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Development of Female Reproductive Organs During Sexual Maturation in the
Japanese Common Squid Todarodes pacificus

Yuzuru Ikeda,** Yasunori Sakurai,*® and Kenji Shimazaki*®

Development of female reproductive organs during sexual maturation was studied for
Japanese common squid caught from feeding and spawning grounds. The female maturity was
divided into six stages based on the histological observation of ovary. The maturity was
compared with the ovary somatic index (OSI: ovary weight as a percentage of body weight),
oviduct somatic index (ODSI: oviduct weight as a percentage of body weight), gonad somatic
index (ovary and oviduct weight as a percentage of body weight) and nidamental gland index
(m: a ratio of nidamental gland length to mantle length). Results showed that the female
maturational process consists of two phases and ovary and oviducts development are correlative
with the nidamental gland development. In the first phase, ripe eggs are produced in the
ovary with the rapid development of the nidamental gland and in the next phase, ripe eggs are
transferred into the oviducts and stored there until spawning. The nidamental gland develop-
ment is slower in the next phase, which suggests that the production of jelly material is
started in this organ. It is possible to express the female maturity condition by GSI and m.
These numerical values are GSI>1.0 and m>0.208 in yolk formation stage; GSI>2.6 and

m>0,290 in the mature stage.

AN A 4 HPEOFBE OV, TE,Y RSP
B, Bk OEBOHEL DL, LrL, ThHOW
FIT, Wb IIHELEE I U C o BEBEER S
XML T3, —F, AEOCIHEBRIEOVTUL, &
B, AR ORSFHE DY, TOBBELT O
THMARR L ShTVw5, LinL, JIRHNTELR
RRESS Y ER T anIEC, EISCHLEET AE
B lm WHROBRKOIROBEREN THL LY —NE
YABRAWTHEE, B (BIR)P X, BREAR
BERARBREOBRICE bk > RE L L S0 AM
DEBER I OWTITA RN eV & 2 TP, ~
na A A OBEE OB A LT TSI LEH
WL, BEREEREEPEEEE, OREAYA
v, BEEMTRIC L 0 EORBREEYE N, che
HEHED HRDIEEBREICOWTOREIFH L 2R
BIesc bickh, BBEACELR ) REMBED
RRREE L FOHRILBRIE OV TR,

HEE LV HE

PR Ulc A 2 £ A ik, 1988 £E 6 A BEE
12 f, BByl 0 A & AT OME, I L U988
£9FS 1989 1A, BERREENELZOWHE,
BIVEBRBREEMEL DY FLREBBC X IR
#U70, BREK 211 @A GHEREHE 118~317 mm)
ZOWT, REBREORERNELT, KOEEHEC
M B &R A RO, IPHERIEH (Ovary Soma-
tic Index: LIF OSI LBE¥: JRELEEE X 100/{6H), &
I E B3 (Oviduct Somatic Index: LJF ODSI &
W4 SONEE X 100/46E), B EHEIENK (Gon-
ad Somatic Index: BLF GSI L8853 (BREEE I
CEE)<100/{k%E), IR KEIEH (maturation index:
LIF m &EET: AMEE/AIER)Y £, HEAEGED
gRRtw 77 v EE LR, BABYA (6~8p) TIERL,
FIT 4 =D~ bRV Y VR Yy DE

B Ak B AL P PE R M B s M55 247 % (Contribution No. 247 from the Research Institute
of North Pacific Fisheries, Faculty of Fisheries, Hokkaido University).

" AHREOKERERIFEEBFAKEFEFEHASIC THERLE,

* dp a3l k2K (Faculty of Fisheries, Hokkaido University, Hakodate, Hokkaido 041, Japan).



2244

Bt 2 U CORBE U BRE A B E L, T
NOESERE LR OB L et e, K
ORI W TRE LT

¥ R

AR RRE ABRYORBEREDOLD, AN
1 A OEWRBEYEE, AR BTk IR
Slice (1) JREMIAERE, Q) A&, (3) mIPEEHL,
(4) BB, (5) PRETMBATI, (6) IRFEEPM,
() BB, (8) BB, Thiftv&@GT L
TRDIIREIFAR D 5 bREMR LD OWTRS &
(Table 1), ESPEATH & B0 FRHERLTCOHE
RCFEL, —BOIENPRBRA~LBTT5.% 1,
BARARNRBEICE LB i T ZIHEN
DOIFFHBEAERE L THEEL TS, LicdisTAA 2
17 OPENORFRRIERBRER LELLh DO
T, BERBTHRBEREY i U, SRFNBME
Y BRARRIOIHR DR S & MIVE~DBEII OB
OFEFET LI AN D 6 IRy Ui, It REHATH,
I REREAERHA, I BUEABRRAMA. IV: piieg b, V:
MREE, VI: BB, ©h boRE L FEANORR
L FERT,

I REUEARTHD (44 @) : SRR MRREY~< b
F U VR @gRT 55RO EIFEITH oI X
n#EHRL XT3 (Fig. 1A),

I RBUEAERI (61 ) : JRRVINEC LB DRERTI o I
BERCEL Y, BEER\IEEROMEE~EA
Lia o @IvE oMk R bh s (Fig. 1B),

I JEABAMREE (25 fE4F) 1 DPRU/INEEWIY, RO HIRE
OB BB LHEERA T2 BaEasrA g
%, T OMOERECN I EIEERAIBR IR T B

Table 1.
Todarodes pacificus

thE, BoF, BE

DRET R AT O SRR A R B, BB TR BtE T
% (Fig. 1C),

IV giuk B8 (10 (8 : FRENEEIT, MEDH
EHAEAL, FOBAREL R TCEABRETS
X 5Tl RN TR b B IEERE 0 SR MRS
RBoh, BRCNBRROBETFIS0 5 (Fig. 1D),

Vo ORTREG (19 E4): TR, MO LA
ey =i v cFRTAIR LD bh, EaM
ROMBAES b e o IR O IF A
7 A oh% (Fig. 1E),

VI BB (52 fEfE): SRR/NEEE, EEMROMRA
DSELI A LB ORI &, HEREE R
Roh, BiEhcl@ginf#L£T % (Fig. 1F),
IR EBINTORZEMFE BB & b7 5 IR Lighp

BORBEBEFRYENL D, AREORERBEETH

ks OSI & ODSI & oM Ew EREENCH

(Fig. 2)o ZhRINIEBE I D V o3k L

OE4ETE, BIERCEBIELHEIATHEWT E

B LT OSI o AR L ODSI 1LEVHCHB T

5. BIFE~ OB ¥ - o BE VI offkci,

ODSI CEWENRbhB X5 KkiB, LaL, OSI ©

FRIzEL v ODSI R ESLET S &V 3 EAIEE

B hhitve Tiebh, OSI 2 4.0 LI Foftkcil,

OSI D & 7z~ ODSI & imEr % RT3, OS]

Dk EREMETE, BT ODSI A 2.0 LI TOEL @k

Bbohb, 20X 5 Rz, OSI 23V ;b

b BT, RIS ~OBEIRA fr\ 7o diC ODSI 2YEL B

k2, SRS DORMIFOHIIAHET L, WEEELE

{ifeh OSI MEL ro Bk EVBETHLE2D
ha, LichiaT, AEORHEE L LTI CHEN

A I B B &, 2k & BRI BEDR,

Summary of the stage composition in oocytes on the Japanese common squid

DML#*2 Ovary GSI Number Percentage of oocytes at each stages*!
Date weight of eggs
(mm) (%) :
(100 mg) examined EYL LYL EYF MYF LYF M
9. Aug. 88 214 12 0.6 320 79.7  20.3
6. Sep. '88 213 12 0.7 318 80.5 19.5
20. Jul. °88 215 14 0.7 325 70.2 27.4 2.5
9. Aug. 88 225 18 0.8 337 70.9 25.8 3.3
9. Aug. 88 206 25 1.2 341 71.0 24.0 3.5 1.5
8. Jun. 88 186 22 1.6 301 69.4 19.9 8.0 2.7
23. Aug. '88 221 19 0.9 434 62.0 27.2 2.5 3.0 5.3
23. Aug. 88 285 57 1.3 406 69.2 20.0 4.2 3.2 3.4
23. Aug. 88 262 118 3.1 473 53.3 17.5 2.5 1.7 24.1 0.8
1. Sep. ’88 238 57 2. 424 52.6  21.7 1.9 1.7 217 0.5

*1 Oogenetic stage: EYL and LYL, early and late yolkless stage; EYF, MYF and LYF, early, middle and late yolk formation stage;

M, mature stage.
*2 DML, dorsal mantle length.
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Photomicrographs of sections through ovaries in various stages of maturation (X 60).

Bouin-fixed and Delafield’ hematoxylin-eosin stained. A, early immature stage, maturity
I; B, late immature stage, maturity II; C, early maturing stage, maturity III; D, mid
maturing stage, maturity IV, arrow indicates the invagination of follicle cells; E, late
maturing stage, maturity V; F, mature stage, maturity VI, mature oocyte ready to be free,

arrow indicates empty follicle.

ERINABMO_SOBRMIE L BN D, £DI®,
BRHETT 2 F TR B0k, B E R L IPE E i O
X B3R, Tihib GSI nELLBbhb,

IR, IR EaIMROREME BT L L5 T
R DREAT~D to, Fbho GSI A BEEHMETT O
BECEYLTHD Enb, GSI &, @IBRORERE
BRTIEBCHDH m & OXIEE B ICHH A~ (Fig.
3 chickiug, GSI o LR Ll m L LR
B, ThobbRHuC & b i EIRERET S, BB

FEIRYE T O BARII DGR &, $aINE ~ D BAAII D B
oy, BEROODOBRMENOD L, X LIPS
Iaa JNRPIC BT 2 — 2D EMILEILE L% 2, 2#%k
G T 700 11 & Co IR R BRLA T O B RRE &,

AL T 706 Vo § TOINETRBRIA th O BE o
IR, 5 L OMIBE ~OBEIN A BAtE LA VI o
BASADMWAREO=RC I e R, FRER ORI
DT GSL & m L OB A R, [BIERE A4 T ik
oo FBH & BEE I~ BT s 2 HEBIGR S 0.816



2246 Wb, B, B

16 ¢
]
12t
¥
- [}
w8
a [
o "
N L] L]
. "s [
- (]
mag®y® o ¥ a R ®=_"
] . . LI
0 ol rd AR A
o] 2 4 [} 8
0 S I (%)

Fig. 2. Relationship between the ovary weight
and the oviduct weight during maturation in
Todarodes pacificus. OSI, ovary somatic
index (ovary weight as a percentage of body
weight). ODSI, oviduct somatic index (ovi-
duct weight as a percentage of body weight).
Symbols indicate histological maturity. (O)
early immature stage, (&) late immature
stage, {(J) early maturing stage, (@) mid ma-
turing stage, (a) late maturing stage and (M)
mature Stage.
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Fig. 3. Relationship between the gonad weight
and nidamental gland length during matura-
tion in Todarodes pacificus. GSI, gonad
somatic index (ovary and oviduct weight as
a percentage of body weight). m, matura-
tion index (the ratio of nidamental gland
length to mantle length). See Fig. 2 for sym-
bols (O, », [0, @, a, M). Three solid lines
show the regression lines.
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Table 2. Comparison of female maturity condi-
tions of the Japanese common squid, Toda-
rodes pacificus between morphological ma-
turity scale which is commonly used in the
Japanese Fisheries Experimental Station
(maturity A) and histological maturity scale
of this study (maturity B)

Maturity scale A Maturity scale B

Immature 1. Barly immature stage
(without ripe eggs) II. Late immature stage
III. Early maturing stage

(GSI>1.0, m>0.208)

IV. Mid maturing stage

V. Late maturing stage

Mature VI. Mature stage
{Ripe eggs are (GS1>2.6, m>0.290)
present in the oviduct)

Criteria of each maturity scale are indicated in parenthesis.
GSI, gonad somatic index (ovary and oviduct weight as a per-
centage of body weight); m, maturation index (the ratio of
pidamental gland length to mantle length).
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