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ABSTRACT 

Male reproductive system of Loligo duvauceli resembles in general with those of other squids. This 
system includes the median testis, the vasdeferens (AVD) the complex spermatophoric organ, the vas 
efferens (MVD) and the Needham's sac which continues as the posterior vasdeferens (PVD), The whole 
system is unpaired and shifted to the left side of the mantle cavity except the testis which is median in the 
apex of the mantle. The system differs from those of other squids in possessing a compact three lobed 
spermatophoric gland, the extension of the Needhams' sac into a narrow long PVD which is flattened 
at the terminal part, the absence of the muscular penis and the presence of a hectocotylised arm which 
is differentiated at the terminal region. 

INTRODUCTION 

VERY little is known about the biology and re
production of the Indian cephalopods. Though 
Hornell (1917, 1922) has given a general acco
unt of the fishery of Palk Bay squids and octo
pus, Rao's (1954) work deals with the biology 
and fishery of the squid Sepioteuthis arcti-
pinnis. Practically nothing is known about the 
reproductive biology of Loligo duvauceli. Even 

j I the basic anatomy of the male reproductive 
I I system has not been reported so far. 

MATERIAL AND METHODS 

The squids were invariably packed in ice 
and brought immediately to the laboratory, 
situated at a distance of about 5 km for analy
sis. Squids of different sizes were dissected to 
reveal the growth pattern of the different com
ponents Of the male reproductive system. 
Care was taken to separate the highly coiled 
distal portion of the anterior vasdeferens, the 
spermatophoric gland which is in the form 
of a lump, the completely hidden vasdeferens, 
the large Needham's sac and the long 
posterior vasdeferens. 

RESULTS 

Arnold and Arnold (1977) have divided the 
male reproductive system of decapod cephalo
pods into five major portions: The median 

..testis, the vas deferens, the complex spermato
phoric organ, the vas efferens and the Need
ham's sac or spermatophoric sac which contin
ues into the muscular penis. However, various 
workers use different terminology for the same 
organs. The terminology used by different 
authors is compared in Table 1. In decapod 
cephalopods the mature testis is pure white 

The squid Loligo duvauceli was mostly coll
ected from mechanised boats which reach Roya-

! puram Fishing Harbour (Lat. 13°06'N, Long. 
j : 80° 18' E) of North Madras (South east coast of 

India). Live squids collections were also obtain
ed from the mechanised trawlers operated by 
the Central Institute of Fisheries Nautical and 

I Engineering Training, Madras, Survey-cum-
i I Inshore Fishing Centre of Tamil Nadu Fisher-
j | ies, Madras and Marine Biological Station of 
j | Zoological Survey of India, Madras. 

I i • P. <3. Department of Zoology, Presidency College, 
! Madras-600 005. 
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median in the apex of the mantle and flattened up by the ciliated funnel of the vasdeferens. 
against the pen. From its central lumen, it (Arnold and Arnold, 1977). 

Proximal vasdeferens 

Second spermatophoric 
gland system 

Distal vasdeferens 
Blindending sac of 
distal vasdeferens 

Penis with 
diverticulum 

First spermatophoric gland system section I 
Intercalary piece of first spermatophoric 

gland system 
ermatophorlc gland system section tl 

First spermatophoric 
gland system section III 

Narrow duct connecting 
spermatophoric gland systems 

Needham's sac 

-Genital orifice 

-Needham's pocket 

pendage of accessory gland 
Almond shaped seminal vesicle a 

Circular mass of seminal vesicle I I 

Proximal deferent 

canal 

Seminal veslctal 

Appendage of seminal vesicle n 

Seminal vesicle ( I I 

Ciliated canal 

Accessory gland ^ 

Distal deferent canal 

Posterior vas deferens 

Opening of the 
vas deferens 

tpermatophoric gland 

Spermatophoric sac 

Mid vas deferens 

Anterior vasdeferens 

Fig. 1 a. Spermatophore forming organ after removel of the connective tissue capsule 
of Octopus vulgaris, b. Dorsal view of the male genital duct of Sepia 
officinalis - the component parts of which have been separated and c. Dorsal 
view of the male genital tract of Loligo. 

empties the mature sperm into the space surr- The single spermiduct is a greatly convoluted 
ounding it where they are immediately picked tube which leads from the cavity of the capsule 



TABLE 1. Comparison of the terms used by various authors for the different parts of the male reproductive tract of decapods 
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Seminal vesicle II 
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(Prostate gland) 
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Accessory gland 

Distal deferent canal 
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Spermatophoric sac or 
Needham's sac 

Muscular penis 

Proximal vas deferens 

Spherical glandular 
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embracing 
and overlapping 
one another) 
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distal gland (Enlarged 
portion of the wall of 
the distal vas deferens 
which is previously 
called prostate gland) 

Needham's organ 

Anterior vas deferens 
(AVD) 

Complex tripartite 
spermatophoric gland 

Mid vas deferens 
(MVD) 

Needham's sac 

Posterior vas deferens 
(PVD) 
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towards the left. In Loligo pealei the vas deferens 
gradually increases in diameter all the way to 
its end while in L. opalescens it first increases 
in diameter, then decreases as it joins the sper-
matophoric organ (Arnold and Arnold, 1977). 
In S. officinalis however, the genital duct com
mences on the ventral wall of the posterior part 
of the coelom. The opening in the coelom 
leads into a slender tube, the proximal deferens 
canal which varies in length from 5-10 cm acc
ording to the size of the animal. This tube is 
very much convoluted and packed into a tangled 
mass. Further this does not lie in the genital 
sac, but is bound to the wall of the coelom by 
a membrane (Tompsett, 1939). 

In cephalopods, the single spermiduct opens 
into an elongated vesicula seminalis, to which 
is appended a glandular body, the prostate. 
In the interior of the vesicula seminalis, the 
sperms are rolled up by the action of a system 
of grooves and ridges into long narrow bundles 
of about 2 cm in length (Parker and Haswell, 
1954). In Sepia officinalis the proximal canal 
at its distal end opens into a reniform seminal 
vesicle 1 (Fig. 1). This leads to seminal vesicle 
II, which consists of 3 parts, one of them sp
herical on the outside, another almond shaped, 
while the third consists of cedilla shaped appen
dage of the almond shaped part. Seminal vesicle 
III is a large structure, the canal of which is 
crescent shaped in cross-section though most 
of the cavity being occupied by a projection 
from the side of its wall. 

The next part was called the prostate by 
earlier authors, but has been renamed as the 
accessory gland. It has thick glandular vvalls 
enclosing a large cavity. The accessory gland 
is entered from seminal vesicle III by a very 
narrow passage. A slender canal called ciliat
ed canal is given off from this passage and opens 
by a funnel-like expansion into the genital sac. 
The duct which leads on of the accessory gland 
travels into a structure of complicated internal 
form called the appfendage of the accessory 
gland, the latter leads by a slender tube^ the 

distal deferent canal, to the posterior end of 
Needham's pocket, at the end of which the 
genital orifice is situated (Tompsett, 1939). 

In Loligo vas deferens ends in the spermato-
phoric organ which is a complex array of glan
dular tissue and lumina and empty into a cen
tral canal or sperm tract. In passage through 
this organ, the sperms are formed into a spiral 
mass and coated with the various membranes 
and tunics of the spermatophores. 

The vas efferens takes the fully mature sper
matophores arid transfer them one at a time 
into the spermatophoric sac or Needham's 
sac for storage till copulation. The penis lies 
to the left of the anus as a muscular extension 
of the spermatophore reservoir or Needham's 
sac through which small bunches of spermat
ophores are passed during copulation. 

In all the decapods described , the entire male 
reproductive tract with exception of the testis 
is on the left side of the middle line (Arnold 
and Arnold, 1977). Like the other decapods, 
the warm water squid Loligo duvauceli has the 
entire reproductive system pushed to the left 
side of the mantle cavity except for the median 
testis. In order to understand the growth pattern 
of the different parts of the reproductive system 
the squids are categorised into three size groups, 
in the present study. 

Group I : Less than 5 cm dorsal mantle length 

Group II : About 7 cm dorsal mantle length 

Group III: About 9 cm dorsal mantle length 

Group I squids are considered to be immature 
as they do not possess spermatophores in the 
Needham's sac. Group II squids on the other 
hand are considered to be just mature as a few 
spermatophores appear in the Needham's sac. 
Whereas, the group III squids are ripe in as 
much as the Needham's sac is always packed 
with the Spermatophores (Haley, 1973). 
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On the basis of anatomical and histological 
analyses, the male reproductive system of L. 
duvauceli is divisible into the median testis, 
anterior vasdeferens (AVD), the complex sper-
matophoric gland, the mid vasdeferens (MVD), 
the spermatophoric sac or Needham's sac 
which ends within the mantle cavity by the 
genital orifice through the posterior vasde
ferens (PVD), but not by a muscular penis. 

Testis 

The immature testis measures 0.2-0.7 cm in 
length and 0.1-0.2 cm in width. It is whitish 
in colour and enclosed in a capsule and suspen
ded in the coelom by a mesentery. The testis 
is ovoid and not much flattened. 

The testis of the just mature squid is more 
whitish in colour and flattened in the apex of 
the mantle, measuring about 2.0 cm in length 
and 0.4 cm in width. However, the ripe testis 
of a squid with 9 cm dorsal mantle length is 
pure white and more flattened and measures 
about 2.5 cm in length and 0.5 cm in width. 
There appears to be a progressive increase in 
size and flattening of the testis against the pen 
along with the increased whiteness in colour. 

Anterior vas deferens 

The AVD, called by different names in diff
erent cephalopods (Table 1) is a highly con
voluted tube in L. duvauceli enclosed in a tran
sparent covering. The entire vas deferens in 
fact packed into a mass within the covering 
and found attached to the hind end of the sper
matophoric gland, which is clearly seen only 
under a binocular dissection microscope. Tho
ugh the AVD is divisible into proximal and 
distal regions which have distinct histological 
and functional differences, externally there is 
no marked difference between the two except 
the distal vas deferens has a slightly increased 
width with a round lumen against the slightly 
thinner proximal portion of the AVD with 
compressed lumen. 
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The measurements of anterior vasdeferens 
of squids with the dorsal mantle length of 5 cm, 
7 cm and 9 cm are provided in Table 2. 

Spermatophoric gland 

This is the most prominent portion of the 
entire male reproductive system not excluding 
the testis and Needham's sac. The spermato
phoric gland is named differently by various 
authors as is evident from Table 1. In L. duvau
celi it measures differently in different size 
groups (Table 2). It consists of a closely placed 
three lobes which are evident when the outer 
covering is removed. For convenience they are 
named as 'A', 'B' and ' C Lobe 'A' the largest 
of the three is lower in position, flat and elong
ated with a longitudinal wedge at the centre. 
The coiled AVD runs over the upper lobe 'C 
and enters lobe 'A' by making a 180° turn. 
Almost in the same location of lobe 'A' the 
MVD emerges out. 'B' is the smallest pear 
shaped lobe situated behind. On the contrary, 
obe 'C is of medium size while oblong shaped. 

Mid vasdeferens 

This is a more obscure portion revealed only 
in serial sections. Because it is very short even 
in the ripe condition it is not prominent and 
sandwiched between the enormously grown 
spermatophoric gland and the Needham's 
sac. Added to this, it is thin walled and trans
parent eventhough wide. 

Needham's sac 

The so called speimatophoric sac or Nee
dham's sac, named after John Tubervill Nee-
dham (1745) who in his 'New microscopical 
discoveries' gave the first detailed description 
of both the milt sac and the 'milt vessel' of 
'Calamary.' It is a cresent shaped sac in L. 
duvauceli with the apex, of the crescent pointing 
outwards leading gradually to a tubular post
erior vasdeferens. The dimensions of the 
Needham's sac of immature, mature and 

ripe animals are also provided in Table 2. 
There appears to be not much difference in 
the shape and colour of this organ in squids 
of different sizes. 

Posterior vasdeferens 

This is the terminal portion in L. duvauceli 
is a simple tubular structure varying in length 
and diameter in different size groups (Table 2) 
ending in a wide opening into the mantle 
cavity. It is observed that the terminal portion 
of the posterior vasdeferens is enlarged before 
ending in the orifice, in the case of the mature 
and ripe animals. The absence of any muscular 
penis is yet another unique feature of this 
species. 

Hectocotylised arm 

It is well known that the absence of an intro-
mittent organ in cephalopods is compensated 
by a hectocotylised arm which involves modi
fication of one or more of the arms in the 
males. The arm or arms modified are said to 
be hectocotylised. It is interesting to note 
that in Philonexis and Argonauta, this modi
fied arm is charged with spermatozoa and then 
inserted into the mantle cavity of the female 
where it is detached. This detached arm was 
wrongly described by early observers as a para
sitic worm and named it Hectocotylus (Borra-
daile and Potts, 1958). 

The hectocotylised arm characteristic of 
most cephalopods is hard to be distinguished 
in Loligo (Arnold and Arnold, 1977). However 
in the case of L. duvauceli, though it resembles 
the other arms in general, the suckers are greatly 
reduced in number. The distal half of the hec
tocotylised arm is not only devoid of suckers, 
but also much flat and broad with serrated 
margin. A new observation made on the hecto
cotylised arm of L. duvauceli is its flat and 
thin outer extension, which is more clearly seen 
in the cross section (Fig. 2). A comparison 
of the measurements of the extension of the 
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hectoeotylised arm with that of normal arm 
is also provided in the same figure. In this 
squid, it is the fourth arm on the left side which 
is modified, as in the case of the dther species 
of Loligo. 

DISCUSSION 

The anatomical study of the organs of repro
duction of male L. duvauceli reveals a basie 
similarity to those of the other squid^ especi
ally in having the five major portjdjis namely 
the median testis, the vas defefens/(AVD) the 

; complex spermatophoric organ, 'the vas effer-
\ Jens (MVD) and the Needham's sac which conti-
) inues into the posterioi vas deferens (PVD) 
I (Arnold and Arnold, 197$:/ The unpaired 
; duct system finally leads to open into the left 

side of the mantle cavity. While the colour, 
shape and location of the testis are very similar 
to those of the other squids, the AVD first 
increases in diameter and then decreases as 

j it enters the spermatophoric organ. In this 
j jregard it shows similarity to L. opalescens 
\ while differing from L. peali (Arnold and Arno-
i Id, 1977) in which the vasdeferens gradually incr

eases in its diameter all the way to its end. The 
spermatophoric organ has been described by 
Arnold and Arnold (1977) as a complex array 
of glandular tissue and luminal which empty 
into the central canal or 'sperm tract'. By the 
present study on L. duvauceli it is revealed that 
the spermatophoric organ consists of there 
lobes of which the lower one 'A' is large and 

; flat into which the AVD enters and from which 
S the MVD departs. The 'sperm tract' or the 
j pentral canal runs only inside this lobe of the 
( |;land. 

The spermatophore forming organ of Octopus 
j valgaris and Sepia officinalis contrast with the 
j situation in L. duvauceli in which it is compact 

knd enclosed in a sac of the gonocoele. In 
i Octopus this system includes the first and second 
npermatophoric gland system which is a blind 
isnding tube with thick glandular wall (Arnold 
Ud Arnold, 1977). In S. officinalis the system 

includes the seminal vesicle I, seminal vesicle 
II which consists of three parts, one of them 
spherical on the outside, another almond sha
ped and the cedilla shaped appendage of the 
almond shaped part, seminal vesicle III, acc
essory gland and appendage of the accessory 
gland (Tompsett, 1939). A comparison of 
the reproductive system of these cephalopods 
is attempted in Fig. 1. 

The mid vasdeferens of L. duvauceli is an 
obscure portion of the reproductive system by 
being short and thin walle^'phile wide. It ought 
to play a role in the transfer of spermatophores 
formed in the spermatophoric gland to the 
Needham's sac. The Squids of the colder 
waters possess a corresponding portion often 
called vas efferens which takes the fully mature 
spermatophores and transfers them one at a 
time into the Needham's sac for storage till 
copulation. The angle of the attachment of 
the vas efferejis is such (backward and upward) 
that the spermatophores are aligned in parallel 
arrays with their aboral (non opening) end 
pointed distally (Arnold and Arnold, 1977). In 
S. officinalis, this portion is called distal deferent 
canal (Tompsett, 1939), which is a slender and 
long tube leading to the Needham's pocket. 
A recent study of the structure of the male re
productive system of S.officinalis by Mohamood 
et al. (1981 a) describes this portion as distal vas 
deferens and records that it is originating at the 
same point of the accessory duct. It does not 
appear as a natural continuation of the main 
region, but a complex structure embedded in a 
gelatinous mass found above the main vasde
ferens and extends backwards forming a loop 
over the surface of Needham's sac, where it 
merges into its cavity posteriorly. In O. bima-
culoides the distal vasdeferens appears to be 
a short and wide tube leading to Needham's 
sac (Peterson, 1959). 

The next portion of the reproductive system 
is the Needham's sac, which is crescent shaped 
and thick walled leading to the PVD., In S, 
officinalis also the Needham's organ is a ores-
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cent-shaped tube-like organ, but twisted and 
differentiated into a spacious sac with a ter
minal contractile tube. The sac is broadest 
at the middle, furnishing a suitable lodge for 
most of the vasdeferens (Mohamood et al., 
1981 a). In O. bimaculoides, the Needham's 

sac is a blind tube where a general finishing 
and hardening of spermatophores occur (Peter
son, 1959). Of all the octopods and decapods 
studied, L. duvauceli appears to possess a sim
ple spermatophoric sac which is thick walled 
and probably functions mainly as storage organ 
for the spermatophores: 

The final portion of the male reproductive 
system of L. duvauceli is a long tubular PVD 
which is narrow to begin with gradually widens 
and terminates in a wide male genital opening 
within the mantle cavity. The terminal portion 
of the PVD is flat though contains spermato-

» phores. However, in L. pealei and L. opales-
- cens the penis lies to the left of the anus as a 
s muscular extension of the spermatophoric 

sac through which small bunches of spermato-
1 phores are passed during copulation (Arnold 
I and Arnold, 1977). The muscular penis noted 

in the other squids is conspicuously absent in 

Fig. 2. lArms of Loligo duvauceli : a. normal arm and b. hectocotylised arm. 
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L. duvauceli. In S. officinalis, a genital orifice 
is situated at the narrow end of the Needham's 
pocket resulting in the absence of both PVD 
as well as penis. A penis with diverticulum 
occurs in O. bimaculoides which is called the 
terminal organ (Peterson, 1959) and the diver
ticulum of the terminal organ (Peterson, 1959) 
and the diverticulum of the terminal spermato-
phoric duct by Mann et al. (1970) in O. doflleini 
martini. 

In most cephalopods, hectocotylus is a 
characteristic feature which is hard to 
distinguish in Loligo. But it is prominent in 
iother species as a modification, reduction or 
loss of the suckers on an arm or frequently 
as a modification by reduction or shape change 
of one whole arm on one side. This is species 
specific and is used as a taxonomic character
istic (Arnold and Arnold, 1977). It is known 
that in the squids the fourth arm on the left 
side is modified for hectocotylisation. This arm 
in L. duvauceli though not conspicuously 

, ARNOLD, J, M. AND L. D. W. ARNOLD 1977. Repro
duction of marine invertebrates IV. Molluscs: Gastro
pods and Cephalopods. Academic press, New York, 
pp. 115-330. 
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dge Univ. Press, pp. 1-795. 
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\ data as a guide to reproductive maturity in the Ghost 
i drab Ocypoda ceratophthalmus (Pallas) (Brachura, 

Ocypodidae). Pacific Science, 27 : 350-362. 
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s different from other arms, is devoid of suckers 
s at the distal region where it is flat and broad 
) with a serrated margin. In the male of S. offi-
x cinalis, the proximal half of the fourth arm on 
e the left side is modified. The suckers are greatly 
- reduced except at the base of the sucker-bearing 
) surface where there are a few normal ones 
- (Tompsett, 1939). It is the third arm on the 
i right side that becomes the hectocotylus of 

octopus where the tip is spoon-like (Nayar, 
1977). 

i 

> Thus the male reproductive system of the 
L warm water squid L. duvauceli has a basic simil-
• arity to that of the other squids. However, 
' the presence of a compact three lobed sperma-
: tophoric gland, the extension of the Needham's 
; sac into a narrow and long PVD which is flatt-
• ened at the terminal region, the absence of 

the muscular penis and the presence of distally 
modified hectocotylised arm are notable feat
ures of this squid which may reflect some 

' significant role in the reproductive process. 
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