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Daily otolith ring formation and the relationship
between water temperature and the onset of ring formation of
barfin flounder Verasper moseri larvae and juveniles

Mikimasa Jou, * Taihei MaTsuba and Keizo YOsHIMURA

EERIRIEERIRTDH B~V 7 Verasper moseri iF MM % ZHREII0 S FE L, WA & 8O OMMBEOBEE L, ik
OB HEEOMREZIT>72. WMEAE D, PIRIIFEMO 2R (Foy2) B8R3N, hiffraomDLit
Z 43I TTREEN, FEEOPHOKEBIEN HATAOREIEL, WEERHGD BRL Z LRI Fov
7 OAMINZ W R A S BIER S, Ol & BB O BIRA S, MEA RIS S h 2 0 0 RS & Hlr s h. IR
BB BRI A oA LB SN Lo JRERIE, FHEAL 28 U ClA BB ST, HER &
U7- HEWAT IS LT s S e, il EEco~ Y 2 7RI AL o KRERERGE, WAL, ik
T, REFHAEICE > TEAM SN RESTHOHEADIRE S NHED TV D, RIFFRIZZ 9 o 72 RRHEA O KR
DOEREFWSPIZT S A CTEELLFEZIMET 230 TH 5.

¥ —"— K : Verasper moseri, BMRHH, BALIF = v 7, {FHf, BAHEE ~vAh7

The present study reared larvae and juveniles of barfin flounder Verasper moseri, observed otolith microstructure and
validated daily formation of micro rings on sagittae and lapilli. For both otoliths, the check (distinct ring) was observed
near the otolith core and the timing of check formation coincided with mouth opening. In lower water temperature, lar-
val development became slower and the timing of check formation was delayed. Clear rings were formed outside the
check, and the relationship between the age and the number of rings indicated that they were formed daily. After the
onset of metamorphosis, secondary primordia were formed on the margin of sagittae. In contrast, there was no second-
ary primordium on lapilli throughout larval and juvenile phases. Thus, we suggest that lapilli are suitable for the otolith
microstructure analysis throughout larval and juvenile life. The population of barfin flounder has been enhanced by the
mass release of hatchery-produced juveniles that started in 2006. Recently, wild juveniles are found in the shallow wa-
ter around Hokkaido. This study provides the key to clarifying unknown biology of field-caught juveniles.
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& T2 (Houde, 1987). fFHEMAOE A EIZI3 HIE AT
WMENDZEDL L OAFETHERSINTEY (Hayashi et
al., 1989; Joh et al., 2005, 2011, 2014; Marannu et al., 2017; &
M2, 2009), ZhzaEtd 52 & THEmRMALH 253
EWETH L. T2, HAHEROEIEZNET L2 L
TlAEZE OREREZHEET S EHWERTHY, HA
H R ARG 0 AR OB FE 2479 9 2 TR I
Y —=)VEmoTWaD, M)y, WA HEwSBIS I
WHEREAHE S TWwb  (Wild and Foreman, 1980). ¥ 7z,
WROERGD 7 4 I Y 73KV R -THEY, b



WowE, RMHERF, ENEE

RRICBB I N AHE D H X (Nishimura and Yamada, 1984),
BAFBA A HA % (Hayashi et al., 1989), JRG A CTlI B4R
LEMSN LIS EIN S H 5 (Palaza et al., 2001).
L72h- T, WAMI B CTH A H RN 2179 #ils, £
HEBREZATVIRSOER G 2 5552 L, HIERIEK % fE72
L, BHEIHE) BAREBOZLEZBIST 5 &25, RKMT
U DWW CIEME 2 B H T 2179 9 2 CTIFRICE
Wb,

< A T Verasper moseri %, IKIEIRE LLAL O KR
FRBE VAL D H AR 7, AGER L, T By i, o
R—=V IR ECHATHEIAVAETHS (BH, 2003).
LB IS B B~ A 7 &AL 1970 AL 15 5 B2
WAL, 1980 4EACLLREIT & A B HIED A & N Zp ke &
otz (xR, 1997). AMZIFEOMBED/2D, 19804F
X2 5 A THE ORFEAHIEE L, & ) blF 20064
DB IEAE 1 100 TR R & v ) REOFE 25 S b X
Il o7z, THUT K ) ARFELFIZ S L, 2008 4F L DLk
X150 M DL EofifER A AR L T & &b, duiE
M OHHIALIC B X SR WHIPHIC B 5 TR Y o 4
WA R o, JLHE TR & - RIS 512
ONHILHIA~BE L, &2 CHEINEITo 2%, HEILE
B LT A FEEDH 522 7 (Wada et al., 2013;
Kayaba et al., 2014,2017). & 512, 3 TIEILIEE O KF
FINROERICBWTHEZEIZ, bThTidd bR RIAE
DHMPRESNII LD TS (EY - E4 K, 2013; 7
¥, 2019). ARFEOEAMNI BT B WHAREIZOWTIE, 1969
I Z PRI IS B W TR T A 4R RE S Lz b
W) RLHEDIH L DOHRTHY (il - &4, 1976), AR
DWTHAHERBT 2179 2 eaTa L, ATHYEO
BRBEORER EXBNTEDL LRI E LB, A
BZ LA O MBI ERIZOWT, WL H ALK < B B g I
EAT LI EDMEEE L EEZONSL. LAL, AH
WOV TR EEERRIC X 5 B AMMESEOBIZER, Ml
WO HEEOMHRIZITbI Ty, AifglE, <
BT R AER A SEE L, HAiiEG 2 S5 LT, Wk
TR BRI o4, RO O HIEAMEOMR, EICHE
) HAEEOZALOBIZE 24T, WANI B 2 K047
R ORREZ D 2 & & L7z,

MHEEFE

ERFEDEZE & HBARFERDORHES

2011 4F4 H 13 HACHEHE 1 AR > o Flfa 2 18700 LM F
T NLFHE L CBIn 21572, IR secici%e L7z
1000 /I HEIKAE SR L, B b3 1 H 0.4°C 30K % I
H XML 13 HIZIZ14°CIZEL, TR KIRIZIZ
F—E e L7z, Wb o H D3 Ficid A —8—4 7 a
LIVI2 (7ulL g LRSS TRERILLAZS A3
AVRT LY wH 2, WLHZ260HP B3 A —23—Hh Tk

VA-1 (7 0L g KRS TREMLLZT VT
TDI) =Ty ANER Gz T2, W bk 45 H DI
BEEEE (BE DY) — X, Hif AL FRRA A
b2, S4HUBREIREGHEEOARE Lz, (FHREMAIZ, W7
L% W b8 H £ THEH, &L TIMLi% 11, 14, 25,
32,46, 53,60, 70 HIZIREL, 90% T % / — )V CREE L.
BER, FRIHERE, MAIEEEREZEHIL 2228, &
W TIET Y 2 — Wi X BAFHER DR RIGHEOHIE 1T
otz REORHIR, BEERBEZBIZSEL. VAT
FREfA OB BB IATIEA (2000) 12X B X5%5E(C
L, RFETIIMEICTROE B EE L.
Stage A @ U FR(Tf. BAIZ L T e\,
Stage B : FHIIAF#. SR BEAAFIET 5.
Stage C : JREERINGE T L7278, REEDFFENHBLIL T
VR WAL
Stage D : B EEIFIE 0 L2 & B2 Kb A3 i % B4R 3
% F TOMR
Stage E : FRAKMOIE M OB 5T  TOHA
Stage F : F &K% O Ji B #¢ 75 S IRERBE B G E T

i

Stage G : IRERBE B D B GH 2> S EAVE IE R RIZET 5
I TOFf

Stage H: BEASH IEH M FIZE L TH O RIKBE 25T
T2 E TOMFM

Stage I : HRERFEE) % 52 T L 7=HE £

Bands, BLE#2 OB b7 H E TOMHUIRFIR
AL, REOWE, BEERMEXS, HAOBIS T2
o272, 2011 4EIC DWW TR L 8 H IR O A7 HE £
NI W2,

REFHIEOERE O, FEARMMEE T TREE (0075,
EERBRE KAL) LEDETIER LW &8 2 O
FHEBAZRME L, ML EAI L QiR d, X
FARFH I AL T Lz RF VBRI L7 (R
YFEty b+, a=¥), WHLAZEFAEZ, 9umDBILT
VIZYRRTFNIA—T 4 YT ENTIES T T4V A
BM Y x 78 Y) TEAMEOMMIGH A RS BETE
FCRMAMNE L7z H AR o Blg30- s
(Eclipse 80i, Nikon) CT40f5oRWL ¥ X, & L <14
X—=TVarF A VEETLTI00HEOMREmL v X%
WCATo 7z, B, HAHEREN 21T 72D B O
SRR A5 572012, BMEBEZRO L) ISHREL. £
T, WM O ARRIETBIZ B I ) Z /N E TR D
ABRATE. RIS, AT—=YTOary7ry—oREOK) %
WNETRY AL, IV Frd—%kb AT —II5EL
5 LI ERA S ZoORECHABEEOE V40 55T
WL v ZX%&Ey PLTHEIRL Y 2% &, HEOHLE
WAL, BRI CWIRELE 2. 20%, avyTv
PF—DEEEPL LT OTIFTWE, W5 WHEEE VI
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Figure 1. Photographs of lapilli extracted from barfin flounder larvae and juveniles. (a) and (b) are sagittae of 14-
and 32-day-old larvae, respectively. (c) and (d) are those of 53-day-old eye-migrating larva and of 70-day-old
juveniles, respectively. White triangle and bars in (a) indicate mouth opening check and daily increments, respec-
tively. White arrow in (c) indicates measurement axis of lapillar radius.

DOBERDAME BRI 2 o 22T a ¥ 7 v — L iE % ik
L7z RIS, 2RO Y7 o — O ERE & D % Bl
LC, XA BE STV HIEABEFO PO 5 K91
AEEL, RIS OB D 2 I 2R 5 < %
HREEICA LW, IS 0iisk, BT
S SN B &L ¥ ZEBIZMF 508 G 7 1 )V % — (Nikon)
Zwih, BMEEGOa Y M A MR ESE.
HAoHmesEmgE, SMsicER L7 vh x5
(Canon 80D) % 7 W —# ™ 7 b7 =7 (digiCamControl)
THIEEL, 7Sy 3 CEEEEERE L. 20k, Wi
Ty 7 b7 (Image)) \HIARDEREZ T 572
DDT T 74~ (Object]) ZMlARAL, ZORHEE VT,
PR DR 2 1T - 72 (B, 2019).
BEAHIZOWTIX, 870 HDOFfifilc oW THA Lo

MR DR E AT > 72, RIS DWW TR IREREE B
WCHABANO ZREFEORE R I N HE1E, Bh
TEIRDHEHEC 2 B 7200, ZRBIEDSBISE S A0S
NP EN TR WIEKDAIZDOWT, WHEZRR Y HEIR
HMOEA ECTEREEROEEIT-7:. MBEAL D, Hie
R D BFR A & BT OREE 21T - 72, ML OBEA
OBZE, BRI ERM OB LTI - 72, BAOPE
2, BADPIZIZMNEORERTEOLTMT, ThUNoY
ATIIRD HAOHAAK X WERL (Fig. 1c) TRl L7z,
KENFBRERBTEREOERICREITHESLOFI VY
TR BFHA

20174E12, 20114 & 1387 2 KR CTHIEBERZ TV, 14
WM ORE L KBOMBRZRA L. T2, AN Z
38 U7z HEEATICE L Cnw b EHI s N GERE 5



WowE, RMHERF, ENEE

Water temperature (°C)
(o]

0 2 4 6 8 10 12 14 16 18 20 22 24
Day after hatching

Figure 2. Rearing water temperature until 25 days after hatch-
ing in 2011 and in 2017.

Table 1. Composition of developmental stages at each age of
Verasper moseri.

Stages

Year (ﬁge) n
ay A B C D E F G H 1

2011 8 18 18
11 20 20
14 29 29
25 20 1 19
32 21 15 6
46 20 20
53 20 3 17
60 21 2 19
70 10 10

2017 0-7 165 165
8 40 2 38

9 68 68
10 79 79
11 43 4 39
12 48 48
15 34 34
25 40 7 33
39 15 9 6

ZIR) A L OB L H#bo R & B Bl
OB L BB OMBRZH S 2T L7z, ZREIidKk
A 8°C THHE L, WbBOTFMOMF KR4 IS LA
X705, WL 4-10 HICBIT B KB LA Z20114EL D &
CPA, AL 13 HICIX14°CITEL, FREEIZ 2011
E LR KR E L7z (Fig. 2). ZOMofFBREI$2011
EOFTFEREBREFEETDH L 7-0FMIEWET 5. Ao
7Y 7R, Wb 0-12, 15,2539 HICATo 72, Tk
D EHROFHEAIZ O W TIZ 201 EDFFEBRTHESNT
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Figure 3. Relationship between age and body length of barfin
flounder larvae and juveniles reared in 2011 (solid circles)
and in 2017 (open circles).

WnbZ &, Fi, REBTIHH-MNOERET R WO
WHLZ®, REBRTRIMELEZEIOHTY YT v 7%
BT L7

PrALIE R O E B R OBIZHE, B bk 0-12 H T
DWTATo 7z, HAMMI OB EIG H &, e
THAHEW 285 256, BORIFIC L > TH AR
BOBRDBBEL OO W XD 5720, ABFZETIIRL
B I IRER 2% L 721kt 15, 25, 39 HEm o7 %
Wiz HA OB LB ITEIT O W TIZ 2011 4 0 fi FH 52
BREFKTH 5.

2ODFEBRM THREDOHER 2 KT 2720, 20114124
T VTR T HEIEWIMETA 12, 15, 25, 39 Hi#s®
IO W TR EZFHII L 72,

i 2

EAMEOEHE & B EHTKR O

2011 SEDFTF TIE, LS HIZIZT X TOMAIRIIL
HEFOWINZ 2 TH Y (stage C), WL 32 HIZIZHR
R E) A BAAG L 7oA B L, 46 HITIZ T RTAHHRER
BECTH > 72 (stage G, Table 1). F 7z, Wbt 60 H
WIEIRERR By 2 52 T L7z fR (stage D) ASHRBIL, 70HT
T RTOMEIHEMTH - 72, WL H OfFfan V-
FHREIZ6AMMmTH ), FRREIIFHOFHE & b ITHE
RPZEWMLTWE, 33HICIE125mmIELL. 208K
REZAMICHEML T &, #{L# 70 Himo FHhkE
19.4mmTH -7z (Fig. 3).

BALE LD S LIZS  OFRORFAIRIZIZMNIETH -
72%% (Fig. 4a), #{b1225 H OOk FEa 3N %
YV (Fig. 4b), WML 53 HIZIZH AR IS BE RO —RkE 3
P SN Tz (Fig. 4c). S HIHMEEZT0HICR S &
BHOF AT ZRERRICEDNWRKAOFAD X
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Figure 4. Photographs of sagittae extracted from barfin flounder larvae and juveniles. (a) and (b) are sagittae of 14-
and 25-day-old larvae, respectively. (c) and (d) are those of 53-day-old eye-migrating larva and of 70-day-old
juveniles, respectively. White triangle and bars in (a) indicate mouth opening check and daily increments, respec-

tively.

KLY E R o7z (Fig.4d). BEEW T L OFFA4
FoZRFEROBKE G, RERBEH BT > Tniw
stage F T3 0% (1418 f o fisl &), RRERFE B) BA 46 147 f
(stage G) T27% Qofifkr 7MEM), IRERBH 25T L7z
Mg (stageD) TIE100% @EAF4EAE) THo72. W
FHOBAEIIZ I ROWBE LR (Fx v 7)) DIEES
NTWDBLONBETE (Fig. 4a), ZDIMTIE I 72 B He
PR ER TV, ZOF v 7 OFEPEIF14.61 um
(HiPH : 12.45-16.68 um) Td o 7. HA#LIZ RIEIE
PR SN TV RO, His 5 = v 7 OFMINIIEL
ENTOWRHOBMOBRIERTEIN, ZoMEidl
EEWETH o 72 (Fig. 5a Wit 5 =0.96 % H 5 — 6.27, /2
=0.99, p<0.001). F7z, WHOMH» 5 F = v 7 13 BL#E
67 HIZEEENTWZ b s /.

BALE LD S LIZS  OFAOBAIXIZIZMNET, WP
AERZY25HICR>THIFIFHETH o725 (Fig. la),
R HICR2 L1 HMOFEAHKEIKE { -7 (Fig. 1b).
ZOHOHM UG HOF A AR E WEAA L F £,
BAORKALL Tz, T2, BOOPEEEREIIERIC
BARLTED, P40 um T TIXERMS M Z I8 L T
Vo 7278 (Fig. 6), 84060 pm O FNIE B AT EE T BN §
% b ODEREDHEMATFER DN 7 o 1272 D W O BIRIE R
R E ), HAPEE70 pm LA TR BRI 1  EBRAY
WZHEMLTwolz, BEERMICIHERH L TAS L, stage C-E
TREAPEEARRIIEHEPEOEMBERICH Y, IRERE
Bx BES 2 EAT O (stage F) O3 T, [RERBE)
PG (stage G) DAFMAO—EBTILWH O BRI L 7
0, stage GOFFADIKY &, TUBEORKREER TIEH
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Figure 5. Relationship between age and the number of rings
formed outside mouth opening check. (a) and (b) are those
of sagittae and lapilli, respectively.

UM X PIEDOBEMBEIRE 72 o 72, Stage E E TOW & DR
FRIZIEM TR SN (RE =012 % B PR +4.47, 7=0.92,
p<0.001).

ALt 14 H OBA OBAHTIIE | KRB 2R (F v
7)) BBETE, F v 7OV PHEIZ14.92 um (HPH
14.05-15.90 um) THo7z. F = v 7 OFMINZ IZHIFE 72 8
BATEIK E Tz (Fig 1a). o i & ki o B
FEAR TR EI N (Fig. 5b 5 A $=0.98% H i — 6.65, *=
0.99, p<0.001), HZIZIZEVWEETH 722 &h 0,
WIIZIZIHIARBE SN Z E2%bhrolz 72, YN
DEPHF = v 713 bR 6T HIDER SN TW/zZ &8
bhrorz.

KEF B ERBERBOBRICREITHESLIVFI VY
T2 B B EA

2017 4R ICHE LML, T LiEZa» S5z 7 H £ Tl
FTRT O stage ATH - 7z (Table 1). B L#E s HIC
13, stage BTH HFM0% CHIL, 9HIZIZTXTOM
HRhistage BTH o7z, F72, Wbz 12 HIZIETXTOE
fK2sstage CIl27 V), 39 HMOREARIZIZIRERB BT fa 28
HIENTW 2, PMEERIIRE A e bICBEEIIALR
T, WMEE T H DS, IRAE A ICEELL Tho 7z R
~NOROFZFEOHBUL 12 HELIETH - 72.

WAL 15,25, 2 L C39 HilmDIF R OBA % Bl L 724
R, 2011 FEOFFIFHES & RIS H AR ICHBE 2 T = v
7 HEIEE S, 2 OIMIN I I 7 AL IR &
NCTwiz, HiE 7 = v 7 DFEOERSEIIER CHE S h
(H BB =1.03% H #ff — 9.23, 2=0.99, p<0.001), XX 112
Wi T Do 72, FREFED HiEA 5 F = v 7 OIMINTIEK
SN TR R W U TR L2 = v 7 B H
138.5 HT, stage BIFfsHBLT A & M5 CTH - 72,

20174E DL 12, 15, 25, 39 H (o FH KK, 2011
EDIZIZF CHEBOMFROKRRELRELRES hh o7
(Fig. 3).

zZ =

<V A AR OERRIIBLHE 25 H £ TR IS HEARN
WML Twozds, 2546 HECIHITITFIHE 2D, £
DHIFZHEITHEIML Tz, BB TIZIRERBEINI A
FEoOMmMA»$bd 52 EBM5NTHEY (Campana, 1984;
Laroche etal., 1982), ¥V AU CHHEETHH Z LhHbho
7o, F7z, HAREIZHRERBEHICOMET 5720, HhA
REMREORR D IRERBENIIIZTFIHE 22 2 2H0E LD
B TMSILTWw S (Laroche et al., 1982; Jenkins, 1987).
<Y A7 T, RERBE Z BG5BT OFBEERRE (stage
F) 25MEDMRITTFIHE 20, IRERBEHMZLE (stage
H) TM#E ORI S AIEO MR E 2oTH
D, THIVSZHERALNLFEEERENZ LT TIIHRE
DI HMAE L 137 > TWwo 7z (Fig 6). StageE F TOFE
BEBEOTAOMEOBBIIERTRINI-Z NS, &
#1329 Vo 72T 12DV Tid Biological Intercept {12 X %
WRAEOHE L WRETH S, AillI (2000) &, FH
Kiz 8CHHRAICEASHE, 4 CT—EE ), Aif
FED 2011 SE D FFH FIR & MR O E T~ Y A TR D
fiH FEBR AT, MAEBER30 H £ TIEARNTZE & RO K
ExLTwaZezHfELTwb. AHillldhr (2000) 1,
ERZFHIILTEY, stageF X D BHEIEA TR TIEIAER
WE7e & BHNER LAY 2 2 728, B L% 30 H DI R i
Rigc&ehorz, EYy (2005) HIEIFFMEOLEMAETS Y
N IR OATERZT->TED, BbE4oHEEF T
DIFFHORRIIAELFARNTH L Z &2 LT 5.
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Figure 6. Relationship between age and body length of barfin
flounder larvae and juveniles reared in 2011. Solid line is the
regression line during stages C—E.

Table 2. Occurrence of secondary primordia on sagittae at each
developmental stage.

Secondary primordia

Stages
Occur Absent
E 0 (0) 18 (100)
F 0 (0) 14 (100)
G 7 (27) 17 (73)
H 1 (100) 0 (0)
I 4 (100) 0 (0)

2017 SE DL 12, 15, 25, 39 HEOF DRI, 201140
FIZF U HEEOFAOREERE R RS L0572 (Fig. 3).
COBERIZOWTIEIAHTDH 525, 2017FITKEZ W E
TEDRFB LB RHLIY HZETH - 720IIH L, 2017
EDIRKELAT2011 4E & LT A o 72 D 1L 10 H LLRT
T, mLEDPKEDPSDRILESTHTH 72, 2D
e, SHEENEEZITbRP o2 XD EHEVHEIZBWT
BKEAED D - 72H%, K BB 2017 EEH B 0K
Er#FED, WEZT-o-HBTEAREENALNL L
o TV LD 5.

RWFFETIE, ~ VB TR O % 470 B A
Wik OBl 217, HAPOGEHNOF = v 7 KR, R
FLEOZREIEOIEE % E 2 BT A L TE . FHE
i, ThETIIHLA, IHFLA, 2ualisHLA
Lo BRI O W CRBE OIS 2 1TV, Z0rh
TIRATERL & ICRRMAEROEAOBIS LT, fil
B OBIEE S N7 S RKIREAR T b BIZE W e iR 2 17 o
T &7 (Johetal,2005,2011,2014). L2 L, =Y h I
DVWTRRRMEMOREIZIINTTIFEALEALNT, K
WA 7 ) BIRARRE SZ LTV AIRIRIZH ), AWFgE
WCBWTRARHEROHEABIEE TIIITH) T TE Lho

72, 207, AW THGEI NI Y AT HHEROT A
AR EATRIREAR TR TE 2 WIRBRIE R E X TE
W, LaL, ST TEIEZIT- T 72RABUFHEMR T
(&, B R THERD S & 7 RIS 13 R IREAR © b B S
NTBY, vV AH7THEBEFHEMTHE SN,
KA THBGE SN TRENEVEEZEZONS. Ih
IZDoWTIE, 4k, RIMAHEMOTABIE 2179 2 & Tt
MOENLETHA).

AR T2 D7) FEEREZITo 725, wTiho
FETHIY A TFHEBMOT AT RIFIIETF = v 7 HPigE S
hiz. F72, 2017FOFERTIEF = v 7 3 LHE-9HIZ
R SND Z b, THIFAPHIITEY A IV
7 TH -7z (HIOF =y 2). —JT2I4ET
(&, AFHESR O Hils & il O Btk %2 K9 UG RO 2
5Fxz v 7 OFEHIIIMLERTHTHLEERZLN, Z
MIZ2017TSEDBGHRR LY S E Aoz, WLRISHE T
DOFE KL 2011 DT 32017 XD EH <, I
F v 7N HEE TOEPKE P72 (Fig. 2). FIKEIZ,
# HEZ 3B 2 - 0S8 H B RS 13K AT 2 > 72 2011 4F
DITH) H20174E X ) SR CHEITL Tz (Table 1). L7
Mo T, IV A THAOREFIIKEROBE L 2T, Kik
8-14°CDHPATIZT L ) B VARIZERESR W E VA,
ELWAETOF = v 7 T HEOE N IKIEOE N L 5
HIID 5 A I 2 7 DENHEE L T2 W ERPEATR & »
254, WO K2R L LzF = v 7KL, common
sole Solea solea X Microchirus variegatus TH s S LT 5
(Amara et al., 1994, 1998). HAH.LI~NOF = v 7B
LU, DR EBLR BB & v o 7RG £ X >
ke DBHEDN L L OFMTHE SN TWD, FIZIE, <%
F Gadus macrocephalus (Narimatsu et al., 2007) 7 4 F A
Pleurogrammus otakii (Joh et al., 2008) Tl - BEA &
HITHHMLIFICF = v 27 DS NBH I LS, ~adL AP
yokohamae, < 7'V A Pseudopleuronectes herzensteini X°, 7
QYT H VA P schrenki TIZIN TN A 5¢ T3 % ReIIC
Fry PR ENSLZ EPMEINTWS (Johetal.,
2005,2011,2014). 7z, BUIGEM TdH B X 73V Sebastes
cheni {22\ TIIREG A & EH S AL 2 BEH > & W #2031
END T EPHEEN TS (Plazaetal., 2001).

WA - B & B ICBREF = 7 DYV I 7 Sl
R SN TB Y, Hifin & sl o Btk £ 3RO
HEPZIFITHo722ens, IVATOROF 2y 7
DAV S N2k H EE Td 5 LIl S 7z, W
PAGIRERZ BN B A VM I B SE TR S, B A
DILREDME 2 o 72, FURBTIZ S < DM CIRERIZE)
WNCRPA RIS SRIEIEDSTER S D 2 s I TB
D (Johetal., 2005,2011,2014; Fedewa et al., 2016), </ 7
T CHRBOR D B Z LRSIz, T2, IRERE
BB LE T fL (stage G) D—FB TR S 1, e



WowE, RMHERF, ENEE

(stage ) TRRTRTOMATERIFER SN2 &h 5,
< A7 TlERFEALO ZRESZIRERB B IR S
bLEZ LNz —HTHAIIE S REIEO T IR S
g, AFHEARI A8 U T H R FLO PRI S e,
Z )\ T REH D o BARSE & Il LT\ % (Joh et al., 2005,
2011, 2014; Sogard, 1991). BLEDZ &5, IRERB BRI
HOHFRIZ OV TR PA - AoV Thz HwTb<y
H7 O A H RN TH 525, PRI E 8 U7
FERT I TN 2 7213 ) 2TEBES TH H L Wi 5.

iy > FLARKE CIIHRERFE BB PSRN 70 H R R T
AR LNE ZERPESNTWE, < HVLA, 7ary
T LA TR BN NI & % Bl hs L AN A gt
ThY), ThEHMTHIETHATOHFREAZXL
7o 0TS RETH B 2 A HE S Twb (Johet
al, 2011,2014). <~ 2% L A TIXIRERBB BB IARE ISR &
N5 HEEIZZNLENCHRTHELCEIRE LR, 2
N i CHRERFE B B G O i 14 % X8I L 72 H R i@ 25 0]
BTHDLIENREENRTWS (Johetal, 2005). F 7z,
=2+ ) TR ERT % BREH O —F Rhombosolea
tapirina TIEXIRBRB BN 1380 L O®BSOE KA E L3 %
Z L S TWw b (May and Jenkins, 1992). — 5 T,
IV ATIZOWTIE, RERBEH T (Fig. 1c), HEAUIC
#EL72EATS (Fig. 1d), BEA I3 2 6 s0 b
DEALIZA SN o2 TOERIZOWTIE, AT
SR TE RN 7278, %3 F EF RABNIFY
b ORMAHHDOFEIZONWT, [FHEAOEADOBILED T THILT
W ZET, MHENASZEDWIFEESNAS. Johetal (2014)
&, EABUTHESIC O W TR & W TROIRE S O g8
MTHONTVLARZEHL, RAHETIEZ { OMTHA L
(ZHRERFE B 0 Br G R0 W1 1 % 7R 4B B9 2 Wl RE I &
TRIB L7225, VA TICBVWTIE, P EbFAEFRKT
X, 2OV AN P o7 TOT LI, B
THE S N2 BRI HE I D W CEH G B IR 2479
B2, fHEHEEIC X o TRBUEB GRS E R, BE
BeBs L BAAR L 7o 0B IConWT, MR ICHET A S
EDREETHAZLEEZWDTRLTVS,

ARWFFEL~ Y A 7 OAFHESRI O B Al S o BlgE L
D7 & B WL 70 Hills £ TOFMEAIZ OV TR OE
B H B R MR C & 72, =Y H 7131980 4FAL DL % I A
FZLLHNL 72720, TBANIB 2 AR RICH L C
IR e, EAETRATHEEOKERRIZE - T
EIREAIEIM L, R IZRIRTARRE S 7o fEf D AbifFE K
PR CTRESND L)Xk o TEZ KFREOBE
1, 29 Vo Z2EARE W TIEIZRBIVLIREIC S 5 AR
A BT 2 WAL H AR R0 B R B R &\ o 7= f0 3 A 58 %
7835 ETAT R EZRET DD TH .

E

< AT OB LUK 2R A L T 7272w 7 deiigE B
HSEIRIL A PHEFENOMBE OBMRICEH L ET. &t
T A A I FE R R AR R O MR L, BRI 2 0
FRICIE, BEEBRICIHOWZZEEH LIS

5 ACH

Amara R., Y. Desaunay and F. Lagardere (1994) Seasonal variation in
growth of larval sole Solea solea (L.) and consequences on the suc-
cess of larval immigration. Neth. J. Sea. Res., 32, 287-298.

Amara, R., J. C. Poulard, F. Lagardere and Y. Desaunay (1998) Compari-
son between the life cycles of two Soleidae, the common sole, Solea
solea, and the thickback sole, Microchirus variegatus, in the Bay of
Biscay (France). Environ. Biol. Fish., 53, 193-209.

FEN, SAREA, JEA— (2000) fE L7z~ & 7 FHE R
DOHESET L. HAKEFAERE, 66, 446-453.

Campana, S. E. (1984) Microstructural growth patterns in the otoliths of
larval and juvenile starry flounder, Platichthys stellatus. Can. J.
Zool., 62, 1507-1512.

Fedewa, E. J., J. A. Miller and T. P. Hurst (2016) Pre-settlement processes
of northern rock sole (Lepidopsetta polyxystra) in relation to inter-
annual variability in the Gulf of Alaska. J. Sea. Res., 111, 25-36.

Fukuhara, O. (1988) Morphological and functional development of larval
and juvenile Limanda yokohamae (Pisces: Pleuronectidae) reared in
the laboratory. Mar. Biol., 99, 271-281.

Hayashi, A., Y. Yamashita, K. Kawaguchi and T. Ishii (1989) Rearing
method and daily otolith ring of Japanese sardine larvae. Nippon Su-
isan Gakkaishi, 55, 997—1000.

Houde, E. D. (1987) Fish early life dynamics and recruitment variability.
Am. Fish. Soc. Symp., 2, 17-29.

Jenkins, G. P. (1987) Age and growth of co-occurring larvae of two
flounder species, Rhombosolea tapirina and Ammotretis rostratus.
Mar. Biol., 95, 157-166.

W BE (2019) 7V — 2 = 7 &7 H A H R T E O MG
(Petfyierty) . ALifEsE K e BRI 7E s, 95: 25-32.

Joh, M., T. Takatsu, M. Nakaya, T. Higashitani and T. Takahashi (2005)
Otolith microstructure and daily increment Validation of marbled sole
(Pseudopleuronectes yokohamae) . Mar. Biol., 147, 59—69.

Joh, M., T. Joh, T. Matsuura and T. Takatsu (2008) Validation of otolith
increment formation and the growth rate of fat greenling larvae.
Aquacult. Sci., 56, 157-166.

Joh, M., T. Matsuda, N. Satoh, N. Tanaka and Y. Ueda (2011) Otolith mi-
crostructure of brown sole Pseudopleuronectes herzensteini: Valida-
tion of daily ring formation and the occurrence of microstructure de-
noting metamorphosis. Fish. Sci., 77, 773-783.

Joh, M., T. Matsuda and A. Miyazono (2014) Common otolith micro-
structure related to key early life-history events in flatfishes identified
in the larvae and juveniles of cresthead flounder Pseudopleuronectes
schrenki. J. Fish. Biol., 86, 448—462.

BN (2005) <Y T QR AEBAMNZ BT 2 0F7E. ALKERE
. 69, 1-116.

EYREW - 4 ARIESK (2013) 25| <Y A 7 RRFEAEM AT
W PIEARIZ LD, 94,2-5.

Kayaba, T., T. Wada, K. kamiyama, O. Murakami, H. Yoshida, S. Sawaguchi,
T. Ichikawa, Y. Fujinami and S. Fukuda (2014) Gonadal maturation
and spawning migration of stocked female barfin flounder Verasper
moseri off the Pacific coast of northern Japan. Fish. Sci. 80, 735-748.

Kayaba, T., T. Wada, O. Murakami, K. kamiyama, S. Sawaguchi and R.
Kawabe (2017) Elucidating the spawning migration and core repro-
ductive duration of male flatfish using sperm duct volume as an index

34—



< TR O B AT H R O

for better fishery. Fish. Res., 186, 565-571.

Laroche, J. L., S. L. Richardson and A. A. Rosenberg (1982) Age and
growth of a Pleuronectid, Parophrys vetulus, during the pelagic larval
period in Oregon coastal waters. Fish. Bull., 80, 93—104.

Marannu, S., M. Nakaya, T. Takatsu, S. Takabatake, M. Joh and Y. Suzuki
(2017) Otolith microstructure of arabesque greenling Pleurogrammus
azonus: A species with long embryonic period. Fish. Res., 194, 129—
134.

AT (2003). =Y 7. [EEAWNE ¥ toshrkib]
WS, ATHEER, BE R EREGE, oiEE A,
ALWE, 242-245.

May, H. M. A. and G. P. Jenkins (1992) Patterns of settlement and growth
of juvenile flounder Rhombosolea tapirina determined from otolith
microstructure. Mar. Ecol. Prog. Ser., 79, 203-214.

Narimatsu, Y., T. Hattori, Y. Ueda, H. Matsuzaka and M. Shiogaki (2007)
Somatic growth and otolith microstructure of larval and juvenile Pacific
cod Gadus macrocephalus. Fish. Sci., 73, 1257—-1264.

Nishimura, A. and J. Yamada (1984) Age and growth of larval and juvenile
walleye pollock, Theragra chalcogramma (Pallas), as determined by
otolith daily growth increments. J. Exp. Mar. Biol. Ecol., 82, 191-205.

il SAEOTR (1976) HAHERE 7 L A R OLN. Bk
Wi, 27, 11-34.

Plaza, G., S. Katayama and M. Omori (2001) Otolith microstructure of
the black rockfish, Sebastes innermis. Mar. Biol., 139, 797-805.

e x ARIESE (1997) &K OMIRACEEEIFR O < 7 5 7 sk IR
CHEREIZOWT, JLKRZZL D, 38,7-12.

Sogard, S. M. (1991) Interpretation of otolith microstructure in juvenile
winter flounder (Pseudopleuronectes americanus): Ontogenetic de-
velopment, daily increment validation, and somatic growth relation-
ships. Can. J. Aquat. Fish. Sci., 48, 1862—1871.

Wada, T., K. Kamiyama, S. Shimamura, T. Yoshida, T. Kayaba and M. Sa-
saki (2013) Detection of fishing grounds, fishing season, and size
distribution of stocked barfin flounder Verasper moseri in southern
Tohoku, the Pacific coast of eastern Japan. Aquacult. Sci., 61, 39-46.

Wild, A., T. J. Foreman (1980) The relationship between otolith increments
and time for yellowfin and skipjack tuna marked with tetracycline.
Inter-American Tropical Tuna Commission, 17, 507-557.

FATEZ (2019) 2.1 BORSHERRAFE (v 7 THGR). P29
AP B2 TE AR 7K P Sy S S B 35, Ui 2R S T R R
REEAKE BRI, 74-78.

HNEZ, FIRKRE wiHER, =5 78 FEEA (2009) 20
b HEN T N AFHES O Bl & B R o BIFR. LKL,
76, 21-29.



