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Maturation Process of the Japanese Common Squid 
Todarodes pacificus in Captivity* 

y u z u r u  IKEDA, Yasunori  s ~ I i U R . 4 1  and Kenj i  s ~ 1 ~ 4 . 4 ~ ~ ~ 1  

D;,,ision c?f Maritze Ecoiogv, Resectrch Institute o f  ,Vorth Pacrfic Fi.sheries, 
Faculty of' Fisheries, Hokkuiclo L7niversitjl, h4inizro-cho 3- 1-1,  

Hakoclare, Hokkuiclo O4 1, Japan 

Japanese common squid T o d c r r o t l r s  / X I C I ' ~ I C . L ~ . S  (males and females 
'~ori l  150-270 ~ n m )  nere  maintained in the tank o f  a racewaq 5 ) s -  

3 liters total) at the Ylarine Biological Station o f  Hohkaido Uni~crsit) 
for period ranging from 20 to  60 days in 1988, 1989 and 1990. Llale squid r n a t ~ ~ r e d  earlier than fe- 
malfi. l lating beha\.ior of males \vith immature females \\as o b ~ e r ~ e d  about  t \ io  ~ e e h s  after begill- 
ninp at' the breeding experiment. l l a l e  mating beha~ io r  co~itinucd to the end ot rhe euperitiient5. Female5 
matul-ed :wo or three ueeks aftcr male mating beha\.ior \\as firct obcened and thic phase \\as fol- 
lowed by spa\\ning and death. Mature females jpalvned once and died in the 1988 and 1989 e\pe~-i-  
nlent. Hoi\e\er ,  in I990 one indii idual spa\\ned t i \  ice in a neeh.  Spa\\ning occurred betueen midnight 
and earl! mar-ning. Hietological changes \\ere found in the w n i n a l  receptacle and in the nidarilental 
,!latld of spa\\ning female,. In the o ~ a r i e s  of spa\\ning fen~ales oocq'tes exis~ed at all stages of 'de\elop- 
I, en[ ,  from !,olklejs to mature stages. 

lntroduction 

Japanese common squid, Todurodes puc~iJicus is one o f  the commercially most important species in 
Japanese fisheries. For this reason, many studies have focused on the fishery biology of this species 
(Soeda et 01. , 1956; Araya et al. , 1958; Hamabe and Shimizu, 1966; Murata et al. , 1971, 1973). However, 
its reproductive features have not yet entirely been described since. T. puc$icus shows some biological 
complexities in nature, related for example, to a long distance migration around the Japanese Islands 
and to the existence o f  three different populations (Araya, 1957; Kasahara, 1978). Therefore, field sur- 
veys of  this species are sometimes difficult and egg masses of T.  yac$icus have not yet been found 
in nature. I t  is useful to maintain the animal in captivity to  get information not obtained during field 
surveys. Many researchers have tried to  culture squid in the laboratory, e .g . ,  Illex il1ecebrosu.r (O'Dor 
et a/ . ,  1977), Sepia ofjicinulis (Richard, 1971; Boletzky, 1974), Loligo hleekeri (hlatsumoto, 1976), L.  
pki, L. pealei and Lollig~rrrc~rrla brevis (Hanlon et al., 1983) and 1,. opalescens (Yang et al., 1986). Hamabe 
(1962) tried to keep the mature female T. pacijicus in a barrel and he obserbed the females spann .  The 
egg mass consisted o f  ripe egges and a jelly coat. Since his rearing experiment lasted only a fern days, 

C information about the process o f  maturation nras lacking. In addition, histological obser\.ations of the 
sexual organs have not been done. The entire maturation process of T. pucrficus has not been yet been 
described. Generally, it is very difficult to rear T. pucrficus for long periods since this species is nekton- 
lc and perhaps Inore ner\,ous than coastal species such as Sepia c?f~icirluli.s or  Loligo bleekeri in the res- 
tricted rearing en\,ironment. In the present study, n.e tried to get basic information about the reproduction 
of T. puc[ficus, especially for reproducti\e b e h a ~ i o r s  and histological changes of se.\ual organs during 
maturation. This \[.as done using the method o f  chronic breeding experimentation; it \ \as  the first at- 
tempt to use this method for this species. 
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Since the breeding experiment was carried our in 1988, 1989 and 1990 using the methud mentioned abo\e,  ii 
I 

the present paper m a i d )  deal$ ~ l t h  the 1988 experiment which had the longest duration of all the  sets 

12, respectiiel~. The number of squid transferred to the tank at the onset of each experiment \\a5 86 
in experiment 1 and 56 in experiment 11 (Fig. 1) .  The dorsal mantie length of squid ranged from 150 
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I llt Mnt~tration and spun,ning 
4t the outset of the breeding elperinlent moit male cquid \\ere immature. The? \rere in the cpermatogonial 
proli ie~ ation stage. Their tests, \\ere tilled n ith ipermatogo~ilal  cells and both restir and accer5or) gland 

eieht if ere I o n ,  O I ro I .(I1lo ot bod! \\eight. H o n e i e r ,  a feu squld had alread) become mature 

slioning some spermatophores in the accessor) gland (Fig. 2 ,  Fig. 3Al.  hloct males matured n i th  man) 
\ p e ~ m ~ r t o p h o r e i  in the11 accessor) g l m d  and the> i t a ~ t e d  to  mate a ~ t h  immature females about t \ \o 
rfeehs atrer the beyiiin~ng ot the breeding experlment. Therefore. the onset o f  mating beha\ior coincid- 
ud 111th production of ipermatophorej.  The testes i iere filled ui th  iperm and all ctager o f  germ cell5. 

care\ 100 pm tor 1 to 1 



\ la t~~r; t t ion Proce\, of the Japanese Common Squid in Capti\,ity 

i s  a n  o r  a n d  e i g h t  c r e a s e d ,  3 . 5 0  to  1 o o f  body e i g h t  ( F i g  2,  big. 3 B )  M a e  
mating beha\,ior contin~led to  the end of the experiment. Accessory gland weight high which signified 
cODtinuoUs ~ o d u c t i o n  of spermatophores in the accessory gland. Hon,ever, histological regression of 

was Observed one month after the start of the experiment (Fig. 3C). 
On the other hand, all females were immature at  the beginning of the experiment. They were in 

the early yolkless stages of oogenesis. The ovaries \rere filled with early yolkless oocytes and both ovary 
and oviduct weights were low, O.2Vo to 0.5To of body \\eight (Fig. 3D, Fig. 4). Females began to  ma- 
ture, i.e. beginning of yolk formation in the ovary. a few days after mating behavior was first observed. 
ovulation to the obiduct occurred about two Lveeks after that and both the oviduct and nidamental 
gland developed very rapidly (Fig. 3L.  F ,  Fig. 4). O ~ u l a t i o n  \vas easily detected. Since the ripe eggs 
in the oviduct \rere clear amber-colored, \re could obserbe these ripe eggs very clearly through the trans- 
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Fig. I. The prosre55 o f  f'e~nale icxilal matoration in the .lapane.e common .quid, Todii- 
twiie5 ,~xii,~f?i,i,.s held in captiiit! in 1988 0\ ar! inde\ (o\  ar) \\eight a i  a percentage 
of total bad) \\eight): Oiiduct indel (oiiduct \\eight a3 a percentage of total hod! aeiglit): 
Nidamental piand index (a ratio o f  nidameiital gland length to mantle length). @: PI-c- 
y a n  ning fenialc: . : I t  I f e n :  : t\hau5ted fe~nale ju.t prior to tpau nine. 
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parent mantle. Spau ninp occurred a te\\ da! 5 aftel o \  ulation. Spaijning occur1 ed soon atter o \  ulation 
\ \as t i r s  obwr \  ed 111 experiment I (2 \pail n r )  and e\perimcilt I I  ( I  span ns). That occurred about one 
month after the outlet ot the expeiirnent. Spanning beha1 lor \r as not o b s e r ~ e d  directl! rmce e\er! 
\pan nlng occur1 ed bet\\ een midnight and earl! morning. Female squid spa\\ ned once and died soon 
attsr  that IP  the 1988 and 1989 experiments. Hoi \c \  e l .  one indi\idual spa\\ ned trio rimes in one \ \ ee l ,  
bet\ieen September 5 and Septembel 1 1  1990. The egg mass \ \as approxlmatel) In1 in dimater but it 
\ \as  riibrequentl! dertro!cd b! the other s\\imming q l l i d  and 111s satdine, uhich \+ere in the tank as 
food. Squid tended not to teed a i  their nlaturatlorl ptogresszd. Females preferred to near the bot- 

tom nhen  the o\iduct \+a5 filled ni th  ripe eggs and the! m o ~ e d  onl! n h e n  disturbed b) males. 
An  unucual situation occurred in 1988 s h e n  t n o  iulll mature temalec died lust prior t o  spa+\ning, 

one in experiment I and the otiier in experrnlent 11. Their m a n t l o  had become much thinner and these 
\quid seemed to be e lhaus ted  Total \\eight of o \ a r )  and o ~ i d u c t  \\as 28O0 of total bod! \\eight (Fig. 
4).  Il 'hen nidatnental gland \\eight \\as included in the gonadal neipht o t  thir elhausred temaie, the 
total percentage ot gonadal \\eight !+a\ a l m o ~ t  5000 ot rota! bod) \+eight. 

There were soins histological changec in the seminal receptacle and thc nidamental gland in post- 
jpai+ nlng female\. In pi e-spas  nine indi\ iduals, the sperm mass u a5 stored in the seminal receptacle 
on the outer lip ol the buccal rnetnb~ane. The inner nalls of the seminal receptacle nere obser\ed around 
\pctni mars (Fig. 5 A )  O n  the other hand,  in post-spa\ining females [here \\ere a teu rperm mass ~nside 
t11,- seminal receptacje and the goblet cells o f  thc lnner nalls elongated as if secretion emanated from 

uladular cells  ere these cell\ at  [he time oi spaunlng (big. 5 B )  In the nidamental gland, a number o f ,  
obw-1 ed in pie-span ninp ternale, but in \panning ternale the mucous 5ectetion occurred. This suggests 
that there glandular cells pia) the role ot  producing and releasing the jelly substance, the egg mass coat 
(Fig. 5C, D). 
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nature perfectly. Unfortunately, at present u.e d o  not krlo\+~ the major factor or combination o f  factors 
which affect sexual maturaiton in this species. During our experiments, the beginning o f  female sexual .. .--- 
maturation, which means yolk formation in the ovary, occurred after male mating behavior Lvas ob- 
served, In nature the onset of sexual maturation is reflected by an  increase in the proportion of mated 
individuals in T. puc.(fkus (Murata ul., 1971). Mating behavior may be one of the triggers for sexual 
maturation of females. The life span of 7 pucifi'c~rs is be l i e~ed  to be one year or slightly longer (Soeda 
eta/., 1953; Yasui and lshito, 1955; Araya, 1957). This \pecies gron7s l a -y  fast and reaches sexual maturity 
at the age of  one year and dies after span>nirig (Ka~vana,  1948; Katoh, 1959). From these characteristics 
our experiment \?as thought to  have dealt cvith the terminal one to two months of the life span since 
almost all males and females were immature at the outset of the experiment. They then reached sexual 
maturity approximately in one month which \vas followed by spawning and death. The maturaiton process 
centers on the last few months o f  the life span. But we must keep our mind that there was a possibility 
of precocious maturation in these experiments. Precocious maturation of this species in captivity should 
be the future stud),. As Durward er ul. (1980) reported from breeding experiments nit11 Nlex illecebro- 
sus, a closely related form to T. pucficus, the processes of mating and spawning are probably similar 
to those of T. pucrficus. However, there is a difference in time of mating between I. illecebrosus and 
7'. pacificus. Male 1. illecebroslrs mates only with mature females, whereas male T. pacificus begins 
mating with immature females. Another difference between these two species is the site where sper- 
matophores are attached during mating. In T. pacficus spermatophores are embedded in the buccal 
membrane of the female and transferred to the 5eminal receptacle on the outer lip whereas in I. illecebrosus 
spermatophores are embedded inside the female mantle where there is no spermreservoir like the semi- 
nal receptacle of T. pucficzrs (Hamabe el 01. , 1974). T. puclfims is thought to  have a higher ability 
in sperm reser~~ation than I. illecebros~rs. Mating with immature females may be needed not only for 
triggering female maturation but also for sperm capaciration in female seminal receptacle in T. paclfi- 
cus. We therefore put fornrard the follolving hypothesis about sperm capacitation in T. puclficus. Sperm 
Proper are already produced in the testis when the gonad is very small and sperm accumulate in the 
testis until they are transferred to the accessory gland to be packed in a sperrnatophore. Then, sperm 
are transferred to the female seminal receptacle and kept there for several ~veeks until spa~vning when 
fertilization may occur. From these processes, Lve consider sperm capacitation is achieved in two steps, 
first in the male accessory gland and second in the female seminal receptacle. 

In the present study, n.e happened to obtain eshausted squid, their mantle became much thinner 
and the oviduct \\;as filled \\.ith ripe eggs, thus suggesting the animals nere  close to spa\vning. This kind 

exhausted squid were caught in nature from T. poc,/ici,s (4 raya ,  1957: Hambe, 1963) and from other 
species, e.g., Loligo 0y~1lrscrn.r (hlc(io\van, 1954) and L .  ~nirlguris rrj'nairclii (Angustyn, 1990). In all 
cases, t h e  exhausted squid seemed to be in post-spanning condition. N'e consider that this phenome- 
non is one of the reproduc.tj\.e strategies o f  T. puciJiczrs. They seem to use mantle musclc as an energy 
source during gonad development, production of ripe eggs or sperm and spermatophores. But this strategy 
I S  not conlmon to all T. puc*lfrc'~is since \+e obtained only t n o  exhausted indi\,iduals and the catch per- 
centage of this type o f  squid in nature is not high (Araya, 1957; I-latnbtt, 1963). The mechanism of 
exhaustion in this species should be the subject of future stud),. 

Hi5tological change \\as observed in  the seminal receptacle and nidamental gland of post-spanning 

~ l ~ r ~ r a ~ i o n  Proct'i\ ~f the  J a p a n t w  Comnlon Squid in ('aptit i tS.  

Discussion 

T~~~ is the first i o n  term experiment about the maturation process of T. pac(ficirs. Morrality \\;as 
during the experiment and nearly all sq~l id  remained in healthy condition in the tank. This suggests 

tank is for breeding experiments \vith this species. 
~ ~ ~ ~ ~ d i ~ g  to Hamabe (1962) ~ e x u a l  ~natur i ty  takes place in male three to  sin months earlier than 

kmales of this species. Howe\w in the present experiment, males reached sexual maturity only two 
to t h r e  weeks earlier than females. Because Hamabe used wild population samples which included some 
different populations, he might have overestimated the duration needed for sexual niaturaiton in fe- 
males, sexual maturation should be a fast process in T. ppm.Ific~u. But at this point, we must be careful 
in analping our findings, since the present results were obtained from squid maintained in the aquari- 
um, In general, precocious maturaiton occurs in laboratory cultured squid (Durward er a [ ,  1980; Han- 

jon a/ . ,  1983; Yang ri d . ,  1986). Mangold et ul. (1975) reviewed environmental factors which influerlce 
maturation in cephalopods and reported that light, temperature, and nutrition are the key 1r1 
the present experiment, these environmental factors Lvere acting but may not have been able to  mimic 
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females in this experiment. In the seminal receptacle of pre-spa~vned females, goblet cells that form 
the inner ~valls of the seminal receptacle \\,ere clearly observed, and on  it sperm masses were found. 
On the contrary, these goblet cells elongated and a few sperm were in the seminal receptacle of post- 
spa\t.ning indi\.iduals. This change suggest5 that the goblet cells secrete certain substances ~vhich play 
an important role in sperm activation. Females must again be provided with spermatophores b ~ .  mature 
males if multiple spa\\ming is to occur. Although mature males continued their mating behavior, one 
month after- the outset of the experiment their testis seemed to be regressed hictologically and mating 
b e h a ~ i o r  nas  not as actibe as before. From these obser\.ations, multiple spalvning seems not occur in 
this species. Indeed, all spa\vning indi\.iduals in 1988 and 1989 spa\vned once and died. Hou.e\,er, histo- 
logical observation of the ovary of post-spa\\ning individuals sho~ved :hat oocytes still existed at all 
stages of de\,elopment, w.hich suggests that a second recruitment of egg clutches can occur for  subse- 
quent spaivning. From this fact, multiple spawning is thought to occur. There was an  example sho~ving 
multiple spa~vning in 1990 experiment; one female spanzned two times within a iveek. There thought 
to be two cases of spa\+-ning in this species, single spalvning follo~ved death and multiple spanning. 
If multiple spaivning occurs, the duration between the first and second spa~vning would not be long, 
perhaps, one month or slightly more since ovulation does not take several months as we oabserved in 
the present experiment. We consider that T. pucifi'cus is basically semelparous but sometimes spawns 
several times in a few days to a \veek o r  more like I. illecebrosus (Durward et ul., 1980) and the matura- 
tion process which includes mating and spa~vning behavior may be centered on the last few months 
of their life span. 
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