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Maturation and Age in Days of Pacific Saury Cololabis saira (Brevoort)
in the Central North Pacific Ocean during the Summer

Satoshi Suyama,*! Yasunori Sakurai,*? and Kenji Shimazaki*?

The maturation process and age in days of female Pacific saury Cololabis saira (Brevoort) in the
central North Pacific Ocean were examined based on histological observations and otolith daily
growth increments. The maturation process of Pacific saury used in this study (243-342 mm in knob
length) was divided into 6 stages: early yolk vesicle stage, late yolk vesicle stage, yolk formation
stage, maturation stage, atretic stage I, and atretic stage II. Atretic stage fish were considered to be
post-spawning as many degenerated oocytes were observed. The large size group (more than 296
mm), in which fish were more than 1.5 years old as estimated from daily growth increments in
otoliths, contained spawning and post-spawning individuals, although all individuals from the medi-
um size group (241-295 mm), from 10 months to 1 year and 3 months old, were immature. Since
post-spawning fish were seen to have recovered their initial condition factors, it is suggested that
they survive beyond the first spawning season. Based on observations of asynchronously developing
oocytes, it is considered that Pacific saury spawn several times during a single spawning season.
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WHEFE

AHRCH W ERIE, 1989F7 A LU 8 Al
& 40°~50°, HE 165°~175° (fF4E 5 HOG8913, 14,
18~23, 26 ; 51 9 M)V DEHIC BT, JLIBEREHE
ML (890t) I L AFAMYE T, AEAMLAEE
AWTRESNABEDO> LOHEN BHETH5 (Ta
ble 1), & LB, MECHOTARLICERER
FROMLTT7 VERICEE L, REIISHE L TRE
Lize ChOOEAIPMRELFELIRD, TOMhE (A
HEWD), hEBELIUEELAEEROBEYREL
7o BB LAAMBOESRD, £ORBLEELDI LA
FREhBD, ThHOOBERRERDTRENDOE
BICHRE L, CORBEMRET, LEEFHEES R
TEBMICL > TRESIh/ IS BEHEOLNMREY, B
ERIL 77 VERBEERICHE L TR, TORKR,
BEIC & - THRESIHAL, MERKIL0.96L7Z-
foo L7chisTC, BIRBROBBICHERRTE L%
EBEES S L CHV, BER, BREINLE
BICCONEBEEREAMIELL, COETZLEIC
GSI (ARREER (2) x10%/4E (), LIUIRHKE
(AE (g) x103/ &3 (cm)) X BBOIICHE > TRD
oo

PR OBBEA BT O/NS T 4 VEIC K DIERL,
B 8um OEHYF L LT, F57 4=V EOAT

Table 1.
ing the summer in 1989

FUYVEBITIF Y VI CTZERBEE L, F
B L7 R, XEBAMEE % A\ T 40~400 5 THRE
L7

= *

IEBDES YV <OIRRBOREORKBEHO»
o3 BT, RO LTI D REBIEOX 5
ﬁf;o 7:0

LT B BUED R AOBBE L BN 5,

1. Az (Fig. 1-A) MRESKRECHEML,
AT FFVY VBT S, BUCHICRS L ERES
L TAT MRV VTR EN, RiEROE S
AT, NBAROBER (LU &, 0.06~0.18
mm TH 5,

2. Pp¥EBaEi#l (Fig. 1-B) JR£243 0.15 mm & ¥
HHEM L, AEERCIFERSHE TS, IRk, @
LoOMREFCABHER LEUH AR THSH, &
HIC OB ERET L A, BEERCE> TEEFL
ELEBOALEI 2~3FicE S, FREIE, 0.15~0.34
mm T#H 5,

3. ppEMsHd (Fig. 1-C) SREAAE, S 6k#&*%
HLUTHERIICEED, MRADFSUEZEDBH LD
o7 B, PIEIE, 0.31~0.39 mm IZET 5,

4. HB1KIVERM (Fig. 1-D) JiMadiciRE
BSHET 5, IBEWEIL, A X Orzias latipes Ik

Collection records of Pacific saury sampled by surface gillnets in the central North Pacific Ocean dur-

Location* Sea Surface No. of Samples
Station Date* Temp.
Lat.(N) Long.(E) “C) Total Catch Gonads Observed

HOG8911 July 17 47°31'N 170°00'E 84 0 0
HOG8912 July 18 46°01'N 170°00'E 8.6 0 0
HOG8913 July 19 44°30'N 170°00'E 9.8 3200 13
HOGS8914 July 20 43°00°'N 170°00'E 104 57797 11
HOG8915 July 22 40°01'N 170°00'E 16.2 2 0
HOG8916 July 23 38°30'N 170°01'E 20.4 0 0
HOG8917 July 25 38°30'N 175°31'E 22.3 0 0
HOGS8918 July 26 40°01'N 175°30'E 19.8 13 4
HOG8919 July 28 42°15’'N 175°30'E 15.2 109 7
HOG8920 July 29 43°45'N 175°30'E 11.6 699 15
HOG8921 July 30 45°15'N 175°32'E 10.7 812 13
HOG8922 July 31 46°45'N 175°32'E 9.8 75 9
HOG8923 Aug. 1 47°45'N 174°29'E 10.2 2522 8
HOG8924 Aug. 2 48°18'N 172°12'E 10.1 3055 0
HOG8925 Aug. 4 49°30'N 167°09'E 11.1 297 0
HOG8926 Aug. 5 50°00'N 165°01'E 11.8 2658 10

* Date and location denote when the gillnets were set. The nets were hauled the next morning.
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Fig. 1. 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 peri-nucleolus stage x270; B, oocyte in the early yolk vesicle stage. YV yolk vesicles

% 190; C, oocyte in the late yolk vesicle stage x 120; D, oocyte in the primary yolk stage. YG yolk globules

x 170; E, oocyte in the secondary yolk stage x 135; F, oocyte in the tertiary yolk stage. NU nucleus x 75;

X 75; G, oocyte in the prematuration stage x 60; H, oocyte in the maturation stage x50; I, empty follicle

% 170; J, atretic egg from the yolk vesicle stage x 190; K, atretic egg from the yolk stage x 150; M, atretic
egg in advanced stage of degeneration X 170.
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WTHREPINTVWAO LRI, EFE L DICHE
T5, H1RWARE T, A LARERSZOKX
BIEBAEVEBETHD, CORBAOIEL, 0.36~
0.41 mm TH 5,

5. H2WINERY (Fig. 1-E) PEBRIIKECK
RIEWUBRERL A, BIERCGEER L,
9RERIL, 0.52~0.85mm TH 5,

6. H3IKIERM (Fig. 1-F) PEYHEIMKRE
DF LA RLHDTRKERM LI SH, —HiTBkMia
RABIARE LTHEET 5, BIERMEREY)CAFS
2, BEGR#BTES, PEIE, 0.90~1.07mm TH
%,

7. B (Fig. 1-G) MEIELICBMEL, BE
BHETH, PRI, 1.03~1.16 mm TH 5,

8. TR (Fig. 1-H) SERMICE LA, BEOP
SNTIHBCEE S, ZORAICIE, BPEIREmiRsIn
BhicBREsh 5, ERHONREE, 1.21~1.32mm
TH 5,

BEENEEANds & OHBITIRDNE  BUHALIED IR % #
S4EGEDS L, 3EHCIIHPERBLBRES LA
(Fig. 1-D, L& L, SO>H02 @k CiiBkEdAk
OHRBELRBEEZVEBHBL TN s, Thbit
REOER L & LICHENRE SRS NS LD LBbh
7o

—7%, SEEEL-0BEAEDS L 66.6% iCHicsb
59 s (hE 262~342 mm) Ti3, BEBPAEEXH
oo YVYTDBABICOWTI, §TCLREXIATY
565105, ZTORMBELMBE ST LHEEOBREAELH,
Tz, FRETREDHE L BIGABIZOVTHR
7.

BRIN/GETNE, BAEHEREELT, Mk
EOBBMARICRIIN TV, dio, BRENGICEBE
LTV BRI S LUREROMECH» 5, BITOB
IR IR AR A S ERRI £ Clobt - TV B &
Hrahic, 2Ok, BROBMEHyMRENICE
FLTWAMEMR, PEROMNE LR, SLUNEL D
LIZHE L7, IPERREA, H0BTIN (Fig. 1-1) 13,
MIAEPICINEDES LY SDBR LNV AL HEE
L7z —7, SPEIRH» BT LB (Fig. 1-K)
i3, SIEMESREIN,

TE, AREORRSEA BT (Fig.2-L) T
3, BITRBRORIANEE TER -8, Thbit
BITHATHOTRHETE LT 7,

IPRIMORERR LMREORE MEINIE, Th
ETHEETNTEL LD I, 591009 i 4 12 BB DI
BRON, FRPRFOINRELY T LIz,

BTG, IVEREL L USRI CIIopER

KEEE-THRTHZLBED-7-DICH L, IFER
B BITINII R AP BB T B 2B EP -7,
OB, S, IR TR IR LIIMORERKES
TUBAIOHBR RS LT, IREEITHUEDE S
FHREBE A RE Lic, UTICERBEOREZ RN
B,

1. PREBaRiHl (Fig. 2-A) R L RE LAIMLmE
REBAECTHY, HOPRREELEOBTINIEE
9, —FOMEE CMRRATH X /- 1LR TR
DBITHABREEN, CORBEOBEER, GRS
243~326 mm ¥ T 45 G T, £EEKD 50.0% %
&,

2. SpEKasE®) (Fig. 2-B) BrLREL-PHBIE
RagtiiicE LTk 0, PSRRI & ARkiC—ICidonE
FRTH & Al RBGRITIR A R S h s, SFEIREEOMEEG
i, AR 274~327 mm @ 10 BEE TLEAS 11.1%
TH -7,

3. IPEWBH (Fig. 2-C) MR THRLEAEN
NE 1 RIPEFRIL OF 3 RIFERBICE LTV 5,
SEHRE S N-@E Tk, BEMEFOB/EITE I K
NERRINCE LR 324 mm O 1 EHD L TH - =,
TN, BB EIERREL L TELdTH-
72

4. BiF e e (Fig. 2-D) PRBiICBEE -
SIRRRE I BEIR S N - SERAO IR D,  BRINERIRBa S B EE
T5, RO EGS 3 EMk, SRMoBEE 1 EE
HBE Ui, RBHOBED > 5 2 @5 CliinsR
RPBEINENFLBEbhi/i®, Co2#ize s
OSTH - Iz, thE 314~342mm D 4 B (44%) #
BB L,

5. BfYYI (Fig.2-E) BPEBE+OM» LDE
IR ERESEE T, IPRADIFEHRDIBO—EH 158
TLTED, PEPEHS CERINTOEINE LBIR
RBITBRER LT, &, BMSERREEshE
Moto, Thbid, 45 305~322mm O 4 @BETLE
ARBD 4.4% TH- T,

6. BT (Fig.2-F) FHbOIRBEYPDONH
D—EBPBRITBER L TOLEHET, ROIBELLEER
IR IR RIETIA & A IR B IO CTh 5 . ThO
i, & 303~328 mm O 26 @k CLEARS 28.9% C
BHo fCo

¥, IPEMIETH R O RBE DEKIC W T
b, PBRACBIROEALRFBTILBEEINSESE
BEND, BEROBTHEEBEIASE TPk
0%, TNOILBRITHICIED TV,

BRE LGRS S UEBIEROME (Table 2)

1 #R FHRCRESNEY U<, ZOHER
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Fig. 2. Photomicrographs of sections from the ovary of the Pacific saury fixed in Bouin’s fluid and stained with

haematoxylin and eosin x 80.

A, ovary of the early yolk stage. A VE, atresic egg from the early yolk vesicle stage; B, ovary of the late
yolk vesicle stage; C, ovary of the yolk formation stage; D, ovary of the maturation stage. EF, empty follicle;
E, ovary of the atretic stage I. AY, atretic egg from the late yolk stage; F, ovary of the atretic stage I[I. AVL,

atretic egg from the late yolk vesicle stage.
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Table 2. Knob length (KnL), body weight (BW), gonad weight (GW), gonadsomatic index (GSI) and condi-
tion factor at each maturity stage of the Pacific saury in this study

Yolk : H Atreti
Early yolk Late yolk : Maturation Atretic retic
vesicle stage vesicle stage fog:';agtéon stage stage I stage II
No. of 45 10 1 4 4 26
individuals (10)* 9)* 1* @+ @+ (26)*
KnL (mm) 243-326 274327 324 314342 305-322 303-328
2
BW (@)  (7e9 fovgm (28 £H5L 147 1506 110 1672 +121 1672 127
2 2
W@  ORT 00w 0BT LT 428 a5k 331 122 021 057 018
2 2
GSI O 0050 S 00N 296 340+ Le2  074x 015 034 012
spe 2 2
fopoion. - AEOT 0 EBE I 425 435013 538+ 010 542+ 038
* large-size fish.
* mean=+standard deviation.
Maturity Stage
12 ] A Early Yoik Vesicle Stage
O Late Yolk Vesicls Stage
) ©  YolkFormation Stags . 8 N « NM:;(Indlvlduaia
-3 ® Maturation Stage - 3
S of 2
g L - — 7 - 10 -« Min.
% ‘6 28
o
o w _ﬁ_
2 ¢ S 5
| X S .
sy f -
£ 4 A
oJ —_— A A M A *A o
200 %00 o Maturlty Sta
4 aturl ge
Knob Length (mm) 3 YV: Early Yolk Vesicie Stage
YV2: Late Yolk Vesicls Stage
Fig. 3. Knob length, ovary weight, and stage of 24 f.‘.'.i’.:f.‘i.”..”:::?,."‘“
maturity of female Pacific saury. e o &
YVI YV2 YF M AT1 AT2
B I» 5 200~240 mm Z/NEUBE, 241~295 mm % R R .
Maturity Stage

B, 2L T2 mm U LR RBEBRL LTHo TV 5B Y
CheD5H, #$&295mm LTOREBETI, 368
the 35 B (97.2%) BERIMOBBHECHD, 1
EESPRBEEOBGE TH -~ (Fig.3), —H, X
HHS4EGE TR, ETYPIOBGARLE S T26HE
& (48.1%), RICINEMRFTHOMEL 10 Bk (18.5
%), ROTHEREMOMBEL 9 BEE (16.7%) Th
27,

2. PHEERBIUGS] KRICHME L IPEE RO
A B L7, SRERERTHITIE 0.21£0.10 g (Pt =i
fRE ; UTRE), RSP RER 0.54+
017g, BREMBIHICIZ4.28g L&MW L1z, 2L T,
B ERHADEAEOINRER L 545+3.31 g, EIIH
BT LRI OEETE, PRERH 1.22+40.21

Fig. 4. Relation between stage of maturity and
condition factor in female large-size Pacific
saury.

g, BTI DMK T 0.57+0.18g Th -7 (Fig. 3,
Table 2), MEERIIPEOWR S & dicEBL, BN
BIBCEWELRZR L, GSI bAMBER L ARO
EiewR L, PEMBITHTIE0.2040.06, SFRaELL
130.34::0.08, FREMBAHAIL 2.96, BB« B
3.49+1.82, BITH I OMEEG T, 0.74£0.15, Z LT
BT OMEGT0.34+0.12 TH - 72,

3. MEMGEE (Fig. 4) BBCHES IEMEOELE B
DICT B0, TNTHRBRLEEZ Shi-hRAYER
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Maturity Stage
201 YV1: Earty Yolk Veslcls Stage eone
YV2: Late Yolk Vesicia Stags
YF : Yolx Formation Stage
M : Maturation Stage
ATY: Atratic Stage 1
AT2: Atratic Stage T

* represants one fish

151

. .. . (el
. e Prey

101 . v o eosmemesne

Sea Surface Temperature (°C)

YV YV2 YF M ATt AT2

Maturity Stage

Fig. 5. Relation between sea surface temperature
at sampling stations in the central North Pacific
Ocean and stage of maturity.

320 | + &0 o
.
.
E 800
E
=
£ 280 ]
=
g M Stay
a atur e
& 260 . ., ity Stagy
a A Early Yolk Vealcle Stage
'g O Lats Yolk Vesicie Stage
C 240 | . O Yolk Formation Stage
X & Maturation Stage
+  Atretic Stage 1
220 5 X AteticStage T

300 400 S0 600 700 800
Age In days
Fig. 6. Age in days, knob length, and stage of

maturity of female Pacific saury in the central
North Pacific Ocean in 1989.

&, KEBOLTHRIE LIBBEOBGRY B L, ©
ORE, IERETH T3 5.73£0.65, IERELH T
5124038 TH - 7=, ERHBEV LB SIER
B (4.25) 3 & USBRBY « SEEMA (4.35+0.13) DOfEG
TIHIBBEREL 2D, BTH I Tid538+0.10, ;&
fTHAT Cid 5.42+0.38 L BUB\WMEE R L7,
MRESACROBER (Fig.5) SEYVIHHEES
hi-gEA0EEARIZ, 9.8~19.8C T, REKES
86CLL F m2 4 (HOG8911, HOG8IL2) ¥ k U
20.4°C Ll ko> 2 & (HOG8916, HOG8917) TizH /=<
BN Do T, KRB I1T 5BE L KB OB
HxE2 L, EIGOMEEIL19.8°COEKBERTK
#ExN/-DOICH L, BTHOBEEGIE 10~12°C f:5 T

£ahi, PEEIPOEMGE 11.8°C TRLS 5
his,

BRESQBROME (Fig.6) FAMRCEEBELE
ZLAEGEDOSHO 16 @13, TAARHR»SBkH
HEIN TS FHE T, B 31455435
T, TORBEIINMERINBECH -7, KBEFITIAR
531 » 5 776 T, INEIQRTHILIGE D & BB E O (5
HBR LA, CORCEENRS, E3ERMELELL
N oEE (FEERME L R - SR 233 EE
E¥h, BRI ENFN623,685, LU T6TH-
7o

-1 2"

SEEBONIERTIE, EIRFTHLEH - SBED
BT E 314~342 mm O 4 BEDOLT, FXTKH
BTho7, T, KBIBC, IR, oiisl
BOBRFTHHIHEME, BLIUBTHESHETE
TR, BTBIOAGEIEEN T\, —F, dRE
DR TINERNI £ - RREHTH D, HER
BUALNED BT Lk - 1,

BITROHBRIL, FRMEER 2 RTORE, fiz
A Z A, @Ik H & 7 F 4 7 2 Engraulis mordax,'®
<A 773 Sardinops melanostictus,'51 > < #7~) & Brama
JaponicaTi, BEIRPITIZIZ OEENIE S, EIRK
ZHMT 52 LAHONTWS, Jhit, EIRT O
RTRENEATORAG S, BBIICEL T
BT s BRSNTWA 3D LELLND, SEOEE
Th, BERPIGRTIAS L E- THETHETHI &
JURTHI #HbHE/530EG (£EMEFD 33.3%)
oW TiE, ERROBGTH LRSS TREIND,
2%y, REHMEGEDODL, B - TR 4 HE
ZHbE/EHL LD 34 @i (63.0%) HENFE/
BEERL#ETEIN ., DEDOI Les, REMdbAFEE
1315 C ORI, RN TIBEOLACEERTD
BECSEGEARNTRVCOIK L, ABRBEREHL FO
BERZEATV R EBbN5, kk, BINERRME
IR LB AFICRIAIC b - TRESIh 28, flzilA
4+ 77 & 5 Theragra chalcogramma 7z ¥ Ci, HRER
EIPHEFPOHMBRBIC L > THETELEE1D
5.8 Lr L, SEOBETIE, RBHOR LR -2
BT, BTEERLA L ECE LA LEL DN D
BRRRIBEIC R AEA TR D, SHIGEBTHI OREG
TREZDREWHLBBINEMP -7, LB T, &
BOBRERERII A T ARk N Z 7 F4 7 VW7
LERUL, ENBEEHT SRR H&kT5LED
1, BIREEBIROEEIC L ABREROHTIIREL £ 2
bNB, SEEE L KEBEORICE, IRRITHE X
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UShERSMOBGEAE 19 BHHE L, ThbOM
HICBAL Tit, RERTHHH, 55 VIZFRBHHO
BHITRTETLTELICRRENE, WD 200
AEEAZZ 6N, LaL, SEOKEROATE, =
NODBEUENMRERTH S MILBETE L, 72,

BTHOEGHESEMBT 5T Lit, +TICERHO
K=/ %TETCNAILARLTVEEEL NS,
NETOYVOERMCET SR T, FRAORK
EEEROFMHTALST2 & & CBROL RIS A
HBELDOBREIN S, 6 5% TRt - HEIAENT A
HHETLT, COMIZEROKENSRLENEE2
LhTVwS, APFETHE LEFPI, BAYPIOME
thid, FOOWEICHT TEMETE > EETHS>
LEEEND, 6, BITH I CHINEHRON &
DEFTIA, BT OBAEILIEREA & DB
HEEINL, BEEIOEMGE, BFHIOBEKLY
b OITET « RRASHEA TR LTI + X TRIN
TN, S OICIIRMBBIOIN LTI S M TV B E &%
FEh5, BT OEETIE, PEURFONO—EH
ERFTRTABTERAET LT, INSaEmon
BERFBRERL TV AN -k, Thid, BFBTTO
REBHEOINCT—FITRIADTRR S, BEDEA
INERAD OBITHIAE Boid & B, £/, EIMK
TRIC, 52— EICRESEA TVBINE, 0%
BT« BIESN TV LEZLNDH, BIKEIC EDR
e CRELAMETHETT 200, EhRRARLS
IR T LABSAT, BRFHOIER AL DL > Ik 50
MICOVTHE, BELE LABROEREHRESLE
555,

KEIBETIL, SPEMRTY, PR, BRI, B
LUBTHLOBGIE, KBOE IR S TRk
INEOITH L, ERPOBHIAROE BRIORE
RTDABOLN TS, 1982 FE4 5 1985 EC e
TORBRERHELOLBROY Y, LA CILER
B, B TR L B RE I h o
PREL T3, SEOBERETH, B0 S TR
SN BHROFIIRER LTI NSEAY T, BF
WMIOEGEEL I EATREN, F, EREKL
FeBfE, T EEE RSB T A LD EEL bR
72

RO k> ic, FEOMEINIFRAPRERN 4T L
oo CORBHETTREIENPHIEL, FOMICK
FZOIMRD IR~ OIEIROBASES 5
CEAMONT .0 AHATH, HIbmias B
SN/ CHFEMRFOMASRIBCEOh, ChET
KBEEINTHB LD A8 1 BOERAMICIEK
HEPTHLDLBbhr, Lbl, BRELERDKC

DWW, ERHOBGYSBELCI XA TRATY
BB Do

SERER TR - IohBIERFEOY /< D—iL,
BERARRIC L > TAREE LT > T5.9 ZO§
B, FRBESBRCEIO VA~1E3 VA TELLEL
Th, KEBECIE1E6 1A~2EH/THIOLETH
EEZLNTWS, COBRICPEBSRER CAERN
PRERALTLHSEOEREDOLS L, TERMILE
btk 1 X FEOFH A, AR RICHBT T 5K
CHLEZLND, Tiz, BERELEBEDLPNLETHIO
BT, R - FRICET LA IBRESER LT
LOBBREINIC/ D, EPRHRIFETTSI LD
EPHICBUER T2 0 ELbN,
EEAFHC BV TRESNSBCOVWTL, FREA
RO ERER» S 1 FRE T300mm IZE L, 2 AR
BICOWTRIEOKBICBL LA bD LRI hTW
5, L, EEOHI0E LI CHREXN-Y Y
YOBABRARTHRLER TORERPHRILT
HOLDEEDBEP /P X LT, 6 ALG8AIHE
BILRFEICE T, £BROER X T ORMBY R
CBZELAERTE, RALABEIARBOATAS
n, FHFEIWThIERTH- L2 HEShTE
0,0 EXFROBRL-FHL TS, JOXDK, Al
BTRXORKEERPBRCESSHLITE 2|, &
BIEKTFEIC BT 5EPROFEIR, TOBBRICENT
PR L E# & RS R DT L BER ST
ENTWABILERTLOTII WL EZ LN, T4
VYA LT Ko T/~ BERESHICRL 5/ EMIC
G, EROBBYHE LR TIE, 160°E MER
BWT7 ACREINED, 8~11 B HADFEIK
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