 
years. An important improvement in freezing prawns is the shift from the conventional block 
frozen to the IQF products. With advent and spread of  aquaculture for shrimp, in particular, 
Individual Quick Freezing has become very popular. IQF marine products fetch better price than 
conventional block frozen materials in the western markets. However, 
for the production of IQF products, high quality raw materials need to 
be used. The products have to be packed in attractive moisture proof 
packaging and stored at -300C or below without fluctuations in 
storage temperature. Thermoform moulded trays have become 
acceptable containers for IQF products in western countries. Utmost 
care is needed during the transportation of IQF products, as rise in 
temperature may cause surface melting of the individual pieces 
causing them to stick together forming lumps. Desiccation leading to 
weight loss and surface dehydration are other problems met with 
during storage of IQF products. Three frozen products were 

developed under the brand name “ARABIAN SEA MASTER 
SQUID”.  
 Arabian Sea Master Squid Individually Quick Frozen Tubes  
 Arabian Sea Master Squid Individually Quick Frozen Strips 
 Arabian Sea Master Squid Individually Quick Frozen Whole tubes  

 
 

Individually Quick Frozen Squid Tubes

Individually Quick Frozen Squid Strips
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5.3.1.3. Development	of	Value	Added	Products:		
The world seafood processing scenario is undergoing rapid change. Conventional products are 
slowly replaced by new value added diversified products in the market. There is a great demand 
for seafood products in ‘ready-to-serve’ ‘ready-to-cook’ package. Many value-added seafood 
products based on shrimp, lobster, squid, cuttlefish, bivalves, certain sp. of fish and minced meat 
have been developed catering to the export as well as domestic markets. The protocols for 
processing value-added squid products were standardised. 

 Product 1 Oceanic squid curry: Developed Oceanic Squid Curry with three different 
styles of packing 1) Multilayered pouch, 2) Retortable pouch and 3) TFS cans in three 
different packing styles. 
 
 
 

  
Box 1. Protocol for Squid curry 
 
Ingredients (Kg) 

1. Squid Pieces : 1.000 
2. Salt  : 0.030  
3. Vegetable oil : 0.250 
4. Garlic  : 0.100 
5. Green chilly : 0.100 
6. Ginger  : 0.100 
7. Onion (Big) : 0.250 
8. Onion(Small) : 0.250 
9. Curry leaves : 0.025 
10. Coriander leaves : 0.020 
11. Tomato  : 0.500 
12. Chilli powder : 0.050 
13. Turmeric powder : 0.020 
14. Pepper powder : 0.005 
15. Coconut  : 2 Nos 
16. Water  : ~3 l 

 
Procedure: 
Slice garlic, ginger, onion (both), green chilli and semi-fry in oil under medium flame. Mix chilli 
powder, turmeric powder and pepper powder with water and salt into a paste and fry for 15 minutes 
until its colour turns bright red. Add sliced tomato; stir well until it is completely mashed. Pour 3rd 
coconut milk and bring to boil, followed by 2nd coconut milk and boil for few seconds, add fried 
ingredients and coriander leaf. Add squid, salt and cook for 20 minutes. Add the 1st coconut milk; boil 
until the gravy becomes thick. Cool to room temperature. Weigh 150 g curry and pack in three layered 
poly ethylene pouches, seal without air and chill in cold water. Freeze below -40ºC and finally stored at 
below -18ºC. 
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Squid curry 
 

De-skinning De-skinning 

Cleaned squid tube Cleaned squid tentacle 

Blanching Draining blanched squid 
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Weighing Cutting 

Blanched squid pieces Frying Ingredients 

Cooking Packed product 
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Frozen Oceanic squid Curry in Pouch 

Packed 150 g in multilayered pouches (casted poly propylene) of 
size-16cm lengthx9.5cm breadth; guage-250µm in hot condition 
and closed using Pedal Sealer. Cooled with chilled water (+2oC). 
Quick freezing at -400C and finally stored at -200C. 

 

 
Oceanic Squid Curry in Retortable Pouch 

Packed oceanic squid curry in Retortable Pouch (size-20 cm length 
X 15 cm breadth; material-CPP/NY/SiO2/PP) in hot condition with 
a standard weight of 250 g. Sealed with mechanical sealer and 
sterilized at 1180C for F0Value 8, cooled, wiped, labelled and 
packed. 
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Frozen squid masala 
 

De-skinning Chiiling 

Chilled squid tube Blanching 

Blanched squid tube  Weighing 
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Cutting as rings Squid piece  

Masala ingredients Fried ingredients 

Masala Masala 
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Weighing Squid masala in pouches 
 
 
 
 
 Product 2 Squid meat with Squid Ink: Developed oceanic Squid meat with Squid Ink 

with two different style of packing 1) TFS cans and 2) Retortable pouch. 

 

 

Squid meat with squid ink in retortable pouch 
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Squid meat in Squid Ink 
Ingredients                                                                            Kg 

1. Squid Pieces : 1.000 
2. Ginger : 0.100 
3. Onion(Small) : 0.500 
4. Tomato : 1.500 
5. Pepper powder : 0.005 
6.   Salt : 0.150 
7.   Vegetable oil : 0.350 ml 
8.   Squid ink (diluted)      : 0.100 ml 

Method of preparation 
  Clean and wash well the squid, then slice in pieces 
 Semi-fry the sliced ginger, onion followed by tomato until completely mashed well. 
 Grind to get a paste form 
 Pour oil to a pan, transfer the paste  followed by squid pieces and cooked for 5 minutes 
 After add squid ink, heat for 1 minutes 
 Fill in TFS cans by weight 185 g  
 Double Seam the cans 
 Sterilize at 118oC for 40 minutes 
 Cool and Wash 
 Label and Pack 
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Squid meat in Squid Ink  

  Squid Stripes

Adding ground ingredients  

Collection of squid  ink gland Squid ink gland 
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Adding squid ink   

Filling in TFS cans   

Sterilization Unit   
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Canned final product
 

 
 Product 3 Canned Products: 

 

 
Squid meat with squid ink in Cans 

Squid curry (Box 1) packed in TFS cans (307 X 109) in hot condition with 
a standard weight of 185 g. The content was covered and exhausted, 
seamed using semiautomatic seaming machine, sterilized at 1180C for 
F0Value 8 cooled, wiped, labelled and packed. 
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Oceanic Squid Curry in Cans 

Oceanic squid curry was packed in Tin Free Steel (TFS) cans (size-
307x109) in hot condition with a standard weight of 185 g. The content 
was covered and exhausted, seamed using semiautomatic seaming 
machine, sterilized at 1180C for F0Value 8 cooled, wiped, labelled and 
packed. 
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 Product 4 Coated Squid Finger 

Frozen squid

Thawing at +20C

Pre‐processing

(Peeling & Washing)

Weighing (Fillet & tentacles)

Blanching
(1000C in boiling water for 5 min.) 

Weighing

Cutting
(Fillet & Tentacles to small pieces) 

Marinating Process

Battering

          Breading  IQF at ‐400C 

Frying

Packing in Polythene Pouches 

Store at room temperature or below ‐180C 
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Coated Squid Finger 

Blanching   Slicing 

Slicing   Squid fingers 

Battering  Frying 
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Product 5 - Dried products: Developed oceanic squid dried products by processing squids in 
Lakshadweep islands, where facilities for low temperature freezing is non-existant. Whole squids 
where cleaned, washed, salted and dried under the sun. 

i. Whole cleaned dried squid 
ii. Fiery hot dried squid as cocktail snack  

 
 

 
Cleaned dried squid 
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Dried oceanic squid value addition  

 

Squid Stripes Ingredients 
 

Fiery hot dried squid as cocktail snack 
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5.3.1.4. Sensory	evaluation	of	value	added	products	from	Oceanic	Squid	

Sensory evaluation of the value added products from oceanic squids were carried out by 
organoleptic criteria detailed in the Table. 
 

Score: Excellent – 5, Very good – 4, Good – 3, Average – 2, Poor - 1 

 
Name & Address of the Consumer: 
Age: 
Sex: 
Occupation/Designation: 
Suggestion for improvement: 

5.3.1.5. Oceanic	squids	product	branding	trials	
Product  Brand Name 

Whole Squid (Unclean)  Oceanic Whole squid 
Whole Cleaned Squid  Queen Arabian Cleaned Squid 
Squid Tube (Cleaned)  Snow White Squid Tubes 
Squid Fillet  Limelight Squid Fillet 
Stuffed Squid Tube  Pearl White Squid Stuffed Tubes 
Squid Rings  Signet Squid Rings 
Squid Strips  Malabar Squid Strips 
Squid Cubes  Squid Magic Cubes 
Squid Roll  Polar Squid Rolls 
Squid Tentacles  Blue Sea Tentacles 
Squid Wings  Heavenly Squid Wings 
Squid Mix ‐1 (Ring and Tentacles)  Mosaic Squid Mix 
Squid Mix ‐ 2 (Strip and Tentacle)  Rainbow Squid Mix 

Squid Mix ‐ 3 (Cubes Wing Bits and Tentacle Bits)  Cocktail Squid Mix 

 

  

Variety Squid Pieces in Sauce 
containing Squid ink (in Cans) 

Squid Curry with 
coconut milk (in Cans) 

Squid Curry with coconut 
milk (Retortable pouch) 

Characteristics    
Appearance    
Colour    
Texture    
Flavour    
Taste    
Overall quality    
Remarks    
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Trials in product branding, presentation and packaging of Oceanic squids  

 

5.3.1.6. Marketing 	
Seafood processing units were contacted through flyer. Product branding for Arabian Sea Master 
Squid IQF Tubes, Strips and rings were carried out. 

Product Marketing 
The oceanic squids are novel to the Indian seafood industry. In order to familiarize the products, 
flyers were distributed among the processors and there was upbeat feedback from them. The 
products were marketed under the brand name Arabian Sea Master Squid. The products were 
made   available in 200 g duplex packets with a price between Rs. 40/- and Rs.50/- per packet. 

 
Product Introduction 
The new oceanic squid products were test launched to the general public on 13th June 2012 at the 
NIFPHATT Fish Stall at Foreshore Road, Kochi. Dr. T.K. Srinivasa Gopal, Director, CIFT, Dr. 
S. Girija, Director, NIFPHATT, Dr. G. Syda Rao, Director CMFRI,  Mr. Anwar Hashim, Vice 
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Chairman, MPEDA & Former President of Seafood Exporters Association (SEAI)  graced the 
occasion by their presence. Dr. K. Sunil Mohamed, CPI, Principal Scientist & HOD, MFD, 
CMFRI welcomed the gathering.   

 
Sales Report 

a. IQF Strips(200 g)            -1600/- (32 pkt x 50/-) 
b. IQF Tubes(200 g)           -320/- (8 pkt x 40/-) 
c. IQF Rings(200 g)             -350/- (7 pkt x 50/-) 
d. Frozen Curry(200 g)        -15,640/- (391 pkt x 40/-) 
e. Total revenue       - Rs. 17,910/- 
f. Total raw material      -50 Kg 

New Product 
A new product, oceanic squid strips in squid ink sauce was successfully developed and tested.  
The cut open test for canned squid pieces in squid ink sauce is shown below   

Particulars Duration of storage
Initial 3 months 6 months 

Can size and type 309 X 109 TFS  309 X 109 TFS 309 X 109 TFS 
Can condition Normal Normal Normal 
Standard net weight -g 185 185 185 
Standard solid weight -g 135 135 135 
Gross weight -g 223 225 220 
Net weight-g 184 186 185 
Appearance  Very Good Very Good Very Good 
Colour Brown Brown Dark brown 
Texture Good Very good Very Good 
Flavour Good Very Good Excellent 
Taste Good Good Excellent 
Saltiness Normal Normal Normal 

 
Squid ink in general, whether from neretic or oceanic origin, is considered as a nuisance in 
processing industry as it discolours all surfaces including mantle. But it’s nutritive and 
pharmaceutical value is well known now.  Here in this study, in addition to its   above two 
aspects, its colouring and taste enhancing properties have also been considered. These products 
were well accepted by all the panelists and consumers due to its attractive colour and 
characteristic flavour.  
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5.4. Central Institute of Fisheries Technology (CIFT) CCPI-3  

5.4.1. Processing and By-products value addition: Target 

Achievements 

5.4.1.1. Biochemical	composition	of	oceanic	squid	(Sthenoteuthis	oualaniensis)	
Biochemical evaluation of squid has been carried out. Basic and vital nutrient analysis such as 
proximate composition, fatty acids and amino acid contents were estimated in order to check the 
quality of the species as food. To meet the safety parameters viz., TVBN, TMA and ammonia 
have also been quantified. Other important parameters including taurine and cholesterol were 
measured. A good percentage of proximate parameters were reported such as moisture 
80.33±0.25%, protein 18±0.11%, fat 0.3±0.55% and ash 1.19±0.15%. Percentage of amino acid 
composition ofsquid is found in significant level. Among all reported amino acids glutamic acid, 
aspartic acid, valine and isoleucine occupied major portion and lies in a range of 2.85 to 4.52 
g/100g of meat. The least amount of amino acids was proline, tryptophan, histidine and leucine 
lies in a range of 0.08 to 0.09 g/100g of protein. When fatty acids were taken into account the 
most abundant long chain PUFA were DHA and EPA with 51.6±0.41 and 38.9±0.51% 
respectively. The abundant saturated fatty acids reported were palmitic acid 49.8±0.43 and 
stearic acid 8.11±0.65%. The values obtained for macro elements follows, for Na 4.2±0.8, K 
7.2±1.3, Ca 0.16±0.4, Mg 0.98±0.2 and P 2.8±1.3 in g/kg.  Major trace elements comprise Mn 
2.67±0.64, Cu 4.9±1.6, Zn 53.6±18, Fe 35.4±11, r 0.43±0.2 and Se 9.3±2.4mg/kg. TVBM level 
was found 71.8%, TMA 6.7% and negligible ammonia reported in this spp. Taurine and 
Cholesterol amount have reported 143mg/100g of meat. 

Table 1. Proximate composition of squid (Sthenoteuthis oualaniensis) (wet basis) 

Table 2. Amino acid composition of squid (Sthenoteuthis oualaniensis) 
Amino acid 
mg/100g  

Squid  

Aspartic acid  2.85±0 .02 
Threonine  2.01± 0.12 
Serine  1.24 ±0.13 
Glutamic acid  4.52 ±0.15 
Proline  0.08±0.41 
Glycine  2.59 ±0.52 
Alanine  1.90± 0.35 
Valine  3.55± 0.22 
Methionine  1.15 ±0.36 
Leucine  0.29± 0.02 
Isoleucine  3.49 ±0.15 
Phenylalanine  1.10 ±0.52 
Histidine  0.93 ±0.33 
Arginine  1.09 ±0.54 
Tryptophan  0.21 ±0.61 

Name of sample Moisture %  Protein%  Fat %  Ash %  

Squid 80.33 ±0.25 18 ±0.11 0.30 ±0.55 1.19±0.15 
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Table 3. Fatty acid composition of squid (Sthenoteuthis oualaniensis) 

Fatty acid Squid mg/100g tissue 
C14:0 2.72±0.05 
C16:0 49.8±0.43 
C18:0 8.11±0.65 
C20:0 0.35±0.02 
C14:1 n-7 0.09±0.00 
C16:1 n-7 0.92±0.01 
C18:1 n-9 6.08±0.07 
C20:1 n-9 18.2±0.13  
C22:1 n-9 0.33±0.02 
C24:1 n-9 0.43±0.01 
C18:2 n-6 0.51±0.03 
C20:2 n-6 1.42±0.05 
C18:3 n-6 0.13±0.01 
C18:3 n-3 0.53±0.02 
C20:4 n-6 20.1±0.21 
C20:5 n-3 38.9±0.51 
C22:6 n-3 51.6±4.41 

Table 4. Mineral profiling of in oceanic squid, Sthenoteuthis oualaniensis 

Table 4 (a) Macrominerals (g/kg means ± S.D) 

 Na K Ca Mg P 
S. oualaninesis 4.2±0.8 7.2±1.3 0.16±4 0.98±0.2 2.8±1.3 

Table 4 (b). Trace elements (mg/kg means ± S.D.) 

 Mn Cu Zn Fe Cr Se 
S. oualaninesis 2.67±0.64 4.9±1.6 53.6±18 35.4±11 0.43±0.2 9.3±2.4 

Table 5. Estimation of Taurine and Cholesterol in oceanic squid 

 Taurine 4mg/100g meat Cholesterol mg/100g 
Squids (S. oualaninesis) 143. 0 64.2 

Table 6. Determination of TVBN, TMA, NH3 

TVBN mg%  TMA mg%  NH3  
71.8 (normal range 35-40mg%, indicates 

spoilage)  
6.7± 0.05 Negligible 

5.4.1.2. Biochemical	composition	of	Blanched	Oceanic	Squid	
Proximate composition of the blanched oceanic squid is given in table--. It was observed that 
blanched squid had 72.21±0.25% moisture, 20.87±0.32% protein. Fat content was found to be 
0.869±0.06%. It shows that this species is a lean fish. Among the essential amino acid the 
highest concentration was seen in valine 1.30±0.65 mg/100g meat and least for arginine 
0.12±0.44 mg/100g of meat. Whereas, the highest non-essential amino acid quantity was 
reported for glutamic1.07±0.22% acid and least for serine 0.56±0.82%. The high concentrated 
PUFA were DHA 45.6±4.31%and EPA±30.90±0.21%. Other rich fatty acids were arachidonic 
acid 14.1±0.15%, C20:1 n-917.2±0.23%, C18:1 n-9 5.18±0.37%, C18 5.21±0.45 and C16:0 
39.5±0.53%. 
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Table 1. Proximate composition of Blanched squid 
Name of sample      Moisture % 

(wet basis) 
Protein % 
(wet basis) 

Fat % 
(wet basis)  

Ash % (wet basis) 

Blanched squid   77.21±0.25 20.87 ±0.32 0.52 ±012 0.89±0.06 

Table 2. Amino acid composition of blanched squid 
Amino acid 
mg/100g  

Blanched squid  

Aspartic acid  1.19 ±0.24 
Threonine  1.03± 0.61 
Serine  0.56 ±0.82 
Glutamic acid  1.707 ±0.22 
Proline  0.53 ±0.47 
Glycine  1.26± 0.32 
Alanine  0.74 ±0.34 
Valine  1.30±.065 
Methionine  0.17±0.21 
Leucine  0.91±.022 
Isoleucine  0.54±.015 
Phenylalanine  0.46 ±0.36 
Histidine  0.37 ±0.21 
Arginine  0.12 ±0.44 
Tryptophan  0.32 ±0.31 

Table 3. Fatty acid composition of blanched squid 
Fatty acid Blanched squid  

mg/100g tissue 

C14:0 1.62±0.15 
C16:0 39.5±0.53 
C18:0 5.21±0.45 
C20:0 0.25±0.12 
C14:1 n-7 0.05±0.02 
C16:1 n-7 0.62±0.11 
C18:1 n-9 5.18±0.57 
C20:1 n-9 17.2±0.23  
C22:1 n-9 0.23±0.12 
C24:1 n-9 0.23±0.21 
C18:2 n-6 0.41±0.43 
C20:2 n-6 0.92±0.65 
C18:3 n-6 0.10±0.51 
C18:3 n-3 0.33±0.22 
C20:4 n-6 14.1±0.15 
C20:5 n-3 30.9±0.21 
C22:6 n-3 45.6±4.31 
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5.4.1.3. 	Biochemical	evaluation	of	dried	oceanic	squid		
Table 1. Proximate Composition of Dried Oceanic squid. 

Species   Sthenoteuthis oualaniensis 
Parameters Dry tissue  weight (%) 
Protein 83.08±0.51 
Fat 0.23±0.05 
Ash 6.87±0.25 

Table 2. Amino acid composition of dried Oceanic squid 

Amino acid  Sthenoteuthis oualanienesis 
Essential Aminoacid  g/100g 
Valine 3.49±0.05 
Methionine 1.34±0.01 
Isoleucine 2.20±0.04 
Leucine 4.92±0.07 
Tyrosine 1.02±0.10 
Phenyl Alanine 0.29±0.05 
Histidine 1.18±0.12 
Lysine 7.21±0.25 
Threonine 2.71±0.03 
Tryptophan 0.54±0.04 
Non-essential Amino Acid g/100g 
Aspartic acid 5.24±0.12 
Arginine Not Detected 
Serine 2.96±0.06 
Glutamic acid 7.31±0.18 
Proline 2.67±0.17 
Glycine 4.79±0.42 
Alanine 3.24±0.02 
Cysteine Not Detected 

Table 3. Mineral composition of dried Oceanic squid 

Species  Sthenoteuthisoualanienesis 
Minerals mg/100g 
Sodium 1176.4±10.55 
Potassium 906.8±15.04 
Calcium 105.39±7.5 
Iron 21.7±1.5 
Copper  1.58±0.25 
Zinc 9.04±0.81 
Magnesium 1315.32±12.5 

5.4.1.4. Extraction	purification	and	characterisation	of	collagen	from	Oceanic	Squid	skin	

 Three types of collagen (acid soluble, pepsin soluble and Undigestible collagen) were 
extracted from squid skin. 

 Amino acid, Fourier Transform Infrared Spectroscopy (FTIR), and Sodium dodecyl sulfate 
polyacrylamide gel electrophoresis (SDS-PAGE) are carried out. 

 Proximate analysis of the dried oceanic squid (Sthenoteuthis oualanienesis) is done. 
1. Three types Collagen extracted from squid skin. 

COLLAGEN TYPES  YIELD (on dry basis) 
Acid soluble collagen(ASC) 2% 
Pepsin soluble collagen (PSC) 3.5% 
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Un-digestible collagen (UDC) 7% 
2. Aminoacid composition of three types of Collagen 

AMINOACIDS  AMINOACIDS  ASC (%) PSC (%) UDC (%) 
Hydroxyproline HYP 9.2 8.1 10.6 
Aspartic acid  ASP 7.8 7.3 7.4 
Threonine  THR 2.8 2.7 2.6 
Serine  SER 3.9 3.7 3.5 
Glutamic acid GLU 11.6 12 8.9 
Glycine  GLY 20.9 24.3 30.0 
Alanine  ALA 6.2 6.3 5.5 
Valine VAL 3.5 3.2 2.5 
Methionine  MET 2.9 2.5 0.9 
Isoleucine ILE 2.15 2.5 1.4 
Leucine LEU 3.5 3.2 3.0 
Tyrosine  TYR 1.8 1.3 1.2 
Phenylalanine  PHE 2.1 1.7 1.9 
Lysine  LYS 2.2 1.4 1.3 
Histidine HIS 1.15 1.1 1.3 
Arginine  ARG 8.7 8.9 9.3 
Proline PRO 9.6 9.8 9.0 

ASC - Acid soluble collagen, PSC- Pepsin soluble collagen, UDC-Un-digestible collagen 

 Yield of ASC, PSC and UDC isolated from squid skin were 2 %, 3.5 % and 7 % (dry weight 
basis) respectively. 

 The amino acid composition of ASC, PSC and UDC from squid skin, expressed as residue 
per 100 total residue of shown in figure  

 Glycine is the major amino acid present in the squid collagen about 20.9%, 24.3% and 30% 
respectively. 

 Hydroxyproline content in S I and SII fractions was 8.1 % and 10.6% respectively which is 
less than that reported for fish and mammalian collagens. 

 
2. Fourier Transform Infrared Spectroscopy (FTIR) 

FTIR of acid-soluble collagen (ASC) FTIR result of pepsin-soluble collagen (PSC) squid 
skin

FTIR result of Undigestible collagen (UDC) squid 
skin 

 All the samples have peak at ~1650, and at ~3400 which indicate amide bonds as in peptides 
and proteins. The peak at 1650 is from amide carbonyl and the one near 3400 is from N-H or 
O-H bonds. 

 Compound STDC has strong Amide I & II bands and N-H peak at 3379. It does not have 
strong peaks at 2950-2800, indicating lesser aliphatic groups 

 The PSC sample has good peak at 1062, indicating C-O single bonds. This compound also has 
bigger peaks at 2924 and 2856, indicating aliphatic methylene, methyl groups. Normally, for 
peptides, we expect two amide bands, amide I and amide II. One is at 1650, while the second 
is at 1540. This band is associated with secondary structure of the protein.  
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 Compound UDC has slightly bigger peak at 2924 and 2858, indicating higher aliphatic amino 
acid content. The amide I & II as well as N-H peaks are seen as expected for a peptide. This 
IR spectrum is similar to that of STDC. 

 The transmittance level of sample ASC is below 60%. But we still see signatures of amides I 
& II, N-H / O-H (3400), aliphatic moieites (2923, 2856) and also carbons bearing hydroxyl 
groups (1060). 

4. Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS- PAGE) 
 

Sodium dodecyl sulfate polyacrylamide gel electrophoresis 
(SDS-PAGE). 

 
The collagen from squid skin was examined by SDS-PAGE using a 7.5% resolving gel Both 
ASC and PSC had the similar electrophoretic pattern of typical type І collagen consisting of α 
chains with two distinct types (α1 and α2 chains) varying in their mobility. The electrophoretic 
positions of α chains of squid skin collagen are 115 kDa for α1 chain, and 66 kDa for α2 chain. 

5.4.1.5. Biochemical	evaluation	of	oceanic	squid	ink	
1. Proximate Analysis of oceanic squid Ink 
 Table.1. Results of proximate analysis of squid samples (g %) 
SAMPLES MOISTURE ASH PROTEIN  FAT 

Oceanic Squid Ink 75.39±0.25 5.24±0.36 16.16±0.21 1.01±0.52 

 
 
1. Amino Acid Analysis 

Amino acid content of the samples was analysed using the method described by Ishida et al. (1981).  
Table.2. Results of Amino Acid analysis of oceanic squid samples (Area %) 

Aminoacid  Area % 
Aspartic acid 10.33±0.25 
Threonine 6.28±0.33 
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Histidine and some hydrophobic amino acids like leucine, valines etc are associated with 
antioxidant potency and these are found to be high in squid ink which indicates its importance as 
medicinal properties 

2.  Metals and mineral profile of the samples 
Table.3. Results of Minerals and Metals analysis of oceanic squid samples (mg/100g) 

 
Minerals and Metals  
  
Name  mg/100g  
Sodium 104.70±8.25 
Potassium 581.20±1.23 
Calcium 97.20±5.52 
Copper 2.04±0.75 
Iron 1.71±0.39 
Manganese 0.08±0.01 
Zinc 2.47±0.81 

 Potassium rich foods are considered to be healthy by convention which is present in squid ink 
it is significantly high proportions.  

 Trace metals like Cu, Zn, Mn act as cofactors for enzymatic reactions in intermediary 
metabolism28 and Fe is integral part of haemoglobin (Hb) 

 Iron is an essential mineral in the heme molecule of hemoglobin, the component of the red 
blood cell that carries oxygen in the bloodstream. 

 Zinc helps with immune function and is essential for healing of wounds, development of 
sexual organs and bones, immune function, storage/release function of insulin, and cell 
membrane structure and function 

 Copper is also an essential mineral in the diet, because it helps to form hemoglobin and 
collagen (a ubiquitous protein in the body). It is also a part of several enzyme systems, 
including those that prevent oxidative damage to cell membranes. copper helps to regulate 
neurotransmitters 

Serine 6.16±0.25 
Glutamic acid 13.62±0.42 
Glycine 4.41±0.84 
Alanine 5.95±0.52 
Cysteine ND 
Valine 5.47±.06 
Methionine 0.2±0.05 
isoleucine 4.81±0.08 
leucine 7.04±0.62 
Tyrosine 1.63±0.41 
Phenylalanine 7.09±0.28 
Histidine 24.89±0.41 
Lysine 0.421±0.36 
Arginine 1.59±0.45 
Tryptophan  0.10±0.01 
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 Potassium plays a critical role in the transmission of electrical impulses in the heart and 
supports healthy blood flow. Potassium is also important in maintaining acid/alkaline balance  

 Magnesium provides broad-spectrum cardiovascular support, including arterial function, 
endothelial function, protein metabolism and lipid metabolism 

 Phosphorous helps to build strong bones and teeth, and to release the energy from the food we 
eat. All shellfish are a source of phosphorous 

 Sodium is essential for maintaining normal blood pressure and balance of the body fluids and 
for transmitting nerve impulses 

 Iron is an essential mineral in the heme molecule of hemoglobin, the component of the red 
blood cell that carries oxygen in the bloodstream. 

 Zinc helps with immune function and is essential for healing of wounds, development of 
sexual organs and bones, immune function, storage/release function of insulin, and cell 
membrane structure and function 

 Copper is also an essential mineral in the diet, because it helps to form hemoglobin and 
collagen (a ubiquitous protein in the body). It is also a part of several enzyme systems, 
including those that prevent oxidative damage to cell membranes. copper helps to regulate 
neurotransmitters 

 Potassium plays a critical role in the transmission of electrical impulses in the heart and 
supports healthy blood flow. Potassium is also important in maintaining acid/alkaline balance  

 Sodium is essential for maintaining normal blood pressure and balance of the body fluids and 
for transmitting nerve impulses 
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3. Fatty acid profile of the oceanic squid ink samples 
 

Fatty acid  
Fatty acid in terms of Total 

fatty acids (%) 
Myristic acid 2.02±0.02 
Palmitic acid 13.03±0.25 
Palmitoleic acid 1.20±0.54 
Heptadecenoic Acid 5.22±0.63 
Stearic acid 1.66±0.41 
Oleic acid 29.86±0.81 
Arachidonic acid 13.42±0.55 
Eicosapentaenoic acid 20.59±0.42 
Docosahexaenoic acid 1.73±0.05 
others   9.27±0.33 

 

 
 
Important fatty acids like EPA and Oleic are found to be in high amount in ink of oceanic squid 
ink As the commercial world is increasingly becoming aware of significance of marine bio 
resources and associated traditional knowledge to find drugs for the still incurable diseases, there 
is a gold rush for utilization of marine bio resources. The results of the study show that oceanic 
squid contains significant levels of essential amino acids and fatty acids like polyunsaturated 
fatty acids particularly EPA in balanced proportions. It also contains macro elements in 
significant proportions which are all essential for human well-being.  
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5.5. CMFRI and Private Partners  

5.5.1. Techno economic feasibility: Target 

Achievements 

The conversion of trawler into automatic squid jigger was successful but did not yield good 
catches.  Hence, from a wooden trawler of 60 feet LOA we do not recommend squid jigging as a 
method of capture.  On the other hand, with large steel-hulled vessel (~ 24m LOA), automatic 
squid jigging can become a profitable venture.  Mini-purse seining for oceanic squids is selected 
as the recommended method for capture of oceanic squids from the Arabian Sea, based on our 
fishing trials.  

Table:  Economic analysis of PS operations for OS in Arabian Sea 
S.No Particulars Unit Cost (INR Lakhs) 
1 INITIAL INVESTMENT   

a Hull (steel vessel) 60-65 feet 1 65.0 
b Engine (250-300 HP) 1 8.0 
c Echosounder/ GPS plotter 1 2.0 
d Power block 1 15.0 
e Purse seine net (250x36 m) riggings 1 set 6.0 
f Gillnets and hand jigs 2 sets 1.0 
g Lights (18 1500KW metal halide lamps with ballasts) 22 1.1 
h Generator (63 KVA) 1 5.0 

 Total  103.1 
2 FIXED COSTS   

a Hull (5%)  3.3 
b Engine (20%)  1.6 
c Echosounder/ GPS plotter (50%)  1.0 
d Power block (20%)  3.0 
e Purse seine net (20%)  1.2 
f Gillnets and hand jigs (100%)  1.0 
g Interest on loan (65% of 1 @ 18%)  12.1 
h Imputed cost of own investment (35% of 1 @ 15%)  5.4 
g Lights (50%)  0.6 
h Generator (20%)  1.0 

 Total  30.1 
3 OPERATIONAL COSTS   

a Fuel (200 l per day x 60 days) @ INR 60 12000 7.2 
b Crew wages (30% catch share)   27.0 
c Oil & repairs Misc 2.0 
d Interest on working capital (12%) (a+b+c) x 12 x 

60/365days 
 0.7 

 Total  36.9 
4 TOTAL COST (2+3)  67.0 
5 INCOME GENERATED   

a Hypothetical catch (5 tonnes/trip x 12 trips of 5 days) 60000  
b Approximate value per kg 150  
c Approximate income from catch  90.0 

6 NET INCOME (5-4)  23.0 
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Brief Economic Indicators 
 
Capital productivity (Operating ratio) 36.9/90   
 

0.41 

Fixed ratio (Fixed cost/gross revenue) 0.33 
Gross ratio (Total cost/gross revenue) 67/90 0.74 
Labour productivity (gross catch/crew size)/trip 833.3 
Rate of return to investment 87.29 
Payback period (years) 4.5 
Net operating income or Operational surplus (Gross revenue-operating cost) 53.1 

Three fishing ports along the west coast of India, Kochi, Mangalore and Goa can become the 
launch pads for oceanic squid exploitation from the Arabian Sea.  The lat-long grids with highest 
abundance are located close to these ports.  The number of purse seines in Mangalore and Goa are 
also overcapitalized, and therefore, the DOFs of the respective states can launch appropriate 
incentivized schemes to promote such conversions based on the economic analysis table given 
above. 
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6) Innovations	
 
a) Oceanic squid aggregation with lights and biomass estimation 
The oceanic squid S. oualaniensis, usually a denizen of the deeper parts of the Arabian Sea 
(>1000 m depth) is attracted to the surface in the night when powerful lights are provided from 
fishing vessels. Counts of such aggregated squids have been used as inputs in mathematical 
formulae to estimate the biomass of squids ultimately leading to estimates of annual fishable 
biomass (MSY) of 0.63 million tonnes. 
 
b) Method of capture of oceanic squids 
Internationally, the method of choice for selective capture of oceanic squids is squid jigging.  
However, purse seining and gillnetting have been found to be more efficient methods for capture 
of oceanic squids from the 62 foot LOA converted wooden trawler in the Arabian Sea.  The 
techno-economic feasibility for this type of operations has been worked out and the IRR is 
determined as 87% with an operational surplus of 53.1.   
 
c) Biological characters in support of exploitation 
The oceanic squid, S. oualaniensis is a fast growing (isometric, up to 6 mm/day) oceanic 
cannibalistic predator with an average life span of ~15 months.  It has an r-selected reproductive 
strategy which means that the population can be exploited up to a rate of 0.6 (medium) without 
affecting the stock health.   
 
d) Ready-to-cook and Ready-to-eat products 
Process protocols were developed for ready-to-cook Individually Quick Frozen (IQF) oceanic 
squid whole tubes, strips and rings.  Ready-to-eat products such as oceanic squid curry and 
masala in retort pouches and coated fingers were also developed.   
 
e) Oceanic squid as high health food 
The nutritional profiling of oceanic squids revealed that the squids had high content of long 
chain PUFA like DHA and EPA.  Besides it had high content of beneficial trace elements Zinc 
and Selenium in bio-available form.   
 
f) Utilization of waste squid ink 
Squid ink is usually a waste product during squid processing.  The ink in the form of an ink 
sauce was transformed into an additive and presented as strips in tin-free steel cans.  Important 
fatty acids like EPA and Oleic acid are found in high quantities in squid ink. 
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7) Process/	Product/Technology/	Value	Chain/	Rural	Industry	Developed		
S. 
No 

(Process/Product/Technology/ 
Value Chain/ Rural Industry 
Developed 

Adoption/ Validation/ 
Commercialization, etc. 

Responsible 
Partner 

Products 

1 IQF tubes Sold to public through NIFPHATT fish stall NIFPHATT 

2 IQF strips  Sold to public through NIFPHATT fish stall NIFPHATT 

3 IQF rings Sold to public through NIFPHATT fish stall NIFPHATT 

4 Ready-to-eat curry Sold to public through NIFPHATT fish stall NIFPHATT 

5 Ready-to-eat masala Sold to public through NIFPHATT fish stall NIFPHATT 

6 Ready-to-eat coated fingers Sold to public through NIFPHATT fish stall NIFPHATT 

7 Squid Ink sauce Transferred to private entrepreneur @ 
Rs. 12,000 based on MoU 

NIFPHATT 

8 Dried squid snack Not adopted NIFPHATT 

Processes 

9 On-board de-skinning of squids 
to prevent yellowing 

Validated on board fishing vessel CMFRI 

10 Extraction of collagen from 
squid skin 

Not adopted CIFT 

11 Ageing of squids using statoliths Not adopted CMFRI 

Technology 

12 Using lights to attract squids and 
fishes 

Adopted by select purse seine fishermen 
in Mangalore and Kochi for catching 
fish 

CMFRI 

13 Methods to catch oceanic squids 
like jigging, gillnetting and purse 
seining 

Not adopted CMFRI 

 
 
 
 
 

8) Patents	(Filed/Granted)	
 
S. 
No. 

Title of Patent  Inventor(s) (Name & 
Address) 

Filed/Published/
Granted 
(No./Date)  

Responsible 
Partner 

 nil    
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9) 	Linkages	and	Collaborations		
 
S. No. Linkages developed 

(Name & Address of 
Organization) 

Date/Period From-To Responsible Partner 

1 Britto Exports, Tuticorin 2012 NIFPHATT 

2 Jang Marine, Kochi 2009-2012 CMFRI 

3 Dr. Corey Green, Department 
of Primary Industries, 
Australia 

2013 CMFRI 

4 Seafood Exporters 
Association of India 

2012 CMFRI 

 

10) Status	on	Environmental	and	Social	Safeguard	Aspects	
 

Environmental Social 

Positive 
effects 

Negative effects 

Mitigation 
measures 
taken to 
minimize the 
negative 
effects 

Positive 
effects 

Negative 
effects 

Mitigation 
measures 
taken to 
minimize the 
negative 
effects 

Development 
of a new 
deep-sea 
resource 
exploitation 
plan 

Overexploitation 
of oceanic 
squids 

Fixing MSY 
and TAC and 
reference 
points in 
exploitation  

Quality 
VAP 

Consumer 
safety  

Development 
of products 
adhering to 
quality 
standards. 

New 
Oceanic 
squid 
products 

Processing 
waste 

Developed 
squid ink sauce 
from wasted 
ink sacs 

   

 

11) Constraints,	if	any	and	Remedial	Measures	Taken	
 

 During the last 2 years of the project, fund flow from the funding agency was affected 
leading to non-implementation of many planned programmes, ultimately leading to 
curtailed execution of the project.   

 

 Although the project envisaged development of a new value chain for oceanic squids, it 
could not be achieved within the 4 years of project duration.  However, all technological 
know-how is in place for the launch of the value chain in future.   
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12) Publications		
A. Research papers in peer reviewed journals 
S. 
No. 

Authors, Title of the paper,   
Name of Journal, Year, Vol. & Page No. 

NAAS 
Ratings 

Responsible 
Partner 

1 Sajikumar, K.K., N. Ragesh, K. P. S. Koya, V. Venkatesan, 
Mathew Joseph, R. Remya and K.S. Mohamed (2013).  
Paralarva of the sharpear enope squid Ancistrocheirus 
lesueurii (Oegopsida:  Ancistrocheiridae) in the south-
eastern Arabian Sea. Journal of the Marine Biological 
Association of India 55 (2): 134-137. 

4.8 CMFRI 

2 Sasikumar, G., N. Ragesh, K.K. Sajikumar, K.P. S. 
Koya, R. N. Durgekar, Mathew Joseph,  P.S. 
Alloycious,  V. Kripa, and K.S. Mohamed (2014).   

Zooplankton phototaxis in oceanic squid fishing grounds in 
the Arabian Sea. Indian Journal of Geo-Marine Sciences 
(accepted – in press). 

6.2 CMFRI 

3 Asha, K.K., Remya Kumari, K.R. K.S. Mohamed and P.T. 
Lakhsmanan (2014). Biochemical composition of oceanic 
squid Sthenoteuthis oualaniensis and nutritional attributes 
of its protein.  Indian Journal of Fisheries (accepted – in 
press).  

6.0 CIFT 

4 Sajikumar, K.K., N.  Ragesh and K. S. Mohamed (2014). 
Observations on the behaviour of Short-finned Pilot 
Whales (Globicephala macrorhynchus, Gray, 1846) in the 
southeastern Arabian Sea. Journal of Threatened Taxa -
under peer review. 

5.0 CMFRI 

5 Sajikumar, K K, Ragesh, N, Remya, R and Mohamed, K 
S (2013) Occurrence of plastic debris in the stomach of 
yellowfin tuna (Thunnus albacares) from the Arabian Sea: 
A cause for concern. Marine Fisheries Information 
Service; Technical and Extension Series 217: 13. 

- CMFRI 

6 Ragesh, N., K.K Sajikumar, R.Remya, G. Sasikumar, 
K.P.S. Koya and K.S. Mohamed (2014).  Scope for 
mechanized fishing for teleosts with light attraction in 
southeastern Arabian Sea. Marine Fisheries Information 
Service; Technical and Extension Series  - under peer 
review 

- CMFRI 

 
 
 
 
 



80 
 

 

B. Books/ Book chapters/ Abstracts/ Popular articles, Brochures, etc. 
 
Sl. 
No. 

Authors, Title of the papers   
Name of Book/ Seminar/ Proceedings/Journal, Publisher, 
Year, Page No. 

Responsible Partner 

Book 
1 Mohamed K.S., Geetha Sasikumar, K.P.S. Koya, V. 

Venketesan, V. Kripa, R. Durgekar, M. Joseph, P.S. 
Alloycious, N. Ragesh, D. Vijai (2011).  Know… The Master  
of Arabian Sea-Purple-Back Flying squid Sthenoteuthis 
oualaniensis, NAIP Monograph,  Central Marine Fisheries 
Research Institute, Kochi-682 018, India 20 p.  

CMFRI 

Seminar Proceedings 
2 Remya Kumari, K.R. and K.K. Asha (2012). Structural 

Features in Collagens Extracted and Purified From Squid 
Sthenoteuthis Oualaniensis) Skin”. Poster, International 
Conference on Macromolecular Structure and Function 
(ICMSF) held at CARI, Port Blair on 27th-28th January 2012. 

CIFT 

3 Saburaj, P.R., Libeesh, P.K., Girija, S., Venu, M.K., John, V., 
Ragesh, N., Sasikumar, G and Mohamed, K.S (2012). Novel 
product development for the utilization of a new oceanic squid 
resource from the Central Arabian Sea. Global Symposium on 
Aquatic Resources for Eradicating Hunger and 
Malnutrition-Opportunities and Challenges, Organized by 
Asian Fisheries Society Indian Branch (AFSIB). 3 to 6 
December 2012, Mangalore, Karnataka. 

NIFPHATT 

4 Saburaj, P.R., Libeesh, P.K., Girija, S., Venu, M.K., John, V., 
Sasikumar, G and Mohamed, K.S (2013). An innovative 
approach for the utilization of oceanic squid ink as a therapeutic 
and taste enhancing agent in seafood. 3rd International 
Conference on Food Technology 2013- Food Processing 
Technologies: Challenges and Solution for Sustainable Food 
Security. 4-5 January 2013, Thanjavur, Tamil Nadu. 

NIFPHATT 

5 Mohamed, K.S., Geetha Sasikumar, K.P.S. Koya, V. 
Venkatesan, V. Kripa, N.Ragesh, K.K. Sajikumar, M. Joseph, 
P.S. Alloycious, R.N Durgekar, (2013) Possibilities of 
developing a low-impact oceanic squid fishery in central 
Arabian Sea, proceedings of International symposium on 
Greening fisheries-Towards Green Technologies in 
Fisheries, organized by Society of Fisheries Technologists, 
Central institute of Fisheries Technology, Cochin, May 21-23, 
2013. 

CMFRI 
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6 Ragesh, N., K.K. Sajikumar, R.Remya, G. Sasikumar, K.P.S. 
Koya and  K.S Mohamed (2013) Light assisted fishing fishing 
in southeastern Arabian Sea. proceedings of International 
symposium on Greening fisheries – Towards Green 
Technologies in Fisheries, organized by Society of Fisheries 
Technologists, Central institute of Fisheries Technology, 
Cochin, May 21-23, 2013. 

CMFRI 

7 Sajikumar, K.K., N.Ragesh, R.Remya, G. Sasikumar, K.P.S. 
Koya and  K.S Mohamed (2013). Occurrence and distribution 
of paralarvae and juveniles of purpleback flying squid in the 
Arabian Sea. proceedings of International symposium on 
Greening fisheries – Towards Green Technologies in 
Fisheries, organized by Society of Fisheries Technologists, 
Central institute of Fisheries Technology, Cochin, May 21-23, 
2013. 

CMFRI 

Popular Articles/ Newspaper Reports 

8 Spawning ground of oceanic squid in Arabian Sea located 
(2011). CMFRI Newsletter 128: 8. 

CMFRI 

9 Commercial exploitation of flying squids planned. The Hindu: 
2 November 2011. 

CMFRI 

10 ICAR detects deep sea squids in Arabian Sea. Zee News 20th 
November 2011.  

CMFRI 

11 Fisheries Institute detects deep sea squids in Arabian Sea. The 
Hindu Business Line: 10th November 2011. 

CMFRI 

12 Titanic sets sail in hunt of the flying predator. The New Indian 
Express: 10 February 2012. 

CMFRI 

 

13) 	Media	Products	Developed/Disseminated	
 
S. 
No. 

CD, Bulletins, Brochures, 
etc. (Year wise) 

No. of Copies Distribution Responsible 
Partner 

1 Flyer- Announcing Arabian 
Sea Master squid – New 
resource: new opportunities 

300 Among seafood 
processors and 
fishermen 

CMFRI 

2 Website 
http://www.oceanicsquids.naip.org.in/  

>1000 visitors Global CMFRI 

3 Video clips - squid jigging, 
colour change in squids and 
processing protocols 

Available 
online – 

YouTube and 
website 

Global CMFRI/ 
NIFPHATT 
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14) Meetings/Seminars/Trainings/Kisan	Mela,	etc.	organized	
 
S. 
No. 

Details of 
Meetings/Seminars/
Trainings, etc. 

Duration 
(From-To) 

No. of 
Personnel 
Trained 

Organizer 
(Name & Address) 

1 Training on squid 
ageing  

25.06.2011 20 CMFRI 

2 Value added 
products developed 
from oceanic squid 

29.06.2011 
to 
01.07.2011 

14 NIFPHATT 

3 IQF product 
developed from 
oceanic squid 

20.01.2011 20 NIFPHATT 

4 ROV training by M/s 
SEABOTIX, USA 

13.05.2010 
to 
14.05.2010 

10 CMFRI 

 

15) Participation	in	Conference/	Meetings/Trainings/	Radio	talks,	etc.		
 
S. 
No. 

Details of 
Meetings/Seminars/ 
Trainings/Radio talk, 
etc.(Name &Address) 

Duration 
(From-To) 

Participant  
(Name & Address) 

1 International conference 
on Macromolecular 
Structure and Function 
(ICMSF) held at CARI, 
Port Blair  

27th-28th  
January 2012 

Remya Kumari,  
K.R. and K.K. Asha  
Central Institute of  
Fisheries Technology 
(CIFT), Kochi.  

2 Global Symposium on 
Aquatic Resources for 
Eradicating Hunger and 
Malnutrition-
Opportunities and  
Challenges, Organized 
by Asian Fisheries 
Society Indian Branch  
(AFSIB) 

3 to 6 December  
2012, Mangalore,  
Karnataka  

Dr. M.K. Venu,  
Shri. Saburaj P.R,  
Shri. Libeesh P.K 
NIFPHATT 

3 3rd International 
Conference on  
Food Technology 2013- 
“Food Processing 

4th - 5th  
January 2013  
Thanjavur,  
Tamil Nadu  

Shri. Saburaj P.R,  
Shri. Libeesh P.K,  
NIFPHATT 
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Technologies:  
Challenges and Solution 
for Sustainable Food 
Security” conducted at 
Indian Institute of Crop 
Processing Technology  
(IICPT)  

4 International 
symposium on 
Greening fisheries – 
Towards Green 
Technologies in 
Fisheries, organized by 
Society of Fisheries 
Technologists, Central 
institute of Fisheries 
Technology, Cochin 

May 21st - 23rd 2013 Dr. K.S. Mohamed 
Dr.Geetha Sasikumar 
Smt.Remya.R 
Shri. Ragesh.N  
Shri. K.K.Sajikumar 
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16) Foreign	Trainings/	Undertaken	(National/	International)	
International Training 
 

S. 
No. 

Name, 
Designation and Address of 

the Person 

Place of Training  Area of 
Training 

Time and 
Duration 

Total 
Cost 

(lakhs)

1.  Dr. (Mrs.) Geetha Sasikumar,  
Sr. Scientist 
Molluscan Fisheries Division  
Central Marine Fisheries 
Research Institute [CMFRI],  
Research Centre, Mangalore 
PO Box 244 
Bolar, Mangalore 575 001 
Karnataka, India. 

Department Of 
Primary Industries 
(DPI),  
Fisheries Victoria 
Fisheries Research 
Branch 
PO Box 114, 2a 
Bellarine Highway 
Queenscliff VIC 3225, 
Australia. 

Squid age 
estimation 

23 March 
to 
1 April 
2012 (10 
Days) 

5.08 

2.  Mr. N. Unnikrishnan 
Junior Fisheries Scientist 
Cochin Base of-Fishery Survey of 
India (FSI) 
Kochangadi, Kochi-682 005 
Kerala, India. 

Department Of 
Primary Industries,  
Fisheries Victoria 
Fisheries Research 
Branch 
PO Box 114, 2a 
Bellarine Highway 
Queenscliff VIC 3225, 
Australia. 

Squid age 
estimation 

23 March 
to  
1 April 
2012 (10 
Days) 

3.4 

 

Statolith extraction and cleaning  
at DPI, Australia 

 
Participants with Dr. Corey Green, 

Fisheries Scientist, at DPI, Australia 
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17) Performance	Indicators	(from	inception	to	completion)	

 
 
 
 

S. No. Indicator Total No. 
1.  No. of production technologies released and/or adopted  5 
2.  No. of processing technologies released and/or adopted  8 

3.  
Number of technologies/products commercialized based on NAIP 
research  

4 

4.  No. of new rural industries/enterprises established/ upgraded  1 
5.  No. of product groups for which quality grades developed and agreed  4 

6.  
Total no. of private sector organizations (including  NGOs) participating 
in consortium  

1 

7.  No. of farmers involved in consortia activities  8 

8.  Total number of farmers’ group developed for marketing and processing  1 

9.  
Number of patent/intellectual property protection applications filed based 
on NAIP research  

0 

10.  
Number of patents/intellectual property protections granted/published 
based on NAIP research 

0 

11.  Number of scientists trained overseas in the frontier areas of science   0 
12.  Number of scientists trained overseas in consortium-based subject areas 2 
13.  No. of scientists participated in conference/seminar etc. abroad  

14.  
No. of training organized/ farmers trained 

 

Training 
No. 
3 

Farmers 
No. 
34 

15.  Success stories  1 

16.  Incremental employment generated (person days/year/HH)  
Baseline Final 

0  

17.  Increase in income of participating households (` per annum) 
Baseline Final 

0 NA 
18.  Number of novel tools/protocols/methodologies developed 13 
19.  Publications   

 Articles in NAAS rated journals 4 (in press) 
 Articles in other journals 1 
 Book(s) 1 
 Book chapter(s)  
 Thesis  
 Popular article(s) (English)  1 
 Newspaper article(s) 4 
 Seminar/Symposium/Conference/Workshop Proceedings 7 
 Technical bulletin(s) 1 
 Manual(s)  
 CDs/Videos 2 
 Popular article(s) in other language  
 Folder/Leaflet/ Handout 1 
 Report(s)  
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18) Employment	Generation	(man-days/year)	
 

S. No. Type of Employment Generation Employment 
Generation 
up to End of 
Sub-project 

Responsible 
Partner 

1.  Purse seine fishermen using lights to attract fishes 200 mandays CMFRI 
2.  Fishermen using gillnet, jigging with light 

attraction 
19 cruises x 8 
fishermen x 
10 days = 
1520 
mandays 

CMFRI 
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19) 	Assets	Generated	
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(i)  Revenue Generated 
(Details may be given on revenue generated in the sub-project viz., sale of seeds, farm 
produce, products, patents, commercialization, training, etc.) 

 
S. No. Source of Revenue Year Total amount 

(`) 
Responsible 

Partner 

1 Technology for product squid 
strips in squid ink sauce 

2012 10,000 NIFPHATT 

2 Sales of oceanic squid products 2013 17,000 NIFPHATT 

 

20) 	Awards	and	Recognitions	
 

S. No. Name, 
Designation, 
Address of 
the Person 

Award/ 
Recognition 
(with Date) 

Institution/ Society 
Facilitating (Name 

& Address) 

Responsible Partner 

1. K.K. Asha, 
Sr.Scientist and 
Remyakumari 
K.R. Research 
Scholar, CIFT, 
Kochi 
 

Best Poster 
Award 
‘Characterization 
of collagen 
extracted and 
purified from 
squid 
(Stenoteuthis 
oualaniensis) - 
27th-29th January 
2012 

International 
Conference on 
Macromolecular 
Structures and 
Function held at Port 
Blair 

CIFT, Kochi 

 

21) Steps	Undertaken	for	Post	NAIP	Sustainability	
a) Distribution of brochures on oceanic squid exploitation, products and processes to all 

members of Seafood Exporters Association of India (SEAI). 
b) A website (http://www.oceanicsquids.naip.org.in/) detailing all achievements of the 

project and technical guidance on oceanic squid exploitation. 
c) Information on techno-economic feasibility of oceanic squid exploitation using purse 

seines and gillnets to be passed on to Departments of Fisheries of Kerala, Karnataka 
and Goa and the DAHD&F.   
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22) Possible	Future	Line	of	Work		
a) Although the project has brought out the relationship between some oceanographic 

parameters and oceanic squid abundance, this needs to be expanded with more 
parameters and also validated with actual fishing events. 

b) The estimates of growth using hard part growth increments needs to be validated with 
chemical marker assisted growth studies in oceanic cages. 

c) The technique of collagen extraction from squid skin needs to be developed on a large 
scale once commercial exploitation is initiated. 

d) The confusion regarding morpho-types in the oceanic squid population needs further 
investigation using better molecular markers. 

23) Personnel	
(Staff of Lead Centre & Partner-wise, their Name, Designation, Discipline and Duration) 
 

 From – To (MM/YYYY) 
Research Management (CL) 

1. Dr. G. Syda Rao Feb. 2009 to July 2013 
2. Dr. A. Gopalakrishnan Aug. 2013 to Dec. 2013 

Scientists (CPI, CCPI, Others) 
            CMFRI  

1. Dr. K.S. Mohamed - CPI Feb. 2009 to Dec. 2013 
1. Dr. Geetha Sasikumar- CoCPI Feb. 2009 to Dec. 2013 
2. Dr. P. Laxmilatha- CoCPI Feb. 2009 to March 2010 
3. Dr. P.K. Asokan- CoCPI Feb. 2009 to Dec. 2013 
4. Mr. K.P. Said Koya- CoCPI Feb. 2009 to Dec. 2013 
5. Dr. V. Kripa- CoCPI Feb. 2009 to Dec. 2013 
6. Dr. V. Venkatesan- CoCPI March 2011 to Dec. 2013 
7. Dr. R. Sathiadas- CoCPI Feb. 2009 to June 2013 
8. Dr. R. Narayanakumar- CoCPI Feb. 2009 to Dec. 2013 

            NIFPHATT  
1. Dr. S. Girija- CCPI Feb. 2009 to Dec. 2013 
2. Dr. M.K. Venu- CoCCPI Feb. 2009 to Dec. 2013 
3. Mr. Varghese John- CoCCPI Feb. 2009 to Dec. 2013 

            FSI  
1. Dr. V.S. Somvanshi- CCPI Feb. 2009 to March 2009 
2. Dr. K. Vijayakumaran- CCPI April 2009 to Dec.2013 
3. Mr. N. Uniikrishnan- CoCCPI March 2011- Dec. 2013 

            CIFT  
1. Dr. K.K. Asha- CCPI Feb. 2009 to Dec. 2013 
2. Mr. M.V. Baiju- CoCCPI Feb. 2009 to Dec. 2013 

Technical 
1. Mr. Mathew Joseph- CMFRI Feb. 2009 to Nov. 2013 
2. Mr. P.S. Alloycious- CMFRI Feb. 2009 to Dec. 2013 
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Contractual 
            RA  

1. Dr. Raveendra Durgekar- CMFRI Feb. 2009 to Dec. 2012 
2. Ms. Remya R. - CMFRI Aug. 2013 to Dec.2013 

             SRF  
1. Mr. Ragesh N.- CMFRI June 2009 to Dec.2013 
2. Mr. D. Vijay- CMFRI May 2009 to March 2011 
3. Mr. Sajikumar K.K. - CMFRI July 2011 to Dec.2013 
4. Mr. Saburaj- NIFPHATT June. 2009 to Dec. 2013 
5. Mr. Jinoy - FSI June 2009 to March. 2013 
6. Ms. Remyakumari- CIFT June. 2009 to March. 2013 

            Office Assistant  

1. Ms. Menaka M.S.- CMFRI June 2009 to Dec.2013 
            Skilled  

1. Ms. Sreedevi P.S.- CMFRI June 2009 to June 2012 
2. Ms. Rubiya- CMFRI July 2012 to Feb. 2013 
3. Ms. Angitha- CMFRI March 2013 to Dec.2013 
4. Mr. Arun Pushpan- NIFPHATT July 2009 to Nov. 2013       

Unskilled  
1. Mr. Mathew K.J. - CMFRI June 2009 to Dec.2013 
2. Ms. Sinitha K.C. - CMFRI May 2010 to Dec. 2013 
 

 

24) Governance,	Management,	Implementation	and	Coordination	
 
 

A. Composition of the various committees (CIC, CAC, CMU, etc.) 
 

S. No. Committee Name Chairman 
(From-To) 

Members 
(From-To) 

1. CIC Director, CMFRI All CPIs and Co-PIs of NAIP 
schemes operating in CMFRI 

2. CAC Dr. M. Devaraj 
(Feb 2009 to Jun 2013) 

Dr. K.K. Appukuttan 
Dr. J.P. George 
Mr. C.M. Muralidharan 
(Feb 2009 to Dec 2013) 

Dr. P.S.B.R. James 
(Nov 2013 to Dec 2013) 
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B. List of Meetings organized (CIC, CAC, CMU, etc.) 

 
S. No. Details of 

the meeting  
Date Place & Address (Where meeting 

was organized) 
1. CIC  1) 05 October 2009 CMFRI, Kochi 
  2) 23 March 2010 CMFRI, Kochi 
2. CAC 1) 27 March 2009 CMFRI, Kochi 
  2) 10 December 2009 CMFRI, Kochi 
  3) 24 March 2010 CMFRI, Kochi 
  4) 01 October 2010 CMFRI, Kochi 
  5) 28 March 2011 CMFRI, Kochi 
  6) 11 July 2011 CMFRI, Kochi 
  7) 23 March 2012 CMFRI, Kochi 
  8) 03 March 2014 CMFRI, Kochi 
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Originally envisaged value-chain and achievement status for each link after project implementation 
 

 
  

            Fully achieved                    Partly achieved                 Not achieved 
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Part-III:	Budget	and	its	Utilization	
STATEMENT OF EXPENDITURE (Final) 

(Period from 10th February 2009 to31st December 2013) 
 
Sanction Letter No.  F. No. 1(5)/2007-NAIP, 05-11-2012 
Total Sub-project Cost `_ 
Sanctioned/Revised Sub-project cost (if applicable) ` 629.85 
Date of Commencement of Sub-project: 10th February 2009 
Duration: From 10/02/2009 to 31/12/2013 (DD/MM/YYYY) 
Funds Received in each year 
I Year ` 2.35   IV Year ` 71.9517 
II Year ` 301.899   V Year ` 22.7847 
III Year ` 82.7767  VI Year ` 50.1771 
Bank Interest received on fund (if any) ` _________________ 
Total amount received `531.9392 
Total expenditure `526.81 
Expenditure Head-wise: 

Sanctioned 
Heads 

Funds 
Allocated(*) 

Funds Released Expenditure Incurred Total 
Expenditure 

1st Year 
01.04.08-
31.03.09 

2nd Year 
01.04.09-
31.03.10 

3rd Year 
01.04.10-
31.03.11 

4th Year 
01.0411-
31.03.12 

5th Year 
01.04.12
31.03.13 

6th Year 
01.04.13-
31.12.13 

1st Year 
01.04.08-
31.03.09 

2nd Year 
01.04.09-
31.03.10 

3rd Year 
01.04.10-
31.03.11 

4th Year 
01.0411-
31.03.12 

5th Year 
01.04.12-
31.03.13 

6th Year 
01.04.13-
31.12.13 

  

(1) TA 21.4768             0.07181 6.23092 3.07729 5.14828  0.52505 0.07581 15.12916

(2) Workshops 3.99865             0.5 ‐0.00135 0.4 0  0 0 0.89865

(3) Contractual 
Services/RA/SRF 

66.7743             0 7.14256 14.5552 16.2816  9.97514 8.48559 56.44015

(4) Operational 
Expenses 

282.798             0.50732 24.68597 74.20032 60.4688  24.00302 34.19948 218.06493

Sub-Total of A 
(1-4) 

375.047             1.07913 38.0581 92.23281 81.8987  34.50321 42.76088 290.53289

B. HRD 
Component 

              0 0 0 0  0 0 0

(5.a) International 
Training 

10.1954             0 0 0 4.95399  0 0 4.95399

(5.b) National 
Training 

5.0626             0 0.10861 0 0  0 0 0.10861

(6) Consultancy               0 0 0 0  0 0 0

Sub-Total of B 
(5-6) 

15.258             0 0.10861 0 4.95399  0 0 5.0626

C. Non-
Recurring 

              0 0 0 0  0 0 0

(7) Equipment 194.037             0 165.5252 26.72779 1.78437  0 0 194.03733

(8) Furniture 0.99777             0 0.99777 0 0  0 0 0.99777

(9) Works (new 
renovation) 

2.63445             0 2.36445 0 0  0 0 2.36445

(10) Others 
(Animals, Books, 
etc.) 

14.0319             0 14.03194 0 0  0 0 14.03194

Sub-Total of C 
(7-10) 

211.432             0 182.9193 26.72779 1.78437  0 0 211.43145

Total (A+B+C) 601.737             1.07913 221.086 118.9606 88.6371 34.50321 42.76088 507.02696

D. Institutional 
Charges* 

28.1104             0 3.38333 3.86442 6.64325  0.5763 0.11525 14.58255

Grand Total 
(A+B+C+D) 

629.8472.3529 301.9 86.921 72.0755 22.7847 50.1771 1.07913 224.4694 122.825 95.2803  40.34212 42.87613 526.87219

 
* Institutional charges will be 10% of the recurring contingencies for the Lead Consortium and 5% for Consortia Partners. 
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Name & Signature of CPI : 
Date:__________ 

Name & Signature of Competent Financial 
authority: 

 Date:__________ 
 
 
 
 
 
 
 
 
 
 
 
 

  
 Signature, name and designation of Consortia 

Leader 
Date:_________ 
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PART-IV:	DECLARATION 
 

This is to certify that the final report of the Sub-project has been submitted in full 
consultation with the consortium partners in accordance with the approved objectives and 
technical programme and the relevant records, note books; materials are available for the same. 
 
 
 
Place: Kochi  

Date: July 2014 Signature of Consortium Principal Investigator 

 
 

  
 

 
 
Signature & Date 
Consortium Co-Principal Investigator 
 
 
Signature & Date 
Consortium Co-Principal Investigator 
 
 
Signature & Date  
Consortium Co-Principal Investigator 
 
 
Signature & Date 
Consortium Co-Principal Investigator 

 
 

 
 
 

 
 

Comments & Signature of Consortium Leader 
                                                                                    

                 Date: 
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Annexure 1 

Base line Survey for the NAIP study on 
Utilization Strategy for Oceanic Squids in Arabian Sea 

(A) Squid Processing and Marketing 
1. Name and Address of the Processing Unit / Exporter : 
2. State of Ownership                                                          : Individual/Partnership/Lease 
3. Year and Cost of Establishment                                      : 
4. Pattern of Investment           

 Own Capital                                                       : 

 Loans availed                                                     : 

 Source and amount of subsidy                           : 
5. Annual Maintenance Cost                                        : 
6. Labour use pattern 

 Number of permanent labourers employed        : 

 Number of hired/contract labourers employed   : 

 Others (specify) 

 Average hours of work per day                          :  Lean season:                  Peak season: 

 Average number of working days/month           :  Lean season:                  Peak season: 

 Average wages paid per day/week/month          :  Lean season:                  Peak season: 
7. Capacity of the processing plant 
Methods of 
Processing 

Installed 
Capacity 
(Tonnes) 

Capacity utilized (tones/day) Average working hours per day 
Pre Monsoon Monsoon Post 

Monsoon 
Pre Monsoon Monsoon Post 

Monsoon 
1.Freezing        
2.Canning        
3.IQF        
4.Others 
(specify) 
a) 
b) 

       

Note: Pre-Monsoon: Feb-May; Monsoon: June-Sept; Post-Monsoon: Oct-Jan. 
 
8. a) Energy requirement per hour of operation 

 Electricity              :                  Units 

 Diesel                    :                   litres 
b) Energy consumed per day 

 Electricity              :                  Units 

 Diesel                    :                   litres 
9. Item-wise processing and other value additions 
Varieties / 
Items 

Quantity processed (tones/day) Source of 
Purchase 

End users  Remarks 
Pre Monsoon Monsoon Post Monsoon 

1.Shrimps       
2.Lobsters       
3.Crabs       
4.Fin fishes       
5.Squid       
6.Cutte fish       
7.Oceanic       
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squid 
Note: Pre-Monsoon: Feb-May; Monsoon: June-Sept; Post-Monsoon: Oct-Jan. 
 
10. Price status of squids 
Squid 
varieties 

Source of Purchase  Price (RS./kg) 
Local Within the State Outside 

the State 
Local Within the State Outside 

the State 0-100 km >100 km 0-100 
km 

>100 km 

         
         
         
11. Identify the market channel       : 
 
12. Retail market Chain                   : 
 
 

(B) Export Marketing 
1. Name and address of the Exporter                                : 
2. Specific value addition for squids (if any)                    : 
3. Name or Brand Name of the end product from squid  : 
 
4.  a) Priced realization per kg of the exported product    : 
     b) Market value in the internal Marketing system (if any)   : 
5. Destinations for the global squid market                     
     a) 
     b) 
     c) 
6. Details on the quality restrictions imposed on the  
                                                                  squid export at present  : 
7. Average quantity of squids exported or processed per annum   : 
8. Source of purchase of squids and details of market link 
                                                  for the purchase of raw materials  : 
 9. Remarks of the exporter on the scope of squid marketing 

 Domestic marketing 

 Export marketing 
10. Remarks of the Enumerator 
 
 
 
Place:                                                                              Signature of the Enumerator 
Date:                                                                                 (Name and Address)                                                      
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Annexure 2 
 
 
PRODUCTS IN HOTELS 
Do you sell squid dishes: YES / NO……….If YES…….. 
Name and address of Hotel 
Status: 
1 Since when have squid dishes been prepared (mention the year)  
2 List the dishes* and price per plate/serving  
3 How much quantity is prepared per day and the profit  
4 Which is the most preferred dish  
5 Are the recipes traditional / chefs own/ Chinese /any other  
6 Is there any seasonal preference  
7 Among the consumers is there any age related preference for 

specific dish 
 

8 Is more preference shown by domestic / foreign consumers  
9 Who supplies the raw squid  
10 Is the supply regular?   
11 Is it supplied as meat or as whole squid  
12 How do you clean squids   
13 Are u satisfied with the quality of squid that u get  
 To the chef/ cook  
14 From whom was the preparation learnt  
15 Are squids easy to cook  
16 How many recipes do they know (list)  
17 What the good qualities of squid (their opinion)  
18 What the negative points about squid (their opinion)  
19 Do u feel that squid products can be marketed through more 

advertisements? 
 

*Snacks (like samosa/cutlet/any other0 
With meal (side dish with gravy/ without gravy) 
With chappathi etc  
As a special item  
(Take photograph of the product) 
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FORM -II 
SQUID PRODUCTS IN HOTELS 
Name and address of Hotel 
Status: 
 
Do u sell squid dishes: YES / NO……….If No…….. 
1 Why have u not prepared squid dishes  
a Is it because u do not know about squids, If yes, 

will u prepare squids if u r taught how to prepare 
squid dishes 

 

b Is it because u r not confident about the squid 
quality, If yes, will u prepare if u r provided 
quality squids 

 

c Is it because u do not get enough squids? if yes, 
will u prepare if squid meat is available? 

 

d Is it because u are not confident about 
consumers acceptance? If yes, will u prepare if 
trial samples are provided  

 

e Are u aware about the nutritional quality of 
squids 
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Annexure 3 
 
Environmental safeguard: Activities, issues, impact and mitigation measures 
 
 
ACTIVITY ISSUES Anticipated 

level of 
Impacts 

Mitigation measures 
(Negative) 

Posit-
ive 

Neg-
ative 

Development of oceanic squid jigging 
method 

New technique 5   

Exploratory surveys for estimation of OS 
biomass 

Standardized  techniques 
for deep sea resource 

4   

Mapping of resource potential and 
biomass estimates 
 
 

User friendly fishing 
maps/charts for 
commercial oceanic 
fishery 

4   

On board resource handling, GMP, 
HACCP 

Best preservation methods 
for high quality 

4   

Value added products from OS New protocols for VAP 
from non-conventional 
resource 

4   

 Waste from processing 
plant 

 1 Effluents have to be 
treated prior to 
discharge by standard 
plant hygienic 
processes (ETP) 

By product from OS New products 3   
Commercial squid jigging vessels using 
techniques developed at high resource 
potential zone identified  

Effective utilization of 
oceanic resource 
 

4   
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Annexure 4 
 
Social safeguard: Activities, issues, impact and mitigation measures 
 
 
ACTIVITY ISSUES Anticipated 

level of 
Impacts 

Mitigation measures 
(Negative) 

Posit-
ive 

Neg-
ative 

Oceanic voyages for project implantation Safety of project staff in 
high seas 

 1 Life jackets, life boat, 
fire safety measures, 
state of art tele-
communications 
systems will be placed. 
Insurance for safeguard 
of crew will be taken 

Commercial squid jigging by private 
entrepreneurs 

More production and 
enhanced 
entrepreneurship 

4 
 
 

  

 More skilled job 
opportunities 

4   

 

 

 


