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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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Î ocFQRD, G. E. 1949a. Distribution of the eggs of VampyretW' 
this infernalis Chun. / . mar. Res., 8 (1) : 73-83. 

PIGKFORD, G. E. 1949b. Van^yroteuihis iitfermlis Cbm. An 
archaic dibranchiate cephalopod. II. Extmal anatomy. 
Dana Rept., 32 : 1-132. 

PiCKTORD, G. E. 1952. The Vampyromorpha of the Discovery 
Expedition. Discovery Repts., 26: 197-210. 

PiCDORD, G. E. 1959. Vempyromorpha. Galathea Rept., 
1:243-253. 

PiCKFcnto, G. E. 1974. Cistopus indicus (Orbigny): A conunon 
Indo-Malayan species of Octopus. / . mar. biol. Ass. India, 
16 (1): 43-48. 

PORTMANN, A. 1952. Les luas dorsaux de Tremactopus violaceus 
dellechiaje. Revue Suisse Zool., 59 (13) : ZSS-TSS. 

PRASAD, R. R. AND P. V. RAMACHANDRAN NAIR 1973. India and 
the Indian Ocean fisheries. / . Mar. Biol. Ass. India, 15 (1): 
1-19. 

RABINDRANATH. P. 1966. Biology and seasonal distribution of 
the pelagic food fishes of Travancore coast. Kerah Univ. 
Publ., 1-140. 

RADHAKRISHNAN, N . 1973. Pelagic fisheries of Vizhinjam. 
Indian J. Fish., 20 (2): 584-598. 

RAHAMAN, A . A . 1967. Gonad and hapatic indexes of the 
Indian cephalopods Sepioteuthis arctipinnts Gould and Sepia 
acttleata Femissae and d'Orbigny. Proc. Indian Acad. Sci. 
67 B (3): 104-113. 

RAHAMAN, A. A. 1980. Ecological observations on spawning of 
a few invertebrates of the Madras coast. / . Madurai Kamaraj 
Univ. (Sci.), 9 (1): 71-77. 

RAJAOOPAL, K. V., S. RAVICHANDRA REDDY AND K. SAKUNTALA 
1977. Fish baits: Need for collection, care, prepanttioii and 
propagation in India. Seafood Export Juor., 9 (5): 9-13. 

RAJU, G. 1964. Observations on the food and feeding h a t ^ id 
the oceanic skipjack Katuswonus pelamls Qjaxagm) t)t the 
Laccadive Sea during the years 19S8-59. Proc. Syu^. Scom­
broid Fishes, Mar. Biol. Ass. India, Pt. n : 607-625. 

RANCUREL, P. 1971. Less contenus stomacauXd ' Al^fisaurus 
ferox daus le Sud-oues Pacifique (Ceph^opods). Ccdi, 0,R.S,T, 
O.M. Ser. Oeeanogr. 8 (4) 3-87. 

RANCiniEL, P. 1976. Note surles Cejriialopodes des otmtenus 
stonuuaux de Thunnus albacares (Bonnaterre) dans le Stid-
oueit Paciflqiw. Ibid., 14(1): 71-80. 

RAO, K. SRINIVASA 1964. Observations on the food aad feeding 
habits of Scomberomorus guttatus (Bloch and Schneider) 
and the juveniles of S. Uneolatus (Cuvio' and Valmpinnes) 
S. eommerson (Lacepede) from the waltair coast. #!rwc. 
Synv. Scombroid Fishes, Mar. Biol. Ass. India Pt. H: 591-S98. 

RAO, SUBBA M. V. 1977. Molluscs of Digha coast, West Bengal. 
2. Bivalvia, Scaphopoda and Cephalopoda. MRA/. \^«»/! 
Surv. India, 3 (5): 298-302. 

RAO, K. VINKATASUBBA 1968. Some aspects of the biology of 
' 1 ^ 1 ' Pseudoselaena dlacanthus (Laclede). InOan /. Fish., 
10 (2): 413-459. 

RAO, K. VauwAmA 1954. Biology and fishery of the Palk-Bay 
squid St^ioteiaMa aretipimis Gould. Indian J. Fish., 1: 
37-66. 

RAO, K. VIRABHADRA 1958. MoUuscan Fishertes. Fisheri0s 
cf the West Coast <^ InOa. Cent. Mar. Fish. iJ». Inst,: 
55-59. 

RAO, K. VIRABHADRA 19^a. Molluscs have many uses. Irtilan 
Fi-mg.,29(9):41-4S. 

RAO, K. VIRABHADRA 1969b. Distribution pattern of the m^or 
exploited marine fishery resources of India. Boll. Cent. Mar, 
Fish. Res. Inst., 6:1-69. 

RAO, K. ViRABHAiatA 1973. Distribution pattern of the nmjor 
exploited marine fishery resources of India. Proc. Symp. 
Living Resources mf the Seas around India, CMFRI Special 
Publication: 18-101. 

RAO, K. VIRABHADRA AND K. DORAIRAJ 1968. Exploratory trawl­
ing off Goa by the Government of India fishing vessels. Indian 
J. Fish., 15 (1&2) : 1-14. 

RAO, S. R., S. M. SHAH AND R. VISVANATHAN 1968. Calcium, 
Strontium and Radium content of moUuscan shells. J. Mar. 
Biol. Ass. India, 10 (1); 159-165. 

RAY, H. C. 1937. Contribution to the knowledge of the moUuscan 
fauna of Maungmagao, Lower Burma (with descriptions of one 
new genus and species of the Family Turridae (Gastropoda)). 
Indian Mus., Calcutta, 8 : 1-150. 

RAYUDU, G. V. AND P. CHANDRA MOHAN 1982. A note on the 
fishery of ^uids and cuttlefish of Vnakhapatnam. Seafood 
Exp. Jour., 14 (4): 23-27. 

RBES, W. J. 1949. Note on the hook«i squid, Onychoteutlds 
bmkst. Proc. malm, Soc. Land, 28:43-45. 

RiooBNBACH, E. 1901. Beobachtung uber selbstverstummehung 
Zool Am., 24: 587-593. 

RoBSON, O. C. 1921. On the C^halopoda obtained by thePracy 
Sladen Trust Expedition to the Indian Ocean in 1905. Thvu 
Linn. Soc. London, 17 (2): 429-442. 

RoB8(»<, O. C. 1924a. Prdimiiuuy repent on the Cq)haloppda 
(Decapoda) procured by the S. S. ' Pickle'. Rts>. Fish. mar. 
blol. Surv. Union S. AfHca, 3, Spec. R^t,, 9:1-14. 

RoBSON, O. C. 1924b. On the Cephal(q>oda obtained in South 
African waters by Dr. J. D. F. Gilchrist in 1920-1921. Proc, 
Zool. Soc. London: 589-686. 

ROBSON, G. C. 1926a. Notes on the cephatopoda. No. 1. 
Descriptions of two new species of Oetepus from southern Jada 
and Ceylon. Ann. Mag. nat. Hist., Sa. 9,17:159-167. 

RoBSON, G. C. 1926b. Hie C^tulopoda obtained by the S. S. 
'Pickle' (Suppteumtary Report). Fisheries and Marine 
Btohglcal Survey Riport, No. 4, for the year 1925, 1-6. 

RoBSON, G. C. 1929. A Momvrdph of the Recent C^halcpoda. 
Part I. OetepoSme. British Museum (Nat. Hist.) London, 
236 p. 

CiifFRI BULLETIN 37 191 



ROBSON, G. C. 1932. A monograph of the recent cepbatopoda. 
Part n . fhe Oct^pa^ (exciiK^ the OctopedinaeX l . ^ o n . 
British Museum (Natural History), 359 p. 

RopER, C. F. E. 1966. A study of the genus BtophttutUs (Cophft-
lopoda : Oegopsida) in the Atlantic ocean, with a ledescription 
of the type species, E. leptura (Leach, 1817). Dam Rept., 
66: 1-46. 

ROPER, C. F. E., M. J. SWEENEY AND C. E . NAUEN 1984. Cepha-
lopods of the world. An annotated and illustrated catalogue 
of species of interest to fisheries. FAO Fish. Symp., (125) 
3:277 p. 

ROPER, C. F . E . AND R. E. YOUNG. 1975. Vertical disttibution of 
pelagic cephalopods. Smithsonim Conlr. Zoo!., No. 209 :1-51. 

ROPER, C. F. E., R. E. YOUNG AND G. L. VOSS 1969. An illustrat­
ed key to the families of the order Teuthoidea (Cephalopoda). 
Smithson. Contrib. ZooL, 13 :32 p. 

Itoŝ NBERO, P. 1973. The Giant Axon of the squid: A useful 
preparation for neurophisiological and pharmacological studies. 
F. Reiner Ed. Methods of neurochemistry. Vol. IV, Marcel 
Dekker, New york, 327 pp. 

SAITO, R. 1976. The Japanese fishery (jigging) for Nototodarus 
sloani sloani in New Zealand waters. FAO Fish. Rep., 170 
(Suppl. 1): 53-60. 

SANDERS, M. J. 1979. Development of fisheries in areas of the 
Red Sea and Gulf of Aden. Preliminary stock assessment for 
the cuttlefish Sepia pharaonis taken olf the coast of the People's 
Democratic Republic of Yemen. FAO Field Document, FAO-
Fl-RAB- 77/008, 58 p. 

SANDERS, M. J. 1981. Revised stock assessment for the cuttlet 
fish Sepia pharaonis taken off the coast of the Peoples' Demo­

cratic Republic of Yemen. RABmiOOS/lS. 44p. FAO, 
Project for the development of fisheries in areas of the Red 
Sea and Gulf of Aden, Cairo, Egypt. 

SANDERS, M. J. AND M. BOUHLEL 1981. Interim report of a mesh 
selection study conducted in the Pe(H>le's Democratic Republk; 
of Yemen on the cuttlefish Sepia pharaonis. FAO/UNDP 
Project on Development of Fisheries in areas of the Red Sea 
and Gulf of Aden: 35 p. 

SANDERS. M. J. AND M. BOUHLEL 1983. Mesh selection study 
conducted in the People's Democratic Republic of Yemen on 
the cuttlefish 5ep/a/;/r<7ra(;/i/i. In: Caddy, J. F. (ed.), Advances 
in assessment of World Cephalopod Resources, FAO fish. 
Tech. Pap., 231: 181-203. 

SANJEEVA RAJ, P. J. AND M. KALYANI 1971. Euprymna morsei 
(Verrill, 1881) (Sepiolidae: Cephalopoda) from the Indian 
Coast. / . mar. biol. Ass. India, 13 (1) ; 135-137. 

SANTHANAKRISHNAN, G. 1982a. Diversified markets for Indiim 
marine products. Seafood Export Jour., 14 (4): 9-12, 

SANTHANAKRISHNAN, G. 1982b. Dried squid. Part I. A 
value-added diversified product and its potential export markets 
Seafood Export Jour., 14 (6): 9-11. 

SANTHANAKRISHNAN, G . 1982c. Dried squid. Part 2. A note 
on processing, packing and storing. Seafood Export Jvw. 
14 (7): 1-13. 

192 

SANTHANAKRISHNAN, G. 1984. Diversification of products and 
markets. Octopus and tm<«q>loited inain» lenuice for 
diversi&»tion. Settfood Export Jour., IS (9): 11-16. 

SARVBSAN, R. 1969a. Catalogue of molluscs. 2. O^ihalopoda. 
Buii. Cent. Mar. Fish. Res. Inst., 9: 23-25. 

SARVESAN, R. 1969b. Some observations on parental care in 
Octopus dollfusi Robson (Cephalopoda: Octopodidae). 
J. Mar. Biol. Ass. India, 11 (1 & 2) : 203-205. 

SARVESAN, R. 1974. V. Cephalopods. In: The Gosunerdal 
Molluscs of India. Bull. Centr. Mar. Fish. Res. Inst., 25: 
63-83. 

SARVESAN, R. 1976. On the occurance of Sepia trygonia. 
CRochebrune) (Cephalopoda: Sepiidae) in Gulf of Mannar, 
Indian J. Fish., 23 (1 & 2) : 256-260. 

SASAKI, M . 1929. A monograph of the dibranchiate cephalopods, 
of the Japanese and adjacent waters. Fac. Agric. Hokkaido 
Univ., Suppl., 20:1-357. 

SASTRY, H . M. C. AND L. M . SRIKAR 1982. Protein and related 
changes in cuttlefish Sepia aculeata in iced storage. Symposium 
Son Harvest <md Post-harvest Technology of Fish, 24-27 November 
1982, Cochin, Soc. Fish. Technologists. Abstract. 

SATO, T. 1976. Results of exploratory fishing for Dosidicus 
gigas (d' Orbigny) ofiT California and Mexico. FAO Fish. 
Rep., 170 (Suppl. 1): 61-67. 

SATO, T. AND H . HATANAKA 1983. A review of assessment of 
Japanese distant-water fisheries for cephalopods. In: Caddy, 
J. F. (ed.). Advances in assessment of world cephalopod re­
sources. FAO Fish. Tech. Pap., (231) : 145-180. 

SATYAMURTBI. S. T. 1956. The molluscs of Krusadai Itimxi 
On Gulf of Mannar). II. Scaphopoda.P^e(q(poda and Cepha­
lopoda. Bull. Madras Govt. Mus. iNew Ser.) Nat. Hist. Sect., 
1 (2) Pt. 7 : 202 p. 

SAUMDIEIU^ W . B . 1981. The species of living NmtUus and their 
distributkn. PM^er, 24 (1): 8-17. 

SEKHAKAK, K. V. . M . S . MUTHU. K . VENKATA SUBBA RAO, V. 
RAMAMOBANA RAO. P. MonniDER AND S. REUBEN 1973. Ex-
plontBiy trawling on the continental shelf along the north­
western part of the Bay of Bengal. Proc. Symp. Living Re-
soirees of the Seas around India, CMFRI Spl. Publication : 
280-337. 

SHBEHY, D . J. AND S. F. ViK. 1980. ' Sake-ika': Dried squid 
processing squipment and markets. Marine Fisheries Review, 
42 (7-8): 92 p. 

SHBNOY, A. S. 1985. Squids from India to Japan. Infofish 
marketing Digest, (FAO), No. 2 : 43-44. 

$BIN. P. K. S. 1982. Tltt Hong Kong Squid Fishery. In Review 
at National Squid I^herias, IPFC/RRD/82/Inf. 8 (a), March 
19182, Sydney, Australia, 10 p. 

aa4t» E. O. 1963. Syoopsu of biological data <m dogtoott 
tma. ffymaosaivbumkohr (fimpti) 1838 (Indo-Padflo). FAO 
Fish, Rep., 6 (2): 877-899. 

CEPHALOPOD RESOtlRCXS ^ &B% 



SILAS, E. G. 1968. Cephah^oda of the west coast of ladu col-
leoted dutii^ the cruises of the research vessel ' VARUNA', 
with catalogue of the species known from the Aidto <3oean. 
Proc. Syitgi. Mollusca. Mar. Biol. Ass. India, #t. I,.'277-359 

SoJO, E. G. 1969a. Exploratory fishing by R. V. VARONA. 
BuH. Cent. Mar. Fish. Res. Inst., 12 :86 pp. 

SoAS, E. G. 1969b. Pdacic fisheries of tiw Uidian Ocean 
button Frmg., 19 (9): 63-66. 

SJLAS, E . G., S. K . DHARMARAJA AND K . RBNOARAJAN 1976 
Exploited marine fishery nesoiirces of India—a syme&c survey 
with oonunents on potential resources. Bull, Cent. Mar. Pish 
Res. Inst., 27; 25 p. 

SILAS, E . G „ K, S. RAO, R. SAHVESAN, K. P. N A » AND M , M . 
MovAPPAN 1982. The exjilQited sguid and c u t i ^ ntiouices 
of India: A review. Mar. mah. h%for. Serv. T & E Ser., No. 
34; 1-16. 

SttAS, E. G. AND P. P. PiLLAi 1982. ResoincQS of tunas and 
related si>ecies and their fishcdes in the Indian Ocean. Bull. 
Cent. Mar. Pish. Res. Inst., 38: 174 p. 

SivAUNGAM, D. AND S. KRBHNA PILLAJ, 1983. Preliminaiy 
wq^abamtsaabTe^ngotoe^saSopods. Proc. S^w^. Coastal 
Agmadture., Part 2, Mar. Biol. Assn. fiidia, 633-635. 

SIVAFRAKASAM, T. E . 1967. Observations on the food and 
feecfing habits ai PtpOsmmateus niger (Bloch) of the Saura^tra 
coast. InOan J. Pith., 10 (1): 140-147. 

SREENIVASAN, A . 1962. Two cases of bacteria] discolouration 
of squids. Curr. Sci., 31 (9): 381-382. 

SRBENIVASAN, P . V. 1974. Observations on the food and feeding 
habits of the 'Torpedo Travally' M^alaspiaeorOylaCLmiaieaS) 
from Vizhinjam Bay. Indian J. Fish., 21 (1): 76-84. 

SnENSTRUp, J. J. 1856. Hectocotyldannelsen hos octopods-
laegetone Argonauta og Tremactopus, opiyst ved lagttagelse 
at ligoende Dannelser hos Blacksprunt-teme i Almindelt^ied 
K. danshe Vidensk. Selsk. Skr., 5 X., 4:186-215, 2 pi. 

SinxivAN, D., AND J, M. CrnxEN. 1983. Food of tlw squid 
Notodmw gotddi in Bass Strait. Aust. J. Mar. Freshw. Res., 
34:261-85. 

SuuKHAKAN, P. AND M. E. JoBN 1982. Cqibalopod noouroes in 
sonOiwest coast of India. Symposium an Harvest and Post' 
havest Teoknohgy of Pish, TA-Tl November, 1982, Cochin 
Soc. Fish. Technologists, Abstract. 

SDUMBRS, W. C. 1969. Winter pcf>ul«tioa of Lokfo peahi in 
the Mid-Atlantic bight. Boil. Bull., 137 (1): 2(0-216. 

SUMMERS, W. C. 1983. LoUgo peakti. la Ed. P. R. Boyle On^udo-
pod I4fe Cycles, Vol. 1: Species accounts. Academic Press, 
pp. 115-142. 

SnuarANARAyANAN. A. AMD K. K. ALBXANDBR 1980. BiochHaical 
studies oa tte omBuscan muscle. 2. Studies OB the nwscdes 
of some bivalves and cephalopods. J. Anim. Morph.PhyiloL 
27 (1-2): 180-189. 

StwotAM, C. AND K . V. SffiMMPMRAN NAOI 1969. Fbod and 
tteSiag htkiia of the deniRsal Mies off fimnbi^. ^tdkm J, 
Bah., U ( 1 4 2 ) ; 56-74. 

€msa mnmim 37 

TAXAHAsm. T. 1965. Squid meat and its processing. In: Fish 
as Food. G. Borgstrom (ed.), Academic Press, New York: 
339-354. 

TAKI, I. 1981. A catalc^e of the Cephalopoda of Wakayama 
Prefecture. In .• A catalogue of molluscs of Wakayama Pre­
fecture, The Province of Kii. 1. :ffivalvia, ScapJiopoda and 
Cephalopoda. Sato mar. biol. Lab. Japan, 301 p. 

TALBOT, F . H . AND M . J- PENRHH 1963. Synopsis of biolovcal 
data on species of the genus Jhunms {Sensu lata) (South 
Africa). AFO Fish. Rep., 6 (2); 608-646. 

TAMPI, P. R. S. 1959. The ecological anVl fisheries characteristics 
of a salt water lagooa near Mandapiim. / . Mar. Biol. Ass. 
India, I (2): 113-130. 

TANIKAWA, E . AND M . SUNO 1952. Studies on the complete 
utilization of the squid (Ommastrtphes sloanii pe«(ficus) 5. 
Nutritive value and digestibility of Squid meat. Bull. Fac. 
Fish. Hokkaido Univ., 3 (1) : 73-94. 

TASAKI, 1.1968. Nerve Excimtion. Charles C. Thomas Springfield 
Illinois, pp. 200-26. 

THIELE, J. 1915. In: Chun, C Wiss. Etgebn. Deutsdie Tiefiee 
Exped.,Bd. 18 Pt. 2. 

TBOLAAUNOAM, T . , G . VENKATARAMAN, K . N . KRBIDiA KARTHA 
AND p. KARUNAKARAN NAIR 1968. Results of the explvnUtry 
trawl fishing on the continental stope of the southwest coast 
of India by M. F. V. ' Kalava'. Indian J. Fish. 11 (2); 547 
558. 

Tmoif, S, 1945. On the Gsi>bak>poda of Brofessor O. CarJgien'T 
Expedition to South Aftica In 1935. K. f^siogr. Salbk. Lund 
Forh., 15; 49-57. 

TOLL. R. B . AND S. C. Ifsss. 1981. Cqdnlopods in the diet 
of the sword fish, Xi^das gbuUus from the Florida Strait. Fish, 
&dl.US.'m):76SJm. 

TRETHEWIE, E . R . 1965. Pharmacological eflbcts of the venom 
of the common octopus, Httpcdoehheaa maeuhsa. Tojcleon 3 : 
S&.59. 

TuNO, iH-nsiu 1976. On the reproduction of ccHumon squid. 
Sjmpleetatmitldt ouknleitrii (Lessoa). R^. bist. Fish. Biol. 
Taipei, 3 (2): 26-48 (in Chinese with fogSsh sunmaty). 

TUNO, l»^m!0, CraifBENO LAN AND CBStHXBOi-mj 1973. Tlu 
prelifflinaiy investigRtion for eKpMtatiO* of comnoa squid 
lesouives. A?- Iiat. Fbh. AiML, Ta^el, 3 (1); 211-247 (bi 
CUaew with Bagljsh sQWMny). 

TMBNO, A . R . 1974. FIdMcy management issues in the Indian 
Oceaa. Indian Oceaa FnagtaiBBia^ FAC^ Rone, lOPC/DBV/ 
74/35: 39 p. 

UNDV/FAO 1974a. Survey Results 1972/73. Progmi Mtfort 
No. 6 : 141 p. 

IASW^FAO 1974b. Planldoft-^Fish eggs and larvae studies. 
^PngmnRtpmtNo. 7:21 p. 

UNDP/FAO I976R. Survey Results 1973/74. Progress Report 
m. n: 32 H. 

193 



t)NDP/FAO 1976b. Survey Results 1974/75. Progress Report 
No. 13: 21 p. 

UNDP/FAO 1976c. Pelagic fishery Investigation on the south­
west coast. Final Report of the Norwegian Agency for Inter­
national Development (NORAD) and the Institute of Marine 
Research Bergan: SS p. 

UNDP/FAO 1976d. A synopsis of the information on pelagic 
resources off the southwest coast of India. Progress Report 
No. 18:31 p 

UNDP/FAO 1977. Report of acoustic survey along the south­
west coast of India, November 1976. Progress Report, 1. 
FAO, Rome FIRS-IND/75/0348: 28 p. 

UNNITHAN, K . A. 1982. Observations on the biology of cuttlefish 
Sepiella inermis at Mandapam. Indian J. Pish., 29 (1 & 2): 
101-111. 

VEROHESE, O . 1981. Present status of small scale fisheries in 
Lakshadweep. Bidl. Cent. Mar. Fish. Res. Inst., 30 B : 60-64. 

VELAIN, C. 1877. Remarques generales an sujet de la faune des 
iles St. Paul et Amsterdam, Suivies d'une description de la faune 
malacologique des deux iles. Archs. Zool. exp. gen., 6 : 1-144. 

VENKATARAMAN, R. AND K. DEVADASAN 1978. Marine products 
processing industry in India: Its growth and future prospects 
Proc. Symp. Fish Utilization Technology and marketing in the 
IPFC Region, \%th Session, Manila, Philippines : 38-44. 

VERRILL, A . E . 1881a. Report on the cephalopods and on some 
additional species dredged by the U. S. Fish Commission Steamer 
' Fish-hawk', during the season of 1880. Bull. Mus. Comp. 
Zool, 8:99-116. 

VERRILL, A. E. 1881b. Regeneration of lost parts in the squid 
Loligo pealei. Amer. J. Sc, (3rd ser.), 2 1 : 333-334. 

VERRILL, A. E. 1882. Report on the cephalopods of the north­
eastern coast of America. Rep. U. S. Comm. Fish and Fisheries, 
1879,7: 211-455. 

Voss. G. L. 1956. A review of the cephalopods of the Gulf of 
Mexico. Bull, mar, Sci. Gulf. Carib., 6 (2) : 85-178. 

Voss, O. L. 1962. South African cephalopods. Trans. R. Soc. 
S. Africa, 36 (4): 245-272. 

Voss, G. L. 1963. Cephalopods of the Phillippine Islands. Bull. 
U. S. nat. Mus., 234: 1-180. 

Voss, G. L. 1967. Some bathypelagic cephalopods from South 
African waters. Ann. S. African Mus., 50 (5): 61-88. 

Voss, G. L. 1973. Cephalopod resources of the world. FAO 
Fish. arc. (149): 75 p. 

Voss, Q. L. 1977. Present status and new treads in cephalopod 
systematics. Symp. Zool. Soc. London, 38: 49-60. 

Voss, G. L. AND D . S . ERDMAN 1959. Thysanoteuthis rhombiu, 
a large cephalopod new to Western Atlantic Mar. Lab. 
Univ. Miami, NauMlus, 73 (1): 23-25. 

Voss, O. L. AND Q. R. WILLIAMSON 1971. Cephtdopoda of Hong' 
Kong. GovecoottDt Press, Hongkong: 138 p. 

VovK, A. N. 1972. Method of determining maturing stages in 
gonads of the squid Loligo pealei, Zoologicheskiy Zhurnai 
(USSR), 51 (1): 127-132. (Translation Ser. No. 2337, 1973, 
Fish Res. Bd. Can.) 

WELLS, M. J. 1962. Brain and Behaviour of Cephalopods. 
Heines mann, London. 

WELLS, M . J. 1966. Cephalopod Sense organs. In fphysiology 
of MoUusca, Edited by K. M. Wilbur and C. M. Younge, 
New York, Academic Press. Vol. 2:523-45. 

WELLS, M . J. 1978. Octopus: Physiology and behaviour of 
an advanced invertebrate. Chapman and Hall London and 
John Wiley and Sons, New York, 417 p. 

WELLS, M . J. AND J. WELLS. 1972.Sexual display and matmgof 
Octopus vulgaris Cuvier and O. cyanea gray and attempts 
to alter performance by manupulating the glandular condition 
of animals. Animal Behav. 20 :293-308. 

WILUAMS, F . 1964. The Scombroid fishes of East Africa, Proc. 
Symp. Scombroid Fishes, Mar. Biol. Ass. India, Pt. I .• 107-164. 

WILLIAMS, 1967. Longline fishing for tuna off the coast of East 
Africa, 1958-1960. Indian J. Fish., 10 (1): 233-290. 

WILLY, A. 1902. Contribution to the natural history of the pemly 
nautilus Part 6. of Zoological Results based on material from 
New Britain, New Guinea, Loyalty Islands. (34) Cambridge. 

WINCKWORTH, R. 1926. A list of Cephalopoda in the Colombo 
Museum. Spolia Zeylan., 13 : 323-331. 

WicNKwoRTH. R. 1936. Marine MoUusca from South India and 
Ceylon. 4. A new Indian Sepia. Proc. Malac. Soc. Londont 
22: 16-23. 

WOLFF, G. A. 1984. Identification and estimation of size from 
the beaks of 18 species of Cephalopods from the Pacific Ocean. 
NOAA Tech. Rept. NMFS 17 :1-50. 

WOLFF, G. A. AND J. H. WORMUTH. 1979. Biometric Separation 
of the beaks of two morphologically similar species of the 
squid family Ommastrophidae.Bw//. Mar. Sci. 29(4): 587-592. 

WORMS, J. 1983. World fisheries for cephalopods: A synoptic 
overview. In: Caddy J. E. (ed.). Advances in Assessment of 
world cephalopod Resources, FAO Fish. Tech. Pap., (231): 
1-20. 

WoRMLFTB, J. H. 1976. The biogeography and numerical taxo-
nomy of the Oegopsid squid family Ommastrephidae in Pacific 
Ocean. Bull. Scripps. Inst. Oceanogr., 23 : 90 p. 

WULKBR, G. 1920. Ueber Cephalopoden des Roten Meeres. 
SneckerAergiana, 2 : 48-58. 

YAJIMA, S. AND S. MrrauQi 1976. Japanese squid jigging gear. 
FAO Fish. Rep., 170 (Suppl. 1) 85-88. 

YAMANAKA, H . 1976. Summery Report on cruise of R. V. 
SOHYO MARU in the Northern Arabian Sea, Oct. 1975-
Fbb. 1976. Par Seas Fisheries Reseandi Laboratory, Japan 
Fisheries Agmcy pp. 1-9 with 30 figs. 7 tables, 6 plates and 
2 appendices. 

YAMANAKA, H., Y . NISHIOAWA AND J. MORITA 1976. Summary 
Report on cruise of the R. V. SHOYO MARU in the North 
AnUaa Sea> FAO/UNDP Indian Ocean Programme Technica 
mepaA No. n , 47 p. 

194 C^PHAIOPOD KBSOURCES OF EEZ 



YAMAZAKI, T. AND M. CHUENCHITPONO. 1981. Survey Report 
on squid stick-held dip net at Ban PHE District. SEAFDEC 
JMning Dept. MP/No. 10:1-14. 

YAMAZAKI, T. P., MASTBAWEE AND S. SAKARANO. 1983. Survey 
Rq>ort on a new type of squid lift net. SEAFDEC Training 
Dept. TD/MP/15 :1-16. June 1983. 

YAMASHITA, Y . 1976. The octopus Fishery of Hokkaido. Suppl. 
to the Report of the Expert Consultation on Fishing for Squid 
and other cephalopods. FAO Fish. Rep. (170) Suppl. 1, 
14M43. 

YBOH, Q. L. AND Z. MEEUCAN 1978. Processing of non-com-
meicial and low-cost fish in Malaysia. Proc. Symp. Fish 
Utilization Technology and Marketing in the IPFC Region, Wh 
Session, Manila, Philippines: 572-580 

YOUNO, R. E . 1975. A brief review of the biology of the oceanic 
squid, Symplectoteuthis oualaniensis (Lesson). Comp. Biochem. 
Pl^siol. 52 B : 141-143. 

YOUNO, J. Z. 1962. Courtship and mating by the coral reef 
octopus (O. horridus). Proc. Zool. Soc. London, 138 :157-62. 

YOUNG, J. 2 . 1965. the Central Nervous System of Nautilus. 
PMlos. Trans. R. Soc. Biol. Sci., 249:1-25. 

YOUNG, J. Z. 1971. Anatomy and Nervous system of Octopus 
vulgaris. Clarandon Press, Oxford. 

YOUNG, J. Z. 1977. Brain, behaviour and Evolution. Symp. 
Zool. Soc. London, 38 :377-434. 

YosHiKAWA, N. 1978. Fisheries in Japan. Squid and cuttlefish, 
Publ. by Japan Marine Products Photo Materials Association. 
Tokyo, 162 p. 

ZuEV, G. V. 1971. Cephalopods from the northwestern part of 
the Indian Ocean, Moscow, 223 pp. 

ZuEY, G. V. AND K. N . NESIS 1971. Squid (Biology and Fishery), 
Pishchevaya Prom;̂ 8Uennost Press, Moscow. 

ZupANovic, S. AND S. Q. MoHiUDDiM 1973. A surv^ of the 
fishery lecouices in the northeastern part of the Arabian Sea. 
/ . mar. Biol. Ass. India, 15 (2): 496-537. 

CMFRI BUU^TIN 37 195 


