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Reproductive Cycle of Female Walleye Pollock, Theragra
chalcogramma (Pallas), in the Adjacent Waters
of Funka Bay, Hokkaido*

Tai-Hon Yoon**

Abstract

The development of ovarian eggs of walleye pollock, Theragra chalcogramma
(Pallas), collected in the adjacent waters of Funka Bay, Hokkaido, from March
1975 to October 1976, was examined histologically. The results obtained are as
follows.

1. During the course of ovarian maturation, a number of oocytes began to be
isolated from immature oocytes which were at the peri-nucleolus stage or less
advanced stages (less than 0.2 mm in diameter), and gradually they became a
distinct group of yolky oocytes. When the cocytes of the latter group reached
the migratory nucleus stage (0.6 -0.8 mm), a part of them changed into transparent
mature eggs (1.1-1.4 mm) accompanied with hydration and yolk fusion. The
mature eggs were ovulated into the centrovarian cavity in order to be spawned
first. The remaining ovarian eggs at the migratory nucleus stage were spawned
repeatedly through the same process as above.

2. Degenerating empty follicles were well preserved in ovaries in the matur-
ing processes, and their presence in the pollock ovary could serve as a usefull
indication to identify the post-spawners during the feeding period. From
the above finding, it was suggested that most of the pollock collected in the feeding
period at the depth of 200300 m off Funka Bay were the post-spawners.

3. Fecundity of this species should be determined by calculating the
oocytes at the final stage of yolk formation (0.6 —0.8 mm) in the ovaries containing
no transparent mature eggs.

4. On the basis of oogenetic stages of ovarian eggs, the maturity of females
of this species was divided into nine stages: (I) the yolkless stage, (II) the yolk
vesicle stage, (III) the early yolk formation stage, (IV) the late yolk formation
stage, (V) the migratory nucleus stage, (VI) the maturation stage, (VII) the early
spawning stage, (VIII) the late spawning stage, and (IX) the spent stage. All
females whose maturity had reached the early yolk formation stage (0.3 mm in
diameter and 2.5 in GSI value), may be regarded as spawners of the year.

5. The maturity of the spawners of the year gradually advanced to the yolk
vesicle stage with a low level of GSI value from spring to summer. Thereafter,
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active accumulation of yolk occurred and GSI value increased steadily through
summer to fall, though the time of the start of yolk formation differed among
individuals. In late-November, spawners whose maturity had the migratory
nucleus stage or more, in deep waters of the continental shelf edge, were considered
to migrate to the spawning ground in shallow waters of the mouth of Funka
Bay.

6. From the changes of maturity and GSI value, the spawning season of
the fish was presumed to be during the period from November to March, the
peak being reached through January to February.

7. Based on these results, it was estimated that female fish reached the

maturation stage within five months.
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Fig. 2. All figures except for N are photomicrographs obtained from sections through the
ovary of walleye pollock. All were fixed in Bouin’s solution and stained with
the Delafield’s haematoxylin-eosin preparation except for E. A: oocytes in the
chromatin nucleolus stage. x500; B: ococyte at the early peri-nucleolus stage.
% 490; C: oocyte showing a phenomenon of cytoplasmic zoning in the late peri-
nucleolus stage. x200; D: oocyte in the yolk vesicle stage. y» yolk vesicles x120;
E: yolk vesicles in the primary yolk stage. Bouin’s solution and PAS preparation.
x500; F: oocyte in the primary yolk stage. yg yolk grobules x120; G: oocyte
in the secondary yolk stage. < 120; H: oocyte in the tertiary yolk stage. x80;
I: oocyte in the migratory nucleus stage. n nucleus x 55; J: micropyle of an oocyte
at the migratory nucleus stage. mpc micropylar cell »700; K: oocyte at the pre-
maturation stage showing a massed yolk. x50; L: oocyte at the maturation
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stage. X 45; M: cross section of the ovary at the yolkless stage in maturity. om
ovarian membrane. oc ovarian cavity > 5; N: cross section of the ovary just after
ovulation at the early spawning stage in maturity. re ripe eggs x1.2; 0: atretic
oocyte corresponding to the primary yolk stage. x 60; P: atretic oocyte corresp-
onding to the migratory nucleus stage. x60; Q: atretic oocyte in the late phase
of degeneration. x 60; R: empty follicle (gf). x100; S: empty follicle in the
ovary at the early spawning stage in maturity. x85; T: degenerated empty
follicle (ref) in the ovary at the late yolk formation stage in maturity. x90; U:
empty follicles in the ovary after spawning. x20; V: cross section of the ovary at
the spent stage. x 3.8.
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Table 1. Summary of the stage composition in oocyles on the female walleye pollock.

Gonado-*| Examined ! Ripe eggs***
Bod, . Percentage of occytes at each stage :
Date 1 engt}lrl somatic | number Matuirty** g y g in Emﬁt.yl***
(mm) index of ovarian follicle
(GSI) | oocytes | EPN ‘ LPN| YV | 1Y | 2Y | 3y { MN | PM | M | cavity
24, Mar., 1975 432 1.0 165 I 61.0 1 39.0 - (+)
" 24, Apr., 1975 330 0.7 245 I 49.8 | 50.2 - -
9, Apr., 1975 440 1.0 201 I 54.7 | 40.8 | 4.5 - (+)
9, Apr., 1975 | 438 1.5 519 II 518941241 : - (+)
5, Jun., 1975 414 1.4 183 II 54.8 | 14.2 | 31.0 i - (+)
22, Jul., 1975 405 2.7 183 111 44.3 1 13.1| 8.2 | 34.4 - —
15, Aug., 1975 441 3.3 139 IIT 18.8120.9| 4.3 |12.9)43.1 - (+)
1, Oct., 1976 460 4.1 210 III 38.6 |35.7| 1.9 | 7.6]16.2 - (+)
1, Oct., 1976 416 4.2 226 v 36.7|23.5| 1.8| 3.1|20.8|14.2 - -
1, Oct., 1976 434 5.6 292 v 39.0 | 23.7 4.5 |16.4 | 16.4 - (+)
21, Nov., 1975 444 6.6 336 v 33.0 | 30.7 3.6 {32.7 - (+)
21, Nov., 1975 415 6.0 247 A\ 36.0 | 26.4 33.1| L6 - -
27, Nov., 1975 | 426 7.6 160 V | 42.5]38.8 8.8 | 10.0 - -
27, Nov., 1975 | 426 10.6 123 V [37.4]2.4 2.9 | 33.3 - -
29, Jan., 1976 441 15.0 199 v 33.2 1 34.7 10.1|16.1 | 6.0 - -
27, Nov., 1975 410 15.3 169 v 33.3]26.1 36.2 | 1.5 2.8 -
23, Dec., 1975 381 19.8 186 v 25.6 | 30,2 11.6 32.6 - -
23, Dec., 1975 400 16.9 157 VII 37.5 | 30.6 14.6 | 17.2 + +
23, Dee., 1975 400 20.0 175 VII 26.9 | 38.9| 0.6 17.7 16.0 - +
29, Jan., 1976 428 16.8 138 VII 37.7 | 32.6 3.6 123.9| 2.2 - 1
17, Feb., 1976 423 13.0 180 VIII 46.0 | 26.3 5.2 22.5 + H#
5, Feb., 1976 381 13.5 241 VIII 39.9 | 44.0 16.1 H# +#
17, Feb., 1976 487 10.7 109 VIIL 45.9 | 36.7 17.4 - H#
17, Feb., 1976 | 403 1.9 122 IX |72.1]27.9 - +#

* GSI=(ovary weight/body weight)x100. **Lettering as in Table 2. *¥*_ 1 and 4 symbols represent the relative frequency
of occurrence of ripe eggs in the ovarian cavity and the empty follicles, and (+) denotes the degenerated empty follicles. Ooge-
netic stage: EPN LPN; early and late peri-nucleclus stage, YV; yolk vesicle stage, 1Y; primary yolk stage, 2Y; secondary yolk
stage, 3Y ; tertiary yolk stage, MN; migratory nucleus stage, PM; pre-maturation stage, M; maturation stage.
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Table 2. Mean, standard deviation and range of GSI, and the range of diameter of
the developing oocytes at each maturity of the female pollock. :

Number Gonadosomtic index | Range of diameter
Stage Maturity of fish of developing
examined | Mean £ 8D Range oocytes (u)
I | Yolkless stage 19 1.1940.61 | 0.26- 2.66 110 - 200
IT | Yolk vesicle stage 45 1.74+0.52 | 0.88- 3.13 190 - 280
IIT | Early yolk formation stage 19 2.7240.94 | 1.20- 4.44 270 - 400
IV | Late yolk formation stage 14 5.79:+£1.48 | 3.87- 9.36 400 - 600
V | Migratory nucleus stage 28 8.83+2.18 | 4.71-13.11 560 - 800
VI | Maturation stage 18 14.59-:8.35 | 8.71-21.65 800-1, 400
VII | Early spawning stage 31 15.15+4.68 | 4.50-25.00
VIITI | Late spawning stage 9 9.73+4.53 | 4.47-15.96
IX | Spent stage 17 2.38+1.10 | 0.93- 5.11
Total 200

T BRI B DS I C D 5B (R 2-R) . PEEIRHIDMEG TIRBREICERIM 2 &, SRR
BESRRT: FU SRECRAB T &, Bl 12RO HRIME MR Y 6N 5 L EH 5 (KM 2-S), T DEH
PR TH 5 C EHHBIT A 5, EIATH, TR EEER S h 5 PR (K2-U) R,
7 ORKBIGERET 20, BREVIET Y, IPEWRL ERICGETT 5 BET S S v ok
OMBHLE L THRETS (H2-T)o LM -T, SFEERE LS COME TR, ERFETERBMEL
T HESPRRIS DA BT X DB, REOBIIMFIETD 3,

251

20

"mean |
SD--- i
range --——-—-'
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T

i noom oav v
MATURITY

Vi

vil vl IX

Fig. 3. Relation between GSI and maturity

of the female pollock.
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Fig. 4. Seasonal changes of GSI and maturity of the female pollock in the adjecent waters
of Funka Bay, Hokkaido.

O represents the ovarian condition of one fish. @ indicates the post-spawner
from maturity-I to IV.

Table 3. Percentage of the post-spawner by body size on
the female pollock caught in the feeding period.

Number of fish
engt -
BOd‘z’crlu;lgth ﬁglu;?{l:;izi d with empty Percentage
follicle

-36.0 3 0 0
36.1-38.0 1 1 100
38.1-40.0 6 3 50
40.1-42.0 18 11 61
42.1-44.0 14 12 86
44.1-46.0 13 12 92
46.1-48.0 7 7 100
48.1-50. 0 6 6 100
50. 1~ 11 11 100
Total 79 | 63 80

ZEDHICT YT, RBELRD BRI, REBAOKRENEEREAZINT (K5-a).
BRBE S S O° GSI OFHR (K4) »oHb b E i, XFROEIEM»S 6 A ToOMIK,
HOBTH (IX), &IRES (D, PN (D O RBEOEENHET 5, L L, IEEHOME
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Fig. 5-a. Length frequency distribution of the female pollock in the feeding period from
March to October.

[ represents the virgin female.

Fig. 5-b. Length frequency distribution of the female pollock in the spawning perlod
from November to February.
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I 1 A5 10 AT, MIZAEHEL, BE REAL b CORBE T TROLIBFTL, OBk
BEYS, FEERMCELBESKOERHE CCRRTS0: Bbh s, GSI I Bk T
L D3 ABRBEIU, 6 A3 TREET 2,0 BUF LB IRIBHHE C . IPEIBRAIE (1D DMK
127 R THAL, 20%10 A3 TH 5N, IFEBROMMST 3RE8IEERIC L h bz b Bl
TWa, —F, SREMRAEY (IV) OfEkIz 9 Ab S 11 HiIclEL, ¢ ORlic GSLE & JREFRE
OEEOEM, 3 & MEEEOIMEROERICICHEN FHT 2.9 55 8.4 ~ LML T3, ULy
U, 10 ATHEEREI» S5 IV 2 TCORBBARIZES N, BEBTORBOZEBE LN & %55
LT3,

1L Bicia, SUEMRAED 5 BEIMEN (VI % COMESHEL, 3 Ce@imiffbhCu 5
25T, UL, ZOAOHBHIMSTBIR OKIE 300m) 351 0 NEOBEE (KEE 100m) T,
L ATHORFRACRHICREL T3, 2T, MERORBRE., EAD GSIES kI RRE
XHHBEL I (R4)o ZORR HMAEEROBEAD GSIEi6,86£1,92(SD), FREBEIIFYEDS
BEHH (V) TORBETD 30U, WAWMTIX GSI AL 9.36-£3,01 & EEBEHL b B
AU, RBES V5 VIIITOLONRDENG, LOX3i, MBROEEREL, B
WTIRT TREFBITON TS L b6, BERTIFRHREET U I b < & b BT
EOBHKBRHE L CRBROIENGEEBB T b0 #EIND,
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Table 4. Comparison of GSI and the maturity of females caught between shallow
(depth of 100 m) and deep areas (depth of 300 m) in the adjacent waters
of Funka Bay in late-November.

Depth Number of Bo‘i(%iz’)lgth GSI Number of maturity
() specimens | poan 4 SD | Mean = SD | IV ‘ v | vi|vi|vio
100 32 412.0419.6 | 9.36x3.01 | o | 5| 4| 1| 1
300 49 408.4421.9 | 6.96+1.92 | 8 | 10 o | 1| o

12 B»5 2 B3 TOMENL, FREHHOBERTEREL T35, 11 HOBEROEA L [T,
VRO A b EIRTY b IR ORREOBEER THMRAIN TV 3, BRO X 5, BEHOHAERE
BTk, BEIMEOREC L 2H» 5, BEADHBMEOENTEL N, 11 AL 2 AT EE
BTREL HMADOEREMKII KD 45em UT T, FHHERH~FEREIFAD S D 5 BABEL 2
> TV AR TR IR (K5-b), 12 B» 5 2 Atk T, GSIfEit 12 HDFH 16,9 2THAK
18, 2RBi32hFNn 9.2 9.5 B335, GSI OBBREZOEINFTNROHA L RE L, GHEL 1
25 25 FTHEN 5. —F, 1, 2 BCRERERBES (VD), EIMAH, %l 5 RECHIMETH
OEEHEEML T2 &5, HS»RIORVEINENEA2Z3IN5, UL 2 BIRBWTH
T ORRBEE V, VI OESMOMEESHEL, B Z 0% L ETT R,

DEDE5ic, MABEDERICHII 227 M oF S5 OEIRIE, 20BN 1, 2 BTH A5, 11
A5 3 AL TLI5 » AMICR X0, 31z, 2 OREICHSEIBIELEO &2 17 BB EDEELIE B
HBEL Tw3, Thid, O & 5 e BZHORE ORISR BEb 6 KT, »2hE#ich
1B ERFBRLTWE EEbNS, 20T, LhbORERNS, MEMERICI 5 IREBRELED
LB ES I TORBICET A2 EREL 12, IFEFRO BP0 TIRTH, B
CTI0ATHATE, 17, HBPHORBECHEGER 11 At BB, 2B B{HETS
LEdpb, Ao ¥ SHAOHRBCET 2YEIIEL TLNs Xy BEEEINS,

% %

SRR O

2y oS OIRIORERRG, —EEEEINY 3 = o < 220 L RIS R RERCE
T3, MEEREETU BRI LECEHRINT, — BT o0 BL BIINTT LA
Ant, CORKRR BELY OABOEIICI ) 5 2O BAOEMI L b, RS EINRHE
EUNRERE—HT 5, EHIAY 0¥ SOKERE L 5 LHETHO BEr 5, RARRTEINR
PRROETCE, 1, BNy BB TH S BHREL Tkh (F, RFEHR), XA
B335 2 SRAEL IR ZEIEETH 3 L EA b 529720,

2y b U &5 Ok, PEINERMOEEEHY b R E 5 BERT, IPREROMA L & Ltk
X b B BIkL, SRARE LK S fEITHENT 5, OB, # HAYNETIE Haddock, Melano-
grammus aeglefinus®”, ¥ % Pacific hake, Merluccius productus®® THHEN T3, TDX 5
LAIDOWKBERCEL Tid, 7=, Plecoglossus altivelis THFETERM TRD & BEII S TORT,
Na 44> 25 TRBIINICERICAZ L ENBREINTL B, —F, K- L Xt v
¥ 5 DYBRH DRSO 21T, FHIPOBALSS VI E SRR BT 5 C & 2L T
B, PHINERTICI B REINDOAT L T OERIL, YRR & BT 5 UKBRAIT X 5 §
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Fig. 6. Estimated pattern of the reproductive cycle on the female pollock spawning
during the period from November to March.
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