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In addition, the Fisheries Research Department of the Hokkaido Research Organization will now comprise the

following seven local Fisheries Research Institutes. The study achievements of these institutes will be published

in the “Scientific reports of Hokkaido Fisheries Research Institutes”.
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Echoes of Japanese common squid Todarodes pacificus off the Pacific coast of eastern Hokkaido

KeNIT SAKAGUCHI

Hokkaido Research Organization, Fisheries Research Department, Yoichi, Hokkaido 046-8555, Japan

We measured daytime echoes of Japanese common squid Todarodes pacificus off the Pacific coast of eastern Hokkaido in 2009

and 2011. We recorded the echoes of squids with approximately 15-25 cm mantle length, occurring at a depth of 15-100 m and

temperature of 3-12°C, in the water column over the continental shelf. These echoes, which ranged in height from approximately 10

m to 50 m, were distinguishable from the small echoes of the other marine organisms, which aggregated near the surface and upper

layers.

X —1T— R : echo, Todarodes pacificus, T =1—27 7 I, FFEERAINE, A/VAA B, JEHRKVLE

TWERIKEGITH D AV A A J1 Todarodes pacificus O
el & TR B 72O OT — 2%, EISHRAMTATHED
NTWnD, BURTIE, 1THOMEERAEL, Widgh T
1-25%, R b= A THERIZIRGN S (LTS, 2012),
LU, ARFEOROEE T ORI B AR FED 6 k165 11

.| Hokkaido
43'N

Pacific
42N Ocean
1 1

145°E

Fig.1 Survey area and acoustic transect lines off the Pacific
coast of eastern Hokkaido. The shaded region indicates
the acoustic survey area. Solid lines indicate transect
lines off Hiroo and Ootsu in August 2009 and
August 2011. Arrows (stations A-E) and black dots
(stations a and b) indicate squid jigging points and
temperature observation stations, respectively.

WETEIE (FR, 2008), = OSSR, RFTHICERT D
A DHEAERIEE LT WVIRBUICH 5, Z OfEEY SET
LI7ED1o L LT, JREIR EooyAh 2 s itz 3 %
FHEAEE AR (DUT, FHEAR) OoFERH D,

FHEAEOFETIE, BoNlzoa—27 T A b5
DS Z BT 2 MmN g L n, ma—r77
L OFERARNEIEHTAE R ORI A oA T 5 BB TR T
BD, L, AVAAL DT w170 - OB E
2355 < (Foote, 1980), *DI&% ks L Chithd 52 &
WEEE LV (1S, 2003, BREF S, 2010), AWFALTIE, 8
WRTLECBITAANVAAL IO a—TT LAOGE,
MEIVIZ L > THERB L, ORISR EE LT,

Table 1 Research dates and time, locations, and number of
jigged individuals off the Pacific coast of eastern
Hokkaido, in 2009 and 2011.

. Station Location No. of jigged

Research date Time No. N B individuals
2009. Aug. 24 10:23 A 42°09° 1437317 4
11:20 B 42°10° 143734’ 112
13:17 C 42°14° 14342’ 27
2011. Aug. 21 14:58 D 4227 14347 20
15:45 E 42°28" 143749’ 32

ROCE 5 A486 (201242120 3H ZPE)

Tel:0135-23-7451. Fax:0135-23-3141. E-mail:sakaguchi-kenji@hro.or.jp
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Fig.2 Echograms of Todarodes pacificus fished off the
Pacific coast of eastern Hokkaido in August 2009 (A-
C) and August 2011 (D and E). Thin arrows indicate
squid school echoes occurring during the acoustic
survey. Curved arrows indicate periods during which
the ship returned and stopped above the echoes. Thick
arrows indicate echoes of fished squid schools.

Fig. 3 Examples of echograms recorded during which no
squid was caught off the Pacific coast of eastern
Hokkaido. Thin arrows indicate echoes of other marine
organisms occurring during the acoustic survey.
Curved arrows are the same as in Fig. 2.

HERUAE

2009, 2011408 A T RN A EE SR 5 U A AR IE
AL 216 t) Ot EMAHE (Kongsbergtl:# EK-60, 38 kHz,
E— A7) BHAWT, EHKEEO KFEMERL Ok
100-300 m) |ZF%E L= A&/ 455-9.0/ > b THIATL
Ta—7 7 hEWEE LT (Figl, KGR, FHAEREZNX
6— 18FF DR B WY & Uiz, FHEAED /L AEIFL0
ms, EEFAYNTI4sE L, ¥V T L—a VTFED
3 7 ARNCAT o 72,

FAARR A WATHIS I RERIER WO =2 — 7 T A
WA S DS EIL B FE, TN AV A A T DET
HBHINE I D ERERT B, UG & miE L%, R
DHE LIRS TEM L, WH#EID 21772, W0 1Icix
MR ORI E Liz6t 028 BB A 80 #Z -,
BN, eSO 8ED EFI9 mOALE D B 1 mERE T25A
DA NI #2AFT 72, AEFOEEIT3008F (254x24H%6
7)) & Uiz, fEHNT 2B A TUREIXHEL L7 SOS OWRE IS
AOECHETL, RKTHEEROMETE Lz, HHELE
BOSIENC > &, AEENT Z29EHic - SEIREA L, $9E0f
MEAHER LT2, WINSIV R T, § Eﬁ@ﬁﬁﬁ%ﬁﬁﬁ L,
WORIEOHBE/HFOZ LMK L, FHEROET
TRME D DRI E TOKIBBIM 21T > 7= (Fig.1 st.a,
b,

PIE S LI AV A A T 2 B L TRE RITFRBIR Y, EER
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Fig. 4 Vertical profiles of the water temperature at station a
(solid line) in August 2009, and station b (broken line)
in August 2011. See Fig. 1 for the station locations.
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Fig.5 Mantle length distribution of Todarodes pacificus
echoes recorded off the Pacific coast of eastern
Hokkaido in August 2009 (stations B and C) and
August 2011 (stations D and E). See Fig. 1 and Table 1
for the station locations.

FHTHE L THEREZRE L, Wiz X » TR
NEELFoTENT-EEDTa—T T LD %EARKFED
B0 &P Uz, AHFZE G, SEHUR IR E LR
I D G, AV A A T35 < 90 T220094F D I JE
L2011FED KA O T EOFHE A (Fig1, Table 1) (2
BIUDEK-60CHAEL/-ma—F7 T A (ALya/Ll R
X -70dB) & MWz, 72721, WM Wi T —f
BIZL D2 TWKIER=a—r T A RICR R, TS
RSV EOFEFIHREIC OV TIRIF L A CREFTx 7
Mol

EHRNELED AV A A T DFaBRERFIBED SO 3

w R

20094 113 A LA W TL6 T3 — 27 T LD
BT LT 90 2170, 4 7 BT TRV A A 3850
770 20114F 1324 » FE D 5 ©6 7 FT TAFE 2N 810 7=,
Fig2MA - EIZ, AN E & F - TEIHLIZ20094E 0 i 2 i
Dst.A—-C, BILU0IEDKREMNDstD, EIZOWT, A
B EZZBNDKIGOHBNS WY Z{To 2o =
=TT LR LI, B, TRTOZa—27 T ARKIC
ZHA LN D /NS T RO IRE, B T —RBEOTHRIS
Thb, £z, BICEERFOW D HIRE10 mfHiTE TO
FREDEIR D ST E LR 3WORIGEHEZ B
5o

ATIEGEE60 — 100 miZBUG GHIVIRED) 238, S
FlZRESTEM L (HRRORED), (EHT 220k A L2k
B, MEIRD 2V A A BTz, WSS Lo
PR D FICAVIAATE T2, (H T O En=a—2r 2
ZZVFIRITH D, RN A IREE B X BN D06 (K
WRED O d RS0 mi iz E Lz,

B CIEEE15-25 m & 80 mATEIZ UGS A BLAL, Sk BT
B THHH T ZTEFE80 m& TLEIFE S L7272 T, 112K
DAV A A ARINT-, T DORRIC, SUSIFTIEEE20-60 mic
Rohien, TR EEN TV D AMRENDR ® 5,

CTITIREELS - 100 mIZ3 DS iz RSB L, 1
HNT A2 TRESO mE THA L, 27EIR D 2L A A T3 38T,
EVREREICERIE1S-30 mIC DN A AREE B Z BN D Kk
W, EIRETC R CEREE I L U 72 BOS & FRRABMELTU 2,

D CIHIEFE60 — 95 mlZ2-0 D KRG AN HER L20MEE D A
2%, ETIIEERES0— 100 miZ 1D DA HEL L32{E R A
AREINT, A IEEEAHT EB XN RIERR L
7=

4238 U0, TRIE30 mEAR O REIZH 72/ S 7R SUS
DEEY (Fig3 EX) ZRRIZ12 7 FT TN Y 2175
7oy, A FIEINIe o Tz, F, B BreHBLLIZEhE
F W15 =30 mOFR WIS (Fig3 TIX) ThA 13y
o,

AV A A T DS H IR U7 KR, 20095812 SO 78 H
BUZE (15-100 m) TIEKI3-12°C, 201140 HBRGE
JE (50-100 m) TIEKI3-6CTH-7= (Figd),

B-ECHINT- AN A A I ONERIE, #PFEI15-25 cm
B, T— F»20mm?E (C-E) ¢22cms B) Tho7z
(Fig.5),

z =

FHEAEE TR GRRO AR 21T 5 72 DI, K4 D
St % GB35 72 O O FEAMT0m FL A K72, ARIFSE
TIEERE KRBT ALAL B EEZEZ BN T a—
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7T LDORIGDOH R LT, MIEHRIZIIT 5 AN AL T
OFFEMAEERA 10, 2003, BEEFD, 2010) 25, AFE
I E38kHzD B R ERICHE D Z L VRSN TV D, A5
T, MIGOE EIZH D005, WEw O & Bk
DOWEEZBBRT 2L ICHEA L TEEOAREZH#ET S
Tk RO TC, AR RS Uz, ARENT 29 i S ml i A
T 72T T, ZORHTIIEAEAE D Z L, ED AV A A T3
PN, ZNDHDOTZ ED, AFGEOFMERR I HENE
DEWNEBEZ B,

8 DIE HUKEVE O REEME LI 3BT % 4 F20emil
HBD AN AA T OBMOINE, BWETIHIS-100m, /K
T3 - 2COFPAICHBL LT, AFEORISORRITE
RTIE2R <, BEH10-50 mfRfE T FE 2 ITEEOKG
DO E L THAFIRE TCH -7, Fiz, RIEO/NSWEILD
EF Y IAFEOIETIHRNEEZ BN,

72%5, Echoview (Myriaxt:8) Z MW CstETHIL L 7=
SOGDOERI G IRELBRIE (SV) OBEEZ R 25, £
— RIZ—642°5 —61dBIZ L.z, #T7 — RO T
TR TH D720, SVOT— RIZKRE 2L TR
LIRET D &, ZOfEIZ =IO AL A A FZDONTEL
Ho7SVTH 5 - 65005 —60dB (JIl¥E, 2003) &I1FiFE
—FH L T\,

ZhEMICE T 5 EO B R OREDSIE, IS K
150 — 250 ml % O EAF T I BT 5 Ll ST b

(1154, 2003) . AHFETOHBIEE T OWME LY &<,

HFED BEEN T -, OB & LT, AREANE A
D100 mPLEIZ 8 53°CLL T OARAKIEIR A B T 5 Al g
YR D, FRERIZRMFRD A% OFE E LTI I NI,
INFETICHESNTWD ANV AL TORIE (I
U, 2003, BEEFD, 2010) 1%, HEECATUTE AP L
TebDRE Do T od, JREF R EMOEWDORIE b7
PHTEEND ZENBEIND, —FF, RIFFEOEHFCK
PEETHE ST RUSIE, E O BRI L2 E LT

kBT D Z N TE R, 2L, 2 OUHEOWFEMUTIC b
AV AL TAWPIART D725, DRSO T EICONT,
TR HHEMELRMLETH D,

AN L > TERKVFEIZB T DAV AL D2
— 7T LD DREO—E RSN E o7, 2 b
IEAFEO G AR A A FE0E U CTRRIT 246D 25/ 01T 72
Do EDITHEEE D ERIT O 72 91 1E, AR OV T2
FHOROVFEMAIET — X ZIE L, TSOSVAR & DH%E
REPE 2 A RSO A B E VIS T A2 L ER H 5,

E 3

RFEEELODITHZY, EERITERE N2V
IR PERBRIG OERTERZ T LD &I 5«4, #E LA
V21 3 7 TEO T2 16 7K P 5 Ak B g A s A S b o0 T L
B oSS 5,

5| FASCE

Foote KIJ. Importance of the swimbladder in acoustic
scattering by fish: A comparison of gadoid and mackerel
target strengths. J. Acoust. Soc. Am. 1980; 67: 2084-2089.

JEREF SO, )R, RETEIE. = 20— 275 LXK — H AJE
TR AR L0 BIE S0 5 AR ] - =
— 7T h—. B KEERTERT, #iE. 2010; 216pp.

JISIE. G % 16 5 721996 ~20014F 0 = Pl i
(2B D AN AL T OBAFEMETE. FRIAFEA D
BRI e . 2003; 77 - 82.

BE. AN AL IAFRERBEOHIERE & BRI
HEIZBE3 D ARS8, 1 ae s, AifEE Ry, EEH. 2008
R ACZE, DB BOsT, AR, SERR234FEE AL A A 4

ZEREARIE OB IRHAM. TERk 234 B 7S [E A 12 7K 48k
O EE RN (Rl B R AR & JRFEAT - TACTE)
F1o3 M) ZKEE T HEEHEAE TR I STAT BOE NOKBERS &

WHIEt o 2 —, AL 2012; 593 - 624.
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Relationship between growth and biochemical constituents in the liver of laboratory-reared juvenile barfin flounder

(Verasper moseri)
YosHryUkl TAKAYA™' AND NoBUKAZU SATO®

"Hokkaido Research Organization, Central Fisheries Research Institute, Yoichi, Hokkaido, 046-8555,
*Hokkaido Research Organization, Mariculture Fisheries Research Institute, Muroran, Hokkaido, 051-0013, Japan

We examined a range of biochemical constituents in the liver of barfin flounder (Verasper moseri) and evaluated the growth rate
using a biochemical index. The flounders were reared for 4 weeks under 4 dietary levels (0% body weight per day, 0.5% body
weight per day, 1.25% body weight per day, and 2% body weight per day), and measured the total body length and body weight at
weekly intervals. Further, the specific growth rate (SGR) was calculated using the equation 100 x (InW-InWy)/d, where Wo, Wi, and
d represent the initial body weight, body weight at week t (t = 1-4), and number of days, respectively. We analyzed a range of
biochemical constituents, including triglyceride, glycogen, moisture, protein, RNA, DNA, and phospholipid, in the liver after
feeding. From these, significant correlations between SGR and several biochemical constituents, namely, RNA/DNA ratio,

phospholipid/DNA ratio, condition factor, liver index, and protein/DNA ratio, were shown. Our results indicate that the biochemical

constituents represent useful biochemical indices for evaluating the growth rate of released barfin flounders in the field.

XF—U— g, BRESRER, i, v YU
LHEIE TIX198TEN S~V 1T (Verasper moseri) DN
THREE R Z 1T > TV D, 200645700 5 13— 8 O & JRIE K
BT DIZ, 20 BITH B EEETTIS AT T O biE K
FEVE SR T 100 T B OFE N 2 i LT, Zhic
PEo TRV AR OIS RIZHIN L T\ 5 (R E5,2011),
LvL, AUEIICEHOANTREEZ AL THTD,
B ORI BT CENE T TRBY, 25 ORI T
WSS ET ORISR E B3 D Z E S B X
NTW5D (K Es, 2011), b T X Tl SETO AR B
BEZ DWW TR &4, B DL 52 i D A5 BfR LT
WDLDTIE RN EHR ST TWD (HH B, 1997 ;
Watanabe e al., 2006) Z & nD, = UDEE R
ST OREEHREN RO FE ICHBE 52, SHIC
IR O R OEE A T SEHERNO 212> T
WarbHoEEbis,

TR T O RERHER LAY BAT 225560, R fuTiE0 03>
O+ BOBEENFRETH Y, R E L CHESKET S

ZENTE D, RE, EEVEW A T D 72 008
HikRET D7D DOEERE I E GO DH T L L7, EEFRD
WO CHER 7 7 7 4 —ThbH EEZLND, Lz
No T, MAEFERHL, TOREREZMETSZ LN T
UL, BORSET O S ORIER AR L 720, Rt 7235
AT ~OMER 2R i 2 i Id 5 2 M TE DL, HROR
W IREN R TE D,

MR DR EREHEET D00 kL LT, KD 9HT
2L DAL 2 AV D FIER S 5, Al &
U CHER LR WE I, AN TIREIO= L —L L
THE SN D & FFHCCH & kR Ha, 79 1T EN
IZERSND, 20w, fix S BEZROKEWE %
RICER D iATe Z E N TEMAERIL, WS RET B E LD
IZENIZH < ORBWEEZEEL TS, Lo,
TR R DO IRBISO IR Y 2 TR D Z & C, ko E R
EHEET A ZENAREE 2D, BT A TIL, ENEAE R
THE LN E R & FlEH ORNA/DNARR Y > IEE /DNA

ROCE A48T (20124120 3 H ZPE)

“Tel:0135-23-7451. Fax:0135-23-3141. E-mail:takaya-yoshiyuki@hro.or.jp



72 EOAALFAERE & O T, R O R R AN A A
5N TCW% (Fukuda e al., 2001) 73, =Y BT TILID
9 R AITAITOR TRV, 2T, vV AT DR
RREWET D7D DAL FIBE A BT 5 Z L &2
M, AR ZE X CHEBE LI RRIMEEO~Y U %
vy, RS ST DRy & ORIRZF, W< Do
HEIZODWTHE LS 220 5 22 S0 THET 5,

AMRUVAZ

A R B 1 S R B A 2 T T20084 A 12 A L
RS X 0 AEE S, dLiEE ST K ERR Y G A
SR AT FESE R K PERBR S CHR LIz~ Y IV A
TR O (EERBIAARE DA RE123mm, HAK142mm
~ fx /N02mm, ¥ K H28.6g, fix K459z~ fx /1N5.82)
200810 A 20 H 22 b MEARAINKAE & L, 1023 H IR K
OMEEEZRET D & & B IEEFEN DT D AT T
# BUREG A 2525 U C BRI LTz, EBUKREIC
1%, 200 £ AR Y I —ARRA A4 E Vv, 22l
EFEHD~Y T 40T DU LT, FBRIXKE LT, 4
R ZEZIAGMEREL, TNENE LIZADRE
BITHR L T0%, 0.5%, 125%, 2%\2725 & 2 iRl s
fikh (v 7~ AR ) —X) Z1HERGEE LT,
ZOMEERIT, SOV TV S TEL AT ADA
WEZ b S DABHNL CHER L TRERIEIZR D X
INTHRIE Uiz, B AKITKIBAI6°CIZHRIE L 7= K 2 Hh
Tl & L7z, 10H27A D BRGEEABHAA L, 11H3H (1E
H), 113108 Q#EH), 11H16H @Gi#EH), 11H25H @iHE
B) IZK KN DI0RT &2 7Y 7 L, 723, B
KT 2 BNAYMEEOEELZ R T2, 7Y
VRN HRE O MRS I 2 58 T =, Ty v
Lz, 2R EABEZIEL, MR, HEERB IO
(1) Kz & v BEE &% (Specific Growth Rate, L FSGR
L) BRI U, WERIZ-30°C THAEREL, %H,
R L COoMTIcft Uiz, R L7V > 7V HESR &

HREZWEL, fgoItmEZs 2) Rk HEHLE,

REER T, TFREZ/RH L CERZHEL, WiFEEZ (3)
Kic L > THHE L7z, il U g, wEomRE K%
Mz TR LR b eAa by (w4 70T vl =F
A THREV A AL, RIS ICE £
DM E A 100~200mg™ 1272 5 K 9 ISV 7R /K T A
AT w7 Lz, TOFREYFR— FD50.5ml%STSIE A K
L7 hEr (1988) O 5l X H5RNA, DNAE &M,

F7210ul% Lowry % (Lowry et al.,, 1951) (2L DML > /8
I EERAICTEL, 70 2 S LK A R
L7, BMREOREY X — MNI—FEEDOTZ ) —/L- o
—7 v (3:1, viv) iz, NV Z VULV R (LT, TGE
i) BELOY UEE (LUF, PLERGD) 28K 5 (1994)
OFE (7 LTGERHOX Y MI U 7 V&Y RE-7
A MU a—, FOEHiEERE W) CER& L, 0,
WL AR — 2 —TEIEZREL, o 2ibEIZ2ml
D30%KOHZ% I 2. C¥fiE L, Watanabe et al. (1992) @ J5
ETT/ NV a—REMH L, ZhEBRKRARES > b (7
JA—ACIT A MY a—, FOflid) C~vAr/rrL—
FERAWTERL, 092 LHZE T Y a—F Ui
Lize ZOXICLTHRLNEERBD YL, ¥ /I HE,
RNA, PL% ZiLEAUDNAR ThR L T# /37 E/DNA,
RNA/DNAZ L U'PL/DNAZ B L7, 7235, ZobricfiL
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Fig. 1 Increase in total body length of Verasper moseri
juveniles reared under 4 dietary levels for 1-4 weeks
(3, 1 week; BB, 2 weeks; [F5], 3 weeks; EZ, 4 weeks).
A, B, C, and D represent the weight ratio of diet to
body weight per day (A, 0%; B, 05%; C,
1.25%; D, 2.0%). Vertical bars indicate standard
deviations. Different lower case letters within the same
experimental division indicate significant differences at
P <0.05.

SGREFEEE H &K USGRE LLIFEDMBER  SGR & IR EH
iwmﬁi@%%%mﬂmﬂbtowﬁﬁ:owfﬁwﬂ
H72523 H, 33 H2> 5438 B IZH T TSGR & O RIFE R
DEENFREICKRE 20, RERKLIEA 2RV T
Hifﬁaﬁ@ﬁ‘é@k LHIcE L o T, IFEICHSO W T

I B FE CIIIEREE & [FERIZ & SGROE AR T @V M a2
&w fABEHHPEL 2D IO ON TRBEROME H KX
7o TV, 4 B Clm SGRIEA T T A M H3
Ao, FUREROEZITNEL ot

~ YU ORER EER S 7

Growth of body weight(g)
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Fig.2 Increase in body weight of Verasper moseri juveniles
reared under 4 dietary levels for 14 weeks ([, 1 week;
BA , 2 weeks; , 3 weeks; , 4 weeks). A, B, C,
and D are the same as in Fig. 1. Vertical bars indicate
standard deviations. Different lower case letters within
the same experimental division indicate significant
differences at P < 0.05.
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Fig.3 Specific growth rate (SGR) of Verasper moseri
juveniles reared under 4 dietary levels for 1-4 weeks
(3, 1 week; B, 2 weeks; [F5], 3 weeks; EZ, 4 weeks).
A, B, C, and D are the same as in Fig. 1. Vertical bars
indicate standard deviations. SGR is given by 100 x
(InW-InWo)/d, where Wy, Wi, and d represent the initial
body weight, body weight at week t, and number of
days, respectively.
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Fig. 4 Relationship between specific growth rate (SGR) and condition factor (left column), and specific growth rate (SGR) and
liver index (right column) of Verasper moseri juveniles reared for 1-4 weeks. Numbers in parentheses indicate feeding
period (weeks). Different lower case letters indicate significantly different regression coefficients at P < 0.05. Condition
factor and liver index are given by (VVt/TLtE) x 10" and (LWyWy) x 100, respectively, where Wi, TLi, and LW; represent the
body weight at week t, total length at week t, and liver weight at week t, respectively.
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(right column) contents in the liver of Verasper moseri juveniles reared for 1-4 weeks. Numbers in parentheses and lower
case letters are the same as those in Figure 4.
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Fig. 6 Relationship between specific growth rate (SGR) and protein/DNA (left column), RNA/DNA (middle column), and
phospholipid/DNA (right column) ratios in the liver of Verasper moseri juveniles reared for 1-4 weeks. Numbers in
parentheses and lower case letters are the same as those in Figure 4.
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Table 1 Relationships between the listed parameters and
specific growth rate (SGR) of Verasper moseri
juveniles in the feeding experiment after 2-3 weeks.

Parameter r2 P
RNA/DNA 0.745 <0. 001
Phosphlipid/DNA 0.710 <0. 001
Liver index 0.606 <0. 001
Protein/DNA 0.553 <0. 001
Condition factor 0.592 <0. 001
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Body size of juveniles released and its effect on the return rate of chum salmon in Shokanbetsu River,
Hokkaido, Japan

Havyaro SANEYOSHI* ', YAsuYyukl MIYAKOSHI?, SATosHI KUDO® AND HirosHI KAWAMURA *

"Hokkaido Research Organization, Doto Research Branch, Salmon and Freshwater Fisheries Research Institute,
Nakashibetsu, Hokkaido, 086-1164,

*Hokkaido Research Organization, Salmon and Freshwater Fisheries Research Institute, Eniwa, Hokkaido, 061-1433,
’Shakotan-cho, Agriculture, Forest and Fisheries Section, Shakotan, Hokkaido, 046-0292, Japan

To investigate the effect of release size of chum salmon Oncorhynchus keta juvenile on the return rate in Shokanbetsu River,
northern Hokkaido, small and large body size groups of otolith-marked juveniles were released in 1996 and 1997. The mean fork
length and body weight of small and large size groups at release were 49.0 mm, 0.95 g and 54.0 mm, 1.32 g in 1996, and were 46.0
mm, 0.77 g and 51.0 mm, 1.09 g in 1997, respectively. The return rates were calculated by cumulative numbers of 3-5 age fish
returned to Shokanbetsu River from 1998 to 2001 divided by numbers of fish released. The return rates of small and large size
groups released in 1996 were 0.105% and 0.097%, and those released in 1997 were 0.109% and 0.138%, respectively. These results
suggest large body size at release is not always effective to increase the return rate of chum salmon.
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Fig. 1 Number of adult chum salmon returned to five regions
of Hokkaido, from 1960 to 2011.

B O b IE < B, BIZZE OKAES OHEXIZ A~
TENW LU THR L TE72 (Fig. 1),

A DTGB T, HERBRI D BRI BE LT
B OV EATERIINC R & 72834 U % (Healey, 1982;

Bax, 1983). 00 G DS £ 00 il Bk 00 2 25 B0 M
DIETERD LEZ LN TN D, TORDY S HROD
RETEIIC 31 5 AR & W] b /s T B AT bh,
IR T O DT R A RS0, B 533l

ROCE 5 A488 (20124212 H 3 H =2 PE)

Tel: 0153-72-6141. Fax: 0153-72-5188. E-mail:saneyoshi-hayato@hro.or.jp
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BT D2 ERH BN E otz (LS, 1982; AJL, 1990),

A6HEE O B AR IR OV S ok ES & 72
HANTIZZ L, SEEERIC L 2 KE FR SRV Lk
B ORENR R EBEZ NS, £ TI99SHEND
19994 A 1T CTARYEE A AV AL E HE X O B IR I B W0
TIFERBE e b NSO FARRICET 2 HE ST
. ZHUCE D THEED IS O &2 EF 2 FE5))1 2> 5 e
FOREFERBRZATV, B O BIRIRI A A LT A5
(AR B IR R BRBE ORI D W TR L 72 (b Nk
PESE V%, 2000; Kawamura ef al., 2000) ,

T OWFHEATE I8 72 e B T COBACR A
F D OERES~ DG B, WEGK T O BV MED K E 7R
NEFICAREEZ BN TWD Ui, 2002), AR
ZRI D0 O Yo ORI BT, 19954t ds L
1996 MRFE TITHIRIF O MR Y A XN EZFRVICH 2 5
BhL % B O 2T 2 72012, WAESREED B CHOEY A X%
EX T 2ED R AT - 1o, RS Tk 2 S O R
BEORFE R Z D F &, BERINZBW TR A X
MEYFHRIZE 2 BBIZ O N TR LT,

HEELUAZE
TR AWFITIC IS T BT T, 19954 & 19964

VAW A AL X 0 2 2RI (Fig. 2) 1Z[alg L7z
P BRI L7 E e, WA E B ICE UERINA A
DYRZE 2R T THRIBE KRR AL 2, lR=v e
—NVETH LK VIR A XD R D282 AEFE LT,
EEIIRIRINIC T VY var T L s vy (ALC) &
R LIEHEARETITo7, Ay 7 2R3 H % B
TEEOIFNCELGE L, EB &P EO2RIZE 120 5RO FE IR
PN L, FEICIIAKRP AR 7 % AT EBHCHOVEK
L, 200ppm|ZFH%E U 7z ALCIAIR 2 24 RAEER L7z, RIE

KR LA S AR EOIR T 2B <7012, FBICHE
G HEEE OB AN =T L— g » &2FT o7, ALCIZ &
D AR R AR & BRI A ZE 2 T4Rg—r (—
BT, ZEY T, —EN) T, —ERI VD) &
BE L, WAEOREAER LD, EREE, T & bicdt
WHENLKEENEIHE TS (4 ) TiTo72,

PR A O BRI, 19954F%HECIX10 A 23 B ERINC i RE
O R X E2349.0 mm, EHIKRTE0.95 g/NURE (—E
Vo) LI23TFREFHRYESS0 mm, FEEREI32 g
ORAEE (ZHEY > 7) 1L,138TRZ 19965947 12 H IZHEE
ORI ML S O L7z (Table 1), 19964E % BE T i
10 421 HERIP TR X FK46.0 mm, VAR E0.77 g/
B (—FHNY 7)) 12802 T2 & YR XES1.0 mm, )
{REE1.09 gD KARE (—HKY 7)) 1,264 T2 % 1997454 A
THAZHE LT, WARRAE & b ISR R R 00 O RE 0
KRN E, EHEREITAERICR > T (RE,
p<0.05),

B, BERRRBR AT o T2 IS T D B IERI I~
D FHE B EOT19954 MR FE 23 13,014 T2, 19964F #% B A3
13338 F R Th - 7=, b BEUT 39~ 2 12 i 2
DENIE VL1995 FARAE D/ N 38.63%, KREUHED38.74% T
BT, 19964 TII/NUFED9.61%, KAUHED9.48%

ToH ol
ERAE 19955234 & L CRIFT D 19984 5,

19964 AR FE 2SR F CEFET 520014 F TD10H 7 H11H
WZHNT TAEINSI~3ME], ZZER0)ICTHiE L= Blfaohmn o8
PR\ Szt a0 5 6, 1EH 729 FI2002 DR
XNEZ#HEL, 21T %, Fazft L,

B U 7 B (s S BRI TS L CALCEE R O A 1
ZHER LTz, ALCIERR A2 MR8 L7 F A=A U HHET
W, BB AR CHFE LTRSS 7 — o A fiRR L
Too KRR/ H — 2 LT X DRI TE D D TR % e E

Sea of Japan

Fig.2 Location of Shokanbetsu River in Hokkaido, northern Japan. Solid square indicates release site.
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Table 1 Data for marked chum salmon released in Shokanbetsu River, 1996 and 1997

Date of Mean Mean Number of fish
Year class Group ae o fork length ~ body weight released Release date
fertilization
(mm) (2) (thousand)
Small size 49.0 0.95 1,123 )
1995 . 23 Oct. 1995 April 14, 1996
Large size 54.0 1.32 1,138
Small size 46.0 0.77 1,282 )
1996 ) 21 Oct. 1996 April 7, 1997
Large size 51.0 1.09 1,264
Table 2 Number of chum salmon sampled for otolith in Shokanbetsu River
October November
Year Year - Total
class carly- mid- late- early-
1998 315 782 913 105 2,115
1995 1999 230 961 1,257 594 3,042
2000 288 297 412 997
1999 230 961 1,257 594 3,042
1996 2000 288 297 412 997
2001 198 593 199 990
L7, 1322 % fiftsd L 72 (Table 3), [BIRHF O PR R & AR E(R

ANEREOHTE AR IR O % LR K2 A
FRATER L, SR OESR GRARIKIZ 5O 5 A
DEE) ZRD Tz, FEOBRITERING D Z ENEhoT
ZEMD, ERWYIMIC & 2 MR & AR O2E 2 B
L TR R O R 2 VAT O M s g R Sk U T
1 OHEE RS IR R e R U7z, AWFZE T iig
LIS 22BN Bl L - BB 2R L Ty R o
T, R A R REE L LT, M OHEE A
EREBOEF & BRI OHEERR R & Al Uiz, A
WHFETIRERINCAE A SN BB D B 2 A L 72D T, 5
AR DMEE A1 1 EARE LRI D - THEER]
SRR AR L, AR O AYTRR 2 KD T,

% R
ZRADTER  1995FMHE TIL19984E 7> 52000412 M 1)

TEEJNTEFG L E3MEA N DSEROMBR A O N
6,154Z D H A %4 L (Table 2), /NEIFE135R, KAUEE

2213/ MIEET64.844.1 cm, KR T64.743.7 cm & 22172 D>
o7 (HRE, p>0.05), 1996HFMEHAE TIL19994F7> 520014
WZHNT THEBLAS,029 B A4 L, /NVURERSR, KAEELL
Ba MR Uiz, BURREO R X EIZ/NUEET61.9+4.6 cm, K
BURETIL62.245.2 em & 72 V), 19954F8L MY & FIERIC A B /e 2
AL -oTz (RE, p>0.05),

ANENRE SRR 2 3~SFEARD MR A DHE
T B RO, 19959 fk B Cld /MU RE 35878, KALHE
M5BT o7z, 19964 IETII/ NUREN 6962, KIURE
D3869JE & 72 > 7= (Table 3), FEH & L THEDI AR =21
1995 HE CTId/NRIREDY0.105%, KAHEAY0.097% T -
7o 1996 FRHE CTIL/NRIRESY0.109%, KAHEAN0.138% &
720, KBEVEEOWJIENERENNIFEO3G L 2o
(Table 4), F#EFEZ & HEIC L0 FRROZEORE
AT S TR, 19955 BED2RE D [EIR RO IIA E Tl
oo (=1.67, d.f=1; p>0.05), 19964EFEIED2HED
FUFROEITIHEE Th-oT- (1’=21.66, df=1;p<0.01),
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Table 3 Number of marked female fish captured at Shokanbetsu River and mean fork length

Estimated
Number of Fork length (cm)
Year class Group Age marked fish number of
marked fish
recovered returned Mean SD

3 8 94 57.2 2.6

Small 4 123 440 65.2 3.2

5 4 53 68.3 12.3

Total 135 587 64.8 4.1

1995 3 11 78 57.0 3.0

Large 4 120 460 65.3 2.9

5 1 13 74.0 -

Total 132 551 64.7 3.8

3 35 85 58.5 3.1

Small 4 44 501 63.5 3.1

5 6 110 70.7 3.8

Total 85 696 61.9 4.6

1996 3 57 135 58.5 2.2

Large 4 41 500 64.5 3.8

5 13 234 71.1 2.9

Total 111 869 62.2 5.2

Table 4 Estimated return rate of marked chum salmon released in Shokanbetsu River

Number of marked

Year Mean weight

Total number of
marked female

Estimated number of
marked female fish  Return rate *1

class Group ] uv(etrllllcl)e ;:rllze;sed at release (g) recovered returned (%)
" (total of 3-5 age) (total of 3-5 age)
Small 1,123 0.95 135 587 0.105
1995
Large 1,138 1.32 132 551 0.097
Small 1,282 0.77 85 696 0.109
1996 *2
Large 1,264 1.09 111 869 0.138

*1 Return rate (%) = Estimated number of marked female fish returned / ( Number of marked juvenile released /2) X% 100

*2 Chi-square test, d.f.=1, P <0.01

5 =B

1995 =R AE D LI i sk B 20 B, Jift b O - B R A3
49.0 mm, FEJEH0.95 gD/NHUEE L 54.0 mm, 1.32 gD K
TURETITIIEYFRICE T A BN o Tz, — 5 T1996
AR OFRER D B IR YA RX2346.0 mm, 0.77 gD/ NEEE
£V b, 51.0mm, 1.09 gD RKIEETE ) BN R AR
S, i A RO REUL A EYFFEO M IR 2 KA
FER & e odo, WFEREEORIFRE R b BRI INZB W

TR A RO KRBT L IR REZ & 5
RTIERNEN RSN, ZFEINZBT B0 A X
WEZERDICKIETIRICOVWTUTO X HITERT S,

T OPIAETFINC OV TR (1986) 1X, SMERERES?
B A TE R O BLEE > B B X R38~50 mm? K H] % FE £
1, 50~80 mmD REH A IR & X5 L7z, Hefdlic
WE B L, SRR DA R~ O U, 1BATH
fig & ERIE O R S N D, ShE AT 1T b
BOER S, SRS RN E L, BTG & Bk



NELLMmIbIND, £z, AL (1990) 1R XES0 mm
Hiit: CIRER 2R AL Z D DI, BB AILE Vo
72T IRFEOWIEN B IpE~E BT 5 HE2R L, &
D EH Y7 ITRXES0 mmuith CIERE, £, AREOiH
TRELS LT D, ABFSE TIT1995FMAEE O miEEE, i
SR O TR E L TV D —T5 T, 19964k EED
NEUEEIT R X R46 mmE MBI DR FEMEIZH -7z, L
TR o THA RDFENE WS LD HFHFEEFEOE NN D
< HIEEERPWHKBE I DBV DR RICE N2 A U &
WI-ER DG L,

Sifa BT DI F BB & » T3 BED i A X3 RB X
FM349~54 mm, IREA30.95~1.32 gD#ifAIZH Y, AAR
YEALEHL XA Z 3BV THE 2 O #iPH TIE R CTdh - T h Al
~OMFEEFEN VAL EZbND, 2L LY
A RZBT DZRIE DB 220D, HEELL D KA L f
BEE (BAAREYS 720 OoffEERE) O BRI X SRR
RE~DE (Mizuno ef al., 2010) <2, EWIFETIC L 5 ik
REH & v T oA B AR & O3, it A XK
BULLIAAOFERIC L 2 EREOIR T HIEEIN D, BE
O ORI, i A ORI L~HEA TE T2,
L, AHE ORESNZERC, KE LS EICHIRRZ &
DD EIFRE 220, RBLOHRR OB,
MBEOMERE (FIES, 2007) R %OREE, MHR
BEaad & D2 R EIRE LR T 5B X6
o, LT, IO ORMFITHEXROMIE, G iR 2 &
Wb EEZEZBND, SRIOREERTE vz
JETREEHANL COMGEIC OV T Y, WBEEEREE & OFH A RER %
ERTHUENRD D, F O L TR R A X
R Z DN L TS BER S D,

o

AMFFENT 31T DAETHCRAE O B8 PR, B Bl iR
(RIS At E K PERM L S B0 (L) DR R
DERRIT O BIEHZ B L LT F97, #EFE A AifeE 3
BRI IR B R OO ) R 1 B IS IIARRR 2 2 < O A 4
BE WL EE L, BESBILR L EFET,

51 Rk
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salmon (Oncorhynchus keta) released into Hood Canal,

B2 DA AT e ¥ off)IlEE=R 17

Puget Sound, Washington, in 1980. Can. J. Fish. Aquat.
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Estimates of residual numbers of hatchery-reared masu salmon smolts stocked into a stream, southwestern Hokkaido

MakoTO FUITWARA™ , HIROFUMI HAYANO AND YASUYUKI MIYAKOSHI

Hokkaido Research Organization, Salmon and Freshwater Fisheries Research Institute, Eniwa , Hokkaido, 061-1433,

Japan

In western Hokkaido, recreational fishing for juvenile masu salmon is prohibited in April and May to conserve masu salmon

populations. To evaluate the appropriateness of the regulation, a total of 90,062 masu salmon juveniles were stocked in Sannai River

on 18 May in 2007, and the number of masu salmon residing in the river was accessed for about 1 month after stocking. The

estimated number of fish (+ standard error) remaining in the river was 51,516 (+ 25,606) on 24 May (6 days after stocking), and

15,522 (+ 6,884) on 31 May, indicating that more than 80 percent of stocked juveniles had migrated seaward by the end

of May. Most of the juveniles captured on May 31 had not fully smoltified. These results suggest that the current regulation to

conserve the migrating masu salmon smolts in spring is reasonable in our survey area, and most of the smolts emigrate from the

river during the period when recreational fishing is closed.

F—U— F . EgEIf, 7 7~ X, AE/NL R

LHEE DY Z ~ A Oncorhynchus masoul X% 1-1%, )l
W CI~3FE O I ATE W 28 2 L 72 ® & (Hayano et
al., 2003) , ML KIS~TERIOMERFEME L (A& /NG, 1979;
1980) , VERIOWFHEAETE DR, BE)I~Elgd 5 A£G %
45 (%, 1959), BifE, JLHEETIET 2 72D
TAMEBORMT PN TE Y, 0k OHED (FREHIRIT1~27
AR, Shfa EEMRITEER), BXOU&RO AT
N (BBl shfa; B IR VAER) 7o & B7r 5 3 F Bept
TORRHEmI LTS, 2D b, AE/L MITE,
AEN N GEFR, X rv~e) (D ETHEL, Mg
FEICEDOE TR TE L Z LI DOAEEICE S
HIRKIZDN D72 <, F T, SIS K DR S D AR T ik &
Eh, HEASLYfIIC N, BV ERSES S
(El, 1992), EEICHWKRSR bR SN TWD (7
fiE, 2006; 2008)

W7 T~ A ORI g K0 B s Z LD
NTHEY (F5E - IEE, 1985), Al ClXMET O 2T
VR T RAET D H D B ALHEE K R R RN &

v, bhEE o0 N —1250, B 2B, A5,
#%i&, B, EE, ROSRIFENTIZ4~5H, HE,
T, IR, RE, A=Y 7, B4, BHOFIREDE
W TIES~6 A IZ BRI B E S 4, 7 7~ R Sh o
JINTORIENEEIESNTWD, —RICEENOY 7 Z
~ AAEL MMIERE O AL, FHESREE O B At
S 2 W & 9 B TR B (KIT B &, BT BN A JE
S, FHILIBE O 2|V TR N TEIZ R L ST b

Bz S THMILIED 2L F &2 4EPE L CHUE L, 24
MR BRI LTI NA~DFREE N D a2 &N E
N5, LinL, EBRICIIFHEEHMPOREN TS S 2L
DB D, TR TOMEER AT MNP E TAEL
NERESHEATTIRIE CHIR S D DI Tk o RN ERE
Th b, MEEEZIITZ  OWERE ) %35 CTH 2
T AR EH DT (g - B, 2003), HKiiAD S
B AR IR TP M T E o AR 2 WA Ik
WAHRNPKE AT T2 EBHEEIND,

ROCE S A489 (201242120 3 H =2 PE)

*Tel:0123-32-2135. Fax:0123-34-7233. E-mail:fujiwara-makoto@hro.or.jp
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T 2 TABZE TII2007ERICHENK Y7 7~ A E
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7o AV N DR OFME & BRI A oW
TOWERECE T, BRI 02 4 PEC DWW CTHRGEE L 72
OTHET D, 2P, MAINNLE S BB EEN TIALHE
HEPKIEERERANC X0 HF4A 1B B5SA31IHET
BT T~ A O BEEIE SN TW DN, KRS E
HEBSOERICEV6ATHNH6A15H £ T %
FER LT, WO A PR U CARIYE A e L7z,

HABBELUAE

EHORABES LU A fE m 7E s 4 i 5
NI CIEHE L 7= (Fig. 1), HHPN) IS IER 8 .2km , i
g FE23.3km’ G, HARWEIZIE /NG CTH D, HlN
JINZITHENATY 7 F ~ Al B Mgk (CLF, HiN S E8) 23
HY, BARUHN DY 2 T~ ARG A B & L T19974
PIRE, AEL MERAFEM ST D,

AHFFEOFEN it T, PN b L 7= M i &
L, AtHpd i KEN SRS (& £ 9 - WKHEKE
RS EH) cHhik L= T~ 2 & (FS) »»
52005 15 7= FEIN 2 FI VN, SEHRTE 2 BN 53~
WAL, [ OWIATHE L7290,062 (PR E
13.6cm, “VHI{ATE27.0g) A20074E5 1 18 HIZfd B o> L
X0 ARBET S, R, MNSEEITEMNII A5
#1650m EIRICAZE LCR Y, & 5I250m Bificd 5 520
5 & Loy BIJIK &8 AK L T2 (Fig. 1), SH2H, 5H
15,16 H IZ S 1802 & ME1E 4 (22 A CHIEIBI 247V, B
IO O EOHERS 28 LT, 7235, FHHEIBIEA LR
(1974) OFEHEZHE, NX— (BLF, Parrkild), #EN

check dam
(sabo dam)

St.1 Sannai hatchery
AY
\
Shakotan Peninsula ‘|
1 700m
“~ Sannai River 1
]
Furuu River ’l
¥ Sannai River
Sea of
Japan .

Sea of Japan

Fig.1 Map showing the sampling sites and rearing site for
masu salmon in Sannai River.
O; sampling sites, B rearing site

— (LLF, SP), mi#izE/L kb (LLF, PS),
b (LR, MS) LIEO4BMIZ X LTz,
FANNRNFBEBOEE MPINCHRE T 207 72D
E A ZHEE 5 7=, Hankin (1984) 2SRk L7V 7
Vo ZUEEIGH L, MNIOFEEF 2 A LD T
700m oD [X {12 ek Gl 2 e B8 AL R 4m D BLALIZ /3 EI L 72 b
DEBEL, T0 ) B3P EHEE R E L THH LT
(Fig. Do ERREBLOOHIZITROXNTEHEAEL
(Hankin, 1984),

AZEkA |
N kz' (1)

HHR 2 £

KK -0 ® Ny K3 7()
V(N) = =l izl
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T IC, K et o sl AL O
ko A E R O
Ni: EEmRITOSBOE BRI
(ko (3) 2z L v HEE)
N : Shfa o4 B RO EHE
I N =3 N,/ k THE BB,
v(V,) : Esic oo E A B R KO
(Bt (4) Uz & v #EE)
ZOXHZ, i oERRIT, FHEENRTOERR
o B R OMHE T IEIET 2 Sl LV HEE L7,
KERTIEEEEZL 7 bn T4y vy — O % H
W, YT T RGO A 2E T o 72, 1B B ICER L7
Pl a4-7 = ) ¥ F ) — )L THEIME L, R E &2 HIE,
FHOHR ZATo T, &I E L THEZUIBR L C, B
B REEE S W% USRI R L7, Bl LT
D2~3REIZIC20E B ORI A 1TV, BRI U 72 fUdpRE: L
Toth, BXEZWEL, EUIMRIZ L 2SO ATEA R L
2o BRXEORHEIT - ESHTZVI0RETE L, ZhL
S OEAEITE R D Z Tk LT,
K TE BT O ORI Petersen 150 ChapmaniZ X %
ETER (Ricker, 1975) % W THEEEN & 4 BV(Ni) % IR
RIZEVEHE LT,

9 (ZM+IXZC+1)
TSR (3)
I}(NI)E(ZMH) Sc+nSe-Y R w

SR+ R+2)

ZZC, MILEECERE LR U OBt L7z Rk, C
W2 H OB CoORBM R (FEikfds L ORI O
AFb), RiR2EH O coE#EA O FEHiEK Th 5,

BERTIE KA L i a2 XL Cilgk L7z, 2o
B, RAED b TSP iEsim s L TS o T D
Y& ik, D OIMBIRIS A L7 S a REK



fal L=,

FHAIXSA24H, SH31H, 6H7H, 6150 O4[R1FEHE L,
AIERIITRR D R A L (5H241; JBfE LIE, S
A31H; B TE, 6H7E1'H fig, 67150, £lflig), fEk
ORI SHEGEE TE D L HIT LT,

£z, %}%Eﬁﬁ_%mﬁmﬁﬁmémwx (3) Kz &k
DHEESNZALREEZRERE CRTZLICEIVAER
B AR Tz,

S

WREBEMPIE BORAT o5 A2 HICIEMSH31.1%, PSH
44.4%, SPH46.1%, Parrh38.3% % 7= (Fig. 2), 5715
HIZIEMSA310%, PS7368.9%, SPA315.0%, Parr’36.1% &
AEL MEBEATEY, PSLLENREEDOKIT0% % S5
%—J7, SP&ParrDFIGIXIA Lz, M2 Halid5SA 16 H
V2L, PSLARE DR %3851 L CSP & Parr i3 i FARE T 72 &
bRt L7z, BRI g oMbk, MS»327.8%, PS
N122%% 5D TN, £oTC, SHISHIZHN) I~k
LicH 7 7~ Z401£90,0622 D 5 1, MSA325,017)&, PSAH
65,0452 ThH - 7=,
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Fig. 2 Phase differentiation of juvenile masu salmon reared in
Sannai Hatchery in 2007. In May 16, smolts sorted at
phase in excess of pre-smolts were checked .

I ; Mid-smolt, [_]; Pre-smolt, [_]; Silvery-Parr,
; Parr

ERZEDHRE  HUR6 A% D5H240 OEBEE L, St
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L, FRMOESTZEmWMENA BN (Fig 3),
W13 H % OS5 A3 HIZII3ER & BICAEREENMET L,
St.1T0.39/2/m*, St27T2.58Z/Mm*, St3T6.45R/m T -
Too DO, K208 % (6A7H), Ki28H % (6415
H) CARBEMETL, 64158 I121ESt.1T0.06E/m®,
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MEMCH T BT DY ¥ Hypomesus nipponensis {(FEDBAP TR &

®EBIE
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BEIREAREBS TET - IKEKESRSERIIS

Distribution and developmental process of wakasagi, Hypomesus nipponensis larvae in Lake Abashiri

MiTtsurU TORAO

Hokkaido Research Organization, Doto Research Branch, Salmon and Freshwater Fisheries Research Institute,

Nakashibetsu, Hokkaido 086-1164, Japan

The spatial distribution and development of wakasagi Hypomesus nipponensis larvae were examined to elucidate the early life

history of this species in Lake Abashiri, Hokkaido. Wakasagi larvae were collected with a larva-net at nine stations in Lake Abashiri

from May to July in 1997-1999. All fish collected were in the larval stage (Phases A-F). From May to early June, a higher density

of wakasagi larvae was distributed near the waters around the river entries, which mainly consisted of newly-enteredlarva into the

lake. These larvae soon dispersed throughout the lake because the yolk-sac larva (phase A) was found in the lower section of the

lake. Horizontal distributions after their dispersion were highly aggregated, but there was no significant trend for either spatial

distribution or developmental phase composition. Presumably, the spread of the larva may be a passive process with the water

currents. The larval density was highest in 1997, but the developmental rate was low. Thus, larval density in Lake Abashiri affects

their developmental rate.

X —1TU — R : Hypomesus nipponensis, AWM,
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Fig.1 Map showing sampling stations in Lake Abashiri.
Solid circles show sampling points.
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Fig. 2 Seasonal changes in the horizontal distributions as fractions of the developmental phases of H.nipponensis larva collected
with a larva-net in Lake Abashiri from May to July in 1997. Each figure expresses the number of larvae per haul. ND: no
data.
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Fig. 3121998~ 19994F DEREH SR D T 1 W P E R &
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a larva-net in Lake Abashiri from May to July in 1998-1999. Each figure expresses the number of larvae per haul. ND: no

data.
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Table T Number of wakasagi larva collected with a larva-net in Lake Abashiri from 1997 to 1999

Sampling date Number of larvae collected
Year  Month Date St.1 St.2 St.3 St.4 St.5 St.6 St.7 St.8 St.9  Total Mean
1997  May 12 1,404 1 247 4 1 4 36 10 1,713 190
26 18 55 63 50 34 2 76 48 79 425 47
Jun. 2 542 66 - - - - 4 - - 612 204
12 6 94 454 111 65 33 162 327 40 1,292 144
18 375 336 - - - - 200 - - 911 304
24 166 345 634 183 573 506 423 1,327 1,008 5,165 574
Jul. 7 233 157 - - - - 61 - - 451 150
16 17 52 - - - - 14 - - 83 28
1998  May 12 40 417 87 19 8 13 45 21 31 681 76
27 148 652 284 12 51 193 112 89 53 1,594 177
Jun. 23 33 13 53 12 11 19 68 39 249 28
1999 May 17 189 - - - - - - - - 189 189
31 176 596 129 68 13 1 91 171 14 1,259 140
Jun. 9 192 35 558 14 19 25 52 159 654 1,708 190
23 72 356 282 20 1 17 20 113 2 883 9.
Jul. 2 18 156 31 130 11 1 6 3 359 40
13 1 13 5 0 11 2 3 0 35 4

FHEEFMKE R L, KHETRESNTZV XD
FEH BB L T R TR IC & £ 41 5 Phase A~FC, Phase
G~HOHAM O U I FIXRE S 2o 7=, MEEMN
2B 2 U 0 T AORERBI TR 72/ 0 23 A4
S, SHHa~ T, Stk XUst2, St37 EfFtA
IO AL E S DOl W TEER BN 2
< WP AL T OEREREITFE D1/10~1/100F2 £ &
Diginodc, 6 L~ LI TR CORERBIIE
LOENRHY, FREDKIK T EREIND 72 E O MIE
RN lpode, BB E BEERID KDLV R
(199746624 H, 19984E5H27H, 19994E69H) 1Ti34:
W CIFanERE S N728, 3EME U T, FEoHnT
BRERENRZ N E WD L0 RENIEAbNRroT, R
LRIUTI997TFITIZTA RN S TR T, 19984
16 H AN A HL CRIIZI L7z (Table 1), 1999413
FRZTH BT TEREREN A L, FrzAumlxiko
FHOE TR ESINRL Rolz, ETORFEICEOTH
TOFEHITI L0 AEIZKE L (Table 2), #AEMIZIT
U DY FFART RO A L WD DT, £y
FiLTWD & sz,

BEMEMRLE R D &, FAEARE OS5 H h~ T
I X O TPhase A23% <, bl « Ttk CPhase B
MEMEA A BV, 199745 7 12 B IZiX BT [
DOStITHRESNTMEDOHEEM L2 IR Z R
Phase ACH -7, 1999F-DFHAETH, SHITHIZIEStLLE
St2 THAE S N7 K DJ8 E BEFEIZ 1 XPhase AN Z < &
N5 —77, ALK TldPhase ADFRRL LI s/ & <
Phase BB CTdH 72, 4K E LT, Phase AN E B

Table 2 Morishita’s I; -index of wakasagi larva collected
with a larva-net in Lake Abashiri. F-test is used to
test the null hypothesis that the /; -index value is 1.
I; -index is equal to 1 when the distribution type is
random, and is larger than 1 when the distribution
type is an aggregated distribution

Sampling date T\Isl:;l;?j;;)f TO(:?I];:::::Cr 1s F-value
12 May, 1997 9 1,713 6.24 11215 °
26 May, 1997 9 425 1.24 138"
6 June, 1997 3 612 2.39 447"
12 June, 1997 9 1292 1.98 1584 "
18 June, 1997 3 911 1.06 278"
24 June, 1997 9 5,165 1.39 2523 "
7 Tuly, 1997 3 451 1.22 494"
16 July, 1997 3 83 1.37 161"
12 May, 1998 9 681 3.62 239"
27 May, 1998 9 1,594 2.09 2178 "
23 June, 1998 9 249 1.54 17.8"
17 May, 1999 1 189 - -
31 May, 1999 9 1,259 2.52 240.6 "
9 June, 1999 9 1,708 248 3176
23 June. 1999 9 883 2.59 176.7
2 July, 1999 9 359 2.96 889"
13 July, 1999 9 35 222 62"
" p<0.05

FAER D HULNZ 72 2 T 2 IR <, RE S HET e & 4 HiLS
&b FEH B 0O L TR C Phase BIZAT L7z, 1997
4£5H 26 H1Z1%Phase C73St.1, 2, STRIMHHICERE SNz,
6 12 A 12 1EPhase D23, 6 5 24 H (21X Phase EZ N HIPN M A8 4>
WU HEL LTz, 68170 D & AN C Y — I FMAa)
RESIND L O o2h, FAWJINTIEWVSLL, St.2,
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BLOSLI T, s SIZ T < DPhase AN E T
Ay ﬁi J:o“(phase@u”jﬁﬂ#ﬂﬁ@@b\ XH 50, 67 H
~TFaINZ72 5 &, A TIIZ R A1 ZPhase CRPDAY
B L#é&@%ﬁﬁﬁxﬁ%ﬁi?ﬁﬁﬁ% K ocirotz, TH#H Y
% ETHAIROF BRI L, 19994 CIEFFHC
WACMIAIR O & S CIEERE S e < Te 572, 1997%7A
THII3HSR DA DERETH DA, WO T Phase
FOAHELL7=, = OBFHIZ X Phase AIZERE S o 7=
23, St1TIXfth R KV B 52022 < D Phase BOERN
FIEL, EHAR G OB WERR Lo T,
THYXFAOLHEEDHHEIL Fig 4121997~1999
FEOHETHANMLTICI T 2 U 7 A FHIRE R
OB E R LTz, VIV XORERKLE B — 7 IZITFEIC
FoTEWAR LN, RHZ DU IRREIN
ToDIX19974C, (FH R R (R EFE O L ELE R
DD B bmEmVME) 1X574R/RMETH o7, 19984F L1999
OB ERBITIZIEREE CENEN1T7TR/R MM,
1902/ T o7z, RENF—Z R 5L, 3FER O
AD 5 BHI99THFEDOHSH HA) &6 A T2 ORERE D
B BNR LI, 24 L T e - Tz, 1997E7H Iz
I3HLE OB TEREZIT - 7278, BRERBUTEE M
D (Table 1), 6 NADMFRAEEIRKO Y —7 L3 Em
7o 19984E DT RO B — 7 135 H TH), 19994E1%
6H Facho7,

700 -

—e—-1997
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200 o
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Fig.4 Changes in the mean value of wakasagi larvae
collected with a larva-net at the nine stations in Lake
Abashiri.

HREREHAK S 2ROBHEL MWEMNCTRES L
T J1 WX OB BB ORI & Fig. SICR L=, 3
EEM LIS A RO T 79 K3 E BEMAIE, 1997~
1999 DN F I D b INEE 74T db 2 Phase A3\ s
EHO TV (53~99%), SH THAINL6H FRIZHIT T
FH 2% E BB X Phase B~~1T L, Phase AlLEUIZIH
LOA I L B2~9% N EENDHDHAT, THIZ/D &
e BESNRL ootz 19974F1E, 6/ FAJICfFOPhase

100% A
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Fig.5 Developmental phase compositions of wakasagi larvae
collected with a larva-net in Lake Abashiri in 1997
(upper), 1998 (middle), and 1999 (low).

ADMREIEAR43% & ER Lizob, 28k Lz, 1997
4 L 19994F |3 % D14 & Phase BORHAL LR ANV IR fiE THE
B U7z, 61 TARLIEIZHE 7= Z2phase’ Blio 51221 T
Phase B~FOREFEMEMNRIET 5 L 212720, ZhEho
Phase DA% LT —{L L 7=,

A5k ] T4 Phase D HBUREH] & AR RARLRIZ DU T RS
% & (Fig. 6), W OFE G A BHAARF )~ Phase A & B2
JRTE L, Phase CO H BLIX19974F & 19984 (2 125 T A,
19994E 136 H EAJIZ R & 4172, Phase CO Bl L 724 D F
W ERIIZE N 219341 1mm, 15.7+5.0mm, 10.5£0.8mm T
Holz, 19984 1X5 7 FHAJiCPhase DHHBL L TR Y, ¥
2REIE18.0£6.4mmTh > 72, 19974 £ 19994 1F6 H EiH)
|Z Phase D2° H Bl L Z 41 & U ¥ %) 4 K 1312.6+£1.3mm,
13.6£0.5mm™T & - 72, Phase EIZ19974F ®6H T fJ (2
14.9£1.3mm, 199841%5H E/18.0mm, 199946 H LA
15.3£0.7mm C H #7 L 7=, Phase FIZ19974E CTIZ7H L AJIZ
18.4+1.5mm THIBL L 7= DTk LT, 19994588 Tld6 A T
AZ23.8mm THIER L 77,
HEBRE  1997~1999FDAFAREEC DT, FEXI A% &
xR ORMR ZFig. TWOR Lz, WTFNOFEMEEE L7
B AR E RS B AT (199748 EE, y=0.257x, 7=0.992;
199845k AE, y=0.338x, =0.863 ; 19994E#kRE, y=0.301x,
7#=0.957), FAEIE D72 < #@TTET% i,c 7o 17 19984F %

BRUNT, 19974 & 1999 DO F B (EMOMEE) %
FeEE 3 5 &, 19990 F MmN AH B & - 71 (Mann-Whitney

OURE, U=3, p=0.0177),

HKREEY 1997~19994 D MEEMIZ I 1T 2 g /KIE DO HE
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Fig. 6 Total length distributions as fractions of the developmental phases of wakasagi larvae collected with a larva-net in Lake
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length for wakasagi larva from Lake Abashiri from
1997-1999. Relative day is considered to be the
number of days since day zero for the first survey of
each year. The relative body length deducted the initial
total length of phase A from the mean total length of
the most advanced phase at each survey.
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BEFig8Ilm Lz, 19974EDKEEEB 0K E LT, 5H
THI~6A EANZKIRDS14°CRIE TIEMH LT, 19984F
R BRI 2 KIS E OICHER L, SREEBG LTS5
HHAaINZ12.8°C, 5H FANCISCEBA TV, 6/ TH
OFHAERFIZ1316.4°C LM O2E L VIKD O KETH - 72,
19994 1%, A Z B LIS A HA010.6CHH5H TAIC
15CU < AWTKIED EH- L, £D%6A FAIZIx17CIlcEL
OIHER LT,

5 =B

HEMICRBT 2V B3 XFRORBACEDANIX, 2]
HIVZAAT I AIBEAT 3T C i 5371 85 8 0D v VN 7RI A3 T e
INTW e, 5SA B~ OMNAE PN 338 o m il
(St. 1 ~3) ClraERENR %< (Fig 2B L03), ik
53 A1 6 FE D @ O KBS TE R S T iz, AV ST
(1998) P& fL (2004) 2$54H L T\ D L 912, MEEME
U J1 4% D FE R EIIG B RAN)ITH A ROIMAD
ZLNHMAINCHEKT 20 EEZLND, 25D
ERAEH A CI3IN % FFOPhase ADERKILN B < (Fig. 28
FUB 199745 H 120, 199845 H12H, 19994531 H 72
L), BEEFSLEN O A TEH, WA %MD
TRVMF R DA XK o TR BRSO A8 8

SAKIRBTER ST D Z EREMT BN, 2
HOHRIZE N T HEHERBUC TN e Z# N H 5 2
LG, AN S OFE O AT — I ES LT
LOTIER L, SHYMNS6H TR E TR iickin T
LeEzLND, ZOMEIESLHIBW THRICHE TH -
to:hﬁ;ﬁﬁ%m#%@MAﬁ%ﬁ%fmo%@@W
MENWZ E&2RET 5, —J5, MAENFRABIZITNSL2T
IO RIR 72 & — 7 AL DA, WA Ko THAS
B — U PRI D AREMENR B D, FEIZ, 1997 OYEEER
oL RS &, AEEZRBLIESATAIEA TR
DEOE—7 B35 (Fig. 4), OAE L [TMA ST —
MWEIp S T FBEMR B 5, £, 6 FRAIOIE R
#pk A 2% & (Fig. 5), 5H FHRIZIET L 7-Phase AD#HAK
s BRL Qe HUERIORER E 5 EEBEMK T
% (Fig. 2), 6H EAIZSt.1 TPhase ADERN % < BR4E X
NTWD Z &G, ZORFNZ LRI b OFi= 7247

DODIMARH-T=EBEZ NS, Z0OXHITHENZST
B0 B Y RO KA, AFAEOIM AR K E <L
BTN,

RTINS SN LTz T ¥ A AI3E e 2 i i
R OHT 5 EHER S, £ O%ORER - 22172
“ﬁ%t W EOBEILR S e o dz, ARIFETIE

W ATV SESSE91S kwfimm%A®@¢#&%én

7= (Fig. 28 L U3), fEERIZ KD LRI & IRFF
LTWAHHIMIEES THIBEESAUNTH D Z b
(R, 2012), NN AL AR D 53 U FE R ITE )T,
WOMHEECED EB 26N 5, WOICEWRER AT
ﬁ%éhkﬁﬁﬁ?ﬂWT&mLtﬁ%ﬁ%7’&%*A
IR ETE WD, AN TOEINIEMIZITEZ L Rk

BHND T END (BB, 1999), N BEET Lizff
DS IZIE DK OB L CE 2 RREMES S, G
W3 2 U 0V RO T, WA L7ziik
DT W AR RESN T2 L @b S
TS (i, 1974), ZAuL, TV RFRAO5AHM
WAOIIIZ Lo TREHIREND Z L 2R L TE

0, HEEICBW TS U IV RO BUCIXH O R
BRENWEEZEZHNLD, F£72, Phase CLLFED K -phasedD ¥

A TTIIN A CRIFTROICHERR ST, U, MERE T
T FAEAINT T E L S AR KIRORET Y 72 Bl 4
PEDIRNT L EIRBET 5, TRFEOT 20V T U AT
FEIES EROBEN M S TR Y, MEMET =1
ONEE 2 RO = O EEINSE 2> NI /3 L, HEf
W72 D LA O AETRE ) B F TOATRICBEBITT 5
(GZJR - ARK, 1991), F7=, EVHEED T Z v A4 0miil=] b
PET =2 TR EOREMIZ TR T I ~OBE AR o 5
EN T
TUE, NS B (ST A5 LA C D38 B B BERRLAR I 1375 8
HLHLOD, —EDOHMEITRO bhiehol, il
AR IV TIE, JEEF BRI OMEITICHE O £ BIROBAT
m%w%@k%i%néow%muﬁﬁévﬁﬁﬁﬁ%

DI T, FEl7e R BB I RIA7EA3, el

Qﬁ% HEET D EoWERH D (LFE, 1974), LasL,
KT CIIHEAIIC 7= HDPhase G~HITHE SN TE S
9, MO - BENCE L CIGETE e de, U
ﬁ#%ﬁ@%@“ﬁ%ﬁm#é%@ﬁow(iﬁﬂmm)
EREOFRO A E KR -y - 7 rr 7 4 laikB &
Uﬁmﬁ%77/7h/%Q&E@ﬁﬁgﬁkwﬁﬁé
R L7y, FRCEBERBMRITR bRl & L, (Ff
ORI EMNO KT HT R ORN Ay — Ve EE+ D L
T T AT DK ES AT Z B REEIC L D S LT
W5, FEE BEHE Dm0 b KA A A S L T2 ARRFSE O fk
B, MEMIR T D U IV S{FR O K ES3A0 03 2 B
HEIZED &V MAEFFT 5,

HEWINICB T DI RSMEELE 20O —7 OB
ITHEEEN R ST, 1997FMFETIZ6 H24A D v — 7 IiF
WA TS, 165 A BRE S (FREEEEIXS74R
/BHE), Sy AT FE NIRRT Tid e b o 7o, 19984 &
19994 1T Z 2 411,585 & 1,700 (K TIFIZRIFEE T - 72
([F1772/908, 1902/88), FREERKO Y — 71T,

(Saruwatari and Okiyama, 1992 ; Saruwatari, 1995),
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Hatching period of sandfish (Arctoscopus japonicus) juveniles in Ishikari Bay (Short Paper)

NoBORU HOSHINO®, TAKAHIRO TAKASHIMA AND HirRoSHI YAMAGUCHI

Hokkaido Research Organization, Central Fisheries Research Institute, Yoichi, Hokkaido, 046-8555, Japan

Sandfish (4rctoscopus japonicus) is one of the most important commercial species occurring in the Ishikari Bay, in the Sea of

Japan. We estimated the hatching period of sandfish stock by using the daily growth increments of the sagittal otolith. We showed

that the hatching dates occurred from early February to early April, but the start and peak of the hatching periods differed from 2009

to 2012. These variations in the time of hatching may be caused by differences in the water temperature during the embryonic

period and differences in the age composition of maternal stock.

F—U— N ffRE, Ha, (FHEf, REW, ~ZF, Sk

ACHEIE B AU O AFFE D> & BE b #17 h-& OWEIRIZ 4341
9D NH K (Arctoscopus japonicus) 1L EBE /R IEEEIRT
BD, FRPEINGITAFRERFED < EVOEECT, i
6 A P RIEE & CREINGAHTIZ A L=, hEkicBE4
% (A, 2011a) 2%, ZOMOMITIFLA LR, £
T, WIS BT S B IR E A R T 5 7D D
Skl & LT, 2009~20124R\C A FHE TRt THREE L 7= o
HAamiinn, SR 2HEE LT,

HERUAE
FUEHZE, 2009~20124ED5 A K~6H #lsHiZ, HiHHE (i

OhEFI4m, 68 H AK3mm) %, /KIE0.5~ImDEHEARIC
o TAITHFI0mO 3 TS5y i g LEREE L7,

Table 1 Sand fish juveniles used in this study

Sampling field
Atsuta Ishikari
Sampling date T L o T L o
4, Jun., 2009 635 69 23 1,672 57 21
5, Jun., 2010 548 78 20 298 62 21
25, May, 2011 246 70 19 145 41 22
22, May, 2012 256 52 20 1 0 0

T: Total number of samples collected in each survey
L: Number of samples measured standard length
O: Number of samples used for otolith analysis

TR 3 00 BRI 2km i P O 3FH A D 5 B I SR A
Ot (LUF, ArRER) &, EE)IIOW DA 027
RO bRSZREROHA (LIT, EHERER) &l
L7- (Tablel), 7233, 20124FDAFF)IN MO TIFHE S
TR o T,

FERERZ DUV T, BEAER AT U 7oA AR OIR R A /3 AT
R L, FO—HOERO F A ZFHE L TS %
HEE LT, REBE DA & AR KT 2 S b H OBItRD
5, SR OE R &R L7z,

ERAE 70%x4 ) —/LHICAE L TOIEARN S, —
ONHFEIE 2 MAEA I U, i U727 X COREIROEHE
BEZFTVHN XAV I mmEAL TEHAI L, %
D%, 7 CERIESMT456 H RIRGE S ¥ 72356 O R EHE
INRE UCHANIRD 720935 TR L, AfFFFOEKEICE
1L CTREAT L7,

SMEBDOHETFE FKHEE (Tsukamoto and Shima, 1990) & [
WBEE (TS, 2012) OFAO A, B Oz
Bd o ETRESN, —F, HRS (2009) £ b
PEDFREFHERIZDOWT, i & A O HEPEZ AR L
729 2, KRB T o B R E A/ &<
720, W ORISR A T RTREME A R L, RAEA O
EERIPEZ R Lz, AFRE IR OB O AKIEE, RN
RELIBENWEEZEZONTZZ LG, KRBV TH R

RO E S A491 (201242124 3 H ZPE)

*Tel: 0135-23-8707. Fax: 0135-23-8708. E-mail: hoshino-noboru@hro.or.jp
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SR ERAWE, FERERICOWTHREEZHIM L0, £
DD =5y D—FREA M (Tablel) L, §XTOfEE
DWW TR O R & BB L7z, B (K44
M) ZEZLUTATA RAT Ao REF UM CRML,
BALEZ IR~ — 38— (#2000) BL T v B 77 41
2 (KEFE9um) CIE &#90.1~0.2mm % THIEE L7-, Euparal
ZRFEEEICEAGT L, SEFEMEE Ga100%) OCCDA 2
Z Wifg % 20inch® =% FIZH 7 L CRHIIZIT > 72,

HAITITEA100~130um {0 2 B 2R s b v, %
DIMUNZ3~6AR D FAL A BRI 85E L, RS 12w
IR IRD > TR BLE S e (Fig), 24,
TR (2009) B Z Y HENAXANZ DREAIZONT, 5
LAFRO B L OXHEN S Tl & 7Rl O
MICBT 2B NE EFETH o722 £ D, RIFFETH
Z OERE Ll & LT o T, Sl L 0 Ml B %
WIZIT CORZ G L, 2nE HimlciesaR 2 T
HHWiHET 52 & CEEOSMEBEHEE LT, F/2, B
AOFLEBELER (LLF, AR, F.0%E5 5
OER (LIF, SMblw) Z1v 7 B/LHALCRHEI LSS
Bl UT=,

BAEBIATOKIRT — & & LC, BRI O A5 A
B2 2 N O F i K IR O A (LHEE #hs i e iR
BLARE, 2010~2012) % iz,

S

TR ) EHAEE (Yun) ORIITERBEERENH - 72
(Y=44.6X-363.5, "=0.929, BHER Z 5) . SALIwALI394.3~
144 5umOHFPH T, EHE121.9um T - 7=,

HEE SN2 5B BIE, 201247233 H8 H~4H 8 H, 20114F
22H6H ~3H31H, 20104 2324 17H ~4H3H, 20094
232H9H~3H30H 0@ THEE =, & <IZ5bDBRLAE
REIC R E R b o T,

20094 L 201 AFE DEREERE DR R AL /3 A1 1%, TRV VRIS

Fig. 1 Polished sagittal otolith from a sand fish juvenile in
Ishikari Bay (24.1 mm standard length). Arrows
indicate hatch check.

SAb LT/ N O HEf & RIS o RERERRIZ 3 D
N -7 (Fig2), Wit L HIZRH S - KB D
B XA SR EE R O TN EHERER LV EH V2 &0
B 5723, 2010422V T b ARBIBEZR 23 5 2 O 2358
btz (Fig.2),

% B
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EEZ NS, ZOGROEIHIE, JHAREERATICRB D
TEINERTOF AR NA RO 5128 Facgsn T
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Fig. 2 Length-frequency distributions and relationships
between standard length and increment counts
(hatching date) recorded in each year of the study
period.
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B 2 ERRECTHER L7 EAE L, 120 5 &8) 1)
KL AR EOREEZE LAY D &, NI ZOSMEBG
%) E 27 & SN D FEFKIEA400~500°C (FRlF, 2002) (C3EET

DX, 2008 —20094E (32 A E~HaTH 0, ARFSECTHE
T S AU 20094E FREERE O SUBIAA I & A — 509 5,

FUZHKE L, 201245 XA & C ORE R KIR A3 210°CREE
sz; D, IRFE AR OARIKIR 23 SR 2 KRS 3 B W7
ERERolmtEZBND,

FKHEE N2 2 O SR, AT CHEE S - A 5F
BEEDSMEFEH L 0 A 0D — AR R VEREH] & E &
TWD (1, 2002 ; TiEEH, 2012), —J7, #IiRTE
DD SMERFNE, 4H PRI H6H R HEE ST
% (AH -, 2011), IRFAERICH T 51 A E ORI
AIBOFUFEZ ARSI & T 5 &, BB R TS
CLLEEL, N TlEa~5CREME Y (http:/wwwl.
kaiho.mlit.go.jp/KANKY O/KAIYO/gboc/index.html
ZOZ LMD, SMEREHIOHLZET & FEIRS D KIRHER 7Y
RESEEL QWD EEZLND,

F 7z, SERE ORI ITBA O TR D 1 5
LCWBAREENRD D, ZOBFILIHAN K LEE DS
ENZND, BEORVERIESHET 5 L, Zan2gs
72 DR AR OFHEN & 70 D (RS 2011b), 2009
HEL201EDSMEFINZIZB L ZF Eor—r B"bhH o7
EEZEZONDN, BEAOFIERITOTILL2EAD LD
LEIGNRKE o7 (REF, 2011b), 2mfuid s L v Ak
RAEATHRC (BT, 2011a), EIND RWEEIZ TS
LEZLND, THRHDIZ LMD, RO R B HA
DR &2 EZ THEINL7Z 2 & T, SMeFiic —H>oe—7
BN T ATREMEDS R XN D,

=07, RINC b LT R R O K& eI S BEERE T
% <, ORI S L7z HEFITE ERERE TV L )
BFZDWTIE, ERLO X5 7o KIRCB A O Tl R D1
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Fig.3 Changes in surface water temperature at the port of
Atsuta.

(2013)),

FRFBREN S NS AFHEF O 5L 39

EEZOND, TIFRREREOBET — I3 TR
IR & e B EES NN DT U, TR H OB B ORI
ERHATEDIVE VR SIEL, EIG L o TS T
EM I BTN D, NFAFITARE2TmmAl#% T
WATENZ "9 K 512700 (R, 2002), BEINEDN UL
O~ LA BIKNIER D (1, 2002), Z0-H, A
FF)I OAFT OFEEBRCIE, £ OUr< OFEIMGIZEHE N T
PSR ORI SE U, IR OEKRE /1 % b o T2 FR Y
KIDOHEF DB DA L CWDBAREERH B, T D=8
12, JEHEBRERIC TR E - KRB o HBLEI S 23
KRELBRDHDMEMRH DD TN EZZHND,

REAZK T 2 Wi D BIRAS, BRAEAF - BRI C—4%
T2 (Fig2) Z & D, MMtk okE#EIC %@#&3&
I OEN DD Z EAVRBEND, FERZR TN
., HEEE bE O FHIReback-calculationiE 12 75 < EEE)@@
DFENT %D DTN S D,

51 Rk

JEHEE IS ISR GRS L O £ 2. fEEEAL
TEE AR S IR AL, ALIE. 2010~2012.
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Fish predators of juvenile chum and pink salmon in coastal waters of Abashiri region, eastern Hokkaido (Short Paper)
YASUYUKI MIYAKOSHI*, MITSUHIRO NAGATA, DAISEI ANDO, MAKOTO FUJIWARA, AND TomMoyA AOYAMA

Hokkaido Research Organization, Salmon and Freshwater Fisheries Research Institute, Eniwa, Hokkaido 061-1433,
Japan

Stomach contents of fish captured by gillnet, angling, and trawl in the coastal waters of Abashiri region were examined for the
presence of juvenile chum salmon Oncorhynchus keta or pink salmon O. gorbuscha in May-June 2003-2005. The following 4
species were recognized as fish predators of juvenile chum and pink salmon in the coastal waters of Abashiri region; masu
salmon O. masou, pointhead flounder Hippoglossoides pinetorum, kurosoi rockfish Sebastes schlegelii, and saffron cod Eleginus
gracilis. In a review paper (Nagasawa, 1998), 9 species were listed as fish predators of chum salmon in Japanese coastal waters, but

the latest 3 species were not included. In this paper, we newly add the 3 species, i.e. pointhead flounder, kurosoi rockfish, and

saffron cod, as fish predators of juvenile chum or pink salmon.

XF—U—R:BE Y, A

RECBRICE MR IREELEEY o A
¥ Oncorhynchus spp.DET D EEIRTHDH EHFZ LT
V% (Parker, 1968; Hargreaves, 1988; &i%J&1L, 1995), L
ML, BHARENOFAEIZ XY Y4 Oncorhynchus ketadTHEfa
DfEFEL L THBEICERSI A TWDIDE, Sy 7
Pleurogrammus azonus, t 7 A Paralichthys olivaceus, 7 7
A Tribolodon hakonensis, ~ V% T. brandti, 77 7 J W%
A Squalus acanthias, * X Lateolabrax japonicus, 77 7

k< & Oncorhynchus gorbuscha, %7 7~ A20. masou, 7
A = ASalvelinus leucomaenis D&t 9 FHIZ T X700y (K% -
g1, 1995; K12 « E [, 1997; Nagasawa, 1998), #xiT Tl
ALHFED FOSHMORMEIC L > TH Rz LT
Wi A &4 (Asami and Hayano, 1995; Takami and
Aoyama, 1997; Kawamura et al., 2000) , £ 2 \ZHifE# & LT
L SN AFENEZ2OH D, TNTHRE, V7 EMA
HOMEZICHT2EHRIZTE DO TL7 (RiE - B,
1997), FHHHICIE N TESIZHREERET L2 LNER
Th s,

FF DX AbEE A R — Y Y o EEE A S FE ) D —
D TH HMEAN L ORI CREARM L, b

HUVNEH T T b= AHEBR O EIZ OV TR 7= O TH
g5,

HAMELUAE

A= 7 HHAREEN RSB W T, filfE, $10, KER
ML VB ENT-ABOBONEYET, ¥ rbdHn
1305 7 b~ RGO A O A R LT,

IHENT & 2 F A (A A T VS e O S H S OKESI6~7 m
D) THEM L7z (Fig. 1), 20034F1X5H23H, 6H6H,
67 13H, 67250 ™F4lA, 2004451X5H26H, 6H9H, 6
A17H ®OFF3E], 20054136 H8H L 6H 16 H OF 201 %0 L
7o HMEIIEAA L6 L, BRATREES] & 851572,

IV L AR ITRENICERT S aEA T 5 2
EERBERE L, 20054E5H25HICHE M L7z, MEEBRNTH
BIBICEEPIAE (T — L LIRS Y 7 hA ) AW
SEFIVIC XD EE B LT,

FilfER L O IC X BRI LIz R CREEFEEL,
SRAWE LS, BNEWEROHL, Y 7rHo0iEh
77 b~ AYHEB ORI R O A S LT,

RS A492 (201242120 3 H =2 PE)

*Tel: 0123-32-2135. Fax: 0123-34-7233. E-mail: miyakoshi-yasuyuki@hro.or.jp
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Fig. 1 Location of the fish sampling sites in Abashiri Bay, eastern Hokkaido (X: trawl, @: angling; A: gill-net).

FJE M X B 132002~20054E D47 TR HTH
AT TR, MEAEBICERE LT E R T L
(Nagata et al., 2007), FER T fRIZEV2~3/ v I
DL THI2053 A L7z, Z OFIA TIE20054 0 i A
TR SNTHIHD S b, 7, BT 7 h~ AHAZ
BTCEL B2 bNABEAREL, 37 HD0NEIh 77
b~ AGHEROHREOF AT, BMEICL > TH R
e BN, MIETIXEH OERED30~60%LL EOKREOMIA
ERHETOHIERD D b (xR, 1988; B H

5,2010), T Z TIXREMEAQL cmll EORIAD ENE
W E~T,

728, BOFNLE LN BHEOSHERIZ DN T
X, AR SN EZROEELSNIY 75 7 7 k= AD L
LHLTHAINERETDHZEIXTERNPSTDOT, M 7rbh
HUNIHI T 7 b~ A HEf L EE T,

S

e, #90, RERETEM S, BNAEWE R &
DY A k& Table LZRd, BRNEYEMAT23D H
L, ¥ rHo0EN T 7 b AGEREZHRE L TWiZoi
W7 F~ R0. masou, 7 /~F Hippoglossoides pinetorum,
=~ A Eleginus gracilis, 7 7 > A Sebastes schlegelii®D4Fi T

bot, O HLY 7 I< A MEE (20034F6 H 6 H £f

£F51.0cm, KE2014g) TQROY7HENEHT 7
b~ 2D HHEA Z R LTz (Table 1), EOMO3FET
FEES TV I~ 2RO 7 H D 0T T 7 b~ ADOLHE

gL T\, 72, RERM (2005426 H8H, i
TkmDER) TR L2~ 4 (2F163cm, KEH25.2
g) ODENEDIIHEILREATEST, 77 h~RA12
(BX 3.8 cm, {KHE0.28 g) ZfiR L T2 DONER S
7

ZOMOMBETIE, Ky 7, ¥2U Y U Osmerus
eperlanus mordax, 71 7 FyfF Cottidae, 7 A ) A JE A
Hexagrammos spp. 73 BFHADSFER Z 3l L TV 723l b
BDHEATEY, FrHDWEN T 7 M~ ZADOGHLNE S
aFESHZ LT TE -7 (Table 1 ;5 A5,

% =B

ARFSE TIE2002~20055ED5~6 H , ALiiE A R —> 7 1§
I O =Rl $90, RERMICL Y 2R
L, TNOORIEICL AT T HEWNIEH T 7 b~ ASHE
ROMBOREE TR, 2O, V27 T7~<R, VU
F, vmadA, avA OENYTrHLWNIAT T hv A
DM ET AL TV D ONHER S U7=, Nagasawa
(1998) 1% H RN FIT I A 7 hffbfa o f a8 % 9fl
LTINS, 2Zlxyuns, a4, a1k
EENTVARNI ED, T L3FRIZ OV TIFEAREN
BB VNEN T T N AOBEHET L LCHERR
s,

AHIECTH 7 oD\ NIT T 7 b~ ADHHER DR
MRS NIZDIXWT IS A TS A WX A AT, Z
e AR Ak & L 7o mikicis v, 17 7 K



Table 1

species in stomach

Vo, AT 7 b AR OMER RS 43

Number of fish examined for stomach contants, range of total length, and number of fish with juvenile salmon and other

N ¢ Total length (cm) Number of fish ~ Number of Nu-nr;lbf:r of ﬁSh
Fish examined Fishing umber o with juvenile juvenile wit Juvegl ¢
. . fish . . fish (species
(species, genus, or family) gear ined salmon in salmon in nknown) in
examing ( Range ) stomach stomach UnKNow
stomach
1 Masu salmon Oncorhynchus masou Gillnet 3 (340 — 51.0) 1 20 1
2 White-spotted charr  Salvelinus leucomaenis Gillnet 6 ( 190 — 28.6 )
3 Japanese dace Tribolodon spp. * Gillnet 1 (332 )
4 Pointhead flounder Hippoglossoides pinetorum  Gillnet 38 ( 171 — 33.8 ) 1 1
5 Starry flounder Platichthys stellatus Gillnet 41 (102 — 31.1 )
6 Cresthead flounder Pleuronectes schrenki Gillnet 195 ( 205 — 393 )
7 Sand flounder Pleuronectes punctatissimus ~ Gillnet 60 ( 142 — 32.6 )
8 Brown sole Pleuronectes herzensteini Gillnet 17 ( 234 — 38.8 )
9 Stone flounder Kareius bicoloratus Gillnet 1 (221 )
10 Barfin flounder Verasper moseri Gillnet 2 ( 343 — 36.6 )
11 Arabesque greenling  Pleurogrammus azonus Gillnet 25 (150 — 40.8 ) 1
12 Fat greenling Hexagrammos spp. * Gillnet 5 ( 224 — 42.1 ) 3
13 Wolf fish Anarhichas orientalis Gillnet 3 (550 — 71.0 )
14 Sculpin Cottidae * Gillnet 66 ( 171 — 544 ) 2
15 Crested sculpin Blepsias bilobus Gillnet 7 (154 — 252 )
16 Long shanny Stichaeus grigorgewi Gillnet 5 ( 406 — 713 )
17 Threesstripe rockfish Sebastes trivittatus Gillnet 1 (252 )
18 Kurosoi rockfish Sebastes schlegelii Angling 16 ( 153 — 223) 3 1-2
. e e Angling 1 ( 188 )
19 White-edged rockfish Sebastes taczanowskii Gillnot 2 (158 )
20 Walleye pollock Theragra chalcogramma Gillnet 1 (252 )
I . Gillnet 5 ( 266 — 37.0)
21 Saffron cod Fleginus gracils Trawl 6 (141 — 173 1 1
. ) ! Gillnet 7 ( 163 — 239) 3
22 Rainbow smelt Osmerus eperlanus mordax Trawl 1 ( 18.5 )
23 Japanese halfbeak Hyporhamphus sajori Trawl 3 (275 —  30.0)

* species not identified

~ ADHERD A BN b L VRN H 72D (Nagata et
al., 2007), MAEHK TIIH7, 1T 7 b~ ADBIREED
BEANAT O TE Y, Hfdihs iciiisnsg, +7r,
T 7 b ADHERILIEWE AL ITEENIZZS < 540
L, ZO#%6A LI, MESCHKIED EHEEBIZHFED
JRWEEPHIZ /04T 9 % £ 91272 % (Nagata et al., 2007), 7
BEOB T 7 h~AOHME HIN & U ffw ot Tl E
EF ot Bt RA~EE TR ORISR S
N5 ZENEL, BB CHMD T 5 RSP TIC
AAEMEOREN ST DHE A SN D ATREE S &
WHDEBEZ LD, RIFEIZEB O THREERNIZE N T
FEhi U 7= 890 12 K DEHEIE, HEPNICHER DS BV JE T A
FTHRMEH > TEE LD THY, EEEICEH I
7 aYA16RBD I BLIRBYTrHHNNIHN T 7 v~ R &4
BLTOVDONRMEE SN, R TIEAIMEIC L ->TE
< OfaFEZEH Lizad, Hil L& disio i g 727201,
R E P NERT D27 HD0IEN T 7 b~ ZASHEfA
OBEEERETDBEL L TIENMEN-TZ00h
Liv7euy,

AMFTE % FEfE 9 2 BIFEIS, (6] I BV CE & Tt
BINT-HIE (T AR, BT T~R, a~xA, THIh,
B, X~ vA, v EBE, h U REE) 0F
NEMZITR, ZOrba~vA EXT AR TrHDHN

VIRl L 7 M A i A LT D oM ss Sz (b
WETE LK ERR LS, 2004), 2 DBE, =< A X422 K225
~30.0cmD2EARNFHTROHMAEZHAEL TR, X~ L
A TIEARR21~36emD IHER NGB OHMA 2 it LT
W CREFRERD, 72720, EEM TS I-AET
IEAME L7 ISR Lo vREERN & 5 72D BRI T &
TR 5B 0 LB 2 B, RBFE TR X0 Bl L7 X
~HUA4RTIEY Y, BT 7 b~ AORAIIHRTE 2
Motz (Table 1), —JF, RFRMTEREINTZa~1T
A7 7 h~AOMENHER SN, 2L, 2084
BT ICONE Ca~A BN AT 7 h~Ashfazfif L
AR A B RICHET DA Z LI TE RV, Zhbn
EDD, EEN TS S AR X DR E T
D ELT, WEICRE R, 55T, REER & Ot
ETLZERMREOREIIIDHRENTHL LD L ED
na,
AMETIIIEEH IS, BT 7 v~ A HER O
BE L LT L2y, s EH kv 7 B AR O
BECHET 2 HHITEARE LCTh2n (B -, 1995,
8 - El, 1997; Nagasawa, 1998), fli&3& #2545 Z
EEY BAEOBRRAEHOF M EE /L EWETH D L
EBEZLNLOT, MBEFICHETLERESBLEET D
ENEETH D,



44 EEBEZ, KEDCE, Lo, R IT, LA

o

AWFFRITHEERIK O F o DElgRm EaM L Z &2 H
& LT, MERERRMS, MEAFTREIRIE, WL
Be, MEAEHIXOKPERIN G M ST, AbipEMEAEST (3
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