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PREFACE 

Tlie stagnation in marine fish production in the last decade, despite various development measures, has 
been a matter of concern. The declaration of the Exclusive Economic Zone in 1976 gave high hopes of 
accelerated augmentation of fish pro4uction by planned surveys followed by commercial e t̂jploitation. A 
critical look at the situation throu^out the World indicates that beyond the continental shelf in the tropical 
seas major conventional resources are ttuui$ and tuna-like fishes, 1>ilifishes, pelagic sharks and squids. The mix 
of mesopelagic and Imthypelagic species form part of the non-conventional resources. 'Barr£ag these, the 
cetaceans are an endangered group, «ow largely, i^ptected. Thus the k n o ^ conveq,tionad commercial 
resources boiJ down to two important groups, namely, tunas and squids amicuttlefiibes. Squids are. also 
present in the continraital shelf waters where cuttletoes occur as demersal resource. 

Squids, cuttlefishes and octopuses th\is form an important resource which has been largely n(»glected 
hitherto. In fact the squid or the cuttle&h was the fijrst item to. be picked up and thrpvm ovac bparti from 
the trawl catch since the fishermen felt that the ipk they squirt would contamiwte^theshiimp pat9iv.. As 
such, imtil the mid-seventies there have been considerable constraints working on this resource, leave alone 
getting catch statistics of squids and cuttlefishes. I iie(»U the days in the sixties when collecting cuttlefish 
and squids for examination was not consideied fashionable. Times have (Ranged and it is de^ed very 
respectable today to handle and work on this resource. The possibilities of export of these anhiyds to 
Japan in the frozen form from the mid-seventies was an incentive to the'fishermen to save squids and 
cuttlefishes for processing, the animals being picked up and segregated separately in baskets or containers 
on deck in the mechanised fishing boats. 

Along certain coastal areas squids and cuttlefishes have also constituted subsistence fisheries .<i;>fsiftsonal 
nature. Even today there is no internal market for squids an4 cuttlefishes. It is still the poor tnan's 
food along the coast. Thus from a by catch and a discard item to a- potentially important restw^ce is 
a big leap and in this the Central Marine Fisheries Research Institute has substantially contributed to our 
knowledge on different species, then? Wc^gy and &heries. 

The first important contribution other than taxonomic reports on cephalopods is that of Shri K. Viin-
bhadra Rao who made a detailed study on the Palk Bay Squid Sepioteuthis lessionana (S. arctipinnis) pub­
lished in 1954. Thoice on there h»l bem a^iituiUy comi^te Mcuna on cephalopod studies until I took 
up the work on the cephalopods <^tiifr ^ s t coast mainly based on the trawl, mid-water and plankton collec­
tions made during the cruises of the researdivessi^'VARUNA of the erstwhile Indo-Korwegian Project. 
This also enabled me to review the state of art of our knowledge on the siAJect. In view of the squids and 
cuttlefishes being potentially important as a food resource, I initiated a research project programme in 1976 
at the CMFRi with Centres at Veiava!, Bomtiay, C^cMn, Vizbiiijam, Mandapam, Porto-Kdvo» Madras, 
Kakinada and Waltair and in 1979̂^ at MaAjgalote to monitor and evaluate the'catch and abundance of selected 
species and study the aspects of their Uology project under Code Number MOL/RE/1.2). The techdcal 
programme envisaged was as follows : (1) To study the fishery and biology of species of cephalopods that 
are landed from mechanised vessels, ex^oratory and experimental fishing vessels, indigenous craft and other 
traditional methods. (2) Ccdle^jon of pelagic oceanic squids in exploratory surveys for studying the extent 
of resources and spatial and vertical diatritattion. tbm life history studies, distribution and abundance of 
larval cephalopods in relation to hydrografdiical factors. (3) To suggest exploitation of suitable species of 
cuttlefishes {md squids on a commomt scale for the purpose of mtemal ccusumption and export to foreign 
markets. 
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There has been paucity of staff especially those familiar with the identification of cefdudopods, but by 
experirace a team of researdi scientists has been built up to deal with this important marme resource. The 
participation of the scientific staff in the Project is as follows : 

E. G. Silas 
M. M. Meiyappan 
M. V. Jadav 
H. Mohmed Kasim 
Kuber Vidyasagar 
K. Satyanarayana Rao 

K. Prabhakaran Nair 
P. Natarajan 
D. Sivalingam 
P. V. Srinivasan 
R. Sarvesan 
Y. Appanna Sastry 

Project Leader 
Associate 
Associate 
Associate 
Associate 
Associate 

Associate 
Associate 
Associate 
Associate 
Associate 
Associate 

Cochin 
Cochin 
Veraval 
Veraval 
Bombay 
Mandapam & 
Mangalore 
Visdiiiyam 

l̂andsip în 
Mandapam 
Porto-Novo 
Madras 
ĵ akinada 

1976-March. 1981 
1976-March, 1981 
1976,1977 
1979-March, 1981 
1976-March, 1981 
1976.March, 1981 

1976-March, 1981 
1̂ 76 
1979-March, 19̂ 1 
1976-1978 
1976-March, 1981 
1976-March, 1981 

In addition to the scientific personnel the project has also received considerable support from a handful 
of technical staff. Those ^(^ have rendered technical assistance are B. t^^yana Rao, Waltair (1976— 
March 1981), T. A. Omana, Vizhinjam (1976—March IfBl), J. P. Kirbhari, Veraval (1976), K. A. Unnithan, 
Mandapam (1976—1978) and D. ISfagaraja, Man^ore (1979--March 1981). 

Hie data presented here chiefly refer to the period 1976-^Mardi 1981, but work at different centres was 
taken up at different times, depending upon the liv^iabllity of personnel, as given below : 

Veraval 
Bombay 
Mangalore 
Cochin 
Vizhinjam 
Mandapam 
Porto-Novo 
Madras 
Kakinada 
Waltair 

1976-1977 & 1979-March, 1981 
1976-March, 1981 
1979-March, 1981 
1976-March, 1981 
1976-March, 1981 
1976-March, 1981 
1976-1978 
197€-March, 1981 
1976-March, 1981 
1976-March, 1981 

For completeness the fishery data have been tatoa for. the period 1968—1984 mostly from the log re­
cords of the Fishery Resources Assessment Division. In this work we had valuable support from this 
Division. 

It is hoped that this report will help in developing better monitoring and data acquisition for stock 
assessment of squid and cuttlefish resources and their judicious exploitation. In short we hope this report 
will once and for all establish that we have to give due importance to squids and cuttlefishes as a major food 
resource {^d foreipi exchange ^mer. 

I take this opportunity to sincerely thank my colleagues >>oth scientil̂ c and technical, who were associated 
with me in this Project at various stages. The exp^ise developed throu^ this exercise, I am sure, will go 
a long way in helping tQwarids the rational utilization and management of this potentiaUy important 
resource. 

Cochin, • 
7 June, 1985. 

E. G. SILAS, 
Project Under (MOLjREll .2) and 

Director, 
Central Marine Fisheries 

Research Institute, 
Cochin. 
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CEPHALOPOD FISHERIES OF INDIA—AN INTRODUCTION TO THE SUBJECT 

WITH METHODOLOGIES ADOPTED FOR THIS STUDY 

E. G. SILAS 

Central Marine Fisheries Research Institute, Cochin 682031 

ABSTRACT 

The world production of cephalopods is briefly reviewed with observations on the situation in India. The methodologies 
adopted for the present studies on the taxonomy, aspects of biology and stock assessment of the resources of squids and cuttle­
fishes in some of our fishing grounds are outlined. For fully utilizing the resources the need for a close link up of product develop­
ment and marketing with resource surveys and commercial harvesting is stressed. 

INTRODUCTION 

Three recent publications on cephalopods of the 
world oceans have helped to focus greater attention 
on squids, cuttlefishes and octopods, considered in 
many areas as non-conventional resources. The Report 
on ' Stock Assessment of Cephalopod Resources Fished 
by Japan' (Okutani, 1977); ' Advances in Assessment 
of World Cephalopod Resources ' (Ed. Caddy, 1983a) 
and ' Cephalopods of the World—An annotated and 
Illustrated Catalogue of Species of Interest to Fisheries ' 
(Roper et al., 1984) have in a way updated our knowledge 
of this lesser exploited resource. Countries such as 
Japan, Spain, the Republic of Korea, Thailand and the 
U.S.S.R. have estabUshed squid, cuttlefish and octopod 
fisheries. With the advent of the Law of the Sea and 
the declaration of the Exclusive Economic Zone (EEZ) 
by many nations, the cephalopod resource is gaining 
considerable importance from mere subsistence fisheries 
to directed fisheries in many developing countries and 
Island States. 

In the oceanic waters cephalopods are second only 
to Tunas and Billfishes. Voss (1973) estimated the 
cephalopod potential from the continental shelf and 
slope as 8 to 12 million tons and opined that in oceanic 
waters the Oegopsid squids' potential could be 8 to 
60 times that of the neritic shelf resources. While 
these are optimistic figures, we may also take into con­
sideration that large areas of the world oceans have 
never been sampled for cephalopod resources although 
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indirect information of occurrence and abundance is 
available from the food of toothed whales or from the 
occurrence and distribution of larval forms collected 
during international expeditions. Squids and cuttle­
fishes are short-lived species and the improved methods 
of stock assessments that are being evolved should 
help eventually in giving a more realistic picture of 
the resource. Today the world production of cephalo­
pods stands around 1.5 million tonnes, and as mentioned 
earher, in many countries cephalopods form only 
subsistence fisheries. In view of the possibilities of 
export earnings and the development of new markets 
for cephalopods, in the recent past, a numbjr of countries 
have started cephalopod fisheries or intend doing so in 
the immediate future. Cephalopods, particularly cuttle­
fishes have in many areas in tropical waters formed 
an important by-catch in the shrimp fisheries. For 
long these have been discarded and only now efforts 
are made to use this also for processing and product 
development. 

WORLD CEPHALOPOD PRODUCTION 

The annual estimated World production of cephalo­
pods has fluctuated during 1977-'81 between 0.98 (1977) 
and 1.5 million (1981) tonnes (Year Book of Fishery 
Statistics, F.A.O., 1983). Of this about three fourths 
catch has been squids, both from neritic and oceanic 
waters (0.71 to 1.16 million tonnes). The cuttlefish 
catch has fluctuated between 0.1 and 0.2 million tonnes 
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while octopods have ranged betwecji 0.15 and 0.19 
million tonnes. 

Japan ranks as tlie leading cephalopod fishing coimtry 
of the world with an average annual production of 
604,7341 during 1977-'81, followed by Spain (111,4301), 
RepuMic of Korea (109,992 t), Thailand (81,115 t) 
and China (60,025 t). The other countries in the order 
of production are U.S.S.R., Canada, Italy, Argentina 
and Philippines. The high production is achieved 
by Japan not only from her waters but also from distant 
water fishing operations, using diverse gears such as 
mechanised jigs with light fishing, drift nets and trolling 
lines. The Ommastrephid squid Todarodes pacificus 
is the most important species of the catches. Spain is 
the second largest cephalopod producing country 
with an annual production ranging between 102,117 to 
and 130,904 t and Republic of Korea third with yearly 
production of 69,883 t to 145,265 t. India's average 
annual production of 12,3701 (C.M.F.R.I., 1982) shows 
that the country ranks seventeenth in the World 
in cephalopod production. 

WORLD SQUID LANDINGS 

The annual World squid landings ranged from 
845,110 t to 1,169,308 t during I977-'81 and contributed 
73.3% of the total cephalopod landings. In squid 
production also Japan is the leading country with an 
average annual production of 526,888 t. China is 
second with landings of 60,024 and Republic of Korea 
third with 56,312 t. The other squid producing coun­
tries in the order of production are U.S.S.R., Thailand, 
Canada, Argentina, Spain, Philippines and U.S.A. 

WORLD CUTTLEFISH LANDINGS 

The annual World production of cuttlefish ranged 
between 178,103 t and 208,013 t and contributed an 
average of 14.1% to the world cephalopod production. 
The Republic of Korea is the largest producer of cuttle­
fish in recent years with an average annual landings of 
35,5081 during 1977-81. Thailand is next in importance 
with an average production of 30,1211 and Spain third 
with 22,425 t. Japan, Vietnam, Italy, PDR Yemen, 
Malaysia, Morocco and France are the other coimtries 
in the order of importance and their production varied 
between 4,099 t and 21,0971. 

WORLD OCTOPOD LANDINGS 

The world annual production of octopods during 
the period 1977-'81 varied from 151,790 t to 190,419 t 
and accounted for 12.6% of the total cephalopod pro­

duction. Spain is the largest octopus fishing country 
with an average annual production of 57,885 t followed 
by Japan (56,749 t). The Republic of Korea ranks 
third but its production is much lower, being 18,333 t. 
Italy, Morocco, Thailand, Mexico, Portugal, U.S.S.R 
and Tunisia are the other important octopus fishing 
countries and their annual production varied between 
3,416 t (Italy) and 11,535 t (Tunisia). 

INDIA'S CONTRIBUTION 

Cephalopods are fished from the seas around India 
from very early times and constitute one of the im­
portant exploited marine fishery resources of our 
country at present. The cephalopod landings of India 
were low, less than 1,400 t until 1972 and have been 
gradually increasing only from 1973 onwards with the 
commencement of export of frozen cephalopod products 
to several countries—a transition from a discard to a 
quality resource. The production rose steeply from 
3,677 t in 1974 to 21,079 t in 1984 with slight fluctua­
tions during 1979-'82. The bulk of the production 
includes cuttlefishes which account for about 60% 
and the rest consists of squids and negligible quantities 
of octopods. 

Valuable contributions have been made on the 
systematics and identity of cephalopods of the Indian 
region by Goodrich (1896), Massy (1916). Adam (1939b) 
and Adam and Rees (1966) who have described a number 
of species of squids, cuttlefishes and octopods. Homell 
(1917, 1951) has given an account of the fishing gear 
and fishery for cephalopods in Madras Presidency. 
In recent decades the biology and fishery of cephalopods 
have attracted the attention of some workers in India. 
Rao (1954) has investigated the morphology, biology 
and fishery of the Myopsid squid Sepioteuthis arctipinnis 
(== S. lessoniana) of the southeast coast of India. 
Alagarswami (1967) has described the eggs and early 
developmental stages of S. arctipinnis. Silas (1968) 
has given an exhaustive accoimt of the cephalopod 
species distributed in the Indian Ocean and the occur­
rence and abundance of planktonic developmental 
stages as well as adults collected from the continental 
shelf waters along the southwest coast of India and the 
Lakshadweep Sea together with a bibliography of the 
literature on the subject. Sarvesan (1969b) has given 
an account of parental care and hatching in Octopus 
dollfusi. Oommen (1971, 1975, 1976, 1977a, b) has 
carried out studies on the identity and biology of some 
cephalopods of Cochin area. 

Publications such as ' The Cephalopods of the 
Philippine Island' by Voss (1963), ' A review of syste­
matics and ecology of oceanic squids' by Clarke (1966), 
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'Cephalopods of Hong Kong' by Voss and Williamsoii 
(1971), 'Biology of Cephalopods' by Nixon and 
Messenger (1977) and ' Octopus ' by M. J. Wells (1978) 
need special mention. Some interesting papers have 
also been published in the Proceedings of the Symposium 
on Mollusca conducted by the Marine Biological 
Association of India at Cochin in 1968. 

The report of Filippova (1968) on the distribution of 
cephalopods in the Indian Ocean ; the report of the 
Fishery Agency of Japan (1976, 1977) on the captiire 
of squids in jigs and hand-lines in the Northern Arabian 
Sea ; the squid jigging feasibility study conducted by 
the Japan Marine Fisheries Research Centre (1979, 
1980) in southwestern Pacific Ocean off the east coast 
of Tasmania, ^ass Strait and the waters off the west 
coast of Tasmania, the book * Fisheries of Japan, 
Squid and Cuttlefish' by Yoshikawa (1978) on the 
cephalopod resources, gear and utilization in Japan, 
the reports of erstwhile Exploratory Fisheries Project 
(1979a, b, c, 1982) about the results of fishing pro­
grammes ; and the series of papers of Court (1980) and 
others in Mar. Fish. Rev., 42 on fisheries, processing 
and utilization of squids in various coimtries are of 
great interest in programmes of investigation and 
exploitation of cephalopod resources in the Indian 
Ocean. 

In February, 1976 India declared an Exclusive Econo­
mic Zone extending our jurisdiction up to two hundred 
nautical miles from the coastline and efforts are necessary 
to explore and exploit the resources in the vast areas 
open for fishing. Recognizing the importance of 
cephalopods as a potential fishery resource which is now 
not properly exploited, at the Central Marine Fisheries 
Research Institute 1 had initiated a major research project 
on the spatial distribution, fisheries and biological 
aspects of potentially important species in different 
areas along the east and west coasts of India. In the 
present work, our knowledge of the identity, distribution, 
existing fisheries, results of the exploratory fishing pro­
grammes and biological aspects of cephalopods of 
India are presented comprehensively. It is hoped that 
this publication will generate greater interest in the 
systematics, abundance and exploitation of cephalopods 
in the seas around India and will lead to intensive 
studies and proper exploitation of the resources. 

PLAN OF WORK AND METHODOLOGIES ADOPTED 

In this work the pertinent literattu:e on cephalopods 
and cephalopod resources of the Indian region have been 
briefly dealt with in the Chapter on the Resume of work. 

In the Chapter on the identity of the common species 
of cephalopods, identification keys are provided for the 

field identification of the various potentially important 
species, with brief descriptions based on a study of the 
material and relevant literature. 

For biological studies of squids and cuttlefishes, 
random samples were collected at selected centres twice 
a week for study on aspects such as sex ratio, maturity, 
spawning, age and growth, length-weight relationship, 
food and distribution. For studying the maturity 
and spawning of the squids and cuttlefishes, four stages 
of matxirity—immature, maturing, matiire and spawning/ 
spent were recognized based on the appearance of the 
reproductive organs. In immature male squids the 
testis is elongate and thin and in immature male 
cuttlefishes it is small and triangular; the spermato­
phoric sac and penis are small and spermatophores 
absent. The ovary of females in stage I is small with 
small immature ova ; the nidamental glands appear as 
small patch-like structures and the accessory nidamental 
glands are not discernible. In stage II the maturing 
stage, the testis is larger and thicker than in the I stage 
and developing spermatophores are present in the 
spermatophoric sac; hectocotylization is apparent. 
In stage II females the ovary is larger and occupies 
about one fourth of the mantle cavity and ova with 
reticulate pattern clearly seen; the nidamental glands 
are larger and lobe-like in squids and pear-shaped in 
cuttlefishes ; accessory nidamental glands are small and 
not coloured. 

In stage III males the testis is mature, fully developed, 
prominent and spermatophoric sac packed with fully 
developed spermatophores; the hectocotylus is well 
developed. In stage III females, the ovary is mature 
and prominent filling the posterior mantle cavity ; the 
ova are ellipsoidal or ovoid in shape with reticulate 
surface; the nidamental glands are fully developed, 
conspicuous, creamy white in colour and with distinct 
anterior pore; the accessory nidamental glands are 
orange in colour. 

In stage IV males the testis is either thick or thin and 
the spermatophoric sac is either partly or almost empty ; 
in females the ovary contains loosely disposed ova ; 
ripe ova could be seen in the oviduct. The nidamental 
glands are creamy white and robust before spawning 
and flabby in the spent condition. The accessory 
nidamental glands are of light orange red colour. The 
size at which 50% of the species matured was considered 
as the size at first maturity. 

Age and growth of different species were determined 
by studying the modal progression of dorsal mantle 
length. Using dorsal mantle length frequency data 
as basic input and assiuning the growth of the species 
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following von Bertalanfy's growth formula, growth 
parameter ioc and K were estimated by the straight 
line method suggested by Alagaraja (1984). Stock 
estimates were made by length cohort analysis of Jones 
(1981). 

Data on the estimated cephalopod production and 
total marine fish production in various zones of maritime 
states of India have been obtained from the records 
of the Fishery Resources Assessment Division of the 
Central Marine Fisheries Research Institute. The 
Institute collects data on marine fish landings by a 
multistage stratified random sample survey design which 
is a time-space stratified system, and areawise and 
gearwise production is estimated. For the period 
1968-'72, as information on gearwise effort was not 
always available, the monthly and seasonal variations 
in the cephalopod landings in various areas and their 
percentage in total marine fish production alone have 
been studied. For the period 1973-'77, data on gear-
wise effort and cephalopod and all fish production in 
the different areas were available and from these the 
seasonal, annual and gearwise production in different 
areas, CPUE and percentage of cephalopods in total 
marine fish production have been determined. 

The cephalopod fishery has been studied in greater 
detail during 1976-'80 at eleven important centres in 
the country viz., Waltair (Visakhapatnam), Kakinada, 
Madras, Portonovo, Mandapam, Rameswaram and 
Keelakarai on the east coast of India and at Vizhinjam 
(Trivandrum), Cochin, Mangalore and Bombay on the 
west coast where biological studies were also made. 

At these centres the species composition and CPLlE hav6 
been investigated. 

The catch data of the trawlers of the erstwhile Ex­
ploratory Fisheries Project (now Fishery Survey of 
India) based at Bombay and Visakhapatnam have 
been analysed and the monthwise, annual, areawise 
and depthwise cephalopod catches, catch rates and 
percentage in total trawl catches have been studied. 

Data on the magnitude and value of cephalopod 
products exported from India have been taken from the 
published reports of the Marine Products Export 
Development Authority, Cochin (MPEDA, 1985) and 
the annual trends analysed. 

The ensuing chapters could form baseline studies 
of cephalopods of the Indian seas. The effort should 
be considered as an initiation to a much more enhanced 
National programme to be closely linked with both the 
artisanal and commercial fisheries sectors. It is our 
view that immense potential exists in this sector for the 
development of major fisheries for squids and cuttle­
fishes. The projects taken up at the Central Marine 
Fisheries Research Institute with proper infrastructure 
facilities in manpower and vessel facilities should help 
in improved data acquisition, stock assessment of 
important species and rapid dissemination of results. 
An active cooperative programme on product develop­
ment and marketing of cephalopod products both 
internally and exports should closely be linked with 
resource surveys and harvesting if we are to take full 
advantage of our cephalopod resources. 

CEPHALOPOD RESOURCES OF EEZ 



2 
RESUME OF THE WORK ON CEPHALOPODS OF THE INDIAN OCEAN 
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ABSTRACT 

The available literature on the cephalopods of the Indian Ocean with particular reference to those of the Indian Seas has been 
reyiewed under five sections : systeraatics and distribution, biology, ecology, fishery and resources, and utilization. 

INTRODUCTION 

The cephalopods of the Indian Ocean have not 
received as much attention as the other shellfishes and 
finfishes. Information that is available on the cephalopods 
is confined mainly to faunistic records and taxonomic 
studies, besides some isolated accounts on the biology 
and natural history. With the realisation of their 
importance as a potential marine resource, concerted 
attention is now being paid to the study of the biology 
and ecology as an essential pre-requisite for their better 
utilization. 

The scope of this brief review is to elucidate as much 
literature as possible on the cephalopods of the Indian 
Ocean, with particular stress on that in regard to the 
species of the Indian EEZ. This is not intended to 
be a complete literature review, but to highlight all 
essential aspects concerning systematics and distribution, 
biology, ecology, fishery and resources, and their 
utilisation. 

SYSTEMATICS AND DISTRIBUTION 

Noteworthy works on the cephalopods of the Indian 
Ocean are those of Chun (1910, 1915), WUlker (1920) 
Robson (1924a, 1924b, 1929, 1932), Massy (1927)' 
Adam (1934, 1938, 1939a, 1939b, 1939c, 1939d, 1954* 
1960, 1979), Thore (1945) and Adam and Rees (1966)* 
Among several works dealing with cephalopods of the 
Atlantic and Pacific Oceans, mention is made of many 
Indian Ocean species also by Verrill (1881, 1882), 
Hoyle (1886), Berry (1912), Pfeffer (1912), Sasaki (1929), 
Pickford (1946, 1949a, 1949b, 1952, 1959), Voss (1956, 

1963), Roper (1966) and Roper et al, (1984). The 
important works pertaining to the cephalopods of the 
Indian Seas, Sri Lanka and Maldive Archipelago are 
by Ortmann (1891), Goodrich (1896), Massy (1916), 
Hoyle (1905), Robson (1921), Winckworth (1926, 1936), 
Rao (1954) and Silas (1968). 

Velain (1877) has recorded the deep sea squid Archi-
teuthis sancti-paull from St. Paul Island in the southern 
Indian Ocean. Hoyle (1885a, 1885b, 1885c, 1885d, 
1885e, 1886, 1904a, 1904b, 1905, 1907a, 1907b), has 
given an exhaustive account of many cephalopod collec­
tions from the H. M. S. Challenger Expedition, the 
specimens collected by Prof. Herdman from Sri Lanka 
in 1902, aa.6. the cephalopods of the Laccadive and 
Maldive Archipelagos. Robson's (1921, 1924a, 1924b, 
1926a, 1926b, 1929, 1932) works also include cephalo­
pods of many parts of the Indian Ocean. Winckworth 
(1926, 1936) has reported on the cephalopods aroimd 
Sri Lanka and described Sepia prashadi from Madras 
waters. 

Goodrich (1896), based on the collection of cephalo­
pods in the Indian Museum, has described 18 species 
of decapods and 10 species of octopods, of which 11 
were new species. Subsequently Massy (1916) has 
described 43 species in detail with morphometric 
measurements of many of them ; Sepia arablca has been 
described as a new species. Most of these cephalopods 
were taken in the INVESTIGATOR Expedition off the 
Indian and Burmese coasts at depths of 9 m to 1,723 m. 
In a major revision of nomenclature of many of the 
cephalopods in the Indian Museimi, Adam (1939b) has 
redescribed 53 species under 23 genera. These and some 
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unidentified species number 65 till that time. Gravely 
(1941) identified six species of cuttlefish under the 
family Sepiidae from shells (cuttlebone) washed ashore 
along the Madras beach. Satyamurthi (1956) des­
cribed three sepiids and two loUginids from Krusadai 
Island. Moses (1948, 1949) published preliminary 
reports on the cephalopods Loligo, Enoploteuthis, 
Sepia, Sepiola, Octopus and shells of Spirula and 
Nautilus in the erstwhile Baroda State. 

Sasaki's (1929) monograph of the dibranchiate 
cephalopods, though mainly of the Japanese and adja­
cent water species, includes cephalopods that are also 
distributed in the Indian Ocean. Based on the collec­
tion of cephalopods of the ALBATROSS Expedition 
in the Philippine Islands, Vo&s (1963) has described 46 
species, among them many occurring in the Indian 
Ocean. The classical review of the family Sepiidae 
by Adam and Rees (1966) includes many Indian Ocean 
species. Adam (1979) has given a detailed systematic 
account of many species of sepiids of west Australian 
waters in the Southeast Indian Ocean. 

Pickford (1959) has mapped 15 known records of the 
deep water octopod Vampyroteuthis infemalis from the 
Indian Ocean collected by the INVESTIGATOR, 
DANA, DISCOVERY and GALATHEA Expeditions. 
Adam's (1965) redescription of two sepiids from the 
Indian Ocean, viz. Sepia recurvirostra and Sepia bre-
vimana, was followed by Burgess's (1967) record of a 
new species of squid, Loliolus rhomboidalis, from Bay 
of Bengal collected by R. V. ANTON BRUUN during 
the International Indian Ocean Expedition. Maes 
(1967) has collected shells of Nautilus pompilius from 
the Cocos-Keeling Islands in the Indian Ocean ; Sepio-
teuthis lessoniana. Octopus cyanea and an unidentified 
species of Octopus also were recorded from these 
islands. Clarke's (1966) monumental review of the 
systematics and ecology of oceanic squids includes 
about fifty species which are distributed in the Indian 
Ocean ; this work deals with the distribution, eggs, 
larvae, juveniles, growth, maturity, egg-laying, food, 
predators as well as economic uses of many of the species. 

A great and long-felt need in compiling a list bring­
ing together all the known cephalopods of the Indian 
Ocean has been fulfilled by Silas (1968), who has cata­
logued 201 species, including the dibranchiate cephalo­
pods collected by him from the west coast of India and 
the Laccadive Sea during the cruises of R. V. VARUNA. 
This work gives the synonyms, distribution and re­
ferences for the taxonomic discussion of each species. 
This also extends the distributional records of five 
oegopsid squids and one octopod to the Arabian and 
Lakshadweep Seas. 

Filippova (1968) has reported on the extensive collec­
tion of cephalopods made by the research vessels 
VITYAZ, ACADEMICIAN KNIPOVITCH and 
SOVETSKAJA ROSSIA from the Indian Ocean upto 
41° S. Of these collections, eight species are recorded 
for the first time from the Indian Ocean. A clear 
latitudinal zonality in the distribution of the ommastre-
phid squids is established: while Symplectoteuthis 
oualaniensis inhabits the tropical waters within 20° S, 
Ommastrephes bartrami, together with Todarodes sagit-
tatus angolensis occur in the areas between 20° S and 
37° S, and further southwards upto 41° S the third 
species becomes dominant. 

Oommen (1966, 1967, 1971, 1973, 1975, 1976, 1977a) 
has recorded many cephalopods of the families Sepio-
lidae (one species), Loliginidae (two species), Opistho-
teuthidae (one species), Octopodidae (five species), 
and Argonautidae (one species) from the Arabian Sea. 
Of these, Opisthoteuthis philippi is a new species collected 
from a depth of 275-365 m off Alleppey on the south­
west coast of India and this is the third species of 
Opisthoteuthis, the other two being Opisthoteuthis 
externa collected off Sumatra and Opisthoteuthis medu-
soides obtained off East Africa (Thiele, 1915). Of the 
five species of Octopodidae, Octopus varunae, Berrya 
keralensis and Berrya annae are new species described 
by Oommen. He has also recorded the octopod 
Argonauta argo for the first time from the Arabian Sea 
(Oommen, 1980). 

Sarvesan (1969a) has listed 33 species of cephalopods 
under 9 families in the Reference Collection Museum 
of the Central Marine Fisheries Research Institute. 
Okutani (1970, 1973a) has described three species of 
squids {Sepioteuthis lessoniana, Doryteuthis singhalensis 
and Symplectoteuthis oualaniensis) from the Seychelles 
Bank in the Indian Ocean, and made a preliminary 
note of the planktonic cephalopods belonging to the 
oegopsid families Enoploteuthidae, Brachioteuthidae 
and Cranchiidae, collected during the International 
Indian Ocean Expedition. Chandra Mohan and Rao 
(1978) have recorded the occurrence of Sepiela oweniana 
off Visakhapatnam. 

The cephalopods of the Red Sea and the Gulf of 
Aqaba have been reviewed by Adam (1959, 1960). 
In a subsequent work he (Adam, 1973) has enumerated 
23 species, 6 of which where reported from the area 
for the first time. Mienis (1978) has recorded two 
species of Argonauta and one species of Spirula from 
the Red Sea. Voss (1962, 1967) has reported on the 
bathypelagic and other cephalopods of South Africa. 
Pickford (1974) has discussed the taxonomic status of 
Cistopus indicus, a common Indo-Malayan species of 
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octopod. Again, Adam (1975) has described a new 
species of ommastrephid squid, Todarodes fllippovae, 
from the Indian Ocean. Sanjeeva Raj and Kalyani 
(1971) have recorded the squid Euprymna morsei from 
Madras coast, together with a redescription of the 
species. Based on the plankton collections of the 
International Indian Ocean Expedition, Aravindakshan 
and Saktivel (1973) have broadly indicated the areas of 
occurrence and abundance of planktonic cephalopods 
in the Indian Ocean. Sarvesan (1976) has extended 
the distributional record of the cuttlefish Sepia trygonina 
by describing it from the Gulf of Mannar. Rao (1977) 
has given the faunistic distribution of cephalopods of 
Digha Coast, Bay of Bengal. Ray (1937) recorded 
Loligo duvaucelii from Burma for the first time, and 
Imber (1978) described a new species, Gonatus phoebetr-
iae, from an Indian Ocean Island. Taki (1981) has 
given a catalogue of the cephalopods of Wakayama 
Prefecture, which includes many species that are also 
distributed in the Indian Ocean. 

BIOLOGY 

In his pioneering work on the biology of the Palk 
Bay squid Sepioteuthis arctipinnis (—Sepioieuthis les-
soniana), Rao (1954) has studied the growth and longe­
vity, length-weight relationship, age and size at sexual 
maturity, food and feeding habits, and spawning. Alagar-
swami (1966) has described its egg clusters, egg capsule, 
egg and the newly hatched young ones. Rahaman 
(1968, 1980) has studied the gonad and hepatic indices, 
sexual maturation and spawning of this squid and also 
of the cuttlefish Sepia aculeata. Karnekamp (1979) 
reported on the shell growth and aberrent shape of the 
shell of Sepia gibba from the Red Sea. Some biological 
aspects such as age and growth, length-weight re­
lationship, stages of maturity and food and feeding 
habits of the cuttlefish Sepiella inermis of Mandapam 
area on the southeast coast of India were studied by 
Unnithan (1982). 

Nagabhushanam (1968a, 1968b) has reviewed the 
studies on the physiology of chromatophores in cephalo­
pods and on the neurosecretion in cephalopods as well 
as other molluscs. The calcium, strontium and radium 
contents of the cuttlebone of Sepia have been estimated 
by Rao and Viswanathan (1968). Pandit and Magar 
(1972) and Suryanarayan and Alexander (1980) have 
estimated the chemical composition of some cephalo­
pods from Indian waters. 

The spawning groimds of the cuttlefish Sepia pharaonis 
have been located off Orissa and Visakhapatnam coasts 
(FAO UN, 1961). Sarvesan (1969b) has observed the 
breeding behaviour and hatching process of Octopus 

dollfttsi. Sivalingam and Pillai (1980) have discussed 
the breeding season and hatching of the squid Sepio­
teuthis arctipinnis and the hatching of the cuttlefish 
Sepia aculeata. 

Oommen (1977b) has given a detailed account of the 
functional morphology and food and feeding of the 
squid Loligo duvaucelii and the cuttlefishes Sepia acue-
leata and Sepiella inermis collected off the west coast 
of India. He has further noticed cannibalism in some 
of the species. Kore and Joshi (1975) also observed 
cannibalism in Loligo duvaucelii. Jothiuayagam (1981) 
has studied the seasonal abundance, sex ratio, maturity 
stages and food habits of Sepiella inermis of the Madras 
coast. 

ECOLOGY 

In the ' Report to the Government of Ceylon on the 
Pearl Oyster Fisheries of the Gulf of Mannar', Herdman 
(1903-1906) has mentioned that the octopods are abun­
dant in some of the pearl banks of Tuticorin and that 
they are well-known to live at the expense of oysters 
and mussels. Mahadevan and Nair (1967, 1974) have 
foimd that the octopod Polypus (=Octopus) sp. in­
habits the pits and crevices in the pearl banks of Gulf of 
Mannar, and sometimes it haunts the empty shell of 
oysters; it is often seen opening the shell of live pearl 
oysters to eat the flesh, and is considered as one of the 
predators of pearl oyster. Sarvesan (1974) also men­
tions that Octopus herdmani preys upon pearl oysters, 
and that another small poisonous octopod is dangerous 
because of its bite, rendering it unsuitable for use as 
food or bait. 

Tampi (1959) has recorded that in the salt water 
lagoons of Mandapam the young ones of the squid 
Sepioteuthis arctipinnis, and occasionally Loligo sp., 
occur early in the year when the water level is high. 

Gopalakrishnan (1970), while studying the shore 
ecology of Okha on the northwest coast of India, has 
noticed Octopus sp. and Sepia sp. in the midlittoral 
reef region, hiding in rock crevices and submerged 
pools ; he has also observed a large number of cuttle-
bones washed ashore. 

In the' Report on Cruise of the R. V. SHOYO MARU 
in the North Arabian Sea Survey', it has been recorded 
that the oceanic squid Symplectoteuthis oualaniensis 
seems to avoid the upwelling areas ; it sinks in the low-
oxygen layer, in day time but moves to the oxygen-
saturated upper layers at night for feeding (Fishery 
Agency of Japan, 1976, 1977 ; Yamanaka et al, 1976). 
Silas (1969a) records that during the exploratory fishing 
by R. V. VARUNA, schools of Symplectoteuthis ouala-
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niensis have been attracted by light towards the ship at 
night and were found to feed on planktonic organisms. 
Filippova (1968) draws a parallel between this oceanic 
squid and the tropical epipelagic fishes in their ecology. 
For both the sub-tropical convergence (18°S to 20°S) 
seems to be the southern boundary of distribution in the 
Indian Ocean. She also remarks on the association 
between the pelagic octopod Argonauta hians and the 
pleiston organisms such as Velella, and bstween the 
young of another pelagic octopod Tremoctopus violaceus 
and Physalia. 

There are very few records of parasites on cephalo-
pods. Kalavati et al. (1977, 1978) have recorded a 
microsporidian parasite, Steinhausis spraguei, and a 
mesozoan parasite, Dicyemmennea coromandelensis, 
from the cuttlefish Sepia elliptica collected from Bay 
of Bengal. Belyaeva (1979) mentions about some 
squids of the Indian Ocean as the intermediate hosts 
of helminth parasites. A new parasite species, Aggregata 
kudoi was recorded from Sepia sp. by Narasimhamurti 
(1979). A new species of a dicyemid mesozoan parasite 
under a new genus, Dodecadicyema loligoi, has been 
recorded by Kalavati and Narasimhamurti (1980) from 
the renal appendages of Loligo sp. 

The cephalopods are prey of a great variety of fishes, 
cetaceans and cephalopods themselves. The literature 
on this prey-predator relationship is rich in that there 
are numerous references to cephalopods as one of the 
items of food of many marine fishes. Often the identi­
fication of the prey cephalopods to the species or genus 
level is not possible, and in most references they have 
been mentioned as cephalopods, squids, cuttlefish, and 
sometimes as Loligo, Sepia and Octopus. Okada 
(1933) has observed a single specimen of Spirula in the 
stomach of a yellowfin tuna from Sumatra. According 
to Mimura et al. (1963), octopods formed 46.1 % of the 
food of the yellowfin tuna around 10°S in the East 
Indian Ocean, and 15.9% in the area around 20°S. 
Talbot and Penrith (1963) found that Loligo reynaudi 
and Abralia gilchristi formed part of the food of Thunnus 
alalunga, Thunnus albacares and Histioteuthis bonellina ; 
Loligo reynaudi was noticed in the stomach of Thunnus 
obesus, and various species of squids in the food of 
Thunnus thynnus orientalis. In the stomach contents of 
the little tuna Euthynnus affinis collected from the East 
African waters, squids were found to occur as part of the 
food (Williams, 1963). Okutani and Suzuki (1975) 
have noticed the bathypelagic Spirula spirula and the 
epipelagic Argonauta bottgeri in the stomach of a single 
yellowfin tuna taken off the southern coast of Sri Lanka. 

Williams (1964, 1967) has found the following fishes 
caught in long lines off East Africa to feed on cephalo­

pods : Carcharhinus amblyrhynchus, Thunnus albacares, 
Thunnus alalunga, Euthynnus affinis, Tetrapterus audax, 
Istiophorus gladius, Acanthocybium solandri and Alepi-
saurus ferrox. They formed upto 44% of the stomach 
contents. Mienis (1977) has observed squid in the 
stomach contents of the deep water shark lago omanensis 
from the Arabian Sea. 

Many workers have recorded cephalopods in the 
stomach contents of scombroid fishes of the Indian 
Seas. Raju (1964) has observed that cephalopods 
formed 21.8% by volume of the food of the skipjack 
caught in pole and line off Minicoy, Lakshadweep, and 
that in the stomachs of this fish below the size of 400 mm 
(TL) there were no cephalopods, between 401 mm and 
550 mm they formed 19.4%, between 551 mm and 700 
mm 25.2%, and above 700 mm, 37.8%. Silas (1963) 
mentions about squids as a food item of the dog-tooth 
txma Gymnosarda unicolor. Kumaran (1964) has re­
corded that Sepioteuthis sp. and Loligo sp. formed food 
of Euthynnus affinis affinis collected from Vizhinjam 
(upto 56.5%) and larger individuals of Auxis thazard 
and Auxis thynnoides (upto 22.7%). Squids and 
Octopus formed substantial portion (upto 75% by 
volume) of the stomach contents of Katsuwonus pelamis 
of the Laccadive Sea (Raju 1964). Rao (1964) has 
observed cephalopods in thefood of adult Scomberomorus 
guttatus landed at Lawson's Bay, Waltair. 

Among threadfins, the adult Polynemus indicus has 
been found to have fed on Sepia and Octopus by Karekar 
and Bal (1958), and Polynemus heptadactylus on Sepia 
sp. by Kagwade (1969). 

James (1967) has observed young of Sepia and Octopus 
in the stomach contents of ribbon fishes collected from 
the Palk Bay and Gulf of Mannar. Cuttlefish remains 
have been noticed by Sivaprakasam (1967) in the food 
of Parastromateus niger at Veraval on the Northwest 
coast of India, Suseelan and Nair (1969) have foxmd 
cephalopods to form part of the food of many demersal 
fishes of Bomaby coast: Pseudosciaena diacanthus, 
Otolithoides brunneus, Otolithus rubex, Johnius dussa-
mieri, Johnius axillaris, Pomadasys hasta, Muraenesox 
talabonoides and Arius thalassinus. The ' ghol * Pseudo­
sciaena diacanthus of Bombay waters (Rao, 1968), 
the catfish Tachysurus thalassinus of Waltair coast 
(Mojumder, 1969), Pomadasys hasta of Bombay and 
Gujarat coasts (Deshmukh, 1973), the deep sea shark 
Haleolurus hispidus, Eridancis radcliffei and lago 
omanensis collected from a depth of 150-200 fathoms 
(273-364 m) off the southeast coast of India (Nair and 
Appukuttan, 1973), the juveniles of the flatfish Psettodes 
erumei and the eel Muraenesox cinereus of Portonovo 
coast (Devadoss and Pillai, 1973, 1979), the flat fishes 
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Psettodes erumei and Pseudorhombus arsius of the same 
coast (Natarajan and Natarajan, 1980), the juveniles 
(42-53 cm) of Otolithoides brunneus of Bombay waters 
(Jayaprakash, 1974), the torpedo travelly Megalaspis 
cordyla of Vizhinjam coast (Sreenivasan, 1974), the 
carangid Decapterus dayi of the same coast (George 
et ah, 1976) and the catfish Tachysurus tenuispinis 
collected in trawl nets off Visakhapatnam (Mojumder 
and Dan, 1979) have been reported to have consumed 
cephalopods as food. 

Rabindranath (1966) has recorded cephalopods in 
the stomach contents of Rastrelliger kanagurta, Decap­
terus russelli, Auxis thazard, Otolithus argentius, Caranx 
crumenophthalmus, Selaroides leptolepis, Selar kalla 
Sphyraena acutipinnis, Indocybium guttatum, Cybium 
commersoni, Saurida tumbil, Chirocentrus dorab, and 
Nemipterus furcosiis collected mostly from Trivandrum 
coast and partly from Quilon and Cochin coasts of 
Kerala. Cephalopods formed 2.7 % of the gut contents 
of the ' velameen' Pristipomoides argurogammicus 
taken off" the southwest coast of India (Oommen, 1976). 

Thus it will be seen that cephalopods form an im­
portant forage for several species of fishes and a very 
significant constituent of the food of tunas and bill-
fishes. 

Cephalopods, especially squids, are a very favoiirite 
food of sperm whales. According to Matthews (1938), 
cephalopods formed part of the food of sperm whales 
caught oflf Southeastern Africa, and HoUis (1939) 
recorded octopods as well as squid species of the genera 
Moroteuthis, Histioteuthis, Stenoteuthis a.nd Architeuthis 
from the stomachs of sperm whales from west and 
northwest Australian waters. Based on a large number 
of beaks collected from the stomachs of sperm whales 
caught off Durban (South Africa), Albany (Western 
Australia) and the yellowfin tuna Thunnus albacares 
caught off East Africa, Clarke (1977) reported that many 
species of squids belonging to the families Histioteuthi-
dae, Cycloteuthidae, Ommastrephidae, Pholidoteuthi-
dae, Octopoteuthidae and Cranchiidae formed food 
of sperm whales and Enoploteuthidae and Ommastr-
phidae that of tunas. He has also made a rough estimate 
of the total weight of cepahlopods consumed by sperm 
whales in a year and briefly mentioned about their 
importance in the ecology of the oceans. In regard to 
the Indian waters, Silas et al, (1985) have recorded 
that Chiroteuthis formed part of food of the sperm 
whale Physeter macrocephalus stranded on the east coast 
of India. 

FISHERY AND RESOURCES 

Homell (1917), in his account of the edible molluscs 
of Madras Presidency, states that the cephalopod fishery 

was then restricted to the Palk Bay, where the squid 
Loligo ( = Sepioteuthis lessoniana) was caught in a 
special type of shore seine, locally called ' ola valai', 
(upto 5,000 squids in a single haul), and in a type of hand 
jig operated in the shallow areas. He also makes 
mention of the commercially important cephalopods 
of South India in general (Hornell, 1922, 1951). 
Rao's (1954) account of the Palk Bay squid describes 
the fishing methods adopted in this region and also 
gives the fishing seasons. Kiishnamurthi (1957) also 
records that these squids are taken in shore seines in 
the Palk Bay area where they come to shallow waters 
for depositing their eggs among seaweeds. Light fish­
ing experiments were conducted in the Gulf of Mannar, 
and squids along with clupeoids and half-beaks formed 
the main catch (CMFRI, 1957). Chellappa (1959) 
has given an accoimt of the light fishing experiments 
conducted in the same area with the aid of a ' kelong * 
and a 300-candle power kerosene petromax lamp, in 
which squids were one of the important items of the 
catch. Jones (1968) lists the edible cephalopods of 
India and briefly mentions about their importance as an 
incidental catch in the marine fish landings. Rao (1958, 
1969a, 1969b, 1973) mentions the important species of 
cephalopods that are obtained in the fish landings in 
India, and refers to the Palk Bay and Gulf of Mannar 
squid and octopod fishery, pointing to the need to deve­
lop the fishery not only as a source of food but also to 
prevent young shoaling fishes from being preyed upon 
by sqiiids. Passing mention of this locaUsed fishery is 
also made in a review of the fishery resources of India 
(CSIR, 1962). Prasad and Nair (1973) also refer to the 
seasonal squid fishery in the Palk Bay and Gulf of 
Mannar. 

Giving a preliminary account of the fisheries of 
Vizhinjam, Nair (1958) records the catch of Sepia for 
1950-'54. Radhakrishnan (1973) recognises Vizhinjam 
area as an important centre of cephalopod landings. 
Jayabalan and Ramamurthi (1977) give a brief account 
of the fishery and relative abundance of cephalopods 
at Portonovo. Varghese (1981), discussing the present 
status of small-scale fisheries in Lakshadweep, gives 
the landings data of Octopus spp. for the period 1973-77. 
RajTidu and Chandramohan (1982) briefly mention 
about the cephalopod fishery of Visakhapatnam. 

Many workers have recorded cephalopods in the 
catches taken in trawl fishing in the various parts of the 
seas around India. Tholasilingam et al. (1968) record 
the squid catches obtained in exploratory trawl fish­
ing conducted in depths of 274-474 m off Alleppey. 
Rao and Dorairaj (1968) have indicated the productive 
areas for cephalopods off Goa, and from the catch/ 
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hour data they have also estimated the potential yield 
of the area. Bapat et al. (1972) have observed cuttle­
fish in the trawl catches of Karwar. In the north­
western part of the Bay of Bengal squids were caught 
in exploratory trawl fishing on the continental shelf 
area at a depth of 15-128 m (Sekharan et al, 1973). 
In Kakinada region they formed 0.95% to 1.22% 
of the total demersal fish catch (Muthu et al, 1975 ; 
Narasimham et al, 1979). In the trawl surveys off 
Visakhapatnam during 1972-78 by the Fishery 
Survey of India (previously, Exploratory Fisheries 
Project), cephalopods contributed 1.2% of the total 
catch (CMFRI, 1980). 

The trawl survey conducted by M.T. MURAENA 
in area between 15°N and 24°N off the northwest coast 
of India during 1977 revealed the occurrence of cephalo­
pods which formed 0.2% of the total trawl catch (Bapat 
et al, 1982). Sepia aculeata. Sepia pharaonis and 
Loligo duvaucelii constituted the bulk of the catch. 

The UNDP/FAO Pelagic Fishery Project surveys on 
the southwest coast of India has revealed the occurrence 
of cephalopods in normal to good quantities (UNDP/ 
FAO, 1974a, 1974b, 1976a, 1976b, 1976c, 1976d, 1977). 
In pelagic trawling sqirids formed upto 34% in Quilon-
Kanyakumari and Gulf of Mannar areas, upto 50% 
in Quilon-Mangalore area and upto 25% in Mangalore-
Ratnagiri area. In bottom trawling also they formed 
upto 50% of the total catch in the southern areas. 
There is also mention of the traditional coastal fishery 
of Trivandrum, locally called ' nonnavu' fishery, in 
which post-larval and early juvenile stages of various 
fishes together with young cephalopods and sergestids 
are caught. The trawlers of the Fishery Survey of 
India have surveyed areas off Bombay and Gujarat 
coasts, off Kerala and the Wadge Bank on the south­
west coast, and these surveys revealed good concentration 
of squids and cuttlefishes (EFP, 1979a, 1979b, 1979c, 
1982; Sulochanan and John, 1982). 

The importance of the oceanic squids as a potential 
resource has been pointed out by Silas (1969b), stressing 
the need to exploit them by India. In a detailed report 
on the exploratory fishing by R. V. VARUNA and other 
vessels in the neritic deep waters and the upper conti­
nental slope (75-450 m) between 8°N and 14°N on the 
southwest coast of India, Silas (1969a) has recorded 
that cephalopods formed a major group in the trawl 
catches. The drift net fishing surveys conducted bet­
ween 7°-15°N and 7r-78°E revealed the occurrence 
and abundance of the oceanic squid Symplectoteuthis 
oualaniensis; its concentrations were noticed beyond 
180 m depth off" Trivandrum-Cochin area, and off 

Calicut upto 14°N and also in deeper waters between 
10°-12°N and 72''-73''E. The deep water octopod 
Berrya keralensis has been recorded in small quantities 
in trawl catches from continental slope at 200-350 m 
depth off Kerala coast» and Sepia spp. at 75-350 m 
from the same area. 

Silas et al (1976) drew attention to the importance 
of cephalopods as a potential resource, at present 
obtained as a bye-catch and earlier discarded at sea 
owing to lack of local demand and to prevent contami­
nation of fish and shrimp catches with their ink. These 
authors have also stressed the need to exploit the com­
mercially important squid and cuttlefish resources 
including the oceanic squid Symplectoteuthis oualaniensis. 

Hida and Pereyra (1966) have recorded cephalopods 
in the catches taken in bottom trawUng by ANTON 
BRUUN in 1963 from Thailand, Andaman Islands, 
Burma, Bangladesh, India, Pakistan, Oman and Arabia. 
Druzhinin (1972) has recorded squids in the trawl 
catches from southern Burmese waters in the Bay of 
Bengal. According to Zupanovic and Mohiuddin 
(1973), Sepia sp. and Loligo sp. were obtained from a 
depth of 46-123 m and Octopus sp. from 80-125 m 
io trawl survey in the northeastern Arabian Sea off 
Pakistan. The Norwegian vessel, R/V Dr. FRIDTJOF 
NANSEN, which surveyed North Arabian Sea, has 
frequently taken the oceanic squid Symplectoteuthis 
oualaniensis in such quantities as 8 kg at 2r57*N, 
62° 41'E and 58 kg at 23° 37'N, 59° 22'E. (Institute 
of Marine Research, 1975). The Fishery Agency of 
Japan (1976, 1977) and Yamanaka et al (1976) report 
that one of the most important findings during the cruise 
of R. V. SHOYO MARU in the North Arabian Sea 
Survey to assess the pelagic fish stocks is the occurrence 
of the potential pelagic squid Symplectoteuthis oualanien­
sis (23-50 cm) taken in jig fishing from wide areas in 
the North Arabian Sea and central portion of the South 
Arabian Sea. Sanders and Bouhlel (1981, 1983) have 
conducted experiments to determine the mesh selection 
properties of trawl cod ends of various mesh sizes 
involving alternate haul method for the exploitation 
of the cuttlefish Sepia pharaonis in the PDR Yemen. 

Dayaratne (1978) has studied the cuttlefish catches 
from the Wadge Bank trawl fishery. The species 
(Sepia pharaonis) in the range of 10-36 cm was taken 
at depths of 33-69 m from the area. 

Sarvesan (1974) has briefly reviewed the fishing 
methods by which cephalopods are caught in India. 
These include fishing with shore seines, boat seines 
hooks and lines, hand lines, trawl nets and shore trap, 
for octopods. 
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In India cephalopoda form nearly 4% of the total 
bye-catch in the shrimp fisheries, the States of Maha­
rashtra, Gujarat and Kerala accounting for the sub­
stantial portion of the catch (CMFRI, 1981). Silas 
et al. (1982) have briefly dealt with the magnitude of 
cephalopod landings in India (11,335 tonnes in 1980) 
and constituent states and the prospects for increasing 
production. 

Regarding the potential cephalopod resources of the 
Indian Ocean, our information is very limited. Gulland 
(1970) estimates it to be over several himdreds of thou­
sands of tonnes. Voss (1973) puts the potential at 
500,000 tonnes and Tussing (1974), recognising cephalo-
pods as one of the categories which forms a resource, 
also gives about the same estimate. Still another pro­
position is 200,000 tonnes (Anon, 1977). 

Belyaev (1962) observed that cephalopod beaks are 
abundant in the sediment in the northwestern part of the 
Indian Ocean, upto a maximum 15,000 beaks/m'. 
According to Zuev and Nesis (1971) this abundant 
distribution of beaks and the hydrographical conditions 
like upwelling are clear indications of the rich cephalo­
pod resources in the pelagic zone of the Arabian Sea. 
Based on Soviet investigations in the northwestern part 
of the Indian Ocean, Zuev (1971) has identified Loligo 
duvaucelii, Loligo edulis, Loligo sp., Symplectoteuthis 
oualaniensis and Sepia pharaonis as occurring in com­
mercial quantities and also suggested some potential 
regions. Druzhinin (1973), giving an account of the 
fishery resources of the Gulf of Aden, estimates a 
potential of 10,500 tonnes for this area, which Voss 
(1973) considers an underestimate. Discussing the 
present condition of the exploitation and the latent 
stock of the cephalopod resources of the world, Okutani 
(1973b) suggests Sepia pharaonis and Symplectoteuthis 
oulaniensis as the latent species in the western Indian 
Ocean and Sepia spp. and Nototodarus sloani in the 
eastern Indian Ocean. From the catch and effort data 
in respect of trawlers operated by Japan, PDR Yemen 
and U.S.S.R. in the Arabian Sea off the coasts of 
Yemen, he states that the maximum sustainable yield 
of cuttlefish in this region might be about 6,500 tonnes, 
and with the present level of fishing effort the recent 
fishery has been operating at around the optimum level. 
Pajme (1978) is of the opinion that the stocks of cephalo-
pods are widely distributed in the Arabian Sea, and 
that the commercial harvest of cuttlefish is taking place 
southwest of the Arabian Peninsula. Sanders (1979) 
has made some preliminary stock assessment studies 
of the cuttlefish Sepia pharaonis taken off the coast 
of PDR Yemen. Based on the catch and effort data 
for Sepia pharaonis (forming 95% of the cephalopod 

fishery) and three other Sepiids taken during 1967-1980 
Sato and Hatanaka (1983) have estimated the MSY of 
cuttlefish off PDR Yemen as 8,500 tonnes with an effort 
of 1,200 standard days. 

George et al. (1977) have estimated that the cephalopod 
potential of the Indian Economic Zone would be of the 
order of 180,000 tonnes; of this 55% would be the 
contribution from the upper east coast, 11 % from the 
lower east coast, 20% from the southwest coast, 11% 
from the northwest coast and the remaining 3 % from 
the Laccadive Sea. 

For the student reader we would refer a recent book 
' Marine Fisheries' by Bal and Rao (1984) which sum­
marizes some aspects of cephalopods and their fisheries 
in India along with other marine fishery resources of 
the country. 

Apart from the above mentioned references on the 
fishery and resources of cephalopods of the Indian Ocean, 
the ' Advances in Assessment of world Cephalopod 
Resources' (FAO Fisheries Technical Report 231 
edited by Caddy (1983) contains some papers dealing 
with stock assessment of cephalopods. Chikuni (1983) 
discusses the present status of the cephalopod fishery^ 
potential yield of the neritic species and the problems 
involved in the future development in the Indo-Pacific 
region. Worms (1983) reviews the cephalopod fisheries 
of the north and northwest Indian Ocean among other 
geographic areas. 

UTILIZATION 

Except for some periodic reports on cephalopods as 
an item of the export trade, given by various maritime 
countries, and for a few stray references to cephalopod 
products and their marketing in the context of localised 
fisheries, the literature on their utilization is very scanty-
In Homell's (1917) account on the edible molluscs of 
Madras Presidency, it was mentioned that the cephalo­
pods were of economic importance in the Palk Bay 
area both as food and as an item (cuttlebone) of export. 
Rao (1954) has briefly dealt with the processing of the 
PaLc Bay squid for local market and Mukundan (1968) 
has referred to the use of the ink of Sepia by artists. 
The several ways of utilization of cephalopods have been 
mentioned by Sarvesan (1974). 

There are many references to cephalopods as an 
effective bait in the hooks and line fishery (Jones, 1968 ; 
Sarvesan, 1974 ; Silas and Pillai, 1982 ; Rajagopal et al. 
1977; 1982). According to Silas and Pillai (1982), squids 
{Loligo spp.) are one of the most important baits in the 
tuna longline fishery; they have also given the catch 
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data of the southern bluefin, albacore, bigeye and yellow-
fin taken in squid-baited longlines by the Japanese 
during 1965-81. 

Sreenivasan (1962) has dealt with the bacterial dis­
colouration of squids. Padmanabhan (1970) has dis­
cussed the prospects of developing cephalopods into 
fishery products for internal and export trade and has 
given the methods of processing and preservation. 
Sastry and Srikar (1982) have studied the changes in 
total nitrogen, salt-soluble and water-soluble proteins, 
non-protein nitrogen and total free amino acids of the 
cuttlefish Sepia aculeata preserved in ice at 0°C over a 
14 day period of storage. 

AbduUa and Idrus (1978), dealing with the fish pro­
cessing industry of Peninsular Malaysia, give the quan­
tity of cuttlefish products of the country for 1976. 
Menon (1978) mentions that frozen squids and cuttle­
fish are among over 37 major items of marine products 

exported from India. According to Venkataraman 
and Devadasan (1978), the increase in the export of 
cephalopod products fetches good returns to the fisher­
men of India, and according to Yeoh and Merian (1978), 
squids and cuttlefish are among the traditionally pro­
cessed marine products in the processing industry of 
Malaysia. Santhanakrishnan (1982a, 1982b, 1982c) has 
listed the cephalopod products which have potential 
export market and has given the methods of drying the 
squid and preparing it for export. In a series of periodic 
publications, the Marine Products Export Development 
Authority, Government of India, are giving all the rele­
vant data in regard to the export of cephalopods from 
India. Particular mention must be made of a special 
feature on the quality requirements and methods of 
processing squids and cuttlefish for export (Indian 
Seafoods, July-December, 1976). Shenoy (1985) has 
briefly described the method for processing dried squid 
which has a potential export market in Japan. 
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3 
IDENTITY OF COMMON SPECIES OF CEPHALOPODS OF INDIA 

E. G. SILAS, R . SARVESAN, K . SATHYANARAYANA RAO, K . PRABHAKARAN NAIR AND M . M . MEIYAPPAN 

ABSTRACT 

A key to the identification of the common cephalopods of Indian Seas which are of commercial importance is given with brief 
descriptions of nine species of cuttlefishes, six species of neritic squids, four species of oceanic squids, seven species of octopods and 
Nautilus pompilius. A Glossary of technical terms^used in the descriptions of cephalopods is included. 

INTRODUCTION 

Cephalopods are exclusively marine molluscs and 
there are about 660 species in the world oceans, which 
are diverse in form, size and nature (Voss, 1973, 1977 ; 
Voss and Williamson 1971; Worms, 1983). Of these less 
than a hundred species are of commercial importance. 
Cuttlefishes, squids and octopods are the three major 
groups of cephalopods which belong to the highly 
evolved Class of the Phylym MoUusca, namely Cephalo­
poda, animals with feet around head. Owing to the 
rapid development of an export market for squids and 
cuttlefish there is a greater need felt now than ever,for 
more information on the identity of cephalopods of the 
Indian Seas. 

There are about 80 species of cephalopods of com­
mercial and scientific interest distributed in the Indian 
Seas (Silas, 1968; Oommen, 1977a; Sarvesan, 1974). 
Other literature on cephalopods also indicates the rich 
cephalopod fauna of our seas (Hoyle, 1886 ; Goodrich, 
1896 ; Massy, 1916 ; Adam, 1939a, b, c, d, 1954 ; Adam 
and Rees, 1966 ; Rao, 1954 ; Satyamurti, 1956 ; Silas, 
1969 ; Pickford, 1974 ; Silas et al, 1976 ; Roper et al, 
1984). A comprehensive list of species recorded and 
reported from Indian Ocean till 1968 is given by Silas 
(1968). 

For a broad classification of living cephalopods 
reference is invited to Voss and Williamson (1971) and 
Voss (1977). 

Identifiation of Cephalopods 
FoT the proper identification of various species of 

cephalopods a knowledge of the external morphology 

and certain internal characters is necessary. The works 
of Hoyle (1886), Robson (1929), Adam (1939b), Adam 
and Rees (1966), Voss (1963), Voss and Williams (1971), 
Roper et al. (1969) Okutani (1973b ; 1980) and Roper 
et al. (1984) are very useful works in this regard. 

The key charact^s which are used for the identification 
of cephalopods are illustrated in Figs. 1-4. This will 
provide a general idea of the characters which are 
mentioned in the key and in the descriptions. The other 
anatomical and meristic features that are easily obser­
vable in specimens are also included in the illustrations. 
The definitions and explanatory notes of the unfamiliar 
terms are listed in the glossary. 

The key is mainly based on the morphological features 
of the adult and fairly full grown specimens. The 
characters that could be readily observed externally and 
a few internal characters are considered. The key is 
intended for the identifl.cation of only those commercially 
important species both of food and aesthetic value 
which are listed and described here. The works of 
Voss (1963), Voss and Williamson (1971), Wormuth 
(1976) and Roper et al. (1984) have been of considerable 
help in developing these identification keys and des­
criptions which in most cases have also been corro­
borated with examination of actual specimens. 

The three different basic body patterns of external 
features of cephalopods are presented in the Figs. 
1, 2, 3 and 4, Based on this the main categories viz., 
cuttlefish (Sepia), squid (Loligo) and octopod {Octopus) 
are easily distinguished. With the help of the follow­
ing key and brief descriptions, the species under different 
families could be identified. 

CMFRI BULLETIN 37 13 



EXPLOITED AND POTENTIALLY IMPORTANT CEPHALOPODS 

OF INDIA 

Class 
Subclass 

Family 
Genus 

Subclass 
Order 
Family 
Genus 

Genus 

Family 
Genus 

Order 
Suborder 
Family 
Genus 

Genus 

Genus 

Genus 

Suborder 
Family 

Genus 

Family 
Subfamily 
Genus 

C E P H A L O P O D A 
NAUTILOIDEA Agassiz, 1847 
Nautilidae Blainville, 1825 
Nautilus Linnaeus, 1758 

Nautilus pompilius Linnaeus, 1758 
COLEDIDEA Bather, 1888 
Sepiodidea Naef, 1916 
Sepiidae Keferstein, 1866 
Sepia Linnaeus, 1758 

Sepia pharaonis Ehrenberg, 1831 
Sepia aculeata Orbigny, 1848 
Sepia trygonina (Rochebrune, 1886) 
Sepia brevimana Steenstrup, 1875 
Sepia elliptica Hoyle, 1885 
Sepia arabica Massy, 1916 
Sepia prashadi Wiackwoith, 1936 

Sepiella Gray, 1849 
Sepiella inermis (Orbigny, 1848) 

Sepiolidae Steenstrup, 1861 
Euprymna Steenstrup, 1887 

Euprymna stenodactyla (Grant, 1833) 
TEUTHOIDEA Naef, 1916 
Myopsida Orbigny, 1845 
Loliginidae Steenstrup, 1861 
Loligo Schneider, 1784 

Loligo duvaucelii Orbigny, 1848 
Loligo uyii Wakiya and Ishikawa, 

1921 
Doryteuthis Naef, 1912 

Doryteuthis singhalensis (Ortman, 
1891) 

Doryteuthis sibogae Adam, 1954 
Sepioteuthis B\a.m\\!&6, 1824 

Sepioteuthis lessoniana Lesson, 1830 
Loliolus Steenstrup, 1856 

Loliolus investigatoris Goodrich, 1896 
Oegopsida Orbigny, 1845 
Onychoteuthidae Gray, 1849 
Onychoteuthis Lichtenstein ,1818 

Onychoteuthis banksii(Leach, 1817) 
Ommastrephidae Steenstrup, 1857 
Ommastrephinae 
Ommastrephes Orbigny, 1835 

Ommastrephes bartrami (LeSueur, 
1827) 

Genus Symptectoteuthis Pfeffer, 1900 
Symplectoteuthis oualaniensisiLtsson 

1832) 
Family 
Genus 

Order 
Suborder 
Family 
Genus 

Genus 

Genus 

Genus 

Family 
Genus 

Thysanoteuthidae Keferstein, 1866 
Thysanoteuthis Troschel, 1857 

Thysanoteuthis rhombus Troschel, 
1857 

OCTOPODA Leach, 1818 
Incirrata Grimpe, 1916 
Octopodidae Orbigny, 1845 
Octopus Lamarck, 1798 

Octopus dollfusi Robson, 1929 
Octopus aegina Gray, 1849 

Cistopus Gray, 1849 
Cistopus indicus (Orbigny, 1840) 

Hapalochlaena Robson, 1929 
Hapalochlaena maculosa (Hoyle, 

1886) 
Berrya Adam, 1939 
Berrya keralensis Oommen, 1966 
Argonautidae Naef, 1912 
Argonauta Linnaeus, 1758 

Argonauta argo, Linnaeus, 1758 
Argonauta hians, Solander, 1786 

1. SUBCLASS NAUTILOIDEA Agassiz, 1847 
Shell external, coiled and chambered, more than 

10 (63 to 94) circumoral appendages without suckers, 
two pairs of gills, funnel bilobed. (Livmg Mono-
typic Genus Nautilus : Nautilus pompilius). 

2. SUBCLASS COLEOIDEA Bather, 1888 
Shell internal except in Family Argonautidae, 

embedded in tissue, calcareous, chitinous or carti. 
laginous, 8 or 10 circumoral appendages with 
suckers, only one pair of gills, funnel tube-like. 

1. Order Sepioidea Naef, 1916 
Internal shell (sepion) calcareous and either 

straight and laminated or coiled and chambered 
or vestigeal and chitinous or absent; eyes 
covered with skin and a supplementary eye lid 
present; eight sessile arms; two tentacular 
arms contractile and retractile into pockets; 
suckers without stalks ; fin lobes free posteriorly. 

2. Order Teuthoidea Naef, 1916 
Internal shell (gladius or pen) chitinous, 

feather or rod-shaped, eight sessile arms; 
two tentacular arms contractile but not retrac­
tile, pockets absent, tentacles lost secondarily 
in some, suckers stalked and with or without 
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FiQ. 1. Body form of some important groups of ccphalopods. 
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FIG. 2. Schematic drawings of a cuttlefish showing salient characters as an aid for identification. 
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hooks ; fin lobes fused {losfefiody. Eyed eith^ 
covered or 6pen and without supfXemetataty 
eyelid. 

3. Order Octopoda Leach, 1818 
Internal shell vestigeal and cartilaginous 

except in females of Argoiumta which has an 
external, calcified shell. Eight arms, suckers 
without stalls and without chitinop rings; 
tentacles a]^sent; fins abseiit e;̂ ^pt in a few 
deep watef spepies; light organs abseiU. 

ORDER SEPIOIDEA 

The salient features to be examined for the identi­
fication of genera and species of cuttlefishes are as 
follows: 

1. Cuttlebohe: General shape, nature of the 
dorsal surface, structure of the inner cone, 
number and nature of grooves and ridges 
on the ventral side, the nature of growth 
lines fotmd in the striated area and iha vpioB. 

2. Tentacular clubs : Nwnber of tianaverserows 
of club suckers and their relative size (dia­
meter), the nature of protective meinbrane 
on the sides of the clubs. 

3. Hectocotylization: Structure of the hecto-
cotylized arm with regard to the modified 
portion, the number and arrangement of normal 
and modified suckers and the extent of modi­
fication of the arm. 

4. Shape and disposition of fins along JJMI mantle. 

$. In some species the characterisUe external 
colouration and colour pattern of fbe atantle, 
head and arms noticeable in fresh mafefial. 

KEY TO THE IDENTIFICATION OF GENERA AND SPECIES OF 

COMMERCIALLY EXPLOITED Qvrt\£BlSm& QVT^ llSmm 
SEAS 

1. Body either elongate and br<»d or very slender 
and dorsoventiaUy flattened; Muffmf^ml and 
narrow, extending all along mantle on either 
side; internal shell (sepion) present; hqad free 
from dorsal mantle; light orgaiuf a b ^ # a m i l y : 
Sepiidae) i^,^,,^.^..... 2 
Body saccular, wide, round bottomed; fins 
circular; internal shell lacki^; doiiaf maatte 

jfuNbM|«0ted^a'mtt6b»£^)matifsj^f:saddle-
^p<il#ilifc 0i8B» pifeseiAt ohink^fii (Family: 

Sepiolidae), 
Euprymna stenodactyla 

Câ iFJi BULwroJ 37;, 

2. Bodj Without a glandukr pore at posterior 
extrepu^; cuttlebone mostly with a spine 
(rostrm()<:at posterior end. (Genus: Sepia) 

, 3 
Body with a distinct glandufar pore at posterior 
extremity on ventral side; with brownish fluid 
oozing out; cuttlebone devoid of spine (Genus : 
Septeha) Sepietta inermls 

3. Body small and narrow, broadest part of body 
excluding fins distinctly less than half mantle 
length; fins narrow and ihargtnal; cuttlebone 
very much slender and lanceolate in shape... . 

8 
Body wide and muscular, ovoid or elliptical in 
shape; broadest part of body excluding fins 
equal or distiilctly mof̂  than half of mantle length; 
fins maî &al, moderate to wide; cuttlebone 
chalky, elongate, wide and nearly ovoid in s^ape 

, , 4 

4. Tentaculaî  clubs with suckers of unequal size, 
a few in the manns very much enlarged; mantle, 
head and arms with transverse stripes S 

Tentactdar ' clubs with smaller and subequal 
suckers but none greatly enlarged; no transverse 
stripes on mantle, head and arms 6 

5. Body robust, fins broad commencmg from edge 
of anterior mantle margm; tentacular clubs 
moderately long and well expanded; S or 6 
suckers in iniddle row of manus greatly enlarged; 
cuttlebone broad, thick and with a midventral 
groove flatteiming anteriorly in striated area; 
striae * A' shaped; inner cone forms a conspi­
cuous yellowish flat ledge; a sharp thick spine 
present; when live, body brownish, tifsrstripe 
pattern prominent Sepia pharaonis 

Body not robust; fins narrow commencing a 
few mm behind edge of anterior mantle margin ; 
tentacular clubs short, expanded; not more than 
3 suckers in middle row of manus greatly en­
larged ; cuttlebone narrow, midventral groove 
narrow and disthict, striae anteriorly broadly 
truncate with lateral comers sli^tly produced 
forward r dorsal sur&ce pinkish in colour; a 
sharp thiiv spme present. >^en live, dusty 
browiUsh, transverse strip^ less distinct. . . . . . 
. . . . I'J.,/. Sepia prashadt 
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6. Tentacular clubs very long, with iO-14 roWS of 
minute subequal suckers. Cuttlebone broad and 
thick with a median longitudinal ridge with a 
faint groove running medially on striated area ; 
inner cone forms a ledge-like callosity 

Sepia aculeata 

Tentacular clubs either short or moderately long, 
with 6-10 rows of small suckers. Cuttlebone 
thin and elliptical or acuminate in shape with or 
without ridges on striated area, innercone without 
callosity 7 

7. Tentacular clubs short with 6-8 small subequal 
suckers. Cuttlebone flat and distinctly acuminate 
anteriorly, dorsal surface rugose, a shallow median 
groove in the striated area, the striae ' A ' shaped 
with a median shallow groove broadening ante­
riorly ; inner cone and its limbs pinkish in colour; 
spine small, sharp and slightly curved 

Sepia brevimana 

Tentacular clubs moderately long, with 10 rows 
of small suckers of uniform size. Cuttlebone 
thin, elliptical in shape, dorsal surface smooth ; 
two conspicuous lateral ridges more prominent 
anteriad resulting in three longitudinal furrows 
in striated area ; spine thick, sharp, long and well 
curved Sepia elliptica 

8. Two prominent ear-shaped fleshy projection 
present on head below eyes. Fins do not extend 
upto end of mantle; tentacles with short and 
cijrved clubs, small subequal suckers in 5 or 6 
rows. Cuttlebone lanceolate with rounded ante­
rior t ip; spine absent and edges of cone not 
winged but spatulate posteriorly 

Sepia arabica 

No fleshy projections on head', fins extend 
upto end of mantle ; tentacles with short clubs, 
suckers in eight rows, about five in third row 
enlarged. Cuttlebone lanceolate with acuminate 
anterior tip with edges of outer cone winged 
giving an arrow head appearance; spine small 

Sepia trygonina 

Apart from the above species of cuttlefishes which 
are included in the key, a number of other species viz. 
Sepia latimanus Quoy and Gaimard, 5" mwrayi Adam 
and Rees, S, omani Adam and Rees, S. kobiensis Hoyle, 
•S, recurvirostra Steenstrup, S. savignyi Blainville 
Sepiadarium kochii Steenstrup, Euprymna berryi Sasaki 
and E. morsei (Verrill) have been recorded from the 
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Indian Ocean. Some more sepiids which have tseen 
reported from the father parts of Indian Ocean viz. 
Sepia apama Gray, S. australis Quoy and Gaimard, S. 
braggi Verco and S. escuhnta Hoyle are also likely 
to occur in Indian Seas. 

ORDER TEUTHOIDEA 

The various characters used in identifying the different 
species of neritic and oceanic squids (Order Teuthoidea) 
are given below. The definitions and details of im­
portant characters and terms are given in the glossary 
of technical terms. 

1. General shape of the mantle. 

2. The shape and proportion of fins, the contour 
of the anterior and posterior margins of the fin 
lobes ; position of fins on the mantle viz. terminal 
or marginal; united or separated at the posterior 
end. 

3. The relative size of head and arms ; size, shape, 
number and arrangement of suckers on the arms 
and tentacular clubs; the nature and dentition 
of the chitinoxis rings of the suckers. 

4. Presence of hooks and/or suckers on the arms 
and tentacular clubs. 

5. Details of hectocotyUzation, the number and 
arrangement of normal and modified suckers 
and the extent of other modifications affecting 
the arm. 

6. Presence or absence of light organs (photo-
phores), their shape, number and position. 

7. Nature of the funnel locking apparatus. 

8. Presence or absence of accessory nidamental 
glands. 

9. Shape of gladius. 

10. Shape of eggs and egg clusters. 

KEY TO THE IDENTIFICATION OF COMMERCIALLY IMPORTANT 
NERITIC AND OCEANIC sqinos OF THE INDIAN SEAS 

1. Eyes completely covered with a corneal membrane 
(MYOPSIDA r Neritic Squids) 
^ 2 
Eyes not covered with a corneal membrane and 
, open to the surrounding medium (OEGOPSIDA : 
Oceanic squids) 7 

2. Body elongate, cylindrical in outUne ; fins mar­
ginal, wide and muscular, very long almost running 
along entire length of mantle j elliptical in shape 
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Sepioteuthis kssoniana 
Body elongate, narrow, either slender or stout, 
sides parallel or tapering; fins narrdw, terminal 
running less than 65 per cent of mantle length 
and either rhombic (Loligo) or heart-shaped 
{Loliolus) 3 

3. Body elongate or short and stocky, posterior 
end of mantle blunt; fins broad, rhombic or 
heart-shaped^ with head wd armxrown aii^e than 
50 per cent of mantle length; vane of gladius 
broad with thin curved margins 

4 
Body narrow and slender, posterior end of mantle 
pointed; head with arm crown distinctly less 
than 50 per cent of mantle length 

6 

4. Small squids, mantle length of adults less than 
60 mm ; fins heartshaped ; vane of gladius cons­
picuously broad at midlength 

Loliolus investigatories 
Moderately large squids ; fins typically rhomboid ; 
vane of gladius narrow throughout , 

5 

5. Body elongate, mid-rib of gladius not visible 
through mantle skin; fins 50-57 per cent of 
mantle length; tentacular dubs large median 
manal sucker ring with 14-17 teeth; in males 
distal half of left ventral arm hectocotylized, 
papillae not fused 

Lolfgo duvaucelii 
Body short and stout; mid-rib of gladius clearly 
visible through dorsal mantle skin as a median 
dark line ; fins 55-65 per cent of mantle length ; 
Tentacular clubs large median manal suckers 
with smooth rings; in males left ventral arm 
hectocotylized almost the entke arm ; papillae on 
ventral margin fused with membrane.. • • • 

Lolige uyii 

6. Mantle very long and stendo- with a rMge along 
midline in males; fins wide and long and more 
than 60 per cent of mantle length; taxat than 
half of left ventral arm hectoo^Uzed distally 
in males; gladius narrow with almost straight 
margins and tapering gradually to a narrow 
point Doryteuthis sbightHensis 

Mantle long, narrow and slender, IK> ridge but 
chromatophore concentration ventnUly along 
midline ; fins narrow and less thtm 60 per cent of 
mantle length; less than half of left ventral 

arm hectocotylized distally in mates; gladius> 
narrow, diarply acuminate posteriorly 

Doryteuthis sibegae 

7. Oceanic squids with muscular body ; head with 
nuchal folds on dorsal side at posterior end; 
rachis of gladius visible as a longitudinal ridge 
middorsally along the entfare length of mantle; 
tentacular dubs with two rows of hooks, marginal 
suckers lacking. 

. Onychoteuthis banksii 
Oceanic squids with muscular body ; head with­
out nuch^ folds on dorsal side at posterior 
end ; rachis of gladius not visible throu^ dorsal 
mantle; tentacular clubs without hooks 

8 

8. Funnel locking-cartilage ' H ' shaped consisting 
of a narrow longitudinal groove and a short 
transverse groove branching from it medially 
(Fig,3>. Fins broad and rhombus-shaped occupy­
ing nearly entire length of mantle 

Thysmoteuthis rhombus 
Funnel locking-cartilage ' X ' shaped consisting 
of a vertical groove and a transverse groove at 
r i ^ t angles to it posteriorly (Fig. 3). Fins termi. 
nal and less than 60 per cent of mantle length 

9 

9. Funnel and mantle cartilages of the locking 
apparatus fused together. An oval photophoric 
pateh present middorsally near anterior margin 
of mantle ; muscle of mantle ventrally without 
embedded light organs; two intestinal photo-
phores present 

Symplectoteuthis oualaniensis 

Funnel and mantle cartilages of the locking 
apparatus not fused. An elliptical gold coloured 
stripe present midventrally from mantle opening 
to level of fin insertion ; muscle of manfle ventrally 
with numerous closely packed small irregularly 
shaped light organs, some interconnected; no 
intestinal photophores 

Ommastrephes bartrami 

A number of other si^cies of oceanic squids viz. 
Ancistrocheirus ksueuri (Orbigny) (PI. IX C and D), 
Taningia dame Joubin, Architeuthis sp., Histioteuthis 
dofleini^MSai^, and Todarodes eablnae (Ball) have been 
reported from the bdiaa Ocean (Roper et al, 1984). 
Several other species of squids such as Loligo chinensis 
QtaSti^-tduHs HOjde, L.forbesi Steenstrup, Sepioteuthis 
amtralis Quoy and Gaimard, Moroteuthis robsoni 
Adam, M9UdotetMs boschmeti Adam, Histioteuthis 
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bomellii (Ferussac) and Nototodarus gouldi (McCoy) 
are distributed in ihx) oeritic and oceaidc region of the 
contiguous areas of Indian Ocean, It is likely that 
some of these species may occur in the EEZ of India 
and adjacent high seas. 

ORDER OCTOPODA 

In the present report four genera of the family Octo-
podidae and one genus under the family Argonautidae 
are included. The majority of commercially important 
octopods belong to the family Octopodidae whereas 
Argonauta is a collectors item, valued for its beautifully 
sculptured external fragile shell popularly known as 
Paper Nautilus. The Argonauta is distributed in 
tropical and warm-temperate waters, living in the 
surface waters of the open ocean forming forage to 
predatory fishes such as Tunas and Billfishes (Voss 
and Williamson, 1971). 

The systematics of the family Octopodidae have not 
yet been studied thoroughly and a state of uncertainty 
persists (Robson, 1929; Voss and Williamson, 1971; 
Roper et al, 1984). This is also true for the Octo­
podidae of Indian seas and very little work has been 
carried out so far. It was considered that * Morpho­
logically this group is feature­
less' (Robson, 1929). However, there are certain 
characters which are useful in the identification of 
octopods: 

1. The shape and sculpture of mantle such as warty, 
smooth and rugose. 

2. The comparative lengths of arms and relative 
sizes of the suckers ; structure and modification 
of the hectocotylized arm, especially the ligula. 

3. General shape and structure of spermatophores. 

4. Structure of the reproductive organs. 

5. Gills and number of gill filaments. 

6. Structure of the radula. 

7. Permanent colour and colour pattern. 

8. Habit and habitat. 

KEY TO THE IDENTIHCATION OF IMPORTANT OCTOPODS 
OF THE INDIAN SEAS 

1. Cephalopods with eight arms ; without an external 
shell; internal shell either vestigial or lacking; 
no great disparity between males and females 
in size; benthic in habit (Family Octopodidae) 

. . 2 
Cephalopods with eight arms; external shcdl 

,, present (in females); sexual dimorphism very 
marlcpd, males very small; pelagic ia habit 

.. (Family Argonautidae). '.... 6 

2. Right third arm in m^es hectocotylized with 
well developed ligula, calamus and spermato-
phoric groove; no water pores and embedded 
pouches between arm bases 3 

Hectocotylized arm dnly .slightly modified, 
Ugula small about 3 per cent of arm. Small 
Water pores leading to embedded pouches bet­
ween bases of arms on oral surface 

Cistopus indicus 

3. Body ather globular or sli^tly elongate and of 
firm consistency; arms long and tapering with 
moderately developed web between them ; funnel 
not fused with head 4 

Bodly short and stumpy, of semi-gelatinous 
consistency and posteriorly rounded; arms very 
short with well developed web between them; 
funnel fused with head; ligula prominent (11 
to IS per cent of arm) and cone shaped with 
deep calamus and groove Berrya keralensis 

4. Body elongated oval; moderately large in size ; 
dorsal surface of body and arm with reticulate 
pattern ; no concentric rings of chromatophores 
on the body; ligula about 5 to 10 per cent of 
arm ; penis and divertioulam long 5 

Body globular, smaller in size; skin smooth 
without reticulate pattern; while fresh dusty 
brown in colour witti prominent bluish rings on 
mantle, head, web and arms 

Hapalochlaena maculosa 

5. Eyes prominent; a single large cirrus posterior 
to eadi eye. Ligula small, 5 to 8 per cent of 
arm ; with shallow groove ; penis and diverticulam 
together form U-shaped loop; spermatophores 
long and unarmed Octopus aegina 

Eyes incon^<»iou$; no eye cirrus. Ligida 
8 to 10 per cent of arm; with well formed groove 
and calamus. Les^ penis and short diverticulam 
Ui^bsx fatm r^ofsed 6-8hape ; spermatophores 
long and armed with spines 

. . . , . , . ; . . . . . Octopus dolffusi 

6. Shell and aperture narrow and not inflated; 
cominressed laterally; keel narrow with numerous 
sharp nodules (knobs); ribs on sides bifurcated; 
coloqr white with faint brownish markings on 
shell and nodules Argonauta argo 
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Shell and aperture wide and strongly inflated; 
nodules prominent, rounded and widdiy ^ c e d 
on keel; on sides long full ribs altom^e with 
short ribs Argomuta Mans 

In addition to the above mentioned specie^, some 
more species of octopods such as Octopus cycmeus 
Gray, O. globosus Appellof, 0. membrmacem Quoy 
and Gaimard, O. macropus Risso, 0. vulgaris Cuvier, 
O. vanmae Oommen, O. tetricus Gould, Berrya annae 
Oommen, Scaewgus unicirrus Orbigny are also known 
to occur in the Indian Seas and other parts of the Indian 
Ocean. 

GLOSSARY OF TECHNICAL IIBRMS 

While describing various si»cies of oephalopods 
many scientific terms are used. As these terms are not 
generally very familiar, brief descriptions and explana­
tions of the same are given here. 

Aequiferom pores: A pair of small openings |»-esent 
on the dorsal and ventral surfaces of head at a 
short distance below the base of arms in Trermctopus. 

Anal flaps: A pair of papillae present on either side 
of the anterior opening of the anus. 

Arms: Cephalopods possess circumoral arms or 
appendages arising from the head (Cephalopoda — 
Head footed). In Decapods (squids and cuttle­
fishes) there are eight such sessile arms and two 
long tentacles ; Octopods have only eight arms; 
Nautiloids possess numerous appendage. 

All arms are paired and designated as left or 
right arms (Figs. 2, 3 and 4). The dorsat.iffms are 
known as the first pair, the dorsolateiai iirms 
are tiie second pair, the ventrolateral ascfa ace the 
t tod pair and the ventral ones are thfif(Hirtb pair 
of arms; they are provid(»l with one <» more rows 
of suckers on the oral side. 

Armature: Arrangement of either or both of suckers 
and hooks on the arms and tentacular clubs. 

Arm formula: The relative lengths of arms are ex­
pressed in ' arm formula' in order of decreasing 
length e.g., 2.3.4,1 to denote 2>3>4>1. 

Beak: Rdfers to the beak-like jaws of ccf halc^ds ; 
also known as mandibles or jaws ; in slwpe they 
are like a parrot's beak (Fig. 4). 

^eeal lappets: Small 6-8 lobed triangular fttps of 
the buccal membrane (Fig. 3) Mt^di in some 
cephalopods bear one or more minute suckers. 

&icail membrane: Web-like membranous sheath sur-
roimding the mouth in squids and cuttlefishes 
(Fig. 3>. Absent in octopods. ^ 

Calcification .* Dqpoution of calcium carbpnate. Cuttle-
bone in m^fishe^-Hchalky calcified or calcareous. 

Calamus (Calimus): A small conical projection of 
the exteeme, t^i of the spermatrpphoral groove in 
the hec^jcotyjped arm of octopods (Fig. 4). The 
length of calamus is the distance front the distal 
sucker of the arm to the tip of ligula. 

Carpal clusters: A group of small suckers and fleshy 
knobs on the basal (carpus) portion of tentacular 
clubs. 

Carpal knobs: Small roundish, fleshy protuberances 
on the carinis portion of tentacular clubs. 

Carpal suiters: Cup-like small suckers on the carpus 
of tentacular dubs. 

Carpus: Proxmal portion of the clubs also known 
as wrist where small suckers and sometimes also 
knobs are present (Figs, 2 and 3). 

Chitin: h horny po|/sftcchar«ite material that forms 
the Radius, sucker rings, hooks and beaks, 

Chromatophores: Contractile pigment sacs in the 
outer skin of ©(^hato^s. They are under nervous 
control and, EMi«jnsiWe for colour, colour pattern 
and colour change of oej^opods. 

Cirri: Smdi, slen^» &shy prc^uberances of the skin, 
usually over the eyes (ot^ul^ eirri) aad mantle. 

Corneal membrane: A thin, transparent membranous 
skin, covering the eyes of myopsid and sepioid 
c^hatopods; absent in oegopsids (Oceanic squids). 

Cuttlebone: The ^ c k chalky, calcified internal shell 
of cuttleflriies (Fig. 2). 

Dactylus: The distal portion of tentacular clubs 
where usually small suckers are present'(Figs. 2 
and 3). 

Dentition: The presence of teeth on horny rings of 
arm suckers. 

Diverticulam: The tube-like structure posterior to the 
penis (mainly in octopods). 

Faveola: Membranous folds or ridges of skin that 
form a pocket-like structure in the funnel groove 
found in some oegopsid squids. 

Fins: Thit pair of muscular flaps which originate 
along the dorsolateral plane of the mantle and are 
useful in locomotion. 

F^jdng ap^mtm: SmaB fie^y knobs and suckers 
on t te Wipik portion of the tentacular dubs that 
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facilitate the two clubs to adhere during capture 
of prey. 

Funnel: Also known as siphon is situated below the 
head in a groove on its ventral side. Exhalent 
water from the mantle cavity is pumped through 
the funnel. 

Funnel groove : The pit-like excavation in the postero-
ventral part of head in which the free portion of 
funnel lies. 

Funnel locking apparatus: Refers to funnel and mantle 
locking mechanism foimd in squids and cuttlefishes 
to keep the base of the funnel and the inner mantle 
wall in locked-up position. This is effected by 
cartilaginous grooves or depressions on each side 
of the funnel on the posteroventral region (Fig. 3) 
into which corresponding cartilaginous thickenings 
on the inner wall of the mantle fit so that exhalent 
water passes through the funnel and not through 
the mantle opening. 

Funnel organ: A glandular structure present on the 
inner wall of funnel; usually a ' W or ' VV' 
shaped structure in octopods (Fig. 4) and an in­
verted V-shaped one with two oval patches on 
either side in decapods. 

Gill lamellae: The series of elongate leaf-like folded 
structiu-es of the gills (Ctenidia). They are also 
known as gill filaments. 

Gladius: Thin, feather-like chitinous internal shell 
present in squids. Also known as pen (Fig. 3). 

Hectocotylus: The structural modification of one of 
the arms in male cephalopods for transfer of sper-
matophores (Figs. 2, 3 and 4). Suckers, pedicels 
and protective membranes of the arms are modified 
variously in squids (Fig. 3), cuttlefish (Fig. 2) 
octopo(b (Fig. 4) and Nautilus. 

Hooks: The sharp curved chitinous structures of the 
suckers present on the arms and or tentacular 
clubs in some oceanic squids. 

Ink sac: A bag-like structure in which ink is produced 
and stored in cephalopods. The sac is located 
anteriorly in squids and posteriorly in cuttlefishes 
and octopods. In some octopods (deep sea) it is 
greatly reduced or absent. 

Keel: The mebranous extension of arms, tentacle 
and clubs on the aboral surface; also known as 
swimming membrane. In Argonauta keel is the 
narrow flattened connecting portion of the two 
sides of the shell. 

Light organ : A specialized structure in some cephalo­
pods that produces bioluminescence, either by 

chemical action or through symbiotic bacteria. 
Also known as photophores and luminous organs. 

Ligula: The spoon-shaped tip of the hectocotylized 
arm in octopods; gener ally its oral surface is 
grooved and has transverse ridges (Fig. 4). 

Mantle: The muscular body wall of cephalopods 
that surrounds the internal organs. 

Manus: Refers to the mid-portion of the tentacular 
club ; also known as hand ; usually the suckers in 
manus portion are larger in size (Figs. 2 and 3). 

Pedicel: The conical shaped fleshy stalks of sucker-
of arms and tentacular clubs in squids and cuttle 
fishes. 

Protective membranes : The web-like membranes present 
on the sides of oral surface of arms and tentacular 
clubs which are strengthened by trabeculae. 

Rachis : The thickened midaxis of gladius (Fig. 3). 

Radula: The chitinous band in the buccal mass of 
cephalopods with several transverse rows of teeth 
(Fig. 4) on its surface used for rasping food. 

Side pockets : The small slender fleshy ridges that form 
pocket-like structures on the lateral sides of faveola. 

Spermatophore: A complicated tube-like structure 
produced by male cephalopods for storing sperms ; 
it consists of a proximal sperm reservoir, a middle 
cement body and a distal ejaculatory apparatus. 

Spermatophoral groove: The groove formed by the 
curbing of membrane of the ventral margin of the 
hectocotylized arm which ends in calamus in 
octopods. Aloug the groove the spermatophores 
are conducted to the ligula during mating. 

Suckers t The muscular cup like structures on the 
arms and tentacular clubs ; some are pedunculated 
i.e., placed on contractile stalks as in squids and 
cuttlefishes ; some are sessile and directly embedded 
on arms as in octopods. 

Sucker ring: The horny dentate rings that encircle 
the sucker opening in decapods (squids and cuttle­
fishes) ; the suckers of octopods have no rings. 

jentacle: Two elongate slender appendages arising 
by the side of the mouth and terminating in ex­
panded clubs in squids and cuttlefishes. They 
are contractile and rectractile into pockets at the 
base in between the third and fourth arms in 
cuttlefishes; they are only contractile in squids. 
Absent in octopods. 

Tentacular club: The flattened and expand terminal 
portion of the tentacle which bears suckers, hooks 
or both (Figs. 2 and 3). 
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Trabeculae: The muscular rod-like transverse ridges 
which lend support to the protective membuwes. 

Vane: The thin, transparent lateral expansion of the 
gladius (Fig. 3). 

Water pores : The small openings leading io internal 
small pouches embedded in the oral surface of each 
interbrachial web between the arm bases in Cistopus. 

BRIEF DESCRIPTIONS OF EXPLOITED AND POTENTIALLY 
IMPORTANT CEPHALOPQDS OF INDU 

CUTTLEFISHES 

Sepia pharaonis Ehrenberg, 1831 
(Plate I ; A-F) 

This is the largest cuttlefish known from Indian seas. 
The body is ovoid in shape, broadest at about the 
middle, slightly narrow at the anterior end and narrower 
at the posterior part of the mantle. Body is robust 
with muscular mantle and fins. The latter are broad, 
originate from the anterior margin of the mantle open­
ing, have a slight forward projection anteriorly and 
extend along the entire margin of mantle ; the fins are 
wider near the posterior end. On the dorsal side the 
skin of mantle has numerous minute granular papillae, 
a series of small longitudinal faint ridges along the 
periphery of the mantle and a narrow whitish line along 
the base of fins demarcating the mantle and the fins. 
The head is short and about as broad across the two 
prominent eyes as long. 

The oral arms are long, subequal in length, with well 
developed keels and with tapering ends. Dorsal arms 
are the shortest and the lateral arms are much com­
pressed. The suckers on all arms are arranged in four 
transverse series ; suckers in the basal rows are larger 
and become gradually reduced in size towards the distal 
end, those at the tips very minute. The buccal mem­
brane is thick and the lappets bear minute suckers at 
the tips ; the dark coloured rostrum of the horny beak 
embedded in the buccal mass is seen in the middle. 

The tentacles are moderate in length and not very 
much longer than the body; the stem is thick and 
triangular in cross section. The tentacular clubs are 
broad, moderate in length being only about one fourth 
in dorsal mantle length; clubs are distinctly broader 
than those of Sepia aculeata and have a broad swimming 
membrane the end of which reaches a little beyond the 
base of the club. The protective membranes on either 
side are narrow, extend slightly beyond carpus and not 
xmited at the base. Club suckers are unequal in size 
and very characteristic. Suckers of the carptB and 

dactylus portions are small; those in the middle part 
of manus are large in size and arranged in eig t̂ trans, 
verse series; about six suckers in the two me(U«i 
series are much enlarged and prominent; tlK! sucker 
rings have wavy edge without denticulation. 

The left ventral arm is hectocotylized in males; 
the modified part is in the middle portion of tiie arm; 
basally 12-14 transverse smes M svaHaets of this arm 
are normal in size, the next 4»10 sertes have normal 
ventral rows of suckers but the dors^ Jeows of suckers 
are much reduced. These two rows u% separated by 
a thick r i (^ with grooves across. The females are 
more robust than males; in the latter the mantle is 
comparatively sUgbtly narrower. 

The cuttlebone is elon^te, broad and oval in shape, 
the surface is rugose in texture and has three longitudinal 
faint ribs. The Chitinous outer edges are broad and 
yellowish brown in colour on the dorsal side of the 
cuttlebone. 

The ventral surface has a characteristic vnde, deep, 
longitudinal groove in the middle, running along the 
entire length of striated zone. The striae or growth 
lines are distinctly ' A * shaped. The inner cone is 
broad in the middle and forms a plate-like prominent 
callosity. Hie spine is short, stout and without keels. 

Males attain a maximmn ma&tle length of about 
430 mm and fenmles 330 mm (Roper et al., 1984). 

In fresh condition, the dorsal surface of the manfle, 
head and oral arms have dark brown transv(»:se stripes. 
This colouration is ĉonspicuous in adult males. The 
colour pattern is variable. 

Sqpla aculeata Orbigny, 1848 
(Plate I I ; A-D) 

The mantle is broadly ovate in outline, width 3/5 
in length ; fins moderately broad and extend along the 
entire length of mantle. The head is large, about as 
long as wide and narrower than the mantle opening. 

The oral arms are short, subequal in length in the 
order 3.4.2.1. The dc^sal arms are rounded on the 
outer side, the lateral arms are keeled and the ventral 
ones broad at the I^e with str(»ig swimming membrane. 
The buccal lapp^ bear a few minute sudcers with 
smooth, chitinous rings. The arm suckers are unifcmnly 
arranged in four rows Had bordered by protective 
membraros on either side. The left ventral arm in 
male is he<^ocot̂ ized with modificstira at the fvoxiiBtl 
half of the arm. At the base of the ttttOi^atm are 
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about 12 rows of normal suckers followed by about 
6 transverse rows of very minute suckers, with a pit­
like excavation in the middle of the modified portion 
and this is distinct in adult males. 

The tentacles are comparatively very long, slender 
and keeled on the outerside; the stem is triangular 
in cross section. The tentacular clubs are long, about 
1/3 mantle length and slender but not much expanded; 
beyond the base of the club the protective membranes 
run as two ridges on the oral side of the tentacular 
stem. The club suckers are minut«, subequal in size 
and arranged in about 10-12 longitudinal series in 
males whereas females possess 13 or 14 series; the 
numerous minute suckers on the tentacular dubs give 
them a spongy appearance. 

Hie cuttlebone is elongate oval in shape with granular 
rough dorsal surface and has three low longitudinal 
ribs; the chitinous margin is very narrow. The ventral 
surface has a slightly convex striated zone anteriorly 
and is concave at the posterior end where the posterior 
iimercone has a thick, rounded ridge in contrast to 
the distinct plate-like form in S. pharaonis. On the 
ventral surface, in the striated zone there is a longi­
tudinal medial ridge with a faint groove running medially; 
the striae are notched in the middle. The last loculus 
is short and its medial portion is slightly concave. 
Spine is small, strong and not keeled. 

The maximum size recorded is 230 mm (Voss and 
waiiamson, 1971). 

The colouration of the dorsal mantle is very variable 
and consists of dififerent shades of gray or brown with 
white spots, streaks or patchies in varying patterns with 
numerous chromatophores. 

Sepia brevimana Steenstrup, 1875 

(Plate I I I ; A-E) 

The mantle is broadly ovate, its anterior margin 
projects prominently in the middorsal plane into a 
lobe which is very acuminate; the ventral anterior 
margin is slightly emarginate in the middle. The 
posterior end is also very much acuminate owing to the 
presence of a long and pointed spine at the extremity 
of the cuttlebone. The fins are narrow, originate a 
little posterior to the mantle margin and extending 
along the sides do not unite at the end. The acuminat 
contour of the posterior end of the mantle is distinctly 
seen on the ventral side. The head is as long as wide 
and eyes are prominent. The buccal membrane is 
seven lappetted. 

The ora arms are short, subequal and less than half 
the length of mantle. The arm suckers are quadriserial 
and small in size. 

Tentacles are slender and moderate in length. Clubs 
are very short and bear about eight oblique rows of 
small suckers; enlarged suckers absent. 

The cuttlebone is very distinct, thin, flat and elongately 
ovoid in outline. On the dorsal surface it is rough 
due to the presence of numerous small tubercles which 
form three definitive longitudinal ridges. On the ventral 
side, the cuttlebone is concave and a deep median 
groove is present in the striated zone. The striated 
area and the outer cone are separated laterally by a 
broad, smooth area on either side. The inner cone 
and its lateral limbs are distinctly pink coloured. The 
spine is long, thin and slightly keeled. The cuttlebones 
of male and female differ in shape. The cuttlebone 
of female is generally broader and more acuminate 
than that of male. The tubercles on the dorsal side 
are not prominent in the female. 

The maximum size attained by this species is 
95 mm. 

The dorsal surface of the cuttlefish is generally dark 
coloured. The arms, neck region, sides and ventral 
surface are whitish in fresh condition. 

Sepia elliptica Hoyle, 1885 

(Plate IV; A-D) 

The mantle is broadly ovoid in outline, stout and 
broad at the mantle opening, not very much tapering 
at the, posterior end. The mid-dorsal projection, 
over the head inbetween the eye lobes, is sharp and 
prominent. The funnel is conical, short and does not 
reach the base of ventral arms. The head is short 
but broad with prominent eye lobes. 

Arms are short, stout, subequal in length, about 
half in mantle length and have acuminate tips ; the arm 
formula is 4.3.2.1. or 4.2.3.1. The suckers are arranged 
in four uniform series on all the oral arms; they are 
moderate in size and gradually become reduced towards 
the distal ends. The homy rims of the suckers are 
not provided with distinct teeth but marked with notdies. 
The left ventral arm in male is hectocotilyzed. The 
hectocotilyzed arm is normal for one third of its length 
from the base and the middle third of the arm is modified 
with great reduction of the suckers especially the dorsal 
suckers. The distal portion of the arm is not affected 
by hectocotilyzation. 
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PLATE I. Sepia pharaonis. A. Dorsal view of male. B. Oral view of tentacular club. C. Aboral view of tentacular club. D. Dorsal 
view of cuttlebone (female). E. Ventral view of cuttlebone (female). F. Ventral view of cuttlebone (male). 
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PLATE II. Sepia aculeata. A. Dorsal view of female. B. Tentacular club. C. Ventral view of cuttlebone (female). D. Ventral 
view of cuttlebone (male). 
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PLATE III. Sepia brevimana. A. Dorsal view of female. B. Ventral view of female. C. Dorsal view of cuttlebone (female). D. 
Ventral view of cuttlebone (female). E. Tentacular club. Sepia trygonina. F. Dorsal view of male. G. Venrtal view 
male. 
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PLATE IV. Sepia elliptica. A. Dorsal view of female. B. Ventral view of female. C. Dorsal view of cuttlebone (female). 
D. Ventral view of cuttlebone (female). 



The tentacles are short and about as long as mantle 
length; the stem is thin and triangular in cross section; 
the clubs are moderate in size, slightly expanded and 
bear about eight to ten rows of minute suckers of uni* 
form size; the protective membrane is well developed 
on either side and united at the base, swipuning mem­
brane is broad. The homy rings of the suckers are smooth 
mthont teeth. 

The cuttlebone is broad, thick, and typically elliptical 
in outline. The shell is acuminate at the anterior end, 
more so in females, and the posterior part is slightly 
wide. The terminal spine is thick, sharp and curved 
dorsally. The dorsal surface of the cuttlebone is 
somewhat smooth and there are three febble longi­
tudinal ridges. The ventral surface has two prominent 
lateral ridges and three longitudinal furrows in the 
striated area and consequently the striae show three or 
more sinuations along the entire length. The last 
loculus is convex whereas the posterior part is hollowed. 

The maximom size of males reported is 129 mm and 
thatof females 119 mm. 

The dorsal surface of mantle and head is palej^yish 
in fresh specimens and becomes veiy dark sometime 
after capture. 

Sepia prashadi Winckworth, 1936 

(Plate V;A-E) 

Body is rather slender, elongate and oval in outline; 
the anterodorsal margin projects strongly with well 
excavated sides. The fins are moderate in width, 
begin a short distance before the anterior mantle margin 
and extend along the sides. At the posterior end of 
the mantle they are distinctly separated. Hie head is 
rather small, as long as broad. 

The arms are subequal and well tapering. The arms 
are provided with but narrow protective membranes. 
The dOTsal arms are slightly keeled on the outer sides 
at their distd ends, the lateral arms are strongly keeled 
along their ventral margins, whereas the ventral ones 
have strong outer swimming membranes. The arm 
suckers are more or less globular in males and arranged 
quadriserially throughout the length. The outer mar-
^nal suckers of the arms are smaller in size fbaa the 
inner ones in the greater proximal portion of the arms ; 
but at the distal tapering end, the outer sudcers are 
slightly bigger than the inner ones except on the ventral 
pair of arms (Adam and Rees, 1966). TTie Idt ventral 
arm is distinctly hectocotylized in males. It has Wo 
groupsof normal quadriserial-suckers at its base. Hie 

modified portion occupies the greater length of the arms 
wth prominent transverse folds., The suckers are vwy 
much reduced in size, the two ventral rows of sucjeers 
are arranged very closely and it appears as though 
they are set in a single row. The dorsal series of suckers 
are larger in size in the transformed portion. There 
are 12 to 14 Ij'ansv^ r̂se rows of four suckers each on the 
modified portion. - ' 

The tentacles e i ^ in fhort and tec^ clubs. The 
stem is rour^d, A strong swimitfng membrane is 
present on the d o n ^ side <^Urn t^a^tmaku dubs and 
extends a l i t ^ beycmd the end of cUte; the manus (rf* 
the club is disttiKstljr separated ftfm^ ^m tentacles by a 
deep furrow under the dorsal pr^Ktive membrane. 
The protective mead»-aiKS are <wdl Jevetef^ and 
come very closely at the base but they do not unite. 
The club suckers are arranged in e i ^ t oblique transverse 
series. The suckers are very much unequal in size. 
In the middle portion of the clubs, three suckers of 
the third series are Very much enlarged. 

The cuttlebone of this species is very distinct, its 
dorsal surface being pinkish in colour. The ctrttlebone 
is elongately ovoid; the dorsal surface is rugose with 
granulose texture especially in the anterior region and 
the lateral margins of the postmor end an,d bears 
three longitudinal ridges. On the ventral side, the 
striated zone is rather thick and convex and has a 
median distinct furrow along the entire length of its 
ventral surface. The striations are very closely set 
and broadly truncated with lateral corners slightly 
produced forwards. There is a smidl* slei^r but 
strong spine at the posterior p u t which is sli^tly 
(Greeted upwwds. 

The maximum size recorded is 140 mm (Roper et 
«/-, 1984). 

The general colouration is light brownie with cons­
picuous streaks on the surface of the dorsal mantle 
and base of the arms. The presence of the transverse 
stripes gives a 'Zebra* pattern to the animal which 
makes this species distinctive. 

Sepia trygOBina Rochebrune, 1884 

(Plate i n ; F and G) 

Mantle is eU>a@ite and narrow, tapering posteriorly 
and slightly comprewed dorso-ventrally. The mid-
dorsal projectioa df ^ m a n t l e is blunt and reaches 
tile poittt between ^ eyes. Fins narrow orij^nate a 
few millimetres bdiiiill the anterior margin of mantle 
and are separate at the end of the body. The head is 
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slightly wider than long. The buccal lappets are devoid 
of suckers. The funnel is very small and does not 
reach the interbrachial space between the ventral arms. 

The arms are unequal in length and in the order 
1.2.3.4. in the female and 1.4.3.2 in the male. The 
ventral and ventrolateral arms are laterally compressed 
and keeled. The web is absent between the ventral 
arms and it is rather shallow between the other arms. 
In males, suckers are arranged in four rows on all 
arms except the dorsal ones. The dorsal arms possess 
quadriserial suckers in the proximal two thirds of their 
length and biserial in the rest. In the females all the 
arms have quadriserial suckers in the proximal two 
thirds portion and biserial in the rest. The biserial 
suckers are minute in size and widely spaced. 

The fourth left arm in male is hectocotylized. It 
has a single or two transverse rows of normal suckers 
basally. The middle one third of the arm is the modified 
portion where the suckers are situated wide apart. 
The protective menibranes are well developed on the 
ventral and dorsal margins. The distal portion of 
the arm becomes abruptly slender and the narrow oral 
surface has four rows of minute suckers. 

The tentacles are very slender and long. The clubs 
are very short and provided with a well developed 
swimming membrane extending from the proximal part 
to the tip of the club. The suckers of the club are 
arranged in seven or eight oblique rows of which five 
suckers of the third row are enlarged. 

The cuttlebone is slender, long and lanceolate in 
shape; widest at the anterior third and the posterior 
end is more acuminate than the anterior end. The 
dorsal surface is finely granular and possesses a median 
low ridge. There is a distinct narrow groove medially 
which becomes shallow anteriorly and is feeble in the 
last loculus. The striated area is separated and ele­
vated from the marginal zone on either side by two 
slender ribs of the inner cone. The spine is small and 
sharp. The dorsal surface of the cuttlebone is reddish 
in colour (Adam, 1966 ; Sarvesan, 1976). 

This is a small sized cuttlefish with a maximum 
recorded size of 50 mm. 

The head and mantle are pale brownish. There is a 
series of small, circular dark brown blotches along the 
fins on the dorsal surface of mantle in males. 

This cuttlefish is easily recognised by its small size, 
very slender tentacles, short tentacular clubs and lanceo­
late shaped cuttlebone with a small spine at the posterior 
end. 

Sepia arabica Massy, 1916 

(Plate VI; E-G) 

The mantle is narrow, elongate and slightly com­
pressed ; size small and posterior end blunt. The mid-
dorsal projection of the mantle is well excavated on 
the sides. The head is small, narrower than the mantle 
opening and slightly flattened. The funnel is small 
and wide. Eyes are large. Two prominent ear-shaped 
fleshy lobe-like projections are present one on either 
side of the eyes, their outer surface bear bluish transverse 
stripes in fresh condition. Originating a few milli­
metres behind the anterior margin of the mantle, the 
fins are narrow at the anterior end and become slightly 
broader posteriorly ; the fins do not reach the extreme 
posterior end of mantle. The arms are short, subequal 
in length and have attenuate tips; they are well com­
pressed and consequently the sucker bearing surface 
is narrow; the protective membranes of the arms are 
broad and therefore the quadriserially arranged small 
suckers are covered by the membranes to a large extent; 
suckers on the outer rows are smaller than those on the 
inner rows. The interbrachial web is well developed 
between the lateral arms, shallow between the dorsal 
arms and absent between the ventral ones. The horny 
rings of the arm suckers are generally smooth without 
teeth but have a few notches (Massy, 1916). 

The left ventral arm in male is hectocotylized, but the 
hectocotylization does not involve much modification ; 
only the sucker bearing surface is almost completely 
covered by its protective membranes (Adam and Rees, 
1966). 

The females are slender and thin; the terminal 
clubs are crescent shaped; the suckers are subequ^ and 
arranged in 5 or 6 transverse rows ; swimming mem­
branes are well developed and exceed slightly the length 
of the clubs ; the homy rings of the suckers have some 
minute widely spaced teeth. 

The cuttlebone is long, slender, extremely narrow, 
rounded anteriorly and tapers posteriorly. The pos­
terior portion of the cuttlebone is curved. The dorsal 
surface is granulated and possesses a broad calcareous 
median rib; lateral surface is chitinous and shows 
faint striae. On the ventral side, a longitudinal narrow 
groove runs along the entire length of the cuttlebone. 
The striae which begin as transverse lines at the posterior 
end deepen and are' V ' sljaped at the last loculus. The 
striated area is separated from the outer cone by a 
smooth zone in between the limbs of the inner and outer 
cones ; the former extends anteriorly to about half the 
length of the cuttlebone. The outer cone is narrow 
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and enlarged to surround the posterior part of the 
innercone. At the posterior end a number of sharp 
keeled ridges radiate from the inner cone which are 
united with each other with calcareous material to give 
a rounded spatulate shape at the posterior end. A 
spine is lacking. 

The maximum size recorded is 67 mm. 

This cuttlefish is generally brownish; the dorsal 
side is darkish ; ventral mantle is pale ,' 10-12 circalar 
purplish patches are present at the base of the fins at 
the posterior half of the mantle. 

SepieUa iBormis Orbigny, 1848 
(Plate VI; A-D) 

This species is readily recognized by the smaller size, 
absence of a spine in the cuttlebone, the oval outline 
of the shell and the presence of a distinct glandular 
pore at the extreme posterior end of the mantle. 

The mantle is broadly oval; the dorsal margin is 
angularly rounded and mid-doral projection is not much 
pronounced; the ventral margin of the mantle is emargi-
nate; the mantle has a pigmented gland and an orifice 
at its posterior end ventrally. The funnel is short and 
thick. The fins begin slightly behind the anterior 
mantle margin, are narrow anteriorly and are broader 
posteriorly. The head is rather short and broad. 
The arms are stout, subsqual in length, laterally com­
pressed and tapering to slender tips. The arm suckers 
are uniformly minute and arranged quadriserially. 
The basal suckers are larger and are progressively 
reduced in size towards the distal end. The protective 
membranes of all arms are well developed. In females 
the arm suckers are provided with smooth rings whereas 
those of males have strong dentate ring. 

The tentacles are very long and slender. The swim­
ming membrane of the tentacular clubs is slightly 
shorter than the club. The clubs are provided with 
minute, subequal, numerous suckers arranged in 16 to 
24 transverse rows. The clubs are long but not very 
much expanded. 

In males the left ventral arm is hectocotylized and 
in its proximal half there are ten rows of minute suclcsrs 
set widely apart in four rows and transverse ridges are 
also present. The distal half of the arm is narrow and 
has quadriserially arranged normal suckers. 

The cuttlebone is oval in shape and with out spine. 
The dorsal surface is granulose and has a low mid-rib 
and the ventral surface has wavy stride with a distinct 
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median narî ow groove and many jointed radiating 
funows on the striated area. The last loculus is short 
and concave. The inner cone has ' V' ^aped limbs 
and a small thick rounded knob at the end. The outer-
cone is broad and extends beyond the innercone and is 
rounded at the posterior end with a slight marginal 
notch on either side. The outer cone is very brittle 
and thin. ' 

This is a moderate size cuttlefish with a maximum 
mantle tength of 124 mm. 

The dorsalsurface of head, mantle and arms is grr îsh 
with numerous melanophores; in the fl^h comUtion 
faint longitudinal stripes extending from the base of 
arms to their tips on the aboral side are seen. There is 
a row of dark ornamental ocelli on either side of the 
fins on the margins on the d<»'8al side is males. 

Eu^ymna stenodactyla Grant, 1833 
(Plate XI; D and E) 

The body is saccular and bell-shaped, the mantle 
is broad and rounded posteriorly. The fins are semi­
circular in outline and originate at the middle of the 
mantle on the dorsal side. There is no internal shell 
or gladius. The mantle and head are united by a 
broad dorsal coinmissure in the nuchal region. Except­
ing for this connective commissure the head is free 
from the mantle opening. The funnel is long and 
tubular and its proximal portion is completely covered 
by the inantle. 

The arms are long, slender and subequal in length; 
the second pair are longest and the fourth pair shortest. 
Ilie arms are keeled and the web between them is not 
prominent. The arm suckers are globular, have long 
stalks and are arranged in four rows on all arms, except­
ing for proximal few pairs. The suckws differ con­
siderably in shape from those of other cephalopods and 
are {daced on pedicles laterally. The sudcers are lost 
easily on handling because of their delicate pedicles. 
Sexual dimorphism exists in size and arrangement of 
suckers. 

The left dorsal arm is hectocotylized in Bt^es in SL 
very characteristic form. The basal suckers in the &r§t 
few rows of the hectocotylized arm are normal, »ad 
distal to these there are two fleshy papillae on the ventral 
margin followed by a dense group of̂  elongate pedides 
of the suckers fused together giving a palisaded effect 
to the dorsal portion of that arm. As a result, this 
makes the tip of the arm very thick. 

The tentacles are short with round stem. The (dubs 
are very short and have numerous rows of very minute 
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stickeifs Crowding td give a ' sWab * like SippeaiaAce 
A pair of saddle-shaped luminous organs are present 
on the inksac. 

This is a small species, about 35 to 45 mm in dorsal 
mantle length. 

While fresh the mantle is whitish with numerous 
dark chromatophores both on dorsal and ventral sides ; 
the fins have a few chromatophores at the base where 
they are united with the mantle. In live conditiwi these 
animals live with their body partly buried in the bottom 
and covered by sand. 

S Q U I D S 

Loligo durancelii Orbigny, 1848 

(Plate VII; C and D) 

The mantle is cylindrically elongate and tubular with 
almost parallel sides up to the point where the fins 
originate, then tapers to a blunt posterior point. The 
mid-dorsal projection of the anterior margin of mantle 
is rounded. The fins are small and short, 50-55 per 
cent of mantle length and rhombic in outline. They 
are broadest near the middle, the anterior margin is 
nearly straight or slightly convex and the posterior 
margin is concave. The head is small, as long as 
broad and slightly flattened dorsoventrally. There is a 
strong pit-like excavation on the ventral side in between 
the eye lobes to accommodate the free end of the 
funnel. 

The oral arms are moderately long and in the order 
3.2.4.1. They are laterally compressed and keeled 
along the length, the third pair being the broadest. 
The suckers of the arms are uniformly in two rows and 
well protected by membranes; they are provided with 
horny rings which bear about seven plate-like teeth 
on the distal margin while the proximal margin is 
smooth without dentition. The left ventral arm in 
the male is hectocotylized for over half of its distal 
portion. The pedicles of the suckers in the modified 
portion are prominent and produced into fleshy papillae-
like projections. The papillae in the ventral row are 
larger than those in the dorsal row. The proximal 
rows are provided with greatly reduced minute suckers, 
and the distal papillae are devoid of suckers. Inside 
the mantle cavity near the rectum the ink sac possesses 
two small ovoid light organs on each side. 

The tentacles are slender and long with expanded 
dubs. Club suckers are arranged in four rows; the 
suckers on the manus of the club are largest, the n^edian 
ones being much more enlarged than the marginal 
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oAes. The large mahuS Suckers bear about 14-1? 
pointed teeth on the rings. 

A maximum size of 290 mm has been reported for 
this species. 

In fresh condition immediately upon capture the 
squid is colourless and mantle transparent showing 
the internal visceral organs. There are numerous 
light brown chromatophores scattered all over the 
mantle, fins, head and arms. On the ventral side 
chromatophores are less dense and appear whitish. 

Loligo uyii Wakiya and Ishikawa, 1921 

(Plate VII; A and B) 

The body is short and stout with the posterior end 
bluntly pointed. Females are larger than males; 
The fins are rhombic in shape, their length 55-65 per 
cent of mantle length and angles are rounded. The 
midrib of gladius shows distinctly through the dorsal 
mantle skin along the anterior part as in Loliolus spp. 
Comparatively the head is longer than in other Loligo spp. 
The head is large, eyes prominent; the arm crown is 
conspicuously large and more than half of mantle 
lengtib. 

The oral arms are in the order 3.4.2.1 with the ventral 
arms by far conspicuously longer and robust. The 
dorsal arms are distinctly shorter than others. The 
aritn suckers are globular and arranged biserially on 
all the arms of both male and female. The suckers of 
the third arm pair are more globular and bigger among 
arm suckers. The large suckers of this arm have four 
very broad plate-like teeth on the distal margin of the 
horny rings. The proximal margin of the rings are 
smooth without dentition. 

The left ventral arm is hectocotylized in males. It 
is not the usual type that is found in Loligo but is similar 
to that of Loliolus. The distal portion of the arm 
remains unmodified whereas the proximal portion is 
involved in the modification. The ventral row of the 
arm bears several papillae fused together with the pro­
tective membrane to form a single sheath-like crest, 
gradually which decreases in width distally. On the 
dorsal side the row consists of normal conical papillae 
with minute suckers separated from each other. The 
top of the crest also bears reduced suckers. 

The tentacles are slender, more than twice the length 
of mantle, tentacular clubs are distinct, long, slightly 
expanded and lanceolate in shape; club has quadri-
[serial suckers throughout; about eight suckers in the 
numus are much enlarged ; club suckers have smooth 
rings. 
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PLATE V. Sepia prashadi. A. Dorsal view of female. B. Ventral view of female. C. Dorsal view of cuttlebone (male). 
D. Ventral view of cuttlebone (male). E. Tentacular club. 
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PLATE VI. Sepiella iimmis. A. Dorsal view of female. B. Dorsal view of juvenile (male), C. Dorsal view of cuttlebone 
(female). D. Ventral view of cultllebone (female). Sepiti cirahica. E. Dorsal view. F. Dorsal view of head 
G. Ventral view of head. 
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PLATE VII. Loligo uyii. A. Dorsal view of female. B. Ventral view of female. Loligo diivaucelii. C. Dorsal view of male. 
D. Ventral view of male. 



CMFRI Buu.ETiN 37 E. G. SILAS ET AL. 

PL\yE \IU Doiylenlhix .siho/,'(ic'. A. Dorsal view of male. B. Ventral view of male. Sepioteuthis lesxoniana. C. DorsaJ view 
of male. D. Ventral view of male. 



The maximum size reported tot males and females 
of this species is 81 mm and 113 mm respectively 
(Natsukari, 1983). 

In fresh condition, the mantle, head and fins are pale 
whitish with a large number of chromatophores. 

DoryteuthissiBghalensis (Ortmann, 1891) 

Mantle long, thick, muscular and narrow tapering 
posteriorly to a sli^rp end. > The anterior mi^orsal 
projection is rounded at the tip. The ventral mar^ 
is emarginated at the middle. Fins large and rhombic 
in Shape extending along more than 60 per cent of the 
lengdi of the mantle. They are widest at about the 
middle; the anterior margin of fin lobes is slightly 
convex and the posterior margins are concave. Head 
relatively small, eyes large. The buccal membrane 
has seven projections and each possess about ei^t 
minute suckers. The funnel is small, stout and placed 
in a deep furrow beneath the head. 

Arms are rather short 20 to 30 per cent of the mantle 
and in the order 3.4.2.1 or 3.2.4.1. The third pair of 
arms are longer and stout, well compressed and have 
poorly developed swimming membrane; the protective 
membrane on either side is well developed, llie homy 
rings of the larger arm suckers bear on the distal side 
6 to 11 slender teeth; ithe proximal side is smooth 
(Okutani, 1970). 

The distal half of the left ventral arm of males is 
hectocotylixed and the proximal portion of the arm 
bears about fifteen pairs of normal suckers which are 
more or iess equal in size but smaller than those on 
other arms. The pedicels of the suckers in the modified 
distal portion are fleshy and enlarged and those on the 
ventral row are greatly enlarged. The pedicels in tki 
modified portion bear minute suckers without homy 
rings. 

The tentacles ^moderately long, slender and com-
pressed. The clu^s are short and slightly expanded 
witii a trabeculate prptective membrane on either side. 
The club suckersJ^^Va r̂anged in four rows ; those on 
the two median rpŝ s are slightly larger thwi the lateral 
suckers. The rings qf",the suckers bear about 20-22 
sharp curved teetfi. sTlxe teeth are not of uniform 
size ; a few of them iare smaller and arranged alternately 
with long curved teeth. An oval shaped ligjit organ is 
present on either side of the rectum (OkaUad, 1971). 
The gladius is narrow with nearly straight margins 
gradually tapering to a point. 

The maximum mantle length recorded for this species 
is SO cm in males and 31 cm in females (Roper et a!.,' 
1984). 

Ooryteotys sib<^ae Adam, 1954 

(Plate Vni ; A and B) 

Tile mantle is long and slender, widest at about the 
middle ; from the Jkiint of insertion of fins it becomes 
narrow and taper^ to a sharp end posteriorly. The 
middorsal projection of the maiitle is pointed anteriorly; 
the corresponding ventral margin of mantle is emargi­
nated. A distin^Jopgitu^nal qoncenteatioii of chro-
matophor^ is ^ r f ^ t nudvepv^y oî  the mantle. 
Excepting for this there is no ridge present on the ventral 
side. Su^ coQo^tratitm oi chxOmsloptovs is &itkst 
only in mates and is feeble in M^lesv There are a 
pair of Ught orgaas on f̂  ink sae far behind the anal 
flaps. The fins are tyfaCtMythitBk&o in ^mpc^ occupy­
ing less than half of the mantle length. Head is very. 
small, slightly longer than wide; eyes are large. The 
funnel is short with the anterior fto? pqrtion reaching 
upto the anterior margin of the eyes. Wie funnel 
furrow is deep. • 

llie arms are short, usually m the ord» 3.4.2.1. 
AU arms axe keeled axd slig^y compressed. The 
aboral keelson the veatro-lateral amis toe well developed 
in the form of ŝ ûmming memteane. Suck^^ are 
arranged in two rows on all the arms and bordered 
by i»otectii% a»mlbtmoa. The homy ting <tf the largest 
earn sucker has 5-9 UUmt, squari^ t » ^ oa tbiB distil 
half, whenas the proxinud half of the ring is either 
smooth or wavy «iged. 

The left !(»ntral arm in males ^ hectpc<^ylized. Jt 
is longer than the corresftonc^i^jym on the right side 
and possess^ 15-19 normal sucdsê  at the ba^ ; dis^, 
to ^ese suckers are 20-22 fleshy, conical pedicels 
arranged in two rows along the (margins of tl^ arm, 
gradually reducing in size anteriorly and becoming 
very minute at the tip. 

The tentacles are slender and moderate in length; 
the clubs are only slightly expanded with feebly develop­
ed swimming membrane. Ilie club suckers are arranged 
quadriserially, the lateral ones being smaller in uze 
than the median row suckers in the manus portion. 
The chitihous r i i ^ of the large dob suctos b ^ 22̂ 26 
sharp, curved and conical teeth on the nra^iiB; the 
t e ^ on the di^iaargiii are d^litly hagBsy&tm^ 
otbsts, Laxeac maim tend to have about ll^^siBSh 
teeth on the club s a ^ r rin^. The suctos of tlw arms 
and club ase ge^r^y inoderate in size aUd th6 bluest 
sucker of arm in and the largest clnh sXtsket mt. 
almost of the same size. There are seven lappets on 
the budad iilemb«iiM each lappet having 3-11 ndiitite 
suckers.'' ' ' ' "̂ ' • - - • ' ' • : • - ' -
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The Vade of the gladius Is broad at the anterior region 
but tapers to a sharp posterior end with straight margins. 
The Radius of females is slightly wider than that of 
males. There are five ribs on the gladius, one median 
and two lateral ribs extending along the whole length 
of the gladius including the rachis, the two marginal 
ribs extending from the vane to the posterior slender 
tip. 

The maximum size recorded for this species is 205 
mm in males and 165 mm in females (Silas et al, 1982). 

In fresh condition, the mantle is whitish with dark 
brownish chromatophores on the dorsal side. On the 
ventral side the chromatophores are concentrated 
medially in the form of a thin line. Eyes are dark in 
colour. 

Sepioteuthis lessoniana Lesson, 1830 

(Plate VIII; C and D) 

The mantle is elongate, conico-cylindrical and taper­
ing to a rounded blunt point posteriorly. Antero-
dorsally the mantle extends over the neck region as a 
small rounded point; the ventral margin at mantle 
opening is emarginated. The fins are characteristically 
very large and wide, extending from the anterior margin 
of mantle to the posterior end. Anteriorly at the begin­
ning, the fins are narrow but gradually broaden behind, 
broadest at about the posterior third of the body 
beyond which they narrow*down rapidly and unite 
with each other at the posterior end. The fins are 
very thick and muscular. The head is large, eyes 
prominent and greenish at the base, funnel is large 
and provided with prominent funnel valve. The arms 
are unequal in length in the order 3.4.2.1, the second 
and third pairs prominently keeled ; suckers of all the 
arms are arranged in two alternating rows ; the horny 
rings of the suckers are provided with blunt squarish 
teeth on the proximal margin and sharp conical teeth 
on the distal margin. There are about 20 such teeth 
on the smaller suckers and 23 teeth on large suckers 
of the arms. 

The left ventral arm is hectocotylized in males. 
At the base upto 20 pairs the suckers are normal; 
in the next 6 pairs the pedicels are thick and prominent 
with minute suckers ; in the remaining portion of the 
arm upto tip, only the pedicels are present. The pedicels 
ton the dorsal margin are slightly larger than those on 
the ventral row. 

The tentacles are moderate in length and the stalks 
are stout and slightly laterally compressed; clubs are 

alrge and provided with trabeculate protective meM-
branes on the sides. Suckers arranged in four rows 
transversely, those in the middle rows are larger than 
the lateral ones ; horny rings of large club suckers have 
14 to 23 teeth as in arm suckers. 

The gladius is lanceolate and colourless in fresh 
condition. 

The largest size recorded is 36 cm for males and 30 
cm for females (Voss and Williamson, 1971). 

The colour of the animal on dorsal side is darkish 
due to crowding of chromatophores, the ventral side 
is less pigmented. The general colouration in fresh 
specimens is pinkish brown, with whitish ventral sidet 
the base of the eyes and the surroundings have a greenish 
tinge, on the dorsal surface of the mantle and fins 
greyish transverse streaks are found which are cons­
picuous in males. 

Loliolus investigatoris Goodrich, 1886 

The body is conical in shape with the greatest width 
at about the middle. The adult females are always 
a little larger in size and relatively broader than males. 
The mantle is small and is rounded posteriorly. The 
anterior margin of mantle is produced into a small lobe 
middorsally as in other loliginids. The midrib of 
gladius is seen clearly through the skin middorsally in 
the anterior part of mantle. The fins are large and 
broad and extend along more than 70 per cent of the 
mantle length; their anterior and lateral margins are 
rounded and the two fin lobes together are heart shaped. 
The fins of females are broader than in males. The 
head is small, as long as wide but narrower than the 
mantle width. 

The arms are rather short and subequal in length. 
The arms of males are slightly larger than those of 
females. The first and third pairs of arms are well-
compressed laterally whereas the second and fourth 
pairs are less compressed. The arm suckers are globular 
and arranged in two series and the sucker rings are 
provided with 3 or 4 teeth. Those on the lateral arms 
are slightly larger than the suckers of other arms. 
In males, the suckers on the ventral row of the lateral 
arms are distinctly larger than the dorsal ones. 

The left ventral arm is hectococylized in males; 
the hectocotylization differs from that in Loligo spp. 
The distal portion of the modified arm is devoid of 
normal suckers and there are several ridges along the 
edge which gives it corrugated appearance. The 
protective membrane in the region is well developed. 
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On the dorsal margin, the membrane is very riarrdw 
and has several small papillae. 

The tentacles are short and very thin and end in 
narrow clubs which have small, subequal suckers 
arranged in four rows. The median suckers of the 
manus are larger in size than the peripheral ones. 
The gladius is short and the vane is conspicuously 
broad at midlength. 

The maximum mantle length of females is 55 mm. 

The body is coloxirless and transparent when fresh. 
On preservation the mantle becomes somewhat whitish 
with diffused chromatophores pale brown in colour 
and distributed all over the body. The midrib of 
gladius on the anterior dorsal mantle is seen as a dark 
brown line. 

Onychoteuthis banks!! (Leach, 1817) 

Body muscular, long, cylindrical and tapering gra­
dually to an acuminate posterior t ip; greatest width 
about one fourth the length of mantle. Head slightly 
flattened dorsoventrally; the nuchal area around the 
neck with 9 or 10 conspicuous elongate folds. Eyes 
are large with wide eye-opening, a large patch-like 
photophore present on the ventral surface of each eye. 
Fins thick and muscular, sagittate in shape and distinctly 
wider than long, fin length being about 60 per cent of 
mantle length ; fin angle at the posterior end about 50°. 
Arms are moderately long, the lateral arms are longer 
and about half in mantle length ; suckers are arranged 
in two rows. 

Tentacles are about as long as mantle; clubs not 
expanded and possess a fixing apparatus consisting 
of about 20 small fleshy cup-like suckers and pads 
at the base ; the rest of the portion is armed with 12-23 
large and strong chitinous curved hooks arranged in 
two rows; the lateral rows of suckers are lacking; 
hooks of the manus portion on the ventral margin well 
developed and larger; other hooks reduced in size 
anteriorly and posteriorly. Lateral rows of suckers are 
lacking. 

The rachidian ridge of gladius visible as a conspicuous 
dark-brown line through the skin along middorsal 
mantlis surface. Two large oval-shaped light organs 
are present on the ventral side of intestine along its 
midline. 

The bite of this squid is reported to be toxic and likened 
to the sting of a wasp in its effect (Roper et al, 1984). 

Tlw maximum size recorded for this species is 30 
cm (Roper et al, 1984). 
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Ommastrephes bartrami Lesueur, 18:̂ 1 

Mantle nearly cylindrical and muscular; sides 
parallel upto origin of fins then tapers gradually to a 
posterior blunt point. Head is long, as wide as mantle 
opening and slightly tapering from base to the point of 
origin of oral arms. Funnel is short, heavy and mus­
cular ; funnel pit deeply excavated; faveola with six 
or seven longitodinal ridges and on either side of this 
three or four secondary pockets present. Mantle-
funnel locking cartilages are free and not fused. An ellipti­
cal golden stripe present along the midventral line from 
mantle opening to the point of fin insertion. Fins 
transversely rhombic in shape with a fin angle of 55-60°; 
the anterior margins of fin lobes slightly covex and the 
posterior margins slightly concave ; fins wider than long. 

Arms aresabequal in length, the first pair being always 
the shortest; ventro-lateral arms thickest with well 
developed swimming membrane. Protective membrane 
well developed with strong trabuculae on all ^xxD&; 
the dorsal membrane is wider than the ventral one. 
Large arm suckers bear several flattish teeth on their 
chitinous rings. In males either the left or right arm 
is hectocotylized in the distal half. Tentacles moderate 
and about as long as mantle in length. A fixing 
apparatus is present consisting of 2-4 knobs on the 
dorsal edge at the base of clubs ; clubs elongate and 
slightly expanded in the middle ; suckers are arranged 
in four rows ; sudcers on the median two rows in manus 
are larger than the lateral ones ; the chitinous rings of 
these large suckers bear four sharp prominent teeth, 
one in each quach'ant interspaced with five or more 
small teeth. Dentition on the rings similar to that of 
Symplectoteuthis otmlaniensis. Ventral side of mantle 
with numerous closely packed small irregularly shaped 
and interconnected light organs ; patches of such light 
organs are also present on the ventral surface of head. 

Maximum size reported is about 50 cm in mantle 
length in females and 32 cm in males (Roper et al, 
1984). 

Symplectoteuttis ooalanierais (Lesson, 1830) 

(Plate IX ; A and B) 

The mantle is long, muscular and cylindrical upto 
the point of origin of fins and tapers abruptly to a 
narrow point at the posterior end. The dorsal margin 
is slightly produced in the middle. The fins are short, 
muscular and broad with convex anterior margin and 
from an angle of about 65° laterally. The head is 
)̂ arge and as wide as mantle and bears comparatively 
short arms. The funnel is short, compact and set in a 
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(ieep pit present on the ventral side of the head ; faveola 
with 7 to 9 longitudinal folds in the central pocket and 
3 to S lateral pockets on either side. Funnel locking 
apparatus is ' ± ' shaped and fused in its middle portion 
with the mantle groove so that separating the funnel 
free from mantle-lock is difficult. 

The arms are large, strong in the order 3.2.4.1 and 
compressed with the third pair strongly keeled. Arm 
suckers are biserial; the protecting membranes have 
prominent trabeculae; the larger arm suckers are 
provided with about 12 sharp teeth around the entire 
rim of the horny rings. 

The left ventral arm in males is thicker and longer 
than the right ventral arm and hectocotylized. About 
one half of its distal part is devoid of suckers and 
papillae. In the basal portion of the hectocotylized 
arm 14 or 15 suckers are present in two rows protected 
by flap-like membranes. There is a series of pits in a 
single row along the base of the protective membranes 
(Voss and Williamson, 1971). 

The tentacles are short and muscular and laterally 
compressed. The clubs are small and slightly expanded ; 
the suckers are quadriserial with the inner rows on the 
manus larger. The larger suckers of the club bear 
about 20 sharp teeth on the rims of which four are 
larger and located one in each quadrant. An oval 
photophoric patch is present on the anterodorsal surface 
of mantle; there are also two photophores on the 
intestine. 

This is a large species of oceanic squid attaining a size 
of 35 cm (Roper et. al., 1984). 

The head, dorsal mantle, fins and arms are uniformly 
of chestnut brown colour. 

Thysanoteathis rhombus Troschel, 1857 

The epipelagic oceanic species is a very large and 
muscular bodied squid. Mantle is thick cylindrical, 
wide anteriorly and gradually tapering to a blunt end 
posteriorly. The fins are long and occupy the entire 
length of the mantle along the sides ; shape of the fin 
is characteristically rhombic being very broad at the 
middle. The head is short and nearly as long as wide. 
]^es are prominent. The oral arms are long with 
broad cirrate trabeculate protective membranes. Suckers 
arranged in two rows ; sucker rings possess 20-26 
sharp teeth. The funnel mantle locking apparatus is 
typical; the funnel cartilage is ' H ' shaped consisting 
of an elongate and narrow longitudinal groove and a 
short and broad transverse groove emerging from the 
middle part (Fig. 3), 

The tentacles are rather weak and the clubs are slightly 
expanded in the middle. The suckers are small arranged 
in four rows, and carpus extended ; sucker rings with 
15-20 fine teeth. 

The maximum size reported is about 100 cm in 
mantle length (Roper et al, 1984). 

O C T O P O D S 

Octopus doUfusi Robson, 1928 

(Plate X ; D) 

The mantle is elongately oval in shape, head small, 
eyes well developed but not conspicuous, there are no 
cirri over the eyes. 

The arms are moderately long, subequal and stout 
at their base ; the first pair of arms are shortest. The 
interbrachial membrane is well developed between 
all the arms except in between the first pair where it 
is narrow. The arm suckers are cup-like and fleshy 
without chitinous rings and are directly set on the arms 
uniformly in two alternating rows. The normal suckers 
are large at the base, become smaller progressively 
along the length of arms and minute at the tips. There 
are a few slightly enlarged suckers at the base of the 
second and third arms in males. 

In males the third right arm is hectocotylized. 
This arm is slightly shorter in length than the left third 
arm, the ventral margin of the web is rolled into the 
form of a deep groove which serves as the spermato-
phore groove and extends upto the ligula. The ligula 
and calamus are well developed and the former is 
about 8-10 per cent of the arm. There are eight or 
nine lamellae in each demibranch of the gills. One 
of the characteristic anatomical features of this species 
is that the male reproductive system consists of an 
elongate and slender penis and a large coiled diverti­
culum together forming a reverse 6-shaped structure. 
The spermatophores are moderately long and distinctly 
armed with a series of teeth-like cirri. 

This is a moderate size octopod with a maximum 
mantle length of 9 cm (Voss and Williamson, 1971). 

The body and arms are of light greyish brown colour 
with a reticulate pattern all over the body. 

Octopus aegina Gray, 1849 

Mantle rounded to elongately oval in shape and 
closely covered with small tubercles or fine papillae 
and fine reticulate pattern on the dorsal surface. Head 
is small with a narrow neck region. Eyes are prominent 
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PLATE IX. Symplectoteiithis oualamensis, caught off Kameswaram in drift giW net. A. Dorsal view of female. B. Ventral view 
of female. Ancir/roclieinix leriieiiri caughl by FORV SAGAR SAMPADA in pelagic trawl net at 13'26,7'N 69'28,2'E 
on 16th February 1985. : C. Dorsal view: D. Ventral view. 
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PLATE X. Octopus globosus. A. Dorsal view of male. B. Ventral view of male. Hapalochlaemi nuunhsa. C. Dorsal vjew of 
female. Octopus doUfusi. D. Dorsal view of female. 
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PLATE XI. Berrya keralensis. A Dorsal view of male. : B. Ventral view of male : C. Hectocotylized arm. Euprymna 
stenodactyla. D. Dorsal view of female and male. E, Ventral view of female and male, 
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PtATE XII. A. Shell o( Ai-ffonaura argo (from Dell, 1952). B. Cisropus indiais. C. and D. Shell of Nautiluspompllius, 



and have a single large cirrus ilear the base of each 
eye ; fresh specimens with a narrow distinct white band 
across the base of head between eyes. Arms are 
long and stout, the dorsal pair distinctly shorter than 
others. The web between dorsal arms is very shallow ; 
depth between other arms moderate; on the dorsal 
side of each arm a cluster of dark chromatophores 
present at the base of each sucker. The right third 
arm in males is long, slender and hectocotylized; 
ligula is short and about 5 to 8 per cent of the hecto­
cotylized arm; groove very shallow and with­
out ridges ; calamus very small and distinct. In males 
abruptly enlarged suckers may or may not be present. 
Male genital organ consist of a characteristic long 
slender penis and a long diverticulum together forming 
a ' U ' shaped structure terminating in an additional 
secondary loop. Spermatophores are long and un­
armed. 

The maximum size recorded is about 10 cm (Roper 
et«/., 1984). 

The species is of dull brown colour with a fine reti­
culate pattern on the dorsal surface of mantle, head, 
arms and web. The oral surface of arms is whitish. 
At the base of each sucker on all arms there is dark 
pigmentation. 

Ostopiis indicus Orbigny, 1940 

(Plate XII; B) 

The body is large and somewhat loose in consistency 
when compared with other species. The mantle skin 
is smooth. The head is small and united with the 
mantle by a narrow nuchal region. The eyes are very 
small. 

The arms are very long and tapering to attenuate 
tips, the dorsal ones are always the longest; arm 
formula usually 1.2.3.4. The web between the arms 
is well developed ; the suckers are fleshy and without 
any chitinous rings and are arranged in alternating 
double rows on all the arms. The basal suckers are 
large and the distal ones very minute. There are eight 
water pores, each located in between the interbrachial 
membrane near the base of the arms, each pore leading 
to a small oval shaped pouch embedded in the oral 
side of the muscular web. The pouches can be easily 
seen by gently teasing out the superficial layer of skin 
in fresh animals. 

In males, the third arm on the right side is hecto­
cotylized and the ligula is small, smooth, poorly 
developed and not easily discernible; it forms only 
about 3 per cent of the arm. 

this is a large octopod with a maximum total length 
of 60 cm, mantle length of 18 cm and weight of 2 kg 
(Roper et al, 1984). 

The species is of dull greyish or ash colour and has 
smooth mantle surface. The posterodorsal and poster-
ventral surfaces of the body have greenish iridescence. 

HapalocUaena maculon Hoyle, 1886 

(Plate X ; C and front cover) 

The mantle is small, globular to elongate and smooth. 
The head is small, slightly narrower than the mantle, 
the pallial aperture is not more than the width of the 
head. Eyes are very small and not prominent. The 
funnel is small and narrow, the anterior free portion 
is about half the length of the funnel. The arms are 
moderately long, subequal in length in the order 4.3.2.1, 
slightly stout at the base and have attenutated tips. 
The web is well developed between the arms and 
continues along the margin of the arms for some distance 
forming a wide membrane. The web between the third 
and fourth arms is wider than that between other arms. 
The third right arm in the male is hectocotylized and 
the modification is simple; the ligula is very small 
and rounded at the tip, having only a shallow groove 
in the middle with faint transverse ridges. The calamus 
is well developed and the spermatophore groove is 
broad. 

The maximum size for this species is a mantle length 
of 47 mm and total size of 147 mm. 

The external colouration is very characteristic. In 
live condition the whole body is dusty brown in colour 
with a number of blue to violet coloured small rings 
over the mantle, head and arms. Hence this venomous 
octopus is popularly known as blue-ringed octopus; 
the colouration of the rings is very intense and bright; 
sometimes dark bands appear on the body. The coloured 
rings are very conspicuous against.the general dusty 
brown colour of the body. The somewhat wide 
circular rings assume the form of small speckles and 
the dusty brown colour of the body is lost on preser­
vation. 

Berrya keralensis Oommen, 1966 

(Plate XI ; A-C) 

The body is short and stumpy and the posterior 
region is rounded. The head is somewhat narrower 
than the body and is demarcated from it by a slight 
constriction. Eyes with small external openings. The 
mantle is characteristically soft, loose and semi^lati-
nous and has fine reticulations with minute papltee-
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There are two distinct tubercles over the eyes. Smaller 
tubercles are present all over the dorsal surface of the 
mantle which is very distinct in males. 

The mantle opening is very much reduced and is 
as broad as only the base of the funnel. The funnel 
is stout and compressed; it is fused with the head 
except for the extreme end portion near the opening. 

Arms are very short, stout and tapering. The web 
between the arms is very wide except between the 
ventral arms where it is somewhat shallow. The fleshy 
suckers are arranged in two alternating rows but for 
the base where the first three suckers are in a single 
row. On preservation the suckers appear to be not 
globular in shape. Males do not possess any specially 
enlarged suckers. 

The third right arm is hectocotylized and the hecto-
cotylization is very characteristic in this species. The 
spermatophoric canal extends along the ventral margin 
of the arm from its base to the tip where it ends in the 
calamus. The latter is acutely conical in shape and 
the groove is very deep. The ligula is also somewhat 
conical in shape and forms about 11 to 15 per cent of 
the arm. The ink sac in this deep sea spjcies is very 
much reduced. 

Maximum mantle lengths of 55 mm and 39 mm have 
been recorded for males and females respectively 
(Oommen, 1966). 

In preserved spscimens the colour of the octopod 
is browaish red on the dorsal side with paler colouration 
on the ventral side. There are papillae on the mantle 
aa l they are surrounded by a circle of very minute 
reddish brown chromatophores. 

G^nus Argonauta Linnaeus, 1758 

The systemitics of the spscies of genus Argonauta 
are still unsettled. The taxonomy of this genus is 
primarily based on the external shell characteristics 
of the various species (Dell, 1952 ; Voss, 1963 ; Voss 
and Williamson, 1971 ; Roper et al., 1984). Argonauta 
known commonly as the paper nautilus or the paper 
shelled nautilus are distributed throughout the warm 
and warm temperate waters of the world and about 
six spscies are recognised presently. They exhibit a 
remarkable degree of sexual dimorphism. Males are 
minute, scarcely exceeding 15 mm in total length. 
Their hectocotylized arm is coiled up in a large thin 
sac which is capable of self amputation (autotomy) 
at the time of mating and leaving it inside the mantle 
cavity of the female. The females are relatively quite 

large, about fifteen times the size of the males. The 
external shell which is secreted by the membranous 
flaps of the dorsal arms, is used as an incubation 
chamber for the eggs as well as the females to reside. 
The shell is held by the flap of the dorsal arms spreading 
over the shell and adherence to the inner wall of the 
shell by suckers. The shells of Argonauta are more 
widely known and weU described than the animals. 
Within the species the shells are highly variable in 
sculpture and form. There are two species Argonauta 
argo Linnaeus and A. hians Solander known from the 
Indian Seas (Robson, 1929 ; Silas, 1968 and Oommen, 
1974). 

Argonauta argo Linnaeus, 1758 

(Plate XII ; A) 

Sexual dimorphism is marked; males are minute, 
15 to 20 mm in total length. In the females the mantle 
is narrow to broadly oval in shape with blunt posterior 
end. The head is smaller than the mantle opening ; 
the eyes are large. Arms are long and subequal in 
length, the dorsal arms quite thick at their base with 
large web-hke membranous expansion along the entire 
length. The arm suckers are biserial. 

The shell is large, thin and fragile ; compressed well 
with a narrow keel; aperture narrow and 30 to 40 
per cent of the diameter of shell. The narrow keel 
bears on either side numerous small and sharp nodules 
10 to 12 numbers per 20 mm. The nodules are arranged 
in pairs in transverse rows on the keel, and each pair 
is united by a low ridge. The external sides of the 
shell bear a number of simple bifurcate ribs, most of 
which originate from the columella and extend to the 
carinal nodules; some of the outer ribs are separate 
and form the secondary ribs. The sides of the shell 
along the edge of the aperture are not turned widely 
outward unlike in A. hians (Voss and WiUiamson, 
1971). 

The main body of the shell is glistening marble white 
and the keel and the nodules are brownish black. 
In live condition the a.nimal is predominantly bluish 
white in colour with the dorsal arms and webs iridescent 
white with tints of purple red chromatophores. Eyes 
are steel blue. Maximum length of shell is about 17 cm 
(Voss and WiUiamson, 1971). 

Argonauta hians Solander, 1786 

The shell is highly variable in sculpture. It is rather 
small, with widely inflated aperture, about 50 per cent 
of shell length. The keel is wide and bears the charac­
teristic 15 to 23 prominent, large and blunt nodules 
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placed in pairs over the keel. Great variations exist 
in size and form of the nodules. The ribs on the sides 
of the shell extending from the crainal knobs are less 
numerous when compared to the other species with less 
bifurcation. There are two types of ribs present, 
the long and full sized ribs extending from the nodules 
to the nucleus which are in regular alternating series 
with the secondary ones ; the latter are short and extend 
upto half way from the nodules. The colour of the 
shells varies from white with brownish black tint on 
the nodules and adjacent ribs to light brown with 
sooty brown pigmentation over most of the surface 
of the shell (Voss and Williamson, 1971). 

Nautilus pompilius Linnaeus, 1758 

(Plate XII; C and D) 

Nautilus popularly known as pearly nautilus or the 
chambered nautilus in contrast to the other interesting 
remarkable cephalopod the paper nautilus Argonauta 
is the only hving representative of the Sub Class Nauti-
loidea. Species of Nautilus have been described by 
Owen (1832), Griffin (1900), Willy (1902), Saunders 
(1981) and others. The remarkable feature of the 
pearly nautilus is its beautiful coloured external shell 
which distinguishes this from other cephalopods. 

Nautilus pompilius is extensively distributed in Indian 
Ocean, Western and Central Pacific Ocean, Phillippines 
to Australia and in Polynesia (Silas, 1968). 

The body is enclosed in an external calcareous, 
spirally coiled and multichambered shell. The animal 

occupies the last chamber which is the largest; the 
inner surface of the chamber is pearly and the outer 
surface procellanous and pigmented wdth wavy reddish 
brown bands on whitish background. The colour 
markings on the shell are very conspicuous. 

The successive chambers of the shell are separated 
by a system of concave septa which are perforated in 
the middle and a shelly tube is formed running through 
the chambers ; through this the vascular prolongations 
of the tip of the mantle, the siphuncle runs. Although 
the tubular siphuncle runs through the chambers to 
the apex of the shell, it does not open into the chambers. 
Except the outermost recently formed chamber in 
which the body is present, all the other chambers are 
filled with gas which gives buoyancy to the animal. 

The body of the animal consists of head which 
bears eyes, a system of tentacles and a ^ac-like visceral 
mass. Arms are absent, funnel is bilobed. Mouth is 
situated at the end of the head and surrounded by 
foot with two sets of lappets forming an inner and an 
outer circle. The edges of the circles are beset with 
numerous, small, thin and annulated retractile tentacles. 
The tentacles are devoid of suckers and are adhesive 
in nature. A special fleshy hood used for closing 
the last chamber as an operculum is present above 
the head region. Arms and suckers are absent. Unhke 
other cephalopods Nautilus possesses two pairs of gills, 
two pairs of kidneys and two pairs of auricles. Sexes 
are separate. A portion of the tentacle crown which 
involves four tentacles of the lappets on the right side 
is modified to form the spadix. 
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4 
SOME ASPECTS OF THE BIOLOGY OF SQUIDS 

E. G. SILAS, K. SATYANARAYANA RAO, R. SARVESAN, K. PRABHAKARAN NAIR, KUBER VIDYASAGAR, 

M. M. MBIYAPPAN, Y. APPANNA SASTRI AND B. NARAYANA RAO 

ABSTRACT 

The results of studies on the biological aspects such as sexuality, sex ratio, size at first maturity, spawning, age and growth, 
distribution of adults, food, predators,Iife-history and distribution of juveniles of three species of squids Loligo duvaucelii, Sephreuthis 
lessoniana and Doryteuthis sibogae are presented. The breeding period of all the three species was found to be prolonged. In 
Lotigo duvaucelii the males attained sexual maturity earlier than females in the various fishing grounds investigated. 

Loligo duvaucelii Orbigny 

BIONOMICS AND LIFE-HISTORY 

REPRODUCTION 

Sexuality 

This species is heterosexual and males are distinguish­
able by the hectocotylization of the left ventral arm. 
The males grow to a larger size than females. 

Sex ratio 
Along Waltair coast females were generally the domi­

nant sex with the average sex ratio during 1976-80 
being F 52 : M 48. However, in the various years 
in one to four months which differed from year to 
year males outnumbered females (Fig. 1). In contrast 
along Kakinada coast the males were the dominant 
sex with the average sex ratio during 1977-80 being 
M 54: F 46 (Fig. 1). Only in a few months sexes 
were equally distributed in the two areas. As on the 
Kakinada coast males dominated along Madras coast 
also with an average sex ratio of M 56 : F 44. Females 
exceeded males in one to five months and only in one 
month, August, 1977 the two sexes were in equal ratio 
(Fig. 2). 

At Vizhinjam on the west coast on a comparison of 
the average annual totals of the two sexes, females 
were seen to be the dominant sex (F 58 : M 42). Only 
in one to three months at diflferent periods of the year 
males were the dominant sex (Fig. 3). Along Cochin 

coast males were dominant especially during the months 
February-May and September-October (Fig. 3). Along 
Bombay coast the sex ratio did not show any well-
defined seasonal changes (Fig. 2). 

Unlike Loligo duvaucelii of Indian coasts, the ratio 
of males and females is 1 : 1 in squids of spawning 
schools as well as immature squids of Loligo opalescens 
of Monterey Bay, California (Fields, 1965). 

Maturity 
Along the east coast, males mature within the size 

range 50-150 mm at Waltair and 50-130 mm at Madras 
with 50% maturing at 67 mm and 85 mm in the two 
areas respectively (Fig. 4). All the males mature by 
the time they grow to 150 mm at Waltair and 130 mm 
at Madras. Males mature at a larger size on the west 
coast, the size of 50% maturity being 108 mm at 
Vizhinjam and 122 mm at Cochin. All the males 
reach the mature stage at sizes of 170 mm at Vizhinjam 
as well as at Cochin. 

Females were found to attain maturity at a larger 
size as compared with males. On the east coast the 
size at first matiurity is 108 mm at Waltair and 96 mm 
at Madras. The females attain maturity when they 
range in size between 50 mm and 170 mm at Wahair 
and between 70 mm and 150 mm at Madras. All 
females reached the mature stage at 170 mm at Waltair 
and at 150 mm at Madras. On the west coast the 
size of 50% maturity is 110 mm at Vizhinjam and it 
is slightly higher, 128 mm at Cochin. The size ranges 
in which matiu-ity was attained by this species at Vizhin-
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jam and Cochin were 90-190 nun and 90-170 nun res­
pectively. All the females attained mature stage when 
they reached a size of 170 mm at Cochin and only at 
190 mm at Vizhinjam. 

The studies carried out on Loligo duvaucelii at different 
centres shows that males of the species mature at 
comparatively smaller size than females in all the areas. 
Another noteworthy feature is that squids of the two 
sexes become sexually mature at smaller sizes along the 
east coast than those along the west coast. The factors 

Spawning 
Maturing males and females were recorded at all 

centres along the east and west coasts of India in 
several months indicating that maturation takes place 
all through the year. At Waltair mature females were 
found all round the year with peak numbers in January-
March, May, My, September and December. Spawn, 
ing females occurred in small percentages in several 
months indicating breeding activity ahnost through­
out the year (Fig. 1). Mature males were common or 
moderately so in different months. Spawning males 

lOOr MADRAS 

r BOMBAY 

I '1 I •! I I •! I I I I r I I I I 

MALE' NO DATA 

FEMALE'107 MM 

I 1 1 1 I I i ' I 

170 90 tJO 170 210 

DORSAL MANTLE LENGTH (MM) 

250 90 130 

Fio. 4. Size at first maturity of LoUgo duvaucelii off Madras, Cochin, Waltair (Visakhapatnain), 
Vizhinjam and Bombay. 

responsible for the differences are not clear and require 
an in-depth study. Maturation of reproductive organs 
of squids is considered to be controlled by hormonal 
stimulation in turn influenced by environmental factors 
like day length and water temperature (Grieb and 
Beeman, 1978). 

The size at which all the squids reached mature stage 
is higher in both sexes of Loligo duvaucelii along the 
east and west coasts of India as compared to i . opalescens 
of California coast, in which it has been observed 
(Fields, 1965) that males attain maturity in the size 
range 70-130 mm and females i i the range 81-140 mm. 

were very common in the months^ January-April, 
June-September and November-December. 

At Kakinada mature females were common and 
spawners were in small percentages all rotmd the year 
(Fig. 1). Mature males were found in small to moderate 
percentages almost throughout the year and spawners 
in all months except October. 

At Madras mature females were common from 
January to November with peak numbers in six months 
Febriiary, April, May and July-September (Fig. 2), 
As at the northern centres Waltair and Kakinada, 
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spawning females were found at Madras only in small 
percentages except for February and December when 
they were not recorded. Like the females, mature 
males also were foimd from January to November, 
with peaks in January, April to August and October. 
Spawning males occurred in small or moderate numbers 
in different months except January, February, August 
and November-December. 

At Vizhinjam mature females were found in all 
months except March, May and November and they 
occuned generally in small percentages except in 
February and September when they were moderately 
common (Fig. 3). Spawning females were not observed 
along Vizhinjam coast. Mature males were recorded 
throughout the year except in January, March and 
May and they were very common in two months viz., 
Febniary and September while spawning males in 
small numbers were observed only in three months 
August-October. 

Along Cochin coast mature females were encountered 
in varying abimdance. They were very common in 
June, July and October, moderately so in February, 
April, August, November and December and less 
common in other months (Fig. 3). Generally spawning 
females occurred in small numbers along this coast in 
all months except July-August; Mature males were 
commonly seen from September to December and they 
were moderately common in the other months. Males 
in running condition were observed in all months except 
February-March and July-August and they formed 
fairly good percentages in June and October-December. 

Along Bombay coast mature females were common 
from January to May and in September and they 
were less common in June and October (Fig. 2). Spawn­
ing females occurred along with the mature ones and 
were common in September and moderately so in May, 
June, October and November. The studies carried out 
show that along both the coasts the spawning season 
of L. duvaucelii is very much prolonged with peaks in 
varying months. 

Fields (1965) has considered that in Monterey area 
two populations of L. opalescens entered spawning 
groimds, one a dominant one from January to June 
and the other which migrated from south of Point 
Conception from Jxily to December. 

In sexually ripe L. duvaucelii females the ovary and 
oviduct with ova are large and fill the entire posterior 
region of the mantle cavity while the nidamental glands 
are large, firm and white and the accessory nidamental 
glands orange red in colour. In ripe male squids the 

testis is elongated, thick and milky white and the sper-
matophore sac is filled with fully formed spermator 
phores. The mantles and fins of the mature male and 
female squids are thick and well developed. 

After spawning, the mantle of females become 
thin and flaccid. The ovary contains a few residual 
ova and there are a few or no ova in the oviduct. The 
nidamental glands are small in size and flabby while the 
accessory nidamental glands are pale pink in colour. 
In spent males the testis is thin and the spermatophore 
sac is small containing small number of spermato-
phores. The body and fins of spent males show a 
loss in size and shape but this is not as much as in the 
case of spent females. 

It is not possible to state whether Loligo duvaucelii 
die after one spawning. Some male squids of the species 
L. peali have been considered by Summers (1969) to 
survive after first spawning season and may live upto 
three years. Fields (1965) opined that females of L. 
opalescens spawn only once and die and since the ratio 
of males and females is equal, males including precocious 
ones spawn only once in their lifetime. 

ADULT HISTORY 

Growth 

Based on a preliminary study of the progression of 
modes of both males and females combined it was 
found that on Waltair coast this species grows to a size 
of 64 mm at the end of 6 months and 112.8 mm at the 
end of 1 year. The rate of growth of this species along 
Kakinada coast is higher than at Waltair with the 
squids attaining a size of 83 mm at the end of 6 months 
and 121 mm in one year. 

On the west coast the growth rate of L. duvaucelii 
is more or less similar in Vizhinjam and Bombay areas 
upto the age of one year. In Vizhinjam area this 
species grows to 69 mm at the end of 6 months, 122.2 
mm in one year, 167 mm in l^ years and 209 mm in 
2 years. Along Bombay coast a growth of 68.6 mm 
in 6 months, 124.4 mm in one year, 170.5 mm in IJ 
years, 208.4 mm in 2 years, 232.8 mm in 2\ years and 
262.7 mm in 3 years was noticed. 

It may be seen that the growth attained by this species 
is more or less similar upto the end of first year along 
both east and west coasts. While a growth of 149 mm 
is reached at the end of IJ years along east coast, a 
higher size of 167 to 176 mm is attained on west coast. 
Along the ktter coast this squid grows to 209-220 
mm in 2 years, 233-255 mm in 1\ years and 263 mm 
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in 3 years. Along both coasts of India broods originate 
at different periods of the year in various areas indi­
cating that recruitment is not confined to any particular 
period. It is most interesting to note that the growth of 
L. duvaucelii is very fast as compared to that in L. 
opalescens. Fields (1965) has recorded a growth of 
65 mm, 120 mm and 150-165 mm at the end of first, 
second and third years in L. opalescens in Monterey 
Bay. 

Detailed studies on the growth of males and females 
of this species carried out at Cochin and Madras using 
Von Bertalanfy's formula indicated differential growth 
rates for males and females at Cochin. But in the 
same species off Madras coast the growth pattern was 
similar in both sexes within the size range 45-155 mm. 

Cochin Madras 
Relative age 

6 months 
12 months 
18 months 
24 months 

Males 
(mm) 

. 86 

. 149.3 

. 196.0 

. 130.0 

Females 
(mm) 

91.9 
142.6 
170.6 
186.0 

Males and 
Females 

(mm) 

75.3 
122.3 
151.5 
169.8 

Length-weight relationship 
Study of the length-weight relationship of this species 

of the Madras and Cochin coasts showed that the 
rate of increase in weight in relation to length differed 
in males and females. The aUometric growth formulae 
for the two sexes are as follows. 

Centre Males Females 
Madras W —0.000683 L -̂*"* W =0.000377 L̂ -̂ aoi 
Cochin W = 0.00103 L^-^^s w = 0.0005655 L***̂ ^ 

Distribution of Adults 
This is a neritic species adults of which are common 

from the coastal shallow waters upto depths of about 
80 m on the continental shelf of both the coasts of 
India. 

The size range of adult males caught in trawl nets 
off Madras is 50—155 mm while it is slightly higher, 
50-175 mm at Waltair. Adult females 70-155 mm and 
70-170 mm in size were obtained in the above two 
areas. In the trawl catches off Kakinada females 
ranged between 80 mm and 165 mm in size while males 
measured a maximum of 184 mm. In Bombay area 
adult males with a maximum size of 285 mm were 
caught in trawl nets while adult females obtained in 
the same gear measured only 80-165 mm. On the 
southwest coast in the trawl catches at Cochin and 
boat seine and hooks and line catches at Vizhinjam, 

adult males were 90-255 mm and adult females 
90-190 mm. 

Maximum size 
The largest size of adult males found along the east 

coast were 184 mm (at Kakinada) and 170 mm (at 
Madras) and the largest sizes attained along the west 
coast were higher being 285 mm (at Bombay) and 190 
mm (at Cochin and Vizhinjam). The largest female 
along east coast (Waltair) and on the west coast (at 
Cochin and Vizhinjam) measured 190 mm. 

Food 
Prawns and fishes form the chief item of food of 

this species. Other items like crabs, stomatopods 
and euphausids also form the diet of this squid. Canni­
balism has been often noticed. 

Kore and Joshi (1975) reported that the food of 
L. duvaucelii of Ratnagiri coast consisted of crustaceans, 
fish and squids, the crustacean portion including mysids, 
euphausids and ostracods. A decrease in feeding 
intensity was noticed in the squids in the spawning 
season. 

Oommen (1977) studied the structure of the alimentary 
canal, digestive enzymes and food a.nd feeding habits 
of L. duvaucelii of Cochin area. He found that squids 
with empty stomach formed as much as 54% of the 
total number of squids examined. Crustaceans and 
fishes were the important diet of the squid. The former 
were dominant in April-May and the latter were com­
mon from October to March, The stomach contents 
were identified by noting the species caught along 
with the squids in trawl nets and examining the skeletal 
remains found in stomachs of squids. Prawns, crabs 
and Squilla were the most common crustaceans and 
sardines, anchovies, mackerel, Synagris and Lactarius 
the most common fishes to form the food, (Oommen 
1977), Cephalopods including Loligo duvaucelii and 
Loliolus sp. were found throughout the year and 
amounted to 16%, 

In Loligo pealei, Vovk (1972) recorded seasonal and 
diurnal changes in feeding intensity. There was active 
feeding during day time with peak about 16,00 hrs. 
Fields (1965) found that crustaceans, fishes and poly-
chaetes were the common food of L. opalescens of 
Monterey area and with increase in size the proportion 
of crustaceans decreased while that of fish increased. 
Squids above the size of 120 mm showing cannibaUsm. 
Karpov and Cailliet (1978) studied the food and feeding 
habits of L. opalescens caught in mid-water and bottom 
trawls along California coast and observed that euphau­
sids, copepods and other crustaceans formed the main 
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FIG. 5. Sex ratio and stages of maturity of Sepioteuthis lessoniana off Kilakarai and Doryieuthis sibogae off \^zhiiyam, 
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food item of L. opalescens which was also found to 
be cannibalistic. The authors noted that fish, gastro­
pods, radiolarians and polychaetes formed only minor 
components of the diet of the species. Few differences 
were noticed in the food in relation to sex or size. It 
was reported that squids captured in deeper waters 
off California fed more on euphausids and copepods 
as compared to those from shallow waters. Bidder 
(1950) determined that in Loligo digestion is completed 
in 4 to 6 hours and the species feeds once or twice a 
day and also more often when food is available but it 
does not feed continuously. 

Predators 
Loligo sp. has been found to form food of Euthynnus 

affinis affinis and large sized Auxiz thazard and A. 
thynnoides off Vizhinjam coast. Talbot and Penrith 
(1963) have recorded that Thunnus alalunga, T. albacares, 
T. obesus and Histioteuthis bonellina of South African 
waters prey on Loligo reynaudi. 

LIFE HISTORY 

Distribution of Juveniles 
Juveniles of this species measuring up to 45 mm have 

been recorded in trawl catches at WaUair, Kakinada 
and Madras on the east coast and at Cochin and Bombay 
on the west coast throughout the year. They were 
obtained in small quantities in shore seines and boat 
seines along the two coasts. 

Sepioteuthis lessoniana Lesson 
BIONOMICS AND LIFE-HISTORY 

REPRODUCTION 

Sexuality 
This species is heterosexual and in males which are 

larger than females the left ventral arm is hectocotylized. 

Sex ratio 
In 1973 males of this species were dominant in 

Kilakarai area from March to September (M 58 : F 42— 
M 91 : F 9) and females were dominant (F 56 : M 44— 
F 85 : M 15) only in two months January-February 
(Fig. 5). The two sexes were in equal ratio in October, 
1973. In 1974 males outnumbered females in a number 
of months January-February, April-June and August. 
Only in March and July females were dominant (F 56 : 
M 44—F 64 : M 36). The overall average sex ratios 
during 1973 and 1974 show that males were the domi­
nant sex in the two years. The data of Rao (1954) show 
that among mature squids, females were dominant in 
four out of eight months when observations were made 
viz., June, October and February-March. When the 
overall averages were compared males were found to be 
the dominant sex constituting 55% as in 1973-74 data. 

Maturity 
The observations carried out during 1973-74 have 

shown that males and females mature in the size range 
of 90-190 mm with 50% of the two sexes attaining 
maturity at sizes of 112 mm and 98 mm (Fig. 6). All 
squids of both sexes were mature at 190 mm. Rao 
(1954) stated that males of this species reach sextial 
maturity within the size range of 67.5 mm—112.5 mm 
and females within 102.5—112.5 mm. 

Spawning 
Mature females were found to occur in seven months 

viz., February to July and October and were more 
common in February, June and October. Mature 
males were observed continuously from January to 
October with dominance in February, May, June and 
August. Spawning females and males were recorded 
from January to October. Spawning females were 
most common from January to May and July to Septem­
ber. The data indicate prolonged spawning period 
from January to September or October in this species. 
Based on observations made in two fishing seasons 
during 1950-51, Rao (1954) found that the gonads 
of the species were in fully, partially or wholly spent 
condition in May-June, wholly spent from July to 
October and in a state of fuiness from December to 
February and from this inferred that the spawning 
period extends from January to Jime. 

After spawning drastic changes take place in the 
structure of reproductive organs and also mantle and 
fins. In the sexually mature females the mantle and 
fins are thick and the ovary has a large number of 
ripe ova which occupy greater portion of the posterior 
part of the mantle cavity, the nidamental glands are 
arge and glossy white and the accessory nidamental 
glands are of orange red colour. On copulation sper-
matophores are deposited on their buccal membranes. 
After spawning the mantle and fins become thin, the 
ovary has only a small number of eggs, the nidamental 
glands are of pale colouration and the accessory nida­
mental glands pinkish. In mature males the testis 
is large and glossy and fully developed and spermato-
phores are present in the spermatophore sac. After 
spawning the testis is thin and flabby and the spermato­
phore sac contains a few residual spermatophores. 
The mantle and fins of males also become thin after 
spawning as in females. 

Spawning takes place in shallow coastal waters of 
Mandapam area at depths of 3-10 m as it is evident 
from the capture of gravid and partly spawned squids 
caught in shore seines which are operated within 
about 1 km from the shore (Rao, 1954). 
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ADULT IIISTORV 

Growth 
Growth studies of the species of Kilakarai Coast 

(Mandapam area) carried out during 1973-75 and the 
determination of average growth, showed that the 
species attains a size of 69 mm at the end of 6 months, 
129 mm at the end of one year, 178 mm at the end of 
one and half years, 217 mm at the end of two years, 
246 mm at two and half years and 265 mm at the end 
of three years. Rao (1954) found that the species 
from Mandapam-Rameswaram area attained lesser 
sizes of 95 mm, 166 mm and 219.5 mm at the end of 
the first, second and third years of the life of the squid. 

Distribution of Adults 
Adults measuring 65-340 mm are caught in coastal 

waters of Palk Bay and Gulf of Mannar in shore seines 

and hand jigs, liquids of moderate size l20-i86 nuii 
are caught in trawling grounds off ^landapam. Stray 
individuals of this species are obtained off Vizhinjam 
also. 

Maximum size 
Males grow to a much larger size than females. The 

highest sizes of males and females recorded in Manda­
pam area are 340 mm and 209 mm respectively. 

Food 
Rao (1954) recorded that bony fish comprised the 

main food of squids and prawns and crabs formed 
part of diet to some extent. A good number of squids 
were also seen to be cannibalistic. The food organisms 
in the stomachs wisrc found to be broken pieces which 
made specific identification difficult. Observations on 
this species in Kilakarai area during 1973-74 indicated 
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FIG. 6. Size at first maturity of Sepioteuthis lessoniana off Kilakarai and Doryteuthis sibogae off Vizhinjam. 

hat fishes including Leiognathus sp., Upeneus sp., 
Apogon sp. and others were the most common items 
of food. Prawns were next in importance while alpheids 
and stomatopods were found only in a small number 
of squids. Only a few instances of cannibalism were 
noticed during 1973-74. 

LIFE-HISTORY 

Eggs 
The eggs are present in egg capsules which consist 

of a central gelatinous matrix from which finger-shaped 
capsules numbering fifty or more radiate (Alagarswami, 
1966). The egg clusters lie attached to floating or 
stationery algae, tree branches or other hard, subimerged 
structures in littoral waters. The egg clusters are 
common in the shallow sheltered coastal waters of 

Mandapam area where seaweeds abound. The egg 
capsules have jelly4ikc consistency with a firm trans­
lucent outer wall and are 62-68 mm in length and 12-13 
mm in width. Six or seven eggs are present in a lineM 
row in each capsule with spaces in between and are 
visible through the gelatinous capsule. The eggs of 
S. lessoniana are large, elongately oval and telolecith^l. 
They measure 6 mm in length and 4.6 mm ini breadth 
and are covered by a chorion with the micropyle at 
the animal pole of the egg and a perivitelline space 
Surrounding the ovum. 

Early development 
The Mriy development has been studied by Ategar* 

swami (1966). The cleavages of the egg rejilflt in 64 
cell stage and later the blastoderm. On the fifth day 
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after collecting, the shell gland is seen as a depression 
around which there is a ridge, the primordium of the 
mantle. Below this is in the depression, the primordia 
of ctenidia are present. The stomodaeum is formed 
anteriorly and rudiments of eyes anterolaterally. The 
primordia of the ventral arms also are formed as thicken­
ings at the lower edge of the blastoderm. By the sixth 
day the eyes are more well-developed, the mantle grows 
and covers the primoridia of various organs and more 
arms are budded off. 

On the seventh day the ctenidia are long and plume­
like, the systemic and branchial hearts are well developed 
and funnel cartilages formed. The primordia of fins 
develop by the eighth day. By the fourteenth day the 
developing embryo appears like a miniature adult 
with the eyes, mantle, arms and visceral organs well 
formed. At this stage the embryo moves inside the 
chorion. 

The newly hatched squid measures 7.5 mm in total 
length (including arms) and 3 mm in width and resembles 
the adult in basic structural features. In the newly 
hatched young one, the mantle is transparent, the 
visceral organs can be seen from outside, yellow and 
brown chromatophores are found on the mantle, head, 
arms and dorsal surface of fins, the arms are well 
developed and funnel completely formed. 

The eggs were hatched and the young ones reared 
by Sivalingam and Pillai (1983) for a period of ten 
days by feeding them with plankton. 

Distribution of juveniles 
Young squids 20-60 mm in size are caught in shore 

seines in Palk Bay and Gulf of Mannar in Mandapam 
area from February to October. Juveniles measuring 
40-60 mm are obtained in small numbers in shore 
seines along Vizhinjam Coast. 

Dorytenthis sibogae Adam 1954 

BIONOMICS AND LIFE-HISTORY 

REPRODUCTION 

Sexuality 
Sexes are separate. In addition to hectocotyll-

zation of the left ventral arm, the males are larger and 
have generally slender body with ventro-medial con­
centration of chromatophores on the mantle. 

Sex ratio 
The data collected during November, 1976-December, 

1980 (Fig. 5) show that females were generally the 
dominant sex. Males outnumbered females in March 
1977, February and October 1978, January and February 
1979 Mid December, 1980. The two sexes were in 
almost equal ratio in November and December, 1976 
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and March 1979. When the annual ratios ot males 
and females were compared, females were dominant 
over males in three years, 1977-79 the ratios being F 56 : 
M 44, F 54 : M 46 and F 54: M 46 respectively. In 
1976 and 1980 males were proportionately more and 
formed 57% and 54% respectively. 

Maturity 
The studies made at Vizhinjam during 1976-80 

(Fig. 6) indicate that males attain maturity in the size 
range 70-170 mm with 50% being mature at a size of 
97 mm. Females reach the mature condition in the 
size range 70-130 mm with 50% maturity at 84 mm. 
All males and females become mature when they grow 
to sizes of 170 mm and 130 mm respectively. 

Spawning 
Sexually mature females were recorded in October, 

December and January to April with dominance in 
December, January and February (Fig. 5). Mature 
males occurred from October to April with preponder­
ance in October, December and January-March and 
spawning males in December and February. The 
occurrence of mature squids in several months during 
the period October-April suggests that the breeding 
season of the species is protracted. 

ADULT HISTORY 

Growth 
The study of the modal sizes has indicated that the 

squid grows to a size of 106-120 mm with an average 
size of 113 mm at the end of the first year and a size of 
182 mm at the end of the second year. The longevity 
of the species appears to be over two years. 

Distribution of Adults 
Adult squids 70-205 mm in dorsal mantle length 

occur in the coastal waters of Vizhinjam and are captured 
in shore seines, boat semes and hooks and lines. The 
larger individuals are frequently caught in the last 
mentioned gear. 

Maximum size 
Males grow to a maximum size of 205 mm and the 

largest size of females recorded is 165 mm. 

Food 
The stomach contents of this species include fish, 

cephalopods and crustaceans. 

LIFE HISTORY 

Distribution of Juveniles 
Juveniles measurmg 20-60 mm are caught in shore 

seines along Vizhinjam Coast during January-February 
and in some years upto Jane. 
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SOME ASPECTS OF THE BIOLOGY OF CUTTLEFISHES 

E, G. SILAS, R. SARVESAN, K. PRABHAKARAN NAIR, Y. APPANNA SASTRI, P. V. SREENIVASAN, M . M . MERTAPPAN, 

KUBER VIDYASAGAR, K. SATYANARAYANA RAO AND B. NARAYANA RAO 

ABSTRACT 

The biological aspects namely, sexuality, sex composition, size at first maturity, spawning, age and growth, distribution of 
adults, food and distribution of juveniles of six species of cuttlefishes Sepia pharaonis, S. aculeata, S. elliptica, S. brevimam, 
S. prashadi and S. inermis are discussed here. Sepia pharaonis showed differential growth and the rate of growth of females was 
higher than that of males. By contrast growth rate of Sepia aculeata was almost similar in both sexes. 

Sepia pharaonis Elirenberg 

BIONOMICS AND LIFE-HKTORY 

REPRODUCTION 

Sexuality 

The species is heterosexual. The left ventral arm 
is hectocotylized in males which are less broader than 
females that are more muscular and robust. The 
conspicuous stripes across the dorsal side of mantle, 
Gns, head and arms are more prominent in males than 
in females. 

Sex ratio 
Data on sex composition of this species obtained in 

commercial trawl catches of this species off Waltair 
recorded during 1976-80 (Fig. 1) showed that females 
were generally the dominant sex (F 54 : M 46-F 90 : 
M 10). Only in a few months viz. November, 1978, 
February, March and December, 1979 and March, 
October and November, 1980 males outnumbered 
females (M 53 : F 47-M 75 : F 25). Only in four 
months October 1977, January 1978, May 1979 and 
February 1980, the two sexes were in equal proportion. 
There was dominance of females (in Madras area 
(F 52: M 48-F 80: M 20) in most of the months as along 
Waltair coast and only in five months February and 
April, 1976 and April, June and October, 1980 males 
formed the dominant sex (M 56 : F 44-M 71 : F 29). 

On the west coast in the landings of hooks and line 
fishery at Vizhinjam also, the females were generally 
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dominant (F 53 : M 47-F 77 : M 23) and males out­
numbered females on in five months January 1977, 
July 1978, February and March 1979 and January 1980 
accounting for 52-100% (Fig. 2). The two sexes 
were in equal porportion only in a single month 
February 1977. In the trawl catches off Cochin coast 
male S. pharaonis dominated in March (M 58 : F 42 
and July 1980 (M 57 : F 43) and in all other months 
except June, 1980 when the two sexes were in equal 
ratio, there was preponderance of females (F 54: 
M 46-F 80 : M 20) (Fig. 3). 

Maturity 
Males and females of this species were found to 

mature from a minimum size of 90 mm onwards along 
Waltair coast (Fig. 4). The size at first maturity was 
119 mm in males and 120 mm in females. Males and 
females of the sizes 150 mm and 170 mm and above 
were all mature. Maturation studies at Madras indi­
cated that the size at first maturity is slightly higher 
compared to that at Waltair being 121 mm in males 
and 138 mm in females. In both sexes maturity was 
attained in the sizes 110-190 mm, all the cuttlefishes 
becoming mature by the time they grow to a size of 
190 mm. 

On the west coast this species reaches the mature 
stage at higher sizes in comparision to those along 
the east coast. At Vizhinjam the size at first maturity 
is 145 mm in males and 160 mm in females. The 
males attain sexual maturity within the size range of 
130-220 mm and females in the range of 150-230 mm. 
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In Cochin area the size at first maturity is more or 
less the same as at Vizhinjam in the two sexes, 
154 mm in males and 157 mm in females. However, 
the size at 100% maturity is lower, being 190 mm in 
both sexes. 

Spawning 

In Waltair area mature females occurred from 
October to February and mature males from October 
to March (Fig. 1). Female spawners were observed 

species is very much prolonged as in 5*. aculeata extend­
ing from October to August. 

Along Vizhinjam coast, cuttlefish in maturing stage 
were noticed in January, March, April and August-
November in hooks and line fishery (Fig. 2). Mature 
cuttlefish occurred (during January-April, July and 
September-December. Higher percentages of mature 
females with ripe ova were observed in three months 
January, April and December. Mature males were 
frequently observed in the catdies over a longer 
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FIO. 2. Sex ratio and stages of maturity of Sepia pharaonis at Vizhiqjam. 

in the area in February and April and male spawners 
in February, April and July. This species appears to 
breed in the period October to April along the Waltair 
coast. Cuttlefish in all the maturity stages were foimd 
almost throughout the year off Madras coast (Fig. 1), 
In constrast to Waltair area, sexually mature females 
were observed from October to August and males in 
all months except September. Spawning females 
were seen in seven months viz., February, April, May, 
July, August, October and December and spawning 
males in March, April, October and December. 
The data on the occurrence of mature cuttlefish and 
spawnos suggests that the spawning season of this 

period during September-December, March, April, 
and July and male spawners during March-April. 
The seasonal abundance of mature and spawning 
cuttlefish suggest that the species breeds in diis area 
from October to April 

In Cochin area maturing cuttlefish of this species 
were common throughout the year (Fig. 3). S .xually 
mature females were noticed in April, June and October 
and spawners only in December. Mature males 
occurred in April, July, October and December and 
spawners in September and December. Along both 
east and west coasts of India the species spawns over a 
long period extending from October to April and in 
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FiQ. 3. Sex ratio and stages of maturity of Sepia pharaonis at Cochin. 

some areas up to August, Voss and Williamson (1971) 
have stated that this species spawns in a restricted 
period March-May in Hong Kong area and the cuttle­
fish come to the coastal waters for the purpose. 
Spawning grounds of this species have been reported 
to exist off Orissa and Visakhapatnam coasts (FAO) 
UN, 1961). 

REPRODUCTION 

ADULT HISTORY 

Growth 
Preliminary growth studies based on the length fre­

quency distribution of both sexes of S. pharaonis 

combined together from the commercial trawl catches 
off Madras coast show that the species attains a size 
of 100 mm in 6 months, 165 mm in one year and 
197 mm in 16 months on the east coast. 

A detailed study of the size frequency composition 
of males and females of Sepia pharaonis caught by 
hooks and lines off Vizhinjam coast indicated differen­
tial growth in the two sexes. The relative age and size 
was estimated to be as follows : 
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elative Age 
6 months 

12 months 
18 months 
24 months 
30 months 
36 months 

Male (mm) 
109.4 
186.1 
239.7 
277.3 
303.6 
322.0 

Female (mm) 
119.9 
197.8 
248.3 
281.2 
302.5 
316.3 

In Sepia pharaonis of PDR Yemen also the rate of 
growth is faster in females but the ultimate size reached 
is higher in males and they survive longer;due to high 
level of post-spawning mortality of females (Sanders, 
1981). 

l,ength-weight Relationship 
Study of the length-weight relation of the species 

caught off Vizhinjam coast showed differences in the 

Distribution of adults 

This is a widely distributed species contributing to the 
commercial fisheries along both coasts of India. Adults 
are caught in large quantities in hooks and lines in 
Vizhinjam area and in trawl nets in the other areas. 
Off northern Andhra adult males 90-150 mm and adult 
females 90-170 mm in size are caught in trawl nets. 
Off Madras coast trawlers obtain adult males and 
females of the size range 110-190 mm. On the west 
coast much larger sizes are obtained. The size ranges 
of males and females caught in the Cochin area by 
tralwers range from 130 mm to 190 mm while in 
Vizhinjam area adult males 130-210 mm and adult 
females 150-230 mm are fished. 
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Fio. 4. Size at first maturity of Sepia pharaonis at Madras, Cochin, Waltair and Vizhinjam. 

rate of increase in weight in relation to length in males 
and females. The allometric growth formulae for 
the two sexes are as follows : 

In males W = 0.000988 L' 
2.5058 

In females W = 0.000726 L 
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Maximum size 
The greatest sizes recorded for the males and females 

of this species on the east coast are 265 mm (at Waltair) 
and 245 mm (at Madras) respectively. As this species 
grows to a larger size on the west coast, the corres­
ponding sizes for males and females along this coast are 
334 mm pid 320 mm (at Vizhinjam) respectively. 
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FK}. 5. Sex ratio and stages of maturity of Sepia aculeata at Waltair and Kakinada. 
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Food 
S. pharaonis is an active predator and exclusive^ 

carnivorous feeding on fish, crustaceans and some­
times on cephalopods. Scales, eye balls, otoli h and 
bones of fishes, macerated and partly digested fishes 
and parts of crus aceans such as prawns, crabs and 
Squilla are found in the stomachs. 

Eggs 
Egg clusters of this species have been collected from 

the fishing grounds off Vizhinjam coast. 

Distribution of juveniles 
Juveniles of the species measuring up to 80 or 

100 mm in size occur in the inshore waters and are 
caught in shore seines, boat seines and from depths 
up to 40 m in trawl nets particularly in Waltair, 
Madras and Mandapam areas. The juveniles are 
obtained from January to Jufy in Waltair area and 
throughout the year with the exception of September in 
Madras area. Juveniles up to a maximum size of 
120 mm are obtained in trawl nets in Cochin area all 
round the year except in June and December and in 
Vizhinjam area from January to April and in August. 

Sepia aculeata Orbigny 

BIONOMICS AND LIFE-HISTORY 

REPRODUCTION 

Sexuality 

Sexes are separate. The mantle as well as the cuttle-
bone are less broader in males than in females and 
quadriserial suckers in the hectocotylized left ventral 
arm are abruptly reduced in size as compared to normal 
suckers near the base of the arm. Females can be 
distinguished as in all cuttlefishes by the presence of 
nidamental glands which can be easily seen through the 
mantle opening by disengaging the funnel mantle 
locking device or by cutting open the mantle centrally. 

Sex ratio 
In the trawl catches oflF Waltair coast during 1976-

80, generally males dominated (57-100%) except in 
some months when females w°ire found in more num­
bers (F 54: M 46-F 87 : M 13). The two sexes were 
found distributed in equal proportion only in five 
months—June 1977, October 1978, January and August 
1979 and February 1980 (Fig. 5). 

Females were usually the dominant sex along 
Kakinada coast in most of the months during 1977-80 
with female : male sex ratios of 57 : 43-96 : 4 except 
in the months January and December 1977, May and 

December, 1978, January, November and December, 
1979 and May November and December, 1980 when 
males were the dominant sex (M 53 : F 47-M 79: 
F 21). The two sexes were in equal proportion only in 
three months April, September and November, 1978 
(Fig. 5). 

The sex ratio of this species in the commercial trawl 
catches in Madras area showed a different trend (Fig. 6). 
In 1976, males dominated only in July (M 53: F 47). 
in August both sexes were in equal ratio. In 1977 
males outnumbered females in March and April and 
females were the dominant sex in February and 
November. In 1978 females dominated (F 57 : M 43-
F 65: M 35) in all months except June and Augutit 
while in 1979 they were dominant only in two months 
viz., June and October (F 55 : M 45-F 67 : M 33). 
In 1980 the two sexes were in equal porportion in April. 
June and September and in several months females 
were the dominant sex (F 53 : M 47 and F 68 : M 32). 
The overall sex ratio for the entire period 1976-80 
showed female predominance with a ratio of F 58 : 
M42. 

During the period 1976-78 males were the dominant 
sex along Porto Novo coast in most of the months 
when observations were made (Fig. 6). The two sexes 
were represented in equal ratio only in two months 
August, 1976 and January, 1977. 

The sex ratio of the species in Mandapam area did 
not show any definite pattern (Fig. 7). In 1976 males 
were the dominant sex in a number of months such as 
January, March, May, August and November-December 
with sex ratios of M 52 : F 48:M 68 : F 32 while in 
the other months there was dominance of females. In 
1977-78, only in four months viz., January, July and 
November 1977 and April 1978 males were dominant 
(M 51 : F 49 to M 70: F 30). The overall sex ratio 
of males and females during 1976-78 did not indicate 
marked dominance of a single sex. 

On the west coast females were dominant in trawl 
catches in Cochin area in six months in 1980 with sex 
ratios of F 53 : M 47-F 72 : M 28 (Fig. 8). In March 
and June 1980, the two sexes were distributed in equal 
porportion while in the other four months there was 
preponderance of males (M 59 : F 41-M 74 : F 26). 

In Bombay area the sex ratios showed male domi­
nance (M 53 : M 47-M 83 : F 17) in most of the months 
in 1978 and 1980 (Fig. 9). In the month of September 
in 1978 and 1979 the two sexes were in equal ratio or 
almost so while in Septembsr, 1980 females were domi­
nant (F 65 : M 35). The average sex ratio during the 
period 1978-80 showed dominance of males (M 60 : 
F40). 
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Maturity 
Along Waltair coast males and females were found to 

mature from the size of 70 mm onwards (Fig. 10). 
50% of the males and females were mature when they 
attained sizes of 77 mm and 102 mm respectively. 
All the individuals ofthe two sexes were matured when 
they attained a size of 150 mm. 

Along Madras cpast the catches consisted of cuttle­
fishes in all stages of maturity. The frequency of 

case of males and 130 mm in females in Codiin area. 
The cuttlefish of the two sexes become mature within 
the size ranges 90-170 mm and 110-170 mm with 100% 
maturity at 170 mm. 

The onset of maturity was first observed in females 
of Bombay region at a size of 90 mm and all the females 
were mature by the time they grew to 150 mm. The 
size at 50% maturity of females in Bombay area was 
similar to that in Cochin area, being 132 mm. 

SEX RATIO 80 

• 

0 
£EMALE 

MALE 

STAGES OF 

K /lA TURITY 

40 

80 
% 

40 

o 
o 
o% 
ooi 

o » • • • 
• o^©o 

OfO • 
• oio 
oio 

o 

• « • 

oeo 

• o 
04aeo«« 

• # • 

o 

01 
o 
o 

MALE 

FEMALE 

I I I I I I I I I I I I 
J M M J S N 

1976 

I I I I I I I r I 
J M M J S 

1977 

I I I I I I i 
J M M J 

1978 

I 
S 

U IMMATURE 0 MATURING [M] MATURE ffl SPAWANING / 
SPENT 

FIO. 7. Sex ratio and stages of maturity of Sepia aeukata at Mandapam. 

maturity stages at different sizes indicated that the 
size of 50% maturity for males is 100 mm and that 
for females 118 mm. Males in the population 
attain the mature stage in the size range 70-130 mm 
and female in the range 90-170 mm. Both sexes 
became mature when they are 130 mm and 170 mm 
respectively. The size at S0% maturity is lesser viz., 
83 mm for males at, Mandapam and that for females 
is, however, similar 110 mm when 10 months old. 
In Mandapam area male and female cuttlefish reached 
maturity at a minimum size of 70 mm. All the males 
and females attained mature stage by the time they 
grow to sizes of 150 mm and 190 mm respectively. 

On the west coast, study of the stages of maturity 
in relation to size revved that the size of 50% matu­
rity was higjier than on the east coast viz.,124 mm io the 

The data on the size at first maturity of Sepia pharao-
nis and Sepia aculeata indicate that in these two species 
male cuttlefish attain sexual maturity at smaller size 
than females. Further in both these species the cuttle­
fishes of the two sexes become sexually mature at 
smaller size on the east coast than those along the 
west coast. The (^usative factors for the difibreaces 
need to be studied. Durchon and Richard (1967) 
have observed that a secretion of the optic gland of 
Sepia officinalis controls maturation of reproductive 
organs. Defretin and Richard (1967) have reported 
that the optic gland of cuttlefish is controlled by photo-
period, being active when day length is short and 
inhibited I^ long day length. 
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Spawning 

Cuttlefish in maturing stage were found in greater 
or lesser numbers along both the coasts throughout 
the year indicating maturation in the i>pecies all through 
the year. Mature and spawning cuttlefish were also 
seen almost in all months clearly indicating breeding 
activity during a prolonged period. 

out the year while males in these stages were noticed 
in good numbers almost around the year (Fig. 6). 
In Portonovo area females in advanced stages of 
maturity were noticed in good percentage in January, 
March-April, June-August and November and males 
of the stages in February, May-August and November 
(Fig. 6). 
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FIO. 8. Sex ratio and stages of maturity of Sepia aculeata at Cochin. 

On the Waltair coast mature and spawning temales 
were very common from January to April and from 
July to December (Fig. 5) and mature and spawning 
males were commonly ob served throughout the year. 
Along the Kakinada coast females in mature and 
spawning stages were common in February, April-May, 
September and November (Fig. 5). Males in the same 
stages were in several months and were more common in 
April, September and November. 

Mature and spawning females were common or 
very common in trawl catcheS) off Madras coast through-

In the trawl catches in Mandapam area during 
1976-78 mature and partly spawned females as well 
as males were common throughout the year (Fig. 7). 
Rahman (1967) reported that the species appears to 
breed biannually in neighbouring Thondi area the first 
season extending from February to April and the 
second one from July to August. 

The observations at Cochin on the west coast in 1980 
indicated occurrence of mature and spawning female 
S. aculeata in trawl catches off Cochin coast from 
April to December with dominance in three months 
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viz., April, July and December (Fig. 8). SexuaUy 
mature males were observed in several months viz. 
April, May, July, September, October and December 
with large numbers in April, May, July and December. 
Data collected on females of this species caught by 
trawlers oflf Bombay show that mature and spawning 
5̂ . aculeata form high ^percentages in five months 
February, March and September-Novjmber (Fig. 9). 

The data at seven centres presented above indicate 
breeding in the species during an extended period 
along both coasts of India. 

Study of the age and growth of this species in Madras 
area showed that the growth rate is ^most similar in 
both sexes. The relative age and size are as follows : 

Relative age 
6 months 

12 months 
18 months 
24 months 

Size (mm) 
88.6 

138.9 
167.5 
183.7 

The observations made in Mandapam area indicate 
growth to sizes of 74 mm, 123 mm and 155 mm at the 
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FIO. 9. Sex ratio and stages of maturity of Sepia aculeata at fiombay. 

A D U L T HISTORY 

Growth 
Progress of modal sizes was analysed for males and 

females together for growth studies at Waltair, Kakinada 
Mandapam and Bombay. At Madras the males and 
females were treated separately. Growth studies on 
this species at Waltau: show that it attains a size of 59 
mm at the end of 6 months, 103 mm at the end of one 
year, 135 mm at the end of one and half years, 158 
mm at the end of two years and 165 mm at the end of 
26 months. 

Along Kakinada coast the growth is initially similar 
to that along Waltair coast and a size of 61 mm is 
reached at the end of six months but lata* there is a 
slight decrease in rate of growth, the size reached in 
one year and one and half years being 96 mm and 124 
mm respectively. 

end of six months, one year and one and half years 
respectively. 

The growth of this cuttlefish in Bombay area is 
similar to that in Mandapam area in the first year of 
its life with a growth of 67 mm and 122 mm in six 
months and one year respectively, but in the seeond 
year the growth is faster in comparison to that on the 
east coast, and sizes of 164 mm and 202 mm are attained 
in one and half years and two years respectively. 

Length'weight relationship 
The study of length-wdght relationship of the species 

of Madras coast indicated that the rate of increase in 
weight in relation to the dorsal mantle length differed 
in males and females. The allometric growth formulae 
for the two sexes are as follows. 

In mates W = 0.00045 L ««•" 
Infemates W = 0.000346 L ••»*" 
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Distribution of adults 
This is a common species in the continental shelf 

waters especially up to a depth of 60 m. Adults of 
the size ranges 50-150 mm and 70-190 mm support 
the trawl fishery along Waltair and Madras coasts. 
The sizes obtained in trawl catches on the 
southeast coast in Mandapam area are higher 
with a range of 70-190 mm. On the west coast adult 
females 90-200 mm are caught by trawlers off Cochin 
and Bombay coasts. 

fishes and other organisms caught along with the species 
in trawl nets and identification of the prey organisms 
found in the stomach contents, Oommen (1977) re­
ported in the stomachs of this species a number of fishes 
Nemipterus japonicus, Platycephalus scaber, Opistho-
tarus tardoore, Saurida tumbil, Cynoglossus sp., Fseudo-
hombus sp., Anchoviella spp., Sardinella spp., Plotosus 
sp., Scatophagus argus and RastrelUger kanagurta, 
the crustaceans, Metapenaeus sp., Penaeus sp., Squilla 
holoschista, and Neptunus sanguinolentus, the squid 
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Fio. 10. Size at first maturity of Sepia aculeata at Madras, Cochin, Waltair, Mandapam and Bombay. 

Maximum size 
The largest sizes for males and females on the east 

coast are 190 mm and 200 mm respectively (at Manda­
pam) and on the west coast the maximum sizes for the 
two sexes are 245 mm and 200 mm (at Bombay). 

Food 
Like all other cephalopods this species is highly 

carnivorous and predatory. The common food items 
are fish and prawns. Crabs, stomatopods and poly-
chaetes also form diet of this species to a small extent. 

Oommen (1977) studied the structure of the alimentary 
canal, digestive enzymes and food and feeding habits 
of this species from the southwest coast of India. The 
stomach contents were usually found in well macerated 
condition. However, based on the occurrence of 

Loligo duvaucelii and LoUolus sp. and the foraminiferans 
Nonion sloanii and Entzia tetrastomella. Oommen 
(1977) did not find any seasonal changes in the feeding 
intensity. Crustaceans were dominant food through, 
out the year with peaks in March and April followed 
by fishes which were very common in May and October-
Cephalopods were rarely found in the stomach contents. 

Eggs 
During periods of intensive spawning egg clusters 

are commonly seen in trawl and shore seine catches in 
Palk Bay, Gulf of Mannar and other parts of east 
coast. Bunches of egg capsules are found washed 
ashore in the monsoon period October-December. 
On two occasions in September 1976, egg clusters of 
this species attached to gorgonids had been collected 
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from trawl catches off Madras in the fishing area 
13-80/1C at a depih of 25-40 m where the bottom was 
muddy with shells. A brief account of the rearing and 
hatching of eggs is given by Sivalingam and Pillai 
(1983). 

Distribution of juveniles 
On the east coast juveniles 20-50 mm in size wer? 

found throughout the year along Kakinada and Manda-
pam coasts and from January to October off Madras 
coast. Along Waltair coast they were represented in 
January, February, April, May, August and December. 
Juveniles ranging between 20 and 70 mm were observed 
throughout the year in Bombay area and from January 
to August oflf Cochin on the west coast. 

REPRODUCTION 

Sexuality 

Septa elliptica is heterosexual and the two sexes 
can be distinguished externally from the hectocolyli-
zation of the left ventral arm in males. In addition 
females are broader than males. 

Sex ratio 
Data on sex ratio of cuttlefish caught by trawlers in 

Cochin area is inadequate for the period 1976-78 due 
to poor catches. During 1979-80 this species was 
obtained in good numbers and males were the dominant 
sex in March, May, July, September-December, 1979 
and April, August and September, 1980 (M 52 : F 48— 
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Fio. 11. Sex ratio and stages of maturity of Sepia elliptica at Cochin. 

Sepia elliptica Hoyle 

BIONOMICS AND LIFE-HISTORY 

M 75 : F 25) (Fig. 11). Only in one month June, 
1979 both sexes were represented in equal ratio and 
in all other months of the 1979-80 period females 
dominated in the population (F 53 : M 47—F 85 : M 15). 

This is a small sized species supporting a fishery 
at Cochin and is caught in trawl nets almost througjiout 
the year. 

Maturity 
Males and femiales of this species of Cochin area 

attain sexttal matiuity at a riiinimum size oi 75 mm and 

CMFRI BUIXBTIN 37 61 



all individuals of the two sexes are mature when they 
reach a size of 115 mm (Fig. 12). The size of 50% 
maturity is 93 mm for males and 96 mm for females. 

Spawning 

Sexually mature females were represented in the 
trawl catches in several months of the year January-
March, June and August-December (Fig. 11). Simi­
larly mature males were also found in January-May, 

Distribution of adults 
Adult males and females 75-115 mm are commonly 

captured from the trawling grounds off Cochin coast 
at depths beyond 30-40 m. 

Maximum size 

The largest sizes recorded for males and females 
of S. elliptica caught in trawl nets in Cochin area are 
129 mm and 119 mm respectively. 
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Fio. 12. Size at first maturity of Sepia brevimma of Madias and Waltair and Sepia elliptica at Cochin. 

August and October-December. Spawning females 
and males were recorded from October to December. 
Spawners occur only in three months. But the presence 
of mature cuttlefish of both sexes in a number of months 
suggests that breeding activity extends over a long 
period in a year. 

ADXJLT HISTORY 

Growth 

Study of the progression of modal sizes of males 
and females together showed a growth of 75 mm in 
six months and 117 mm in one year in this species. 

Food 

Penaeid prawns form the main item of food of this 
species and the other food items which occur in the 
stomachs are fishes, Acetes, crabs and stomatopods. 

Distribution of juveniles 

Juveniles measuring 36-74 mm are obtained in trawl 
catches in Cochin area in January-May and August-
September. 
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Sepia brevimana Steenstrup 

BIONOMICS AND LIFE-HISTORY 

This is one of the small sized cuttlefishes which are 
landed in moderate quantities in trawl nets at Madras 
and Waltair. 

REPRODUCTION 

Sexuality 
Sexes are separate and males can be distinguished 

from females by the hectocotylization of the left ventral 
arm. In females the mantle is broader and the cuttle-
bone accuminate anteriorly. 

Sex ratio 
Females were dominant on Waltair coast in several 

months (F 55 : M 45—F 86 : M 14) in 1976 and 1979 
while in 1977, 1978 and 1980 females outnumbered 
males in some months (F 51 : M 49—F 75: M25) 
and vice versa in other months (M 51 : F49—M 74 : 
F 26) (Fig. 13). The two sexes were represented in 
equal ratio only in four months May 1977, August 
1978, May 1979 and March 1980. The annual sex 
ratios show that the two sexes were almost in equal 
proportion in 1977, 1978 and 1980 while females were 
dominant (F 58 : M 42 and F 57 : M 43) in the years 
1976 and 1979. 

On the Madras coast during 1976 and 1977 when 
data was available in a few months, females were domi­
nant in March and August 1976 and February, March 
and November, 1977 (F 60 : M 40—F 65: M 35) while 
in February and July, 1976 the two sexes were in 
equal or almost equal ratio (Fig. 13). During the period 
1978-80, males predominated in the catches in February 
March and May 1978, March, June, Jidy and Septem­
ber 1979 and January, Februaiy, May and November 
1980 (M 53 : F 47—M 73 : F 27). The two sexes 
were in almost eqxial ratio in June, 1978. The overall 
annual sex ratios show preponderance of females 
during 1976-78 and 1980 (F 54 : M 46—F 57: M 43) 
and only in one year, 1979 males were dominant (M 58 : 
F42). 

Matwity 
Males and females of this species mature for the 

first time at sizes of 45 mm and 55 mm respectively 
on the Waltair coast and the sizes at 50% maturity 
of the two sexes are 62 mm and 59 mm respectively 
(Fig. 12). All the females and males mature at a 
size of 95 mm. 

In Madras area also males and females of the species 
become mature at sizes of 45 mm and 55 mm respectively 

(Fig. 13.) But the size of 50% maturity is 56 mm in 
males and 63 mm in females. All the males and 
females are found to mature at sizes 75 mm and 85 mm 
respectively. 

Spawning 

In Waltair waters maturing and mature females 
were observed throughout the year (Fig. 13). The 
latter were seen m large numbers in January-April, 
June-October and Decemoer. Partially spawned fe­
males were noticed in January, February, April, Septem­
ber, October and December. Mature males were found 
all round the year while spawners were noticed in 
January-May, September and December. 

In Madras area mature females formed high per­
centages in February, May, July and November and 
spawning females in January, February and from July 
to November (Fig. 13). A similar trend is seen in 
males with high percentage of mature ones in January-
March, May, July-September and November. The 
data indicate spawning activity during a very prolonged 
period in this species along Madras and Waltair coasts. 

ADULT HISTORY 

Growth 
Prelimuiaiy study of the progression of monthly 

modes of males and females together showed that this 
species grows to sizes of 29 mm, 56 mm and 75 mm at 
the end of 6 months, one year and one and half years 
in Waltair area while in Madras waters it attains sizes 
of 34 mm, 58 mm and 76 mm respectively at the same 

Distribution of adults 

Adult cuttlefishes of the size ranges 45-95 mm and 
45-85 mm comprise the trawl catches in Waltair and 
Madras areas respectively. 

Maximum size 

The maximum sizes of males and females recorded 
at Waltair are 89 mm and 95 mm respectively whereas 
85 mm was the largest size recorded for both the sexes 
at Madras. Voss and Williamson (1971) have observed 
80 mm as the maximum size for this species in Hong 
Kong waters. 

Food 

Qualitative study of the stomach contents of this 
species of Waltair and Madras coasts showed that it 
feeds on various species of prawns, fishes and other 
crustaceans such as Squilla and crabs. 

CMFRI BULLETIN 3 7 63 



W A L T A I R <•''•' 
80 

SEX RATIO 60 

40 FEMALE 

MALE 20 

(%) 

MALE 80 

60 
STAGES OF 

MATURITY ^° 

20 
SPAWNING/ 

SPENT 

i MATURE p/j 

^ MATURING 80 

n IMMATURE 60 

4 0 -
FEMALE 

20 

M A D R A S r 

SEX 

RATIO 

80 

60-

40 

20 

o5 
oo 
oo 
oo 

o 

a * 
O f 

o 
o 
o 
o 
o 

o»« 

0 * 0 

0 0 0 

1 I I 'I I I 

• • 

0 

• • 
• • • 

0 0 

09 
O 
o 
o 

o*e«o 

QQO 
0 0 

0 1 0 
0 
o 
o 
o 

• o 
0 0 
0 0 
0 0 

oo 

• 0 * « 

0 0 

• • 

o o S o 
o a o o 
1^0 0 0 

0 0 
0 0 

MALE 

(%) 

80-

"60 

40 

20 
STAGES OF 

rffl 

MATURITY 

80 

60 
FEMALE 

II 

1̂  

II 

4 0 

20 

7j 

ll 
i 1 1 

M 

I I I r-i 

i II If ::il 

.4-4-
I I I I I I I I 

M J S N 
i»r6 

I r I ,1 .1 I 

• I fa 
I I I 
M J S 

l»7T 

11 

I 

l l 

2 m 

II ::.1 

ii 

I 

m 
1 

m 
ii 
iL 

Ull 

1 1 1 1 1 1 ( 1 
M M <l S 

t9T> 

HI It 

I 
I 

• • • 

• o 
o 
o 

0 
0D|O 
0 0 0 
0 0 0 

0 0 
O 
OO 
o 
O 
CO 

oo 

o«« 
• 
o 
o 

O f O 

• 
0 
0 
o 
0 
o 
0 
o 
0 

m 
m 

11 
if 

M 

ill 

f 

l i l l l i l l II 

I I t 
J M M J S 

1979 

1. 

1. 

Fio. 13. Sex ratio nad stages of maturity of Septa brevimana at Waltair and Madras. 



Distribution of juveniles 
Juveniles of S, brevimana 20-40 mm in size were 

caught by trawlers along Waltair coast in April-May 
and November 1978, January-February and April 1979 
and January, February, November and December 1980. 
Juveniles 30-40 mm have been recorded in trawl catches 
off Madras coast almost throughout the year. 

Sepia prashadi Winckworth 

BIONOMICS AND LIFE HISTORV 

This is also a small-sized cuttlefish Uke Sepia brevimana 
and S. elliptica and looks like a small sized S, pharaonis 
due to the presence of horizontal stripes on the dorsal 
surface of the mantle. It has been recorded from 
Veraval on the northwest coast and Waltair and 
Madras on the east coast. This species is obtained 
in very small quantities in irawl catches off Waltair and 
Madras at depths beyond 40 m. 

Very little information could be collected on this 
species due to the sporadic occurrence in the trawhng 
grounds. On Waltair coast it has been observed in 
the months January-August and October-December 
and on Madras coast this species has been found from 
January to April along with upwelled deeper water 
fishes such as Psenes indicus and Priacanthus sp. Cuttle­
fish 50-109 mm in size contribute to the commercial 
trawl catches along Waltair coast. Preliminary studies 
on Waltair coast show that males and females of this 
species attain maturity at a minimum size of 67 mm 
and 72 mm respectively. 

Sepiella inermis Orbigny 

BIONOMICS AND LIFE-HISTORY 

REPRODUCTION 

Sexuality 
In males the left ventral arm is hectocotylized with 

a series of transverse ridges and grooves and very 
minute suckers at the basal portion of the arm. In 
addition, there is a row of small oval, white patches 
along the fins at their base and this feature is distinctly 
seen in fresh condition. 

Sex ratio 
The studies carried out on the species caught in 

trawl nets off Waltair coast (Fig. 14) show that females 
were the dominant sex in most of the months during 
1976-80 with sex ratios of F 52 : M 48—F 9 1 : M 9. , 
Males outnumbered females in June, July, September 
and November 1976, May and October 1977, May and 
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September 1978, January, July and August 1979 and 
October 1980 when they formed 52-100%, The two 
sexes were almost in equal ratio only in two months 
in August 1978 and 1980. The overall sex ratio during 
1976-80 showed dominance of females (F 56 : M 44). 

Along Kakinada coast also (Fig. 14) there was 
generally dominance of females in trawl catches (F 52 : 
M 48—F 90 :M 10) and in August, October and 
November 1976, September-November 1977, February-
April, June and September 1978, March and October 
1979 and March, May and November 1980 males ex­
ceeded females (M 53 : F 47—M 72 : F 28). The .wo 
sexes were in equal ratio or in almost equal ratio in 
December 1977, August and October 1978, April 
and December 1979 and July and September 1980. 
The sex ratio of cuttlefishes in the entire period 1976-80 
indicated almost equal ratio of the two sexes. 

As in the preceeding two northern areas there was 
female dominance in Madras area (F 55 : M 45—F 86 : 
M 14) (Fig. 15). Only in two months, August 1978 
and July 1979, the two sexes were in equal proportion 
and in a few months in some years viz., November 1976, 
January, February and December 1977 and June, 
August, September and November 1980 males domi­
nated in the catches (M 52 : F 48—M 80 : F 20). The 
overall sex ratio during 1976-80 revealed that females 
were dominant among the two sexes. 

The data on sex ratio of this species of Portonovo 
coast during 1977-78 (Fig. 15) showed dominance of 
males in three months July and October 1977 and May 
1978 (M 55 : F 45—M 63 : F 37) and in all the other 
months the percentage of females was higher (F 52 : 
M 48—F 92 : M 8). In Mandapam area also females 
were found to be the dominant sex from January, 1973 
to May, 1974 except in two months (Unnithan, 1982). 

In contrast to the ratio of the sexes with dominance 
of females in different areas along the east coast, males 
dominated in the trawl catches in most of the months 
in Cochin area on the west coast (M 56 : F 44— M 75 : 
F 25) (Fig. 16). Only in five months February and 
March 1977, February 1978, November 1979 and April 
1980i females were dominant (F 56 : M 44—F 71 : M 
29). The ratio of cuttlefishes of the two sexes in the 
period 1976-80 showed a distinct preponderance of 
males (M 58 : F 42). 

Maturity 

On the east coast males of this species were found 
to attain mature condition at a minimum size of 45 mm 
along Madras and Portonovo coasts while at Waltair 
males became mature at a minimum size of 35 mm 
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FIG. 14. Sex ratio and stages of maturity of Stpietta imrmis at Waltair and Kakinada. 
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(Fig. 17). However, the size at 50% maturity for males 
is similar at the above three centres being 53 mm, 
56 mm and 54 mm respectively. All the males attained 
mature stage at sizes of 65 mm and 75 mm at Madras 
and Portonovo. Females of this species became 
sexually mature when they are 45 mm at Waltair and 
Portonovo and 55 mm at Madras. All the females 
reached mature stage at a size of 85 mm at Waltair 

Spawning 
On Wahair coast mature females were common 

throughout the year except March while spawners were 
recorded in April, June-September and November 
(Fig. 14). Mature males were observed in April, May 
and July-December and male spawners during April-
May and July-October. At Kakinada mature females 
were very common in trawl catches throughout the year 
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FIG. 16. Sex ratio and stages of maturity of Sepiella inermis at Cochin. 

and Portonovo and at 75 mm itself at Madras. The 
size at first maturity was 50 mm at Portonovo, 52 mm 
at Waltair and 61 mm at Madras. In Mandapam 
area the size at first maturity is 51 mm for males and 
31 mm for females (Unnithan, 1982). 

In distinct contrast to the cuttlefish of the east coast 
the size at first maturity of males as well as female 
on the west coast in Cochin area are higher viz., 81 
mm and 83 mm respectively. Males and females be­
came mature for the first time when they are 55 mm and 
65 mm in size respectively and all the individuals of 
the two sexes are mature on growing to a size of 105 mm. 

except January-February when they were moderately 
common (Fig. 14). Spawning females occurred in 
small percentages in April, June and August-September 
and November. Mature males were observed in good 
numbers continuously from March to December 
while only small numbers of spawning males were 
noticed in one month, November, 1980. On Madras 
coast sexually mature females were very common 
throughout the year except April and spawners were 
recorded in all months but for January, April-June 
and August (Fig. 15). Mature males were very common 
all round the year except April and December when 
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they were not observed. Spawning males were noticed 
only in July, 1979. Along Portonovo coast mature 
females and males occurred from February to December 
with dominance in several months (Fig. 15). Spawoers 
of both sexes were recorded on this coast in a number 
of months. 

Along Cochin coast mature cuttlefish of both sexes 
occurred in commercial trawl catches from April to 
December with dominance of females in June-July 
and October-December (Fig. 16). Female spawners 
were common in April and September-December and 

ADULT HISTORY 

Growth 

Study of the progression of modal sizes of males 
sand females of this species together on Waltair coast 
shows that it grows to a size of 33 mm at the end of 
6 months, 57 mm at the end of one year and 73 mm 
at the end of one and half years. The ^growth 
trend is almost similar at Kakinada with the 6 months, 
12 months and 18 months old cuttlefish exhibiting 
sizes of 29 mm, 53 mm and 74 mm respectively. Along 
the Madras coast S. tnermis showed a slightly faster 
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FIG. 17. Size at first maturity of Sepiella tnermis &t Madras, Cochin, Waltair and Portonovo. 

male spawners were observed in the latter half of the 
year from August to December in bw to moderate 
numbers. 

The data on the occurrence of cuttlefish in advanced 
stages of maturity in several months at different centres 
along east coast indicates that breeding takes place in 
this species throughout the year. But at Cochin on 
the west coast the species breeds only from April to 
December as is evident from the occurrence of mature 
cuttlefishes. 

growth as it attains a size of 35 mm in six months 
61 mm in one year and 82 mm in 18 months. The rate 
of growth of this species in Portonovo waters is similar 
to that along the Madras coast. In Mandapam area 
this species has been found to grow to a size of 51 mm 
at the end of one year and 80 mm at the end of the 
second year (Unnithan, 1982). The growth pattern of 
this cuttlefish in Cochin area on the west coast is similar 
to that on the east coast with sizes of 35 mm, 61 mm 
and 81 mm reached at the end of six months, one year 
and one and half years, However, a size of 101 mm 
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is reached in two years along Cochin coast compared 
to only 80 mm in Mandapam area. 

Distribution of adults 
Adults of this species are distributed in the shallow 

coastal waters of both the east and west coasts of India. 
They are caught in trawl nets and shore seines and 
occasionally in boat seines. Adults 3S-8S mm are 
obtained in the trawl catches off Waltair, Kakinada 
and Portonovo coasts while the size range of adults 
captured off Madras coasts is 45-75 mm. The size 
range of adults occurring in trawl catches off Cochin is 
55-105 mm. 

Maximum size 
The maximum sizes recorded for males and females 

on the east coast are 84 mm (Madras) and 94 mm 
(Portonovo). On the west coast at Cochin the maxi­
mum size noticed in the trawl fishery is 124 mm for 
both the sexes. 

Food 
Correlation was not observed between the stages of 

maturity and intensity of feeding. Penaeid prawns 
were the main food item of the species along Waltair 
coast followed by other crustaceans such as Acetes sp., 
fish crab and Squilla and. In Mandapam area the 
intensity of feeding of this species was higher from 
January to April than in other months and prawns 
formed the common food item followed by fish, sto-
matopods and crabs (Unnithan, 1982). 

Oommen (1977) who studied the digestive system 
and food and feeding habits of this species reported 
that it feeds mostly on fishes, crustaceans and unidenti­
fiable matter along the Cochin coast with squids occur­
ring in a few individuals. Along Madras coast Alpheus, 
Penaeus spp., Metapenaeus spp. and Acetes sp. were 
noted in the stomach contents with Alpheus being 
dominant in April and Acetes in July and August 
(Jothynayagam, 1981). 

Fecundity 
The total number of eggs found in mature ovaries 

of cuttlefish 69-71 mm in mantle length of Mandapam 
area varied between 470 and 850. In the ripe ovaries 
the ripe eggs formed 37.5-62.6% (Unnithan, 1982). 

Eggs 

The diameter of intraovarian eggs of this species 
in Mandapam area ranges from 2.56 mm to 3.84 mm 
(Unnithan, 1982). 

Distribution of juveniles 

Juveniles measuring 10-44 mm have been recorded 
throughout the year along Kakinada, Madras and 
Portonovo coasts while along Waltair coast juveniles 
20-34 mm were noticed only in four months April-
June and August. On the west coast juveniles of the 
size range 30-54 mm occurred in the trawl catches 
throughout the year except September and December 
in Cochin area. 
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6 
STOCK ASSESSMENT: SQUIDS AND CUTTLEFISHES AT SELECTED CENTRES 

E. G. SILAS, M. M. MEIYAPPAN, R. SARVESAN, K. PRABHAKARAN NAIR, M. SRINATH AND 

K. SATYANARAYANA RAO 

ABSTRACT 

Stock assessment studies have been made on the squid Loligo duvaucelii of Madras and Cochin areas, the cuttlefish Sepia 
aculeata of Madas area and Sepia pharaorUs of Vizhiiyam area. The exploitation rate, total mortality, instantaneous mortality, 
average annual stock and standing stock have been estimated and discussed. The study shows that in Vizhinjam area there is scope 
for increasing production in the existing fishing grounds. 

INTRODUCTION 

Cephalopods comprising squids and cuttlefishes 
are one of the important marine fishery resources in 
India especially since they are processed and exported 
to various countries. However, so far no detailed 
studies have been attempted on the stocks of this re­
source which is distributed in various parts of the Indian 
coasts. Stock assessment and management of cephalo-
pod resources of Japan Sea and different areas of 
Atlantic, Pacific and Indian Oceans have been investi­
gated or reviewed by Okutani (1977), Sanders (1981), 
Lange and Sissenwine (1983), Osako and Murata 
(1983), Sato and Hatanaka (1983), Chikuni (1983) 
and Caddy (1983). Studies on the stocks of 
cephalopods have been carried out at three selected 
centres viz., Madras, Cochin and Vizhinjam (Tri-
vandrum) in the present work and the results obtained 
are presented here. 

DATA BASE 

Squids and cuttlefishes are obtained as by-catch 
mostly in shrimp trawl nets, shore seines and boat 
seines. Only along the southwest coast of India 
between Kanyakumari and Vizhinjam there is an 
organised fishery for cuttlefishes exploited with tiooks 
and lines. In this work, the cuttlefish Sepia pfiamonis 
fishery at Vizhinjam conducted with hooks and lines 
during 1978-'80 and trawl catches of Loligo duvaucelii 
at Madras and Cochin and the cuttlefish Sepia aculeata 

catches at Madras during i979-'80 have been studied. 
The fishery is limited to the 50 m depth line in the 
traditional trawling grounds as it is the case in most of 
the marine fisheries of the coimtry. 

The data base consists of sexwise weighted length 
frequency composition on observed days from which 
the monthly estfanates are arrived at. The average 
length frequency data which has been used in the stock 
assessment was olMained by considering the average 
contribution of each length class during the study 
period. 

ESTIMATION OF GROWTH PARAMETERS 

It is assumed that jgrowth in dorsal mantle length 
of the species considered follows von Bertalanffy's 
(1938) equation, its functional form being 

U = Lcx3 ( l^ -K (M.)) (1) 
where Lt = lerigffi ai age t 

Lcxs = asymptotic length that is attained if the fish 
is assumed to grow to an infinite age. 

K = a ^owth. parameter, which determines how 
rapidly the fish approaches the limiting length L. 

to = intercept on the age of axis corresponding to 
zero length. 

The growth parameters L<x> and K were estimated 
by applying the straight line method proposed by 
Alagaraja (1984) which is similar to ELEFAN proposed 
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by Pauly and David (1981). The estimated parametric 
values for different species at different centres are given 
below: 

iLoo(mm) K 
(annual) 

Cochin Loligo duvaucelii Male 327 0.61 
Female 205 1.19 

Madras Loligo duvaucelii Male 200 0.945 
Female 200 0.945 

Madras Sepia aculeata Male 205 1.1318 
Female 205 1.1318 

V'i7hm]dLTa Sepia pharaonis Male 365 0.7128 
Female 342 0.8634 

STOCK ESTIMATION 

Cohort Analysis 

In studies on fish stock assessment, a basic assxunption 
is that, within any one age group, the decline in number 
with age follows an exponential curve. In cohort 
analysis this curve is replaced with a ' step function' 
with two assumptions viz., (1) the entire catch of that 
age group is fished at exactly the middle of the age 
interval, and that (2) only natural declines take place 
continuously in an exponential form. 

The adjustments that have to be made to the pro­
cedures based on age data to make them applicable to 
the length data (Jones, 1981) are adopted here. 

In cohort analysis, by examining the numbers of the 
species caught at successive intervals during their lives, 
it is possible to understand what is happening to the 
stock, if the data considered represents average condi­
tions. Further the length of the species could be used 
to define boundaries between successive intervals. 
Each length interval denotes a successive interval in 
the life of the typical year class, though the duration 
of the interval will vary. 

It is assumed that the input length composition in 
length cohort analysis, is representative of a steady 
state situation and that the numbers caught represent 
annual catches per length group. But this is not likely 
to be in practice. However, a useful approximation 
can be obtained by determining the average length 
composition over a period of as many years as 
possible. 

FORMULATION (Jones, 1981) 

The basic equation 
N, = N t 4 . ^ t e ' ^ ^ * + C t e M A t / 2 (j) 

Where Nt = number in sea at age t 
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Ct = catch during age interval 
t = time required to grow from the beginning 

to end of a length interval 

The time required to grow from the beginning (Li) 
to the upper limit of a length interval (Lg) had been 
calculated with von Bertalanffy's growth eqiiation 
rearranged as 

At = ta — tx = (1/K) 
In [(Loo — Li)/Loo - La) ] . . . . (3) 

This equation is a function of Loo and K but inde­
pendent of t. This expression for l\t had been used 
in conjunction with equation (2) to arrive at the follow­
ing one for analysing the length composition : 

Nx = (Na XL + Ci.a) XL (4) 
Where Cj.a represent the number caught during a year 
with lengths between Li and Lj, and 

XL = [ (Loo = Li)/(Loo - - La) ]«/«» (5) 

Ni and Na represent numbers in the sea with length 
Li and La respectively. 

This equation is a function of Loo, M and K; more 
particularly since the M and K appear as the ratio 
MjK, the equation is a function of the two variables 
Loo and MjK. 

The procedure involves first the estimation of a 
value for the number of the particular species reaching 
the length corresponding to the beginning of the largest 
length group. Successive application of the equation 
(4) leads to the estimates of numbers reaching a parti­
cular length for successively smaller animals. 

If the oldest age group comprises all individuals 
older than a certain age, an input value of FjZ 
is required. The effect on the estimates among the 
younger ages, of adopting different values for FIZ 
will depend on whether the stock is heavily exploited 
or not. When the stock is heavily exploited, the choice 
of terminal FjZ value is not likely to effect the cal­
culations critically. 

Estimates of exploitation rate designated by the 
ratio FjZ has been determined directly for each length 
interval using the relationship 

F/Z == number caught/number dying. 

Calculation of instantaneous fishing mortality rate 
integrated over a particular time interval is attained 
from the relationship 

F A t = (F/Z)(ZAt) (6) 
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TABLE 1. Cohort analysis of the numbers landed in different length groups of males o/Loligo duvauceliJ at Madras during 1979-'80. 

L » = 200 (mm) K -»0.9450 (amiual) M/K = 1.5 

Length* 
Class (mm) 

40 — 

50 — 

60 — 

70 — 

80 — 

90 — 

100 — 

110 — 

120 — 

130 — 

140 — 

150 — 

0 Lower limit 

Numbers 
landed 

2130 

18400 

30711 

63100 

78408 

77578 

54542 

29651 

7142 

4990 

8665 

690 

Numbers 
in the sea 

716547 

648402 

567183 

478461 

364906 

246802 

141698 

70586 

32011 

19739 

11219 

986 

Zdt 

0.0999 

0.1338 

0.1701 

0.2709 

0.3911 

0.5549 

0.6969 

0.7908 

0.4835 

0.5650 

2.4320 

F/Z 

0.0313 

0.2265 

0.3461 

0.5557 

0.6639 

0.7381 

0.7670 

0.7687 

0.5820 

0.5857 

0.8458 

0.7000 

Fdt 

0.0031 

0.0303 

0.0589 

0.1506 

0.2596 

0.4096 

0.5345 

0.6078 

0,2814 

0,3309 

2.0569 

Z 

1.4632 

1.8327 

2.1679 

3.1903 

4.2174 

5.4125 

6.0833 

6.1271 

3.3910 

3.4212 

9.1909 

Average 
numbers 
in the sea 

46571 

44317 

40925 

35594 

28004 

19419 

11690 

6296 

3619 

2490 

1113 

TABLE 2. Cohort analysis of the numbers landed in different length groups of females o/Loligo duvaucelii at Madras 
during 1979-80. 

Loo = 200(mm) K = 0.9450(annual) M/K =1.5 

Ungth* 
Class(mm) 

40 — 

50 — 

60 — 

70 — 

80 — 

90 — 

100 — 

110 — 

120 — 

130 — 

140 — 

Numbers 
landed 

3074 

12892 

24111 

24285 

47211 

76521 

43864 

44259 

27193 

7564 

1804 

Numbos 
in the sea 

642560 

580343 

511045 

434472 

362448 

273871 

166145 

101326 

44399 

11739 

2577 

Zdt 

0.1018 

0.1272 

0.1623 

0.1813 

0.2802 

0.4998 

0.4945 

0.8251 

1.3303 

1.5162 

— 

F/Z 

0.0494 

0.1860 

0.3149 

0.3372 

0.5330 

0.7130 

0.6767 

0.7775 

0.8326 

0.8256 

0.7000 

Fdt 

0.0050 

0.0237 

0.0511 

0.0611 

0.1494 

0.3550 

0.3346 

0.6415 

1,1076 

1.2518 

— 

Z 

1.4912 

1.7415 

2.0690 

2.1386 

3.0353 

4.8935 

4.3847 

6.3701 

8.4674 

8.1293 

— 

Average 
numbeâ  

in the sea 

41724 

39793 

37010 

33679 

29182 

22014 

14783 

8936 

3857 

1127 

— 

* Lower limit. 
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TAB E 3. Cohort analysis of the numbers landed in different length groups of males of Sepia aculeate at Madras 
during 1979-'80. 

L 06 = 205 (mm) K -= 1.1318 (annual) MyK = 1.5 

Length * 
Class (mm) 

30 — 
40 — 
50 — 

60 — 

10 — 

80 — 

90 — 

100 — 

110 — 

120 — 

130 — 

140 — 

l 5 0 -

160 — 

170 — 

Numbers 
landed 

1039 
2194 
7408 

9852 

18036 

20888 

18973 

17540 

17028 

14293 

8120 

4209 

1563 

875 
417 

Numbers 
in the sea 

341596 
311745 

281744 

247877 

213344 

173059 
133091 

98393 

68405 

42229 

21988 

10447 

4418 
1925 

596 

Zdt 

0.0914 
0.1012 
0.1281 

0.1500 

0.2093 

0.2626 

0.3021 

0.3635 

0.4823 

0.6526 • 

0.7442 

0.8606 

0.8308 
1.1729 

— 

F/Z 

0.0348 
0.0731 

0.2187 

0.2853 

0.4477 

0.5226 

0.5468 

0.5849 

0.6505 

0.7061 

0.7036 

0.6981 

0.6270 

0.6583 

0.7000 

Fdt 

0.0032 
0.0074 

0.0280 

0.0428 

0.0937 

0.1372 

0.1652 

0.2126 

0.3138 

0.4608 

0.5236 
0.6008 

0.5209 
0.7721 

— 

Z 

1.7589 
1.8317 

2.1730 

2.3754 

3.0739 

3.5563 

3.7460 

4.0899 

4.8576 

5.7774 

5.7270 

5.6241 

4.5511 
4.9679 

— 

Average 
number in 
the sea 

16971 
16379 

15586 

14538 

13105 
11239 

9263 

7332 

5389 

3503 

2015 

1072 
548 
268 
— 

* Lower limit. 

TABLE 4. Cohort analysis of the numbers landed in different length groups of females of Sepia aculeata at Madras 
during 1979-'80. 

Loo = 205(mm) K = 1.1318 (annual) M/K == 1.5 

Length * 
Class (mm) 

30 — 

40 — 

50 — 

60 — 

70 — 

go-
go— 
100 — 

110 — 

120 — 

130 — 

140 — 

150 — 

160 — 

•Lower limit 

Numbers 
landed 

650 
1020 

4943 

10909 

11843 

26020 

22848 

19779 

13818 

12853 

9543 

3842 

4189 

2154 

Numbers 
in the sea 

367136 

335499 

304493 

270805 

232939 

196364 

148835 

108509 

75034 
50792 

30397 

15953 

9027 

3077 

Zdt 

0.0901 

0.0970 

0.1173 

0.1506 

0.1708 

0.2771 

0.3160 
0.3689 

0.3902 

0.5134 

0.6447 

0.5694 

1.0762 

— 

F/Z 

0.0205 

0.0329 

0.1467 

0.2881 

0.3238 

0.5475 

0.5666 
0.5909 

0.5700 

0.6302 
0.6607 

0.5548 

0.7040 
0.7000 

Fdt 

0.0019 

0.0032 

0.0172 

0.0434 

0.0553 

0.1517 
0-1790 

0.2180 

0.2224 

0.3235 

0.4260 

0.3159 
0.7577 

— 

Z 

1.7333 

1.7554 

1.9896 

2.3847 

2.5106 

3.7515 
3.9170 

4.1495 
3.9481 

4.5907 

5.0035 

3.8130 

5.7359 

— 

Average 
numbers in 
the sea 

18252 

17663 

16932 

15878 

14568 

12669 

10295 

8067 

6141 

4443 

2887 
1816 

1037 

— 
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TABLE 5. Cohort analysis of the numbers landed in different length groups of males of Loligo duvaucelii at Cochin 
durtivl9T9'm 

Loo = 327(mm) K = 0.61 (wunial) M/K = 1 . 5 

Length* 
Class (ram) 

40 — 

60 — 

80 — 

100 — 

120 — 

140 — 

160 — 

180 — 

200 — 

220 — 

Numbers 
landed 

3050 

90818 

213836 

296725 

80506 

35266 

7730 

17381 

4435 

727 

Numbers 
in the sea 

1156498 

1034851 

83511S 

535052 

189028 

87707 

41622 

27349 

6386 

1039 

Zdt 

0.1111 

0.2144 

0.4452 

1.0405 

0.7679 

0.7954 

0.4220 

1.4545 

1.8163 

— 

F/Z 

0.0251 

0.4547 

0.7126 

0.8575 

0.7946 

0.7652 

0.5416 

0.8292 

0.8293 

0.7000 

Fdt 

0.0028 

0.0975 

0.3173 

0.8922 

0.6101 

0.5704 

0.2274 

1.2060 

1.5063 

— 

Z 

0.9385 

1.6779 

3.1841 

6.4223 

4.4539 

3.8376 

1.9960 

5.3557 

5.3615 

— 

Average 
nwnbers in 
the sea 

129613 

119037 

94237 

53878 

22749 

11824 

7151 

3914 

997 

— 

* Lower limit. 

TABLE 6. Cohort analysis of the numbers landed in different ler^th groups of females o/Loligo duvaucelii at Cochin 
during 1979-'80 

L 00 = 205 (mm) K = 1.19 (annual) M/K = 1.5 

Length* 
aass (mm) 

50 — 

60 — 

70 — 

80 — 

90 — 

100 — 

110 — 

120 — 

130 — 

140 — 

150 — 

160 — 

170 — 

Numbers 
landed 

1987 

7949 

37764 

83850 

75464 

134419 

146576 

113274 

59697 

46054 

2561 

2650 

1683 

Numbers 
in the sea 

1655192 

1495734 

1336168 

1154843 

940305 

749876 

520645 

305796 

150327 

67665 

12037 

6705 

2404 

Zdt 

0.1013 

0.1128 

0.1458 

0.2055 

0.2263 

0.3648 

0.5322 

0.7101 

0.7982 

1.7266 

0.5851 

1.0256 

— 

F/Z 

0.0125 

0.0498 

0.2083 

0.3908 

0.3963 

0.5864 

0.6822 

0.7286 

0.7222 

0.8279 

0.4803 

0.6162 

0.7000 

Fdt 

0.0013 

0.0056 

0.0304 

0.0803 

0.0897 

0.2139 

0.3630 

0.5174 

0.5765 

1.4294 

0.2811 

0.6320 

— 

Z 

1.8075 

1.8786 

2.2545 

2.9303 

2.9567 

4.3157 

5.6172 

6.5769 

6.4252 

10.3706 

3.4348 

4.6510 

— 

Average 
numbns 

in the sea 

88219 

84939 

80426 

73215 

64406 

53116 

38248 

23639 

12865 

5364 

1552 

925 

— 

* Lower limit. 
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TABLE 7. Cohort analysis of the numbers landed in different length groups of males o/Sepia pharaonis at Vizhinjam 
during 1978-'80 

Lo8 = 365 (mm) K = 0.7128 (annual) M/K = 1.5 

Length* 
Class (mm) 

100 — 

120 — 

140 — 

160 — 

180 — 

200 — 

220 — 

240 — 

260 — 

280 — 

300 — 

320 — 

• Lower limit. 

Numbers 
landed 

305 

405 

911 

5786 

8245 

12680 

11254 

5486 

3953 

5369 

1288 

50 

Numbers 
in the sea 

175161 

155423 

136405 

117779 

95613 

72968 

48603 

28834 

17385 

9289 

1821 

— 

Zdt 

0.1196 

0.1305 

0.1468 

0.2085 

0.2703 

0.4063 

0.5221 

0.5060 

0.6268 

1.6294 

3.2385 

— 

F/Z 

0.0155 

0.0213 

0.0489 

0.2610 

0.3641 

0.5204 

0.5693 

0.4792 

0.4883 

0.7190 

0.7362 

0.7000 

Fdt 

0.0018 

0.0028 

0.0072 

0.0544 

0.0984 

0.2115 

0.2972 

0.2424 

0.3060 

1.1715 

2.3840 

— 

Z 

1.0860 

1.0925 

1.1242 

1.4469 

1.6814 

2.2294 

2.4823 

2.0529 

2.0893 

3.8045 

4.0525 

— 

Average 
numbers 

in the sea 

18175 

17408 

16569 

15320 

13468 

10929 

7969 

5577 

3875 

1963 

432 

— 

TABLE 8. Cohort analysis of the numbers landed in different length groups of females of Sepia pharaonis at Vizhinjam 
during 1978-'80 

L 00 = 342 (mm) K = 0.8634 (annual) M/K = 1.5 

LengthO 
class (mm) 

100 — 

H O ­

MO— 

160 — 

180 — 

200 — 

220 — 

240 — 

260 — 

280 — 

300 — 

* Lower limit. 

Numbers 
landed 

11 

107 

2328 

6938 

17379 

22252 

14228 

,10511 

3982 

3572 

284 

Numbers 
in the sea 

263659 

231648 

200961 

169714 

136164 

96000 

56593 

30823 

13294 

5511 

406 

Zdt. 

0.1294 

0.1421 

0.1690 

0.2203 

0.3495 

0.5285 

0.6076 

0.8410 

0.8805 

2.6089 

— 

VIZ 

0.0003 

0.0035 

0.0745 

0.2068 

0.4327 

0.5647 

0.5521 

0.5996 

0.5117 

0,6996 

0.7000 

Fdt. 

0.0004 

0.0006 

0.0126 

0.0455 

0.1512 

0.2984 

0.3355 

0.5043 

0.4505 

1.8252 

— 

Z 

1.2955 

1.2996 

1.3944 

1.6328 

2.2829 

2.9750 

2.8917 

3.2347 

2.6520 

4.3114 

— 

Average 
numbers in 

the sea 

24708 

23612 

22330 

20548 

17593 

13246 

8912 

5419 

2934 

1184 

— 
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Actual time intervals A t for each length interval 
have to be taken into account in estimating the annual 
mortality rates Z and F. This requires additional input 
information. Besides knowing MjK, it is also neces­
sary to know either one of them. Assuming that the 
value of M is known, then the total instantaneous 
mortality rate is 

Z = M / ( 1 - F / Z ) (7) 

The basic input data in the present study are (1) MjK 
taken as 1.5 on the assumption that 99% of the indi­
viduals die when they attain 95% of Leo and 
(2) terminal F / Z taken as 0.7 besides the L co and K 
and average annual length composition of the study 
period. 

RESULTS AND DISCUSSION 

The sexwise exploitation rate, total numbers and 
average numbers in ihe sea, total mortality and instan­
taneous mortality rate for LoHgo duvaucelii and Sepia 
aculeata along Madras coast, Loligo duvaucelii along 
Cochin coast and Sepia pharaonis at Vizhinjam are 
given in Table 1-8, and the stock estimates (in tonnes) 
in the three areas in Table 9. 

TABLE 9. Stock Estimates at Selected Centres (in tonnes) 

Loligo duvaucelii (Cochin) 

Average Average Standing 
landings annual stock 

stock 

Male 
Female 

Total 

32 
35 
67 

70 
180 
250 

11 
14 
25 

Male 
Female 

Male 
Female 

Male 
Female 

Loligo duvaucelii (Madr^) 

15 51 
. . 1 8 53 

Total 33 104 

Sepia aculeata (Madras) | 

. . 15 75 
17 93 

Total . . 32 168 

Sepia pharaonis (Vizhinjam) 

45 295 
61 341 

Total . . 106 636 

5 
5 

10 

6 
8 

14 

51 
53 

104 
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The results show that the average annual stock of 
L. duvaucelii of Cochin area is 250 t which is nearly 
2i limes that of Madras area. Correspondingly the 
standing stock in Cochin area (25 t) is also higher than 
in Madras area (10 t). In both areas the average 
annual stock as well as the average landings oi' females 
are greater than males. The standing stock of the two 
sexes are of equal abundance in Madras area while in 
Cochin area the standing stock of males is lesser than 
that of females. 

In the case of Sepia aculeata of Madras coast the 
average annual stock amounts to 168 t of which females 
account for 55%. The standing stock of this 
species (14 t) is slightly more than that of Loligo 
duvaucelii of Madras coast (10 t) and females are 
dominant in the stock. 

The average annual stock oi Sepia pharaonis in 
Vizhinjam area where it supports a good fishery, is 
high, 636 t and females form 54% of the population. 
The standing stock of the species is 104 t comprising 
of males and females more or less in the same 
proportion. 

The exploitation of the three species studied is greater 
in the case of females than males in all the three centres. 

The effect of change in fishing mortality from the 
present rate on the yield was analysed for all the three 
species (Fig. 1). It could be observed that in the case 
of Sepia pharaonis of both sexes the yield will increase 
with increase in further fishing mortaUty. In the case 
of females of Sepia aculeata of Madras area and females 
of Loligo duvacuelii of Cochin area by increasing the 
effort by another 20% only a marginal increase in the 
yield can be realised. 

Since squids and cuttlefishes form only a small per­
centage of the total trawl catches any further increase 
or decrease in fishing effort has to be considered keeping 
in view the multispecies naiure of the gear which is 
directed mainly at shrimps. 

Based on the stocks estimated at Madras, Cochin 
and Vizhinjam, assuming that the density of stocks and 
rate of exploitation of the three species studied are 
uniform all along the coasts, the all India average 
annual stock and standing stocks of the three species 
which accounted for major portion of the country's 
landings, have been worked out from the average all 
India landings of cephalopods for the period 1978-'80 
and the estimates are as follows: 
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MULTIPLE OF PRESENT FISHING MORTALITY 
FIO. 1. The eflFect of change in fishing mortality on yield of males and females of Sepia aculeata (Madras), Sepia 

pharamia O^zhtejam) and Lollgo duvaueelii (Madias and Cochin). 



Loligo duvaucelii 
Sepia aculeata 
Sepia pharaonis 

Total 

Average 
landings 

5142 t 
4483 t 
2397 t 

12022 t 

Average 
annual 

stock 

18203 t 
23536 t 
15245 t 

56984 t 

Standinj 
stock 

1800 t 
1961 t 
2352 t 

5513 t 

The reasons for the lesser estimated annual stocks of 
males than females in the case of all the three species 
studied are not dear. It may be due to factors like 
differential bathymetric distribution of the sexes or 
migration of males. This aspect has to be studied. 

There are good possibilities for increasing production 
of the cuttlefish Sepia pharaonis in Vizhinjam area by 
stepping up the effort. At presenc indigenous hooks 
are only used in fishing cuttlefish in the area. 

Employing modem methods of fishing as with special 
types of jigs may improve yield from the fishery. 

The stock estimates for the three centres studied 
represent the figures for the existing fishing grounds 
within the 50 m depth zone which are being tradi­
tionally exploited at present. For increasing the pro­
duction substantially, fishing range has to be extended 
to neighbouring grounds within the 50 m depth zone 
and also beyond the ^ m contour in the continental 
shelf and upper continental sloped 

This is the first study on stock assessment of squids 
and cuttlefishes in selected grounds in the Indian seas. 
The study brings out the urgent need for assesing the 
standing stock of squids and cuttlefishes spedeswise 
in all other nujor fishing grounds and taking up 
exploratory surveys for neritic and oceanic squids. 
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7 
CEPHALOPOD PRODUCTION IN INDIA AND CONSTITUENT 

MARITIME STATES 

E. G. SILAS, K. PRABHAKARAN NAIR, R. SARVESAN, K. SATYANARAYANA RAO, M. M. MEIYAPPAN, KUBER 

VIDYASAGAR, P. V. SREENIVASAN, D . SIVALINGAM, K. BALAN AND B. NARAYANA RAO 

ABSTRACT 

The fishing craft and gear in which cepbalopods are obtained in India and the all India, statewise and east and west coast 
cephalopod production are presented. The bulk of the cephalopod catches is obtained along the west coast and trawl net accounts 
for major portion of landings. Maharashtra, Kerala, Tamil Nadu and Gujarat are the leading states in production. 

FISHING CRAFT AND GEAR 

The cepbalopods have been obtained until the last 
two decades mainly in conventional gear such as shore 
seines, boat seines, fixed bag nets and hooks and lines 
operated from indigenous craft. With the advent of 
trawlers the trawl net has become an important gear 
in which cepbalopods are caught in good qxiantities 
from a niunber of areas. 

FISHING CRAFT 

Catamaran 

This is a simple age-old craft consisting of three to 
five logs of wood tied together in the form of a raft 
and operated by two to four fishermen. The crafts 
are used along the east coast from Orissa to 
Kanyakumari and extending upto South Kerala on the 
west coast for operating boat seines and hooks and 
lines. 

Canoes 

Different kinds of canoes such as dug-out canoes, 
plank-built canoes, flat-bottomed canoes and out-rigger 
canoes are used. Of these the dug-out canoes made 
by scooping out a log of wood are most common in 

Kerala and Karnataka. The canoes measure 6.10-
12.50 m in length and are used for operating boat 
seines and shore seines. In recent years a large number 
of canoes operating in Kerala are being fitted with out­
board and inboard engines. 

Plank-built boats 

These are sturdy craft 6.5-13 m in length made of 
strong wooden planks. The shape of the plank-
bullt boat varies in different areas in relation to the 
nature of the sea coast and conditions in the sea such 
as wave action and wind force. The boats are used in 
the northeastern and northwestern coasts for operating 
shore seines and boat seines. 

Mechanised craft 

There are over 18,000 mechanised boats in the 
country out of which about 10,000 are trawlers which 
do trawling mainly for shrimps. There is a continuous 
increase over the years in the fleet of trawlers in most 
of the maritime states due to the high returns from 
shrimp fishing and the financial assistance given by the 
Government. The trawlers are 6-13 m in length and 
fitted with 10-60 b.h.p. engines. In addition there 
are about 80 steel trawlers (23 m and above in length) 
with 90-300 or higher b.h.p. engines and refrigeration 
facilities which operate in offshore areas. 
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FISHING GEAR 

Varied types of gear are employed in the commercial 
marine fisheries for the capture of pelagic and demersal 
species. Only in a few among those viz. the trawl nets, 
and the traditional gears shore seines, boat seines, 
fixed bag nets {dol nets) and hooks and lines squids 
and cuttlefishes are caught. 

Shore seine 
This is a beach seine with a conical bag net which is 

operated along both the east and west coasts of India. 
ITiere are wide variations in the size and design of the 
net as in the case of Sarinijal of West Bengal, Pedda 
vala and Alivi vala of Andhra Pradesh, ^ra valai and 
Peria valai of Tamil Nadu, Kara vala, Kara modi and 
Kamba vala of Kerala and Rampan and Yendi of west 
coast. The net is payed out from plank-built boats 
or canoes and dragged towards the shore by 20-30 
or more men. Squids and cuttlefish in the littoral 
waters are caught in the gear. In the Ramanathapuram 
area on the southeast coast of India, a special Idnd of 
shore seine, the Ola va/ai, with split palmyarah leaves tied 
to the wmgs as flares to drive the squids into the net is 
used to capture the squid Sepioteuthis lessoniana. 

Boat seine 
This is a conical shaped bag net operated using two 

canoes or catamarans for pelagic fishes. Fairly good 
quantities of squids are obtained in this gear of dififerent 
sizes known as Iraga vala of Andhra Pradesh, Turi 
vala of Tamil Nadu, and Thattu modi, Kolli vala and 
Paitftu vala of Kerala. 

Fixed bag net (Del net) 
This is a funnel shaped bag net either tied to stakes 

or kept in position by means of floats and sinker 
stones. The net is in horizontal position facing the 
tide and is operated for prawns and Bombay duck in 
the littoral waters where there are currents of 
appreciable intensity off Maharashtra and Gujarat. 

Hooks and line 
There are different types of hooks and lines viz, 

long line, trollmg line, hand line and hand jigs in which 
the number and size of hooks, length of line and mode 
of operation difiier. Although hooks and lines are 
operated in several areas along the east and west coasts 
of India for fin-fishes, cephalopods are obtained in 
large quantities in the gear only in southern Tamil Nadu 
and southern Kerala. In the latter areas apart from 
the usual type of hooks and lines, specialized types of 
hand jigs are used for catching cuttlefishes and also 
squids. One kind of hand jig consists of umbrella 
rib or iron rod provided at the end with two or more 
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circles of hooks tied in a grapnel manner. In Colachel-
Vizhinjam area hand jigs with bait are operated by 
means of a long line which is tied to the jig and mani­
pulated from a catamaran. 

Trawl net 
The trawl net which is operated for shrimps on a 

large scale in a nxmiber of areas off both the coasts of 
India is at present the gear in which large quantities of 
cephalopods are caught. Two or four seam trawl net 
with headline length of 7 to 27 m between upper wing 
ends and provided with otter boards of appropriate 
size and weight is the common, trawl net used in India. 
In recent years trawling with bulged belly trawl, high 
opening trawl and outrigger trawl is also being carried 
out in certain areas. 

Cephalopod production 
Although squids and cuttlefish have been obtained 

as by-catch in indigenous gear such as shore seine, boat 
seine and hooks and line since very early times forming 
localised fisheries in some places, realising their 
importance as a potential resource, the Central Marine 
Fisheries Research Institute has started collecting 
statistics, on cephalopod production in the coimtry 
from 1959. During the period 1959-64 the estimated 
annual cephalopod production was low and varried 
from 93 t (1961) to 464 t (1964) (Fig. 1). As 
there was significant increase in the operation of 
indigenous gear as well as mechanised vessels doing 
trawling in later years, the annual production showed 
a rise to 951 t in 1966 and 1,636 t in 1968. With the 
demand for cephalopods for export the production 
more than doubled in 1974 and amounted to 3,677 t 
compared to that in 1968. The year 1975 was yet 
another landmark in cephalopod fishery when once 
again the production more than doubled (7,889 t) 
compared to the landings in the previous year. Then 
onwards the production continued to rise progressively 
in the succeeding years, reaching a maximum of 15,9311 
in 1978. However, in the recent years, there has been 
a fall in landings to 15,032 t in 1979, 11,335 t in 1980 
and 9,548 t in 1981. The fall in the All India produc­
tion was due to a marked decrease in landings by 
35-64% in Kerala and by 13-74% in Maharashtra in 
these years. 

CEPHALOPOD LANPINGS IN MARITIME STATES 

Data on cephalopod landings in the maritime states 
of India are available for a number of years. Fig. 1 
shows the annual landings (including the offshore 
cephalopod catch in some of the states) in West Bengal, 
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Orissa, Andhra Pradesh, Tamil Nadu, Pondicherry, 
Kerala, Karnataka, Goa, Maharashtra, Gujarat and 
Lakshadweep for the period 1960-79, the statewise 
percentage contribution to the all India cephalopod 
production based on the annual average catch for 1960-
78, the seasonal trend of the landings in each state 
derived from the average catch for the period 1968-78, 
and the gears in which the cephalopods were obtained 
in these states. 

Among the major cephalopod producing states, 
Kerala has been ranking first, contributing 38.5% 
to the country's production during 1960-78, but it was 
relegated to the second place with 26.7% by Gujarat 
during 1979-81 accounting for 32.2%. Gujarat has 
improved considerably to this position from the fourth 
place with 11.9% of the production during 1960-78. 
While Maharashtra's share remained almost the same 
during the respective periods (19.2% and 19.1%), 
that of Tamil Nadu improved slightly from 14.1% 
during 1968-78 to 17.9% durmg 1979-81. Gujarat, 
Kerala, Maharashtra and Tamil Nadu together 
accounted for 92.2% of the total cephalopod production 
in the country during the period 1978-81. ITie fluctua­
tions in the annual cephalopod landings in each of the 
maritime states are dealt with below. 

WEST BENGAL 

Up to 1967 the combined figures of annual cephalo­
pod landings of West Bengal and Orissa are available 
and they varied from 1 t to 12 t. In later years cepha­
lopods were not landed except in three years 1971, 
1978 and 1980 when the annual production amounted 
to 82 t, 30 t and 4 t resp ctively (Table 1, Fig. 1). 
Cephalopods formed 0.1-0.9% in the total marine fish 
production of West Bengal and the state contributed 
less than 1% to 5.4% to the country's cephalopod 
production. 

ANDHRA PRADESH 

The cephalopod production of Andhra Pradesh 
fluctuated between 1 t (1960) and 10 t (1968) during 
the period 1960-69. The hi^est production of 663 t 
was obtained in 1970. In the later years, 1971-76, 
there was decline in catches. During the years 1977-81 
the annual landings varied between 297 t and 523 t 
with the highest landings of 523 t and 512 t in 1979 
and 1981. The cephalopods constituted only less than 
1% in the State's annual fish production. The state 
accounted for 0.2% (1960) to 56.0% (1970) in aU India 
cephalopod production during 1960-70 and 1.9% (1975) 
to 7.6% (1971) during 1971-81. 

TAMIL NADU 

Tamil Nadu is the leading state in cephalopod pro­
duction on the eastcoast of India accounting for 6.5-
37.4% of the country's production during 1975-81. 
The landings were low during 1960-67 ranging between 
2 t and 195 t. In the period 1968-74 there was a rise 
in the catches reaching a maximum of 955 t in 1974. 
The highest annual landings of 2,953 t were obtained 
in 1975 and in the later years, 1976-81, the production 
varied between 1,042 t (1978) and 1,903 t (1979). 
Cephalopods constituted 0.1-1.3% of total marine fish 
production in Tamil Nadu during 1960-81 and the state 
contributed 2.1-38.1% to aU India cephalopod pro­
duction during the same period. 

PONDICHERRY 

The annual cephalopod landings of the state varied 
between 9 t and 581 during 1968-75 and in the subse­
quent period, the highest catch of 2111 was obtained in 
1976. Thereafter the catch dropped to 361 in 1978. 
The landings formed up to 2.1 % of total marine fish 
production of Pondicherry and the state accounted for 
0.2-3.3 % of the country's cephalopod production. 

ORISSA 

Unlike in West Bengal, cephalopods were caught in 
small quantities in Orissa during the years 1968-79 
and the annual landings varied between 2 t (1969 and 
1975) and 27 t (1976). In 1980 the production was 
much higher, 981, and there was a decline in the landings 
to 57 t in 1981. In the annual total fish production of 
Orissa, cephalopods formed less than 1 % and the state's 
contribution to the annual cephalopod landings of 
India was less than 1 % to 1.2%. 

KERALA 

The landings in the staie during 1975-81 constituted 
11.0-49.7% of the all India production. The annual 
cephalopod landings varied between 171 and 7141 
during 1960-67 and increased to 1,1221 in 1968 followed 
by a decrease in 1970-73. During 1974 and 1975 the 
production was again higher, 2,1751 and 3,3421 respec­
tively. The period 1977-81 was characterised by large 
fluctuations in annual landings between 2,376 t (1981) 
and 6,5161 (1978). Cephalopods constituted up to 
1.8% of the annual marine fish production of Kerala 
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and the State's contribution to annual cephalopod 
production of the country varied from 7.3% (1970) to 
90.3% (1960). 

KARNATAKA 

Up to 1974 the annual production in the state was 
very low, within the range 11 to 571 and there were no 
landings in some years. The landings increased to 
1751 in 1975 and to a maximum of 1,346 t in 1978 
During 1979-81 there was a decline in the landings. 
Cephalopods formed 1% to 8.5% of the annual fish 
production of the state, and the state's share in the total 
cephalopod production of India ranged up to 9.6%. 

GOA 

The annual cephalopod landings of Goa amounted 
to only 2-141 in the years 1968-74, In the subsequent 
years the landings were higher, but showed fluctuations. 
The annual production increased from 961 in 1975 
to 1641 in 1977, decreased to 124 t in 1978 and rose to 
2101 m 1980. In 1981 there was a fall in production 
to 941. The maximum contribution of cephalopods 
to the total fish landings in the state was 1.8% and the 
state's share in the all India cephalopod production 
1.9%. 

MAHARASHTRA 

Till 1967 the cephalopod landings were low, though 
their percentage contribution to the country's landings 
was quite high. From 1968 to 1975 the landings were 
moderately high, 147-5011. In the subsequent period 
starting from 1976 the production rose steeply to 
2,4881, declined to 5971 in the next year and rose to a 
high level of 4,5571 in 1978 when production was high 
in other states like Kerala, Karnataka and Gujarat 
also. The landings showed a descending trend till 
1980, and then improved slightly to 1,7551 in 1981. 
Cephalopods constituted 0.1-1.6% of annual marine 
fish production of Maharashtra and the State's cepha­
lopod production accounted for 0.4% (1967)—57% 
(1961) in the country's annual cephalopod production. 

GUJARAT 

The annual cephalopod production of Gujarat was 
nil or very negligible till 1974. In 1975 the cephalopod 
landings amounted to 6111 and increased by over 
three times to 2,2861 in 1976. In the next two years 
there was a decrease in the catches followed by a steep 
rise to the highest ever peak of 5,351 t in 1979. The 

landings were lower subsequently, 3,471 t and 2,7431 
in 1980 and 1981. These data show that there are 
wide fluctuations in the cephalopod landings in the 
state during recent years. Cephalopods formed up 
to 2.8 % of the state's annual marine fish production. 
Gujarat's contribution to the country's cephalopod 
production was very insignificant till 1974 but it rose 
to 12.3-35.6% during 1976-81. 

LAKSHADWEEP 

The cephalopod production of Lakshadweep con­
sists entirely of octopods. During 1968-81 ihe annual 
production of the Inlands varied between 9 t (1970) 
and 401 (1976). The octopods formed 0.5-1.6% of 
the annual marine fish production of the Islands and 
they contributed from less than 1% to 1.7% to the 
country's annual cephalopod production. One of us 
(E.G.S.) noted spear fishing for octopods in the reefs 
of Agati and Minicoy islands. 

ANDAMAN-NICOBAR ISLANDS 

There is regular exploitation of octopods in the 
Car Nicobar Island. One of us (E.G.S) has seen as 
far back as 1960-61 light fishing for octopods in the reefs 
of Car Nicobar. Octopus fishing is carried out mainly 
at night by spearing and with the help of torches made of 
coconut twisted palm leaf. Hundreds of families from 
diflerent villages participate in this fishing. During 
daytime women and children go to the reefs and poison 
rock pools, tidal pools and tidal rivulets with ground 
paste of Barringtonia seed. The caich thus obtained 
includes small octopods, fishes and crustaceans. 
Similar subsistence fishery exists in other Nicobar 
islands. A variety of traps are laid at night and picked 
up at dawn and this yields octopods with fishes. Bait 
may or may not be used in trap fishing. 

CEPHALOPOD PRODUCTION ALONG EAST COAST 
OF INDIA 

The cephalopod landings of the east coast of India, 
coming from West Bengal, Orissa, Andhra, Pondicherry 
and Tamil Nadu (excluding its southwest coast), 
constituted 19-59% to the country's production during 
1968-75 but accounted for only 6-16% in 1976-78. 
The production along the east coast showed two 
peaks, one in 1970 and another higher peak in 
1975 (Fig. 2). The landings increased from 307 t in 
1968 to 6861 in 1970 and after a fall to 2451 in 1972 
rose to 879 t in 1974 and 2,2921 in 1975. In the later 
years 1976-78 the cephalopod production was much 
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Fi«. 2. Annual cephalopod landings along east and west coasts of India during 1968-'78, gearwise landings and 
percentage contribution (1973-'77) and quartcrwise landings along east and west coasts of India (1968-78). 



lower and fluctuated between 9151 and 960 t. Along 
the coast the best months for cephalopods were March 
and April and the catches were moderately good in 
August and November. In some years fairly good 
catches were obtained in other months, e.g., January 
(1973), February (1970), May and July (1975). 
Quarterwise, the landings were higher in the first and 
third quarters than in other quarters. 

GEARWISB CEPHALOPOD LANDINGS ALONG EAST 

COAST OF INDIA 

1. Shore seine landings 

Cephalopods are caught in maximum quantities in 
shore seines among the non-mechanised gear, S.l to 
38% of the total annual landings being obtained in 
this gear (Fig. 2). The landings by shore seines 
amounted to 30.3 j and 44.6 t in 1973 and 1974 
respectively but sharply increased several-fold to 871.81 
in 1975 though the effort rose only by 27%. However, 
there was a fall in the catches to 282.41 and 138.11 in 
1976 and 1977 when there was a decrease in effort by 
27% and 23% respectively. The average annual land­
ings from shore seines during 1973-77 were 273.41 
and average CPUE (Catch/Unit) 1.69 kg. The best 
catches were obtained in the months February to June 
and in some years in August and September. The 
average monthly CPUE varied between 0.03 kg and 
9.81 kg and h i ^ CPUEs were observed in April and 
June. 

3. Hooks and line landings 

Hooks and lines contributed 0.2 % to 33.9 % to annual 
cephalopod catches along the coast during 1973-77. 
A total of 154.4t of cephalopods were caught in this 
gear along the coast in 1973 but there were no landings 
in 1974. Compared to 1973 there was a decrease in 
effort by 34.2% in 1974. The landings were very low, 
1.63-13.801 during 1975-77. The average annual 
landings during 1973-77 amounted to 34.31 and average 
CPUE 0.11 kg. The average monthly CPUE varied 
over a low range of 0.01-0.66 kg. The best months 
for cephalopod catches from hooks and lines were 
January and February. 

4, 2>aw/ net landings 

The major portion of the cephalopod catches 47.7% 
(1973) to 84.6% (1974) (average 60%) of the total 
production along the coast was obtained in trawl nets. 
The trawl net catches increased from 217.21 in 1973 
over four times to 974.81 in 1975 when there was a 
large rise in effort by 148 %. The production decreased 
to 555.701 in 1976 when the effort showed a decrease 
by 16.6% and a rise to 617.91 in 1977 when the effort 
rose by 43%. The average annual landings during 
1973-75 amounted to 621.81 and average CPUE 
1.83 kg. The average monthly CPUE varied from 
0.96 kg to 3.16 kg with high CPUEs in February, 
June, July-September and November. Squids and 
cuttlefishes were obtained in trawl nets throughout 
the year and the catches were higher in March, May-
September and November than in other months. 

2. Boat seine landings 

10.3% to 19.3% of the total cephalopod catches 
along the coast during 1973-77 were obtained in boat 
seines which were the second important non-mechanised 
gear in which cephalopods were caught along the east 
coast. The boat seine landings showed a trend similar 
to those of shore seines. The catches were low, 53.91 
and 90.71, in 1973 and 1974 and there was a steep rise 
to 443.31 in 1975 although there was no significant 
difference in effort compared to that in the previous 
two years. The landings declined to 107.71 and 157.51 
in 1976 and 1977 when there was fall in effort by 21,2% 
and 25.3% compared to that in 1975. The average 
cephalopod landings of boat seines in the period 1973-77 
amounted to 170.61 and the average CPUE was much 
less than that of shore seines, being 0.2 kg. The 
average monthly CPUE varied between 0.07 kg and 
0.41 kg with high CPUEs in January, April, May and 
November. The best catches were obtained in January, 
April-May and November, 

CEPHALOPOD LANDINGS ALONG WEST COAST OF INDIA 

The cephalopod landings along west coast of India 
comprising those of Gujarat, Maharashtra, Goa, 
Karnataka, Kerala and Kanyakumari coast of Tamil 
Nadu formed 41-81 % of the total landings of the 
country during 1968-75 and in the subsequent years 
the catches along the coast constituted as much as 
84-94% (average 89.2%), The landings show three 
peaks in 1968, 1971 and 1978 (Fig. 2). They 
decreased from 1,327.5 t in 1968 to 415.6 t in 1969 
increased to 1,056.2 t in 1971, showed a fall by 30.6% 
in the next year but the period from 1973 onwards 
was one of continuous rise in catches reaching a maxi­
mum of 14,977 t in 1978. The highest catches of 
cephalopods were obtained along the west coast from 
September to December and in April. In some years 
large catches were obtained in May (1975, 1977 and 
1978) and July (1975) also. Quarterwise, the last 
quarter of the year was the period when large quantities 
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were obtained and the &st quarter was the next one 
in which squids and cuttlefishes were fished in good 
quantities. 

GEAR-WISE CEPHALOPOD LANDINGS ALONG WEST COAST 

OF INDIA 

1. Shore seine landings 

As on the east coast, cephalopods are caught in 
maximum quantities in shore seines among non-mecha­
nised gear, this gear accounting for 8.3-25.6 % of the total 
cephalopod landings along the west coast. The landings 
increased from 224.7 t in 1973 to 734.6 t in 1975 when 
the effort showed a small fall by 3% (Fig. 2). 
There was a decrease in landings by 8.1% in 1976 
although the effort increased by 33 % and it was followed 
by a recovery of the fishery in 1977 when the landings 
amounted to 748.5 t although the effort declined by 
as much as 31%. The average annual cephalopod 
production along the coast during 1973-77 was 542.81 
and average C P U E 2.20 kg. The average monthly 
C P U E varied between 0.4 kg and 9.36 kg and high 
C P U E s were recorded in September, October and 
December. 

2. Boat seine landings 

2-18.2% of the annual cephalopod landings along 
the coast during 1973-77 were obtained in boat seine 
and this gear is the third important non-mechanised 
gear, the second one being hooks and lines. The boat 
seine landings amounted to 152.3 t and 106.4 t in 1973 
and 1974 and showed a large rise to 503.5 t in 1975 
when the effort was only 9% higher than in 1974. In 
1976 there was a fall in production by over 72.% to 
136.6 t. The highest ever landings of 1,572.5 t were 
recorded in 1977 when the effort was over tvsdce that 
in 1976. The average annual boat seine landings 
during 1973-77 amounted to 495.7 t and average 
C P U E 0.4 kg. The C P U E showed a range of 
0.01-1.68 kg with high C P U E s in July, September 
and October. The best catches were obtained from 
July to October. 

3. Hooks and line landings 

The hooks and line landings formed 100.8 t and 
155.1 t in 1973 and 1974 and rose to a maximum of 

1,628.7 t in 1975 although the effort was higher in 
that year only by 10.3 %. In 1976 the landings amount­
ed to 1,113.2 t when the effort was higher by 4.3%. 
In 1977 the landings were 1,161.1 t when the effort 
was less by 32% as compared to that in 1975. The 
average annual cephalopod landings of hooks and 
lines during 1973-77 were 831.8 t and average CPUE 
1.1 kg. The CPUE of the gear ranged between 0.01 
kg and 3.57 kg with maximum CPUEs of 1.46 kg-3.57 kg 
in September-November. The largest catches were 
obtained from September to November and in some 
years in January and December also. 

4. Dol net landings 

The dol nets landed 1.4-13.7% of the total annual 
cephalopod landings during 1973-77. The annual 
dol net catches of cephalopods amounted to 111 t in 
1973 but in the next two years 1974 and 1975 the landings 
declined to 44 t (1974) and 83 t (1975) when the effort 
decreased by 19.7% and 2.7% respectively. In 1976 
although the effort was seven times that in 1975, the 
landings were less by 5% being 78.9 t. The catches 
were extremely low, 3.4 t, in 1977 when there was a 
large decline in effort by 92% compared to that in 
1976. The average annual landings with this gear 
during 1973-77 were 98.8 t and average CPUE 0.16 
kg. The average monthly CPUE varied between 0.01 
kg and 0.55 kg. The catches were better in Septembe r 
November and December than in other months. 

5. Trawl net landings 

The major portion of the cephalopod production 
along the west coast rangmg from 31.1% to 79.9% 
was obtained in trawl catches during 1973-77. The 
total annual landings were only 272.3 t in 1973 but 
increased progressively in subsequent years 1974-77 
when the effort also increased progressively. A maxi­
mum of 5,459 t were caught in 1977 when the effort 
was double that in 1973. The average annual trawl 
landings of cephalopods during 1973-77 amounted 
to 3,002.4 t and average CPUE 5.38 kg. The average 
monthly CPUE varied during 1973-77 over a wide 
range of 2.1 kg (December) to 14.3 kg (October). 
High CPUEs of 5.19 kg to 14.3 kg were recorded in 
April, July and September-November. The best cepha­
lopod catches were obtained in the months March-May 
and September-November. 
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The estimated cephalopod production in India and 
constituent maritime states in the recent years 1980-'84 
are given below: 

substantial increase in landings in Maharashtra, Kerala, 
Tamilnadu and Gujarat. Highest production was in 
Maharashtra which accounted for 30-36% of the 

West Bengal 
Orissa 
Andhra Pradesh 
Tamilnadu 
Pondicherry 
Kerala 
Karnataka 
Goa 
Maharashtra 
Gujarat 
Lakshadweep 

AU India 

1980 

4 
98 

470 
1,472 

40 
4,244 

122 
210 

1,191 
3,471 

13 

11,335 

1981 

57 
512 

1,687 
44 

2,376 
26^ 
94 

1,755 
2,743 

14 

9,578 

1982 

6 
195 
595 

3,238 
84 

3,536 
153 
66 

4,781 
3,023 

22 

15,799 

1983 

18 
119 
519 

3,877 
121 

1,727 
979 
394 

6,613 
3,972 

16 

18,355 

1984* 

42 
59 

450 
3,694 

37 
5,406 

319 
. 401 

7,650 
3,007 

14 

21,079 

provisional figures 

After the marked decline in landings in 1981, the 
production rose progressively to 15,799 t in 1982 and 
21,079 t in 1984. The rise in production was due to a 

country's production and it was an all time high of 
7,650 t in 1984, Kerala contributed 9-26% of the 
landings, Tamitaadu 18-21% and Gujarat 14-22%. 
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AREAWISE AND GEARWISE PRODUCTION OF CEPHALOPODS 

E. G. SILAS, M. M. MEIYAPPAN, K. PRABHAKARAN NAIR, R. SARVESAN, K. SATHANARAYANA RAO, 

Y. APPANNA SASTRI, KUBER VIDYASAGAR, P. V. SREENIVASAN, D , SIVALINGAM, K. BALAN AND B. NARAYANA RAO 

ABSTRACT 

The coasts of the maritime states of India have been divided into subareas and the annual and seasonal trends of the areawise 
and gearwise landings of cephalopods and CPUE have been studied in detail. 

WEST BENGAL 

West Bengal which has a coastline of 600 km is 
treated as a single area. In this state cephalopods 
amounting to 82 t have been landed only in 1971 and 
there was no production in the other years during 
1968-77 (Fig. 1). The entire landings of 82 t of 
cephalopods were obtained in the shore seine Sarini jal 
in November, 1971 and formed 1.9% in that 
month's total catch and 0.9 % in the annual catch. 

ORISSA 

The State which has a coastline of 480 km has been 
divided into two areas viz., A-extending from Gadha-
dharpur to Chandnipal (288 km) and B-from Pentakota 
to Kavitysonapur (192 km). In the period 1968-72 
as well as in 1973-77, there were no cephalopod 
landings from area A (Fig. 1). In area B, small 
quantities of cephalopods were obtained in the 
months January to May and November. Annual 
landings of 1.6-18.5 t were caught in the period 1968-72 
and the landings varied between 0.21 and 271 in 1973-77. 
The cephalopods formed 0.1 % of the total production 
during 1968-72 and 0.6% during 1973-77. 

In area B cephalopods were caught in two types of 
gear, shore seines {Pedda vala) and boat seines (Iraga 

void). Boat seines were employed throughout the year 
but cephalopods were obtained only in March and 
April. Shore seines were also operated all round the 
year but cephalopods were caught only in six months, 
January-May and November. In the cephalopod 
catches during 1973-77 boat seines accounted for 67.5% 
and shore seines 32.5%. The boat seine landings 
were obtained in March and April in 1973 and 1976, 
when they amounted to 3.3 t and 21.3 t (Figs. 1 and 2). 
The CPUE in 1976 was higher (0.8 kg) compared 
to that (0.1 kg) in 1973 although the effort was 
only 42% of that in 1973. In boat seine all fish 
catches, cephalopods formed 0.2% and 4.4% in 
1973 and 1976 respectively. The annual shore seine 
cephalopod catches fluctuated between 0.2 t to 6.2 t 
and CPUE between 0.01 kg and 0.5 kg, the landings 
showing no distinct changes in relation to variations 
in eifort. The catch rates were better in March 
and April than in other months. In the total 
shore seine catches cephalopods represented only 0.03 
to 1.0%. 

Hooks and lines had been employed from January 
to April in all the five years in area B, but there were no 
cephalopod landings. Trawls nets were operated in 
several months in 1973 and 1975 in area A but cephalo­
pods were not obtained in this gear also. 
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ANDHRA PRADESH 

The coast of Andhra Pradesh extending over 982 km 
has been divided into five areas viz., A-extending from 
Donkuru to Geddalapadu (83 km), B-Kumuduvanipeta 
to Dhonipeta (71 km), C-Chintapalli to Kothapatnam 
(119 km), D-Bangarammapalem to Bhairavanipalem 
(161 km) and E-Pandi to Pulinjerikuppam (548 km) 
(Fig. 3). 

During the period 1968-72 the best catches were 
obtained in area A with average annual landings of 

fluctuated between 21 and 141. In this area moderately 
good catches were got in February, August and Septem­
ber. Cephalopods formed less than 1 % of the total 
marine production in the area. The annual cephalopod 
landings from area D amounted to 7.9 t in 1969 and 
formed 2.8 t and 0.1 t m 196S and 1971 respectively. 
The catches were obtained only in a few months Febru­
ary, April, August and November and they were better 
in the earlier two months 

During 1973-77 period, the cephalopod production 
was highest in area D with average landings of 92.7 t 
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FIG. 2. Gearwise units, catch, C.P.U.E. and percentage in total cephalopod catches in Orissa, 1973-'77. 

165.3 t. Areas C and D were next in importance 
but the average production was comparatively 
much less viz., 13.9 t and 2.1 t respectively. In areas 
B and E there were no cephalopod landings (Fig. 3). 
In area A the cephalopod landings showed a sharp 
increase from 58 t in 1968 to 642 t in 1970 but under­
went a steep fall to 9.61 in 1972. The average monthly 
landings in 1968-72 varied from less than 1 t to 100.4 t 
and the best catches were obtained from February to 
April. In this area cephalopods formed up to a maxi­
mum of 7 % (February) with average annual percentage 
of 1.4% in total marine landings. In area C the annual 
production was 40,3 t ip 1968 and in other years it, 

The other areas in the order of abundance of 
landings were area C (30.5 i). area B (14.9 t), area 
A (10.7 t) and area E (1 tj. 

In Andhra Pradesh during 1973-77 period, 62.9% 
of the cephalopod landings were obtained in trawl nets 
and the rest in three non-mechanised gears viz., boat 
seines {Iraga vala) 21.6%, shore seines (Pedda vala) 
15.2% and 0.3% in hooks and lines (Galamu) (Fig. 4). 
Among the various gears, the average monthly CPUEs 
of trawl nets were highest (0.5-3.2 kg) and shore seines 
were next in importance. The best cephalopod catches 
were obtained in trawl nets in March, May, September 
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and December and in shore seines and boat seines in 
March-April. 

In area D the landings were negligible (1 t) in 1973 
and increased sharply to 110.6 t in 1976 and 351.8 t 
in 1977. The best catches were obtained in March-May 
and December. In this area cephalopods formed 0.1 
to 1.3% in total marine landings. Trawl nets were 
operated in this area in 1974, 1976 and 1977. The 
landings amounted to 105.7 t in 1976 and increased 
by nearly two and half times in 1977 to 256.8 t as a 
result of a rise in efifort by 76 %. The CPUE showed a 

Only in 1973 hooks and lines landed small quantities of 
cephalopods with the annual landings amounting to 11. 

The cephalopod production in area C showed a 
rise from 8.8 t in 1973 to 49.1 t in 1975, a fall in 1976 
to 13.4 t followed again by a rise to 51.7 t in the next 
year. Good catches were obtained in this area from 
March to May and in all the other months the catches 
were much less. In this area cephalopods accounted 
for less than 1 % in the total marine production. The 
landings of trawlers in the area showed a rise from 
8.3 t in 1973 to 45 t in 1977 following an increase in 
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rise from 3.2 kg in 1976 to 4,5 kg in 1977. In the 
total fish production of trawlers in this area, 
cephalopods formed 1-1.1%. Cephalopods were not 
landed in 1974. The cephalopod landings of shore 
seines amounted to only 1.8 t in 1976 but increased 
sharply to 71.7 t in 1977 although the rise in effort was 
only 13.4%. The CPUE was only 0.1 kg in 1976 and 
increased to 4.2 kg in 1977. The boat seine cephalopod 
landings also increased from 3.1 t in 1976 to 23.3 t in 
1977 though there was not much change in the effort. 

effort by seven times. The CPUE increased from 1.5 
kg in 1973 to 3.6 kg in 1974 and decreased to 1.1 kg 
in 1977. The cephalopods contributed less than 1% 
to 1.9% of the total trawl landings. The boat seines 
landed 6.6 t to 24.2 t during 1974-75 and 1977 with 
CPUEs varying between 0.4 kg and 0.1 kg. The annual 
landings by shore seines amounted to 0.2 t to 5.3 t 
and the CPUE fluctuated over a narrow range of 0.02 kg 
and 0.3 kg. Though hooks and lines were operated 
on a large scale no yield of cephalopods was noticed. 
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In area B cephalopods were landed only in one year, 
1975 during the period 1973-'77. 99% of these land­
ings were obtained in a single month April and the rest 
in September in boat seines. Cephalopods were not 
got from this area in shore seines, hooks and lines and 
trawl nets. 

The annual cephalopod landings in area A ranged 
between 9.6 t and 27.1 t during 1973-75 and decreased 
to 2.1 t in 1977. Good landings were obtained in this 
area only in one month, March. The shore seine 
landings increased from 9.6 t in 1973 to 20.5 t in 1975 
although there was a fall in effort by about 39%. 
There was a steep fall in the landings to 2.1 t in 1977 
although there was an increase in effort by about 22 % 
compared to that in 1975. Boat seines were operated 
in this area in all the five years, 1973-'77 but cephalopod 
catches were obtained only in 1974 and 1975 when they 
amounted to 14.8 t and 6.6 t respectively. Hooks and 
lines were employed only in 1977 and there were no 
cephalopod catches. Trawlers were not at all operated 
in this area. 

Very small quantities of cephalopods were landed 
by shore seines and boat seines in area E during 1976 
and 1977 with the annual production amounting to 
2.61 and 2.5 t respectively. The catches were obtained 
in the months January, July and September. 

TAMIL NADU 

The Tamil Nadu coast which extends over 1,000 
km is divided into eight areas viz., area A-extendin,g 
from Arangamkuppam to Alamharikuppam (11 km), 
B-from Thiruvattiyurkuppam to Thiruvanmiyurkuppam 
(35 km), C- from Muthukkadukuppam to Pudupettai 
(79 km), D-from Porto novo to Arasanagiri (254 km), 
E-from Sundarapandianpattinam to Rochema Nagar 
(235 km), F- Rameswaram Island (69 km), G- from 
Vembar to Chinnamuttom (151 km) and area H-from 
Kanyakumari to Neerodi (66 km) (Fig. 5). 

During 1968-72 the average annual cephalopod 
production was highest in area H with average annual 
landings of 254.8 t and areas B and E ranked second 
and third with average landings of 68.6 t and 40.8 t 
respectively. Areas D (25.5 t) and C (24.6 t) were 
next in importance. The landings were very low in 
areas F (9.3 t), G (2.9 t) and A (2.3 t). 

In area H the cephalopod landings were highest 
195.21 in 1971 and decreased to 55.51 in 1972 and good 
catches were obtained in February, April, November 
and December. In area B the landings were 
hig^, 143.9 t and 121.1 t in 1969 and 1972 and the 

catches were good in July and August. In area £ the 
annual landings varied from 28.8 t to 88.2 t during 
1968-71 and decUned to 7.1 t in 1972. In this area 
the best catches were obtained in April-May. During 
1968-70 the annual landings in area D varied between 
3.7 t (1970) and 25.2 t (1969) and the production was 
higher during 1971 and 1972 being 43.1 t and 40.7 t 
respectively. The catches were better during July-
September and November. The landings from area 
C amounted to 46.2 t and 41 t in 1968 and 1971 and 
were less viz., 22.5 t and 13.3 t in 1969 and 1972 res­
pectively with higher catches in July, August and 
October than in other months. The cephalopod 
catches from area F increased from 11.2 t in 1968 
to 19.8 t in 1969 and there was a distinct fall in the 
catches during 1970-72. Good catches were obtained 
in the months March-May. The production in area 
G was low, the annual landings amounting to 121 and 
2.5 t in 1968 and 1971 respectively with catches during 
the last quarter of the year only. The landings from 
area A were also low with annual catches varying from 
less than 11 to 5.3 t. 

During 1973-77 the cephalopod production was 
maximum in area H with an average annual 
landings of 564.6 t followed by area D (318.8 t) and 
area B (265.6 t). The other areas in the order of 
importance were area E (197.8 t), area C (50.1 t) area 
F (21.11), area A (9.5 t) and area G (4.3 t). 

In the period 1973-77, trawl nets accounted for 35.1 %, 
hooks and lines (Choondaty 2i.5%, shore seines (Kara 
valai, Peria valai, Ola valai) 20.6% and boat seines 
(Thuri valai, Thattumadi, Kacha valai) 15.8% (Fig. 6). 
The CPUE of shore seines was highest 3.1 kg, of trawl 
nets 1.9 kg, of hooks and lines 0.8 kg and of boat 
seines 0.5 kg. The highest cephalopod landings were 
obtained in shore seines in January-April and June, 
in boat seines in May, July-September and November-
December, in hooks and lines in January-February 
and September-December and i n trawl nets in a number 
of months viz., February-Mai ch, June-September and 
November. 

The average annual landings of 564.6 t obtained 
from area H during 1973-77 were over seven times 
that in 1968-72. The total production in this area 
rose steeply from 16.81 in 1973 to 927.91 in 1977 though 
there was not much change in the effort put in. The 
highest yields were obtained in September-October 
and fairly good catches in November-February. In 
this area the cephalopod catches of hooks and lines 
amounted to as much as 66.3 % and the landings from 
this gear increased sharply from 88.71 in 1974 to 813.6 t 
in 1975 although the increase in effort was only 22.2% 
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Later there was a fall in landings to 576.5 t and 
394.1 t in 1976 and 1977 when there was not much 
change in the effort put in. The CPUE showed a 
trend similar to that of the landings with highest value 
of 12.4 kg in 1975. Cephalopods were an important 
item of hooks and lines catches forming 6 to 12 % during 
1975-77. Boat seines accounted for 18.6% of the 
cephalopod landings in this area. Though the effort 
decreased by 17.9%, the cephalopod landings by boat 
seines increased from 6.9 t in 1973 to 373.9 t in 1977 
and the CPUE showed an increase from less than 
1 kg to 2.5 kg. In the boat seine landings cephalopods 
formed from less than 1 % to 1.8%. The shore seines 
landed 14.1% of the cephalopods in the area and the 
catches exhibited a large increase of over fifteen times 
from 9.9 t in 1973 to 160 t in 1977 when the effort 
rose by about 100%. During the same period the 
CPUE increased from 0.6 kg to 4.9 kg, the cephalopods 
forming 1.2-5.6% of the shore seine landings. Trawl 
nets were operated in this area only in 1976 and 1977 
and in the former year 28.4 t of cephalopods with a 
high CPUE of 26.2 kg were obtained, accounting for 
about 1.0% of the trawl landings. 

In area D, the cephalopod landings exhibited a 
large increase from 46 t in 1973 to 591.7 t in 1975 
although the total effort put in decreased by 28 %. In 
1977 the landings decreased to as much as 204.4 t in 
spite of a rise in effort by as much as 59%. In this 
area the best catches were obtained in May and Novem­
ber and moderately good catches in March, June and 
December. 59.4% of the cephalopod production in 
this area was landed by trawlers. TTie annual landings 
were high viz., 423.7 t and 300.1 t in 1974 and 1975 
respectively. In 1976 although the effort increased 
by as much as 46.8 % the landings steeply declined to 
98.1 t and in 1977 with a fall in effort by 40%. The 
production was similar (98.5 t) to that in the previous 
year. The CPUEs closely followed the trend of 
catches with higher values of 6.9 kg and 3.7 kg in 
1974 and 1975 and lower values of 0.8-1.4 kg in other 
years. Cephalopods formed 1.7 to 3.1% in the trawl 
landings in 1974-75 and in other years they formed 
less than 1 %. The boat seine catches of cephalopods 
formed 30.1% of the total landings in this area and 
rose from 18.3 t in 1973 to 271 t in 1975 inspite of a 
fall in effort by 63.7 %. The landings showed a steep 
decline to 80.6 t in 1977 though the effort spent in 
that year was more than double that in 1975. The 
CPUE of boat seines was 4.1 kg in 1975 and varied 
between 0.1 kg and 0.6 kg in the other years. In 
boat seine catches cephalopods formed less than 1% 
in 1973 to 14.1% in 1975. The cephalopod landings 
of shore seines which accounted for 9.5% of the total 

production in this area increased from negligible quanti­
ties in 1973 to 98.6 t in 1976 when the effort more than 
doubled and declined to 23.7 t in 1977 with a fall in 
effort by 60%. The average CPUE was 3.5 kg in 
1976 and decreased to 2.1 kg in 1977. Hooks and 
lines were operated throughout 1973-77 but only in 
1976 and 1977 small catches of cephalopods of 13.1 t 
and 1.6 t were landed with CPUEs of 0.3 kg and 0.2 kg 
respectively. 

A high cephalopod production of 591.7 t was 
observed in 1975 in area B but in other years the produc­
tion was much less and fluctuated between 122.9 t and 
282.11. The best catches were obtained in this area from 
June to August. The predominant cephalopod catches 
amounting to 93.8% were obtained in this area in 
trawl nets. The landings increased by more than four 
times from 129.8 t in 1973 to 529.9 t in 1975 although 
there was a decrease in effort by 15.7%. The pro­
duction declined to 118.4 t in 1977 inspite of rise in 
effort by about 16%. The CPUE was high, 13.2 kg 
in 1975 and decreased to 2.6 kg in 1977. Cephalopods 
formed 6.6% of the total trawl landings in 1975 but 
accounted for only 2.1 % in 1977. The catch of boat 
seines amounted to 5.7% of the total production in 
this area. The landings were moderately good in 
1975 with an annual production of 61.6 t but in the 
other years they amoimted to only 0.4-9.5 t. The 
cephalopod landings of shore seines in this area were 
very low and only in 1973 they amounted to 3.3 t with 
a CPUE of 1.4 kg. Hooks and lines were operated 
in this area in good numbers in all the years but only 
in 1976 a meagre catch of 0.7 t was obtained. 

As in areas B, D and H, in area E also the annual 
cephalopod production was very high, 841.5 t in 1975. 
However, in the other four years of the period 1973-77, 
the landings were low, 10.1 t (1973) to 68 t (1974). 
The highest catches were obtained in two months, 
April and May. 88.5% of the production from this 
area was obtained in shore seines. The shore seine 
landings in 1975 were very high, 801.6 t but in the other 
years they were very low, 10 t (1973)—30.4 t (1974) 
with no well defined variations in the catches in relation 
to the effort put in. The CPUE and percentage contri­
bution of cephalopods were very high in 1975 being 
30.7 kg and 14.8% respectively and the values were 
very low in other years. 9.9% of the cephalopod 
landings in the area were obtained in trawl nets and 
the rest by boat seines and hooks and lines. The trawl 
net production was 37.6 t and 34.9 t in 1974 and 1975 
but amounted to only 6.6 t and 18.6 t in the next two 
years, 1976 and 1977 inspite of increase in effort by 
4% and 23%. Annual landings of 3.3 t and 10.9 t 
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were obtained in boat seines in the area only in two 
years 1975 and 1977 and hooks and lines landed 1.7 t 
in 1975. 

In area C, the cephalopod landings were highest, 
150.4 t in 1973 and declined very much in subsequent 
years with catches varying between 7.3 t (1976) and 
34.1 t (1977). The catches were better in January, 
June and July than other months. Hooks and lines 
and trawl nets accounted for bulk of the landings of 
49.8% and 45.3% and shore seines and boat seines 
4.3% and 0.6% respectively. Hooks and lines formed 
82.9% of the entire cephalopod production in 1973 
with a catch of 124.7 t with a CPUE of 9.9 kg and 
percentage contribution of 54.2. There were no land­
ings from this gear during 1974-77. The annual 
trawl landings varied between 61 and 28.91 and showed 
no correlation with the effort put in. The CPUE 
of the trawlers varied from less than 1 kg to 3.4 kg and 
cephalopods formed 0.6-3,0% of total trawl landings. 
Shore seines and boat seines were employed during all 
the years but cephalopod yields were very poor. 

In area F, the annual cephalopod production varied 
between 2.2 t (1976) and 30.8 t (1974). The landings 
were better in February and from May to August. 
Most of the catches were obtsiined in trawl nets (71.8%) 
and shore seines (28%). The cephalopod production 
of trawlers varied between 8 t (1977) and 25.5 t (1974). 
The CPUE was less than 1 kg. The annual cephalopod 
landings of shore seines formed 5.2 t and 21.7 t in 
1974 and 1977 and were still lower in the other years. 
The average CPUEs in 1974 and 1977 were 2.4 kg and 
5.3 kg. Boat seines and hooks and lines operated in 
small numbers landed very meagre quantities of cephalo­
pods. 

The annual cephalopod catches from area A amounted 
to 39.1 t 1973 but in latter years they were extremely 
low (0.1-3.6 t). 73% of the cephalopod landings in 
1973 (28.6 t) were obtained in hooks and lines but in 
the other years no cephalopods were landed by this 
gear although they were operated in large numbers. 
The aimual boat seine cephalopod production amounted 
to 9.8 t in 1973 and decreased very much in subsequent 
years. Although cephalopods were obtained in shore 
seines the annual landings were very less (0.02-3.3 t). 

In area G there were no cephalopod landings during 
1973-75 but the production amounted to 8.81 and 12,8 t 
in 1976 and 1977. About 81.5% of the cephalopod 
laniUngs in this area came from boat seines and the 
rest was accounted for by trawl nets (11.9%) and shore 
seines (6.6%). 

CMFRI BULLETIN 3 7 
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PONPICHfiRRY 

Pondicherry is divided into two areas viz., A-Kanaga-
chettikulam to Murthikuppam (22 km) and B-Mandapa-
thoor to Thirumalarayanpattinam (13 km) (Fig. 7). 

Areawise figures on cephalopod production in Pondi* 
cherry were available only from 1972. The aimual 
landings of area A amounted to 14.7 t and those of 
area B were less, 7.7 t in 1972. During this year the 
highest catches were obtained in area A in three months, 
May, June and August and in area B in September. 

During 1973-77 the average annual cephalopod land, 
ings were only slightly higher in area A viz., 39.2 t 
when compared with that in area B viz., 36.6 t. Good 
catches were obtained in March in area A and in January 
and August-October in area B. 

In the period 1973-77, shore seines (Karat valai) 
accounted for 43.0% of the cephalopod production in 
the State closely followed by trawl nets, 40.6% and 
boat seines (Thuri vdai), 16.4% (Fig. 8). Along the 
Pondicherry coast although hooks and line:* {Choondai) 
were employed, cephalopods were not obtained. The 
best cephalopod catches were obtained in shore seines 
in March and August, in boat seines in January, and 
in trawl nets April-May and August-October. 

Maximum cephalopod landings, of 1511 were observed 
in area A in 1976 during 1973-77. In the other years 
the production was much lower varying between 3.71 
and 351. The catches were better in January, March 
and April than in other months. Cephalopods formed 
on an average 2.4% but in March 1976 they accounted 
for as much as 54%. The major portion (73.5%) of 
cephalopods caught in area A were obtained in 
shore seines, 26.1 % in trawl net and the rest in boat 
seines. The shore seine landings of cephalopods 
amoimted to 138.71 in 1976 although the eflFort was 
less by 20% as compared to that in 1975. In other 
years the landings were extremely low. In 1976 the 
catches formed 28.8% of the total production by the 
gear and CPUE was high, 23.5 kg. The cephalopod 
landings of trawlers were very less in 1973 and 1975 
but there was an improvement in the fishing in 1976 
and 1977 when the annual production amounted to 
12.41 and 34.31 with CPUEs of 2.7 kg and 3.9 kg 
respectively. Boat seienes and hooks and lines were 
operated in all the years and only in one year, 1973 
meagre landings of 1.61 of cephalopods were landed 
in the former gear. 

In area B the maximum landings were obtained in 
1976 as in area A but the catches were much lesser than 
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that in area A, being 60.7 t. In the remaining yean 
the production varied between 16.41 and 521. The 
productive months in this area were January and 
August to October. In area B, trawl nets landed 
56.4% of cephalopods, boat seines 33.1% and shore 
seines 10.5%. The cephalopod production of trawlers 
was higher viz., 33.91 and 38.31 in 1975 and 1976 
compared to those in 1973-74 due to a rise in eflfort. 
However, there was fall in catch to 7.61 in 1977 even 
though the effort spent was slightly more than that in 
1976. During 1975-76 the CPUE varied between 3.0 kg 

respectively. In 1973-74 no cephalopods were netted 
in this gear and it was not at all operated in 1977. 
Hooks and lines were operated in this area only in 
1976 and there were no cephalopod landings. 

KERALA 

The Kerala coast is demarcated into seven areas 
viz., A-Kollengode to Valia Veli (40 km), B-PalUthura 
to Pozhimukkam (46 km), C-Eravipuram to Than-
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and 4.7 kg. In trawl catches cephalopods formed 
1.3% (1973) to 4.1% (1974). During 1975 there 
were no cephalopod landings by boat seines but in the 
other years of the period 1973-77 the annual catch 
fluctuated between 9.81 (1974) and 21.2 t (1976). 
The CPUE amounted to only 0.7 kg to 1.2 kg and the 
percentage contribution of cephalopods 1.7-3.2. The 
shore seine production amounted to 18.11 in 1975 
and declined to 1.21 m 1976 following a fall in effort 
by 39%. In 1975 the CPUE and percentage contri­
bution of cephalopods Were high, 7.8 kg aî d 18.5% 

niazhikkal (54 km), D-Tharayilakadaby to Ottamasser 
(50 km), E-Vettakkal to Kathialam (54 km), F-Attu-
puram to Ponnani (71 km) and G-Koottayi to 
Kunnathur (245 km) (Fig. 9). 

The cephalopod landings in Kerala during 1968-72 
indicate that area B ranks first in production with 
52% of the State's cephalopod production and 
area A occupied the second place with 42.5%. The 
remaining small landings were obtained from the 
areas C, t), 0 and E and no landings were observed 
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in area F. The annual cephalopod landings were 
highest in 1968 in area B, showed a decline to 20.81 
in 1970 and once again increased to 356.4 t in 1971. 
The landings amounted to only 100.21 in 1972. The 
best months for cephalopod catches in area B were 
January, September, October and December. The 
cephalopod landings in area A formed 528.71 in 1968, 
decreased very much in the next three years and there 
was a slight recovery of the fishery in 1972 when the 
annual landings amounted to 186.91. In this area 
best catches were obtained in February-March, 
September-October and December. While cephalo-
pods formed less than 1% to 11.3% in area B, they 
formed a maximum of 6.7% in area A. The annual 
landings in area C were low with maximum production 
of 20.91 and 19.71 in 1968 and 1971 respectively. 

In contrast to 1968-72, area C accounted for highest 
cephalopod landings in the State during 1973-77 with 
47% of the production. Area B (28.3%) and A 
(21.6%) were next in importance. 

48.9% of the State's cephalopod production came 
from trawl nets, 19.7% from hooks and lines (Choonda), 
16.8% from boat seines Thattumadi, Thanguvala, 
Kollivala) and 14.6% from shore seines (Karamadi, 
Kamba vala) during the pjriod 1973-77 (Fig. 10). 
The CPUE of trawl nets was high (6.2-22.8 kg) in July, 
September and October, of hooks and lines (1.2-4.5 kg 
in January, October and November, of boat seines 
(0.6-1.5 kg) in July, September and October and of 
shore seines (2,1-13-4 kg) in March, June, September 
and December. 

The annual cephalopod landings in area C were high 
in 1974 and 1975 with production of 1,749.91 and 
1,413.31 and after a sharp decline in 1976, once again 
rose to a peak level of 2,231.11 in 1977. The best 
cephalopod landings were obtained in May and from 
July to November. 96.8 to 99.9% of the production 
in this area was obtained by trawlers with CPUEs 
ranging from 4.8 kg to 11.7 kg. There was no 
relationship between the effort expended and the 
landings. The maximum cephalopod production of 
2.188.21 was got by trawlers in 1977 and it accounted 
for 0.9 to 3.5% in the total trawl landings. The shore 
seines landed 1.5% of the cephalopods caught in the 
area and the annual landings formed only 0.91 and 5.51 
in 1974 and 1975 but increased to 32 t and 40.51 in 
1976 and 1977. The CPUE increased from less than 
1 kg in 1974 to 3.01 kg in 1977 and in the latter year 
the cephalopods formed 2.8 % in the total shore seine 
catches. The boat seines landed only 0.8 % of cepha­
lopods caught in the area. The landings amounted to 
40.41 in 1975 bat they were very low in 1977 although 

the effort spent was slightly higher. Hooks and lines 
were operated in large numbers throughout the period 
in this area but only negligible landings were obtained 
in 1977. 

The cephalopod landings in area B increased from a 
low level of 22.81 in 1973 to 990.31 in 1975 when the 
effort increased only by about 31%. After a fall to 
2161 in 1976, the landings again increased steeply 
to 1,742.91 in 1977 following an increase in the effort 
by only about 56% compared to that in 1976. The 
best cephalopod catches were obtained in this area in 
March, June and September to December. The shore 
seines accounted or 42.2% of the cephalopod pro­
duction in the area. The landings showed two peaks, 
463.81 and 4291 in 1975 and 1977 and fluctuated 
between 22.81 and 2811 in the othsr three years of the 
1973-77 period. In the years of the peak catches the 
CPUEs were 9.2 kg and 5.8 kg and cephalopods formed 
4.9 to 5.1% in total catches. The hooks and lines 
were the next important gear which landed 37.5% of 
cephalopods in this area. The landings amounted 
to 472.71 and 7491 in 1975 and 1977 but in other 
years there were either no catches as in 1973-74 or 
they were negligible. The CPUEs of hooks and 
lines were high 11.3 kg and 11.3 kg in 1975 and 1977 
when cephalopods formed 62.9% and 44.6% of the 
total landings from the gear in the area. 20.3% of 
the cephalopi^d production in the area came from boat-
seines. The annual landing amounted to only 12.5t 
53.81 during 1974-'76 and showed a sharp rise to 
564.71 in 1977 although there was not much difference 
in the effort expended. In 1977 the CPUE as well as 
the percentage contribution of cephalopods to the total 
landings were high, 9.8 kg and 8.7% respectively. 
Trawlers did not operate in this area. 

In area A the estimated cephalopod landings in­
creased from 314.3 t in 1973 to 784.4 t in 1975 and in 
the succeeding two years they amounted to 604 t and 
663.8 t. In this area the best months for cephalopods 
were January and July to October. Boat seines 
landed 49.1% of the production in the area. The 
cephalopod landings by this gear more than doubled 
in 1975 and amounted to 381.5 t although the effort 
was less than that in 1973 by 26%. The landings 
increased much further to 622.1 t in 1977 inspite of a 
further decrease in effort by 32%. The CPUE of 
boat seines ranged from less than 1 kg to 5.7 kg. In 
the total production of boat seines, cephalopods formed 
0.2 to 5.5%. Good quantities of cephalopods, were 
landed by hooks and lines also, the production from 
the gear amounting to 42%. Catches from this gear 
increased from 98 t in 1973 to 526,7 t in 1976 when 
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there was a rise in effort by 31 % but declined to 16.9 t 
in 1977 following a fall in effort by 63%. The CPUE 
of hooks and lines fluctuated from less than 1 kg to 
1.6 kg and cephalopods formed 7.8 and 11.1% in 
total production in 1975 and 1976. Only low to 
moderately good landings ranging between 3.3 t and 
65.41 were obtained from shore seines and the catches 
did not show any well-defined changes with the effort. 
Cephalopods accounted for 0.4 to 5.7 % of the total 
shore seine landings. Trawlers were not operated 
in this area. 

In area D the cephalopod landings were very poor, 
5-7 t in 1975-1976 and sharply rose to 175 t in 1977 
when the effort increased only by 18% compared to 
that in 1976. The cephalopods were obtained in good 
quantities in October. 99.9 % of the total cephalopod 
production in this area during 1973-77 was obtained 
in trawl nets in 1977 when the average CPUE was 3.2 
kg and percentage contribution 1.9. Meagre landings 
of 6.1 t were obtained in shore seines in 1975 and 6 t 
in hooks and lines from this area. 

In area E, the cephalopod landings amounted to 
only 9 t in 1976 with a CPUE of 0.1 kg and increased 
to 141 t with a CPUE of 2.2 kg in 1977 when there 
was a fall in effort by about 13%. The cephalopod 
catches were better in February and October than in 
other months. The entire production in this area was 
accounted for by trawl nets and there were no landings 
from other gears though they were employed. 

In area F there were no cephalopod landings during 
1973-76 and only in 1977, a total of 19.11 were obtained 
out of which 10.1 t were from boat seines and 9 t 
from trawl nets. In this area also, though shore seines 
and hooks and lines were operated, there were no 
catches. In this area cephalopods were landed in 
April-May and August-September. 

Area G too is one with very poor landings with 
annual catches of 1.2-3 t. Cephalopods were obtained 
in January and April in trawl nets (80%) and shore 
seines (20%). 

KARNATAKA 

The Karnataka coast is divided into three areas viz., 
area A-Talapady to Coondapoorkodi (106 km), B-
Kharvikeri to Kasarkodi (115 km) and C-Alivekodi 
to Gotnebag (79 km). During 1968-72 the cephalopod 
landings in area C were higher than in areas A and B 
and varied from 2.2 t (1970) to 57 t (1969) with an 
average annual production of 20.2 t. The cephalopod 
catches were better in January and February than in 

other months in area C. In area A the cephalopod 
catches were very poor, the annual landings increasing 
from 0.4 t in 1968 to 9.1 t in 1970 and decreasing to 
very low level in 1971 and 1972 (Fig. 11). In this 
area the cephalopods were caught from September 
to November. In area B only 1.5 t of cephalopods 
were obtained in 1971 and there were no landings 
during the other four years. 

Unlike in 1968-'72 the cephalopod production was 
highest during 1973-77 in areas B being 71.2% of 
the state's production in the period. Areas C and A 
accounted for 24.4% and 4.4% respectively of the pro­
duction during 1973-77. 

Along Karnataka coast the major portion of the 
catches of 85.5% were obtained in trawl nets, 14.3% 
in shore seines (Rampani, Yendl) and 0.2% in hooks 
and lines (Gala, Beppu). Boat seines were operated but 
no cephalopod catches were obtained. Cephalopods 
were caught in trawl nets durmg January-May, Septem­
ber and December, in shore seines in January, February, 
April and September-December and in hooks and 
lines in October (Fig. 12). 

In area B, the cephalopod production was very 
high, 947.8 t in 1977 which amounted to 98.8% of the 
cephalopod production in 1973-77. However, in the 
period prior to 1977, the annual production was very 
low 0.2-7.4 t eventhough the effort was almost similar 
or much higher in the different years. The best cephalo­
pod catches were obtained in the months March-May. 
98.8% (947.1 t) of the total cephalopod production 
of this area during 1973-77 came from trawl catches 
and the rest from shore seines and books and lines. 
Though trawlers were operated throughout the 
period, cephalopod catches were obtained only in 1977 
when the CPUE was 34.2 kg and the percentage 
contribution was 13. The shore seine landings ranged 
from 0.2 t (1974) to 7.4 t (1975). In 1975 the CPUE 
was 6.2 kg but it was much less in the other years. 
2.8 t of cephalopods were caugiht in hooks and lines 
only in one year, 1973. 

The production from area C increased from 14.4 t 
in 1973 to 156.51 in 1975 follovring an increase in effort 
by 23% and decreased to 141.6 t in 1976 with a fall in 
effort by 18%. There was a drastic decline in landings 
to 16.2 t in 1977 in spite of about 11% increase in 
effort and the best catchs were obtained in two months 
March and October. About 52.2% of the cephalopod 
production in this area was contributed by shore seines. 
The shore seine landings amounted to 141.6 t in 1976 
but were low in other years. The CPUE was 24.6 kg 
in 1976 with a percentage contribution of 1.2. Trawlers 
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accounted for 47.8% of the cephalopod production 
of the area and the highest production of 149.2 t was 
in 1975 with a CPUE of 9.0 kg and a percentage 
contribution of 2.8. In 1973 and 1977 trawlers landed 
only 3.8 t and 4 t and in 1974 and 1976 there were no 
cephalopod landings. Boat seines and hooks and 
lines were operated in this area in small numbers but 
no cephalopod yield was obtained. 

In 1973 and 1977 the annual cephalopod production 
in area A was very meagre, 1.0-1.81 and during 1974-76 
the production was higher, 11.4-44.9 t. Cephalopod 

in 1974 to 10.1 t in 1975. The CPUE of this gear 
fluctuated between less than 1 kg and 1.6 kg. Cephalo-
pods were not obtained in boat seines and hooks and 
lines although the gears were operated in the area. 

GoA 

The Goa coast is divided into two areas viz., area 
A-extending from Polem to Majorda (75 km) and B-
from Cansaulim to Querim (78 km) (Fig. 13). 

The cephalopod landings were low (6.3 t) in area A 
in 1974 and in the next three years they were higher 

M 
O 

i 7' 
CO 

s 
I 30 
m 25 

z 
3 

m 
111 

100 -

50 

SHORE SEINE 
m 

BOAT SEINE 

- X 
1973 74 75 76 77 73 

- X imY, -X 
74 75 76 77 

HOOKS 
a 

LINE 

73 74 76 76 77 

OTI25 
o 
z 
OTIOO 3 
O 
X 
•- 75 
z 
J2 50 
z 3 

25 

200 
-

v> bi 

- il50 
o 
t-

z X 100 

50 
• 

952pi 
TRAWL NET 

p Wi 

-

• 
1 • * • LI JJfeJ 

1 • m^^ 11 L. •'-' F Ĵ  
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FIG. 12. Oeaiwise units, catch, C.P.U.E. and percentage in total cephalopod catches in Kamataka, 1973-77. 

catches were better in January-February. Trawl nets 
obtained 82.3% of the total cephalopod production 
with better catches of 19.6 t and 42.5 t in 1974 and 
1976 with CPUEs of 1.5 kg and 1.8 kg. The trawl 
landings in this area in successive years did not show 
any clear trend compared to the effort put in. The 
shore seines accounted for the rest of the catches, 
17.7% with the annual landings varying between 0,4 t 

varying between 44 t (1976) and 80 t (1977). In this 
area the catches were higher in January, February 
September and October compared to other months* 
In area B the cephalopod landings increased steadily 
from 8.2 t in 1974 to 98 t in 1976. In 1977 the pro­
duction decreased to 84 t. The best catches were 
obtained in this area in February, September, October 
and December. The average landings in area B during 
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1974-77 were slightly higher (56.2 t) compared to that 
in area A (47.8 t). 

67% of the cephalopod landings along Goa coast 
were caught in trawl nets and the rest in shore seines 
(Fig. 14). Boat seines were not operated along Goa 
coast while hooks and lines were employed in small 
numbers but there were no cephalopod landings from 
the gear. The average CPUEs of trawlers were 2.6 kg 
with higher CPUE (4.8-10.6 kg) in January, September 

during 1975-'77. The cephalopod landings of trawlers 
in this area amounted to 6.1 t and 1.4 t in 1974 and 
1975 respectively. There was distinct rise in the land­
ings to 261 and 48 t in 1976 and 1977 when there was 
an increase in eiFort by 39 to 40% as compared to that 
in 1975. The CPUE increased from 0.5 kg in 1974 
to 4.6 kg in 1977 

In area B the shore seine cephalopod landings during 
1974-*77 amounted to only 12.4% and the rest were 

FIG. 14. Gearwise units, catch, C.P.U.E. and percentage in total cephalopod catches in Goa, 1974-'77. 

and October. The average CPUE 
was 2.9 kg with higher values 
October and December. 

of shore seines 
(9.1-11.5 kg in 

In area A, shore seines landed 57.4% of cephalopod 
production and trawl nets 42.6%. The shore 
seine landings increased from very low level in 
1974 to 59.7 t in 1975 though there was a decrease 
in effort by about 46%. The production decreased 
to 321 in 1977 when the effort declined by 70%. The 
CPUE of shore semes varied from 4.5 kg to 8,1 kg 

accounted for by trawlers. The cephalopod production 
of trawlers increased from 8.2 t in 1974 to 98 t in 1976 
following a large increase in the effort by nearly three 
times. In spite of a further rise in effort by about 
23%, the production decreased to 56 t in 1977. The 
CPUE of trawlers showed an increase from 1.2 kg 
in 1974 to 5.0 kg in 1976 and a fall to 2.4 kg in 1977. 
The entire shore seine production of 27.9 t was got 
ob ained in 1977 with a CPUE of 11.4 kg and there were 
no cephalopod landings in 1975 and 1976 from the 
gear although they were operated. 
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MAHARASHTRA 

The Maharashtra coast is divided into five areas, 
viz., A-Redi to Rameswarwadi (87 km), B-Vijayadurg 
to Dhabol (142 km), C-Boorondi to Mora (205 km), 
D-Sassoon Docks to Arnala (125 km) and E-Datiwari 
to Zavi (161 km) (Fig. 15). 

During 1968-72, the highest cephalopod production 
was obtained from area D with 55.4% of the total 
cephalopod landings. In areas B and A, 23.6% 
and 20.5% of the total landings of the state were 
obtained and area C accounted for a negligible 
portion (0.5%). There were no cephalopod landings 
in area E at the northern end of Maharashtra. The 
landings in area D increased progressively from 33.2 t 
in 1968 to 268.6 t in 1971 but there was a decrease to 
211.8 t in 1972. The best catches were obtained in 
this area in the first and last quarters. In area B the 
highest catches (150.9 t) were obtained in 1970 followed 
by a steep fall to 3.5 t in 1972. The landings were 
higher in this area in January, February and October-
December. The production amounted to 79.7 t in 
1970 in area A and later stabilized at 61.1 t and 66.8 t 
in 1971 and 1972 with good catches in February, 
September and October. In area C the catches were 
very poor and only in November 1971, 5.7 t were 
landed. 

In the period 1973-77 also the cephalopod landings 
were highest in area D as in the previous five year 
period but the average annual production (508.3 t) 
was nearly four times that in 1968-72 Areas B 
and A were next in importance with average 
annual production of 225.5 t and 90.7 t respectively. 
The average annual production in area C was only 
47.1 t and that in area E was insignificant (1.41). The 
cephalopod landings in area D exhibited a very steep 
rise by over five times from 286.7 t in 1973 to 1,541.5 
t in 1976. However, there was a drastic decline to 
120.2 t in 1977. In area B, the landings were low 
varying between 14.5 t and 48.4 t during 1973-75. 
But in 1976 the production was very high comparatively, 
666 t and in 1977 there was a fall by about 46% to 
361 t. In area A the cephalopod landings amounted 
to 176.4 t and 135.2 t in 1973 and 1976 and the pro­
duction was much less during the other three years 
with annual landings of 29-82.61. In area C the cepha­
lopod production was very meagre (6 t) in 1974 and 
1975, increased to 145.3 t in 1976 and showed large 
decrease (77.2 t) in 1977 as in other areas. In area E 
there were no cephalopod landings during 1973-76 
and only in 1977, a total of 6,7 t were landed. 

The major portion of the production of Maharashtra 
amounting to 81.4% was obtained in trawl nets, 11.3% 
in Dol nets, 6.8% in shore seines (Rampan) and the 
rest in hooks and lines {Hath gal, Garkadi) (Fig. 16). 
The average CPUE of trawl nets during 1973-77 was 
9.1 kg with high values (10.4-17.5 kg) in the months 
February, April, September and November-December. 
The average CPUE of shore seines was 7.5 kg with 
better yields (9.1-15.7 kg) in January, September and 
October. The CPUE of Dol nets and hooks and lines 
were very low. 

In area D, trawl nets accounted for 86.2% of the 
total cephalopod production during 1973-'77 and the 
rest of the production was obtained in Dol nets. 
Although hooks and lines and shore seines were 
operated on a small scale in this area, no cephalopods 
were obtained. The annual trawler landings increased 
from 171.4 t in 1973 to 271 t in 1975 and there was a 
five-fold increase in 1976 to 1,447.8 t with an increase 
in effort by 49 % compared to that in 1975. The CPUE 
increased steadily from 4.5 kg in 1973 to as much as 
27.7 kg in 1976. In 1977 the catch as well as CPUE 
showed a sharp fall to 87 t and 3.0 kg respectively. 
The cephalopods formed a maximum of 2.5% of the 
total landings in 1976 and they accounted for less than 
1 % in other years. The Dol net landings amounted 
to 115.3 t in 1973 and in the succeeding years they 
were, less varying between 33.2 t (1977) and 93.6 t 
(1976) when the eflfort showed a decrease by 13-45% 
except in 1976 when there was a seven-fold rise in 
efifort. The annual CPUE of Dol nets was 0.7 kg in 
1973 and much less in other years. 

In area B also the major portion of the production, 
97.1 %, came from trawl nets while 2.8% was from Dol 
nets and the rest from hooks and lines. During 1973-75 
the cephalopod landings from trawlers varied between 
3.1 t and 38 t and there was a sharp rise to 666 t in 
1976. In 1977 with a fall in effort by 34% compared 
to that in the previous year, the landings decreased by 
about 47% to 354.3 t. The CPUE showed a very 
large increase from 1.2 kg in 1973 to 23.4 kg in 1976 
while in 1977 it was 18.8 kg. In the period 1973-75 
cephalopods formed less than 1 % of the total trawl 
landings. But in 1976 and 1977 they accounted for 
as much as 8.4% and 5.2%. The annual landings 
from Dol nets were quite low, 4.4-10.4 t and corres­
pondingly the CPUE was also low, less than 1 kg. 
Hooks and lines were operated in moderate to fairly 
good numbers but only in 1974 about 1 t of cephalo­
pods was caught. Shore seines were operated in 
small numbers but no cephalopod yields were obtained. 
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PIO. 15. Annual landings. State percentages in all India cephalopod landings (1968-'79), aieawise (1968-72) 
and gearwise (1973-'77) landings and average monthly landings (1968-77) of Maharashtra. 
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In area A shore seines landed 65,6% of the total 
cephalopod production and the rest (34,4%) by trawl 
nets. The highest annual production 114.3 t was 
obtained in shore seines in 1973 with a CPUE of 11.7 
kg. During the rest of the period the landings fluctuat­
ed between 17.1 t and 74.3 t with the higher landings 
in 1975 and 1976 in which years the CPUE also was 
high (12.4 kg and 11.4 kg). The landings of trawl nets 
amounted to 62.1 t and decreased to 11.9 t in 1974 and 
1975 when there was a fall in effort by 14% and 68% 
respectively. There was a rise in production to 60.9 t 
in 1976 though effort increased only by 7.3%. Not­
withstanding the effort being 2.5 times that in 1976 
there was a sharp decline in the landings to 9.3 t in 
1977. The CPUE amounted to 2.9 kg and 8.2 kg 
in 1973 and 1976 but it was less than 1 kg in other 
years. Cephalopods formed from less than 1 % to 
3.8 % of the total trawl landings. Hooks and lines were 
operated in all the years but cephalopods were not 
caught in the gear. Dol nets were not operated in 
this area. 

55.4% of the total cephalopod production in area 
C during 1973-77 was obtained in trawl catches in a 
single year, 1976 with a CPUE of 9.1 kg and the rest 
(44.6%) in Dol nets in the period 1974-77. In 1973 
and 1977 trawlers were operated but cephalopods 
were not netted. The Dol nets landed 6.4-15 t of 
cephalopods during 1974-76. The landings increased 
to 77.2 t in 1977 in spite of a fall in effort by 18%. 
Shore seines were not operated while hooks and lines 
were operated in two years 1975 and 1977 and no 
cephalopods were caught in the gear. 

In area E, only in 1977 Dol nets landed 6.7 t of 
cephalopods and 0.02 t was landed by shore seines. 
Cephalopods were not caught in these gears in other 
years. Hooks and lines were operated in small numbers 
in two years, 1973 and 1977 without any cephalopod 
yield. Trawl nets were not at all operated in this 
area. 

GUJARAT 

Among the maritime states of India, Gujarat has the 
longest coast extending to 1,663 km. The Gujarat 
coast is divided into three areas viz., area A-Ambergoan 
to Cambay (400 km), B-Ghogha to Porbander (491 km) 
and C-Maini to Hanjiasar (772 km) (Fig. 17). 

The estimated cephalopod production in Gujarat 
during 1968-'72 was extremely low, 5.3 t. Of this 
1.4 t and 1,6 t were landed from areas A and C 
in 1972 and 1.4 t and 1 t from area B in 1968 and 
1969 respectively. The small landings of cephalopods 

were obtained in the months September and October 
in area A, February and August in area B and November 
in area C. 

During 1973-77 the cephalopod landings continued 
to be very poor or there were no landings at all in 
areas A and C. The annual landings amounted 
to 1.41 and 9.51 in area A in 1973 and 1975 while 
in area C only in two years 1974 and 1975 the 
annual production amounted to 6.3 t and 4.2 t. In 
area B there were no landings up to 1974 but in 1975 
a high production of 597 t was obtained for the first 
time in the state which very sharply increased by over 
3i times to 2,284.9 t in 1976. In 1977 there was a 
fall in the landings by 37% to 1,439 t in spite of the 
effort being more than double that in 1976. Very 
good catches were obtained in area B in six months 
January-April and October-November. 

Most of the cephalopod production amounting to 
99,5% was obtained in trawl nets while boat seines 
{Golwa, Gunja) accounted for 0.4% and hooks and 
lines {Gul, Dor, Hat Dori) 0.1% (Fig. 18). High 
CPUEs of 11.4-14.0 kg were observed in the case of 
trawl catches in March, April and October. 

The cephalopod production from area B during the 
period 1975-77 amounted to 4,320.9 t which consti­
tuted 99.5% of the state's production during 1973-77. 
Although trawlers were operated in large numbers 
during 1973-74, cephalopods were not caught. The 
trawl catches of cephalopods increased from 597 t 
in 1975 to 2,284.9 t in 1976 following a rise in 
effort by about 56%. However, with a further rise 
in effort by 31% in 1977, there was a fall in the 
production by 37% to 1,439 t. The CPUE more than 
doubled from 6.5 kg in 1975 to 15.9 kg in 1976 and it 
was 7.6 kg in 1977. In the total trawl catches cephalo­
pods formed 0.8-1.7% during 1975 and 1977 and 2,8% 
in 1976. 

In area A boat seines landed 1.41 and 9.51 of cephalo' 
pods in 1973 and 1975 with CPUEs of 0.1 kg and 0.6 kg 
respectively. But during other years there were no 
landings despite operation of the gear in small to large 
numbers. Even though the other cephalopod gears 
viz., trawl nets, books and lines and Dol nets, the last 
mentioned in large numbers, were employed in this 
area, cephalopods were never netted. 

In area C, boat seines and hooks and lines landed 
small quantities of cephalopods, 71 and 3.51 respectively. 
The boat seine landings decreased from 5.9 t in 1974 
to 1.1 t in 1975 althoogh the effort increased by more 
than three times. The CPUE amounted to 2.7 kg 
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of total boat seine catches in the area in 1974 but they 
accounted for less than 1% in the succeeding year. 
The hooks and line catches in the area were less than 
1 t in 1974 but amounted to 3.1 t in 1975 though there 
was a slight decrease in effort. The CPUE varied 
between 0.1 kg (1974) and 1.3 kg (1975). In 1975 
cephalopods contributed 4,4% of the hooks and line 
catches in the area. Trawl nets and Dol nets were 
operated in the area, the former in moderate to large 
numbers but there were no cephalopod landings. 

at low tides and octopods taking shelter therein are 
caught. 

The annual octopod landings of Kalpeni island 
varied between 0.2 t and 1. 91 in the period 1968-75 
and only in 1976 and 1977 the production was higher 
viz., 7.9 t and 5.5 t respectively (Fig. 19). There were 
no landings in 1969 and 1970. The octopods formed 
1% (IV quarter) to 2.1% (H quarter) in the average 
quarterly production of this island. 

1973 74 
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FIG. 18. Gearwise units, catch, C.P.U.E, and percentage in total cephalopod catches in Gujarat, 1973-'77. 

LAKSHADWEEP 

The Lakshadweep comprises of twenty seven islands, 
out of which ten viz., Minicoy, Kalpeni, Kavarathi, 
Agati, Androth, Amini, Kadamat, Kiltan, Bitra and 
Chetlat are inhabited. The cephalopod fishery in the 
Lakshadweep is supported exclusively by octopods 
which are fished in all the inhabited islands. The 
method of fishing employed is spearing which is carried 
out throughout the year. The spear used is an iron 
rod, about one metre or more in length which is sharpra-
ed at one end. The spear is thrust into coral crevices 

CMFW BULLETIN 37 

8 

The annual production of Kavarathi island was 
highest, 5.31 in 1972 and in the other years it fluctuated 
between 0.3 t (1969) and 3.9 t (1976). Octopods 
formed 1.7% (IV quarter) to 2.4% (01 quarter) in 
the average quarterly production of the island. 

In Agati island the annual octopod catches varied 
between 0.1 t (1977) and 3.4 t (1973). There were 
no landings in 1972, 1974 and 1976. Compared to 
the other quarters the catches were comparatively 
poor in the firat quarts with a contribution of about 
10%. 
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CEPHALOPOD LANDINGS IN LAKSHADWEEP 
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The annual landings around Androth island amounted 
in 1974. Cephalopods formed as much as 23.3% 
to less than 11 during 1968-74 and fluctuated between 
1.4 t and 3.2 t in the period 1975-77. The catches 
were less in the first quarter (18%) than in the other 
quarters. 

The Octopod landings around Amini island in 1973 
were 6 t. But in the other years they varied between 
0.1 t (1968) and 4 t (1974). Octopods formed 1.6% 
(III quarter) to 2.4 % (II quarter) in the average quarterly 
marine production of the island. 

In the octopod production of Lakshadweep, the 
Kadamat island was foremost with a total production 
of 44.1 t in the period 1968-77. The annual landings 
varied between 2.6 t (1971) and 7.3 t (1976). The 

best catches were obtained during first quarter (47%) 
and last quarter (24%). The octopods formed 3.8% 
of the total fish production in the island. 

The octopod catch of Kiltan island formed 12.4 t 
and 5.6 t in 1976 and 1977 and in the other years they 
fluctuated between 0.8 t and 2.2 t. The catches were 
better in the first and fourth quarters. In this island 
octopods formed 2.9% of the total marine production. 

Very poor landings varying from less than 1 t to 
1.2 t only were landed in Bitra island. In Chetlat 
island also the landings of octopods were poor with a 
maximum of 3.5 t in 1975 while in other years the 
landings varied between 0.7 t and 2.2 t. In this island 
the octopods accounted for about 1.4% of the all fish 
landings. 
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CEPHALOPOD FISHERIES AT SELECTED CENTRES IN INDIA 

E. G. SILAS, R. SARVESAN, M . M . MEIYAPPAN, K. PRABHAKARAN NAIR, K . SATYANARAYANA RAO, KUBER 
VlDYASAGAR, Y. APPANNA SASTRI, P . V. SRINIVASAN AND B. NARAYANA R A O 

ABSTRACT 

The cephalopod fisheries at eleven selected centres, Waltair, Kakinada, Madras, Portonovo, Mandapam, Rameswaram and 
Kilakarai on the east coast and Vizhinjam, Cochin, Mangalore and Bombay on the west coast have been studied and the annual 
and seasonal trends of the total cephalopod catches, species composition and CPUE investigated. Cephalopods were obtained in 
appreciable quantities in trawl nets in most of the areas studied. There is an organized fishery with hooks and lines for cuttlefish 
and squids at Vizhinjam. (Trivandrum). 

INTRODUCTION 

Squids and cuttle&hes are obtained as by-catch in 
conventional gears such as shore seines, boat seines, 
hooks and lines and trawl nets from the inshore waters 
at a number of centres along botlj coasts of India. 
As the cephalopods have become an important item 
of export they are being sought by the industry and a 
good amount of interest is evinced in the resources 
at some of the major centres in the country. The 
specieswise production of cephalopods caught in 
different gears ; the percentage in total landings ; and 
the CPUE of cephalopods at eleven centres viz., Waltair, 
Kakinada, Madras, Portonovo, Mandapam, Kilakarai 
and Rameswaram on the east coast and Bombay, 
Mangalore, Cochin and Vizhinjam on the west coast 
have been investigated and the results are presented 
here. 

FISHERY AT WALTAIR 

Waltair (Visakhapatnam) is one of the most im­
portant centres for cephalopods on the east coast and 
squids and cuttlefish are caught in three gears viz., 
shore seines, boat seines and trawl nets. During 1976-
80, 833.6 t of squids and cuttlefishes were landed by 
all the gears together forming 3.7% of total landings. 
The average annual landings were 166.7 t in which 
Loligo duvaucelii was predominant accounting for 
46.6% and the other species in the order of abundance 
were Sepia aculeata (26.1%), Sepiella inermis (9.0%), 

Sepia pharaonis (8.4%), Sepia brevimana (6.2%), Sepia 
prashadi (2.0%), Doryteuthis singhalensis (1.5%) and 
Loliolus imestigatoris (0.2%). The catches of trawlers 
of the erstwhile Exploratory Fisheries Project are dealt 
with in Chapter 10. 

About 18 shore seines operate in Lawson's Bay in 
the period October-May and squids and cuttlefishes 
are caught in small quantities. The annual catches 
were low and varied from 19 kg to 818 kg 
(Fig. 1). Loligo duvaucelii was the common species in 
the catches and a few individuals of Sepia aculeata, 
S. pharaonis and Sepiella inermis occurred in the catches 
occasionally. 

About twenty five boat seines which operate for 
prawns, perches and clupeoids off Waltair coast at a 
distance of 3 to 3 km from the shore at depths of 5 to 
8 m net squids in small quantities. The boat seine 
cephalopod catches consist of a single species the squid 
Loligo duvaucelii and its annual catches varied from 
158 kg (1977) to 1,445 kg (1978) accounting for 0.6% 
and 2.9% of total catches (Fig. 1). In 1976 and 
1980 Loligo duvaucelii was not found in the boat seine 
catches. 

A total of 200 trawlers operate off Waltair coast 
between Lat. 17" and 18''N and Long. 82''30' and 
84''E at depths of 10-70 m. The estimated total 
cephalopod production of the trawlers during 1976-'80 
was 829.9 t and average annual production was 166 t 
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forming 3.7 % in total trawl catches. During the five 
year period Loligo duvaucelii was the dominant species 
(46.4%), Sepia aculeata was next in importance (26,2%) 
and the abundance of the other species is similar to that 
in all-gears combined figures. ITie annual cephalopod 
landings of the trawlers progressively increased from 
36,302 kg in 1976 to a peak of 329,059 kg in 1979 and 
there was a sharp decline in the catches by 23.9% 
to 250,520 kg in 1980 with a decrease in 
effort by only 2.4%. The CPUE showed a similar 
trend with a maximum of 8.7 kg in 1979. During 
1976 squids formed only 19.6% of cephalopod landings 
while in 1977 they amounted to 62.8 % (Fig. 1). During 
1978-'80 there were no large differences in the catches 
of squids and cuttlefishes the annual percentages of 
the two groups varying between 45.6% and 57.9% 
and 42.1 % and 54.4% respectively. 

Among squids, Loligo duvaucelii was the predominant 
species and formed 95-99% of the catches. The land­
ings of this species rose from 7,104 kg in 1976 to 145,085 
kg in 1979 and declined to 110,267 kg in the next year. 
The peak months for I . duvaucelii were May, August 
and September to November when the CPUE also 
was higher than in other months. Doryteuthis singha-
lensis and Lo'iolus investigatoris were represented only 
in very small quantities. 

The cuttlefish landings which amounted to 29,190 
kg in 1976 showed a rise to 176,915 kg in 1979 and a 
fall to 136,202 kg in 1980. Five species S. aculeata, 
S. pharaonis, S, brevimana, S. prashadi and S. inerntis 
comprised the cuttlefish catches. The annual landings 
of S. aculeata varied between 12,045 kg (1977) and 
102,245 kg (1979) and the bi;st months were September 
to February. The annual landings of S. pharaonis 
increased from 1976 and high landings of 18,570 kg 
and 41,948 kg were obtained in 1979 and 1980. For 
this species the peak months were March and September 
to December. S. brevimana amounted to only 1,733 kg 
and 2,626 kg in 1976 and 1977 but the landings increased 
several fold and amounted to 14,409 kg and 20,618 kg 
in 1978 and 1979 respectively. Peak catches of this 
species were obtained in February, July, September 
and November. S. prashadi occurred in small numbsrs 
in January and March, 1978 but in the next two 
years it was caught in a number of months and the 
annual landings amounted to as much as 11,380 kg 
in 1979. Highest catches were obtained in January 
and February. The landings of S. inermis were very 
low in 1976-'77. But there was a ten to twelve fold 
rise in subsequent years the annual landings amounting 
to 21,656 kg and 24,102 kg. The peak months for this 
species are July to October, 

FISHERY AT KAKINADA 

Cephalopods are obtained along Kakinada coast 
mainly in trawl catches. In shore seines L. duvaucelii, 
S. aculeata and S. inermis are caught in stray numbers. 
There are about 150 trawlers at Kakinada which 
operate between Lat. 16°35' and 17°25' N and Long, 
82*20' and 83° 10' E at depths of 5-70 m. Kakinada 
is one of the major centres for cephalopods and total 
production in the period 1976-'80 was 747,355 kg which 
indicates an average annual production of 149,471 kg 
forming 1.1% of trawl landings. In the cephalopod 
landings during 1976-80 S. aculeata and S. inermis 
were the dominant species (35.1% and 32.7% res­
pectively), L. duvaucelii was the next dominant species 
(24.9%) and the others represented were S. pharaonis 
(7.1 %) and L. investigatoris (0.2%). 

The annual cephalopod landings rose from 105,634 kg 
in 1976 to an all time high of 256,783 kg in 1977 
(Fig. 2) following an increase in effort by about 
43%. During the period 1978-80 when there was not 
much significant change in the effort put in, the landings 
were lesser and stabilized at 124,151 kg-139,916 kg. 
The monthly catches of cephalopods showed much 
variation in different years but it could be stated that 
good catches are got generally from September to 
May. The monthly CPUE of cephalopods varied 
from 0.6 kg to 27.5 kg and high CPUEs were recorded 
in March, May and August-December. The cuttle­
fishes were dominant in trawl catches forming 67.8% 
to 79.6%. Squids accounted for only 20.4% to 32.2% 
in 1976-'80 and were represented by L. duvaucelii mostly 
with an annual catch which varied from 25,362 kg 
(1979) to 58,758 kg (1977), The peak catches were 
obtained in the months May, August, September and 
December, 1,099 kg of Loliolus sp, were got in trawl 
nets in September 1978. 

Cuttlefish landings comprised of three species S. 
aculeata, S. pharaonis and S. inermis and the peak 
months for cuttlefishes were January, March, May 
and September-December. S. aculeata was the domi­
nant species (46.9%) among cuttlefishes and the annual 
catch varied from 22,158 kg (1978) to 129,719 kg (1977) 
with high CPUEs in January, March, September and 
December. The annual catches of S. pharaonis varied 
between 3,808 kg (1978) and 26,468 kg (1980). The 
yearly catches of S. inermis varied between 27,989 kg 
(1976) and 62,769 kg (1978) with maximum CPUEs from 
August to December. 

FISHERY AT MADRAS 

Trawlers based at Madras obtain cephalopods by 
otter trawling between Lat. 12°20'N and 14°N and 
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Long 80°20' and 80°40'E at depths of 10-30 m. The 
estimated cephalopod production of the trawlers during 
the years 1976-'80 was 517,442 kg with an average 
annual production of 103,688 kg, forming 6.4% of 
trawl landings. L. duvaucelii, S. pharaonis and S. 
aculeata were the common species in the catches form­
ing 29.1 %, 28.7% and 26.7% respectively and the other 
species in the order of abundance are S. brevimana, 
S. inermis, octopods, Loligo sp. Loliolus investigatoris, 
Euprymna stenodactyla and S. prashadi. The annual 
cephalopod catch was highest, 205,383 kg in 1976 and 
in the succeeding years it decreased following a fall 
in effort by 5.5% to 56.5% and only in 1980 there was 
a recovery of the fishery wth lan^ngs of 137,815 kg 
(Fig. 2). The peak periods of catches varied 
much in the five years but usually large catches 
were obtained during January and May-October. 
The monthly CPUE varied markedly from 0.65 kg to 
18.8 kg. The annual CPUE varied between 2.6 kg 
(1977) and 9.5 kg (1980). The relative contribution 
of squids and cuttlefishes varied over the years. In 
1976 and 1980 squids formed 10.3% and 30.6% and 
in 1977-'79 they amounted to as much as 50-8%-56.2%. 
Cuttlefish formed 89.7% and 67.3% in 1976 and 1980 
respectively but in 1977-'79 they accounted for only 
42.1% to 48.3%. Octopods occurred sporadically 
in trawl catches between February and September 
and annual catches of 476 kg to 2,940 kg were obtained 
off Madras coast during 1978-'80. As in the catches 
off Waltair and Kakinada, L. duvaucelii was the 
predominant species forming 84.6% to 100%, Good 
catches of the squids were got from April to June 
and in August and November. The annual CPUE 
showed a rise from 0.80 kg in 1976 to 2.4 kg in 1980. 
Loligo sp. and Loliolus investigatoris formed 0.2% to 
10.5% of squid catches. 

The best months for cuttlefishes were January and 
May-August. The annual landings of Sepia aculeata 
varied from 11,297 kg (1979) to 52,499 kg (1980) forming 
27.9% to 56.6% of the cuttlefish landings. The annual 
CPUE increased from 0.5 kg in 1977 to 3.6 kg in 1980. 
Sepia pharaonis was the dominant cuttlefish species in 
1976 with a catch of 108,760 kg (59% of cuttlefish 
catch). The annual landings of this species varied 
between 3,452 kg and 24,719 kg (4.1% to 26.7% of 
cuttlefish landings) during 1977-'80. The annual catches 
of Sepia brevimana varied from 5,890 kg to 10,632 kg. 
Sepiella inermis formed 5.5% to 12.7% of the cuttlefish 
landings with yearly catches of 1,610 kg to 13,355 kg 
and CPUE of 0.1 kg to 0.5 kg and Sepia prashadi 
occurred only in very small quantities in two years, 
viz., 1977 and 1980. The dumpling squid Euprymna 

stenodactyla and octopods were also represented in 
the trawl catches in small quantities only. 

FISHERY AT PORTONOVO 

About 40 trawlers trawl off Portonovo coast bet­
ween Lat. i n O ' and 12° N and Long. 79''55' and 
80°10'E and moderately good catches of squids and 
cuttlefish occur. During the period May, 1976 to 
December, 1978 an estimated catch of 28,315 kg of 
cephalopods were obtained and the average annual 
catch was 10,618 kg forming an average of 1.3% of 
the total trawl catches. Sepiella inermis and Sepia 
aculeata were the dominant species in the cephalopod 
landings at Portonovo forming 39.3% and 37.6% 
respectively. Sepia pharaonis is third in importance 
(18.7%) and two species Loligo duvaucelii (3.9%) and 
Euprymna stenodactyla (0.5 %) were of minor importance. 

The contribution of squids to the total cephalopod 
catches was only 16.4% and the rest consisted of cuttle­
fishes in 1976 but in 1977 and 1978 squids contributed 
only 2.4 to 3.3% while cuttlefishes amounted to 97.6% 
and 96.7%. The estimated annual cephalopod landings 
amounted to 16,158 kg in 1977 and decreased to 
9,250 kg in 1978 (Fig. 3). There was a shift 
in the species domination from 1976 when the fishery 
was mainly supported by Sepia aculeata to later years 
when Sepiella inermis dominated in the catches. The 
annual catches of Loligo duvaucelii were low, 111 kg. 
and 526 kg. 

Cuttlefish catches were better in January and from 
May to August compared to other months. Among 
cuttlefishes the catches of Sepia aculeata varied from 
1,815 kg to 4,483 kg (28.7% to 74,7%), those of Sepia 
pharaonis from 388 kg to 4,892 kg (0.1% to 31.3%) 
and those of Sepiella inermis 227 kg to 6,257 kg (0.3 % 
to 51.6%). In March and July small numbers of 
Et^rymna stenodactyla were obtained by a few trawlers. 

FISHERY AT MANDAPAM 

About 120 trawlers based at Mandapam do otter 
trawling throughout the year and cephalopods are got 
in the trawl catches in greater or lesser quantities. 
TrawUng is carried out between Lat, 9° 10' and 10°N 
and Long. 79° and 79°20' E at depths of 10-40 m. In 
the period January, 1976 to September, 1978, a total 
of 83,611 kg of cephalopods were landed and average 
annual catch was 30,4 t forming 0.5% of total trawl 
production. 

The estimated annual cephalopod landings amounted 
to 40,579 kg in 1976 and decreased by 41.1 % to 23,903 
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kg in 1977 with a decrease in effort by 8.7% 
(Fig. 3). The catches during the period January-
September, 1978 were 19,129 kg which were only slightly 
lower than those in the corresponding period of the 
previous year (20,643 kg). Along Mandapam coast 
the best months for cephalopods were May to July. 

Cuttlefishes predominated in cephalopod catches 
forming as much as 92.7% to 96.6% and squids account­
ed for the rest (3.4 % to 7.3 %). The annual cephalopod 
catches amounted to 39,213 kg in 1976 and decreased 
by 42.8% in 1977. The best cuttlefish catches were 
obtained in January, May to July and October. The 
cuttlefish landings consisted of three species S. aculeata, 
S. pharaonis and Sepiella inermis of which S. aculeata 
was the dominant one constituting 69.8 to 83.2%. 
Sepia pharaonis accounted for 11.7 to 20.1% and 
Sepiella inermis 1.7% to 5.6%. The CPUEs of cuttle­
fishes were generally higher in the months January 
to July than in other months. The catches of the com­
mon species Sepia aculeata amounted to 33,765 kg in 
1976 but decreased by as much as 47.2% to 17,813 kg 
in 1977 which is indicative of wide fluctuations in yearly 
catches. During 1976 and 1977, the landings of Sepia 
pharaonis amounted to 4,777 kg and 3,299 kg respectively, 
Sepiella inermis is a minor component of the catches 
with annual landings of 671 kg and 1,334 kg in the two 
years. The annual squid landings amounted to only 
1,366 kg and 1,457 kg in 1976 and 1977. Loligo duvau-
celii formed 25.1% to 34.5% and the rest consisted of 
Sepioteuthis lessoniana in the two years. 

FISHERY AT RAMESWARAM 

About 140 trawlers which do bottom trawling bet­
ween Lat. 9°20' and 10°N and Long. 79° 10' and 79°40' E 
land cephalopods. The fishing grounds coincide to a 
large extent with those of the trawlers based at Manda­
pam. The cephalopod landings at Rameswaram amount­
ed to 160.61 during 1976-77 forming 1.1 % of the total 
trawl landings. The annual landings increased from 
70,823 kg in 1976 by 26.7% to 89,773 kg in 1977 
(Fig. 3) following an increase in the boat trips 
by 34.3% in the year. The average CPUE of 
cephalopods was slightly higher (2.15 kg) in 1976 
compared to that (1.93 kg) in 1977. The cephalopod 
landings were high in two periods in the year viz., 
January to March and May to July or September. 

As in the cephalopod catches at Mandapam, in the 
landings at Rameswaram also, cuttlefishes dominated 
forming 92.1% to 93.4% and squids amounted to 
only 6.6% to 8.0% (Fig. 3). The best months for 
cuttlefishes were the same as those for total cephalopods. 

The species composition of cuttlefishes was similar to 
that in the Mandapam landings. During 1976 and 
1977, Sepia aculeata amounted to 58,463 kg (82.5%) 
in total cephalopod landings and 73,936 kg (82.3%), 
Sepia pharaonis formed 5,332 kg (7.5 %) and 6.082 kg 
(6.8%) and Sepiella inermis 2,348 kg (3.3%) and 2,617 
kg (2.9%) respectively. The squid catches amounted 
to 4,685 kg in 1976 and 7,138 kg in 1977. In contrast 
to landings at Mandapam Loligo duvaucelii was the 
dominant species forming 54.7% to 62.6% among 
squid catches and Sepioteuthis lessoniana accounted for 
only 37.4% to 45.3%. 

FISHERY AT KILAKARAI 

The squid Sepioteuthis lessoniana is caught in the 
shore seines Kara valai and Ola valai and handlines. 
The annual landings of the species from Kara valai 
varied between 3,781 kg and 4,797 kg during 1973-75 
but in 1977 the catches were very low, 329 kg. 
The fishing season for the squid extends from 
January to May or June in the area. In some 
years as in 1973 and 1974 it was caught in small quanti­
ties in the second half-year period also. The peak 
catches are got in the months January to March and 
June and high CPUEs ranging from 9.3 kg to 15.6 
kg were noticed in the months of peak landings. Sepio­
teuthis lessoniana formed 5.5% to 9% of the total Kara 
valai landings during 1973-'75 but accounted for only 
0.5% in 1977. Apart from Sepioteuthis lessoniana 
stray numbers of Sepia aculeata were obtained rarely 
in March, 1974. In earlier decades the special type 
of shore seines Ola valai used to be employed regularly 
in the period January-June and Sepioteuthis lessoniana 
were caught in large numbers along the Ramanatha-
puram coast (Rao, 1954). But in the recent years 
this net is employed only occasionally even during the 
fishing season. The reason for this is that the fishermen 
owning the nets go to work in trawl fishing where they 
get better income. Sepioteuthis lessoniana landings 
of Ola valai varied from 213 kg to 761 kg during the 
fishing seasons of 1973-75 and the catch w?s 207 kg 
in 1977. This species was the predominant one 
in the catches of the gear forming 83.8% to 93.9%. 
The monthly CPUE of the species varied over a range 
of 3.8 kg to 11.6 kg. 

Sepioteuthis lessoniana is caught in small quantities 
in handlines in the Mandapam area and around Rames­
waram Island in the period October to March or April 
and sometimes up to June. The handlines are used by 
fishermen from a dug out canoe or standing in shallow 
coastal waters. The annual landings from this gear 
were meagre, 143 kg to 480 kg with monthly CPUEs 
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PiQ. 4. Monthly total cuttlefish and squid catches, CPUE and annual species percentage composition of cephalopods 
landed by shore seines, boat seines and hooks and lines at Vizhinjam during 1976-'80. 



of 0.9 kg to 12.4 kg. In earlier times the squids were 
caught with hand jigs by fishermen squatting on a look­
out pole called machan (Hornell, 1917). 

FISHERY AT VIZHINJAM 

Squids and cuttlefishes are obtained at Vizhinjam 
(Trivandrum) in shore seines, boat seines and hooks 
and lines. The total cephalopod production at Vizhin­
jam during the years 1976-'80 was 909.9 t and the three 
gears contributed 1.3%, 37.2% and 61.5% respectively. 
The average annual production was 181,783 kg and 
L. duvaucelii, Doryteuthis sibogae and Sepia pharaonis 
accounted for 41.7%, 4,1% and 54.2% respectively. 
82.9% of total L. duvaucelii production were got in 
boat seines and 14.6% in hooks and lines. 84.7% of 
Doryteuthis sibogae were caught in hooks and lines, 
10.3% in boat seines and 5% in shore seines. 95.8% 
of the cuttlefish S. pharaonis were obtained in hooks 
and lines and 4.1% in boat seines. Earlier, Radha-
krishnan (1973) reported good annual catches fluctuating 
between 43,871 kg and 176,759 kg during 1965-67 in 
the period October-November to February-March. 

About six shore seines operate at Vizhinjam and the 
total cephalopod production of shore seines during 
1976-'80 was 11,898 kg with au average annual landings 
of 2,380 kg which form 2.4% of total shore seine land­
ings. The annual cephalopod catch of shore seines 
increased steeply by more than ten times from 859 
kg in 1976 to 8,698 kg in 1978 following a rise in effort 
by 54% but decreased to 565 kg in 1980 with fall 
in effort by 37.5% (Fig. 4). Cephalopods form 
0.7% to 5.9% of total shore seine catches (average 
2.4%). The peak season is September to November. 
Squids were predominant or occurred exclusively 
forming 54.7% to 100% and cuttlefishes accounted 
for 0.7% to 45.3%. In the landings of the five year 
period 1976-80 Loli^o duvaucelii formed 80.1 %, Doryteu­
this sibogae 15.9% and Sepia pharaonis 4%. At times 
stray individuals of Sepioteuthis lessoniana, Sepia 
aculeata and Sepiella inermis occurred in the catches. 

About 200 boat seines are operated at Vizhiijam 
and in recent years in addition to these, boat seines 
belonging to neighbouring fishing villages also operate 
and land at Vizhinjam. This net is used from April to 
October and in some years up to December or March. 
The total cephalopod production of boat seines during 
1976-80 was 338,352 kg with an average annual produc­
tion of 67,670 kg accounting for 2.3% of total landings. 
The squid and cuttlefish production increased over 
four times from 33,092 kg in 1976 to 138,211 kg in 
1979 with inoreass in effort by 54% and exhibited a 

sharp decline to 21,738 kg in 1980 following a fall in 
the number of units by 52.5% (Fig. 4). My to 
September or October is the peak period of 
boat seine cephalopod fishery when highest catches 
were got. Squids were the dominant cephalopods 
constituting 67.9% to almost 100% while cuttlefishes 
formed only 0.01% to 32.1%. Among the squids 
Loligo duvaucelii formed 88.4 % to 100 % and Doryteuthis 
sibogae 0.5% to 11.3%. Solitary individuals of Sepio­
teuthis lessoniana occurred occasionally. High values 
of CPUE of L. duvaucelii were observed in September 
and October. Sepia pharaonis was the only cuttlefish 
species obtained in boat seines and its CPUE varied 
over a low range of 0.01 % kg to 2.6 kg. 

Hooks and lines are the gear in which the major part 
of the squid and cuttlefish catches are obtained along 
Vizhinjam coast. About 150-200 catamarans go out 
for fishing with this gear. The estimated cephalopod 
production of hooks and lines during 1976-'80 was 
558,668 kg with ai average annual landings of 111,734 kg. 
The annual cephalopod catches increased from 73,601 
kg in 1976 by nearly 100 % to 141,029 kg in 1978 although 
the effort decreased by 9.5%. In 1980 the landings 
were less, being 107,735 kg even though there was an 
increase in the effort put in by 8.3% as compared to 
1978 (Fig. 4). The cephalopods formed 7.1 % to 16.6% 
(average 11.5%) of the total annual hook and line 
fishery landings. The best months for cephalopod 
catches were February-March and September-October, 
sometimes extending up to December. 

In the cephalopod catches, squids formed only 4.4% 
to 28.7% (average 14.8%) whilst the cuttlefishes re­
presented by a single species S. pharaonis accounted for 
71.3 % to 95.6 % (average 85.2 %). L. duvaucelii formed 
69.3% to 100% during 1976-79, but in 1980 it accounted 
for only 14.6% of the squid landings indicating large 
variations in the contribution to the fishery. Doryteuthis 
sibogae amounted to 30.7% to 31.1% of the landings in 
1978-79 and as much as 85.4% in 1980. The peak 
months for L. duvaucelii was September when the 
CPUE was high. Doryteuthis sibogae occurred in the 
catches only during some months, January to February 
or March and October and was obtained in good 
quantities in February, 1980. The peak catches of 
S. pharaonis were obtained in the months September to 
January in Vizhiaflam area and high CPUEs were 
noticed in the months August to November and in 
some years, in January also. 

FISHERY AT COCHIN 

Cephalopods are caught by shrimp trawlers off Cochin 
coast between Lat. 9°50' and 10°10' N and Long. 75'15' 
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and 76°10' E at 15-50 m depth. On an average about 
140 trawlers do otter trawling in the area for prawns, and 
cephalopods are caught as by-catch. In the period 
19 7 7-'80 the estimated total cephalopod production 
was 781.9 t with an average annual production 
of 195.5 t. The total squid and cuttlefish landings 
rose from 132,313 kg in 1977 to 395,104 kg in 1979 
although there was a marginal decrease in effort 
by 10.2%. In 1980 there was a sharp decline 
in the landings to 72,560 kg although there 
was an increase in the fishing effort by 7.2% 
(Fig. 5). The drastic decline in the landings in 
1980 was due to the operation of much reduced 
number of trawlers in the months July to November 
owing to the non-availability of prawns. Cephalopods 
formed 0.8 % to 3.5 % of the total annual trawler landings 
at Cochin and were obtained throughout the year. 
The landings showed two distinct peaks one during 
January to February or March and another from August 
to October. The CPUE varied widely in different 
months. Very high CPUEs were recorded in October 

1977 (18.4 kg), February, 1978 (16.6 kg), September, 
1978 (25.3 kg), October, 1978 (15.1 kg), August, 1979 
(127.4 kg), September, 1979 (60.2 kg), October, 1979 
(34.2 kg) and October, 1980 (12.0 kg). The total 
squid landings increased from 57,974 kg in 1977 to 
144,943 kg in 1978 when they formed 79.7% of cephalo­
pod catch but later showed a downward trend and in 
1980 they accounted for only 16,759 kg. The peak 
periods for squids were the same as for cephalopods 
as a whole. The cuttlefish landings were highest, 
284,065 kg (71.9%) in 1979 but decreased to 55,801 kg 
in 1980. 

The squid landings consisted almost entirely of L. 
duvaucelii which formed 99.9% to 100%. LoHolus 
investigaioris were caught in small quantities in the 
months July-August in 1978 and 1979. The monthly 
CPUE of L. duvaucelii fluctuated over a wide range of 
0.1 kg to 32.3 kg, the highest values being in the months 
of peak catches. The cuttlefish catches consisted of 
four species viz., S. aculeata, S. pharaonis, S. elliptica, 
and 5. inermis the landings of all of which showed an 
ascending trend with peak catches in 1979 and sharp 
decline in 1980. The relative contribution of the four 
species varied very much. The dominant species were 
S. pharaonis and S. elliptica in 1977, S. aculeata and S. 
pharaonis in 1978 and 1980 and S. ell^tica in 1979. 
The landings of S. aculeata were low, 7,701 kg in 1977, 
rose steeply to 41,918 kg in 1979 and underwent sharp 
decline to 12,006 kg in 1980. S. pharaonis catches were 
highest, 42,402 kg in 1979 and decreased by as much as 
50.2% in the next year. S. elliptica exhibited wide 
yearly fluctuations, the catches decreasing from 20,235 kg 

in 1977 to 4,701 kg in 1978 shooting upto 1,58,354 kg 
in 1979 and declining by 92% in the succeeding year. 
The catches of S. inermis were highest, 41,391 kg in 
1979 and fell to 11,326 kg in the next year. Corres­
ponding to the trend of the landings, the CPUE of all 
the four component species exhibited an increase in 
1979 and a sharp fall in 1980. The best months for 
all the four cuttlefish species were August to October. 

FISHERY AT MANGALORE 

Cephalopods are caught by about 200 trawlers off 
Dakshina Kannada (South Kanara) coast between 
Lat. 12°30' and 13°10' N and Long. 74=30' and 74^45' E 
at depths of 9 to 40 m. The estimated annual cephalo­
pod catches in 1980 amounted to 45,897 kg (Fig. 5) 
and they formed 0.2% to 1.7% of the total trawl 
catches in the various months except in October when 
for 52 boat trips 177 kg of cephalopods were landed, 
and since in that month, the total trawl landings were 
poor (363 kg) cephalopods accounted for 47.97%. 
The best months for cephalopods in 1980 were January 
and February. In March, May and December moder­
ately good catches were got and the catches were lowest 
in September and October. 

Squids represented by a single species Loligo duvaucelii 
were predominant component of cephalopods and they 
formed 68.3% of the catches. The rest of the catch 
of 31.7% comprised of three species of cuttlefishes 
Sepia aculeata, S. pharaonis and Sepiella inermis. The 
estimated annual catch of Loligo duvmcelii was 31,353 
kg and that of the next common species was 11,126 kg 
accounting for 24.2%. Sepia pharaonis and Sepiella 
inermis were obtained in very small quantities and formed 
only 0.6% and 7% of the cephalopod landings. The 
average CPUEs of L. duvaucelii and S. aculeata were 
0.99 kg and 0.35 kg whilst those of S. pharaonis and 
S. inermis were very low. The best months for L. 
duvaucelii were December to March and the peak 
periods for S. aculeata were December to March and 
May. 

FISHERY AT BOMBAY 

Cephalopods are caught mainly by trawlers off Bombay 
coast between Lat. 18° and 20° N and Long. 72° and 
73° E at depths of 30-50 m. In dol nets operated in 
the area for Bombay duck, squids and cuttlefishes 
occur in stray numbers. About 100 to 150 trawlers 
land at two centres Sassoon Duck and New Fishery 
Jetty at Bombay. During 1977'-80 the trawlers landed 
a total of 4,580.8 t of cephalopods with an average 
annual catch of 1,145.2 t which formed 3.9% of total 
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trawl catches. The annual estimated cephalopod catches 
at both the centres together show a gradual rise from 
494,553 kg in 1977 to a maximum of 1,872, 142 kg in 
1979 and thereafter a decrease by as much as 38.1 % to 
1,158,471 kg in 1980 though there was an increase in 
effort by 5% (Fig. 6). The CPUE showed a trend 
similar to that of the catches and it was highest, 47.56 kg 
in 1979. 

Squids formed 33.3 % to 44.4% of cephalopod catches 
and the rest consisted of cuttlefish. The annual squid 
catches varied from 219,686 kg (in 1977) to 680,296 kg 
(in 1979) and cuttlefish catches between 274,687 kg in 
1977 and 1,191,846 kg. When the total squid and 
cuttlefish catches in the four year period are considered 
it is seen that cuttlefish are dominant forming 61.7% 
and squids account for 38.3%. A very interesting 
seasonal pattern is seen in the occurrence of squids 
and cuttlefishes in Bombay area. Squids are common 
in the period January to May or June and cualefishes 
are abundant in the period September-December. 

When the total cephalopod landings of trawlers 
during the period 1977-'80 are considered together, 

it is seen that Sepia aculeata was the dominant species 
forming 46.3 %, Loligo duvaucelii was the second domi­
nant species (38,3%) and the others obtained were Sepia 
pharaonis (13.7%) and S. inermis (1.7%). 

The annual landings of L. duvaucelii varied from 
219,686 kg (1977) to 680,296 kg (1979). The catches 
of the squid were especially good in the periods March-
April, 1978, January-May, 1979 and February-April, 
1980 when the CPUE varied from 21.9 kg to 41.6 kg. 
The annual catches of Sepia aculeata ranged from 
208,062 kg (1977) to 878,432 kg (1979) and decreased 
to 606,933 kg in 1980. S. pharaonis showed a similar 
trend of catches with a rise from 38,261 kg in 1977 
to 286,826 kg in 1979 and a faU to 34,070 in 1980. Peak 
landings of S. aculeata were obtained in the period Sep­
tember to December and maximum catches of S. 
pharaonis during October-December, when the CPUEs 
were also high. The yearly total landings of S. inermis 
varied between 5,550 kg (1978) and 28,544 kg (1977), 
and the best months for this species were November to 
January. 
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10 
CEPHALOPOD RESOURCES REVEALED BY EXPLORATORY SURVEYS 

IN INDUN SEAS 

E. G. SILAS, KUBER VIDYASAGAR, K. PRABHAKARAN NAIR AND B. NARAYANA RAO 

AsSTRACr 

The areawise and depth^se cephalopod catches of fishing vessels of Oovenunent of bidia and some Agencies which con­
ducted exploratory fishing in offshore areas have been presented and discussed. The raploiatory fishing by Government of India 
vessels in Bombay-Gujarat region during 1977-80 yielded a maximum of 7,609 kg of cephalopoids a year at a catch rate of 6.8 kg/h. 
The highest catch rates were recorded from the area 19-70 and the depth zone 80-89 m. In Visakhapatnam region the cephalopod 
catch was poor during 1968-75 but during 1977-80 the annual catch increased to 3,283 kg. The most intensively fished area 
was 17-83. The catch was composed of four species of cuttlefishes and three species of squids. The results of trawl surveys in other 
parts of Indian waters are also dealt with. 

iNTRODUCnON 

Although cephalopods would have formed a part of 
the general trawl catch, their inclusion in the list of 
components has come into vogue only in very recent 
years. Earlier they had been thrown overboard or 
later recognised and included in the miscellaneous 
catch. On account of this, our present knowledge of 
this group as a trawl fishery resource is quite inadequate. 
Whatever little information is available at present is 
mainly from the trawling data provided by the erst­
while Exploratory Fisheries Project (now the Fishery 
Survey of India), Government of India. Catch parti­
culars are available for the Bombay-Gujarat region 
from 1977 onwards and for the Visaldhapatnam region 
from 1968 onwards, besides some data from areas off 
Goa and the Wadge Bank. 

BOMBAY-GUJARAT REGION 

Three trawlers, viz., MEENA BHARATHI (22.5 m, 
262 b.h.p.), MEENA PRAPI and MEENA SANG-
RAHAK (each 17.5 m and 200 b.h.p.) conducted 
exploratory trawling from Bombay base during 1977-80. 

From 1977 onwards there was steady increase in 
the annual cephalopod catch and catch rate (CPUE) 
from 4,497 kg and 2.56 kg/h in 1977 to 7,609 kg and 
6.79 kg/h in 1979 but the values came down to 2,749 
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kg and 2.77 kg/h in 1980. The fishing effort showed a 
progressive reduction from 1,751.87 h in 1977 to 989.90 h 
in 1980. 

Ten areas (each 1° square) were covered during this 
period, of which six areas were fished in all the four 
years. The maximum effort (2,277.53 h) was expended 
in the area 18-72 which also contributed the maximum 
catch (6,552 kg). 

Trawling was done in nine depth zones (each having 
10-metre interval) from 20-29 m to 100-109 m. 
Except for the 100-109 m depth zone, all the others 
were covered during all the years. 

Fig. 1 shows the areawise and depthwise distribution 
of cephalopods, based on the annual average catch-per-
hour returns during 1977-80. ITie areas 19-70 and 
17-71 have yielded cqphalopods at the rate of 18.86 kg/h 
and 10.19 kg/h respectively in 1977, and the area 18-71 
at the rate of 10.92 kg/h in 1978 ; in 1977 no area contri­
buted more than 10 kg/h. In general, catch rates were 
below 10 kg/h from most of the areas and in a few cases 
it was less than 1 kg/h or nil. On an average the area 
19-70 yielded 11.75 kg/h but this area was poorly fished, 
since the effort spent was only 40.16 h during the entire 
4-year period. The most intensively fished area was 
18-72 from where the average catch rate recorded was 
3.80 kg/h with a minimum of 2.31 kg/h in 1978 and a 
maximum of 7.50 kg/h in 1979. 

129 



CEPHALOPOD LANDINGS BY 
E.F. P. VESSELS OF BOMBAY BASE, 1977-80 

(CATCH-PER-HOUR IN KG) 
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Fio. 1. Areawise and depthwise abundance of cephalopods caught by E.F.P. vessels of Bombay base during 
1977-'80 off Bombay-Gujarat Coast. 



Cephalopods were obtained from six of the nine depth 
zones covered during 1977, and the maximum cat^ 
rate of 6.28 kg/h was obtained from 60-69 m. In 1978 
more depth zones yielded cephalopods and the highest 
return (15.68 kg/h) was from 80-89 ra. In 1979 trawling 
was extended upto 100-109 depth zone which also 
accounted for the maximum catch rate of 10.28 kg/h; 
in other depth zones the catch rate ranged from 3.90 
kg/h to 7.92 kg/h. In the subsequent year no cephalo­
pods were obtained from 20-29 m, and the 100-109 m 
depth zone was not fished; among other depth zones 
50-59 m gave the highest catch rate of 7.98 kg/h. The 
maximum fishing effort (1,077.05 h) was put in the 
depth zone 30-39 m during the 4-year period, and the 
average catch rate from here was 3.54 kg/h. During 
this period the highest average catch rate (7.03 kg/h 
came from the 50-59 m depth zone. 

Fig. 1 gives the areawise seasonal availability of 
cephalopods based on the average values calculated 
from pooled monthly effort, catch and catch-per-hour 
for the period 1977-80. Except for the areas 17-71, 
17-72, 18-71 and 18-72, all the other areas were not 
regularly trawled. Even in the above mentioned areas 
there was little fishing during the monsoon months of 
June, July and August. From area 17-72 moderate to 
high catch rates of 7.78 kg/h and 17.96 kg/h were obtain­
ed in April and November respectively. March to 
June, October and December were the good months for 
cephalopods (8.63 kg/h to 22.50 kg/h) from the area 
18-71. The catch rates from the area 18-72 were bet­
ween 2.10 kg/h and 6.90 kg/h. The highest monthly 
catch rate (33 kg/h) came from the area 19-71 during 
the month of October; in all the other months when 
there was fishing, the catch rates were very poor, except 
in March (7.30 kg/h). 

The seasonal depthwise distribution of cephalopods 
is given in Fig. 1. The depth zones 20-29 m, 30-39 
m and 40-49 m only were fished in all the months, and 
most of the other depth zones were not covered during 
the monsoon months of June, July and August. In 
many of these depth zones there was a general mcrease 
in catch rates from January to April, and to May in 
some cases. Such a trend was not perceptible from 
October to December, though good catch rates were 
obtained from some of the depth zones: 7.40 kg/h 
to 18.20 kg/h from 50-59 m, 8.86 kg/h to 12.77 kg/h 
from 80-89 m. The maximum catch rate (21.23 kg/h) 
was obtained from 90-99 m depth zone in the month of 
November. 

M. T. MURAENA (69.34 m, 1,620 b.h.p.) has 
conducted trawl survey in the areas between 15° N 
fujd 24° N at a depth of 55-360 m off the northwest of 

India during the year 1977 (Bapat e/ at., 1982). A 
quiantity of 1,015 kg of cephalopods was caught and 
this.formed 0.2% of the total catch. Of this, 761 kg 
came in bottom trawl and5 254 kg in pelagic trawl. 
In both the casps the maximum catches of ceirfialopods 
were obtained from the depth range 55-90 m. The 
highest catch rats of 23.45 kg/h was recorded during 
January-February. Seven species were represented in 
the lancUngs: Sepia aculeata. Sepia esculenta, S^ia 
pharaotUs, Sepiella inermis, Lqltgo duvaucelii, Argmumta 
argo and Octopus vulgaris. (M these. Sepia aculeata. 
Sepia pharaonis saA Loligo dmOtcelii constituted the 
bulk of the catch. .While cuttlefishes were otoiind 
from almost all the <tepth ranges upto 360 m, squids 
were restricted to the depth range 55-90 m. 

The exploratory surveys in the northwestern region 
off Bombay-Saurashtra coasts by vessels operating from 
Porbander, Veraval and Bombay bases during 1978-79 
showed that cephalopods were obtained from the areas 
20-69 at a catch rate of 81.70 kg/h, 21-68 at 120.40 
kg/h, 21-69 at 88.«) kg/h, 21-70 at 116 kg/h, and 22-68 
at 96.60 kg/h (EFP, 1979a). One small square (2E) 
in the major area 2 1 ^ gave a catch rate of 138.89 kg h 
dxiring Jime-Sei«ember 1979, and this came from a 
depth of 95-96 m ; the average from the major area for 
this period was 54.61 % h (EFP, 1979b). These high 
catch rates were obtained by MATSYA NIREEKSHANI 
(40.6 m, 2,030 b.h,p.). The depth zone 50-59 m yielded 
the maximum catch rate of 110 kgh. The catch rates 
from other depth zones were 50 kg/h (40-49-m) and 
76.40 kg/h («)-69 m). The smaller vessels (17.5 m) 
recorded lesser catch rates from these areas and depth 
zones. 

, ViSAKHAPATNAM REGION 

Sekharan et al, (1973) have recorded small quantities 
of squids in the trawl catches off Vlsakhapatnam and 
Orissa coasts. These came from the areas 17-83, 
18-84, 19-85 and 19-86 between a depth of 9 m and 
llira. According to Muthu et al, (1975), cephalopods 
formed 0.95% of the total catch taken in commercial 
trawling off Kakinada during 1968-70 by trawlers of 
the size 9.14 m, 9.75 m and 11.41 m. In subsequent 
operations in the same area during 1971-74 period 
they accounted for 1.22% of the total catch (Nata-
simham et al, 1979). 

The Exploratory Fisheries Project operated seven 
vessels from Visakhapatnam base during 1968-80: 
M. T. ASHOK (200 b.h.p.), M.F.V. CHAMPA (165 
b.h.p.), M. V. MEENA SHODHAK, M. V. MEENA 
JAWAHAR, M. V. "MEENA PRADATA (each 17,5 m 
and 200 b.h.p.), M.'Y. MATSYA SHIKARI (39,8 m 
and 1,740 b.h.p;) and M. V. MATSYA DARSHINI 
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(36.5 m and 1,160 b.h.p.). The data in respect of 
trawl fishing conducted by these vessels are available, 
the analysis of which revealed the following results : 

During the period 1968-75 the annual cephalopod 
catch varied from a very negligible 31 kg to a maximum 
of 881 kg. Almost the entire catch came from a single 
area, 17-83, which alone was fished during all the 
years. During 1968-71 only this area was fished. 
The area 16-82 was trawled in 1973 and 1975 but there 
was no cephalopod catch ; the area 17-82 was fished in 
1972, 1974 and 1975 but only in 1975 there was small 
catch of cephalopods. The areas 18-83 and 18-84 
yielded cephalopods in 1972 and 1975 and there was 
no catch in 1974. The area 19-85 was trawled in 1975 
but did not yield cephalopods. 

Of the six depth zones explored during the period, 
30-39 m and 40-49 m depth zones yielded cephalopods 
throughout; no catch was obtained from 20-29 m depth 
zone in 1970 and 1973. The maximum catch and catch 
rates were recorded from 40-49 m depth zone. 

The areawise average monthly catch particulars 
for the period 1968-75 showed that the area 
17-83 yielded cephalopods in all the months. The 
higher catch rates from this area came during April, 
May, November and December. Other areas were 
not fished in all the months. Some of these areas 
gave high catch rates but the monthly effort put in was 
very small, 0.72 h to 1.20 h. Except the depth zones 
10-19 m and 60-69 m, all the other depth zones 
were fished all through the months. Of these, 
20-29 m depth zone did not yield any cephalopods in 
some months. The maximum average monthly catch 
came from 40-49 m (34 kg and 1.27 kg/h) and 50-59 m 
(24 kg, and 1.75 kg/h) during April, and from 30-39 m 
(29 kg and 0.8 kg/h) during May. 

During the period 1976-80, the cephalopod landings 
increased from 1,449 kg forming 1.20% of the total 
fish catch in 1976 to 3,283 kg (2.50%) in 1977, but 
afterwards there was decrease to a Tniryimutn of 
885 kg (0.31%) in 1980. The catch rates also 
showed similar trend: from 0.87 kg/h in 1976 it in­
creased to 2.79 kg/h in 1977 and decreased in the sub­
sequent three years to 2.18 kg/h, 0.82 kg/h and 0.52 
kg/h. The effort put in was the maximum (1,946.74 h) 
in 1979. 

Nine areas were covered during the period 1976-80, 
of which only three areas, viz. 17-83, 18-83 and 18-84 
were fished in all the five years ; 16-81, 16-82 and 17-82 
were fished in four years, and 15-80, 15-81 and 17-84 
in one year Fig. 2. Of these, the most intensively fished 
area was 17-83, where a total effort of 4,318.30 h 
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was put in for a return of 5,990 kg durmg the 5 year 
period at an average catch rate of 1.39 kg/h. Five 
depth zones, 20-29 m, 30-39 m, 40-49 m, 50-59 m and 
60-69 m, were fished in all the years. The depth zone 
10-19 m was fished in three years and 70-79 m and 
80-89 m in one year. 

Fig. 2 shows the areawise and depthwise distribution 
of cephalopods, based on the annual average catch-per-
hour returns during the 5-year period 1976-80. The 
area 18-84 yielded cephalopods at the rate of 4.64 kg/h 
during 1977 and 3.65 kg/h during 1978. The catch 
rates from the area 18-83 were 2.14 kg/h in 1977 and 
2.66 kg/h in 1978. Besides these, the only other area 
which gave catch rates above 2 kg/h was 17-83 (2.71 
kg/h in 1977). In all the other years the areawise catch 
rates were less than 2 kg/h in many cases and less than 
1 kg/h in most cases. 

The most intensively fished depth zones were 40-49 m 
and 30-39 m, where the efforts put in were 2,279.73 h 
for a realisation of 3,246 kg of cephalopods at the rate 
of 1.42 kg/h, and 2,273.60 h for a catch of 3,370 kg 
at the rate of 1.48 kg/h, respectively. The depth zones 
20-29 m, 50-59 m and 60-69 m yielded catch rates bet­
ween 2.46 kg/h and 8.07 kgh in 1977, and between 
1.27 kg/h and 4.10 kg/h in 1978. 

Fig. 3 gives the areawise seasonal distribution of 
cephalopods based on the averages calculated from 
pooled monthly effort and catch-per-hour for the 
period 1976-80. Only the area 17-83 was fished all 
through the months. Maximum number of areas 
were fished in March ; during Jime to August the 
coverage was the m'nimum. In general, the catch 
rates did not show much monthly variation. 

The seasonal depthwise distribution (Fig. 2) 
indicates that the depth zones 20-29 m to 50-59 m, 
fished in all the months, have yielded cephalopods 
at catch rates varying from 0.49 kg/h in March (50-59 m) 
to 4.75 kg/h in the same month (20-29 m). The maxi­
mum catch-per-hour (12.43 kg/h) was recorded from 
60-69 m depth zone in July but the average effort put 
in was only 1.13 h. On the whole the higher catch 
rates were obtained from many depth zones during 
January, March, April, May, July, August, November 
and December. 

The cephalopods obtained in exploratory trawling 
were composed of the squids Loligo duvaucelii and the 
cuttlefishes Sepia aculeata. Sepia pharaonis. Sepia 
brenmana and Sepilla inermis. Besides these species, 
stray numbers of the squids Doryteuthis singhalensis 
and Loliolus investgatoris also contributed to the catch 
to a very small extent. The monthly landings of squids 
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and cuttlefishes, their gross catch-per-hour and the 
anniial specira composition ctf the landings are shown 
in Fig. 3. 

In all the years, except 1978, cuttlefishes were more 
in quantity than squids, forming as much as 67.9% 
in 1976, 55.2% in 1977, 61.6% in 1979 and 76.7% 
in 1980. In 1978 the squids and cuttlefish were in 
almost equal proportions (50.4% and 49.6% respectively). 
The highest monthly catch rate for squids was 2.94 kg/h 
recorded in March 1977. During the years 1977 and 
1978 the catch rates of 1-2 kg/h were obtained in II 
months. Diiring the rest of these two years, and during 
the other years the monthly catch rates were less than 
1 kg/h. For cuttlefish the highest catch rate was 3.68 
kg/h in My 1977, followed by 2.49 kg/h in November 
1980. In 20 months during the 5-year period the catch 
rates were between 1 kg/h and 2 kg/h. 

Loligo duvttucelii: This is the single species that 
constituted almost the entire squid fishery. The higher 
catch of 1,468 kg was obtained in 1977 forming 44.7% 
of the total cephalopod landings that year. The 
maximum monthly catch (265 kg) was in March at a 
catch rate of 2.94 kg/h. The catch rates in other 
months varied between 0.49 kg/h and 1.60 kg/h. In 
1978 the catch came down to 1,203 kg at a catch rate 
of 1.05 kg/h forming 48.3% of the total cephalopods. 
The monthly catch rates ranged from as low as 0.10 kg/h 
to 1.90 kg/h. In 1976, 1979 and 1980 the catches were 
low, being 452 kg, 610 kg, and 206 kg respectively. 

The length frequency distribution of Loligo duvaucelii 
for 1976-80 ranged from 20 mm to 169 mm, and in the 
individual years the size ranges were : 20-169 mm (1976), 
30-169 mm (1977, 1978), 30-139 mm (1979) and 50-159 
mm (1980). In most of the months the frequency 
distribution was unimodal, and only in a very few 
months there were more than one mode. The monthly 
modal values ranged from 45 mm to 145 mm. The 
annual length frequency distribution shows that the 
maximum frequency was at 75 mm in 1976 and 1977 
at 85 mm in 1978 and 1979, and at 105 mm in 1980. 
It is noticed that the bulk of the squid catch is compose 
of individuals below about 100 mm. Since the sized 
at which 50% of the squids in this area reach maturity 
is 76 mm for males and 108 mm for females (see Chapter 
4) the mainstay of the fishery is the squids that are 
maturing or have attained maturity. 

Sepia aculeata; This was the most important cuttle­
fish obtained in exploratory trawl fishing. The annual 
catch VMied from 417 kg in 1980 to 937 kg in 1977. 
The annual contribiitton to the oephalopod fishery 

varied from 28.5 % in 1977 to 48 % in 1976. The highest 
monthly catch rates during the first three years were 
1.12 kg/h in December 1976, 1.47 kg/h in My 1977 
and 1.42 kg/h in November 1978. In other years the 
monthly catch-per-hour returns were very low. 

The length frequency distribution of Sepia aculeata 
ranged from 30 mm to 179 mm in 1976, 20 mm to 
169 mm in 1977, 40 mm to 169 mm in 1978, 50 mm to 
169 mm in 1979, and 70 mm to 169 mm in 1980. The 
data for April-December 1978, and the whole years of 
1979 and 1980 were meagre. In 1976 there were three 
modes, at 75 mm, 115 mm and 145 mm, and in 1977 
there was only one mode, at 95 mm. Most of the cuttle­
fish were matiuring or mature. 

Sepia pharaonis: During the 5-year period 1976-80 
the annual landings of this cuttlefish formed 12.3%, 
18%, 3.9%, 26% and 14.4% of the total cephalopod 
landings in the respective years. The monthly catch 
rates were uniformly low, except in July 1977 (2.28 
kg/h) and November 1980 (1.74 kg/h). The size of 
this cuttlefish ranged from 60 mm to 249 mm, with 
majority within the range of 140-179 mm. 

Sepia brevimana: This cuttlefish formed 3.9% to 
14.2 % of the annual cephalopod landings. The bluest 
annual catch was only 279 kg (1978) obtained at a 
catch rate of 0.24 kg/h forming 11.2% of the total 
cephalopods. This species was caught in small quant-
ties in all the months of that year. In size this is a 
small cuttlefish; in trawl catches it ranged between 
35 mm and 104 mm. 

Sepiella inermis; The catch of this cuttlefish, was 
very negligible, the annual landings varying between 
9 kg and 123 kg. The highest annual contribution to 
the total cephalopod catch was only 4.9% (1978). 
Except in March and April this cuttlefish was obtained 
in very small quantities in all the months of 1978. One 
of the smallest among commercial species of cuttle­
fishes, in ihe surveys this had a size range of 35-75 mm. 

OTHER AREAS 

In the exploratory survey oflf Goa by M. T. KAL-
YANI IV and V in 1967-68, two major areas, 15-73 
and 16-73, have yielded cephalopods which formed 
1.03% of the total trawl landings (Rao and Dorairaj, 
1968). The catch rates were 11-20 kg/h in 15-73(2E, 
4B and 5D; 6-10 kg/h in 15-73/3A, 3E, 4A, 4D, 5B, 
5C, 6C, 6D and 16-73 3B; upto 5 kg/h in 15-73(2C, 
2D, 3B, 3C, 3B, 4C, 4E, 6B, 16-73 IB, 2B, and 2C. 
The depth from which they were fished was 10-70 m, 
with maximum catch rates coming from 30-39 m depth 
zone. In the survey off Goa during 1978-1979 very 
small quantities of oephalopods were obtained from 
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the areas 14-73 and 15-73 at catch rates of 0.80 kg/h 
and 1.10 kg/h respectively. In these areas the catches 
were recorded from a depth range of 20-59 m (EFP, 
1979c). 

In the trawl survey off Karwar by three small vessels 
(8.5m, 10.6 m and 13.1 m) of the Indo-Norwegian 
Project, cuttlefish formed 1.33% of the total fish catch. 
The survey was carried out during 1963-66 in areas 
between 14° 30'-15° N and 73°40'-74°20' E upto a 
depth of 20 fathoms (36 m) (Bapat et al., 1972). 

During the exploratory trawling off Alleppy and 
Ponnani in Kerala by M. F. V. KALAVA in 1963 
300 kg of squids forming 1.9% of the total catch were 
taken from a depth of 274-329 m (Tholasilingam et al, 
1968). During 1978-79 period, the 17.5 m trawlers 
of the Exploratory Fisheries Project operated off Kerala 
coast. The areas 8-76, 9-75, 9-76, 10-75, 10-76 and 
11-75 have yielded cephalopods at catch rates varying 
from 0.40 kg/h to 5.30 kg/h. They were trawled from 
a depth of 20-89 m the maximum catch rate of 6.3 
kg/h coming from 50-59 m. The areas 12-80 and 13-80, 
off Tamil Nadu have yielded cephalopods from a depth 
range of 40-69 m but the catch rates were very insigni­
ficant (0.10 kg/h to 0.20 kg/h) (EFP, 1979c). According 
to Sulochanan and John (1982) exploratory survey 
during 1979-'81 on the southwest coast indicates that 
productive grounds for cephalopods occur off Calicut 
and Quilon and in the Wadge Bank. 

In the exploratory trawUng by R. V. VARUNA and 
other vessels in the neritic deep waters and the upper 
continental slope on the southwest coast of India during 
1966-68, cephalopods formed a part of the trawl net 
and drift net catches obtained from a depth of 75-450 m 
(Silas, 1969a). The cephalopods in trawl landings 
included small quantities of the octopod Berrya keralensis 
besides the cuttlefish Sepia. In the exploratory drift 
net fishing on the southwest coast of India and in the 
Laccadive Sea during August 1965 to January 1968, 
the oceanic squid Symplectoteuthis oualaniensis was 
found to occur in most of the shelf and oceanic areas. 
Silas (1969a) has charted out the areas of occurrence 
and the areas of abundance of this squid, pointing to 
the need to collect more information on the economi­
cally important oceanic squids for exploring the possi­
bilities of developing a fishery. 

The UNDP/FAO Pelagic Fisheries project Surveys 
in the southwest coast and part of the Gulf of Mannar 
showed that the cephalopods formed one of the compo­
nents of the catches taken in the pelagic and bottom 
trawls (UNDP/FAO 1974a, 1974b, 1976a, 1976b. 1976c. 
1976cl, 1977). Squids formed an average of 1.60% 
(range 0.60-13.30%) of the total catch taken in pelagic 

trawl from the areas between 8° N and 15° at N a depth 
of 20-39 m. In the subsequent operations of this gear 
at depths 20-80 m, squids formed 3.34% of the total 
catch in Quilon-Kanyakumari area and the Gulf of 
Mannar area. In Quilon-Mangalore area they accoimted 
for 1.50% of the total catch obtained from depths 
up to 80m, whereas in Mangalore-Ratnagiri area, they 
formed 2-25%. In bottom trawling the percentage 
contribution of cephalopods to the total catch was 
5-50% from Quilon to Kanyakumari and Gulf of 
Mannar, 1-30% from Quilon to Mangalore and 1% 
from Mangalore to Ratnagiri. 

The exploratory survey of the Wadge Bank carried 
out by MATSYA NIREEKSHANI during October-
Decembsr, has revealed good grounds for cuttlefish 
(EFP, 1982). The areas 7-77, 7-78, 8-76, 8-77 and 8-78 
yielded cuttlefish at catch rates upto a maximum of 
176 kg/h. This catch rate of cephalopods, the highest 
recorded so far from any area in our waters, was ob­
tained from the area 8-78 at a depth of 34-42 min 
November 1981. In this area the cephalopods formed 
87.8% of the total trawl catch. In the area 8-77 the 
depth zone 20-39 m yielded cuttlefish at a rate of 75.40 
k^h. The present survey, though very short, has 
indicated the richness of Wadge Bank area for cephalo­
pods comparable to, or even better than, that of the 
northwestern region. 

The liberalised charter policy of the Government of 
India has resulted in issue of licence to a good number 
of Taiwanese trawlers to operate under charter agree­
ment in our shelf waters. Bull-trawling (pair-trawling) 
has been the main method of fishing. The vessels 
have a fish hold capacity of 150 t or more and were 
mainly fishing off the Saurashtra-Maharashtra coast. 
Special effort was expended for cuttlefishes and squids. 
It is estimated that 30% or more of the catches stored 
in the hold were cuttlefishes and another 10-20% 
squids, and the rest finfish species of preference in the 
eastern markets. The details of the number of chartered 
vessels operating in the grounds and the number of 
voyages each vessel undertook yearwise are not available 
with us. However, the species of cuttlefishes and squids 
thus harvested in large quantities from this continental 
shelf area are mainly Sepia pharaonis. Sepia aculeata, 
Sepia elliptiea and Loligo duvaucelii. 

The chartered vessels are expected to operate beyond 
40 fathoms (73 m) but there have been several infractions 
and some have been impounded for fishing in shallower 
inshore waters. It is understood that due to indiscrimi­
nate slaughter fishing by the chartered pair-trawlers 
infringing also into waters less than 40 fathoms the 
charter arrangement for such operations is being phased 
out. 
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11 
OCTOPOD RESOURCES 

E. G. SILAS, R. SARVESAN AND K. SATYANARAYANA RAO 

ABSTRACT 

The Octopod resources of the Indian seas arc dealt with and the possibilities for organising a fishery by adopting modem 
methods of fishing are discussed. 

INTRODUCTION 

Among cephalopod resources, octopods are the least 
exploited in India. It is known that octopods occur 
in fair quantities in different parts of the Indian coasts 
(Hornell, 1917). In earlier years there has been fishing 
of octopods in some areas along the mainland coast. 
However, at the present time, the exploitation of octo­
pods is chiefly in the Nicobar Island and in the Lakshad-
weep where it supports subsistence fishery. 

As many as 200 species of Octopodidae are known 
to occur in the World Oceans (Worms, 1983). Of 
these about 60 species are known from the Indian 
Ocean (Hoyle, 1886 ; Goodrich, 1896 ; Massy, 1916 ; 
Robson, 1929 ; Adam, 1938, 1939b ; Oommen, 1966, 
1967, 1971, 1976, 1977a ; SUas, 1968 ; Pickford, 1974 ; 
Roper et al., 1984). Thirty eight species of octopods 
belonging to the family Octopodidae, Tremoctopodidae, 
and Argonautidae abound the Indian Seas including 
Andaman and Lakshadweep Seas (Table 1). Of these. 

TABLE 1. Distribution of species of octopods in the Seas around 
India 

Seas uound Mainland Andaman Sea Lakihadweep 
Isaods* 

Octopus aegina Gray Octopus arboreseens Octopus 
(Hoyle) gardtner 

Octopus areolatus Orbigny Octopus elegans Brook (Hoyle) 
Octopus cyaneus Gray 
Octopus defilippiVcTiny 

Octopus doUfusi Robson 

Octopus cyaneus Gray 
Octopus globosus 

Appellof 
Octopus hongkongemis 

Hoyle 

Octopus fusiformis 
Brook 

Octopus globosus 
Appellof 

Octopus herdmani 
Hoyle 

Octopus hongkongensls 
Hoyle 

Octopus macropus Risso 
Octopus membranaceus 

Quoy &Gaimard 
Octopus pallida Hoyle 
Octopus rugosus Bosc 

Octopus varunae Oommen 

Octopus winekworthi 
(Robson) 

Cistopus Indicus 
(Orbigny) 

Scaergus unicirrhus 
Orbigny 

ffapalochlaena maculosa 
(Hoyle) 

Berrya annae Oommen 
Berry a hoy lei (Berry) 
Berrya keralensis 

Oommen 
Teretoetopia alcocki 

Robson 
Teretoctopus indicus 

Robson 
Tremoctopus vlolaeeus 

Delia Chiaje 
Argonauta argo Linnaeus 
Argonauta Mans Solander 

Octopus horridus 
Orbigny 

Octopus michalumpshrot 
Goodrich 

Octopus nierstrazi Adam 

Octopus prashadi Adam 

Octopus rugosus (Bosc) 
Octopus taprobanensis 

Robson 
Octopus vulgaris Cuvier 
Teretoctopus alcocki 

Robson 
Berrya keralensis 

Oommen 
Benthoctopus profundorum 

Robson 
Tremoctopus vlolaeeus 

Delia Chiaje 
Argonauta bottgeri 

Maltzan 

* tbo resowve information >$ incomplete. 
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the common species are Octopus dollfusi, Octopus 
globosus and Cistopus indicus. 

Many octopods such as Octopus dollfusi, O. cyaneus, 
O. aegina and Cistopus indicus occur in shallow coastal 
waters in the intertidal and subtidal areas among 
rocks, stones or corals hiding themselves among 
crevices. Unlike squids and cuttlefishes octopods 
lead a solitary life and do not form schools. Some 
species such as Berrya spp. occur in deep waters along 
the continental shelf edge and upper continental slope. 
A few others such as Ocythoe and Tremoctopus are 
pelagic (Voss, 1973). 

Some octopods are known to make seasonal migra­
tions which are influenced by breeding activity. 
Octopods are exclusively carnivores and they feed on 
crustaceans, fishes and moUusus. There is very little 
information on the biological aspects of octopods of 
Indian Seas. Sarvesan (1974) studied the brooding 
habits of Octopus dollfusi. 

At present there is no demand for octopods within 
the country except in the bait fishery and where they 
are caught as subsistence fishery. There appears to be 
scope for developing an octopus fishery, particuarly 
in the Andaman, Nicobar Islands, the Lakshadweep, 
the Gulf of Maninar and Palk Bay and the Gulf 
of Kutch. 

SUBSISTENCE FISHING 

Shell traps consisting of lines of shells such as Lambis, 
Tonna dolium, Rapana bulbosa, Murex virgineus and 
Hemifusus were commonly used for fishing octopus 
at Tondi, Devipatnam and Mandapam on the south­
east coast of India (Hornell, 1917 ; Sarvesan, 1974). 

As early as in 1902, Boden Kloss in his travels through 
the Andaman and Nicobar Islands wrote about the 
torch light fishing in Car Nicobar. One of us (E.G.S.) 
had occasion to witness this in January, 1960 at Car 
Nicobar. During low tide extensive areas of this reef 
are exposed and when this happens at night hundreds 
of villagers congregate along the shoreline with 2 metre 
or longer torches made of dried coconut palm leaves 
which would keep burning for a couple of hours. 
Different types of spears are used for spearing fish and 
octopods from the coral rock pools and from between 
submerged boulders. This is almost a ritual fishing 
and may last for about two to three hours at night. 

During daytime, at Malacca Bay, Car Nicobar 
(Pis I and II) when the tide is receding, women and 
children can be seen harpooning in or poisoning coral 
rock pools for fish and octopods, The poison used 

is the seed of Barringtonia which tree is abimdant 
along the water front. The spiny rachi of a palm is 
used as the base for grating the seed and the mash is 
mixed in the water in tide pools or in receding rivulets 
which are at one end fimnelled to a trap using coconut 
palm leaves on dead coral boulders (PI. I D). The 
different types of spears and harpoons used in fishing 
from the reef area (photographs by E.G.S.) are shown 
in PI. III. 

At Agati one of us (E.G.S.) has seen octopods being 
caught from the lagoon and reef by using along, 
straight iron rod barbed at the tip. The octopods 
(species not confirmed) caught weigh about 700 gm to 1 
kg or so and are used for local consumption and as bait. 

OCTOPUS FISHING IN OTHER COUNTRIES 

The octopod fisheries and fishing methods adopted 
in the major octopod producing countries are relevant 
and hence are briefly dealt with below. Major exploi­
tation of octopods is concentrated in the Pacific and 
Atlantic Oceans and the Mediterranean Sea by various 
countries of which Spain, Japan, Republic of Korea, 
Italy, Morocco, Thailand, Mexico, Portugal, U.S.SR. 
and Tunisia are leading in production. The world 
octopod production was of the magnitude of 
190,1291 in 1981 accounting for 14.6% of world total 
cephalopod production (F.A.O., 1983). The octopods 
contribute slightly more than the cuttlefishes to the 
world cephalopod production as the latter accounted 
for 13.7% in the world production. Spain is the 
foremost country in octopod production with an 
annual production of 61,5891 in 1981. Japan has 
been the leading country until recently but her pro­
duction has declined and was 56,7491 in 1981. The 
average annual octopod production of the ten major 
countries during 1977-'81 are given in Table 2. It may be 

TABLE 2. Average annual octopod production in ten leading 
countries during 1977-'81. 

Country 

Spain 
Japan 
Republic of Korea 
Italy 
Morocco 
Thailand 
Mexico 
Portugal 
U.S.S.R. 
Tunisia 

Production 
(tonnes) 

57,885 
56,749 
18,333 
11,535 
9,482 
6,460 
5,791 
5,065 
4,137 
3,416 

Source; F,A,0.(1983) 
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PLATE II. A-C. Malacca Bay, Car Nicobar at low lidc when wonien and children 
fish for fill fishes and octopods after poisoning the rock pools and 
receding rivulets and also use traps (B). (Photos : I;;. G. S.) 
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seen that fairly good quantities of octopods are 
also harvested by the Republic of Korea and Italy. 
Most of the species of octopods exploited in com­
mercial fisheries in various parts of the world belong 
to the genera Octopus, Cistopus and Eledone. 

Spain's octopod production in the Eastern Central 
Atlantic is obtained from bottom trawling by medium 
and large stern trawlers (Anon, 1977). The catches 
comprise of three species of octopods viz.. Octopus 
vulgaris, Eledone cirrhosa and Eledone moschata-
Japan exploits octopus resources present in her coastal 
waters, the oceanic areas around Hokkaido in the 
Pacific Ocean and distant waters in the Eastern Central 
Atlantic Ocean off Sahara and Mauritania. 

In Japanese waters there are two distinct octopod 
fisheries, fishery in the Inland Sea and that in oceanic 
waters. In the octopod fishery in the coastal waters of 
the Inland Sea of Japan which is mainly for Octopus 
vulgaris from Hokkaido to Okinawa and the northern 
oceanic fishery around Hokkaido for larger-sized 
species such as Paroctopus dofleni, the bottom trawl 
is the main gear employed. Octopus fishing in the 
coastal waters of Japan is carried out aUnost throughout 
the year and accounts for 30 per cent of Japan's octopod 
production. Fishing is generally restricted to 20-30 m 
depth and has been recently extended to 80 m zone. 
Fishing operations are conducted when tidal current 
is strong. The stocks in the inshore waters consisted of 
Octopus vulgaris and Octopus ocellatus and are fished 
by trawling and gears such as octopus pots, trailing 
hooks, long lines, hand lines and spears. The fishing 
methods and gears employed depend on the behaviour 
of the octopods and nature of the environjnent. 

Fishing with octopus pots takes advantage of the 
hiding habit of octopus in crevices and hollows in the 
reefs or rocky areas. Ceramic pots of different sizes 
and shapes or wooden boxes are tied in series to a 
m^n line and laid on the sea bottom with or without 
bait. Each unit or ' basket' consists of 600 to 800 
metre mainline with 50-100 pots or boxes. The pots 
are lifted after 1-3 days. In recent years ceramic 
pots and wooden boxes are being replaced by boxes of 
vinyl chloride (Yamashita, 1976). 

Trailing hooks operated in waters of 10-50 m depth 
from a small boat are hooks with fish or entrails of 
octopus as bait and provided with a line and they are 
dragged over gravel or rocky bottom. The trailing 
hooks arc also operated by allowing them to drift 

with the current or the wind, attached to buoys 
(Yamashita, 1976; Anon, 1981). One fisherman can 
operate 15-20 such hooks from a small boat of less 
than 3 t. The length of the lines from buoy to the 
hook is carefully adjusted according to the nature of 
bottom and water depth and is approximately 1.3 
times the depth. When an octopus is entangled, the 
buoy stops drifting and the line is hauled up. 

Long-lines employed in octopus fishing in Japan 
consists of a mainliae 450-2,000 m in length with about 
2,000 hooks. The long-lines are of two types, those 
with baited hooks and those without bait. In the 
latter type of hooks the reverse movement of octopus 
is made use of for hooking. Ihe long-lines can be 
used by a fisherman with a small boat of 51 capacity 
and a set of 10-20 long-Tines are laid at depths ranging 
from 70-150 m. The fishery is conducted during the 
spawning season of octopods when they migrate from 
deeper to shallow waters. 

Handlines with various types of barbless hooks 
arranged around a stem like a jig are also employed 
in octopus fishing. The handline hooks are usually 
baited and operated from a small boat in shallow to 
moderately deep waters. 

Apart from the above methods of fishing, spears, 
harpoons or rakes are also used in Japan for catching 
octopus found in shallow waters in the subtidal zone. 
In this method the fisherman make use of a glass 
bottomed bucket to locate octopus crawling at the 
bottom. 

Three species of cotopods Octopus aegina, 0. dollfusi 
and Cistopus indicus are obtained in bottom trawl nets 
from the continental shelf of Hong Kong. 0. aegina 
occurs at depths of 30-120 m in Hong Kong waters 
and the annual production of this species is about 1001 
(Voss and Williamson, 1971). Octopus dollfusi and 
Cistopus indicus are distributed from shallow depths 
upto to 50 m. Cistopus indicus is a common octopod 
captured in kelongs of Singapore and consumed 
(Pickford, 1974). 

A keen demand exists for octopod products in some 
countries especially Japan (Anon, 1977 ; Santhana-
krishnan, 1984). There are good possibilities for 
organizing a fishery in the country for this non-
conventional resource by adopting suitable methods 
for their sustained exploitation. 
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12 
OCEANIC SQUroS 

E. G. SILAS, R. SARVESAN AND M. M . MBIVAPPAN 

ABSTRACT 

The various speeies of oceanic squids distributed in the Indian Ocean especially in the Exclusive Economic Zone of India 
and adjacent waters and their importance form the point of view of exploitation are discussed. The need for conducting 
experimental fishing and use of suitable fishing and drift net fishing for developing a fishery for oceanic squids is emphasized. 

INTRODUCTION 

The oceanic squids are comprised of the Oegopsida, 
which are distinguished by the presence of an opening 
(slit) in the corneal membrane exposing the lens of 
the eye to the surrounding medium. Excepting a very 
few, e.g., Todarodes pacificus and Illex illecebrosus, 
almost all oceanic squids spend their entire life span in 
the open ocean. 

There are about 200 species of oceanic squids belong­
ing to 28 families known to occur in the world oceans 
(Worms, 1983). Our knowledge about the oceanic 
cephalopods of Indian Ocean is through the works of 
Clarke (1966), Filippova (1968) and Silas (1968, 1969 a, 
1969 b and Silas et dl. (1976). A comprehensive list 
of species of cephalopods known from the Indian 
Ocean has been given by Silas (1968). In. that work, 
sixty nine species of oceanic squids representing forty 
three genera of thirteen families are reported from this 
region. Many of the oegopsid squids and a few other 
cephalopod species are considered to form stocks which 
have been hitherto unexploited in the Indian Ocean 
and the seas around India. Some of the commercially 
important squids are known to abound in our Exclusive 
Economic Zone and contiguous areas. Upto now no 
quantitative estimates have been made of the available 
resources. However, the exploratory works and 
planktological investigations carried out in the past 

indicate that extensive resources exist especially in the 
North Arabian Sea, off west coast of India and in the 
oceanic waters of the Bay of Bengal. We have some 
idea of the general distribution of many of these oceanic 
squids and their juveniles. The report by Filippova 
(1968) based on the large collections of cephalopods 
made from a total of 190 stations in Indian Ocean by 
R/V VITYAZ (1959-67), R/V ACADEMICIAN 
KNIPOVITCH (1966) and by the Factory Ship 
SOVETSKAYA ROSSIA (1966-67) throws more Ught 
on the occurrence of some of these species in the 
different areas of the Indian Ocean up to 4rS. Silas 
(1969) has presented the results of the investigations 
made during cruises of R.V. VARUNA on the distri­
bution and abundance of cephalopod larvae, juveniles 
and adults belonging to the families Loliginidae, 
Enoploteuthidae, Bathyteuthidae, Histioteuthidae, 
Ommastrephidae and Cranchidae. Based on the 
observations made, the idistributional charts with in­
formation on the seasonal cycles of abundance per­
taining to Abralia andamanica, Abraliopsis gilchristi, 
Rhyncoteuthis larvae of Symplectoteuthis omlaniensis, 
Doratopsis stage of Chiroteuthis sp., Liocranchia spp. 
and Thelidioteuthis alessandrinii have been given. 

Studies on the distribution and relative abundance 
in time and space of cephalopod juveniles in general have 
been made by Aravindakshan and Sakthivel (1973). 
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The studies were based on plankton collections obtained 
from a wide area during the Internatioal Indian Ocean 
Expedition from the Bay of Bengal, Somalia Sea, North 
Arabian Sea and East Arabian sea. A comparison 
of occurrence of cephalopod juveniles in different 
areas showed that they are abundant in the Bay of 
Bengal, Andaman Sea, southwest off Sri Lanka, off 
Kutch, South Arabian Coast, parts of Somali Coast, 
certain isolated areas along equaltorial zone and 
southern area off South African Coast. Seasonal 
variations in the abundance of cephalopod juveniles 
with peak abundance during southwest monsoon 
period in the Bay of Bengal (April-September) were 
observed in these areas. In the North Arabian Sea, 
the major peak (was noticed in November and 
December followed by a minor peak in June and July. 
The general pattern observed is that juveniles are more 
abundant along the South Arabian Coast during the 
northeast monsoon period than in other months 
whereas their abundance is during southwest monsoon 
period in the Bay of Bengal (Aravindakshan and 
Sakthivel, 1973). 

Prevalence of similar conditions has been reported 
along the west coast of India (Silas, 1969). The 
larvae of cephalopods were in greater abundance during 
the periods April-July and November-December in the 
Wadge Bank off Cape Comorin and between Quilon 
and Cochin. 

It is interesting to note that of all the areas 
explored in the Indian Ocean, greater abundance of 
cephalopod larvae and juveniles were recorded in the 
Bay of Bengal area, in the Wadge Bank off Cape 
Comorin and areas off Kutch in the northwest coast 
of India. 

Although a number of species occur in oceanic 
waters, many owing to their small size and unfavourable 
consistency of their body, are not suitable for human 
consumption but are important as forage to tunas, 
billfishes and toothed whales. Only a few species of 
oceanic squids are commercially and potentially 
important and they belong to the families Ommastre-
phidae, Histioteuthidae, Lepidoteuthidae, Onychoteu-
thidae, Veranyidae, Gonatidae and Cranchiidae (Voss, 
1973). A list of selected oceanic species of cephalopods 
distributed in Indian ocean based on the work of Silas 
(1968) and Filippova (1968) is given here (Table 1). Of 
these, the members of the family Ommastrephidae are 
by far the most important because many species of 
this family are already exploited in commercial fisheries 
by some countries particularly in the Pacific and 
Atlantic waters. 

TABLE 1. Ocemic Species of Cephalopods of 
importance distributed in the Indian Ocean 

Region (Silas, 1968) 

Family Lycoteuthidae Pfeffer 
Lycoteuthis diadema (Chun) 

Family Enoploteuthidae Pfeffer 
Enoploteuthis dubia Adam 
Abralia andamanica Goodrich 
A. steindachneri Weindl 
A. renschi Grimpe 
A. lucens Voss 
A. armata (Quoy and Gaimard) 
A. sparcki Grimpe 
Abraliopsis gilchristi (Robson) 
A. morrisii (Verany) 
A. hoylei (Pfeffer) 
A lineata (Goodrich) 
Ancistrocheirus lesueuri (Orbigny) 
Theliodioteuthis alessandrini (Verany) 
Pterygioteuthis giardi Fischer 

Family Octopoteuthidae Berry 
Octopoteuthis sicula (Ruppell) 
Taningia danae Joubin 

Family Onychoteuthidae Gray 
Onychoteuthis banksii (Leach) 
Onychia carribea LeSueur 
Moroteuthis lonnbergii Ishikawa and Wakiya 
M. robsoni Adam 
M. robusta (Verrill) 

Family Lepidoteuthidae 
Tetronychoteuthis dussumieri (Orbigny) 

Family Architeuthidae 
Architeuthis sancti-pauli Velan 
Architeuthis sp. Clarke 

Family Histioteuthidae Verrill 
Histioteuthis bonnellii Ferussac 
Calliteuthis hoylei (Goodrich) 
Calliteuthis reversa Verrill 
C. miranda Berry 
C. jcponica (Massy) 
Histiochromius chuni Pfeffer 

Family Bathyteuthidae Pfeffer 
Bathyteuthis abyssicola Hoyle 

Family Ctenopterygidae Grimpe 
Ctmobteryx sieula (Verany) 

CMFW BUIXEHN 37 141 



Family Brachioteuthidae Pfeffer 
Brachioteuthis riisei (Steenstrup) 
B. picta Chun 

Family Ommastrephidae Steenstrup 
Illex coindeti (Verany) 
Todarodes eblanae (Ball) 
T. sagittatus (Lamarck) 
T. pacificus Steenstrup 
Nototodarus sloanii (Gray) 
N. gouldi (McCoy) 
Ommastrephes bartrami (LeSueur) 
Symplectoteuthis oualaniensis (Lesson) 
S. luminosa Sasaki 

Family Thysanoteuthidae Keferstein 
Thysanoteuthis rhombus Troschel 

Family Chiroteuthidae Gray 
Chiroteuthis imperator Chun 
C. macrosoma Goodrich 
C. pellucida Goodrich 

Family Mastigoteuthidae Verrill 
Mastigoteuthis cordiformis Chun 
M. glaukopsis Chun 

Family Grimalditeuthidae Pfeflfer 
Grimalditeuthis bonplandi (Verany) 

Family Cranchiidae prosch 
Cranchia scabra Leach 
Leachia cyclura Lesueur 
L. eschschollzii (Rathke) 
Liocranchia gardineri Robson 
L. reinhardti (Steenstrup) 
L. valdiviae Chun 
L. intermedia Robson 
Pyrgosis pacificus (Tssel) 
P. rhynchophorus Rochebrune 
Sandalops melancholicus Chun 
Megalocranchia abyssicola (Goodrich) 
M. maxima Pfeffer 
Anamalocranchia tmpensis Robson 
Hensenioteuthis joubinii Pfeffer 
Galiteuthis armata Joubin 
Corynomma speculator Chun 
Toxsuma belone Chun 
Taonidium chunni (Pfeffer) 

Among the important oceanic squids in the Indian 
Ocean which are either presently exploited or exploi­
table, mention must be made of Symplectoteuthis 
oualaniensis, Ommastrephes bartrami, Thysanoteuthis 
rhombus, Onychoteuthis banksii and Notatodams sloani. 
Our knowledge about the resources of these species 

as to their biological and ecological aspects is scanty. 
The available information on these species is mainly 
based on their distribution in the Pacific Ocean and 
surveys carried out in the Indian Ocean as they are 
beginning to be exploited commercially by Japan and a 
few other countries following full exploitation of the 
stocks of the common Japanese squid Todarodes 
pacificus. Notatodarus sloani and N. gouldi support 
good fisheries in Australian waters. 

Symplectoteuthis oualaniensis (Lesson) 

This is a widely distributed Indo-Pacific oceanic squid, 
recorded from Oualan Islands (Clarke, 1966) and 
subsequently reported from Red Sea, Arabian Sea, 
Laccadive Sea, Coast of Sri Lanka, Bay of Bengal, 
off Natal, South Africa, East Africa, Cocos Islands 
and West coast of Australia in the Indian Ocean. In 
the Pacific Ocean this species is distributed widely 
from Japan, Taiwan, Philippines, South Sea and up to 
west coast of South and Central America (Silas, 1968 ; 
Okutani, 1982). A detailed numerical taxonomic 
study has been made by Wormuth (1976) on the oceanic 
squid family Ommastrephidae. 

S. oualaniensis is a large-sized ommastrephid which 
is most abundant and appears to be restricted to nor­
thern and central parts of Indian ocean approximately 
up to 20°S. The southern boundary of S. oualaniensis 
coincides with the zone of subtropical convergence 
and the area is situated in the limits of the tropical 
waters (Filippova 1968). Such distributional pattern 
has also been observed for tropical zooplankton and 
epipelagic fishes (Parin, 1967). In the Pacific Ocean 
S. oualaniensis has been found to be distributed in the 
regions further north of 20°N (Wormuth, 1976). 

The biology and ecology of this oceanic squid is now 
better known as compared to the other ommastrephids 
of the Pacific Ocean. Our knowledge about 
S. oualaniensis is from the works of Clarke (1966), 
SUas (1968), Voss (1973), Roper and Young (1975), 
Filippova (1968), Wormuth (1976) and Okutani (1977). 
Apart from these, the recent exploratory surveys con­
ducted in the northern Arabian Sea, off Pakistan and 
in the South give additional information on this species 
(Fishery Agency of Japan, 1975 ; Yamanaka, 1976). 

The Mynchoteuthis larvae of S. oualaniensis were 
abundant in plankton collections obtained during the 
exploratory cruises of R/V VARUNA (Silas, 1969) in 
the Arabian Sea particularly within the areas between Lat. 
7''N-17°N and Long 70''E-78°E beyond the continental 
shelf or beyond 200 m. depth off Mangalore, Calicut, 
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Quilon, in the Wadge bank and off the east coast of 
India. Their seasonal distribution indicates that 
though Rhynchoteuthis larvae are present almost 
throughout the year excepting June and August, there 
are two periods of peak abundance in March to May 
and November—December. This distribution pattern 
of the larvae of S. oualaniensis suggests that spawning 
may also take place within the Exclusive Economic 
Zone of India. However, further exploratory surveys 
are needed in this direction to assess the larval abun­
dance and recruitment in this area. Apart from the 
larvae in the plankton, squids were also captured fre­
quently in drift nets, and very often IS to 20 specimens 
were obtained per operation. They were also often 
attracted towards the light from the research vessel 
when working hydrographic stations during night 
(Silas, 1969). Syny>lectoteuthis oualaniensis exhibits 
positive phototaxis and is of aggressive nature. This 
species is commercially caught by hooks and lines 
with light at night in the waters around Okinawa to 
Taiwan (Tung, et al., 1973 ; Okutani and Tung, 1978 ; 
Okutani, 1980; Caddy, 1983). It is reported that 
S. oualaniensis usually forms small schools consisting 
of about thirty individuals of nearly the same size, 
most likely to avoid cannibalism (Wormuth, 1976). 

Information on predators of S. oualaniensis is limited. 
A number of predatory fishes are believed to feed 
extensively on squids. According to Wormuth (1976) 
Coryphaena hippurus and Gempylus serpens and several 
species of tuna (Alverson, 1963) feed on S. oualaniensis 
Apart from these fishes, some of the sea birds of 
Christmas Island in the Pacific Ocean, viz. Phaethon 
rubricauda, Puffinus nativiatatis, Pterodroma alba. Sterna 
muscata, Anous stolidus, A. tenuirostris, Gygis alba and 
Procelsterna cerulea (Ashmole and Ashmole, 1967) 
also feed on this species. In addition to these the Sooty 
tern and Brown Noddy are also known to feed on 
Symplectoteuthis oualaniensis, (Brown, 1973). 

S. oualaniensis appears to feed on small fishes and 
occasionally on other squids. The stomachs of this 
squid examined for food items included amphipods, 
megalopa larvae, small shrimps, stomatopod larvae 
crab zoea, large copepods, euphausiids, enoploteuthid 
squids and predominantly fishes. Most of the small 
crustaceans and other organisms would have come 
from the stomachs of the fishes consumed by 
S. oualaniensis (Young, 1975). These squids are 
occasionally seen actively preying upon small fishes, 
mostly Myctophids (lantern fishes), seizing the prey 
with tentacles and bite just behind the head, severing 
the backbone. In Hawaiian waters, the prey species of 
this squid included Stolephorus purpweus, Exo^tus 

voUtans, Oxyporhamphus micropterus, Ceretoscopelus, 
Vinciguerria, Hygophum spp., Diaphus spp. and Mycto-
phum spp. (Wormuth, 1976). Other squids frequently 
found in the stomachs of S. oualaniensis'weK 
Onychoteuthis banksii and Hyaloteuthis pelagica. 

EXPLORATORY FISHING IN THE ARABUN SEA 

BY JAPANESE VESSELS 

The recent exploratory surveys conducted by R/V 
SHOYA MARU of the Fishery Agency of Japan to 
assess the Pelagic fishes and squid stocks in the North 
Arabian Sea, off Pakistan (Fishery Agency, 1976) and 
in the South Arabian Sea in the oceanic waters (Fishery 
Agency, 1977) provide some important and basic 
information on the distribution, behaviour, biology 
and environmental aspects of this squid. During the 
survey a most significant stock of Symplectoteuthis 
oualaniensis was discovered in the North Arabian Sea. 
The surveys were conducted by the FAO with the co­
operation of I.O.P. in 1975-76 and 1976-77. Besides 
the oceanographic data, biological surveys have been 
conducted along with visual observations, trolling and 
sampling of eggs and larvae. Midwater handline, 
bottom handline, bottom long line, midwater trawl 
and bottom trawl gears were also employed. In mid-
water handline, bottom handline and midwater trawUng, 
squids (5. oualaniensis) were obtained both in the 
North Arabian Sea and in the Southern areas. 

In midwater handline test operations totally 130 
squids, ranging in size from 12 to 36 cm and 75 to 
137.5 gm in weight were obtained from 19 stations out 
of 33 stations scattered throughout the survey area 
(Fishery Agency of Japan, 1977). In an earlier survey 
during 1976, also considerable numbers of 
S. oualaniensis were noticed in the North Arabian Sea off 
Pakistan distributed around the upwelling areas. 

The most significant finding during the above 
exploratory fishing was the discovery of these squids 
in dense concentrations recorded in the acoustic surveys. 
Analysis of these data obtained from 1975 to 1977 
indicate that the squids mostly occur at depths of 
120 to 200 m and below in day time. These squids 
appear to make vertical migration descending in the 
day time to low oxygen layer of 0.18 ml to 0.3 ml/1 
and moving to oxygen saturated upper layer at night 
for feeding when they are taken easily in jigs. 

S. oualaniensis is not at present exploited in Indian 
waters or in any part of Indian Ocean. The stock in the 
Pacific is subjected to commercial exploitation along 
with other species of oceanic squids off Okinawa 
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(Japan) and Taiwan (Okutani, 1977). Some aspects 
of the fishery biology of this species have been investi­
gated on the populations around Taiwan. There 
appears to be three seasonal subpopulations differing 
in size-maturity relationship (Tung et al., 1973 ; Tung, 
1976) in Taiwanese waters. 

Ommastrephes bartrami (LeSueur) 

This oceanic ommastrephid squid is known from the 
tropical and warm temperate waters of the Indo-Pacific 
and the Mediterranean (Clarke, 1966; Silas, 1968)* 
The species has been recorded from Indian Ocean by 
Pfeffer (1912); from South Africa and Chagos Islands 
by Robson (1921) and by Filippova (1968) from the 
subtropical region of Indian ocean between Lat. 23° 
and 37°S and Long. 60° and 113°E. Wormuth (1976) 
has recorded it from several localities in the northern 
and southern Pacific Ocean. 

This species is mainly distributed in the surface 
layers in the warm oceanic environment and seems 
to be abundant in the northern and southern limits of 
Indian and Pacific oceans (Okutani, 1977). Ommas­
trephes bartrami, in general appearance has similarity 
with other ommastrephids such as Symplectoteuthis 
oualaniensis. The former is a very large sized oceanic 
squid sometimes growing to 40-50 cm in mantle length 
and 2 to 3 kg in weight. It possesses subcutaneous 
photophores on the ventral side of the mantle, head and 
centrolateral and ventral arms. Information on the 
biology, life-history and ecology of this species is 
limited. Some information on the ecology and age 
and growth of 0. bartrami in Japanese waters are 
given by Ishii (1977) and Murata and Ishii (1977). 
O. bartrami like other oceanic squids, has been observed 
to form schools, and the size of the school usually 
tends to decrease as the size of individual squid 
increases. Large individuals measuring about 50 cm 
in mantle length appear to be solitary (Wormuth 
1976). O. bartrami, like other ommastrephids, is a 
very strong and rapid swimmer, often being reported 
to leap out of water. Hence it is known as the ' flying 
squid' (Clarke, 1966). It has also been observed at 
times gliding above the surface of the ocean during 
daytime (Araya, 1954). 

Although there was no commercial exploitation of 
0. bartrami until recently, a beginning has been made 
in the capture of the species in good quantities since 
1968. It has become the main target species of jig 
fishery in north Japan (Okutani, 1977 ; Murata, 1977), 
According to Okutani (1977) about 27,000 tons to 
90,000 tons of O. bartrami vfere landed during 1974 to 
1976 at Hokkaido and North East Honshu. Most of 

the catches were exploited in the Northwest Pacific off 
Northeast Honshu and Hokkaido along with Todarodes 
pacificus. An initial investigation made on the oceanic 
squids by Japan mainly in the area 152°E and 40°N45°N 
since 1968 to 1976 indicates an estimated potential of 
150,000 to 600,000 tons which represents only a part 
of the total population that came within the survey 
area (Okutani, 1977). Similar estimates on the stocks 
in the Indian Ocean region are not avilable and the 
potential existing in the area is not known. The distri­
bution of Ommastrephes bartrami in commercial quanti­
ties in the Southern Indian Ocean in the waters around 
Australia and New Zealand has been indicated by the 
capture of good quantities of the squid by the Tiwanese 
research vessel HAl KUNG with surface gill net which is 
one of the effective gears for oceanic squids (Collins 
and Dunning, 1981). 

Some aspects of the biology and ecology of 
O. bartrami caught in the jigging experiments in the 
Pacific off northern Japan during 1968-76 are given by 
Murata and Ishii (1977). Generally, the female squids 
obtained were larger in size than males and the size 
difference between the sexes increased with increasing 
age. Squids measuring 36 cm and above in mantle 
length were found to be females. The males appear 
to mature prior to females when they attain a length of 
31 cm in mantle size and 15-20 g in testis weight, 
whereas the females grow up to 40 cm in size and 
20-50 g in ovary weight. The investigations carried 
out from 1968 to 1976 showed that there were two 
distinct groups in the 0. bartrami population in the 
Pacific off North Japan which are distinctly differenti in 
growth pattern ; one group was foxmd to be large-sized 
whereas the other was a small-sized one. The average 
monthly growth in mantle length attained by the former 
group was 3-4 cm in June-October, 1-2 cm in October-
December and 0.5-1 cm in December-February and 
in the small-sized group 2-3 cm in June-December and 
1-2 cm in December-February. It was also obrserved 
that the main spawning season of squids of both the 
groups was January to May. The life span of 
O. bartrami was estimated to be about one year. 

Prey and predators 

The stomachs of O. bartrami obtained in New 
Zealand waters which were examined were full of fishes 
belonging to the genera Hygophum, Symbolophorus, 
Lampanyctus, Nansenia, Scopelosaurus and Centra-
bronchus. They are also found to be cannibalistic 
and include squids in their diet (Wormuth, 1976). 
The main predator of 0. bartrami seems to be the sperm 
whale Physeter catodon (Kawakarai, 1976). 
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Thysanoteuthis rhombus Troschel 

This oceanic squid is a cosmopohtan pelagic species 
usually found in warm water areas of the world oceans. 
This is the only known species of the genus 
Thyscmoteuthis and normally occurs in small groups of 
two or more individuals swimming in the surface waters. 
Adults commonly grow to a large size of about 60 cm 
in mantle length (Okutani, 1977). According to Roper 
et.al. (1984) the maximum size attained by this species 
is about 100 cm with a body weight of 20 kg. Sausage­
like gelatinous floating eggmass 16-17 cm in length and 
15-20 cm in diameter with two rows of embryos and 
early stage larvae of T. rhombus have been described. 
by Sanzo (1929) from the Mediterranean Sea and 
recently by Misaki and Okutani (1976) from Japanese 
coast. This species was first recorded from the Medi­
terranean Sea and subsequently from North and South 
Atlantic near the Cape of Good Hope (Bernard, 1947), 
Algoa Bay (Bruggen, 1962), in the Pacific Ocean off 
Japan (Sasaki, 1929); China and the Bor Islands 
(Nishimura, 1964) and from the Indian ocean for the 
first time by Filippova (1968). More details of distri­
bution of this species in Atlantic and Pacific are given 
by Voss and Eradman (1959). 

This squid has been subjected to commercial exploi­
tation only in recent years in Japan. The fishery for 
Thysanoteuthis rhombus according to Okutani (1977) 
was initiated in 1962, in Hyogo Prefecture, Japan. 
They are usually taken in small quantities by jigging 
from boats while drifting, but in recent years they are 
captured in single jigs connected to a drifting float 
(Nazumi, 1975). The catch statistics for this species 
for Huogo Pr fecture (Okutani, 1977) show that in 
certain years they were landed in good quantities, with 
annual catches of about 500 to 600 tons. The annual 
catches fluctuated highly from about 2 to 620 tons 
during 1962-74. 

Thysanoteuthis rhombus has been recorded by 
Filippova (1968) from Indian Ocean from 9 stations 

scattered in the western, central and eastern parts. 
On one occasion, a juvenile was also obtained, which 
indicates that the spawning of this species takes place 
in the area surveyed. This thus appears to be a poten­
tially important species. 

(teycboteuthis banksii (Leach) 

This is a cosmopolitan species distributed in warm 
and temperate oceanic waters and considered to be 
common from surface waters upto 150 m depth (Clarke, 
1966 ; Filippova, 1968). It may also be found in deep 
waters of 800 m (Roper et. al, 1984). In Indian Ocean 
this has been recorded from a number of places (Pfeffer, 
1912 ; Rees, 1949) the east Indies (Pfeffer, 1912) Philip­
pines (Pfeffer, 1912; Voss, 1956, 1963) Formosa 
(Pfeffer, 1912, Sasaki, 1929), east Australia (Gould, 
1852; Braizier, 1892; Cotton and Godfrey, (1940; 
Allen, 1945) and Goodrich (1896). This is a moderate 
sized oceanic squid reaching a mantle length of about 
30 cm. This species, known as ' Clubhook squid' 
is often caught in dipnets but there is not much in­
formation of its biology. 

While the cephalopods in the neritic areas are ex­
ploited by India to some extent by traditional gears, 
there is no exploitation of the oceanic squids of 
different species in the oceanic waters off India. 
For fishing the oceanic squids distributed in the high 
seas, the development of suitable types of mechanised 
vessels capable of appropriate capture methods 
such as jigging, light fishing and drift gill net 
fishing is necessary. Great advances have been made 
by Japan in fishing techniques for oceanic squids. 
What is needed is a major effort at experimental fishing 
in the oceanic areas by adoption of fishing techniques 
known to be efficient for the capture of oceanic squids. 
We feel that training of our manpower under Japanese 
expertise will be essential for developing a major fisheries 
for oceanic squids in our EEZ and contiguous high 
seas. 
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ON THE CEPHALOPODS OBTAINED IN EXPERIMENTAL TRAWLING 

AND LIGHT FISHING CONDUCTED AT VIZHINJAM 

K. PRABHAKARAN NAIR AND T. A. OMANA 

ABSTRACT 

Trawling and light fishing with different types of lamps for light attraction were carried out at Vizhinjam. One Species of 
cuttlefish and two species of squids formed part of the trawl catches while three species of squids were obtained in light fishing. 
The biological characteristics of these cephalopods are briefly dealt with. 

INTRODUCTION 

The Research Vessel CADALMIN II of the Central 
Marine Fisheries Research Institute was available at 
Vizhinjam during March-April, 1978, primarily for 
conducting light fishing experiments in connection with 
the anchovy live-bait culture. During day time the 
vessel was employed for carrying out trawling experi­
ments, in which cephalopods were one of the major 
components of the catch. In light fishing also squids 
formed an important item, besides anchovies. The 
results of the experimental trawling and light fishing 
were reported by Kuthalingam et al. (1982) and Luther 
et al. (1982). The present report is on the squids and 
cuttlefishes obtained during the course of these experi­
ments. Though the catch of cephalopods (as also 
other shellfish and finfish) was not high by quantity 
or number, their occurrence may be indicative of a 
potential resource in the area. 

The CADALMIN II is 13.25 m long and fitted with 
88 b.h.p. Ashok Leyland marine engine, mechanical 
winch and Simrad echosounder. It can accommodate 
seven personnel including scientists, and has a labora­
tory for conducting experiments on-board. 

TRAWLING 

Experimental trawling was conducted in the area 
8-76/3F (8°20'8°30'N and 76°50'-77°E) off Vizhinjam. 
A total of 17 hauls of one hour duration each were 
made in the depth ranges 10-20 m, 20-30 m and 30-40 m, 

with a 30-metre otter trawl having a cod-end mesh of 
25 mm. 

During the course of trawUng operations the surface 
temperature ranged between 30°C and 31.5°C and the 
salinity between 30.01 %o band 35.64%„. The bottom 
values of these parameters also did not show much 
variations : temperature ranged from 28.4"C to 29°C 
and salinity from 30.52 %„ to 36.37 %„. The bottom 
of the trawling areas was predominantly sandy, at some 
places mixed with mud. 

The total catch of fish and shellfish was 920 kg, of 
which cephalopods were 36.5 kg forming about 4%. 
Most of them were taken from the depth 30-40 m at a 
catch rate of 4 kg/hour of trawling ; the catch rate from 
the other two depth zones (10-20 m and 20-30 m) was 
0.7 kg/h each. 

The cephalopod catch was composed of the cuttle­
fish Sepia pharaonis and the squids Loligo duvaucelii 
and Doryteuthis sibogae. Apart from these, a very few 
specimens of Sepia aculeata were also obtained. The 
length-frequency, stages of maturity, and condition of 
stomachs of Loligo duvaucelii and Sepia pharaonis and 
the body weight—shell (cuttlebone) weight and body 
weight—mantle weight relationships in Sepia pharaonis 
are shown in Fig. 1 and that of Doryteuthis sibogae 
in Fig. 2. 

Sepia pharaonis 
Of the 19 cuttlefishes obtained in trawling, 14 in the 

range of 80-229 m were males; the females were only 
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five in number and had a smaller size range, 140-199 mm 
(Fig. 1 A i-iv). Majority of the cuttlefishes had 
stomachs with food in varying degrees of fulness; only 
two had empty stomachs. Fish and crustaceans in 
almost equal proportions were the food. Above the > 
length of 180 mm the males were mature and one male 
cuttlefish of the size 220 mm was found to be in spent 
condition. The maturing and immature males had a 
size range of 130-139 mm and 80-139 mm respectively. 
Among females there was only one mature individual 
190 mm in size ; others were maturing and immature. 
In males the shell (cuttlebone) weight ranged from 3 g 
to a maximum of 84 g, with a mean value of 29 g. 

corresponding figures being 51.6%, 41.4% and 81.4% 
in the range of 125 g and 246 g. 

Loligo duvaucelii 
Twenty six specimens of this squid were obtained, of 

which 9 were males in the size range 50-99 mm and 
17 were females in the size range 30-139 mm (Fig. IB, 
i-iii). Both the sexes combined, the maximum number 
was in the length group 50-59 mm. Over 75% of the 
specimens had empty stomachs. The rest of the squids 
had.stomachs with food comprising fish (68%) and 
crustaceans (32%). All the males were immature. 
Among females one specimen measuring 120 mm was 
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forming 6.6% of the total body weight. In females 
the cuttlebone weight was generally higher than in 
males. Within a range of 22 g and 47 g the average 
weight was 31 g forming 8.2% of the body weight. The 
average mantle weight in male cuttlefish was 56.7% 
of the total body weight with a minimum of 48.6% and 
a maximum of 82.3 % within the range of 27.5 g and 
535 g. In females all the values were lower, the 

maturing and another one of the size 130 mm was 
mature ; all the others were immature. 

Doryteuthis sibogae 

Of a total of 21 squids in the size range 50-149 mm, 
five were males (60-149 mm) and 16 females 
(55-119 mm). The maximum number was in the length 
group 90-99 mm (Fig. 2 i-iv). Among males two were 
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immature, one maturing and two mature. Six females 
in the range 50-99 mm were immature and 10 females 
in the range 80-119 mm were maturing. There were 
no fully mature females. All the 21 squids had empty 
stomachs. In male squids the mantle weight formed 
an average of 64% of the total body weight, with a 
minimum of 60% (9g) in squids weighing 15 g, and 
a maximum of 64.4% (29 g) in squids weighing 45 g. 
In females the average mantle weight was 60% of the 
total body weight within a range of 55-66% 
(8.5-16 g). 

Apart from the above mentioned cephalopods, five 
small specimens of the cuttlefish Sepia aculeata were 
taken in the trawl. They ranged from 21 mm to 
93 mm ; four of them were males. 

LIGHT FISHING 

The source of artificial light was a 500-Watt lamp, 
a 1000-Watt lamp and a 160-Watt fluorescent lamp, 
lighted by a generator kept on-board. Besides these 
electric lights, a kerosene petromax lamp with the 
mantle directed downwards and giving a light intensity 
of approximately 200 candles power was also used. 
These were tried separately, and the petromax light 
was found to be the most eflfective, since the attraction 
of squids to this light was much greater than to the 
electric light. 

The principal catching device was a bag-like mono­
filament nylon net 1.5 m deep having a 3.5 m X 3.5 m 
square rim made of cane. The net could be lowered 
into the water and lifted up by means of four comer 
ropes that ran over four pulleys fastened to two bamboo 
poles rigged horizontally to the vessel. By tying weights 
at its bottom the net could be kept in position when 
lowered into the water. The light, whose height could 
be adjusted, was suspended over the middle of the net 
from another bamboo pole. Normally the light was 
kept 1 to 1.5 m above the surface of the water. When 
the net was in the lowered position with the rim well 
below the surface, the squids attracted towards the light 
were trapped by suddenly lifting the net by pulling the 
corner ropes. The squids were collected from the net 
by using a hand-net. 

Most of the light fishing was attempted in the Vizhin-
jam Bay where the water was comparatively more calm 
than outside and devoid of strong under-currents. 
The depth of the area where the fishing was done ranged 
from 8 m to 20 m. The sky was clear or partly cloudy 
and very rarely it was completely cloudy. The sea 
condition was calm to slightly rough and the water 
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temperature throughout the period was within the 
range of 29-30°C. 

Outside the Bay, fishing was attempted but many 
difficulties were met with. The sea was always rough 
or moderately rough causing rolling of the vessel, 
Because of this the light could not be suspended steady, 
with the result that the attraction of squids was poor. 
The net was drifted away from the normal position by 
undercurrents and therefore quick pulling up of the 
net was difficult. The resultant delay has often caused 
the squids that have collected below the light to escape 
from the net. 

The squids that were caught in light fishing were 
Loligo duvaucelii, Sepioteuthis lessoniana and Doryteuthis 
sibogae. No cuttlefish was attracted by light, except 
for a small Sepiella inermis measuring 35 mm. The 
squids came in small groups comprising individuals 
of about the same size, and with slight disturbance 
like the moving of the light or net and rolling of the 
vessel, the entire group moved away at high speed. 
Often the small fishes attracted towards light seemed to 
be scared away by the approaching squids. 

While the electric light attracted squids, though to a 
lesser extent compared to the petromax, the sound of 
the generator seemed to be a deterrent to squids coming 
towards the light. With the engine of the vessel kept 
off, the petromax light attracted more number of squids. 
Light fishing was also attempted in the night next to 
fuUmoon, and since there was bright moon light through­
out, the response of squids (as also fish) to petromax 
light was poor. 

The length-frequency, condition of stomachs and 
stages of maturity of Loligo duvaucelii, Sepioteuthis 
lessoniana and Doryteuthis sibogae are shown in 
Fig. 3. 

Loligo duvaucelii; The male squids ranged in size 
from 40 mm to 199 mm with the main mode at 65 mm, 
followed by a smaller mode at 95 mm. The females 
had a smaller size range of 30-119 mm with the main 
mode at 45 mm, followed by a smaller mode at 95 mm. 
Among the squids examined for maturity stages and 
condition of stomachs, there were no females. The 
male squids upto a length of 99 mm were immature; 
one squid measuring 159 mm was in maturing stage and 
another one of 199 mm was mature. AU the stomachs 
had food, most of them full. Fish was the sole item 
of food found in the stomachs of these squids. 

Sepioteuthis lessoniana; Fortyone squids were ob­
tained during the light fishing experiments. Except for 
three males of the size between 200 mm and 300 mm, 
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all the others were juveniles. Of these, 7 (30-109 mm 
in size) were males and 9 (30-69 mm) females; the 
remaining 21 were small and their sex could not be 
determined externally. Among 8 squids examined for 
condition of stomachs, 6 had stomachs with food in 
different degrees of fulness. In this case also fish was 
the most important food. 

Doryteuthis sibogae; The male and female squids 
did not show much variation in size range. The males 
were of the size 70-159 mm with the main mode at 
95 mm and another one at 135 mm. The females 
ranged from 60 mm to 129 mm with modes at 85 mm 
and 105 mm. Both the sexes combined, the mode was 
at 85 mm. About 59% of the males and 66% of the 
females were maturing and mature ; the maximum 
sizes of immature squids were 99 mm for males and 89 

mm for females. As in the case of Loligo duvaucelii, 
this squid did not have empty stomachs. The incidence 
of full stomachs was over 32%, The food was com­
posed entirely of fish. 

The present trawling and light fishing experiments 
were short and preliminary, and the cephalopods ob­
tained were only incidental. From the results of these 
experiments it is not possible to make any estimates 
of the available cephalopod resources of this area. 
However, with more effort to conduct regular trawling 
and light fishing with light-attraction system and catch­
ing devices such as jigging for squids and improved 
hooks for cuttlefish it may be possible to exploit cepha­
lopods to a much greater extent than being done at 
present by the traditional fisheries. 
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HAND-JIGGING FOR CUTTLEFISH AT VIZHINJAM WITH A NOTE ON 

MODERN SQUID JIGGING 

K. PRABHAKARAN NAIR 

ABSTRACT 

At Vizhinjam on the southwest coast of India almost the entire catch of the cuttlefish Sepia pharaonis is taken in a modified type 
of hooks, the hand-jigs. The hand-jig consists mainly of a small iron rod with tires of hooks and a long monofilament line. The 
baited jig is operated on the sea bottom from a catamaran and normally one cuttlefish is taken per haul. A brief note on the 
modern squid jigging as practised in Japan is also given. 

INTRODUCTION 

Though squids and cuttlefish are obtained as a by-
catch in the landings by shore seines, boat seines, hooks 
and lines and trawl nets all along the Indian coast, 
' hand-jigging' is employed exclusively for cuttlefish 
at Vizhinjam (Trivandrum). Almost the entire catch 
of cuttlefish landed at Vizhinjam is taken by modified 
hooks (jigs), and a small portion in hooks and lines. 
Since both these types of gear are taken in the same 
craft (catamaran) and operated in the same fishing 
ground, the combined catch is recorded imder the gear 
category ' hooks and lines'. However, it is estimated 
that over 95% of the cuttlefish taken in hooks and lines 
at Vizhinjam are got by hand-jigging. This fishery 
has developed during the last decade. 

The hand-jig, so named because of its general simi­
larity to a typical squid jig having one or more circles 
of hooks attached to a wooden, metal or plastic shaft 
tied to a line, is purely a local iimovation restricted to 
Vizhinjam and some nearby fishing villages on the 
southern part of the southwest coast of India where the 
large-sized cuttlefish Sepia pharaonis is abundant. 
While trawling accounts for almost the entire catch of 
cuttlefish in the other parts of the Indian coast, trawl 
fishing is not being attempted in this region because of 
the uneven nature of the sea bottom. 

Locally known as nangoora choonda, literally meaning 
' anchor hook', because of its resemblance to a grapnel, 

the hand-jig has mainly three parts : a thin rod with 
two or sometimes three tiers of hooks, another rod 
with a weight attached to it, and a 40-60 m long line 
tied to the latter. The first rod is a piece of umbrella 
rib about 30 cm long and tied to its one end in a circle 
are 4 or 5 hooks of No. 9-12 (Plate IB). About three 
centimetres above this circle, there is another circle of 
similar hooks. Above this there is a still larger single 
hook of No. 7 or No. 8. The free end of the rod is 
tied to a long plastic monofilament line. About 150 
cm above the rod, another small rod 30 cm in length is 
attached on the line parallel to it. An iron weight of 
about 100-150 g is tied at the middle of this rod with 
a 30 cm string. The long line is wound on a wooden 
line holder (Plate lA). 

The description given above is of a typical hand-jig 
but in the jigs used by fishermen, though the basic 
features are the same, there may be small variations 
in the size and number of hooks, length of the rod, size 
of the weight and the length of the long line. 

The hand-jig is operated from a catamaran during 
daytime. After reaching the fishing ground, bait 
fishes are caught by using hand lines with small hooks 
(No. 16). For catching the bait fishes, baits such as 
pieces of small squids, arms of cuttlefish or small fishes 
are taken when the fishermen start their fishing trips. 
The bait fishes generally obtained are small fishes such as 
Nemipterus, sardines, sciaenids, carangids, Chirocentrus 
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and ribbon-fish. The fish is cut into small pieces and a 
piece is either pierced through on the single hook or 
tied to the rod with a very thin thread. If the bait 
fish is small, its head portion is hooked on to the single 
hook and keeping the fish along the rod its tail portion 
is tied to the rod. 

The baited jig is lowered into the water, releasing 
the required length of the Une. When the weight 
touches the bottom, the fisherman sitting on the cata­
maran holds the line in the hand or sometimes on the 
toe. The baited jig will be lying in a horizontal position 
on the bottom, away from the weight. Since the latter 
is tied to the second piece of iron rod, the jig is enabled 
to move freely, staying clear of the line without any 
entanglement. Usually two units are operated by a 
person, with one on either side of the catamaran, and 
likewise two or even three persons conduct fishing 
simultaneously from a catamaran, except the person 
steering the craft who uses only one unit of the gear. 
The cuttlefish, on seeing the bait, entangles it with all 
its arms trying to pull it and this is felt on the line by 
the fisherman operating the hand jig. The animal has 
the habit of holding the prey or bait with all its arms 
and clinging firmly to it unless disturbed strongly. 
This habit is taken advantage of in the fishery by hand 
jigging. When the heaviness of the cuttlefish holding 
or pulling the bait is felt on the line, the line is gently 
lifted up for a short while, and after making sure that 
it is still holding the bait, the line is given a sudden 
jerk. With this the cuttlefish in hooked on one or 
more of the hooks of the jig (Plate ID). The gear is then 
slowly hauled up mid when the cuttlefish reaches near 
the surface, it is collected with a small scoop net. Once 
out of water, the cuttlefish may drop off the jig but the 
scoop net prevents such escape. Sometimes the cuttle­
fish may not be hooked at all but it will cling to the bait 
until it is hauled up and collected. 

In most cases, only one cuttlefish is taken in a haul 
but when a schod of them happen to be around the 
jig, more than one and sometimes upto ttu-ee or four, 
including one clinging on to the wdght, are taken in a 
single haul, though such instances are rare. Hie 
magnitude of the catch depends on the availability of 
cuttlefish in the fishing ground ; however, on an average 
10-20 cuttlefishes are taken on a day's fishing. In 
good seasons the number may go upto 100 or even 
more per catamaran per day. 

Normally the fishing is done 5 to 7 km away from 
the shore but sometimes upto 10 km, especially in the 
summer months of February to April w4ien the water 
is dear and the cuttlefishes migrate to deeper waters. 
The iHual range of the depths of operation is 30-50 m 

but sometimes fishing is done upto 60-75 m. The 
fishermen go for fishing early in the morning and return 
in the afternoon. Since the hand jig units are taken 
for fishing along with hooks and lines, the duration of 
fishing depends on the period of combined fishing, 
which may last for 5-6 hours. 

After bringing the catch to the shore it is auctioned 
to the agents of export firms or to private persons who 
extract the mantle, clean them and sell them to exporters. 
Women of the fisherfolk are engaged in removing the 
head, cuttlebone and viscera. The mantles are skinned, 
cleaned, washed and kept in ice until the lot is taken 
in refrigerated vans to the processing plants. The 
head portion and the nidamental glands are sold for 
local consumption, while the cuttlebones are collected 
for export. 

SQUID JIGGING 

Because of the rapid strides squid jigging has made 
in the commercial fishery, much has been written in 
recent years about this type of fishing. The literature 
provides a good source of information, and the present 
review is largely based on the following publications : 
Ben-Yami (1976), Hamabe et al. (1976a, 1976b, 1981), 
Hamuro and Mizushima (1976), Kasahara and Nasumi 
(1976), Ogura (1976), Ogura and Nasumi (1976), R. 
Saito (1976), T. Saito (1976), Yajima and Mitsugi 
(1976), Okutani (1977), Court (1980), Hurley (1980), 
Jaunico (1980), Long and Rathjen (1980), Hemado 
and Flores (1981) and Nelson et al. (1983). Of these, 
particular mention must be made of Ben-Yami (1976) 
and Hamabe et al. (1981) who give detailed account 
of squid jigging. Many of the other references men­
tioned above are induded in the FAO Fisheries Reports 
No. 170, Supplement 1, 1976 (Expert Consultation on 
Fishing for squid and other Cephalopods). 

Though squids are caught the world over as a by-
catch in a variety of gears such as trawl nets, set nets, 
lampara, gill nets and purse seines, jigging with light 
attraction system is practised exclusively for catching 
squids. Ths Japanese have developed this type of 
fishing, and are currently practising on such a large 
scale that over 70% of Japan's squid landings are 
realised by jigging. The method has been evolved 
based on certain aspects of the behaviour of squids. 
Squids are easily attracted to a fast-moving bait or bait­
like object and on contact with it get entangled or often 
they cling to it with their arms. Any escape bid by 
sudden jet-propelled backward movement is prevented 
by the numerous recurved hooks of the jig. Squids 
are attracted to artifidal lij^t and they aggregate close 
to the illuminated area. As these habits are taken 
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advantage of in this fishery, the jig is found to be a very 
effective gear for squids. 

Squid jigging in Japan in early times was with simple 
pole and line jigs and hand-line jigs using pine-root 
torches for light attraction and this method has re­
mained unchanged for many years. The beginning of 
modern squid jigging was marked with the progressive 
replacement of pine-root torches by kerosene and 
acetylene lamps and later by electric incandescent lamps, 
with concomitant changes in the fishing gear and fishing 
methods. Mechanised boats of 10-30 t displacement 
using hand-line jigs and battery-powered lamps were 
introduced in the 1930s for fishing in the inshore waters. 
Further innovation was the introduction of serial jigs 
(many jigs to a line), manually operated drums and line 
reels. With the complete automation of the entire 
fishing operation that followed, ocean going vessels 
of 100-300 t or even upto 500 t started operating from 
the 1970s. This has increased the operational range 
of the vessels which enabled the Japanese to extend 
the fishing operations beyond their traditional waters 
to Australia, New Zealand, West Africa and the east 
coast of North America. 

The jig is so named because it is operated by jerking 
or jigging (moving up and down). A typical jig consists 
of a shaft-like body or stem made of flexible plastic 
and one to three circles of sharp barbless steel hooks 
at the lower end (Plate IC). A steel rod or wire passing 
through the shaft secures the hook rings to the shaft. 
The rod has a ring at each end for the attachment of 
the line. It is used as in angling, when the squid comes 
up near the surface of the water. The hand-line jigging 
unit consists of a 20-30 m line with a series of 15 to 
20 jigs spaced at regular intervals and a weight at the 
lower end. In this gear the line consists of short 
sections tied to the upper or the lower ring of the jigs. 
The depth of operation of the jig can be adjusted 
according to the depth of concentration of squids, which 
is determined by echo sounding. The operation of the 
gear became more easy with the introduction of a hand-
operated drum to release and haul up the line and a 
roller for the line to move on. 

The mechanisation of the jigging operations by the 
Japanese has accelerated the pace of development of 
squid fishery in recent times. The main parts of an 
automatic jigging unit are two drums or reels having a 
single shaft that passes through a motor assembly, a 
line with jigs and weight on each drum, two outboard 
plastic rollers and a netted frame. The drum is pval 

in shape with six sides, so that the line when payed 
out and hauled up has a jigging motion. The drums 
are rotated by means of an electric motor of 1/4 to 
1/3 hp. The different jigging units fixed on a boat 
can be operated independently. The units are mounted 
on the sides of the boat and when in operation they are 
tilted outboard. The line is made of nylon monofila­
ment and its diameter varies between 0.8 mm and 2 mm 
according to the depth of operation. The line near 
the bottom end has a lesser diameter than that near the 
surface as the latter is subjected to more strain. It is 
found that thinner the line the more will be the catch 
because of less visibility. About 20-50 jigs are attached 
to each line at intervals of 80-100 cm. A lead sinker 
weighing 700 g-1 kg or sometimes more, is tied at the 
lower end of the line to keep it vertical in the water. 
Such a line with the jigs and sinker is attached by means 
of a swivel to a 100 m long main line having a diameter 
of 2 mm. The jig line, when payed out and hauled up, 
runs through the roller. Each jigging unit is eqxiipped 
with a push button control box, and this arrangement 
enables one man to control several units, thus reducing 
the manpower involved. 

The length of the stem ranges from 42 mm to 75 mm 
though there are larger jigs. They are also of a variety 
of shapes and colours. The colour of jig depends on 
the colour preference of the squid species. In Japan 
red and green coloured jigs are more common, though 
other colours (blue, white, yellow, black, orange or 
transparent) are also used. In California transparent 
jigs were found to be very effective, followed by red and 
pink, and green and silver were the least effective. 

Squids are attracted by artificial lights fixed on the 
vessel and they concentrate near the boundary between 
the lighted zone of the water and the shadow of the 
vessel. Therefore the position of this boundary zone 
in relation to the position of the jigs is of great signi­
ficance. This can be adjusted by altering the height of 
the lamps in such a way that the jigging lines enter the 
water at or near the boundary between the lighted 
zone and the shadow of the vessel. While the bright 
lights attract the squids towards the vessel the shaded 
area between the vessel and the jigging line where they 
congregate enables them to react to the motion of the 
jigs. Generally (a row of mercury vapour lamps of 
500-2000 watts or incandescent lamps of 2000-4000 
watts are used. Though the latter are more commonly 
used, comparative tests show that mercury vapour 
lamps are about 2.5 times more efficient in converting 
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PLATE I. A. Hand jig unit with line, weight, line holder and jig. B. Hand jig. C. Different types of Japanese jigs. 
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B. Arrangement of jigging units on one side of the vessel. C. and D. Close up views of jigging unit. 
E. A unit in operation. 



electric energy into light energy. They also have a 
longer life, but are costlier than incandescent lamps. 
Of late, halogen lamps are being used in Japan and 
they are found to be more efficient and durable. 

The lamps are fixed in a horizontal line in the middle 
of the ship between the foremast and the mizzen mast. 
If the vessel is larger, two rows of lamps are kept above 
the deck slightly inward, one on either side of the vessel. 
Up to a certain level the catch increases with light 
intensity and after that it decreases. This level is 
related to the size of the vessel, which is about 2500 
watts per one ton displacement for vessels up to 151. 
Therefore the number of lamps and light intensity are 
determined by the size of the vessel. A 100 t vessel 
may have a 130 kW generator and 44 lamps of 2000 
watts each, arranged in two rows. The light provided 
on a typical 5.61 vessel which operates in the nearshore 
areas is three 2000W bulbs, three 1500W bulbs and three 
lOOOW bulbs with a combined power of 13.5 kW. 

On the fishing ground the presence of squid shoals 
is determined by echo sounding. When the vessel is 
positioned, a nylon parachute sea anchor is lowered 
from the bow of the vessel allowing the vessel to slowly 
drift with the current. To keep the vessel in proper 
position a mizzen sail or spanker is rigged near the 
stem; this also reduces the rolling of the vessel and 
the chances of the jigging lines getting entangled. The 
lamps are turned on at dusk. Jigging is done when 
squids are attracted towards light. The jigging unit 
is tilted outboard and the line is payed out from the 
drum. There is a depth control knob in the jigging 
machine that enables the line to be adjusted to fish at 
desired depth. There is also provision to stop the 
machine automatically in case there is sudden entangle­
ment of jigs or line. While the line travels down, a 
jigging motion is produced due to the oval shape of the 
drums. Sometimes, after the line reaches the required 
depth, it is hauled up and lowered down several times 
at short intervals. Finally the line is fully hauled up 
at a speed of 60-75 m per minute. As the line passes 
through the shoal of squids, individual jsquids are 
caught on the jigs. Passing over the roller as the line 
is hauled up and wound on the drum, the squids get 
unhooked or their arms and tentacles get disentangled 
from the jigs, fall on the netted frame and sUp into a 
collecting basket. These are then washed, arranged 
in trays and kept in chilled fish holds. Even the latter 
processes are carried out automatically in some vessels 
which are equipped with conveyor belts or water flow 

pipes to carry the catch continuously to the storage 
place. 

Though fishing continues throughout the night, the 
catches increase aroimd midnight. Often the peak 
is at about 0400 to 0500 hrs, and the high catch is 
popularly known as the morning harvest. There are 
fluctuations in the catch according to the phases of the 
moon; the best squid catches are obtained during 
dark nights and high tides. The catches during a new 
moon phase are invariably more than around full 
moon. Strong currents, winds and waves adversely 
affect jigging operations due to frequent tangles bet­
ween the Unes and jigs of adjacent jigging units. In 
such cases, only the alternate units are operated. 

The advantages of jigging are many. Firstly the 
method is comparatively simple. Since the jigging 
machine is fully automated the manpower required is 
very low. In hand jigging the expenditure involved 
is not at all high when compared to other methods of 
fishing. Any existing fishing vessel can easily be con­
verted into a jigger with simple outfits. This can be 
done at very little cost and without making any struc­
tural changes in the vessel. Since jigging is done in 
the night, other types of fishing can also be done from 
the same vessel during daytime. As the squids taken 
in jigging are fresh and without much damage, they are 
suitable for processing. 

Todarodes paclficm is the mainstay of the fishery in 
Japan, followed by Ommastrephes bartrami and these 
two species form more than 85% of the squids from 
Japan's waters. In wmter, jigging activity is at a 
minimum, and during this time many of Japan's larger 
vessels shift their operation to the southern hemisphere, 
off Australia and New Zealand. Japan has also co­
operated with other nations by conducting feasibility 
jig fishing and these efforts have shown that there are 
good stocks of squids to sustain profitable fishing. 
The important species of squids in these regions are 
Lottgo pealei and Hlex illecebrosvs in Newfoundland, 
Illex argentinus in Argentina, Nototodams sloani gouldi 
in Austrslia, Nototodarus sloani sloani in New Zealand 
and Dodidicus gigas in California and Mexico. 

It is worthy of mention here that the Marine 
Products Export Development Authority, Government 
of India, has recently taken some initiative in 
attempting light fishing for squids, utilising the services 
of a Japanese fishing expert. One 43'—mechanized 
fishing boat has been rigged with four hand-operated 
jigging units and a stick-held dip net with separate 
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light arrangement for both (Plate II, A-E ; Fig. 1). The 
experimental fishing was carried out oflf Cochin and 
Vizhinjam. In Cochin, squids were obtained both in 
jigs and dip net and a maximum number of 100-150 

the sea conditions were not favourable. The results 
of these trial operations, though only preliminary, 
indicate the possibility that squids can be taken by 
jigs and dip nets with light attraction, in spite of the 

FIG. 1. A type of dip net used in light fishing drawn up on board. 

squids were caught in a night's fishing for about 
two hours (Yamasaki, personal communication). At 
Vizhinjam the attempts had to be given up because 

fact that the trials were conducted when the squid 
fishing season had almost come to a close and the mon­
soon conditions had already set in. 
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SOME OBSERVATIONS ON THE HATCHING AND POST-HATCHING 
BEHAVIOUE OF THE CUTTLEFISH SEPIA PHARAONIS EHRENBERG 

K. PRABHAKARAN NAIR, P. A. THOMAS, G. GOPAKUMAR, S. G. VINCENT AND T. A. OMANA 

ABSTRACT 

Egg capsules of the cuttlefish Sepia pharaonis were collected off Vizbinjam and the hatcblings studied in the laboratory. Most 
of the young ones hatch out within a period of eight days, and a few had premature batching. The hatched young ones resem­
bling the adult externally were found to move by swimming, crawling or darting by jet propulsion. They settled on the bottom 
and were attracted towards light. The young ones were reared for a period of twenty three days in the laboratory. 

INTRODUCTION 

A bunch oi egg capsules of the cuttlefish Sepia 
pharaonis, which is the only species contributing to the 
cuttlefish fishery at Vizhinjam, was brought to the 
laboratory on January 4, 1974. These capsules were 
found attached to a bundle consisting of a piece of 
nylon fishing net, coir strands and a small dry twig. 
The bunch was collected in a shore seine operated in 
the Vizhinjam Bay (Trivandrum). There were over 
600 capsules in the bunch. Another egg mass attached 
to the stem of a gorgonid and consisting of about 750 
capsules was collected on December 22, 1981 from a 
depth of 45-50 m off Vizhinjam (Plate. lA). On both 
the occasions the capsules were kept for observations 
in aquarium tanks containing sea water which was 
changed periodically and aerated constantly. The 
account of the hatching and post-hatching behaviour 
given below is based on these observations. 

OBSERVATIONS 

The egg capsules were spherical to oval in shapQ 
having a length of 15-20 mm and a diao^ter of 
14-17 mm. Each capsule was attached at one end 
to the substratum by a smaU stalk whkh in some 
cases was about the same length as the capsule or more 
upto 30 mm (Plate. IB). The free end oi tlw capsule 
was sometimes drawn into a small teat-like projection. 
The capsules were opaque with a gelatinous consistency. 
Embryos were present in most of the capsuleSi seen 
through as a white mass and occasionally moving witihin 
the capsules. Some of the capsules, espedally those 
in the interior of the egg mass, contained eggs in 

decaying condition, and microscopic examination 
revealed very high concentration of ciliates around 
these eggs. 

As the development of the embryo progressed within, 
the capsule became more transparent and slightly 
enlarged with the absorption of water. The embryo 
with its mantle, head, and arms resting on the globular 
yolk sac was more clearly visible through the capsule 
and when the embryo was dissected out of the capsule 
and placed in a watch glass, the expansion and contrac­
tion of the mantle were clearly seen. The posterior 
half of the mantle on the dorsal side was white because 
of the shell (cuttlebone) inside. Ventrally the internal 
ink sac was visible as a dark spot in the middle of the 
mantle. Within the capsule the embryo lay supine 
and this position was maintained even when the capsule 
was turned In different directions. At times it showed 
jerking movements within the capsule. 

Fourteen days after the collection of the first bunch 
of the egg mass, the capsules became more enlarged; 
the largest one measured 25 mm in length and 20 nun 
in diameter. Except for the diminished yolk sac, the 
embryo with the suckered arms and chromatophores 
all over the body had general resemblance to an adult 
cuttlefish. 

The young ones hatdied out when they were fully-
grown within the capsule. Before hatching they 
floated in the capsule for sometime and wriggled out 
through a small slit in the capsule. By the time the 
embryo became a ftill-grown young within the capsule, 
the yolk would have been flilly absorbed. But in a 
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few cases the diminished yolk sac still persisted and 
this was ejected before hatching. The discarded 
yolk sac could be seen within the empty capsule. In 
very rare cases the young ones hatched with the small 
yolk sac intact and its ejection took place only 
subsequently. 

The hatched young ones were the miniature replicas 
of the adult cuttlefish externally. At this stage they 
measured 6.5-7 mm in dorsal mantle length. The 
chromatophores were very clear and distributed all over 
the body (Fig. 1 a, b). Generally the body was pale 
yellowish brown in colour, with prominent brown dots. 
When the young was disturbed the whole colour 
changed in a flash to pale white and then to dark brown. 
The zebra-pattern colouration of the adult was not 
seen in the newly-hatched young ones. 

In the night of the 17th day after the collection of 
the first batch of egg mass, 10 young ones hatched 
out and by about the 24th day most of the hatchings 
took place. In the second set of experiments also it 
took 7 days for all the young ones to hatch out. A 
notable feature of the hatching process was that most 
of the hatchings took place during night time (this was 
true in the first case also) as seen in Table 1. 

TABLE 1. Details of hatching and mortality during 7 days from 
27-12-1981 to 2-1-1982. 

Day 

1 
2 
3 
4 
5 
6 
7 

Total 

Number of eggs hatched 

Day 

5 
15 
35 
20 
25 
25 
5 

130 

Night 

15 
80 

200 
60 

100 
75 
25 

555 

Total 

20 
95 

235 
80 

125 
100 
30 

685 

Mortality 

Nil 
2 
5 
5 
2 
2 
3 

19 

A few egg capsules contained the white remnants 
of the cuttlebone, indicating that the embryos might 
have aborted and disintegrated within the capsule. A 
still fewer number had premature hatching, probably 
due to the stress caused by changing of water or the 
transfer of the capusules from one container to 
another. 

After hatching, the young moved about by 
swimming in water or crawling on the bottom. 
Occasionally they showed a tendency to come to the 
surface for a while and then to return to the bottom 
and settle there. 

The young ones showed good response to light. 
Often they crowded together, at times even one upon 
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the other, in a corner of the tank where there was 
more light. When small pieces of stones were put in 
the tank the young ones settled near or on the stones, 
especially in the interspaces. The concentration was 
more near the place where there was more light. 

In order to study their reaction to light, a table 
lamp (100 W) was placed at one side of a glass through 
containing newly-hatched young ones. All of them 
showed strong phototaxis and migrated to a position 
close to the light (Plate. I C, D). This sort of positive 
response to light was noticed only in the case of newly 
hatched young ones for a period of about 48 hours, 
and afterwards there was no regular response to light. 

The posture of settUng on the bottom is charac­
teristic in that the fins and the arms are bent down­
wards as a support to the ventral mantle which is 
pressed against the substratum. When disturbed, the 
young slowly move about on the bottom using the 
arms and fins, or sometimes dart b? ckwards suddenly 
by expelling water from the mantle cavity through the 
funnel. While moving by jet propulsion, the young 
cuttlefish even on the day of hatching emits ink upto 
3-4 times in quick succession. Jet propulsion follows 
sudden excitement and on all such occasions the 
colour of the young one turns black and remains so 
for sometime. 

On the bottom, the young move in small leaps by 
pressing the arms against the groimd and moving 
forwards in short leaps. They also walk on the bottom 
with the help of the third pair of arms which are the 
largest among all the arms. These arms are moved 
alternately forwards and backwards. The other arms 
are held together and pointed forwards. Occasionally 
these arms are also used as support touching the bottom. 
Sometimes the first pair of arms may be moved freely 
in different directions as feelers. On a few occasions 
the young were seen moving with the third pair of arms 
probing the ground. When moving like this the body 
is kept in an oblique position with the head directed 
downwards; for maintaining balance the support is 
given by the movement of the fins. 

In swimming, the movement is slow and the young 
move in all directions even without changmg orienta­
tion. This is achieved by the undulating movements 
of the fins. When moving slowly the mantle is ex­
panded and the animal assumes a more roundish shape 
The first pair of arms are pointed forwards or some­
times upwards. All the other arms are held together 
and bent downwards without moving them. 

The retractile tentacles are not seen outside; they 
are always kept in the pouches, except at the time of 
capturing the prey. 

Most of the settling or swimming young ones were 
not seen feeding, eventhough they were provided with 
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live and dead plankton, finely minced fish and artificial 
feed. In a few instances when live mysids were intro­
duced, some of the young responded positively. On 
sighting the prey they suddenly released the tentacles 
from the pouches, and in a very swift action the prey 
was caught with the tentacular clubs and slowly con­
ducted to the mouth where it was held by the oral arms. 

A few days after hatching, the young ones were 
found to come to the surface more frequently than 
before and started floating. When they were gently 
touched with a fine brush, some showed a tendency 
to migrate to the bottom and then to return to the 
surface again. They remained in a peculiar position 
with only the posterior portion of the animal touching 
the surface of the water ; the mantle and the head were 
obliquely pointed dovmwards. They were motion­
less in this head-down position, and when disturbed, 
the response was very feeble. They never attempted 
to swim away, except that the arms were moved very 
faintly. The chromatophores became thin, with the result 
that there was no sudden and strong change of colour. 
There was also no ejection of ink. The number of such 
floating young ones increased day by day, as evident 
from Table 2, 

TABLE 2, Details of surfacing of the young ones during 10-1-1982 
to 18-1-1982, 

Day 

1 
2 
3 
4 
5 
6 
7 
8 
9 

Total 

Total no. of 
young ones 

666 
655 
610 
560 
510 
470 
365 
260 
130 

— 

No. of young 
ones surfaced 

11 
45 
50 
50 
40 

105 
105 
130 
130 

666 

It is clear from the Table that the number of floating 
young ones was low during the first five days but 
increased sharply from the 6th day onwards. Each of 
the floating young one remained there for 1-2 days and 
died subsequently. In the first experiment the young 
remained alive for 10 days between the hatching of the 
first and the death of the last young ones, and in the 
second experiment they remained for a longer period, 
23 days. 

DISCUSSION 

From the foregoing account it is seen that, apart 
from the striking morphological resemblenoe to the 
adult, the young ones at hatching have acquired most 

of the adult behaviour such as locomotion (crawling 
walking, swimming and jet propulsion), prey-capture, 
ejection of ink and sudden change of colour associated 
with excitement and escape bids. The periodic settling 
on the bottom is typical of a benthic adult life. Accord­
ing to Boleteky (1977), the young of Sepia show a 
tendency to settle on the bottom at a very early stage. 
They attach themselves to the substratum with the 
ventral integument of the mantle and the ventral arms. 
The behaviour of surfacing and floating of the young 
followed by death in the present experiments is peculiar, 
and the exact reasons for this are not known. Lack of 
feeding and the resultant reduction in metabolism 
rendering the animal unable to maintain the delicate 
buoyancy mechanism may be among the possible 
factors that cause floating and subsequent death. 

Though feeding was poor, mysids seem to be the 
favourite food for the young of Sepia pharaonis. These 
small crustaceans were found to be preyed upon by 
the young of other cuttlefishes such as Sepia esculenta, 
Sepia subaculeata, Sepiella maindroni (Choe, 1966) and 
Sepia aculeata (Sivalingam and Pillai, 1983), Accord­
ing to Messenger (1977), very young cuttlefish (Sepia 
officinalis had fed on mysids during the first few days 
of their life after hatching. The prey capture of the 
young is similar to that of the adult. This is achieved 
by a visual feedbadc system. There are three phases 
of attacking the prey: fixating the prey binocularly, 
positioning itself in an attacking position, and strik­
ing the prey with the ejection of tentacles (Messenger, 
1977), It is important that the prey must be in the 
visual field of the young one for it to initiate prey 
capture. Therefore, feeding may largely depend upon 
the availability of the right prey within the visual filed 
of the cuttlefish. In the present experiments, lack of 
availability of mysids in sufficient concentration within 
the visual fields of the young, especially of the settling 
ones, may perhaps account for the poor feeding and 
the subsequent events leading to death within a few 
days of hatching. 

Choe (1966) has reared Sepia subacukata to a 
full commercial size of 350-400 g. According to 
Sivalingam and Pillai (1983) the young ones of Sepia 
aculeata hatched in the laboratory survived for only 
5 days. In a subsequent experiment the young of 
Sepia sp. were reared upto a size of 67 mm ; these were 
fed with mysids during the first month and with larval 
fishes during the later period (CMFRI Newsletter 
No. 26, 1984). WHk running water facilities and ideal 
conditions such as optimum environmental require­
ments, proper food and sufficient water space, it may 
be possible to rear the cuttlefish in the laboratory to a 
mudi larger size. 
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INSTANCES OF REGENERATION IN THE CUTTLEFISH SEPIA PHARAONIS 
EHRENBERG AND IN THE SQUID LOLIGO DUVAUCELII ORBIGNY FROM 

INDUN WATERS 

K, PRABHAKARAN NAIR AND B. NARAYANA RAO 

ABSTRACT 

Instances of regeneration of the first, third and fourth right arms and both the tentacles of a cuttlefish Sepia pharaonis, caught 
off Waltair, the left tentacle of a cuttlefish of the same species, and the third and fourth right arms and both the tentacles of a 
squid Loligo duvaucelii collected at Vizhinjam are dealt with. 

INTRODUCTION 

Animals have the ability to repair small or some­
times extensive damage caused to their body accidentally 
or otherwise. This may involve the repair of the 
damaged tissue of the body or even regeneration of a 
lost organ. Regeneration exists in almost all groups 
of the animal kingdom, but it is more common in 
invertebrates and lower vertebrates. 

The first stage of repair, as in salamanders for 
example (Balinsky, 1981), is that the epidermis from 
the periphery of the wound starts spreading over the 
wound and covers the entire open space. This begins 
to bulge out in more or less a conical shape, and under­
neath it a mass of cells accumulates and actively proli­
ferates. These cells and the epidermal covering to­
gether form what is called the ' regeneration bud' 
or * blastema'. Further growth of the lost organ is 
from this blastema. 

In cephalopods, instances of regeneration have been 
reported by many authors since Steenstrup (1856). 
Feral (1978), while discussing the post-traumatic re­
generation of the arms in young Sepia officinalis, has 
listed the records of regeneration in the following 
species of cephalopods : Loligo pealei, Ommastrephes 
illecebrosus (Verrill, 1881), Sepioteuthis lessoniana 
(Adam, 1937), Architeuthis harvesi (Verrill, 1882), 
Architeuthis dux (Aldrich and Aldrich, 1968), Sepia 
officinalis, Sepiola atlantica (Feral, 1977), Eledon aldro-
vandi (Parona, 1900), Eledon moschata (Hanko, 1913), 

Eledon cirrosa (Lange, 1920), Octopus fusiformis, 
Octopus inconspicuus. Octopus cutieri (Brock, 1886), 
Octopus vulgaris (Parona, 1900 ; Hanko, 1913 ; Lange, 
1920; May, 1933 ; Callan, 1940), Octopus defilippii 
(Riggenbach, 1901), Octopus sp. (Steenstrup, 1856) 
and Tremectopus violaceus (Portmann, 1952). So far 
there is no record of regeneration in cephalopods of 
our waters. The present account deals with instances 
of regeneration of arms and tentacles in the cuttlefish 
Sepia pharaonis collected off Waltair and Vizhinjam, 
and in the squid Loligo duvaucelii from Vizhinjam 
area. 

One cuttlefish measuring 230 mm in dorsal mantle 
length was caught in trawl net off Waltair in May, 
1982, and this had its first, third and fourth right arms 
and both the tentacles regenerating (Plate, lA). This 
cuttlefish was healthy and robust with well-developed 
mantle, fins and arms. The regenerated portions 
of the arms and tentacles are clearly distinguished 
from the rest of the arms by their subnormal size and 
thinner colouration due to lack or sparse distribution 
of chromatophores. Moreover, the suckers, whenever, 
piresent, are invariably much smaller than normal. 

First Right Arm 

This arm has a length of 38 mm including the re­
generated portion of 12 mm which is narrow and 
tapering towards the distal end. There is a small 
notch-like depression aborally, just like a healed cut, 
and this is apparently the place where the portion of 
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the arm was severed off. The suckers on the aim 
upto the point of regeneration are normal in sixe 
but in the regenerated portion they are very small 
and distributed in four rows as in a normal aim (Fig. 2a). 

Third Right Arm 

This arm is very short, 44 mm in length induding 
the regenerated portion of 32 mm (Fig. 2b). The 
sudcers on the proximal part of the arm, that is bdow 
the regenerated portion are normal in size and arranged 

Right Tentacle 

The total length of this regenerating tentade is only 
155 mm, whereas a normal tentacle is mudi longer. 
The regenerated portion measures 60 mm (Fig. 2d). 
The portion bdow the point of regeneration is more or 
less conical in outline but the regenerated portion is 
somewhat cylindrical becoming narrow towards the 
distal end till it is flattened at about one-^iird of its 
length. This flattened portion has the gross shape of a 

FIO. 1. Regeneration of arms and tentacles of A. Loligo dmauceltti (Vizhiojaoi); 
B. Sepia pharaaais (Walt«dt); C. Sapia pharaonis (Vizbiojais). 

in four rows. On the regenerated portion upto about 
one-third of its length, the suckers are smaller in size 
and dosely packed ; above this upto the distal end they 
progressively become smaller and are arranged in 
four rows. 

Fowth Right Arm 

The regenerated portion of this arm is 14 mm in 
length and it sharply tapers to the distal end. The 
sudcers are very minute and normally arranged (F^. Ic). 
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tentacular club but it is much smaller in size. From 
about one-fourtti above the point of regeneration up­
wards on the inner (oral) side, there are minute suckers 
and on the flattened distal portion the suckers are 
larger in size and arranged irregularly. The marginal 
membrane with crenulate border, present in normal 
tentaoplar dub, has not yet formed. Chromatophores 

, ate faintly distributed on t te outer (aboral) side of the 
regenerated part of the tentacle. 
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Fio. 2. Regenerated arms and tentades. {a-e) Sepia pharaonis (Waltair): (a) I right aim; ib) 111 right arm; 
(c) rv right arm; W) right tentacle; (c) left tentacle. (/•*) Sepia pharaonis (Vizhinjam); (A) normal right tentacular club 
oral view; (/) largest sucker of right tentacular dt>b: (/) left tentacle, aborolateral view; Qc) normal rigbt tentacular dub, 
aboral view. 1-x io%o «?tiva«ce/« (Vizhinjam); (/) HI right ai!ni,oiplat«Bl view; (m) aborolateral view of IH right arm; 
(«) IV right arm, orolateral view; (o) aborolatenl view of IV right ann; ip) right tentacle's right side; (9) right tentacle's 
left side; (r) i n left arm, dorsal side; (4) ventral side of HI left aim; (f) sucker ring of n i left arm; («) IV left aim, 
orolateral view; (v) aborolateral view of IV left arm; (w) left tmtacle; (*) ring of largest sucker'of left tentacle. 



Left Tentacle 
This tentacle is very short in size, only 60 mm long, 

inchiding 17 mm of regenerated portion which is just 
a stub with blunt distal end (Fig. 2e), and has no tenta­
cular club, suckers or chromatophor^. 

In another male cuttlefish {^pia pharaonls) measuring 
225 mm in dorsal mantle length and weighing 910 g 
tak^ in hooks and line off Vizhiiyam (Xi 17th May, 
1982, the lejft tentade was regenerating (Fig, Ic). 
Tbt tentade is only 290 mm long induding 90 mm of 
regmerated portion, as against the normal rt|^t tentadb 
injuring 435 mm. Figs. 2f, g, h, i, j show the oral 
mi aboral sides of the normal tentacular dub and 
orc^teral and aborolateral sides of the regenerating 
tentacular club. The regenerated portion whidi begins 
from a constriction on the tentacular stalk is flattened 
latnatly tapering to the distal rad (Fig. 2f). Minute 
sadEa:̂  cover the upper two-thirds of the inner (oral) 
8i(k of the regenerated portion (Fig. Ig). To\i^ds 
the distal end the suckers become progressivdy smaller 
in ^e and are very closely arranged in four rows. Tht 
largest suckw on this tentacle is only 1.5 mm in diameter, 
whereas the larg^ one of the notaalL right tentade 
is 7.5 mm (Fig. 2h, i). There are no diromatophores 
on the tentacular stalk bdow the crastriction but 
they are thinly distributed on the aboral side of the 
regenerated portion (Fig. 2j). The margii^ memtosne 
of the normal tentacular dub (Fig. 2k) is not present. 

The second right arm and the first left arm are cut 
off; the remaining proximal portions of these arms 
measure 23 mm and 30 mm respectivdy. It appears 
that these arms were lost just before the capture of 
the cuttlefish, since the wounds were still fresh and did 
not show any sign of healing. All other arms and the 
remaining ri|^t tentade were normal and wdl devdoped. 

A sample of squids of the spedes Loligo duvaucelii 
collected on 28th July, 1983 from boat seine landings 
at Vizhioyjam contained a male squid measuring 125 mm 
in dorsal mantle length and weighing 54 g. and this 
sqiiid .8bow<id si^is of regeneration on its third and 
fourth ri^t arms and both tentades (Fig. la). The 
s^imHimn was otherwise normal and healthy. 

In all the arms and tentades the regenerated portions 
are in the form of buds which look almost similar in 
size and shape. They measure only 1.5-3 mm in length 
and do not possess any suckers. Most of these buds 
have very small chromatophores on the aboral side. 

Third Right Arm 
Tlus measures 19 mm including 2 mm of regenerated 

portion. There are only 8 suckers on the aboral side 

of the arm, arran^ in two longitudinal rows (Fig. 21) 
and the largest sucker has a diameter of 1.5 mm. Hie 
aboral ked is feeble and it is restricted to the proximal 
part of the arm. The marginal imembrane is presoit 
on both sides of the oral plane of the arm and it is 
more prominent on the ventral side. The regeneration 
bud is small, pointed and bent towards ti|e oral side. 
The outer skin of the arm continues on to the bud on 
which there are a few minute chromatophotw aborally. 
The chromatophores are distributed along the entire 
dorsal side but on the ventral side they are lesteieted 
to the aboral part (Fig. Zm). 

Fowth Bight Arm 

Vae total lengdi of this arm is 21.5 imn induding 
the regenerated bud whidi measures 1.5 mm. On 
the distal half of the arm there are 8 suckers arranged 
in two rows besides a single sucker on the jM'oximal 
half (Fig. 2n), and these are smaller in size than those 
on the third right arm. The aboral keel is well 
devdoped. TIM marginal membrane is restricted to 
the middle portion of the arm. There are no chromato­
phores on tiie dorsal side but on the opposite side they 
are well distributed, becoming sparse towards the distal 
end with none on the regeneration bud (Fig. 2o). 

Right Tentade 

This has a total length of 75 mm induding 3 mm of 
the regMieration bud. The tentacular club is entirdy 
absent, and what remains is only the tentacular stalk 
(Fig. 2p). Proximal to the regeneration bod the oral 
side is slightly flat. Chromatophores are present on 
the distal half of the tentacular stalk on the left side 
(Fig. 2q) but on the right side they are very few, restricted 
to the aboral side upto the tip of the regeneration bud. 

Third L^t Arm 

Of the total length of 41 mm, the regeneration bud 
measures 3 mm (Fig. 2r). The suckors on the ventral 
side of the sam axe s l i ^ y larger than those on the 
right side (F|g. 2s). Theie are 24 suckers arranged 
in two longitudinal rows, their size becoming smaller 
towards the distal md. The diameter of the largest 
sucker is 1.75 flun and that of the homy ring is 1.25 mm. 
The inner margin of the sucker ring bears on its upper 
side seven broad {date-like teetii and the hyw&c side 
is smooth (Fig. 2t). The aboral ked is present upto 
the tip of the arm and the outer skin continues on to 
the regeneration bud. The marginal membrane is 
well devdoped on the ventral side and the distributioo 
of duromatpphores is more pronounced on the opposite 
side. Th«e are very few small chromatophores on 
the aboral tide oi the regeneration bwL . 
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Fourth Left Arm 
This has a total length of 26.5 mm, including the 

regeneration bud which measures 2.5 mm. "Rtere are 
13 small suckers on the oral surface with marginal 
membrane on either side (Fig. 2u), The aboral keel 
is well developed. The right side of the arm is devoid 
of any diromatophores but on the opposite side they 
are well distributed extending on to the regeneration 
bud (Fig, 2v). 

L^t Tentacle 
This tentacle is 92 mm in total length including the 

tentacular club of 21 mm (Fig, 2w). At the distal end 
of the club there is a regeneration bud measuring 1.5 mm. 
At the proximal part of the tentacular club the suckers 
are very small but beyond the middle portion they are 
larger in size. The largest sucker measures 2 mm and 
its homy ring 1.25 mm in diameter (Fig, 2x), The 
ring has 17 marginal teeth, the lateral ones being pointed 
with broad bases ; those on the anterior and posterior 
margins are blunt. The marginal protective membrane 
is present on both sides of the club. Qiromatophores 
are sparsely distributed on the distal half of the tentacular 
stalk and the left side of the club, but on the right side 
they are thickly distributed extending on to the aboral 
side of the regeneration bud. 

Since all the regeneration buds on the arms and 
tentacles of this squid are in the same stage of growth 
and as there is not much difference in their sizes (1,5-3 
mm), it is evident that all these appendages were cus 
off at the same time. 

There are many morphological characteristics associat­
ed with the regenerated arms and tentacles. These 
appendages are always shorter and thinner than the 
normal arms and tentacles. The outer skin and chro­
matophores (whenever present) smoothly continue on to 
the regenerated portion eventhough there may be a 
constriction or healed cut between the original and the 
regenerated portions. Sometimes the regenerated 
portions will be a protrusion (blastema) without suckers 
and chromatophores or with the latter alone. The 
suckers when present on the regenerated portions are 
invariably smaller in size, often a few in number and 
irregular in distribution. The marginal membrane 
are either poorly developed or absent. 

These characteristics have been observed in the 
oceanic squid Ommastrephes bartrami with regenerated 
tentacles and arms by Murata et ah (1981), who have 
found that a large number of squids with missing or 
regenerating tentacles survive normally. According 
to these authors the tentacles do not always seem to 
constitute an indispensable organ for preying. There 
were no noticeable differences in the mantle length 

composition and the mantle length—body weight tt-
lationship between squids with regenerated arms and 
tentacles and those with normal appendages, ,The 
reasons for the loss of arms and tentacles are not clearly 
understood. According to these authors the tentacles 
of Ommastrephes bartrami are easily dismembered 
at the staUc portion when they fall off the jig lines operated 
by automatic squid jigging machines. This may be 
the reason why there occur large number of squids of 
this species with missing or regenerating tentacles in 
the catch taken by jigging ; their incidence is upto 15% 
of the total number of squids. However, in all cephalo-
pods it is possible that the appendages are lost either 
in encounters with prey animals (mainly fish, crustaceans 
and other cephalopods) or in escape bids made from 
enemies. 

Feral (1978) has observed different stages of regenera­
tion in the arms and tentacles of the squids Loligo 
vulgaris and Loligo forbesi. He has also performed 
experiments on the young ones of the cuttlefish Sepia 
cfficirtalis in the laboratory by amputating the arms 
and tentacles, and based on the results, he has recognised 
six stages in the continuous process of regeneration: 
(1) wound healing ; (2) formation of a bud ; (3) growth 
of regenerating arm; (4) formation of the suckers ; 
(5) appearance of the first chromatophbrra and (5) 
recovery of motor function. 

While most of these stages were met with in the re­
generating arms and tentacles of the present material, 
some characters of the different stages seem to co-
occur, or the order of occurrence of these stages shows 
8on» exceptions. The regenerating portions of the 
first, third and the fourth right arms and the right 
tentade of the Waltair specimen, and the left tentade 
of the Vizhinjam specimen (both cuttlefish) are in the 
growing stages in having developing suckers and chro­
matophores. As they measure 12-32 mm (arms) and 
60-90 mm (tentacles), in all probability they must have 
motor function, moving along with the remaining 
part of the respective arm or tentacle. According 
to Feral's stages, appearance of the first chromato­
phores is the fifth stage, but in the case of the squid 
collected at Vizhinjam the chromatophores are present 
even on the blastema which is in the very early stage 
of regeneration. However, these variations are to be 
expected, as the comparison is among totally different 
species and between organisms obtained from the wild 
and those subjected to experiments in the laboratory. 

SuiBce it to say that these damages do not seem to 
have any adverse effect on the animals. What will be 
interesting is to know how soon in nature this healing 
and regmeration process talces place. 
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UTILISATION AND EXPORT OF CEPHALOPODS 

E, O. SILAS, K . PRABHAKARAN NAIR, M . M . MEIYAPPAN, K . SATYANARAYANA RAO, R . SXRVESAN AND P , V. aiEBNtvASAN 

ABSTRACT 

A major portion of the cephalopod catch in India is used as food in the coastal areas and a small portion as bait in the lotig-
line fishing. Other uses such as poultry feed, manure, abrasives etc. are also indicated. About one-third of the catdi is exported 
as frozen cuttlefish, frozen cuttelflsh fillets, frozen squids and cuttlebone. The trends in the export of cephalopod products in rec«it 
years are indicated. 

INTRODUCTION 

Cephalopods have many uses, and by far the most 
important among them is the use as h u n ^ food. 
Apart from having been mentioned in folklore, and 
some of them, especially octopus, depicted as among 
the monsters of the sea, the cephalo|>ods were used by 
man as food from time immemmorial. There are 
ref:rences to the Greeks, Egyptians and many other 
people such as those of Polynesia as eating octopus 
since very ancient times. Today the world catdi of 
cephalopods has gone up to 1,304,154 t in 1981 (PAO 
Yearbook of Fishery Statistics, 1983) and almost the 
entire catch is being used for culinary purposes. 

UTILISATION 

The meat of cephalopods is clean with good flavour, 
nourishing and delicious. The natritive value is high 
uid comparable to some of the good-quality fishes. 
The squid meat is a good source of protein which fonm 
about 20% wet weight. The biochemical consti-
tuteats of the Japanese squid are emtit protein 17.3% ; 
fat t.8% and carbohydrates 7.1% wet weiglrt; the 
cateric value is 117 cal/100 g (Tanikawa and Sano, 
1952; DrScowidi and Kelly, 1963). The Tasmanian 
sqiiid is Mgb in protein and phosphorus, and contain 
tracra of calcium, thiamine and riboflavin (Australian 
Fisheries, May 1979). According to Howard (1981) 
the composition of Loligo vuharis is protein 15-19%, 
and fat 1.1-1.5%. The edible portion of cephalopods 
consisting of the mantle, arms, tentacles and fins forms 
60-80% of tite bofdy weight, and this is much U^xtx 
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than in finfish or otibier shellfish. The high protein 
and low fat content of the meat of cephalopods make 
them suitable for human consumption (Roper et a/., 
1984). 

Most of the cephidopods are consumed fresh and in 
the cooked form. The Japanese eat cuttlefish meat 
and sometimes squid meat raw (' sashimi') with sauce. 
The overseas exports from cephalopod produdng 
countries are mostly to frozen form, and a small portion 
as dried or caiined piroducts. 

The JaiKmeise ha'^ ooastiH^d a large variety of culinary 
preparations out of squids, cuttkflshes and octopods. 
They range from raw dishes to various fried, roasted 
and boiled preparations. Some of them include squid 
pickled in yeast, rice or wheat, pickled with red pepper 
and soy sauce, roasted squid, boiled squid, salt-fer­
mented squid with ground pepper, uncooked squid 
with herring or seaurchin roe, diced and bofled squid 
with kelp, smoked squid, lemon-flavoilred and soy 
sauce-flavoured squid, and various other products 
(Court, 1980). Dried squid (' surume-ika') is a highly 
esteemed item used on ceremonial occasions like wed­
dings and festivals. In 1977 about 400,000 t of squid 
were converted into a variety of dried and seasoned 
products (Shediy and Vik, 1980). Sun-dryins is still 
practised but most of the drying is now automated 
which is faster and more economical. Among' surume-
ika ', there are many vMieties : • Surume' (sun-dried 
or imseasoned dried squid), * daruma' (slightly seasoned, 
semi-dried squid with skinless mantle and fin&),' noshi-
ika' (dried mantle with fins that have been flattened. 



stretched and softened by rollers) and ' saki-ika ' 
(seasoned and shredded mantle). 

In India oephalopods were considered as poor man's 
food for a long time and even today the stigma conti­
nues. In spite of the increased production and great 
demand as a commodity for export, their inclusion in 
our diet is still a far cry. This may be due to the con­
ventional food habits and preference for fish and prawns 
to any other marine products. 

Consumption of cephalopods has been restricted 
to some localised coastal areas mainly by fishermen 
and other poor sections of people. Rao (1954) re­
corded that in Mandapam and nearby areas on the 
southeast coast of India where there was a good 
fishery for the Palk Bay squid, the squids were sold 
mainly in fresh condition in the local markets, and at 
times of good catches a portion was cured with salt 
and dried in the sun. According to Sarvesan (1974) 
the large quantities of squids (Loligo duvaucelii) caught 
in trawl net at Mandapam were taken in baskets with 
crushed ice to Ramanathapuram and Kilakarai markets 
where they are sold in small lots; when the catch is 
very good a portion is cured. 

The local consumption of cephalopods has increased 
in recent times, witii the result that only about one-
third of India's cephalopod landings is being exported, 
the rest consumed internally. The large and medium 
sized squids and cuttlefishes are exported; the small-
sized ones, the octopods and those landed during the 
off seasons are used as food. These are sold at the 
landing centres or taken to local markets near the coastal 
areas. 

At Vizhinjam, on the southwest of India, the squid 
and cuttlefish catches are auctioned to agents of ex­
porters or to private individuals who make the preli­
minary processing and sell the products to the exporters. 
Only the large and the medium-sized squids and cuttle­
fishes are taken for processing. After removing the 
skin, viscera, head and the cuttlebone or pen (of squid), 
the mantles are washed, kept in ice water and then 
taken to the processing shed for Airther processing and 
transporting in refrigerated vans to the freezing plant. 
In recent years, the price of cuttlefish meat ranged 
from Rs. 12 to 18 per kg at the landing centre and that 
of squids Rs. 8-10 per kg. At times of great demand, 
cuttlefishes at Vizhinjam are sold at higher prices and 
large-sized ones of 300-340 mm size fetch Rs. 25 to 
35 each. The head and arms are sold to local people, 
the price ranging from SO paise to 1 Rupee depencUng 
on the size. The nidamental glands of the female 
cuttlefi^ are also sold at 25-50 paise per eacb pair, 

The small sized squids and cuttlefishes are taken to 
local markets and sold by number or by small lots. 
At times of good landings, a portion of the squid catch 
is sun-dried as also the head and arms of cuttlefish, 
after removing the mantle for export. The cuttlebone 
is sold for export at the rate of Rs. 6-10 per 100. 

At Madras the cuttlefish meat (mantle) fetches a 
price of Rs. 10-14 and squids (whole) Rs. 6-7. At 
Cochin the price of whole cuttlefishes is Rs. 7-10 and 
squids Rs. 5-7. At Mandapam and Rameswaram 
areas the squid Sephteuthis lessoniam is sold at a 
higher price than the cuttlefish ; the whole squid costs 
Rs. 10-12 per kg. The cuttlefishes Sepia aculeata, 
and the squid Loligo duvaucelii are sold at Rs. 5-7 per 
kg. 

Use as bait 

Cephalopods are a favourite bait for long-line fisher­
men engaged in catching tunas, billfishes and other 
pelagic fishes. In the hooks and line fishery at various 
places along the Indian coast, cephalopods have been 
used as an effective bait (Jones, 1968 ; Sarvesan, 1974 ; 
Rajagopal et al., 1977 ; Silas and Pillai, 1982). Accord­
ing to Silas and Pillai (1982) squids are the most im­
portant bait in the tuna long-line fislury for the 
southern bluefin, albacore, bigeye and yellowfin. 

Other uses 

Apart from being a good source of human food and 
an effective bait in long-line fisheries, cephalopods 
have many other uses. Byproducts such as oil and 
liver extracts are made from squids in Japan. Squid 
liver extracts are used for human consumption and in 
the dehydrated form they are used as food for live­
stock (Takahashi, 1965). The viscera of squids is a 
good poultry feed (Kawata et al, 1955). Ambergris, 
obtained from sperm whales and used as a fixative in 
perfumery, is formed around beaks of squids consumed 
as food (Lane, 1962). Squids are also med as manure, 
and the waste from squids and other oephalopods are 
converted into fish meal. 

The cuttlebones are commercially used in preparing 
fijie abrasives and dentifrices (Dees, 1961). The powder-
mi cuttlebone is a good source of food for poultry and 
cage birds. It is also provided to cage iHrds as a 
grinding stone for thdr beaks. Pulverised cutUe-
bones are used for cleaning the surface of woodwork 
and motor vehicles before they are painted (Sarvesan, 
1974). Powdered cuttlebone is a good cleansing agent 
for s ^ s and other smooth surfaces. Medicinal value 
is attributed to cuttlebone and Sepia ink (Boycott, 
19f7). The ink a( cuttlefish has been used by artists 
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Fro. 1. Quantity and value of annual (1969-'83) and portwise (1978>83) exports of cephalopod products (portwi^f 
export iSsures for 1983 include only frp?en cpttlefish pnd cuttlefish fillets), 



as a natural Sepia pigment. The Romans have been 
using finely ground cuttlebone as a cosmetic. In the 
Japanese cuttlebone craft, a variety of fancy articles 
are made from cuttlebone. The shell of Nautilus is a 
shell collector's delight. 

Live cephalopods are good experimental animals 
in the field of research and education. The discovery 
of the giant nerve fibres or axons of the squid by Dr. 
J. Z. Young in 1936 has opened up great avenues for 
research in electrophysiology and cellular neuro­
physiology which have great practical applications. 
The researches that are currently being carried out on 
the giant nerves of squid at the Woods Hole Marine 
Biological Laboratory and elsewhere may help in 
developing new drugs which will work on the human 
nervous system. 

Jacques Cousteau in, his fascinating book ' Octopus 
and Squid, the Soft Intelligence' points out how an 
octopus was used to salvage the coal that was lost in 
the sea by a ship during the First World War. To 
quote Cousteau, 'Chinese, Vietnamese and Japanese 
salvage workers have used octopuses to bring up objects 
from sunken ships. The octopus in other words, 
took over the role of a human diver,' 

CEPHALOPOD EXPORTS FROM INDIA 

Among India's marine products which earn over 
Rs, 3,500 million from export trade annually, cephalo-,- , 
pods have emerged as an important component ia^ 
recent years. Out of 86,169 t of seafood exported in 
1983, 4,050 t were cephalopod products valued at 
Rs. 72.7 million (MPEDA, 1985), The growth of 
export trade from 46 t in 1973 valued at Rs. 0.4 million 
to the present level has been phenomenal, and this 
gives an impetus to the fishermen as well as the industry. 
Today the overseas trade is being carried out. with many 
countries some of which have been providing steady 
markets for Indian cephalopod products. Initially, 
cuttlebone was the only item of export but from 1973 
onwards frozen cuttlefish and from 1975 frozen squids 
were included and since then they have become the 
mainstay of the cephalopod exports (Fig. 1), 

The growth of exports from 1973 must be considered 
phenomenal as there was a three-fold increase in 1974 
and an eight fold increase to 1,072 t by 1975. The 
value also increased to Rs. 29.4 million from Rs. 1.9 
million in 1974, The spurt continued till 1980 with 
the quantity reaching 3,8181 valued at Rs. 55.8 million, 
but in 1981 there was a fall in quantity (2,830 t) as 
well as value (Rs. 48.6 million). The exports again 

picked up when the quantity reached 3,260 t in 1982 
and the all-time high of 4,050 t in 1983. However, 
this trend was not reflected in the value which came 
down from Rs, 76.1 million to Rs. 72,7 million. 

Products of Export 

Though the cephalopod fishery in India- consists 
of cuttlefish, squids and octopods to a very small 
extent, only the first two are being exported at present. 
The cuttlefish products include frozen cuttlefish, frozen 
cuttlefish fillets and cuttlebone, and in 1983 these 
together formed 45% of the total cephalopod exports. 
Squids are exported in frozen form, and the quantity 
exported in 1983 was 55% of the total exports. The 
trends of the export of all the four items, and also 
their major foreign markets are shown in Fig, 2. 

1. Frozen Cuttlefish 

The beginning of the export of cuttlefish products 
other than cuttlebone was made in 1973 with the 
shipment of 13.8 t of frozen cuttle fish worth Rs, 0,2 
million to Japan, Since then there was a marked 
increase in exports and in 1980 a record quantity of 
9261 worth Rs, 18 million was exported and this record 
export (quantitywise) has not been sxirpassed in the 
subsequent years. In 1981 the quantity came down 
to 243 t valued at Rs. 4.6 million. In the following 
years, however, the quantity picked upto 6391 and the 
value to Rs. 15,2 million in 1982, and 8861 and Rs, 21.6 
million in 1983; in the latter year this item formed 
21,9% of the total export of cephalopod products 
accounting for 29,8% of the value. 

Japan is the top buyer of Indian frozen cuttlefish 
all through the years. In 1983 the export to Japan 
was 609 t which amounted to 69 % of the total export 
of this product and earned foreign exchange equivalent 
of Rs. 16 million (74.6%), After a good performance 
(202 t to 339 t) during 1975-77, the exports dropped 
to a mere 30 t but picked up again in 1977 (300 t) and 
continued through 1983, except for another drop in 
1981 (95 t). France is another regular buyer of frozen 
cuttlefish since 1975, taking 16% of the export of this 
product during 1983, A quantity of 143 t valued 
at Rs. 3 million was exported to France during that 
year. The export to that country started in 1975 and 
it increased till 1978 but showed ups and downs during 
the subsequent years. Other than Japan and France, 
the countries which imported the product from India 
during 1983 were Bahrain, Kuwait, Belgium, Spain, 
Saudi Arabia, the Netherlands, U.S.A. and the Federal 
Republic of Germany. 

168 CEPHALOPOD RESOURCES OF EEZ; 



TREND OF CEPH/̂ OPOD EXPORTS 
0969-83) 
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(1983) 

#y»<;>̂ p< souips 

courrmv %OFEXPORT 

FRANCE 
BRAZH. 
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FRANCE 
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CUTTLE BONE 

FRANCE 54 0 
U.K. 39 3 
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• QUANTITY LESSTHAN1T0NME 
Q VAUUELE^THAN0 5M.LI0N 

RUPEES 

- 8 

Fio. 2. Trend of itetnwise exports of cwhalopod products during 1969-'83 and mnjor market countries in 1983, 



2. Frozen Cuttlefish Fillets 

The export of frozen cuttlefish fillets during 1983 was 
921 t valued at Rs. 21.6 million. This was 22.7% of 
the total cephalopod export and 29.7 % of its value. As 
in the case of frozen cuttlefish, the frozen cuttlefish fillets 
also was first exported to Japan in 1974 with a quantity 
of 93 t valued at Rs. 1.5 million. In the next year 
there was a seven fold increase in the quantity and a 
thirteen fold increase in the value. After a fall in 11*76, 
the export again improved in 1977 and increased till 
1979 but dropped slightly in 1980. The exports Were 
very good in 1981 (1,245 t, Rs. 27.9 million) and 1982 
(1,488 t, Rs. 41.3 million). The year 1983 witnessed a 
big drop by 38% in quantity and 47% in value. 

Japan is a regular buyer of Indian frozen cuttlefish 
fillets since 1974 and has been importing 92 t to 835 t 
annually. The maximum quantity was exported to 
Japan in 1982, and the value also was the h ig^ t , 
Rs. 28.8 milUons that year. In 1983, export to Japan 
was 500 t which formed 54.3% of the total export 
of this product and the value realised was Rs. 13.2 
million forming 61.3% of the total value. Apart 
from Japan, there are 14 other countries which have 
imported or continue to import cuttlefish fillets from 
India. Among them Hong Kong and France took 
125 t (13.5%) and 108 t (11.7%) respectively in 1983 ; 
the Netherlands, Belgium, Singapore, U.A.E. and 
Nepal together shared 20.5%. The monetary reali­
sation from exports to Hong Kong and France were 
Rs. 2.4 miUion (11%) and Rs. 1.9 mUlion (8.8%) 
respectively. 

3. Frozen Squids 

Frozen squids is the largest single item of export 
among all the cephalopod products. In 1983 a quantity 
of 2,217 t worth Rs. 29.2 millions was exported. The 
export of this item was started in 1974 with a trial 
shipment of 454 kg valued at Rs. 6,823 to Australia, 
The regular exports commenced in 1975 and Australia, 
Belgium, France, Spain and U.S.A. together took 46 t. 
There was tremendous increase in exports since then, 
and in 1978 it has reached the highest peak of 2,429 t 
valued at Rs. 32.8 millions. But from 1979 to 1982 
there was a decline in the exports tp 1,108 t. How­
ever, the export of this product showed a healthy 
trend by doubling the quantity in 1983. 

Twenty four countries have been buying frozen 
squids from India during the last ten years. Among 
these, France offers a steady market all through the 
years with the import into that country varying from 
the initial 9 t in 1975 to the maximum, 2,1011 in 1978. 
In all the years the quantity was over 400 t except in 

1977 (279 t). Australia imported Indian squids re­
gularly from 1975 to 1982 but in 1983, she did not 
import this product. Among the major importers 
Belgium, the Netherlwds and Spain still continue to 
buy this product. Japan which provides the largest 
market for Indian frozen cuttlefish and cuttlefish 
fillets has taken frozen squids only in 1976 (13 t), 
1978 (4 t) and 1979 (30 t). In 1983 France took 868 t 
of the product worth Rs. 12.3 million which formed 
14% of the total export by quantity and 42.2% by 
value respectively. A significant aspect of the export 
performance in 1983 was the finding of a new market 
in BrazU. A quantity of 307 t (14%) valued at Rs. 3.5 
miUion (12%) was exported to Brazil, Greece took 
12.7%, followed by the Netherlands (8.6%) and Spain 
(8%). Taiwan, Switzerland, Belgium, U.S.A., the 
Federal Republic of Germany, Saudi Arabia, Italy, 
and Kuwait together imported 17.7% of this product. 

4. Cuttlebones 

Of all the cephalopod products, cuttlebone was the 
first item to be exported from India. The available 
data show that 17.31 of cuttlebone valued at Rs. 50,348 
were exported in 1966. From 1967 the exports showed 
marked fluctuations from less than a tonne to 49 t in 
1977 ; though there was decline in the quantity exported 
during 1978-83, the value increased from Rs. 0.2 million 
to Rs. 0.5 million. In 1983, a total quantity of 26 t 
of cuttlebones worth Rs. 0.3 million were exported-
This product was being exported to about 14 countries 
but in 1983 their number came down to three viz., 
U.K., France and the Federal Republic of Germany. 
U.S.A. was a regular buyer from 1975 to 1981, and 
New Zealand from 1975 to 1980. From 1974 onwards 
U. K. continues to import cuttlebone from India, and 
in 1983 the quantity taken was 10 t worth Rs. 0.2 
million. Though France has taken more quantity 
(14 t), the return was comparatively less (Rs. 68,000). 
The Federal Republic of GCTmany which is in the market 
since 1977 has taken only 1.8 t in 1983. 

It is of interest to note that all the cuttlefish products 
(frozen cuttlefish, frozen cuttlefish fillets and cuttle­
bone) put together, quantitywise form 45% of the total 
cephalopod exports, the rest (55%) being frozen squids, 
but in value Ihe cuttlefish products account for 60%. 
It is also pertin^t to mention that Japan and France 
provide the largest overseas markets for Indian cephalo­
pod products. In 1983, Japan lifted 609 t of frozen 
cuttlefish and 500 t of frozen cuttlefish fillets, together 
forming 27% of the overall total exports. The value 
realised for both the products was Rs. 29 million 
which formed 40% of the total export value. Rs. 18 
million (25%) came from France for 1,133 t (28%) 
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of all the cuttlefish and squid products. Thus Japan 
and France together account for 55% of the export by 
quantity and 65% by value. As it stands today, our 
success in the export trade in regard to cephalopod 
{̂ oducts depend on their market demands in thiese two 
countries. 

Portwise Export of Cephalopods 

The Indian cephak)^ proibicls arê  exported f̂ oaa 
many ports, viz., Calcutta, Visakhapatnam, Madras, 
Tuticorin, Cochin, Mangalore, Ratnagjri, Bombay, 
Veraval, Porbunder and Okha (Fig. 1). Of these 
Cochin, Bombay, Madras, Veraval and also Porbundar 
and Tuticorin to a great extent .are the ports for the 
regular exports during almost all the years. At ottier 
centres the export is only occasional and on a small 
scale, from less than 11 to 111 annually. The annual 
export from Cochin port varied from 669 t in 1978 
to 2,283 t in 1982 within a range of 33-50% of tlie 
counlxy's cephalopod exports. In foreign exchange 
inflow also Cochin port was topping the list, with Rs. 12 
milUon to Rs. 57 million annually (42-75%). The 
annual exports from Bombay ranged from 714 t to 
1,340 t with the value of the products varying from 
Rs. 9 million to Rs. 20.4 million. The export from 
Veraval was 5 t to 1,087 t, from Porbundar 18 t to 
604 t, from Madras 81 t to 214 t, and from Tuticorin 
0.5 t to 26 t. The high positions of Kerala, M^ia-
rashtra, Gujarat and Tamil Nadu in the all India 
cephalopod production are reflected in the export per­
formance at the ports of Cochin (Kerala), Bombay 
(Maharashtra), Veraval and Porbundar (Gujarat) and 
Madras and Tuticorin (Tamil Nadu). The proximity to 
landing places, better transportation networks and 
location of the processing plants facilitate quick and 
more efficient exports from these ports. 

Among 159 firms engaged in processing and export­
ing marine products from India, listed by MPEDA, 139 
firms deal with squids and cuttlefishes as one of the 
major items. Of these, 43 are in Cochin (72 in Kerala), 
31 in Madras (35 in Tamil Nadu), 21 in Bombay (23 
in Maharashtra) and the rest in other maritime states 
(9 in Gujarat, 3 in Goa, 9 in Karnataka, 3 in Andhra 
Pradesh, 1 in Orissa and 4 in West Bengal). 

Consumer acceptibility of any i^^uct depends upon 
the quality of the product and therefore the quality of 
cephalopod raw material and finbhed products is to 
be ensured before they are processed and exported. 
In the case of frozen products, the external appearance, 
colour, texture;, flavour, thidcness of mantle and degree 
of freshness are v ^ important. There are detailed 
guidelines and methods for processing frozen cuttle­
fish and squids under strict quality control require­
ments (MPEDA, 1976). In 1976, the MPEDA had 
arranged a training programme in processing squids and 
cuttlefishes, and a team of Japanese experts imparted 
practical training at Calcutta, Paradeep, Madras, Quilon, 
Cochin, Mangalore and Bombay. Shenoy (1985) 
has given the method for processing dried squids ac­
cording to quality requirements in the Japanese market. 
According to the Market Study Team sponsored by 
MPBDA, which visited Japan, there is immense scope 
for exporting Indian dried squid to Jap\n as the demand 
there for this commodity is about 12,000 t a year' 
Hie i^ice is very attractive, which is about Rs. 65 per 
kg, and accroding to the committee's estimation, India 
can export 2000 t of dried squid a year. 

With the increasod production of cephalopods, 
improved handling and processing techniqu(» under 
sttlct quality control measures, India has bright IHTOS-
pegts in the overseas trade in cephalopod products. 
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CEPHALOPOD RESOURCES: PRESPECTIVES, PRIORITIES AND 

TARGETS FOR 2000 A.D. 

E. G, SILAS 

Central Marine Fisheries Research Institute, Cochin-6i2 031 

ABSTRACT 

Estimates of cephalopod resources of the Indian Ocean and the EEZ of India are discussued. Attention is drawn to major 
lacunnae in resource assesment • The importance of cephalopods also as forage, as tmit, for neuro-physiological studies, behaviour 
studies and so on are discussed. The cephalopod potential and the piespectives aad production targets for 2000 A.D. along with 
modalities of achieving the same are outlined. 

INTKODUCTION 

There is general consensus that cephalopods 
constitute potentially an important marine living 
resource where future exploitation to a high magnitude 
is possible. Estimates are that thp present global 
production of 1.5 million tons can be inca%ased many-
fold. Nearly 70 per cent of the presently exploited 
resources of squids, cuttlefishes and Octopus come from 
the neritic waters where directed fisheries for this 
resource is sparse. While Cephalopods are considered 
a nonconventional resource in many areas, its high 
protein and low fat content can make it an important 
item of human diet. In fact, there has been a quantum 
jump in the cuttlefish and squid catches in the world 
during the decade 1970 to 1980 of 84 and 57 per cent 
respectively as against a growth of hardly 8 per cent of 
total world fish production. An FAO projection places 
this trend of production of cephalopods in the world 
fisheries to go up to about 2 million tons by 1990. 
Accordingly (Anon, 1983), the total world food require­
ments of cephalopods will be between 1.7-1.9 million 
tons by 1990, about 227,000 to 499,000 tons more than 
the present level. To maintain the present level of 
per capita consumption, the production should attain 
atleast the lower limit. The estimated projections given 
in Tables 1-3 will give an overview of the situation, 
especially for the countries viz., Japan, Republic of 
Korea, China, Spain, Italy, France, Mexico, Thailand 
and Philippines presently involved with the fisheries in 
a big way. 

TABLE 1. Projected Demand for Cephalopods in Japan 
1990 (,4fter Anon, 1983) 

1980 1990 1980 1990 
Esti- Pro- Esti- Pro-

mated jected mated jected 
'000 live Per Capita 
tons weight kg. 

FRESH/FROZEN 

Home consumption 

Squids/Cuttlefish 
Octopus 
Sub total 

Institutional Catering 

Squids/Cuttlefish 
Octopus 
Sub total 

Processed 

Preparations 
Others: 

Canned 
Dried, Salted & 

smoked 
Salted feimented 

Sub total 

Total Human Food 

Bait 

Total Demand 

234.2 
43.3 

.. 277.5 

85.3 
51.0 

,. 136.3 

,. 316.5 

5.1 

41.0 
18.6 

. 381.2 

. 795.0 

36.0 

. . 831.0 

249.0 
48.0 

297.0 

130.0 
65.0 

195.0 

331.5 

4.0 

45.0 
22.0 

402.5 

894.5 

30.0 

924.5 

2.02 
0.37 
2.39 

1.22 

1.22 

2.73 

0.56 

3.29 

6.90 

2.30 
0.44 
2.79 

1.54 

1.54 

2.77 

0.56 

3.33 

7.66 

. 
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TABLE 1 Actual supply and prospective <ka>mdj6t 
Cehdopods in 1990 in selected countries (After Anon. 

1983, SCSIDEVmm 

Country 

Mexko 
Japan 
Korea, Rep. of . 
niilippines 
Thailand 
France 
Italy 
Spain 

1980 
JPer Capita 

kg. 

0.39 
6.82 
2,16 
0.67 
0.83 
0.28 
J.57 
3,50 

Total 
'000 tons 

27.0 
763 
110.6 

33.0 
26.0 
14.6 
89.1 

132.0 

1990 
Per Capita 

kg. 

0.41 
7.08 
2.63 
0.79 
0,97 
0,32 
1.85 
3.73 

"000 tons 

38 
895 
118 
SO 
56 
18 

108 
151 

TABLE 3, General prespective for World Consumption of 
Cephabpods in 1990, (After Anon. 1983. SCSI 

i>ev/83/24 ('000 tons) 

VioM Totel' 
Africa 
Latin America 
Mexico 
Other 

Alia and KfiMle East 
Japan 
Korea, Rep. of 
Philippines 
Thailand 
Other Asian 

Europe 
France 
Italy 
Spain 
Other European 

Approxi­
mate 

per cent 
consump­

tion 
(1980) 

. . 1447.6 
XO 

32.0 
27.0 

5.0 

. 1127.9 
795.0 
110.6 

33.0 
18.3 

. 171.0 

265.7 
14.6 
89.1 

. . 132.0 
30.0 

OHier Developed Countries 20.0 

Prespective consump­
tion in 1990 

Low" H i | ^ 

1674 
3 

43 
35 
8 

1314 
845 
129 

42 
48 

250 

2S4 
15 
91 

142 
36 
30 

1946 
5 

53 
38 
15 

1518 
895 
157 
50 
56 

360 

325 
18 

108 
151 
48 
45 

0 Assuming no increase iaper capita consumpticHi. 
6 Including the effect of income increasss for all, and also 

for i»ice effects in tlu case of Japan. 
' Exduding bait (approximately 4^000 ta«i^ and iavmtories 

What is most reveaUng is that while the prospective 
consuo^on for 1990 (hi^) for the counties tradi­
tional^ involved with Cephalopod fisheries is to the 
t\3m of about 264 thousand tons (100^)00 tons for 
Japan), it is the senario for the ' Otl^r Asian Couitries' 
that is significant—a jump from 171.0 to 360.0 tons. 
While these may be only indicative projections, I feel, 
India has a vitally important role to play in filling up 
part of this gap of about 189,000 torn. 

Ibtki^ we are in a fortunate positiMi to Jhave nisoy 
sMtA. fiui^es im <m lesoiuaes nayey yauS^ to 

^Constructive development programmes. With a flee* 
of large fishery exploratory survey vessels with the 
Fishery Survey of India and Sister Organisations of the 
Department of Fisheries and DARE of the Ministry 
of Agriculture and Rural Development, Government 
of India, and the acquisition of the Fishery C^»ano-
graphic Research Vessel SAGAR S A M P A D A of the 
Department of Ocean Development, Government of 
India, we are uniquely set to carry out from tl« deeper 
neritic waters and our contiguous high seas resources 
surveys and evaluations as well as quite a lot of basic 
information that is required on the ecology, behaviour 
and stocks of cephabpods that are essential for sus­
tained commercial operations. If we take the example 
of Thailand, great innovations are possible in the shal­
lower neritic waters in our small scale fisheries sector 
and the continental shelf waters. 

No development programme for cephalopods, a 
non-conventional resource for us can succeed unless 
we link it with a good internal marketing strategy. 
Thus there is an urgent need for a constructive product 
development and marketing programme even for the 
existing catch part of which is discarded. As 
introduction of specialised fishing methods are necessary 
to augment production from the present level of about 
18,400 tons (Av. for three years 1982-84), largely taken 
as bycatch in the shijmp fisheries, what should be our 
strategy? UpgracUng the existing fisheries with inno­
vations in l ^ t fisWng with Uft nets in the small 
scale sector ^ the establi^raent initially of joint 
venture programmes with buy back arrangements 
appear feasiUe pr<^>Q^om, 

An expansion of the Cephalopod fisheries in India 
may throw up a number of problems and will also need 
special attentions in several areas including basic and 
appUed r^earch to su^ort developmental programmes. 
I would like to touch on s o ^ of these before attempting 
a long term developnient projection for India. 

RESOinux hasBssiimtrt 

1. Tbsi expansion in oeldialopod fisheries wiB involve 
tapping of new resources for utilization be^des tiw 
traditionally exploited spedes. Proper spedes identi­
fication for developing resource management strategies 
is essential. Our sped^ inventcwy, e s p e d ^ those 
from our oceanic waters is far from complete. Hence 
this basic element has to receive immediate attention 
through collection of samples and documentation from 
resource surveys and exploratory fishing for neritic, 
epipelagic and mesopelagic spedes. Identification of 
life-history stages is an equally difiicult task. It is 
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imperative that we have identification aids or keys for 
larvae and juveniles so that recruitment monitoring of 
at least the commercially important species could be 
made more effective. 

While living cephalopods number fewer than 1000 
species (650 ?) belonging to 43 families, there are wide 
range of dififerences in their life habits, and behaviour ; 
some are benthic, others pelagic or pass through an 
early pelagic phase exhibiting ontogenic descent; some 
solitary or as the oceanic squids, shoal in large schools. 
Size-wise they range from minute species hardly 2 cm 
to the giant squid Architeuthis sp. attaining over 20 
metres in length and weighing well over a ton. How­
ever, most of the commercial species fall within the 
range of 30 gms to 2 kg in weight. 

2. Use of Cephalopod beaks in species identi­
fication : A method for identifying beaks and on beak 
size estimating body weight and mantle length has been 
developed by Wolflf (1984). Studies of this nature 
are very important since in many cases we get only the 
beaks from predator stomach and gut. Effective 
means of species identification thus becomes important 
and so also an estimate of the size of the prey. Perhaps 
this approach could eventually help in estimating prey 
biomass. 

Mercer et al (1980) have gone one step further in 
using beak morphometries of the Ommastrephid squid 
Ilkx illecebrosus in sex determination. The significance 
of cephalopod beaks and the. possibilities of beak size-
body weight estimations have been discussed by Clark 
(1962a, 19$2b and 1966). Wolflf and Wormath (1979) 
have used beak morphology for separating two morpho­
logically similar species of ommastrephid squids. 

A whole new area has thus been opened up for studies 
on species and sex identification as well as estimation 
on growth and predator prey relationship. It is hoped 
that some attention will be given to such studies and 
estimations in our waters. 

3. Diel vertical migrations : 

Spectacular diel vertical migrations are undertaken 
by many species of oceanic cephalopods. Roper and 
Young (1975) categoric a variety of patterns of vertical 
distribution of cephalopods as : 

Near surface dwellers 
First order diel vertical migration 
Second order diel vertical migration 
Diel vertical shifters 
Diel vertical spreaders 
Non-migrators 

Vertical wanderers 
Species associated with the ocean bottom ; and 
species exhibiting ontogenic decent. 

While we have carried out some studies on the Deed 
Scatting Layers (DSL) and the vertical migrations of 
macro-zooplankters (Silas, 1969), more work is needed 
in this direction specifically with reference to cepha­
lopods for the following reasons : 

(a) To understand the eflfect of temperature, light 
productivity and competitions in regulating or 
limiting the distributions of the species. 

Q>) In the Eastern Arabian Sea we have an oxygen 
minimum layer and the relationship of this with 
the occurrence of pelagic cephalopods, especially 
those associated with the DSL needs study. 

(c) Determination of swimming layers of the com­
mercially important species and the phases of 
feeding activity on the bait organisms in the DSL. 
From the north east Arabian Sea, Yamanaka 
(1976) has reported capture of the oceanic squid 
Symplectoteuthis oualaniensis with hand lines 
from a depth of 400 m during day and from near 
the surface attracted by light at night. This 
species is also said to avoid upwelling areas and 
during day time its swimming layer is said to 
correspond to the oxygen minimum layer (0.18-
0.38 ml/1). Two DSL, one at 350-450 m and 
the second still deeper at 800-900 m have been 
reported from the Lakshadeep Sea (Silas, 1969) and 
the occurrence of cephalopods and their percen­
tage composition in the DSL should be of consi­
derable interest. The closing nets which could be 
operated at reasonably high speed is a must for 
quantitative studies on some of the mesopelagic 
squids. In a series of papers Clarke and Lu 
(1974, 1975) and Lu and Clarke (1974, 1975) 
have demonstrated the more eflfective use of two 
nets, namely the Isaacs Kidd Midwater Trawl 
with catch dividing buckets (IKMT) and a 
Rectangular Midwater Trawl (RMT) with good 
success. 

We have facilities for use of such gear from our 
research vessels ; especially R. V. SAGAR SAMPADA 
and I hope constructive i»ogrammes will be developed 
for obtafaiing better quantified data. 

CEPHALOPODS AS FORAGE 

1. Cephalopods form forage to a wide variety of 
predators, viz., large perches, Tunas and tuna—like 
&ihes including sword fish, sailfish and marlins, 
hamtMie^(,Alepistmnisferox), pelagic sharks and rays, 

174 CEPHALOPOD RESOURCES OF EEZ 



sea birds, dolphins and toothed whales. Clark (1979) 
1980) estimates on the basis of beak of oephalopods in 
stomadis of sperm whales that the whales may consume 
squids as much as or more than the quantity harvested 
in world fisheries for squids. A proper evaluation of 
cephatopod as forage from our seas is necessary in order 
to understand whether excessive degree of preying on 
any particular species by predators would affect recruit­
ment of any of the commercially important species. 
Besides it may be worth examining whether some of 
the forage species could be good indicators of aggre-
pting areas of pelagic fish such as Tunas. Stomachs 
of lancet fishes caught in tuna longline fishery 
invartaibly contain fresh forage on which they would 
have fed and form excellent biological samplers. The 
importance of cephalopods as forage will be evident 
from the growing literature on the subject. A few 
pertinent references on prey-predator relationship are 
Krumholz and de Sylva (1958), Maksimov (1969), 
Dragovich and Potthoff (1972), Pervin, Warner and 
Fiscus (1973), Rancurel (1971, 1976), Clarke and 
MacLeod (1974), Mercer (1974), Imber (1975) and ToU 
and Hess (1981). 

CEPHALOPODS AS BAFT 
Estunates are that nearly 46,000 tons of Cephalopods 

harvested, predominantly squids pre used as bait in the 
global fishery activities. The demand is most for small 
sized squid of 150-200 gms for tuna long lining. Japan 
is esimated to use about 36,000 tons as bait in her 
distant water tuna long line operations. This demand 
for bait is likely to contmue if not rapidly increase in 
the coming years as many of the developing countries 
may enter longline fishing and other types of line fish­
ing where cephalopods may have to be used as bait. 
A decline in use of cephalopods (squids) as ^ t is 
predicted for Japan. A proper assessment of our 
requirements and the species suitable as bait needs study 
as we have made a start in exploratory surveys and 
joint ventures programmes in tuna long lining. In 
short the right species and the right size have to be 
decided and the size of the blocks in which they have 
to be frozen for easy transport and handling on board 
determined. 

CEPHALOPOD BEHAVIOUR 
We have practically no studies on behaviour of 

cephalopods from our waters. An understanding of 
Cephalopod behaviour is equally important for the 
exploitation of the resources. We need information 
on the gregarious and non-gregarious habits of the 
spedes, existence of dominance hiearchies, feeding 
pat^m ; degree of sociability, communication between 
arrivals by agtiostic displays, territorial habits, protec­
tive adaptations to discourage perdators, escape 

behaviour, inking pattern, frequency and quantity 
and other antipredator behaviour, diel rythniis, habitat 
pftefezences, swimming postures, ritualized reproductive 

r̂V t̂l̂ U ûr and courtship patterns during sexual 
istenctions, copulation and egg-laying ; ritualised colour 
patterns (light, dark, striped, bars and spots, dymantic 
or black spot display and other patterns such as zebra 
stripe, upward V-curves, longitudinal streaks and 
cryptic and defensive patterns); bioluminescence and 
its role in behaviour; and semelparity. 

Reproductive behaviour is of special interest. What 
triggers egg laying in a site ? According to Grimrpe 
(1926) in Sepia offieianalis, the laid eggs may induce 
optical stimulation in spawning females in selecting 
an egg deposition site. In the case of Loligo opakseens 
an egg cluster is known to be a visual stimulus for 
females to attach freshly laid eggs to the cluster 
(Hurley, 1977). Confia-matory information for OUT 
tropical species is wanting. 

The works of Wells (1962). Wells and Wells (1972), 
Young (1962), Moymhan and Rodaniche (1977, 1982) 
and Moynihan (1983) are but a few useful references 
which are indicative of the wealth of information that 
could be collected an aspects of the behaviour of the 
species, information on some of which are vitally neces­
sary for managing the resource. 

NEURO PHYSIOLOGICAL STUDIES 

A good amount of effort has gone into the study of 
the giant nerve fibre system and the stellate ganglion of 
squids to imderstand the pathways of response trans­
mission to enable split second body movements and 
reactions. The ^ant axon of the squids has thus been 
found to be important for neurophysiological and 
pharmacological studies (Rosenburg 1973). The basic 
processes coimected with the nerve excitation and nerve 
conduction have been clarified by the study of squid 
giant axons (Hodgkin, 1964 ; Tasaki, 1968). More 
significant has been the outcome of the study of the 
nervous system of the Octopus by Wells (1962, 1966, 
1978), Young (1971, 1977) and of the Nautilus by 
Young (1965). 

We have made no use of such excellent material 
available in our waters for biomedical research. 

OCTOPUS TOXINS AS PHARMACOLOGICAL Toixs 
Some of the octopods secrete substances \^ch may 

be lethal to prey invertebrates such as orustaoMns 
(Ohiretti, 1960). Gage and Dulhunty (1979) whUe 
listing a number of instances and records of fatal bites 
of the Octopod Hcpalochilena maculosa report the 
syi^itoms as *. . ^ . . . . . respiratory distress, nomteess 
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of the mouth and tongue, blurring of vision, 4 i$cn)^ 
(^ speech and swallowing, loss of tactite snuatipn, 
ataxia and muscular paralysis' followed by death. The 
toxin is identified as Maculotoxin which has pharma­
cological efifects (Trethewie, 1965), akin to Tetradotoxin 
and Saxotoxin obtained from marine organisms. Since 
the death is caused by paralysis, the artificial venti­
lation of the victim is s a ^ to improve the obasoes of 
survival. 

It will be worthwhile to understand the mechanism 
by whidi H. maculosa protects itself from its own toxki. 
It has been observed to squirt saliva from its beak into ' 
the water above the prey organism (crab) and move 
away and wait for the prey to die before approaching 
it again to feed on. Tbs possibility of synibesising new 
and more effective anesthetic agents need study, in 
short, the therapeutic uses of Maculotoxin. For more 
information on the use of Maculotoxin reference is 
also invited to Flecker and Cotton (1955), Freeman 
and Turner (1970) and Dulhimty and cage (1971). 
Haplochelaem maculosa occurs in our waters and is 
occasionally caught in trawl operations along Tamil 
Nadu Coast. We have hitherto no reported cases of 
fatalities due to the bite of this species from our waters, 
perhaps as fishermen instinctively know it from its 
distincdve colouration and know that it is an undesir­
able species to handle. Ldt of basic research needs to 
be done on the toxin of this and other cephaiopods. 

LIFE C Y C U AND BIOLOGY 

A major lacunae as of data is that we lack infofrmation 
on the complete life cycle, biology and connected 
sequ^ice of growth processess of even a single speoies 
of oephalopod from our waters. loTormation on 
semelparity ot high post-si»wning mortality js suspected 
for son» spedes, males outlasting females in many, 
but a}nfimiatory data is lacking from our enters. 
Some of the species are hai^n^ted in the 0-year dass, 
I>^ar or Il-year beyond which there is no information. 
In OK>st qifsdes s^ual maturity is rapid aosi a lajrge 
body me is attained within a short time of less t|MU9 a 
year. This is a refleotipo of the highly predattrcy habit 
and ability to fora^ OB diverse orgnaisms .Caniholism 
has been o b s e r ^ of larger individuals preyii^ on 
smaller ones of the same spedes. 

Tte shorto' gMieration time is probably compensated 
in niMBbers, some spines occurring in very large a^re-
gstiom. In short, our knowled^ about theex^ndc 
and intrinsic factors that a£fect oephalopod moi<feility 
tf Iki^neirtuy. Semelparity and abbreviated life apm 
(1.3 ]K»rs) of spedes are important inf(ain»^cm for 
the commercial eiqploitation and manages)^ of spedes. 
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, SiQ^e spedes of squids and cuttlefishes attain sexual 
niaturity at di£B;rent sizes, but an adequate explanation 
is wanting. H i ^ is a need for understanding the 
factors responsible for such variations in body size at 
maturity in natural populations. Similarly the factors 
accelerating gonadial maturity also needs study. 

Summers (1983) discusses the spawning-^induoeid 
mortality in a tffminal spawnwr Loligo peaiei and the 
problems connected there with. There are other 
spedes which have intermittent spawning since ' spent' 
animals have also been observed in commercial catdies. 
Whether successive spawnings is a quick or slow process 
needs study. In Octopus, mai^ ftemales are semel-
parous and die after caring for tiheir eggs throuj^ the 
eml»:oyonic deyeloiHnent, but mate outlive iHiPgttles. 

As earlier mentioned, aging in oei^baiopo# is s ^ a 
problem and the use of beaks, statoliths jiad I n i ^ 
fieqiMu^ studies are foaubto, but jiave tIwJr;4te«ii4Mieki 
as well. Am narlsers, however, need propnr. fdtoti-
&»lion. For exansNIe^ in the case of Loligo jcpe^^c/ms 
this has him attfoiqited on t l^ basis of popuhition 
statistics, statolith ring counts and laboratocy rearing 
experiments, eadi giving diSeivttt interpretation 
(Hixon, 1983). 

Mesh size and ^ i ^ of gear operated introduce bias 
in sampling frote commeitial c a ^ e s where immature 
and juvenile stages are bond to be 1 ^ out. Sampling 
of planktoaic stages Hiwudves have great short coinings 
m methodology «Bd types of gear used. In mai^ 
spedes, the ttteedit^ a^as and spawning may be 
spatially seper^ed. R^nements in sampling methods 
have to be adopted for more precise poj^lations 
estimates. 

There is hardly any information on the effects of 
macro and micro parasites on natural popubtions of 
cephaiopods. Our spedes have not been critically 
screened for parasites. 

Transportation of ^ve squids to be kept in captivity 
for research oo aspects (^ physiology and behaviour 
are gaining ground. Some of the problems connected 
with live transportation and maintenance are discussed 
by Matsumoto (1976). 

CBPHALQPCn) MARICULTURE 

The culture of oetdu^pods (pctopm, squids and 
cuttle-fidi) has been attempted and is tochniically 
feasible. However, in view of the large vntapp^ 
nesouices yet avaitftlife in capture fisl^ries aqu^mlture 
of wphalopod wiHjppntinue to have a low priority 
except for n^lect«4 qwdes which may be need for bio­
medical xes9|fcli>or4S choice food for a Ihtuted aurket. 
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in the context of a long railge programme, the economic 
viabiUty of culture of some of the commercially im-
portant species should be attempted. The factors 
in favour are the availabiUty of spawners and eggs in 
inshore waters, the rapid growth and short generation 
period and hardiness of some of the species. Rapid 
decline in population under heavy fishing pressure of 
some commercial species may encourage attempts at 
mariculture of the species. 

CEPHALOPOD FISHERIES 

It is known that for any effective fisheries manage­
ment, efforts are necessary for an understanding of the 
gaps in our knowledge on the commercially important 
species, viz. their life span (rate of growth, maturation 
and mortaUty); change in seasonal distribution and 
abundance, migration and stock discriminations. For 
the estimates of biomass of squids, acoustic surveys 
combined with underwater video measurements of the 
density of the population has been suggested as an 
efiEective tool (Caillict and Vaughan, 1983). 

Established fisheries in some areas indicate periodic 
cycles of abundance (Shin, ^82). In capture methods 
we have no information from our waters about the 
reactions of squid and cuttlefish to our trawl gear nor 
any idea about escapement. Yet, the bulk of our land­
ings are from shrimp trawling operations, where cepha-
lopods from only a small proportion of the catch. 
No large scale jigging or light fishing or trap fishing 
are in vogue except in very locaUsed situations. 

Cephalopods, especially squids are considered to be 
opportunistic species which evince an explosive increase 
in population size when there is a depletion in other 
species due to intensive fishing. The best examples 
are the Thai trawl fisheries (Gulf of Thailand), the trawl 
fisheries in the northwest Atlantic and the northwest 
coast of Africa. We have never critically looked into 
this aspect in our inshore trawl fisheries, where, with 
increased effort the catch rates of some of the tradi­
tionally important fish and crustacean species have 
been known to decline. Whether the incidental catch 
of squids and cuttle-fishes have thereafter increased in 
specific fishing grounds may be examined from past 
data. This information may also be necessary for 
developing directed fishery for squids and cuttlefishes 
in the small scale fisheries sector. Such explosive 
increase may have to be supported and sustained by an 
abundance of forage organisms for squids and cQttte-

hsh among other factors. An in toto study of such 
a problem in our water is necessary and I can think 
of no better place for such a critical exercise as the south 
west coast (Kerala) of India. 

The conventional methods of yield-per-recruit may 
be difficult to apply to cephalopods on accoimt of the 
high post-spawning mortaUty. One suggestion is 
that (Anon, 1982) estimates may have to be made for 
two or more phases such as, pre spawning phase of 
moderate mortaUty and high mortaUty during and after 
spawning. I would refer workers to the exceUent 
exposition by Caddy (1983) on the methods of assess­
ment of squid stocks ; analysis of catch and effort data 
and its use; estimation of recruitment of short Uved 
species; taggmg; and short and long-term manage­
ment measures for cephalopod stocks. He has sug­
gested specific regulatory measures for cephalopod 
fisheries some of which may have relevance to our 
situation. 

There is also an urgent need to farther streamline 
monitoring of our multispedes fisheries and data 
acquisition system for cephalopods and other 
components which may prey on cephalopods from our 
coastal fisheries for the timely detection of changes in 
population abundance. 

PRESPECTIVES AND TARGETS FOR 2000 A.D. 

GuUand (1971) estimated the global biomass of 
cephalopods to be anywhere between 2-100 x lO* t. 
Voss (1973) estimated the potential world catch of 
cephalopods from the neritic and continental slope 
areas to be around 8 to 12 miUion tons of which only 
about 1.5 to 2 million tons are being harvested. The 
world potential of oceanic species (Oegopsids) was 
estimated by him as anywhere from 8 to 60 times those 
firom neritic shelf resources—about 500 x 10* t 
globally. These are theoretical estimates based partly 
on feeding rates of sperm whales on predominantly 
oceanic squids when sperm while popuktions were 
optimal. In fact, Kawakami (1980) estimated the 
weight of squids consumed by sperm whales to be to the 
order of 100-320 X 10« t. Indirect evidence of abun­
dance of squids is seen in some areas from the very hevy 
concentrations of the beaks of oceanic squids in benthic 
deposits. Chikuni (1983) estimated the potential yield 
of neritic cephalopods from the Indo-Padfic Region to 
be about 1,1-1.4 milUon tons as apinst a <atch of 
0.3 milUon tons. 
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It is evident that some of these estimates greatly 
exceed today's world fish production of about 
76 million tons. While. these optismistic estimates 
point to a high magnitude of cephalopod biomass, the 
harvesting of the resources may have to be considered 
in the l i^ t of the high energy (fuel) costs; predator-
prey relationship as besides the sperm whale and other 
marine mammals, cephalopods are also choice food of a 
wide variety of fishes (Lange and Sissenwine, 1980, 
Dong, 1981). Nevertheless the fact remains that 
large resources of oceanic squids are yet to be tapped. 
Acwrding to Caddy (1983) ' the high productivity/ 
biomass ratio of cephalopods (predicted on their high 
rate of populations turn over or natural mortality 
rate), may mean that the standing stock that could 
produce the above production may be significantly 
lower than for a fish stock of corresponding producti­
vity, so that in fact the proportion of the standing stock 
found at high enough densities for harvesting to be 
economically feasible is probably quite low % 

It is also estimated that when good fishing for cepha­
lopod exist as in the North West Padflc and the North 
West Atlantic, they constitute about 4.7 and 4.0 per 
cent respectively of the total fish catdi from the region 
(FAO Areas 61 and 21 respectively), while in other 
geographical areas the percentage of cephalopod catch 
is very low. In the two aforesaid areas, the bulk of the 
catch of cephalpods is that of oceanic squids, and the 
presemption and implication is that in the other geo­
graphical areas globally oceanic squids are greatly . 
under exploited. Not only this, Meroer (1974), Fiscus 
(1982) and others have shown that the locations from 
where the stomach contents of marine mammals have 

been examined and found to contain a preponderance 
of squids are spatially widely separated from the areas 
of abundance of these squids as evident from fishing 
operations. 

Two importaiti; areas where production could be 
augmented in tho littcnal and island states (tf Uie Indian 
ocean are: 

1. The neritic waters whidi wholly aeeOudtsfor ^ 
cephalopod production in the I n < ^ Ooean 
today. 

2. The oceanic waters for pelagic squi<te which has 
remained mapped, but exploratory surveys in 
different parts of the Indian ocean haye ii»licated 
resources of high mapitude. 

The same holds good for India as well. First there is 
an urgent need for developing directed fishery for 
cephalopods from our continental shelf waters and the 
most promising method for immediate development 
seems to be the utilization of some of the mechanised 
boats of 9 to 13 m for light fishing with lift iiets. There 
is also need for upgrading the traditional gears for 
specific capture of squids and cuttlefishes as well as 
use of traps, pots etc. for Oc/opiw, the latter especially 
in the reefs and lagoons. There is also considerable 
scope for improving the utiUzation of the presently 
exploited resources from the continental shelf waters in 
our multispedes kawl fisheries by better post-harvest 
handling and product development to create greater 
internal demand and cater to the export trade. Chikuni 
(1983) has given t]ie nominal catch of ceplulopods by 
area in 1970 and 1975-1981 (' 0001) as foUows : 

Area 

Bay of Bengal 

Eastern Arabian Sea 

1970 

1 

0 

1975 

4 

5 

1976 

3 

6 

1977 

11 

8 

1978 

10 

19 

1979 

12 

15 

1980 

9 

12 

1981 

9 

14 
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Part of this catdi is aeeoMitod from the shallowef 
iwitic waters along the Indian Coast. According to 
bam, the major speraes of cephalopods in the above two 
sub-areas are as follows: 

Species 

CUTTLE FISH 
Sepia phareonis 

S. aculeata 
S. recurvirostrata 
S. ktimams 
S.esadenta 
S. kobiensis 
S. prashadi 

Sepiella inermis 

NERITIC SQUID 
Loligo echdis 
L. cMnensis 
L. singhelensis 
L. duvaucelii 
L. uyii 

Notodants philippensis 
SepioteutMs tessoniema 

Bay of 
Bengal 

+ 
+ 

(+) 
+ 

(+) 
+ 

(+) 
+ 

+ 
++ 

+ 
++ 

+ 
+ 
+ 

Eastern 
Arabian Sea 

++ 
+ 

(+) 
(+) 
(+) 
+ 

++ 
+ 

(+) 
+ 

++ 
++ 

+ 
+ 

+ + 

Species 
Bay of 

Bengal 
Eastern 

Ardiian Sea 

OCEANIC SQUIDS 

Onchoteuthis bmksii 
Symplectoteuthis 

oualaniensis 

OCTOPUS 

Octopus vulgaris 
O.aegina 
O. macrcpus 

Cystopus in^ctts 

+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 

+ Present; + + Abundant; (+) Probably present. 

In addition to these species listed by Chikuni (1983), 
many others occur along our coast some of which may 
eventually torn out to be equally important on the basis 
of their occurrenoe and abundance. 

Based on Siks et al (198% Chikuni (1983), has ffmi 
the catch of oephalopod by species groups for the rast 
a i^ west coasts of India as follows : 

Species group 1970 1975 1976 1977 1978 1979 1980 1981 

A. EAST COAST AND ANDAMAN SEA 

Cuttlefish 

Squid 

Octopus 

Sub total 

0 
0 
? 

? 

2 

2 

? 

4+ 

1 
1 
? 
2+ 

1 
1 
? 
2+ 

1 
1 
? 
2+ 

1 
1 
7 
2-

1 
1 
? 

2+ 

1 

1 

? 

2+ 

B. WEST COAST 

Cuttlefish 

Squid 

Sub Total 

0 

0 
9 

2 

2 

4+ 

3 
3 
6+ 

4 
4 

8+ 

7 
7 

14+ 

6 
6 

12+ 

5 
5 

10+ 

6 
6 

12+ 

Total 

+ Given here. 

8+ 8+ 10+ 16+ 14+ 12+ 14+ 
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Chikuni has arbitrarly shown the proportion of 
squid and cu tlefish as SL : SO, but the cuttleffiSf catch 
has always been higher accounting for 60 per cent or 
more of the total catch £rom our waters. There has 
been a stepping up of Qiphalopod i»odu^on since 
1981 and the annual landings for India for 1982, 1983 
and 1984 are 15,799,18,3SS and 21,079 toas respectively. 
The average for these &ree years for the east coast of 
India is 4351 tons and for the west coast and 
Lalrahadweep Islands 140261. These figures also reflect 
the increase in production alter the mid-seventies when 
all export trade for cephalopods from India to Japan 
started developing. It neet^ reiteration that the entire 
catch comes from the small scale fisheries sector; the 
n^jor quantity from the trawl fishery and the rest from 
hook and line, shore seines, boat seines, gill nets and 
stake nets. About half the catch is utilized for local 
consumption. In the Nicobar Island and the 
Lakshadweep, Octopus spp are caught at the subsistence 
level for use as food and bait. 

An important development during the first half of 
the eighties was fishing under diarter agreement in­
volving a large number of Taiwanese vessels used for 
Bull trawling especially along the north west coast of 
India (Gujarat, Maharashtra). This has confirmed 
the existence of excellent squid and cuttlefish grounds 
in the area, but precise ^imates of catch are not 
available and is not reflected in the catch from India. 
When the charter agreement was in full operation in 
1983-84, my estimate was an annual take of about 
15,000 t of cuttlefishes (@ 70%) and squids (@ 30%) 
besides quality fin fish from the area. These operations 
have been phased out. 

On available information for the sub-area Bay of 
Bengal and Eastern Arabian Sea, Chikimi (1984) esti­
mated the potential harvest of cuttlefish and squids to 
be 10-fold over the imsent catch. His estimates of 
potential yield of heiitic oephalopod ('000 t) is as 
follows: 

Sub Area Average Estimated Catch/ 
catch potential Potential 

1979-81 

Bay of Bengal 
Eastern Arabian 

Sea 

10 

14 

50-100 0.20^.10 

100-150 0-14^.09 

Hiat the values oi «atdi/potential are too low from 
these two areas will be quite evident when these 
figures are compared with those for two sub areas where 
h i ^ exploitati<»tt of cephalopods takes place, viz.. 
The Yellow Sea—East China Sea and the South China 
Sea as estimated by Chikuni (1983). 

Yellow Sea and East 
China Sea 

South China Sea 

119 

96 

200-250 

200-250 

0.60-0.48 

0.47-0.38 

While these figures indicate the possibilities of the 
greater scope for the expansion of the neritic and oceanic 
fishery for cephalopods from the Bay of Bengal (East 
Coast of India and Andaman Sea) and the Eastern 
Arabian Sea (West Coast of India and the Lakshadweep 
Sea), I feel that Cliikuni's estimates are rather conser­
vative. Assuming dut the market constraints within 
the country and the export trade will improve, I would 
give the projecticMi for 2000 A.D. for our Cephalopod 
Fisheries Developtnsnt as follows : 

SECTORS 

1. Small Scale Fisheries (Neritic) 

2. Oceanic Squids 

Total 

PRESENT PRODUCTION 
(AV. for 1982-1984) 

A. West Coast & B. East Coast & 
Lakshadweep Andaman Sea 

14026 

Nil 

4351 

Nil 

POTENTIAL 
HARVEST 

(1990) 
(A & B Combined 

(t) 

25000 

2500 

27,500 

POTENTIAL 
HARVEST 

(2000 A.D.) 
(A&BCombinwO 

(t) 

50000 

25,000-
50,000 

75,000-
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CEPHALOPODS' RESOURCES AND UTILISATION 

OF OVER 6 S 0 SPECIES OF LIVING CEPHALOPODS, ABOUT 
7 0 ARE COMMERCIALLY IMPORTANT: 

NEARLY 15 SPECIES CONTRIBUTE TO CEPHALOPOD 
FISHERY IN INDIA ( f f a 2 l , 0 7 » TONNES IN 1984); 

LATENT RESOURCE MANIFOLD 

CUTTLEFISHES SQUIDS OCTOPODS 

r»»A 

60%of cepholopod 
catch; 7 species' 
Sepia pharaonis, 
S.acuhofo, S.emp' 
tico, S.brevlmana, 
S.i^ashadi, 
SepM/o inermis, 
Euprymna sttno-
daefyla 
L, 

Slightly less than 
40%; 6 species' 
Loligo dwwictlii, 
L^,Dorytm/tM5 
siboqat. D.sfng/ia-
lensis, SepfotautMs 
/0sson/aoa, Loffo/ys 
investlgatorfs 

< l % ; Sspecies! 
Octopus doHfusi 
O.sp., Cisf^xis 
inaicus 

SHORE SEINE BOAT SEINE HOOKS a LINE DOLNET 

•t 

TRAWL SPEAR 

13% of cepholo­
pod catch; 
mostly squldS) 
opsrotlon all 
along coast 

11%, mostly 
squids; oporo-
tion oil along 
coast 

I4%!cuttltfish 
and torqer 
squidSi oil 
along eoost; 
modifiod hooks 
us«d for 
cuttloflshos 

1.5%: fixtd bog >60%:smolt 
n«t ussd along boots opsrote 
Moharoshtro 
and Gujarat 
coasts, squids 

( UTILISATION^ v!7 

within SOm, 
larger vessels 
uptolSOmor 
more: cuttle­
fishes, squids 
and occasionally 
octopods 

Exclusively for 
octopods in 
Lokshodweep 
ond Nicobor 
isTonds 

AS FOOD AS BAIT EXPORT 

Ca 65 % used as food Small quantity used as Co 35 % exported as 
in coastal areas; 
mostly small-sized 
cuttlefishes, squids, 
and octopods 

bait in hoolts a line 
fishery for finflsh 

frozen cuttlefish, frozen 
cuttlefish fillets, frozen 
squids and cuttiebone; 
foreign exchange earning 
Rs 7 3 million in 1983 

UNDER-EXPLOITED UNEXPLOITED 

Allneritic species} obtained os by-
catch; no exclusive fishery except 
seme localised efforti good eeepe 
for 0 IO-fo1d increase In production 

EXPLORATORY 
SURVEYS 

Oceanic squids fairly abundant In 
EEZ and contiguous high seas os 
seen from larvae, Juveniles and 
adults from surveys, and from 
indirect evidence as food of fishes 
eetaeeons 
• • 

FEASIBILITY 
STUDIES 

RESEARCH 
MANAGEMENT 

IMPROVING POST-
HARVEST TECHNOLOGY 

To locate new fishing 
grounds in deeper 
nuMc.waters and 
reefs for outtieflshss 
and octopods, and 
oeeonie waters for 
squMe 

To attempt new teeh-
niques such as squid 
Jigging.ond lift net 
fishing with'light, mld-
woter trawling, 
encircling, pot fishing 
for octofwds 

Bielegieol studies, 
stoek Identity and 
essessment, population 
studies, fishery 
management and 
exjploltatlon 

Popularising eephoiepods 
OS food, development of 
market for local consum­
ption, preservation, 
preeessing, product 
develepment, export 
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A positive and dynamic approach is necessary for 
achieving any success. Our ambivalence in the 
development of tuna fisheries has already left us high 
and dry and let it not be repeated in our development 
programme of the cephalopod fisheries. We may 
consider the following : 

1. Systematically carry out exploratory surveys for 
squids from the deeper neritic and oceanic waters. 

2. Streamline the data acquisition system for 
species-wise information on catch as well as on 
the discards. 

3. Develop improved post harvest handling, storage 
and transportation. 

4. Priority to be given for product development of 
items for the internal market and to cater to the 
export trade. 

3. Improved techniques and gears for capture of 
cephalopods from the njritic waters. Special 
attention may ba paid for develo^ng light 
fishing with lift nets using some Of the existing 
mechanised boats with required modifications. 
This will call for also short term foreign expertise 
and training. 

6. Tap the resources of oceanic squids based on 
Resource Surveys, demonstration fishing and 
training and encouraging joint venture program­
mes. Foreign expertise will be needed especially 
in the areas of resource surveys and training for 
operatives. 

7, Cephalopods are non-conventional resources for 
us but so was prawns ia the early fifties, A 
major extension programme at government level 
at utilization of this high protein low fat marine 
product should be generated to get results. At 
the National level, the Fisheries Division of the 
Department of Agriculture and the Department 
of Agricultural Research and Education(ICAR) 
of the Ministry of Agriculture and Rural 
Development; the Marine Products Export 
Development Authority of the Ministry of 
Commerce ; the Department of Ocean Develop­
ment ; and the Fisheries Departments of the 
maritime states and Union Territories all have an 
important role to play in planning and executing 
extension programmes for developing cephalopod 
fisheries as a major fisheries for India, 

CONSERVATION AND MANAOEMBNT 

Conservation of the cephalopod resources is not an 
immediate priority concern. However as it is known 
that heavy fishing pressure could completely deplete 
the resources, the short life-span of species posing 
a serious problem, recovery may take considerable 
time. Imm^ate concern should be on the following: 

1. Whether squid and cuttlefish spawning grounds 
are being indisweminately disturbed or destroyed by 
trawling and other man-made activities. Heavy sedi­
mentation of the bottom in inshore areas due to man-
made causes such as dumping of sludge affecting benthic 
conditions a)uld have an advise effect on recruit­
ment. As a case study tihe Vizakapatnam (»>ast where 
one of the hrgest steel producing complex is being 
set up may be considered, as (mormons quantities of 
sludge is going to be let into the inshore waters. There 
is a reasonably good cephalopod fishery (cuttlefish) 
is this area. 

2. Coral reefs are fragile ecosystems and excessive 
fishing for Octopus from such places are bound to 
adversely affect this resource and also create imbalances 
in the reef ecosystem. 

3. Squids particularly are mi^tory in habit and 
any fishery for these would need close monitoring. 
Our system of data acquisition at the national level 
should be strengthened and streamlined for information 
on spedes-wise resources as well. 

4. The exploitetion of oceanic squids will also 
involve monitoring of the catdi, unit stock identification 
and regional cooperations. I propose that an Inter­
national Data Centre for Ceplmlopods for the Indian 
Ocean Area be developed at the Central Marine 
Fisheries Researdh Institute which will have the facility 
of rapid processing and discimination of the data as 
well. It may be examined how best the system of Data 
acquisition for such a Centre could be developed. We 
are at an advantage since major fishing efforts are yet 
to be expended in the Indian Ocean Region for 
caphalopods. 

In conclusion, I am optimistic that Cephalopd 
Fisheries has an important future second only to the 
tunas and related fisheries from our exclusive economic 
zone and ccmtiguous high seas. The efforts which 
have gone ittto this publication should point to the 
future possibilitira and aid as a sound base for the future 
development of oeplmlopod fisheries Research and 
Development in our country, 
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