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Study on the age, growth, and muturation process of Pacific saury
Cololabis saira (Brevoort) in the North Pacific”

Satoshi SUYAMA™

Abstract T he Pacific saury Cololabis saira (Brevoort) is widely distributed in the sub-
arctic and sub-tropical North Pacific Ocean and is one of the most important commercial
fish species in Japan. However, biological information on this fish has been scarce, espe-
cially theories about age and growth, lifespan, and reproduction process are not yet estab-
lished. This study aims to reveal the life history of this species in the western North
Pacific.

Estimation of the age and growth of Pacific saury based on the daily otolith growth incre-
ments . Growth of Pacific saury was studied based on counting daily growth increments
with a scanning electron microscope (SEM). The Pacific saury caught from the western
North Pacific were divided into three groups; the small-size group (knob length: 200-240
mm), medium-size group (knob length: 240-280 mm) and large-size group (knob length:
>280 mm), and showed increments of 25626.0 (S.D.), 405£76.1 and 566 >48.2, respec-
tively. Based on daily growth increment formation, we determined that the ages of the 3
groups were about 8, 13, and 19 months. Small- and large-size fish were considered to have
hatched from autumn to winter and medium-size fish from spring to summer. The oldest
specimen of Pacific saury examined in this study was about 23 months of age; thus, the
lifespan of Pacific saury in this area seems to be at least 1.5 years. No difference in growth
rate between fish from the central and western North Pacific were observed in the present
study.

Formation period of otolith hyaline zones of Pacific saury in the western North Pacific :
The formation period of hyaline zones in the otoliths of the Pacific saury (n=1,106) col-
lected from the western North Pacific during February 1991 to December 1992 were exam-
ined. Five types of otoliths were observed: type I (no hyaline zone), type II (incomplete
hyaline zone along the outer otolith edge), typelll (one complete hyaline zone), typelV(tw
o hyaline zones) and another type. Approximately 80% of the small- and medium-sized fish
(<280 mm) exhibited type I otoliths, and 15.8% and 65.4% of the large-sized fish (>280 mm)
showed type Il and typelll otoliths, respectively. Most typelVotoliths were observed in
larger fish(>314 mm). The first hyaline zone in the otoliths of small- and medium-sized

fish was estimated to form during winter.
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Maturity, spawning and ovarian cycle of Pacific saury : The reproductive biology of Pa-
cific saury were studied by using histological observation of gonads, collected during 1991
to 1992 from the western North Pacific (n=606). Pacific saury were multiple spanner with
asynchronous oocytes developments. The smallest matured fish was 253 mm and most
large-size fish (>280 mm in knob length) were considered to have spawned. Atretic oocytes
of yolked and /or late stage cortical alveoli oocytes were observed in the gonad of post-
spawning fish. Since, perinucleolus and early stage cortical alveoli oocytes would remain
in the gonad of post-spawning fish and their fat condition recovered the same level of im-
mature fish. These atretic oocytes would disappear until the next spawning season. Pa-
cific saury survive after the first spawning. The large-size fish were estimated to be more
than one and half years in the former study, which means they become mature fish within
1.5 years after hatching.

Key words: Pacific saury, age, growth, maturation process, North Pacific
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Table 1. Collection records of saury samples to analyze the daily otolith growth increments

Station Date Location Sampling !
No. samples
Lat. (N) Long. (E) gear
central North Pacific in 1989

1 Jul. 19-20 44° 30 170° 00 G 1

2 Jul. 20-21 43° 00 170° 00 G 8

3 Jul. 26-27 40° 01 175° 30’ G 4

4 Jul. 28-29 42° 15 175° 30 G 4

5 Jul. 29-30 43° 45 175° 30’ G 10

6 Jul. 30-31 45° 15 175° 32 G 12
Subtotal 39

western North Pacific in 1991

1 Jun. 8-9 39° 30’ 155° 01 G 9

2 Jun. 9-10 41° 00 155° 02 G 4

3 Jun.  10-11 42° 31 155° 00 G 1

4 Jul. 22-23 45° 30’ 158° 30’ G b)

5 Jul. 23-24 44° 30/ 147° 30 G 6

6 Jul. 24 43° 30 155° 30 G 2

7 Jul. 26-27 41° 30 151° 30’ G 1

8 Sep. 25-26 42° 30 145° 00 G 3

9 Sep. 26 41° 47 145° 38 D, S 1

10 Oct. 2 42° 55 145° 00 D 1
11 Oct. 2 42° 30 145° 30’ D 2
Subtotal 35

Total 74

*1 (G; gill nets, D; dip net, S; Stick-held net.
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Fig. 3. Scanning electron micrographs of an otolith
section of Pacific saury
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LR ICB T B9 » = Cololabis saira (Brevoort) D4FE#EN. FEB & ORI 5 15T

2T, ARV TAEE ST R TIT> LTk
E&AmoBfRERkdicE T A,

L=0.22D+175.1 @

r’=0.817 N=74

s -1,
QOXBLUVDXDOMHEX0.228 X T0.240 5, /NRIEE
» 5 KB £ <o HEKREH130.22~0.24mm, " H & &
o, £ LT, hiEH» O KMUEO HilEKED
BRAE RO OAB L@@ E» 5, oo
in%$= 120.17~0.18mm “H EH#EE S 1172,

5) EfAHEEwcE S < S LR HEE

AIECTR L2 TAEE O BB E O RIcE S =, #
EHLLHEBAES LB CEICEDEERTE DML
A 2 B L 7,

HRERAL AT (N=39) IchsWnT, KHEE ((KE281
mmPl ) F12H7 5 R, 1 HBXT11HIC 4 {FR,
2HBXO9 A 3@ABSELLTEBD, 2kD 91%
WCd o B 220 A 9 Hir B3 Hich T kLT
Wice —J, R ((KE241~280mm) 16f{A T3,
SHBXIUIHicZhZN AR, THBXU8HIZS
kS oL Lic & ffEEE N, DL, 5 H
HH1I0HICh > TV (Fig. 8-A),

PEERALASERE (N=35) B\ TlE, AMEZ12H 1
6k, 1HBXU 2 Hlczhzn 4 AL Tw
7o DD BAKRI4%ITH 72 5 18ME KA, 10H » 5 3H
FE3HITh T TILL T Wi, —F, HRE0MEAT
1, 8 Hi 3k, 2HBLUT9 HicehnzEh 2 Mk
M3 L TV, 2D 9B 2 HiTsAb L b e, &
EM27T4mm B & O 275mm THEK KB O FEATH -
720 /INEIEE ({KE200~240mm) OHEESLH I, 10
HBXUIIHcznTn 2k, 1H, 8HBXUI
Hiczhzh 1k Th -7 (Fig. 8-B)o

B L OEEILR R E b b R (Fig. 9 T
13, RBEHE12H @i, 1 A 8 ffEk, =L T2
HicTfETd -, BT, 8HABLIU I HIC
6 f k-S>, 5 HIC5fkTH -7,

SER I 3 R IC D e > TV, KBTI
NA»S 2 H, 85 A2 5 9 H, /NEEHZ10H
NAATOE Ui 3 b Lok Tdh 3 EHEE
nit,

6) HAHREmICHES < PIHnE o i

S5 N2 PEERIL RS- RE IS 38 1 2 kR c B3 5 4
% Watanabe and Kuji (1991) i & 3 i EHEE D
W & T 5 7o, HARD S P1kE © ik %
-7 (Fig. 100, OB, FHEET - 7235(H
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A
[0 Medium size fish

B Large size fish

NO. OF INDIVIDUALS

Jan. Feb., Mar. A;]Jr, M:a\y Jt:n. Jull. ALllg, SilapDc;. MNov. Dec.
ESTIMATED HATCHING MONTH

Small size fish
[0 Medium size fish

] Large size fish

NO. OF INDIVIDUALS

1 T T T T
Jan. Feb. Mar. Apr. May Jun. Jul. Aug. SepOct. Nov. Dec.

ESTIMATED HATCHING MONTH

Fig. 8. Estimated month of hatching based on the
number of otolith increments. A, central North Pa-
cific; B, western North Pacific.

B smasize fish
O Medium size fish

2] Large size fish

(MILN

M
E . ] ' T T T T | | E fid
Jan. Feb. Mar, Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.

ESTIMATED HATCHING MONTH

Fig. 9. Estimated month of hatching based on the
number of otolith increments collected from central
and western North Pacific
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—{— Watanabe and Kuji (1991)
—%—MEAN Present study
SD.
0- I T T T T T
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AGE IN DAYS

Fig. 10. Relationship between age in days and otolith
radius
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H<T13138.9£19.04mT&h - 720

C OfE R % Watanabe and Kuji (1991) O#fEHR & H
B9 5 &, fEERTIRIOE THAFED 162.8 4 m
ICELTVWEDIIX L, SRoftEHETIE104.8umTH
D, FBEERID B I TIHUMENED &V FER
HES NI,

) BasiE & HREmoB%

KETHAHBEICBEICH Y bR TR E
SN c3bffkicowT, BAEE &4 EimoR
REd 570, WhHORRERET L, BlEEiT-
7235k D 5 B, FE2T4mmbPl Eo 2 (201#4F)
THERES 1 AR s, £2T, IhoofiRic
SWLWTHAERE (F(rostrum) ®180° Ktz B 1) 5
BAED Skt SER) ETEHEmOMES &
OIE A 51 L C BTG E Lo R KBREE % A 2RI
HLTKLcETA, EKEEZBRVTERTICH
B85 BISGTHARER OAE & 131F—H L, £C
T, BUH S MBGTEANRER Y & ST B L 72198 (£
IZOWT, DR EZBEHT &AL T, Bk

No. of Increments

Enclosed by Hyaline KNOB LENGTH
Zone (mm)
319 ————1 274
353 I 281
a74 284
310 287
313 292
364 292
353 ] 293
305 294
454 [ 1 294
361 297
298 297
324 [ ] 300
369 % 301
348 302
363 | I—| 302
319 [ —— 1 302
357 —1 304
307 309
369 %’ 319

'Sep‘ Oct. Nov. Dec. Jan. Feb. Mar. Apr. May
MONTH

Fig. 11. Estimated formation period of the hyaline
zones in otoliths
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Ztic 9 A 5BFE S AEHICH /2> TV 5 LHEES
nf (Fig. 11D,

51T, BEIATFONMOHEEREHRT S &ick-
T, BT OEKDIEE 2 Bl 2T Lo, T8Ok
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C ORI E, FITE o IR EIC BT B H
e EEORBRRICY TRV S &, BT O &
£13233~270mm EHEE S L7z,

Z LT, BYHPERS NS EHEESh AR ICE
F2HAOOKEERGTT 5 coic, BFEIEESH
Fe A D 5 BEREGHHARRER B Blb i h - o il
KEHDEESN2mm & 314mm D 2 ffl{kic>w<T, A
TEOHAMEAAIL 2, 2hicid, SO RS
D imf IR 2 BB EE LT L, BAPRIciE L
1z ET30H B 2 oRkE L cBEE Ry e (Fig. 12),
Z OFEE, 302mm DA IZ11H H» 54 3 H, 314mm
DEETIE 9 A oBE 1 Hich I TlREMETNL T
B0, BWPESERE N BEE 12F L TV,

AfIcBWT, HAE-—(REOBKRE, SWiHEE%E
IRT T EMBFISNTWS (Watanabe et al., 1988),
oy, HaHEmoRROZEE, FkEoREG
ERLTWAHEERZOND, TIT, ZOKREDIKT
FaRD eI, i OMEIR SIAD - 1 H D
Bt feba G02mm oA <TiE 5 H, 314mm T 4
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mmTIF12H) 8B 5, —HY 0 Oz sk



R ICB T B9 » = Cololabis saira (Brevoort) D4FE#. EB & ORI 5 1H5E

Bz, TOEMSLITORICTE > THREDE FRAE R
Do

KR (%) = (WH-WL) x102/WH

(WH : iR sk bIL» > 7 HicB 2 —H%D
ONFniliE, WL iR s Rk &k - Hicks
5 —H24 0 ORI

COFfER, 314mm O ER DK T 1348.9% TH - 72
DITXH L, 302mmDEATIF35.3% Th - 70 Licdi-
T, AZFICBT 2MEDQK NRICIZI0% L EDE WD
Ho, FEESRKEVWEEZL SN,

P FofERDP S, KMUBEO A CTHES N2 BU%E
BHIAFICEKEN, ORI RERLOKEMME
TLTWAEDICHERASAHBICE > TVWBEEER
5N 7,

3. & =

Sl ontiER e s &, PR S KRB
WER b oRIAEENZbDOTH Y, WEDOER
I ThdEHfETE I, —F, HREIE,S
BicEghThy, HOMINIEEE X OREEE
SALHERHMS R > TWie, L ->T, &ifiiTtdh %
I2AEICES N B+ v =3, /INUEET 1, e
T 1Ak, REECT2®EBZONI, BB, AUKE
TRINOZREREZ INT TIRITbNIZHFFLITHEL
T, /NUEE A RE200~240mm, F7UEEE241~280mm,
T L CRIMEEAZ28ImmPL EEER L7, L L, PEES
JIERFEETHRE S NRE2TAB L U 2Tomm O 2 {# A
&, BRslssfgsniz &, KEMKD € —
FELUHEMA098 L U486& RSN TV A T &
5, KEBIZEINENEMEEKRD S BENED -k
b EHEE S N,

+ v OEMEKEICEET AR, ChE Tt
ZLITbhTETW53, £ LT, TDiwHEFMIM
FTh sy, FERFERHEPVOTHD, TONE
WA[Ed 5D E VD TENEREBELEL > TX1,
JAR, ®E (1955) 2 Hatanaka (1956) A3(7 - 7z fig
Ik BERMAE T, REFOFERHE 4%E LTV,
L L, /NE (1956Db, 1962b), = (1957, 1959), #H
RO1967) BEITL - T, HREEE KBTI E A,
BHEE, EEEREICENSLENONE LI
o, NS IFFAERENESZ ENREINS X
ST - T &I, ZiE (1959) (FHARMICE VT4
IZ 2 [BlOFEWMN S 5 & AHE L, WE (1960) &
KAEE & A I 2 N2 B ORI F8 A U o BTt
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YR 3 BEfk 2 5 X F B L ORIEDL SPEOE 2[R TH
D, KAEEET 25, RBERLLE TH 5 LT3,
CofroRE il EmEIC EE, FETHRE20~
50mm, 1M T150~200mm, 1.5 230~250mm, 2
FETOmmBEICKRET 2 LN TVwE, B, Hf
(1974) 1ZPEINIAA 1412 2 [\ & L o b TIREM L O 7
rz1Twv, 0.5, 1.0, 15B8LV20TcOREEZZENT
1182, 223, 2668 £ UF338mm & L, SALENAEM D
WHOHEMRT &5 LiEML Vw3, —F, /MR
(1979) OO OZE L, &, 3Lk 1L
PRz L, KRR ARTH L L LTV
5o 6T, AR LUK BEABEGOFH» 50
W EL € & 1T - 72 Watanabe et al. (1988) (3, 14ELL
NI KT ICET 3 Lk xTW 3, £ L T, Watanabe
and Lo (1989) I3 AFED EEYIH I3 A F A LRI T H
D, OSHTAEIN, BHABRYEIY & 4 2 Bg4E R

Lo fBES (1990) 3NS5 2 >0MEn s, il
tho RIS EAME ORI, dhRfdgFicz Loh
BREFICMELIcbD LR L TV 5,

PiEo X 2T, 4+ =ik, MESICFHER
IZOWVWTIE, MIFEEICL - TRE 2 AP Ran T
foo T I T, AWM EBEOHIOAD LK E, /]
BURE & PRI N 5 R 200mm 2L IC#E T 5 £ TORRED
g, = 0% ORIE D O REIEEA O RE & i
B L OEHIFEER & 2 0RO 3 SO EIZ> W
T, ThENREL 7

RN, NURRCET 2 £ TOREMICE L T
B MET Lo M (1960) TR SMLHBRFEFEE TORM
FE%220~50mm& LTHED, T O%KGFFETI50~200
mmicE#EdT 2 EHMELTWD, T DSMLBEFER DR
Eid, Uil 5 icbr 2B E R E R v
b ORREREAR D EAME ORI i IcE S wTw
%, —J}, Watanabe and Kuji (1991) i< &k 2fiEH
B3, 3b#%30E T30mmbl Lic#E L Twa T &h
5, ZoOfo¥iH (1960) O BT & 2 &icis
bo Fio, EUHIBEM IO 2 AT, HEAX
Mk - TREBFICE S N EADKRE 2RI L TV
ZPICDVWTIEEMNE S, —F, &, Hidr (1974
3, SR T182mm, Watanabe et al. (1988) 12
200mmFERE LA L Th b, AWK THHFEET200
mmpig EHEES NI, TROSDHMEIC I A LED
FA 507, SR PFEICAEE200mmfEEIckE T 5
EVOHHBIIREZYTHAIEALSN S,

153, ARGLT, B HE RO YI OO IE %=
L& A, PilEkE I Watanabe and Kuji (1991)
12 & BB EBROKE D X 0355 K WV ESE S 1
7o COJFEKE L THRTEFER & KRR TOERIKIEDS
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BRI -sTwickcwEFEZONE, 2%, RAKD
FROEAREICIS~2ATTRES TV I8 UNE,
1956a, 1962a; #&, /[N, 1981), C OfHEFHEETIEL18.5
~241CTITANTWVWE, DY, FHEFTORE
DMRIRGAE L D BIFTH - 12 AJhen % 2 o tz,

wiz, SMEBEPELIBEOEIC>WT, Rif5LE L
TR A I « #ietd 2, AR TIRIAE 200~240
mm O/ ASEE R & 75 5 A HEME A R L 7o 23,
COHEER, W (1960) OfEREIFIF—FKT B, %
LT, /N ERE241~280mm Pl Ic XS
570V =7 R RIEPEQEMAENH 5 LHEES NI,
e, My (1974) OFER T 1 4F THE23mm®
IINEITET 5 & LTV B e, NUEES R RE
WCETLELIETR T 200, TOEMICIT
KPEFESOFNSE T TWS, F1z, AWFE &R
HAHED S E ZH#EE L 72 Watanabe et al. (1988)
D SALBEELIB OSSR & ks 2 &, KBFZETid/N
B O KAIBEICET 2 F TOWMEZIZE 1 HEEHETE
L7zdickf L, Watanabe et al. (1988) TI3HIFE &
Hib-TW3, 2Oy, KPR TRY v~ DL
BF2HPIETH B EALEINDDITH L, Watanabe et
al. (1988) TiE, 1HEETHAHIELTVE, O
2 O OMETRREKOFEIFEEHOTW B ITbh
DOoFRE S ERSHTVE I &G, Y ~~DEE
WFFEIC 3 W TR THES BFOMHETH 5,

Z T, RICHA A EmIcE S < h BB LI o ik
o EToOMBELEE LT, s A7 B S
OHIIZEZ LD XD ITERT 2 BB FoNE, 0B
A O &Y (3 H AR AN 72 & &A% <, B {H
RieBWT IR IR > TV B, ZoBEWE
DI A BIIA S IR Y 72 & & O H i (3300~450, (AL
230~2T0mmfEfEETh 2 LHEE S N, THb b, B
WP SN AT b EKENL S HFERITHIT T,
INBURE D & KIS E T A RIS E OB T - ¢
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54 v =T, 10HDIFREEES X O BIEE <A
HEOMIIMNBESINS Z ERMoNTOS (AR, 1954;
Hatanaka, 1956; 7|V, 1956a; JiH, 1960; =& 5, 1981),
L7chi- T, thIUEELIBE O Bl o T IS (R s A bl
WCRBTHEBEEAEET LLELDA S, LIch->T,
AWFRICB W RE N L DT, NRAICEL 2K
RSP C 52 &, TolpicEWmERERS 1
LT EEEZHHYE D E, Watanabe et al. (1988)1c
F A RBAICEST 2ETIEE LERIHMELTE
0,

Watanabe et al. (1988) & OfEHROHEICIEI T D
BT ORI OB A EOERMBARL TS &

il &

bFEZOND, LL, KFEICE T 2 WGHIRGE
T O R OEEEIFA8~244R E RS STV B o,
C OB GTHEARETT O h O AR E I T Tld, FHET b
51804 VL . Watanabe et al. (1988) & DF=AE5E4A
WY 5 2 & BARRET D B,

AW TIE, ThEFOFEEN 1l ETdh 2 LHEE
Shiens, BAIsSHRREEshEh o7, LoL,
W (1960) FHEIEIc B W T b BEAEE s RS
TEEWMEL TV B, SRlofERTE, PREOEA
FHLfHESERICHE SN2 04T, E-&0 Lk
HITHFEIR I NS 5 oo BADBWHGDIEKIZS
WTIE, FREZFiCERSNS &0, FEfCbics
HrgdfoBsro@EsnTsh, AFERTHE
BEFERSEON, LarL, TOEKOERICIS W
TGN, AEKEE OBH, fHEBRES, Kk
ICE LR IMERDE N E & HbE TREHICHRAS
BN D A,

ERIT, W v =D SMUFRFHRICR T 2 RIFSE O FEHE &
FEoOMBAO BT 5, I E TOMETIE, I
M (1960), A%, Hrh (1974 BEFLLEFB LU
KZED AT OE 2 BIOEIEZEEL TV 0Tt L
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Table 3. Collection records of samples to analyze the otolith hyaline zone

il &

. Location SST Sampling” No. of Knob length in mm
Sampling date . . e
Lat.(N) Long.(E) (°C) gear individuals (range)
Feb. 14, '91 34° 00’ 143° 30’ 16. 0 D 10 253 — 301
Feb. 15, 91 33° 29’ 143° 30’ 17.7 D 2 269 — 283
Feb. 15, '91 33° 00’ 143° 30’ 17.°3 D 1 300
Feb. 18, '91 33° 00’ 142° 00’ 17.°3 D 3 265 — 307
Feb. 19, '91 34° 51 141° 16’ 17.°3 L 1 263
Feb. 20, '91 33° 00’ 140° 30’ 17. 1 D 3 253 — 259
Feb. 20. '91 32° 30 140° 30’ 16. 7 L 1 271
Feb. 20. '91 33° 00’ 140° 30’ 17. 1 D 4 278 — 293
Feb. 20, '91 32° 30’ 140° 30’ 16. 7 D 1 293
Feb. 21, '91 32° 30 140° 31 15. 2 D 3 243 — 2171
Feb. 21, '91 33° 29’ 139° 30’ 14. 3 D 1 2172
Feb. 21, '91 32° 30 140° 31 15. 2 D 2 277 — 280
Feb. 27. '91 34° 00’ 138° 00’ 14. 0 D 1 280
Jun. 6, 91 36° 32’ 155° 01’ 17. 4 G 12 280 — 324
Jun. 7, 91 38° 01 154° 59 16. 6 G 17 286 — 321
Jun. 8. 91 39° 00’ 155° 01’ 15. 5 G 19 284 — 313
Jun. 9, 91 41° 00 155° 02’ 14. 2 G 19 275 — 307
Jun. 10, ’91 42° 31 155° 00 11. 8 G 2 291 — 292
Jul. 22. 91 45° 30’ 158° 38’ 8.8 D 5 280 — 299
Jul. 22. 91 45° 30 158° 38’ 8.8 G 25 272 - 310
Jul. 23. 91 44° 30 157° 30’ 10. 5 G 28 227 - 315
Jul. 24, 91 43° 30’ 155° 30’ 17. 1 D 15 284 — 331
Jul. 24. 91 43° 30 155° 30’ 17. 1 G 33 251 — 331
Jul. 25, 91 42° 31 153° 31 18. 1 G 17 228 — 331
Jul. 26. '91 41° 30 151° 30’ 18. 4 G 27 279 — 336
Sep. 26, '91 41° 10 143° 52/ 16. 4 S 30 266 — 330
Sep. 26, 91 41° 47 145° 38’ 15. 9 S 8 263 — 312
Sep. 26, '91 41° 45 145° 45 15. 9 G 25 251 — 326
Sep. 29, '91 41° 30 144° 30 14.3 D 4 266 — 336
Sep. 29, 91 41° 30 144° 30’ 14. 3 G 30 213 - 321
Sep. 30, '91 41° 30 143° 30’ 16. 0 G 5 228 — 333
Oct. 1, 91 41° 30 145° 00 15. 4 D 11 273 — 318
Oct. 2, 91 42° 55 145° 50’ 13. 8 D 22 194 - 290
Oct. 2, '91 42° 45 145° 30’ 14. 5 D 10 213 — 296
Oct. 23, 91 36° 10 141° 21 18. 4 S 28 297 — 325
Oct. 31. '91 36° 15 141° 46 18. 1 S 30 293 — 327
Nov. 1, 91 40° 00 143° 00’ 16. 4 G 14 244 — 323
Nov. 1. 91 40° 00 145° 15 14. 2 L 11 256 — 309
Nov. 1. 91 40° 00’ 145° 00’ 14. 2 G 22 253 — 329
Nov. 2. 91 40° 00 145° 45 19. 0 G 19 274 - 317
Nov. 3, 91 40° 00 145° 15 17. 5 G 5 288 — 314
Nov. 4. 91 38° 30’ 530° 30 19. 5 G 10 273 — 321
Nov. 7, 91 38° 30’ 146° 00’ 19. 0 G 11 288 — 320

* @G; gill nets, D; dip net, S; stick-held

net, T; set nets, L; larvel net.
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. Location SST Sampling”* No. of  Knob length in mm

Sampling date . s

Lat.(N) Long.(E) (°C) gear individuals (range)
Nov. 7, 91 38% 30’ 143° 00’ 16. 5 G 24 271 — 324
Nov. 7, 91 38° 30 143° 00 16. 5 L 1 310
Nov. 12, 91 37° 30 144° 52 14. 9 S 30 280 — 321
Nov. 12, 91 35% 00 142° 00’ 23. 3 G 14 300 — 325
Nov. 15, '91 35° 00’ 148° 00 23. 6 G 3 296 — 317
Nov. 16, 91 35% 40 148° 00 23. 4 G 4 294 — 326
Nov. 16, '91 37° 40/ 148° 00 18. 0 G 10 271 - 311
Nov. 18, 91 35% 40 152° 00’ 21. 0 G 10 302 — 327
Nov. 19, 91 33° 40’ 136° 00 G 30 300 — 336
Nov. 22, 91 35% 50 141° 15 16. 5 S 30 290 — 327
Nov. 24, '91 39° 00’ 150° 30 15. 2 G 7 297 - 311
Nov. 27, 91 36° 09’ 141° 52 17.5 S 27 263 — 313
Dec. 4, 91 33% 40 136° 00’ S 30 289 — 29
Dec. 6, '91 36° 17 140° 50’ 16. 0 S 31 279 — 329
Dec. 16, '91 33% 40 136° 00’ 18. 5 S 27 288 — 335
Jan. 23, 91 33° 40 136° 00’ T 60 284 — 340
Feb. 20, 91 33% 40 136° 00’ T 13 291 - 318
May 14, ’91 37° 00 144° 00’ 16. 2 G 20 272 — 317
May 24, 91 37° 00 160° 00’ 16. 0 G 30 290 — 324
Jun. 14, '91 39° 00’ 154° 00 16. 2 G 27 308 — 336
Nov. 5, 91 36° 43’ 141° 1% 16. 3 S 28 271 — 324
Nov. 19. 91 36° 30’ 141° 31 15. 7 S 47 244 — 331
Nov. 30. 91 36° 34 141° 17 15. 1 S 28 219 - 321
Dec. 10, '91 36° 34 141° 06 15. 2 S 28 234 — 310

* G; gill nets, D; dip net, S; stick-held
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ms 1 ~7 (Fig. 13-E, F) <& 3EKkD > 5 2 ffik
T, HEE T TEVWE SR T E W, Bl TIRE
T Doy DBIHIE DS, fhdiBoy & b P RE» - 1,
IS o@iE T, B OME P IS EAD
TERRRAT & O RIHEECTH v, o o LA TE, #hiE
AT IEBEI ORI R - 72,

VA4 7Tl 1 ERTEPTS 2 AR TE
(Fig. 13-1H), v @ 2 ERIZ 13 0 A/ B
EBEFICBERSNILDATH - 1,

YT, BOOEAEARZERL T ARG
MAZ->TARMEICIE Y, “OEEDIRETHET 2
NETITHAH S EBbh,
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IR o @R OE &3tk 2 @b L T A» 5 9 A
WKRICs Y, THICRIZEAE DMK THEIHT DI
AT TV D - T,
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Fig. 12. Photomicrograph of representative otoliths
in the Pacific saury. A, Type I otolith: this type
showed no hyaline zones, knob length (KnL)=262
mm, sampled from 36°34'N, 141°17'E on 30 Novem-
ber, 1992; B, Type I with transparent edge,
KnL=245mm, sampled from 36°34'N, 141°06'E on 10
December, 1992; C, Type I otolith: a hyaline zone
was observed near the center of the otolith, but this
example was considered type I, KnL=259mm, sam-
pled from 42°45'N, 145°30’E on 2 November, 1991; D,
Type I otolith: this example showed a wide translu-
cent zone at its edge, KnL=310mm, sampled from 37°
00'N, 160°00'E on 24 May, 1992; E, Typell: otolith
with one hyaline zone, KnL=274mm, sampled from
45°30'N, 158°38'E on 22 July, 1991, Arrow shows
hyaline zone; F, TypelV otolith: otolith with two
hyaline zones, KnL=323mm, sampled from 40°00'N,
143°00'E on 1 November, 1991; G, otolith observed
having more than 3 hyaline zones, KnL=286mm,
sampled from 38°30'N, 143°00"E on 7 November, 1991;
H, unusual otolith type, KnL=295mm.

g4 7 (N=201) BLOMy (47 (N=618) T, HZ
L OHARGHEHIBNTH 3 k0EE, Tubb
I 4 7oRiAEEc E» 2 I ofEoB & LU
My A7k s OEEGEFHN, 17471, 1
HABXO5H, 6 I3 HEEERED10EALIFTh -
totcw, R SBRO, CORE, 1547 TIRI
HIcB I SR O AR 4 < B IS - e ot
L, 2 F12i3100% o EEcH B AIEKTH -

Fig. 13. Photomicrograph of sections from the
otoliths in the Pacific saury. A, Type I otolith
with transmitted light; B, Type I otolith with re-
flected light; C, Type I otolith with transmitted
light; D, Type Il otolith with transmitted light; E,
Type II otolith with transmitted light; F, Type
I otolith with reflected light; G, Type IV otolith
with transmitted light; H, Type IV otolith with re-
flected light.
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Fig. 14. Monthly changes in occurrence of otoliths
with transparent edges in Pacific saury collected
from the western North Pacific Ocean
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Fig. 15. Monthly changes in occurrence of otoliths
with transparent edges in Pacific saury collected
from the western North Pacific Ocean. A, type I ; B,
type 1II.
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Table 4. Occurence of otolith in each size group Pacific sauy from February 1991 to December 1992

Less than small size Medium size large size
(<240mm) (241-280mm) (>281mm)
Otolith
type No. of individuals (%) No. of individuals (%) No. of individuals (%)
I 16 100.0 141 79.2 53 5.8
Il 0 0.0 S 2.8 144 15.8
JIli 0 0.0 23 12.9 595 65.4
v 0 0.0 2 1.1 72 7.9
Other type 0 0.0 7 3.9 46 75.1
Total 16 100.0 178 100.0 910 100.0
A
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&S, T4 73RABETEHTMLERETEA
Mo fcalgEtE b FE A 5N B,
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FTER S 1L 6 EHEE s ey, B ABdE o s
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M o hREENE 1R L EHES TV AiIc s b
b oTBEPENER SN VDIE, HIA s v S FHi
DHMERTHEPTENIERENEE VWS T EERLT
WL, LEehi->T, BFWSBERESN TV EREE, &
NTOBOWEHTOREDONHB L % O/NEREREE, K
AEORARE S SICHRET T 2 BN D B EEZ 5,

SolofER, &, NUEELL ETiERAFITERENIE
RS NBeDFEROHL LB EEZEZ ONIN, TD
—HTNIAT7O—PU 547, BLXOEINLIIE
SBOWAHAIG BT OEKET 5D bR 560, &
fARIC> W TR EASEHE» S FHEH o icd 5 2
EFAHRETH A D Ebhic, LaL, £< Offifk
TAZITII/NRE & hRIEE TR TOEMH I &
naZ&, M4 7OHAZR-> T RBEHCREFIC
HU 2 KHOBHBMER S 1L 5 @ EA W5 T & A
SIICTE o, 2AKH DB PIERS LTV S {EK
3, TORKPERICK T BHICTRDENS A7
WK BAjicHFmENA 5 EEZ SN, HAaH g
5, WM& 4 7E24FDOMD SRIFEDOLTITILL

BEEZONTVBEDT, ¥ r<0HMIBTHL 2
WEETH A S LBbNn, F£/, BHED 2 REE
SNINY A 7OHRIC 4 A4 7O XD D&V
pETNIE, TOHFMILEFREEELVS LIk 5,

F4E  ARFHEZRICE D HORFERE

INETY v ORENIHICBd 2RI, HEfA R v
MIT & - TERE S N 7 AFHER O R IR I D FHEir £
fLicESwTiwmL onTwsd b (NE, 1956a, 1962a;
ZERE, 1959; Watanabe and Lo, 198975 &) 72312 & A
T, FEUIIC BT 2 B ok AUREEIC BT 2 R
b v ONE, 1956a; /MR, 1991), Z D7z,
v OB, 4780 b E & O BR, —Eo
il D FEEIN AL S & O FEIR R O Bl D THE 12 LK & i
FEINCEEREI RO ETH 5,

NS DREEIIRER R EIVRT R O WAL %2 I & i
T o5 7coicid, ATEROMMFSEIE LTS L
-, AGEREECHGERERTRRR (GSD FoH
MZALZ T TREA SRS WEN L ETEET 5
WBED B B o ATEITBIT 2 AFEIR ORI 7S WS 1
IhFETicbfrbnTcEaTwsd (Jio, 1969; Sato,
1981; /N, 199D A3, WInN bW bDTHD,
AR OFRREAN] 52 g BITIEE > TOE L,

Z 2T, AL TER IR B & O AL
FECBWTIREI NV v =ICDW\WT, UNH oMY
MRS 21TV, R A & E L CEER O IR D
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GSI B X UMRMEL s & OfgE s &, i fE >
NS DIEHOEALEZH S T Uiz, F72, JIHLURHH
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OFREEMN T, T LT, AT EREL X URE
MoKl E DI ATV, RFED R » FEINICE 5 &
TOEE & Z DR OIEERE S & ORI L 7o

1. MHEAE

AT TR WA, 19894F 2 A2 519924121
17, JbE30°~45°30", HAR133°30'~158°38'D FIT14
ORFLICBVLT, HEMHKLE, TEM SHx .
b, MEfaxoo b, $0, LB X U2 TIRE
SN7MESTOMEATH B (Table 5)o HREE L 72 fli{k 134
JERR O th LT 7 7 v RIRICEE L, AR ms L
TIRIEL T2 O DOEAR, ERICELIE->TH
SHRNE, (AESB X UOREE LB ERENE L
too MEEL AR OER T, HOREBEEILS L
RFPHENB 0, o OHIERE %KD CTHEER]
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DEBICHE L, ORMIEREE, JuimE e
FEBNT CREE M IC & - TERSE S 723818 14 D A= Fil i
T, EERIE 77 v REEERICEHIIL TRd 1o £
OFER, EEIC X - CTUNHEERIEAL, WG
09675 5720 L1zhi-> T, ETEHOERITHIESRE
U IMEAMPEMEERE L TPV, KEIL, 7
BUEFH L o BRI C O EMIEEE A2 MA 2 fHE L,
CDfE%E S E1cGST (AiElRER () }10° /K& (g),
BLUOMME (KE (@) X10° /HE (m)ZEZHES
(1987) Tht » Tkd iz, 758, KEI6ImmIL T D20
AR S EEE L, Bl cx 2 L5 Uk
R LT, TDD, TNHIHOVWTIREES LT
HFEIRER I A TH B,

YPE DAHARER A S, WHED/NF 7 ¢ v I & D FERK
L, 1K 2AKd 245D 5> 50 1 Kooy
YD L TIT o 7o AIRREEAT, 2 &8 umD i)
FELT, 574 —NVEFED~NT b FV ) vEBLUT
v itk o CTEREANL o, TER LU, Ok
SERAMEE & F O C40~40065 THIE L 7o TBLIREHRL ©
SRS AZ & STV, IR OGN EER 3 2
oA =y =RV TIlao B E BEEHL,
PRE=((ERHEERE 2)7PE L,

UNBAHE B K O —ENC FEIN S N 5 FEONEL, J° 72
BNy FREIR O, HBEARICH VIS » 5 7
B DAFERR TIT - 720 UREEAEE TR DFHANG, AT
DHALH S HEEIEAIT 100D IR 238 O, SEEiEi
EOLETHRI 7o - —-%2HVT, ThThoD
EREBERAEGHN L /oo /Ny FEWHMOGHIZIE, K
it 2o AEIROER (G) ZHERIL .
%, BINL, ™HALE X OB 5% 5 mmiEE AU b
Lo 2L T, IR LEEsroFER (g) AL
TH S, TOHOE 3 RIVEEKIHOINMidO® (n)%
FRBEMSEO b & TR L, PIFo TNy FEIRK
(N) &HEE L7,

N=nxXGXxX2/g

FHECL 7258 3 IRINEE BRI D BRAHAE D B3 1T e > W
T, fERohTHkNS,

2. #& S

1) IR DX 5

v < OYNEINO FE DA S 23 5 72, /)
B (1991) 1T#E U CYMIa O R B RE DX 53 24T - 726
DI A SR LIRE o BRI o 2 SH DO BEEE % R 5

YRS s & F6aE L 2200, SRIED ASIKER IcHan L
TR b+ V) VICEET XDy I
(Fig. 20-A) 2755, FEE{CHH BRI 5 & fiaE
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MEINL~= b+ v ) ViGN, EEiiao R
ST, DR DIIRE O E R (LL FYREE) (3, 0.06
~0.18mmT&H %5, IIEEH0.15mmicET A, 5,
FE NI IR faAs thi 4~ %, PUEEHaE, 13 U oMiaE
v DR LR O & AR TH 258, REEICZT D
Hathd &L bio, B> TikEhLE Lk
FEL M i 2 ~3 Flicilf S8, C o R 1 % DY v e i 10
(Fig. 20-B) &L, oI, 0.15~0.34mmTbh %,
IEElEE, S oIckR L CERIcE T, MiaE
OF¥HLIEEEY B L DI - 98 & I B fa i 1
(Fig. 20-C) & L7, ONfiE, 0.31~0.39mmicE#Ed %,

iz, YIfarh i SN R S IR . IR EEIE 13,
A %71 Oryzias latipes B W THES N TV B
(Yamamoto and Yoshioka, 1964) o &[EkEic, %
L EBITAAT 5. CORIA L CUIEERDS, DK
I &AWV ORI A5 1 IPEER (Fig. 20-D)
ELte CORMOIIERE, 0.30~045mmTdH 2, I
BRI IC R E S 21 LR EEB A 5 5%, I3k 73
BAR LV, ZORZS 2 RONEERE] (Fig. 20-E)
EWECY, UNEEIE, 0.41~0.7lmmTdh %, ©HT, YIHH
PERAMEDRZEAEEEDTREBILE 25D,
—# e R i N E L THEAET B, C ORI
OIS IENSAIIRE 0 I H 2 PG cE 5 (653
RUNEEERI, Fig. 20-F) UP#Eid, 0.80~1.62mmTdh 5,

PP (3@l a L, BERANHZE U 7ol & ity
(Fig. 20-G) L, ZoUEl, 0.90~1.52 mm Tk -
7oo WBRICTEHMNITE L/ UNE, BEUR & TONELEIC
K n Gedl, Fig. 20-H),  ORHliciE, HEINR
RN BE s N 5, Ao, 1.02~
1.8lmmTdh %,

2) PEUR%IENE S L BT TINOEE

AR LR 5 5, 5 2 (RINEERILIFE 0 Iy
RO AR D 43R CHEI R IER A EE S i
(Fig. 20-Ds

Fio, SHoBETE, IPHEIITRITIIAEEK SN
LIEESEN I, Yy < ORITINC VLTI, 3T
WESNTVwaD, ToOMESMEDS T EHEO®E
DI SN TR Wz, AL TR < D45 & RIGE
BT WTHRE L 7,

B I N BT, EBEE 2Bkl T, M
NV DS TE M Ic I & T W, F 72, BiTIidC
BRAE L TV 2RI S L CUNEERO M E R 5, B
1T O BILGHE T IS IN E aRT 2 S N BRI & Tz -
TWa EHWrE N, TD, BITOREER: A
FIEWNICEE L TV AR5, INTHERO A& & 5B &
UUIR%E & LI L2, IERD 5 0BT
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Table 5. Collection records of samples to analyze the histological observation of gonads

. Location SST Sampling” No. of Knob length in mm
Sampling date . L
Lat.(N) Long.(E) (C) gear individuals (range)
Feb. 7, ’89 30° 00" 135° 30 D 2 301 - 311
Feb. 7, ’89 31° 300 135° 30 D 1 312
Feb. 8. 789 33° 000 134° 20 K 1 280
Feb. 9, ’89 33° 24" 134° 20 K 1 313
Feb. 10, ’89 32° 45" 133° 30 K 1 298
Feb. 10, 89 30° 00" 134° 00 K 1 298
Feb. 14, 89 34° 00" 143° 30 16. 9 D 4 253 — 282
Feb. 15, 89 33°°29°  143° 30 17. 7 D 1 283
Feb. 18, ’89 33 00" 142° 00 17.°7 D 1 270
Feb. 19, 89 34° SI' 141° IS 17. 3 L 2 209 — 261
Feb. 20, '89 32° 30" 140° 30 16. 7 L 1 293
Feb. 20, '89 33 00" 140° 30’ 17. 1 L 4 269 — 285
Feb. 21, 89 32° 30" 140° 31 15. 2 G 2 243 — 261
Jnn. 6, 91 36° 32" 155° 01 17. 4 G 6 280 — 324
Jun. 7, 91 38° 01" 154° 59 16. 6 G 15 286 — 321
Jun. 8, 91 39° 00" 155° 01 15. 5 G 12 284 — 313
Jun. 9, 91 41° 00" 155° 02 14. 2 G 8 275 — 307
Jun. 10, '91 42° 31" 155° 00 11. 8 G 1 291
Jul. 22, '91 45° 30" 158° 3% 8.8 D, G 17 272 — 307
Jul. 23, 91 44° 30" 157° 30’ 10. 5 G 14 227 - 315
Jul. 24, 91 43° 30" 155° 30’ 17. 1 D, G 20 251 — 324
Jul. 25, 91 42° 31" 153° 31 18. 1 D 11 288 — 331
Jul. 26, 91 41° 30" 151° 30’ 18. 4 D 17 293 — 336
Sep. 25, 91 42° 30" 145° 00 14. 6 G 10 210 — 334
Sep. 25, 91 42° 27 144° 53 14. 6 D, F 13 121 — 227
Sep. 26, 91 41° 47 145° 3% 15. 9 D, G 11 263 — 321
Sep. 26, 91 41° 45" 145° 45 15. 9 G 16 251 — 326
Sep. 29, 91 41° 30" 144° 30 14. 3 D, G 25 93 - 325
Sep. 30, 91 41° 30" 143° 30 16. 0 G 2 240 — 333
Oct. 1. 791 41° 30" 145° 00 15. 4 D 4 309 - 318
Oct. 2, 91 42° 55" 145° 50’ 13. 8 D 8 231 — 267
Oct. 2, 91 42° 45" 145° 30 14. 5 D b} 213 — 296
Oct. 2, 91 42° 45" 145° 30 14. 5 D 1 132
Oct. 3, 91 42° 00" 144° 00 15. 4 D 6 139 — 161
Oct. 23, 91 36° 100 141° 21 18. 4 S 18 297 — 325
Oct. 31. 91 36° 15" 141° 46 18. 1 S 9 300 — 327
Nov. 1, 91 40° 00" 145° 15 14. 2 L 6 263 — 309
Nov. 1, 91 40° 00" 143° 00’ 16. 4 G 2 244 — 309
Nov. 1, 91 40° 00" 145° 00’ 14. 2 G 12 263 — 329
Nov. 2, 91 40° 00" 145° 45 19. 0 G 11 292 — 314
Nov. 3, 91 40° 00" 145° IS 17.°5 G 3 300 - 314
Nov. 4, 91 38° 30" 153° 30 19. 5 G 8 273 — 328
Nov. 7, 91 38% 30" 146° 00 19. 0 G 7 292 — 337
Nov. 7, 91 38° 30" 143° 00 16. 5 G 11 279 — 324

* @G; gill nets, D; dip net, S; stick-held net, T; set nets, L; larvel net.
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Table 5. (continued)

91

Sampling date Location SOST Sampling” . No: of Knob length in mm
Lat.(N) Long.(E) (°C) gear individuals (range)
Nov. 12, '91 35° 00°  142° 00’ 23. 3 G 4 314 - 325
Nov. 12, '91 37° 300 144° 52 14. 9 S 17 289 — 321

Nov. 15, 91 35° 00" 148° 00 23. 6 G 1 309

Nov. 16, 91 37° 407 148° 00 18. 0 G 3 292 - 309
Nov. 16, '91 35% 407 148° 00’ 23. 4 G 323 — 326
Nov. 18, 91 35° 40" 152° 00’ 21. 0 G 316 — 327
Nov. 19, 91 33° 300 136° 00 G 20 300 — 336
Nov. 22, '91 35° 50" 141° 15 16. 5 S 14 293 — 320
Nov. 24, 91 39° 00" 150° 30 15. 2 7 297 - 311
Nov. 27, '91 36° 09" 141° 52 17. 5 S 11 282 — 313
Dec. 4, 91 33° 30" 136° 00’ S 20 300 — 328
Dec. 6, 91 36° 17" 140° SO’ 16. 0 S 18 284 — 329
Dec. 16, 91 33° 30" 136° 00’ 18. 5 S 20 302 — 333
Jan. 23, ’92 33° 30" 136° 00 T 25 298 — 340
Feb. 20, '91 33° 30" 136° 00 T 292 - 318
May 14, ’92 37° 000 144° 00 16. 2 G 286 — 317
May 24, ’92 37° 00" 160° 00’ 16. 0 G 13 298 — 320
Jun. 14, ’92 39° 00°  154° 00’ 16. 2 G 15 308 — 336
Nov. 5, '92 36° 43" 141° 18 16. 3 S 16 272 — 324
Nov. 19, '92 36° 30" 141° 31 15. 7 S 27 249 - 331
Nov. 30, '92 36° 34" 141° 17 15. 1 S 17 219 - 315
Dec. 10, 92 36° 34" 141° 06’ 15. 2 S 13 254 - 310

* Gy gill nets, D; dip net, S; stick-held

(Fig. 20-0) (%, SMRQEFICINEME S LV 0N R
SNV ELSHIRT Lic, —7, UNEBKIHA 51BfT L
72384700 (Fig. 20-K) (3, UNE¥IESEIE SN/,
BH, MIAEOWINAEA 72 BT (Fig. 20-L) <
13, BITBISORSEETE A - oo, TIN5
FIRATIRHIARI O RILRATIN & LTk - 72,

3) UNHIE D FERE & A DR E

PIEIICiE, chETcliEashTcaickiig, e
IFEGEEBE O RSN, FERIIFER O JFE A IR
Lico 7535, BTG, DNEfakils L O ONEERkI o
PICIINENIcE L > THET LI ENE LD
Wt U, DS AaRTI 0B TG DR E s DEUNEL T 5
TENEM o, UEORED S, JHEN TR FE
U7cOi o R 35 & 0BTl o B A FEIE & L ¢,
YR EE R A DL B D AR 78 R &3 E L 7o DUT
IR GRS DR 2R B

L. B2 (Fig. 21-A) DN OIRfEREE, FH3(

net, T; set nets, L; larvel net.

WEelrEonizw, B HAD MK FEI3~251
mm D 2TEE (4.7%) T Ol E & 13 F90.09
(S.D.=0.02 ; LI'FEkR) g T - 720

0. SPEEfani (Fig. 21-B) &% & ¥ L 29N IpEEla
AiAE TTH D, HoINEIRIALIFE ORI
9, —E o FE TN ENEETN £ 72 R ITRBIRER
HOBTIAEE SN, T ORBEOMEKIL, K&
H213~334mmF TO 161Kk (28.2%) <, HJEiRE
H030.41 (0.18) g AR L 72,

. YpEsfamkil (Fig. 21-C) & FEE L 7 Ui os N g i
B L <o D, UNEMRT & ERRIC—EB T I IR
HamTHA & 7 lEORBBRITIN S A S e, INEEaiil o
®i3, KEH209~321mm D 73E & (12.8%) T, 4+
TR E 13053 (0.22) g TH - 72,

IV. BREEIER] 58 1 IRONEEBRIN A 5 58 3 IRYN BRI
DI ZFEO K Z, INEEKRIE Lic, CORBEED
Ak, 108fEA& (18.9%) HIELL 7228, YRIZA O iz
EEEHICRETT BBITIE, & 51T 3K L,
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Fig. 20. Photomicrographs of sections from the ovary of the Pacific saury fixed in Bouin's fluid and stained with
haematoxylin and eosin. A, oocyte in the pre-nucleolus stage X270; B, oocyte in the early cortical alveloi stage.
YV yolk vesicles. X190; C, oocyte in the late cortical alveloi stage. X 120; D, oocyte in the primary yolk stage. YG
yolk globules. X 170; E, oocyte in the secondary yolk stage. X135; F, oocyte in the territory yolk stage. NU nu-
cleus X 75; G, oocyte in the pre-maturation stage. X60; H, oocyte in the maturation stage. X50; I, empty follicle.
X 170; J, atretic egg from the yolk vesicle stage. X190; K, atretic egg from the yolk stage. X15; L, atretic egg in
advanced stage of degeneration. X 170.
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Thbb, RN TRGEAZIVNE 1 RIPE R
WL TSR ERAEIV-1 (Fig. 21-D) &L, &
$266~313mm @ 10{E & (1.7%) 75, OB T3
Y li, 3B, Thoofifkorhc, JEpkiglaniss
SNt AR < AR ER130.87 (0.20) g TH - 72,

552 IRUNEEBRIA O UIAM I % & o EA 1, ERBEIV-2
(Fig. 21-E) &X4 Lo, T DREE ORI I31KE292
~321mm® 8 fHik (1.4%) <, HJbliERE I IC
BEL, 2.09 (1.04) g TH - 7,

6o B 3 AECEBENRER EE s, I
FENMES, TN TR O HEAIIINES 3 IRINETERII
ELTOAMRE, RAEIV-3 (Fig. 21-F) & L7, C
D EEE O AR 2K E 270~336mm D 90 (& (15.8%)
Thby, T05HO48MEETEPINRIEIRNERE SN,
CORA IR E E133.32 (1.22) g lTiE LT,

V. B - sERI ORI L IR s B,

93

CORRAEICOVTS, INEAUHEINRT O BEIH D s
FAES B (V-1, Fig. 21-G), BLOHEINEEII & 1
F N ARSI (V-2, Fig. 21-H) @ 2 iz 7,

B ORI, (K5 269~336mmd36MEHA (6.3%)
DL, AR EER5.63 (1.94) gz L, 9k
THN R BB s N,

LRI DAL, K 308~330mm D56 4 (4.4%)
HHE L, HEIEREEE5.13 (2.24) g 2R L1, 188, 5K
A X osEA o E I S DHOBITINNA SN S
BEDH - 1oh, THICOVTLBITIE I Lk - 72,
VI. BT T (Fig. 21-D YPEEIE AL T @ IR A3 B 70 %
FRETBEMGET, IIHEN OIS D IN D85
PBITLTEY, WEMELZ BRI TLIIEE
HHBR SR TR AR LT, o038, BEUNEZIEN B S
NEh-too TS IMAE261~340mm D98 E A T o
Athod4.4% T, HhElFERIF1.46 (0.77) g TH > 7,

Fig. 21. Photomicrographs of sections from the ovary of the Pacific saury fixed in Bouin's fluid and stained
with haematoxylin and eosin. A, ovary of the maturity stage I. Advanced oocyte is in the pre-nucleolus stage;
B, ovary of the maturity stageIl. Advanced oocyte is in the early yolk vesicle stage; C, ovary of the maturity s
tagelll. Advanced oocyte is in the late yolk vesicle stage; D, ovary of the maturity stage IV-1. Advanced oocyte is
in the primary yolk stage; E, ovary of the maturity stage IV-2. Advanced oocyte is in the secondary yolk stage;
F, ovary of the maturity stage IV-3. Advanced oocyte is in the territory yolk stage; G, ovary of the maturity
stage V-1. Advanced oocyte is in the maturation stage; H, ovary of the maturity stage V-2. Advanced oocyte is
in the ripe stage; |, ovary of the atretic stage I; J, ovary of the atretic stagell; K, L, The ovary which does not
belong to the above maturity stage. Most of oocytes in the goned were absorbed.
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Fig. 21. (continued)
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ICREBR SN WY, AR R Eh S 136
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Table 6. Knob length (KnL), body weight (BW),

gonad weight (GW), gonad somatic index (GSID) and

condition factor (CF) at each maturity stage of the Pacific saury

Maturity No. of KnL

GW

stage individuals (mm) (g) GS1 cr
I o7 154.81 + 43.58*! 47.94+ 9.87 0.09£ 0.02 0.19+ 0.03 4.45+ 0.23
(93 — 251)**
I 161 288.06 £ 23.35 122.70£37.47 0.41%+ 0.18 0.33% 0.09 4.95+ 0.66
(213 — 334)
- 7 288.11 £ 22.65 113.50£33.51 0.53% 0.22 0.46+ 0.13 4.58+ 0.55
(209 — 32D
V-1 10 300.70 £ 13.01 130.90+21.70 0.87£ 0.20 0.67t 0.12 4.77t 0.40
(266 — 313)
V.2 8 305.13 = 9.88 131.27+14.51 2.09+ 1.04 1.60=£ 0.76 461t 0.38
(292 — 321)
312.08 £ 12.13 129.50+19.83 3.324+ 1.22 2.66+ 1.26 4.25+ 0.49
V-3 90
270 — 336)
V.1 %8 312.81 £ 14.58 130.36+20.92 563+ 1.94 4.33+t 1.33 4.23+ 0.45
(269 — 336)
V.9 56 307.63 £ 15.12 125.21£24.03 5.13*= 2.24 4.32+ 2.22 4.26+ 0.53
(253 — 330)
VI 93 306.32 £ 14.88 126.59+25.15 1.46% 0.77 1.22+ 0.79 437+ 0.62
(261 — 340)
- 51 299.69 £ 12.67 131.51+25.15 0.67+ 0.28 0.51%+ 0.18 4.83+ 0.48
(258 — 324)
(328 — 33D (157.9 — 172.4) (0.33—1.50) (0.18—0.95) (4.47—4.50)

“taverage®S. D., “*(Minimum—Maximum).
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SRR B IV-3ICEELL 4 25, YREEASKE1BUFIEC
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FEIVEIRDIRE A 501294 5 728, IIE AN ICFEZR
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Fig. 23. Size composition of Pacific saury in running
spawning phase
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Table 7. Stage compositon in each maturitty stage

KnLL  Sampling . Maturity ~ No.

Location N YVIYV2 YI Y2 Y3 M R ATIATIC

(mm) date stage  oocyte

294 Sep. 12 '91 37° 30"  144° 52 I 156 v - - - - - = —
312 Sep. 12’91 37° 30"  144° 52’ i} 250 8 9 2 - - - - = —
295 Sep. 12 91 37° 30"  144° 52 i} 179 85 15 e
308 Sep. 22 '91 35° 50" 141° 1% V-1 242 8 17 3 - - - - - - =
301 Dct. 6’91 36° 17" 140° 50 I\ 178 60 18 3 »n - - - —
325 Oct. 23 '91 36° 10" 141° 21 V-3 147 54 16 10 - 16 - - —
313 Oct. 23 91 36° 10" 141° 21" V-1 56 46 14 13 — 14 — 13 — - -
305 Oct. 31 '91 36° 15"  141° 46’ V-2 71 65 8 13 4 -— 6 — 4 —
298 Dct. 691 36° 17" 140° 50 VI 116 66 17 5 — 11

301 Dect. 691 36° 177 140° 50 VI 88 8 10 2 - - - - - = 6

* . N; nucleous stage, YV1; early coryical alveloi stage, YV2; late coryical alveloi stage, Y1; primary yolk stage,
Y2; secondary yolk stage, Y3; tertiary yolk stage, M; maturation stage, R; ripe stage, AT I ; atretic stage I,

AT ; atretic stage 1I.
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Fig. 24. Oocyte diameter distributions in each stage
of maturity of Pacific saury



98 il &
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Fig. 25. Relationship between knob length and the
number of oocyte in the territory yolk stage
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Fig. 30. Monthly change in size composition and occurrence of type I, type I', type I, and type
Il'otoliths in Pacific saury in the western North Pacific Ocean from February 1991 to January 1992

P S S S T S A S T '

NO. OF INDIVIDUALS

m o wm P

OTOUITH TYPE

O

HE BE

E

E

I

l_

O]

=

w

|

om

O

=

b
NO. OF ‘92May
INDIVIDUALS 50

T
Jun.

27

Jul.

Aug. Sep. Oct. Nov. Dec.

97 28
MONTH

I

I

m

m

o, o . v,
v

OTHER TYPES

Fig. 31. Monthly change in size composition, and occurrence of type I, type I ', typell and typell'
otolith in Pacific salary in the Western North Pacific Ocean from May to December in 1992

103



104 il &

FREQUENCY

MATURATION STAGE
O 1 (nucLEws PHASE)

O (EARLY YOLK VESICLE PHASE)

KNOB LENGTH (mm)
g

B a
=

[LATE YOLK VESICLE PHASE)
IV (YOLK FORMATION PHASE)

[SPAWNING PHASE)

Z m =
<

[ATRETIC PHASE 1)

(%]

(ATRETIC PHASE @)

T T T T N T T T T T B O 1

1l I T I I 1 I

'91Feb. Mar. Apr.  May Jun. Jul. Aug. Sep.  Oct.  Nov. Dec. '92Jan.
NO. OF
INDIVIDUALS 15 42 79

7 51 fag 58 25
MONTH

Fig. 32. Monthly change of size composition, maturity stage from Febrary in 1991 to January

in 1992
NO. OF INDIVIDUALS
1 ] MATURATION STAGE
e O 1 pweleus prase
E 1 E] 1 (EARLY YOLK VESICLE PHASE)
W (LATE YOLK VESICLE PHASE)
]:I_: B v (voLK FORMATION PHASE)
g M v (SPAWNING PHASE)
ﬂ ¥l (ATRETIC PHASE 1)
m Bl w (aTRETIC PHASE m)
o]
=
x
I T I I T
NO. OF '92May  Jun. Jul. Aug. Sep. Oct. Now. Dec.
INDIVIDUALS 22 15 60 13

MONTH

Fig. 33. Monthly change of size composition, maturity stage from May to December in 1992



RSB ICB T B9 » = Cololabis saira (Brevoort) D4FE#E. FEB & OB A2 15E

z 7T, BFAadEWmERERE LT, FHEHINEREIS
IZE A 6N BHEE B ABEE DT & ki & 0Bk
AN,

FDIY, FEINOHILEE > TV S KBSV T,
BEAVETT, V~V, VIBLUOVIO 4 BEREICHT, ThE
NHZTEICHADE Y 1 7OEIG AT L2 (Fig. 34),
ZOER, CoRAEMTOR2ANLS 2 IR, v
N H80% LI Lo ICERTENEER S LTV,

X 5lT, AEIRERES L O &SR 0RO
BARZMAT Lic, T OfER, HMlRE R E 72 (30l
DR 53, BOBGAMBICEREsEHEsh
AR E S WEESEI L 72 (Fig. 35).

ok, ks HEaBERG OO MIC AT
HERIER W EE b,

6) EEUNEEIE & = DK
KA EOENEES X F S oK E KR4
Bz, 19914F I v = ARE s hc e S (Fig.

T
m (LATE YOLKVESICLE PHASE) OTOLITH TYPE

NO. OF INDIVIDUALS
N=199 o o o o 0 16 46 0 39 21 70 7 3

FREQUENCY

IV (YOLK FORMATION PHASE)

V (SPAWNING PHASE)
N=173 14 10 0 0 7 11 21 0 0 10 & 33
100 =y

FREQUENCY
g

N=83 i 8 0 0 6 8 0 0 0

FREQUENCY

VI (ATRETIC PHASE I)
N=4p 0 0 0
100 __

FREQUENCY

75
50 4
25
]

Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.
MONTH

Fig. 34. Monthly change of maturity stage in each
otolith type

TRANSLUCIENT EDGE

28) BXUHT LA LKEBOBEFZERL
(Fig. 36),

19914 D 2 Hicid, db#35°LIrd O w5t crEDRTh
DRGAEV OB IRE SN, RELOEREKE
16.7~17.7CTH » 1z L LD 6 AB LT T Hiig,
oy hRESNICRESRILIE Y, shEndik
36.2F B L U40.0ELIILTH » 120 F 12, KHORE
MomiloRESTHENAPRESNTED, ToK
R1315.56~18.4CTdH > 12 9 AT AL BT ifE DK
i14.3~16.4COMH TREZTT-> TV 5 A8, EIH
OEERIGHE LS - 72 10 LI TIE, Jbi&E35REfS
I OIKBI8IE S O E /KRR TiRE s AP, 5
fo o CREIRTh O A B L 7o 1A I AN L T
BEZIT-> 7216580 5 B125 THRAE V O R H B
L, ZoOHEf/KkiEH15.2~23.4CoIEFMICH T > 12,
i, UA»SIBEBMEATEY v~ REINT

A 157
= TRANSLUCENT EDGE
— o OPAQUE EDGE
5
gm- ° 00, ®
@]
<
=
o]
(CI.
0-
KNOB LENGTH
B .|
= TRANSLUCENT EDGE
o OPAQUE EDGE
8 o
E
[m)]
=
8 s
2
[T =]
o o
4_

KNOB LENGTH (mm)

Fig. 35. Examination of a formation factor of otolith
hyaline zone. A, Relationship between the condition
of otolith edge and gonad weight. B, Relationship be-
tween the condition of otolith edge and fat condition.

105



106

Who 120 ERIKEM O 14 (FhkEL6.0C), &
CIREHCTIREEIT> TV A A, LWEFnsEINhO
EEDREEN TV S,

7) Hih & EvE

I, B EADBRERITT 500, Him
ERRAFE A S ¥ (Fig. 37, Table 8), JLPEKF
T HERSEF T & 235 KD 5 B, (KE210~302
mm® 16D HETH O, T OB T (EHECH)
DoV GEITIAI) 12hi-> T,

InsZE, SHMEEgicts 45 & (Fig. 38), {£
$£292mm O FEYIE] (B V) @ 1K, 023554
(18.5% H) THIME (19904F) @ 2 HicEEnic HEE
SN, Frz, BAEIVINETEZD O£ 301mm
DA T, HEHZ545 (1814 H) THH, Dk
B RITED 1 HTh - 7o F70, BITH (BEEVI
FRVD Ok, KEH302~304mmTHH, H
#B13551 (18.44 A) ~601 (20.0% A), ILEELm~
F(1989%F) DIOH» SHIFED 2 HTh -7 TNL
AORBIBEIRAE T GIEEaai) <©b - 7.

—7, HIED 8 HLIBRICA £ N2 261mmbPL F O ik
OERFER T 2RI THY, TNTHRALMEKT
Hif 3 iem 500 (16.6 42 H) TH - 1o

TD LT, FEINEIT-> TV A EREETED 2 AL
ANcAEFE N0 T ELL EARGE U @ik S HEE
SNt F o EEINT O EROERG S LKL ETdh 5
IO WTIE IR R Ic B T 2R E AT S - 72,

MATURATION STAGE
© 10 (EARLY YOLK VESICLE PHASE)

O W (LATE YOLKVESICLE PHASE)
O IV (YOLK FORMATION PHASE)
B v (SPAWNING PHASE)
+ VI (ATRETIC PHASE 1)
X Wi (ATRETIC PHASE T)
S 257
- -
w
% ]
20
—
L : oy *
(1 ‘ ] nﬂ
5 . W MEw
= 15 A4 po
@ R} =
'_
Y s
10
hra o
o
3
5]
<
w
®
0= T T T T T T T T T T 1
Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.
MONTH

Fig. 36. Monthly changes of sea surface temperature at
the sampling locations where Pacific sauries were
caught, and stage of maturity of female Pacific saury

il &

MATURATION STAGE

A © | (NUCLEUS PHASE)

I (EARLY YOLK VESICLE PHASE)
0 (LATE YOLK VESICLE PHASE)
IV (YOLK FORMATION PHASE)

V (SPAWNING PHASE)

VI (ATRETIC PHASE 1)

i

X+eomo

(ATRETIC PHASE 1)
300 g + "
A 1
a
oo
[=}

250 o

KNOB LENGTH (mm)

200 -

T T T T T T T

AGE IN DAYS

MATURATION STAGE

1 (NUCLEUS PHASE)

I (EARLY YOLK VESICLE PHASE)

H (LATE YOLKVESICLE PHASE)

IV (YOLK FORMATION PHASE)

Vv (SPAWNING PHASE)

VI (ATRETIC PHASE 1) o .
300 - VI (ATRETIC PHASE 1) X

5 X0 o

X+ e0ow®Oo

KNOB LENGTH (mm)

250 -

200 -

200 300 400 500 600 700 800
AGE IN DAYS

Fig. 37. Age in days, knob length, and stage of ma-
turity of female Pacific saury. A, wesrtern North Pa-
cific in 1991; B, central North Pacific in 1989.

MATURATION STAGE
& 1 (NUCLEUS PHASE)
O [(EARLY YOLK VESICLE PHASE)
M [ (LATE YOLKVESICLE PHASE)
O W(YOLK FORMATION PHASE)
300 - @ VI(SPAWNING PHASE)
=+ VI(ATRETIC PHASE [)
X VI(ATRETIC PHASE 1)

KNOB LEMNGTH (mm)

200

| DL B S B Bt Dot e L il B T T
B9 Jan Mar. May Jul Sep Now. "00 Jan Mar May Jul Sep. MNov. '91Jan Mar May Jul Sep Now

MONTH

Fig. 38. Estimated month of hatching, knob length,
and stage of maturity of female Pacific saury in
wesrtern North Pacific in 1991



JEREZEICB T B9 » = Cololabis saira (Brevoort) D4FE#E. REB & ORI A 15¢ 107

Table 8. Relationship between agen in days, maturation stage, in the central and western North Pacific

Central and western North Pacific

Sampling date Knob length (mm) incgr(;'en ts Estimated age in days  maturity stage
Jul. 31 89 243 319 312 II
Jul. 30’89 254 387 381 Il
Jul. 31 89 262 430 426 il
Jul. 30’89 265 428 422 m
Jul. 31’89 267 377 372 I
Jul. 21’89 304 580 574 Uit
Jul. 31 89 307 565 508 I
Jul. 27 89 314 781 775 V-1
Jul. 20’89 315 584 578 Uit
Jul. 31 89 318 546 540 Uit
Jul. 30’89 320 536 530 VI
Jul. 27 89 322 690 685 V-2
Jul. 31 89 323 624 617 V-1
Jul. 21’89 323 632 626 Uit
Jul. 30’89 324 647 641 V-3
Jul. 27 89 325 628 622 V-2
Western North Pacific
Sampling date Knob length (mm) incgrc;en te Estimated age in days  maturity stage
Sep. 25 91 210 265 259 I
Jul. 23 91 227 280 275 II
Jul. 23’91 246 291 285 I
Oct. 2 91 248 403 398 II
Oct. 2 91 261 203 500 II
Jul. 22’91 274 514 509 I
Jun. 9 91 275 496 486 II
Jul. 22’91 284 602 596 il
Jun. 10 91 292 560 554 V-1
Jun. 9 91 294 524 516 I
Jun. 9 91 297 541 535 il
Jun. 8 91 300 031 525 II
Jul. 26’91 301 500 545 -3
Sep. 25 91 302 586 581 VI
Jun. 8 91 302 560 554 VI
Jun. 8 91 304 606 601 II
3. & =3 300mm & PR/ S VWERIT BRSBTS 1 AR S
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REFROFER, WIS E > TV 5 9 HLIRRICRE NasEEZI o0, &I ORIR, 6 HiczoHE

SNAlifkD 5 B, KREEFEFRS 05 (KE280mmbP) F
OfEfkIcE, HAao@EWm» L AERShTOi, £
LT, iR x 2006 Hicid, KEE—- D
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