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Age Determination by Sectioning of Otoliths and Growth
Pattern of Pacific Cod*!

Tsutomu Hattori,** Yasunori Sakurai,** and Kenji Shimazaki*

Using the sectioning of the otoliths of Pacific cod (Gadus macrocephalus), age determination
was made for a total of 1,076 individuals collected in adjacent regions of north Japan (off the
southern coast of Hokkaido, the Musashi-Tai region, off Kinkasan, and the Matsumae-Kojima-
Tai region) as well as off the Kamchatka Peninsula. The seasonal changes in percentages of
otoliths with a translucent edge showed that the translucent part of the otolith was an annual
growth ring formed during the autumn and winter. The change in monthly mean body lengths
indicated that the body length of cod increased mainly between May and September. So we
used samples collected during October and March for analysis of fish growth. The analysis
of von Bertaranffy’s curves revealed that there was little difference in growth rates in adjacent

waters of north Japan, while it was significantly lower off the Kamchatka Peninsula.
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Fig. 1. Chart showing the division of sampling
areas (OSCH: off the southern coast of Hok-
kaido, MTR: Musashi-Tai region, OK: off
Kinkasan, KTR: Matsumae-Kojima-Tai re-
gion, KC: off the Kamchatka Peninsula).
Stripes indicate sampling areas, including
sampling sites denoted by solid circles, and
waves indicate sampling areas investigated
by trawl survey.
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Fig. 2. Sections of the otolith of Pacific cod.

a. age: 1*, BL: 291 mm, Location: off Usujiri, date: Aug. ’89. b. age: 2*, BL: 400 mm,
Location: off Usujiri, date: Aug. ’89. c. age: 3%, BL: 523 mm, Location: off Cape Erimo,
date: May ’89. d. age: 4*, BL: 601 mm, Location: off Cape Erimo, date: May ’89. e. age:
5%, BL: 752 mm, Location: Musashi-Tai, date: Mar. '90. f. age: 6%, BL: 762 mm, Location:
Musashi-Tai, date: Mar. '90. g. age: 7%, BL: 852 mm, Location: Musashi-Tai, date: Mar.
’90. h. age: 8*, BL: 710 mm, Location: off Kamchatka Peninsula, date: Oct. '89. Formation

of translucent edge (r9) was observed.
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Fig. 3. The seasonal change in percentages of
otoliths with translucent edge (open circles)
and opaque edge (solid circles) in Pacific cod
collected in the water off the southern coast
of Hokkaido.
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Fig. 4. The change in monthly mean body length of Pacific cod collected in the water off the

southern coast of Hokkaido.
between September and October.
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2580 6.5, b AF v LR TEN 3 B2
Lif 9 MTH-» T, ERERIDTOED TH -1,
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FART BRI
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BB, R, S U X DR B
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O 3 R LETLHOM 3 &R (P<0.01) skt
FHERTEHEAEROM 5 A : REMEROH 5 hi
(P<0.01) ORITHED bk, LiLisdih, Z0ER,
EREOEH & X ORI & LT oLfayi T
BT, HE OERVECAVEEMTEL, I,
AR O 2 AT, JLEEKEEMEIRYS 403 mm
EFELTRD 378mm L\ 5 ERIER CEY L ThieD
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Table 1. Observed and calculated body length
(mm) by age group in Pacific cod collected
from various sea areas around north Japan

and off Kamchatka Peninsula

A. off Southern Coast of Hokkaido

E. off Kamchatka Peninsula

Body length (mm)

Age N Observed

e Calculated
Mean S.D. Range

1 0 — — — —

2 16 398.5 36.7 322-461 403.4

3 68 530.6 44.1 428-644 531.8

4 88 630.7 33.3 506-699 630.9

5 65 694.1 41.7 592-790 707.4

6 8 766.3 71.6 593-846 762.8

B. Musashi-Tai Region

Body length (;nm)

Age N Observed
— Calculated
Mean S.D. Range
1 0 - — e —
2 100 299.9 33.6 200-432 259.1
3 53 522.2 32.9 461-617 477.7
4 49  636.8 27.1 583-686 625.3
5 39 716.1 24.1 673-762 725.1
6 9 786.9 30.5 726-823 792.5
7 2 841.0 — 830-852 838.1
8 4 8830 14.6 871-908 868.9
C. off Kinkasan
Body length
Age N Observed
Calculated
Mean S.D. Range
1 56 203.6 49.0 122-310 207.6
2 37 383.3 32.4 312-446 378.4
3 36 508.5 27.3 459-561 515.9
4 43 621.7 28.4 572-680 626. 4
5 21 702.8 27.1 651-760 715.2
6 5 787.2 13.4 762-798 786.7

D. Matsumae-Kojima-Tai Region

Body length (mm)

Age N Observed
Calculated
Mean S.D. Range

2.5 41 443.2  35.9 361-514 453.8
3.5 25 557.9 37.2 499-631 554.5
4.5 15 629.3 34.5 570-682 643.6
5.5 1 700.0 — — 722.3
6.5 2 787.5 — 781-794 792.0

Body length {mm)

Age N Observed
Calculated
Mean S.D. Range
1 0 - — — —
2 0 — — e —
3 2 398.0 —  396-400 382.5
4 11 492.9 33.7 433-548 479.9
5 19 558.1 39.2 489-618 553.7
6 12 612.8 38.2 560-678 609.6
7 4  660.5 10.6 648-672 651.9
8 2 700.5 —  696~705 684.0
9 1 710.0 - — 708.3

|
|
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Fig.

5, Growth curves of Pacific cod. Open circles indicate the mean body lengths and

vertical bars denote the ranges of body lengths.

L BEMREE L hRBEST L DEFN D, TR
BRLBEORVERBETHS EBEIRLY Ll
e D, BEEHEIFERFAID SELL, Sk
O TREAPMEECEXTEY L FMEE TH L H
U I ¥, FHEGPHTRERAOERR
A DREENMET 5 2 &, 110 B cii—irc
FEARARENTHBI DL Z 217, B CER
BEPFH LT 2 ¥ FoRMBASER I T
%o

BRC X HEBEECOVTUL,

marmoratus,'®

# = Sebastiscus
7 7 < X A  Branchiostegus japo-
nicus,® ~ =2 # v 1 Limanda yokohamae,® 7 5 9 v 4
Hippoglossoides dubius®® ¢ ¥ OBEOEK T, BARD
REHEC L D EBCHMTE D LMESh T, L
» L, —BECIERCE - CHRAEREC BT 5 Wi
BRWE (ERr vy yn) BREECHE TS0,
2 SEEEO L 5 e RBEOFTRCH L CRERE T
I ONERTH B,

AP cHGICBIEOEC L5 ERBERFED, Atlan-
tic cod,®® =~ 107 Eo & S EREICR T LEREE
HEhTWBFEETHD, v FFKBLTLEENE
EHEIHRTV5,Y LichioT, 43 0BEHE
B TR TR HEN, ¥, ~ £S5 0BEH
B X BEMEEY Y ShicBE, Bifasicls
FREREYHCTEREEY T/ 5 2 &0 Bk
LAERTHAWMOBEIB W EE L, I, KPR
T, BRENEOROFROWMHS a1 RSO

REhAHC L, WEMEMEAA DI/ s ol LT X
b, BEEBLUELABERACHTAEREEY LD
TR TS5 LRIt ot LIchi T, HEN
BEIOREHRORVEEL, BEATRYAERD TR
WETHH, AEOBREHBLABRLEET50D0
—FETIB LEZDNRD,

BisEE X5 BRERE B ERY AV TRD
fo= & 3 OEHERO A HERL, 7 FERRICE
TEIRME A S8 DR TRER™ LRI L T i
o END, BEMEERERERTG, £zt
A YEE Ut BARBUESEAROBREFERE, 7
FEREBROBEEBELABCHDC LBHLI LT,
CORERERIL, £ 70 DRI CERRY R
R TAMCERT S &b, B RERERTLD
XY OREYE L= % ¥ —IE OB H L B
BB EHENINS,

¥, AHECHB LR LREME L BR AR CH
NBhIAER EEROBRY B Ui, BEOE L O
BTIL, <X I 0ERIILE (TL) 2AWTHREIRT
VB Tewd, B BED 21k Ok U © R BL(em)=
0.929TL(cm)—0.388 (N=96, r==0.998, P<0.001) ic X
-, & (BL) B U TR L OhB% Tieofe
(Fig. 6)o ¥ 70, = 2 CEATSR L OHBE T - o R
K% 0T, EREEST LERKE»bRODRD
DTH B AHETRDI ARG 4 SR CLlEERT
FEQIMERR, BB, Sl X OHAR ) BHETRIR)
OREERD 5 5, RBMEEROR 2 HAORROAY



< ¥ DFIEE & BRER 1209

BL{mm)
1000

o 1 & 5 4 i

T T T T T
7 8 9 10 11 age

Fig. 6. Age-length relationships for Pacific cod collected from various regions in the North
Pacific Ocean. 1: East coast of Korea,?” 2: off the southern coast of Hokkaido (current
study), 3: Hecate Strait,® 4: Hecate Strait,* 5: Strait of Georgia,® 6: Gulf of Alaska,
7: West Bering Sea,? 8: Sea of Okhotsk,? 9: East Bering Sea,® 10: off the Kamchatka

Peninsula (current study)
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