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© The Ichthyological Society of Japan 2012 Apstract ~ Although spawning of Japanese sandfish (Arctoscopus japonicus) does not

{1

occur in Mutsu Bay, juveniles of the species were first discovered in the bay in June 2003
(following the initiation of yearly sampling in 1991), also being collected in subsequent
years. To better understand the function of Mutsu Bay as a nursery area and the growth
characteristics of the early life stages of the sandfish population, their abundance and otolith
microstructure were investigated. Juveniles distributed along the sea floor in temperatures
of 7.4-10.0°C were sampled in June 2010, measuring 32.4-62.7 mm in standard length
some 100-145 days after hatching, an indication of their having hatched from January 14
to February 27 (24% and 76% of juveniles hatched in January and February, respectively).
June sampling surveys, conducted each year, revealed that high juvenile abundance in the
bay occurred only when adult sandfish had been abundant in the Sea of Japan, off Akita
and Aomori Prefectures. The origin of the juveniles in Mutsu Bay may have been the
eastern Sea of Japan population, distributed off the northwestern coast of Honshu Island,
the Tsushima/Tsugaru Warm Current possibly conveying the larvae and juveniles into
Mutsu Bay. Median hatching dates did not differ between sampling stations in Mutsu Bay,
although relatively small juveniles with narrow otolith increment widths occurred in the
inner part of the bay in June 2010. Such slow-growing juveniles may have been early
arrivals to Mutsu Bay from the hatching area, thereby experiencing colder water in the bay
from a young age than later arrivals.

*Corresponding author: Faculty of Fisheries Sciences, Hokkaido University, 3—1-1
Minato Hakodate, Hokkaido 041-8611, Japan (e-mail: takatsu@fish.hokudai.ac.jp)
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71, A R—Y TR E THAT B1E/KMEEER Gy, 1970 5 M4, 2004). & 5 THAHE - 4R
TH 3 (JEM, 1984 ; Okiyama, 1990 ; Chereshnev EBH W, BHERREZ ZEING & UE KRR
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MM OREE (EIARE) DFEMEETNT WEE ] N3 L2EZ5N TS (Shirai et
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AMFILERRAED 2001 “FRAFEHEE L, ATFRP
IKREMICEEZLAVEDD, HAMEILERREE
KEVERED 2 DDEIFEMN SNZNZ BB AT % 0]
etk 7z R Uz, RRER & A FIROPRICHIE
U, HAHE, H#mbk, KOFEIC =9 % HRE
WKBIFBABOERICOWVTIE, BbICHAREI
AR L GFE, 1982), HEEHIAFETIEHED
PEIIRLER IR o TV B TH O (WH - thiE,
1992), BERETIIAREOERIIHRE I N TV
W (i, 1982).
INENZAFHEFROYIIAETFERIC DN T, Th
E Tl « [l (1985) DENEREE)ETO
HESEMEZHRE L TEHY, £ (2002) 1&FH
EIRETIE 12 HITKE0S38m DRV AT THH
IO EEAT T BB T &, fFfah2-3 Al
td 2L, (FHADPBHICHRESCZ EEL
HWEITZCLERMELTWVS. £274%M (2002a2)
&, WA E NI KRR A 2 IR S B
BOBRMERKE « ERICOVTHEMNMILTWY
B. =, INZONZAFHER D B AW iz
W EMHTIC OV T, @EHEBRICK > T
HEFLDEA IR E NSO HERTH S C
& (Tsukamoto and Shima, 1990), HiHiliE o HIE »
SIAEDWEMNAEETH S T & (Tsukamoto et al.,
1991), AT FIAIC LB /K IR 2 F2BR 9 % KF
FERETIE, MO K0 R TaO7 DR
KE NS T DA OB/ Nl E Clic < &
GERNED, 2009) BHSHICENTWNS. Ly
U, RAHEF DI HAHRC® R B 2 ] 5 i
L7zWigdid e nEcicxy. BaHE®RZ W
BCEMATIE, EARREOI L HALR DOHEE S, HR
BEFNE UL WSO WAL TR O E R
ZfEHT 5 L THEMEFEDOVEDTH D Bl
X, Joh et al., 2005, 2009). AHWFZEIX, FEHEIEICIE
INEONZ R A Liswic s b 5 3 HEAMN
ERTBENDZ T xR, ZTORMEEHRKSD
B ZH5MCT 22 & T, HADREE
FEBRAEANOXIERE, KREBREZHE L, AREO
EIEER M RRIAT 2 C L 2 HME L.

MHEBLUBZE
NZNZHERELFARET FAHETHEFRR
FEBLIEIC 38U T 1991 FE S 2010 FEDFAE 6 HD
JERNC,  JEHEE K 22K 22 B R R R 5 L 3L
(179 b)) ZHWTITbNiz, 27210 1992 F &
1998 F I A ABE LR KD 2D T — X iF KL,

F 722005 FEICDOVTIE S H30 U5 6 H2 HIC
EhiE N, 6 HOTF—XEL L THk-7=. Th
50FEF, BEICY X T Gadus macrocephalus
X X k7 R 5 Theragra chalcogramma O ) 8] E
TGRSR,  BMARHO B R A TS O R O 72
YOFE (FEEIEDH, 1992 ; Takatsu et al., 2001 ;
FHE, 2004, 2005) & U CHkREMICITDN T E 2
EDTHD. NENZHEAOREIZIBN 7 HIS
T o —)L#E (E144m X 59m, #

590 mm, WHEHEA 12 mm : BIHEIED, 1979
HE, 19875 Eid:, 2005) OEKERE (3.0
knot, BHEIFRI 15-30 7 [) I k> Tirbnik
(Table 1, Fig. 1). FHIA TRE S NHFL DM
WU 3%, TEVEAITHI 200 MK (EREEBED
DIERWVEFIEEE) 2L, BEBIC 7% O
MWK 7 A )V~ V) VIAIRTCIEE U, WA O B
BB < Te i 24 BERITEIC 70% &2/ —)LHIC K
LB ZTIHRIELTz. 72720 2010 EICREI N
Mg DV Tk, BHAHERENT O DICHRER
EHICHE LTI REIcE blio /o, SRS
BT B/KEEESICDOWTIE, CTD (SeaBird
Electronics Inc., SBE-19plus) 7z W\ T D 5 #F
E FR 2m FCEPIE L. RBAMETERE
K7 L, Stn12 DNEFEN BB, Stn.13,
19,30 N EENSPHIE, Sn38, 43,50 B FENS
WK L (Fig. 1.

H AL SR B D T2 PEIN S T 3 2 RAHIR R D 7K
MOFH L L ZDELF 2D DI, #
IR RE (Fig. 1) O/KESm BIC/KED A —
(Onset Computer Corp., HOBO Water Temp Pro v2)
B LT RFREICEERR L, 2008-2010 FE D 1
H1HMS 6 A9 HDWIMD 24 K¢ Pk 7z
KDz, &F 2008 42 H 29 HOTF—XZIEHWW &
oz,

HARAETS LUERLE FREICBNT, H
ROERERE (SL) 2@ 1/ FAICED 0.1 mm
HMATHELE. 720U VEEBIUTI X
J—IVIRE LU TR DR RIS DV T, 2010
Fe AICHBRELT, FE%K30HEETHA
RO IR UAEZEHI L THRENLZE LTIED
A= (4.0% @ 2-30 HIZ O FEMH) THIEZ1T
WV, BREROEMEREICELL .

2010 FFICHREI NN ZNEZHBRIIOVWTE
AN Z T Tz, 1A U REI N Gh - Tl
% Stnd3 ZDZF Wz 6 M T, EINTHFD
5% 7113 k%S & LCHH L (Table 2), 32
KBS F CEAGOMA (apillus) ZHH L,
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miZEEICUTATA RT T A EICTF A VEHE
ZHOCTUE L. BAZMKY Y FX—3—
(1500 /) BEXUTGFwv ¥ 77 2 )V L ChiE 9.0
um) EHAVTENHBICERTE5X51k%
ECHEL:. AWETIEAERY 54 um O
Frvr BEXDEKREZ S Fig. 2B)
Wit #n & A7 L (Tsukamoto and Shima, 1990),
CDF v I SIMIDRREZEHE LTz, 4
BMEEICY Y R ENTZCCD H AT Hh B8V O
Y FicHAOmEBZID AR, B H 86w
WY 7br (S PV RATLIYI=ZTIY VT
#, ARP Ver. 5.27) Z WV TSRO L, W
Ll O ELERLF A E TOWEE OO S
A £ COEFREEE) OFHNZETT- 7z, Skt o
FHEIC DV TIE, kOO IR 7 Bl 7 i &

L7z (Fig. 2A).

T— 2R MR ORI HIEEAR S EICREH
Mo IR C THEE S Nz, WHEH OERERT
TN— 7RO, D OREARY A X
ThHHTEEEBLT/ VNG A NI Y Iiav T
Tz DEZEKER V. AR TIRAEOKRE
RKOPFEE LT, Wb SHhEZHET 5
HEUBEAEZRT 2 TDITHREDWEIZITD
T, WEF v 7D SRk S AT & O
HZDFEFER V. MO REDOREMS T
=TI, ST A NI IRy T o
DL EI V.

FEMIBIC 350 % HEfL oD BRE I i R — & 15 TR
iz, BARWICE, SHETOLy Z—Fo—)l
oM (5.9m) & B RE, REMKED
SHAHM (1km®) H7z0 OFEEKEERD, K
20 m LIROMH O Z A T L ICE U TH

Table 1. Surveys conducted in Mutsu Bay in June from 1991 to 2010 and the number of sandfish (drctoscopus japonicus)

juveniles collected

Sampling Number of Number of Number of
year tows sampling stations juveniles collected
1991 5 5 0
1992 -

1993 6 6 0
1994 7 7 0
1995 6 6 0
1996 7 7 0
1997 7 7 0
1998 - - -
1999 6 6 0
2000 6 6 0
2001 7 7 0
2002 7 7 0
2003 7 7 200
2004 7 7 35
2005 8 8 10
2006 10 7 211
2007 7 7 1
2008 11 7 27
2009 11 7 1,811
2010 11 7 7,762




24 TEEFEELED
Sea of
A Q khotslf
Ishikari Bay \ i
cmuro
14
Tsugaru Strait *Cape
Ajigasawa \;17 Erimo
Sea of Japan Akita—% Funka
Yamagata—= ™ [wate
Niigata—<—<%
Korea  Tottori .
Peh. Shiman
4
Pacific Ocean
B T 141°00'E 10
s | 207
: Tsugaru St.
‘.IOQm’
[ Tairadate A i By | el e |
Buoy '
o ey, P AR e, 41° -
00'N
[, Aomori ClltY—> ......... Tsutsumi Rv. | N(l)heji Rv. ]
Fig. 1. Map of Japan (A) and Mutsu Bay with isobaths (B). Open star in A indicates location of water temperature data

logger deployed at Tsubaki Port. Open circles in B indicate sampling stations at which Japanese sandfish juveniles were
collected with an otter trawl net in June from 2003 to 2010; italicized numerals indicate station numbers. Solid circles
indicate CTD measurement stations in June 2010. Open square, open triangle and open diamond indicate locations of
continuous monitoring buoys. Mutsu Bay was divided into three regions: bay mouth (M), West Bay (W) and East Bay (E:
cast part of Ohshima Island). Four major rivers flowing down to Mutsu Bay are shown in B.
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Fig. 2. Lapillar otolith of a sandfish juvenile (53.4 mm SL). Solid line in A indicates measurement axis
for measuring increment widths. Arrow in B indicates hatch check.

Table 2. Data for sandfish (4drctoscopus japonicus) juveniles collected by otter trawl in Mutsu Bay from 6-9 June 2010

Stafi Number of Range of Number of
aton Number of tows juveniles standard length juveniles used for
number . .
collected (mm) otolith analysis
12 1 9 44.7-55.8 7
13 1 4,363 46.2-58.7 13
19 2 413 41.8-60.0 8
30 2 2,804 45.4-62.7 10
38 2 118 324493 8
43 1 1 54.2 0

50 2 54 41.1-55.8 8
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AL, ETEICHEE L. O o —IUD R
Bz 1 LIREL, MORONRNCERL 7 H#E
TR TRESNS D ERE L. EizF—
i CHERIOREZTT> TV B ER, ZTh5D
SEHBEE W TBAZNZHRAZ, Dl
EEFHEM T s BRAL 5 7 AHANICE R HE
JE EICAER L, g TIREEINIRNT & DE
BENTWS (B, 2007 : £2F, 2008 ; HA -
TH#%, 2010).

FEBLE T 6 AICRESI NN ZNZHEFADHA
ML R BEICHIR T 2 I EEME 2 MET T 2 eI,
HA LR BE DI EE SN2 HEE, (1E
I, B, SH/REOS BE - L EEMNZ O
FHERIC I B 9-11 H DNZ N2 KA K R
RIS X 2 s (RO R b A S Bk 2 4R
i) EZOEOEIKADRNIEEE AL, B
6 HORERBE O EE L OMFRZHNZ. &
BMHETIEINZNZ2OMEERT 217> T
Zh, KR o AIciii iz, £2LDEI
I3BE 6 AETHEIBICGEL G - T2z DI
EE-S TRV, LAHL, 20064 & 2007 FIii 12
HH AN ER 2N D ERPEZ T2, K
WMHETE -1 AoBwEEZMHA L. 51,
R BB W AR O H AR IC TS 2 & 10 3 1
LA DS 1985-2009 FEIC /KT LTz N ZINZ DA
M RICDWT, SRR B X TEMoK
EAHILERENMSMEmD, EitLlk. &,
20082010 4D 7 &I HAUFH T DN 2N 2
=D DB 96.6-98.8% MFEINEID 12 AT 5ih
R TH D (HF/RE, 2011, #@EEHHIE
TN Tnixw.,

INZINZ D 2003-2010 FRFFEC DV, EIIH,
SHEFAIICPERBICIAT 2 X TOEKEBAD
ENEGOREL LT, e ORREGRD T
WICHEREIMAEREONEME (LNRPS: Yatsu et al.,
2005) ZR&7z.

LNRPS,= In(R/S.)

CTTRBHEICBITZHE —HELEICK>
THERE T N7z 6 H O RERTE N O HEFa o HEE ik
B, Su FtEDRIEICE T 2 kiR (kg H
fi1) T, AAOHEEMED o-11 AR L H
AR R OWIE R Z V.

PEBLIEN\DHEBEF/KORABDOIEEE LT,
20032010 4 6 HICHEFERSE 217 > 7o AL D CTD
BNC X 2KE FAKIROEEZ ROz, £z
P O OB BREORRNZILZH 2 /29
I, BEBLEN 3 M CERE, &, 398 O 7H

CLOERE HIEE1-2m) KiaZzEHZBH T A
DT —% (HRPEERN 2 > 2 —IKERR B %
fir, 2011) 55 U7z, 5IHMR-IE 2010 4 1
H6HMS6 H9HT, BT AIE2H2SHZE
TRBIZSTZID3IHAIENS 6 HIHDT—X
DHHANT.

& ES

KBEDDKERH 20104 6 HOiEEE E
I, D S PEE RIS A TR 9°C
DLE, 57 33.6 L EDOEREE KD, HiEH
SEOEE NS 1d kiR 8°C AR5 334 AT D
IR KB ZENZE NS L, O S
I TR 7R K - A RTRRDIE R E T
7o (Fig. 3). K&, ¥R T O i B IR e v
DT1°CHLERMIDED 10.8°C £ TOHiPHZ R
U, M5B KEInE D 33.30 5 15T
JEEBIG RIS 0D 33.94 F TOHIPAZ /R L Tz,

NZNZHERDDHE L UHRER & REM S
DFEEBEELEKE NEZNZHEMAIZE 19912002
FICREEIT—ILTRESRIREINT,
2003-2010 4 IC $R £ & 11 7z (Table 1). 2010 4F 6
HDONZNZHEFDOEEE (1 km® A7z 0 DA
HWEO 1F, BOIERICT WP Stn.13 T 492.4-10°
fEAA km®, 75 5 g B IR Stn.30 T 158.7-10° fiEl 44
fkm® 7 7R L, 2003 0 5 2010 E £ TOFAAE M
MhEEm e 2BHICHVWEEZ/RLE (Fig. 4).
F 72O Stn.12 T 0.7-10° il 44 /km?®, K IKIR
TH > 128 Sm.38, 43,50 (Fig.3) TRZNZ
N 6.1-10°, 0.1-10°, 3.3-10° ffl {& km’ % ;R L, W
FTE A IS LR TIREE TH > 7z 2009 4F
6 HIZDWT LN Z < DR RE I N7
M, 2010 L IFEED, HESN38TE- L L
EWEE &R Lz (89.510° {4 /km® © Fig. 4).
2003-2008 41 1 HE L D % 2 1 20092010 1% &
L Eh oz, 20032010 £ 6 H I REEE THEMA
BRENMTO NI MR O IEE kiR e, mfE
—EEEIC K o THEE U BB E Nz M S
ELOMICIZAERGHMEEZAO NGNS Tz (n=8,
P=0.52).

RECREELERIZHASEDBKR HHIR
W& T, 199249 M 5 1995 4F 10 H & T/
BRNZMEPEMTH > Tetzd (211, 1998), T
OROWERIZ 0 TH B, HHaHTD 1990-1991 £
B X UMREES D 1995-2009 £ D 9-11 HIC BT %
MHEMMAETOMERIZ, TNEFN 1320t BKT
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Fig. 3. Horizontal distributions of water temperature (solid lines; °C) and salinity (broken lines) 2 m

above the bottom in Mutsu Bay from 6-9 June 2010.

25-723t ThH o7z (Fig. 5). MEZEH (log (x+1))
T N7z 2002-2009 4 D FK IR 3 & D B e &
&, N X Tz 2003-2010 4 O [ LTS O HE
AEErOMICEARSZHABEALNEN S
(n=8, P=0.26). FAHIEME TORIHF 9-11 H DM
EEN 186 t LILDIFEICR D, HEFIIFERE T
REINT.

19901991 4 & 1995-2009 4E D A £ I b 12 %
HREBARBILEONZN 2R (AL
WWRESIHA O 12 HOWEE) &, TNZh 412t
£ 2-1363t TH o 7z (Fig. 5). WEEHI N
20022009 FDEHRBEOWHER &, ML IH
72 2003-2010 FF DREBE OHEF B & OBICITH
BEiHBEEALNENo Tz (n=8, P=0.38). H#%
FLREE TOREDHIERD 161 t L EDFEICHE
D, HEfaIIRERE TRES N

2002-2009 4 D 9-11 A DRI I i & D B i
X, 2005 FIC 1T /N D 186t 2, 2009 4F I
EERRKD27tZRL, MEDEIIIBTH -
o, EHAMPOMRNKZIEE DX DOREEZR

TEBRE (=FEHE(R 72 X 100 /EE) & 49%
THole. —J7, 2002-2009 £ DFHRIELIDFE DK
AR IR K 85 B0 (F/IME 2007 4 : 161
t, B AKMH 2008 4F 1,363 1), ZHEI{REIE 60% &
KLU, BREBOTNMIERDFELTHNRKE N>
(Fig. 5).

GIh S TORBEKREB XU AR
EeHh, MEHEMEGOHEREEZHOBLEAZL
7z LNRPS,,, 1% 20032010 I 1d 3.1 i 5 5.3 Dl
PR L, 2010 4E1C 1 8 4R TR EME %, 2009
X 2 BHITE 3.6 %, 2008 11 6 110D 0.2
ZaLle, BRROBRAEERICE D < LNRPS,,
& LNRPS,, & FIE A KD 320 5 52 OHfipH 7z
RL, ETEDNENE LNRPS,, & F LU 7= 1
R Uiz, 20032010 4 6 HIC B 2 FEHRE O HE
FAPR AR A OO T 2 1 KR (&, LNRPS,, & D[]
KA ERMHBEZ/RET (n=8, P=0.32), LNRPS,,
EOMICELEREEMHBEZ REIEh > T (=8,
P=0.47).

MAOMRLBMER BHaHEmE»TThNT:
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Density
x :0 (1,000 inds./km?)

Fig. 4. Horizontal distribution of sandfish juveniles in Mutsu Bay in June between 2003 and 2010 with mean water

temperatures of sampling stations. Numerals indicate densities (10° individuals/km?) collected with an otter trawl net along

the sea floor.

2010 4 6 H O HEFa 54 64k © H i #i PH 1X 100145
HEETH D, F120.6 Hiw, HYfE 120.5 H i
THo7-. MILHIWZ20100FE1H14E»E2H
27 HO#HiIF 27~ U, 1 AICHb U7z @R D 24%,
2 AT Uk D 76% 7%= &b, 2 H EAICH?
ftL7zfithhrt > & Zh o7z (Fig. 6). %ihd
ZEHARERICENHONIZB IS X TS
@ Stn.12, 13, 19, 30 & B Stn.38, 50 D 7 )L — Tfi
T, WEHOHRREICEREETHASNITh o1z
(P=0.36).

MAEORERBE Stnl2,13,19,30 D 41T
BRE S NIHER Ol E, W Eh 5 66-70
HiihF TRaictginl, 81-85 HEvLARRRA L7z
(Fig. 7). —7J7, Stn.38 & 50 D2 Hifi THRES I
TeHER DS RiE I, MDD 2125 HigX T
WSS L FERRICHEIN L T WA, 26-30 Hilgd
5 51-55 HimIC R4 I L, Zo&kidigmnc

fr Uz, Wb H 725 L U P lnhoiE 2 Lhiig 9
L, WS TREI N AR OKRESZ 3 A
AR E LD, s HRAILNE <z o 1.
FREM 2010 % 6 A D/NZ N2 HEfa o e
HREOHPHI 324-62.7mm Z/R L, BB X
U PEE D Stn.12, 13, 19, 30 THEEM K TH - 1=
DI L A = Y% {F £ © 51.7 £ 3.00 mm
SL), HED Stn38, 43, 50 TIMAERARIT/NE
Motz (439 £323mm SL, P=0.018 ; Fig. 8).
EHHRERINEI WV EWV S X, ALK
HIZ 12006 4 & 2000 FEICE A BNz (&I
P<0.001).

1BHhS56 ADOMBEEEAEDNKEEILL Kk
HH R R DR E 7K 5 m Ok (Fig. 9),
20082010 4F 3 FERDOVIT N E 2 HhAI 5 Fh)
KKz & L (2008 42 A 16 H : 7.0°C, 2009
#£2H22H :7.5C, 201042 H 18H :6.9°C),
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Fig. 5. Relationship between landings of adult sandfish
off Akita and Aomori Prefectures in Sea of Japan and
abundance of juvenile sandfish in Mutsu Bay in June of
the following year. Total adult sandfish landings reported
by: A) Akita Fishery Cooperative Association, and B)
several cooperative associations along Sea of Japan coast of
Aomori Prefecture. Fishing data from 1992-1994 were not
used because fishing for sandfish was prohibited oft Akita
Prefecture from September 1992 to October 1995. Labels
indicate years (ending December) from 2002 to 2009.

ZoOBERELS HRAETIC 14CEBI TV
(2008 45 H 5 H, 2009 45 H 10 H, 2010 4 &
5H20H). 2H1IH»S 6 HOHE TO/KEE
e#E9 % &, 2010 £ 2008 I HEARTHEE 0.7°C
<, 2009 I EEXRTHE 1.2°C &> T2

Z 3

2010F 6 BOERZEDEFEE 5 H N
56 HOREREO/KIR « BT X B 2D

0T =54

[\
o
T

—
(o)
T

Number of juveniles

Il

Jan. Feb. Mar.
Hatch date

mﬁm: Stns. 12, 13, 19, and 30 &l: Stns. 38 and 50

Fig. 6. Hatch date distributions of sandfish juveniles
collected from 6-9 June 2010 at stations 12, 13, 19 and
30, and stations 38 and 50 in Mutsu Bay. Inverted triangles
indicate locations of median hatching dates (4 and 7
February, respectively; median hatching dates were not
significantly different; P = 0.36).

HO, WENS ORI LI R OEIT G
IRMOERBICHKIE (B9 9°C Kiifi) MERENS
TERNHD GEEIEH, 1992). FRENDSH
NS B e ) O R BE R K D A RIS AR
ZEHH O, 2010 F (Fig. 3) & [FAIKRIC HERIE R
KM VEBE R ER 2 Tl e < R & E#%
HATBENRD S (B 21X 1995 4F 6 A  Takatsu
etal, 2001). LA L ZORADIEE ETIXIEEIC
FERTHE G 2°C BREAK L, B fn S Ji
BEFUKDHRA L, EFENSEFIEHIIKICE -
THRE N ARG 2 /K DB A S P 3
{7z TRt 2 koM 2z R & (K
o FRE, 1974) DEFEOX I ICHEREINTED
(1989-1990 4F : @& HEIE », 1992 5 1991-1997 4E
Takatsu et al., 2001), 2010 ££ 6 H I & [ UL 13 il
KR 2R L Tz,
FERETRETNLN\ZNZHADRREBA
BERE  Cok, BEBLBNICIENZNZE O Lk
WEINTERDN (FE, 1982), AHIFRICEK -
T 2003 £ DL, REIC 20092010 1T iE 6 AT 2N
ZONZ DOHEFDFERIBIC Z BT LTz T & DR
INTz. BHESHRBONZNZ A ORE R
BILEEIMLTEY (Fig. 5), HADPREINE
2003 FELABFICIR o T D & L HEfa D B R LEHE L
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Fig. 7. Mean increment widths every five days from hatch check to edge of lapillar otolith in sandfish
juveniles collected at different sampling stations from 6—9 June 2010. Plotted data were based on age
(upper) and sampling day (lower). Vertical bars show standard deviations.
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Fig. 9. Seasonal changes in water temperature at the 5 m depth layer at Tsubaki Port, (1 day

interval), 2 m above the sea floor off Tairadate (7 day interval), and 1 m above the sea floor off

Aomori and in the East Bay of Mutsu Bay (7 day interval; Aomori Prefectural Industrial Technology

Research Center, Fisheries Research Division).
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