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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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Occurrence of Malacobdella japonica in the pallial cavity of Sakhalin surf clam Spisula sachalinensis along Pacific
coast of Hokkaido and Nemuro Strait

TAKASHI HORIT*
Kushiro Fisheries Research Institute, Hokkaido Research Organization, Kushiro, Hokkaido 085-0024, Japan

There is a high possibility that Malacobdella japonica lived in almost all Sakhalin surf clams caught in the fishing grounds
of the Pacific coast of Hokkaido and the Nemuro Strait. The occurrence of symbiosis increased with the growth of the clam
and exceeded 90% for clams with a 60 mm shell length. The maximum wet weight of M. japonica was 350.9 mg. The standard
symbiotic style was one M. japonica per clam, and most of M. japonica was juveniles in the case of multiple individuals within
one clam. I hypothesized that M. japonica, which lived as multiple individuals in the clam, begins living solitarily by the time the

wet weight reaches approximately 30 mg, after the battle of survival.

% —U — R : nemertean, ribbon worm, symbiosis, FEZE, BELY, HFyFHA

7 /NJJ A Spisula sachalinensis XT3 R IL+ L HE LA
O EMEW AR T H R A THY (xR,
1993 ; f5K, 1993), Ry X HA LiBHINDEXEERE
FECTh D, 2022 FOALHEEIZE T DRI 4,378 t (&
e 2R, 2024), HHRRA~ZIRRITIS T 5T
651t TH Y UKFERFIE - BB HMKEG IR IETIE D>,
2024), dbEEIXEERE RO 87% % b Tz, ki
BT LIRS E N 2 B Mk CifiE s h 503, 34
O EFEAFERIIE, SIE, REREFBENICHY, 3
Wk CALEE 2R D 70% L L& 5 Tnb (Fig. 1), ¥
PNHAWEORUT, BEMEN/ NS THEMBPEWVZD
ICRFE R ENTZ D 2 2icd D (BK, 1972), 1960
HERLIFE, £ < OBERFRE DGR Z21T-> TH
MO ER AP, LB SRS R, Rl
HIRZ R 2 A EMICH L 57 &, UKL
FEFEHICIRYBATHD (B, 1972 ; &mHL, 2001 ;
Ab v B & IR E PR FE &, https://www.jfa.maff.go.jp/form/
pdf/1hokkaido.pdf, 2024 45 10 H 15 BRE), 2O Z &l
X o T, 1980 AR LLRE O fE L I 351042 5,000 t miITE

THBL TR, HWRNEE LTAERRERTICLTD
LT3 (LB & REBRIEE:, Fig. 1),

UNTAE, FILERER, TASRD, NF—hEX,
WDy, J1b—F A4 A%, e RBEIcnein, A—
RPN T, A ETEESCD & H Xy 7 TR
FENTWS, B IEROBREBIT S &, IRt
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Fig.1 Change of annual catch of Sakhalin surf clam from
representative areas in Hokkaido.
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Fig.2 Malacobdella japonica attached to the mantle of
Sakhalin surf clam.

ETDHEVROEMERNTHZEN®HD (Fig. 2), =
W, BRESBMMICET 5 e L O TR <, MFE)
Y e € e VRHIE T % & B BV Malacobdella japonica
Thbd,

EEEAREAEERTIBeEA MO TV DN
(Gibson, 1995 ; Ivanov et al., 2002), [EINTIX M. japonica
D FHMNFEE S AT D (Kajihara, 2007), A ff i,
Takakura (1897) 12 & - THiff Malacobdella japonica &
L CTHFE S 472, Riepen (1933) [IAFEZ I —nw w )
\Z 5y #i 3 % Malacobdella grossa O # i E R TH A H
U7, WA - [k (1940) 1 XTERE IR B,
Alfaya et al. (2015a) % DNA fiEHFIC X » T, AR M.
grossa LY R THDLI LW L, £, F
ERLTAETMAMIZONT, FERERILHILVEE (FA,
1897), JEREHTINE: (Yamaoka, 1940), /METTH KO
BRETIR S ORTF -SFJF, 1956) , HARML /P~ =Rin (B
(- ZH)11, 1989) TEESNIZT AT A, JEEHTD/NGE
JECHA SN U AT A (B fais, 2019) THESH
T %, Hookabe (2024) i, HHAIEEZTHLE01D
AR 2 BB ~OBATHIRNC I (T 2 38 i e 2 Wi
L7

T NTTA DHERAFENEL L TND Z EiFdH < »
LHILITEY, 47—y b THRET D &MHRR
MATENT=D BFlxE, FH>Tar=yr7oliGhaE
JA [X #, https://www.zukan-bouz.com/article/724, 2024 4
90 17 HEED) ., LA L, BHEEr9x RIEaTH O 9 #Ho A
Thbh, 2056, FERELIMILSRIZTTH
%, Malacobdella J&139 T, BEIEOFHERTII/RNE
EzHRTEY (&A, 1897), FEMAE (M grossa,
M. arrokeana) TIE, T EZEDT W] MEEOMRE
RO 2 FE S 720 ) TE A ATZHEAK D

LEEZHB TS EHEINTWD (Riepen, 1933 ;
Gibson, 1968 ; Gibson and Jennings, 1969 ; Teso et al.,
2006 ; Alfayaetal, 2015b), L2>L, &K 34 ~ 37 mm,
RIE 10 mm (2725 K 9 7e KX 7249 (Yamaoka, 1940)
DFERNHITIC L > TIT 0% 2B (&A, 1897 ;
FEIL - 2810, 1989), F7z, U AATA BAEMEME LT
TB SN TWDRL L, EFEEENAE U D aHRMEN B i
L EIFRNWESS, BERENLEERFEONDZ L
HdH (R 2002), EHLIHEECHEERGRENS
OWEbEEMEIZT -2 085, Lo,
BB B ORI T 572 DI B R B2 7T
WHHTH 5,

AWFFECIE, WREFHRLA DS K EERAT Y K AFE T O f
DA THEN LT 2B IR ER A (hiEs B IR S FLEEH)
CAbHEE ST AR K FER BRI R M S (B, AbiEE SRS
WFFEREREAR RS AR PERRBRES) DT - T2 U A IR DBk
WFFE (AbEE AR KRB Y, 1995 ~ 1997 ; SR 5,
2002) O TERE LU ATA O—FERANT, AR
RMEEHALEOE E L& TAT A L DORRIZONTO
MR EGT-DOTHRET B, 728, Malacobdella J&I3%E
FETIIRNEEZEZLNTNDZ LD, R TIETINLL
Me, BEfEOFIRTHWONCE 7 [54) Tidn, T
Bl EWIHILEEHND,

AMRUVAE

MEET, 1953 ~ 1984 4E XA E K EE B S (AbifE
IRPEER, 1957 ~ 1986), 1985 4F L[ 137 3 A2 P s il o
iz,

1994 ~ 1996 4R IZ =R, BRI, FEMT, /N,
JEERT, FepvhEIEs JOPRIET (B, H&ERD) O oNg
AR (DARE, #REDIEMER & FRd) 128V T, 2012
~ 2024 T EERT, ST X ORIERT O v 8T A
W (LR, EEELIRMEE E ) 1280 T, w3
34 A 5,491 AR ZER4E U7z (Fig. 3, Table 1), FREEL
TR ANE, WE - BERETO 1 ~2 A, kT
WL, &5 WL, HKIC AT 3~ 5CTHRRE Lz,
B, MR URE Tk, ARCERO D I 53
LT, TNEIUHEARZ ATz, Fiz, WIS OEAR
&, WIERNZ T ST A DHRE L Tz e BV Z
L7223, WK Tl LIRS OREARTIXFHR Lo 7o,

A AN, ALHEE N K ERBRG I E~ = 2 T LI
o T (FHH, 2013), &R, #&, ig, @& H
R, EAESE R A NE Lz, F72, 1993 ~ 2019 4
WZHEREE L7 29 EAR O 7 /3 A 1% (Sample No.1 ~ 29,
Table 1), HEOFRMEIZH AL S L5 FlD [ CHH- s 2 HE
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Fig.3 Map showing the sampling area of Sakhalin surf clam.

LT (BB, 1963), HIERICEEDOFELBLEL -
2, 34KEARD S H O 26 FEAR T (Sample No.1, 5~ 7,
12 ~19, 21 ~24, Table 1), EBEEE/NRAHFL TV
WAL (8, AVER, 8, Bar, PR, HAKE, £+
EHEALARY) ZOFETEIZE LT, 72721, H#E (Sample
No.7) 1%, HARHEREINTZ T AT A 188 FEIEOND
124 fERD I, AFEALABLEE LTz, AR ST
UNHA OIS E, B LT T ST A OFEEETERL
T100 #F U7 fEa A% (%) &L, £7z, BlEL
To 7T A BT D AR R TRRICIE, B
Zyfiy & U L7256 o2 (k) 5L
7=
R =(p(1-p)/n)"0.5
p: AR, o BIERK
DR O e T L O ERE L, 2012 FE 0B LE
] & JE T CIE 0.01 g HAAZ, 2013 AEDIEFET & 2013 ~
2022 4E O BIHENT TIX 0.1 mg HAL TR HIE L7z,
728, 001 g /AL ETAMCHELZEEELD
9B, 0 & FRENTMEIRIE 10 mg AR & L Ciods L7,
AWFFEIZ N2 AT A 1%, BRI DR % i
DO e, BRSO RAER NI — M2 72
W, UL, BEENLE DK A L ORI, MRS
Hiznrb T, TOMMERTbOLHEE L, HAESR
LU A DOFRR L OUFERN E OR, b EELORE
LRI A DR KO & OBfR, b EEADMTE
T2 U AT A OFANARDIRHTIE, AN WA O THE
i L7z, 72720, AT AIIKIEDEETHICERTS
FEARHZ ERESHWE N H 5 (xR, 1993), #
VAP O /N T, 2D U ST A ORI E T
66 mm, 5% 91 mm, 12 7% 103 mm & #ESTEBY (U
6, 1995), #EELRHROEFTIE, TS (2002)

IR o THE SN R D, 2535 mm, 5% 70
mm, 9 7% 93 mm, 12 7% 100 mm & R iH X5, #EEL
VEEHg & R LU & IRk R E N R &5 25
D ZEME, AR LBRI XOHEH & OBRIRITEE
BINZIRHT L7z,
FEARMOILAERE T D720 P EEATV, #
FRIE 5 R 23 20% & B8 2 125512131 = — Y HIEE1T -
Too Eio, EERLUIERERMT DI2DIIRAEINT %
1T\, Benjamini & Hochberg 5 (BH k) IC X »> T E
Ll U7z, R EHPHE D 2 W I O 354 SR A B DL
VEIRR & BB LG & THIRT 2720187 1 v v v —
DIEREMERE 21T > 7, AREKUEIT0.05 & LT,

LS

HER TN A 4R S5491 HIKOHRE DOV (HE
Heff72) L #iPHIX, 88 mm (17.2), 14 ~ 136 mm, #EE
O] (FEMERZE) S HPHIE, 755 (430), 1~
287 CTd o7 (Table 1), 5,119 HADHEREICE £
ABFBD B, D5 HO 5,080 AR 1 EFA, 39
RIS 2~ 5EK) oeEEAREAL TV,
WEDRO BN 9%, v ATA HEAKIZH LT
L L EROIETH -T2 2 LD, WS IS
HELIZeEELREEENEND T AT A 1 EEICEE
ELTHWEERETDE, UATA 25 (5491 H1E)
Wt T HAAER (EHERA) 1393.8% (0.325) & HEE
STz, 2720, 34EAROIAFRITIL 68.9 ~ 100% D
ERH > THEENRD LI (4 =20833, df=33, p
=0.000), 3FEA (98.1 ~99.4%, Sample No.3, 5, 14)
FAEEICHE S, 61 EA (68.9 ~ 89.5%, Sample No.7,
11, 12, 21, 27, 32) IIHEICE» ST,
HERLONATAOBE, FEis VAT A O%RHMAEE
ORI, EERELVETEK T, 3% E 20 mm 505 50
mm 51 10% 7535 83%~ & A L T 60 mm 75 T 91%
LR, FO%, Wit L, BRI, &R
20 mm 5705 50 mm 51U 29% 005 79%~EHEEL, 60
mm BT %ERD, D%, WitH L7 (Fig. 4), &k
EHZ2h, MR CHAERICHEATRD b
holz, FlnfEoiARiT, BELETERTE, 1~2
FRIZ 59 ~ T6% ~ LML, 3T 9B% & RoT-, #E:
DIBEE TiE, 2 ~ 482 23 ~88% ~&HmL, 5%
T96% &7 -7= (Fig. 5). 2wk & 3 me ClEyEM <A
RICHBEESRO O, 4%, AEETED LR
molz,

EEEILDEREELEINTA DR, b EEELOTER
DA 1376 HED 5 B, 'R HEAL TnE
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Fig.4 Shell length distribution of Sakhalin surf clam with and
without Malacobdella japonica, and rate of Sakhalin
surf clam with M. japonica in each shell length range.
The upper and lower panels show the western and
eastern waters of Cape Erimo, respectively.
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1% 95.9 mg (62.75), I KA (% 350.9 mg, fe/IME X 0.1
mg Th o7z, 10 mg K OEIEB 2D 14% % DT
Bb%<, 20~30mg AL 2% & D7 o t=id, 40
~ 110 mg B2 4% 5 6%~ x, 120 ~200 mg &
I 6% 5 1%~ &3 L7z (Fig. 6), 210 mg LA ED
EE /L3 A TRED 3% TH Y, 300 mg LLED
BRI 2 KD TH 72, F£72, 10 mg KD 39%,
10 mg &, 20 mg BENEND 16%03, U/NHA 1 fEK
IR L CTHEEIE L T e B ELTH - T,

INTADFRRE L BT ELORELE ORfE%E Fig. 712
RUTz, #E 20 ~40mm (ICE LT 2B EILIL 10
mg A T o723, kR 40 ~ 60 mm TiE 10 ~ 30 mg
DM U7z, %R 60 ~ 80 mm TIL 0.1 ~ 204 mg, ##*E
80 ~ 100 mm (Z1% 0.1 ~ 351 mg &, UAHABKEL
RHCONTREReEENMEET D ISR D L L
HIT, AR REIDROLND LT,

T NH A DR E b ELORE DR % Fig. 812
RUTZ, 2RI L TV e B ELOARET 0.6 ~ 11
mg T, 3% 0.1 ~ 54 mg, 45% 0.1 ~ 105 mg, 6% 0.1
~17mg, 81 ~312mg &, TV AHA DERMN LN
HlizonTREREEEANDEETELIICRDELD
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Fig.5 Age distribution of Sakhalin surf clam with and
without Malacobdella japonica, and rate of Sakhalin
surf clam with M. japonica in each age.

The upper and lower panels show the western and
eastern waters of Cape Erimo, respectively.
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Fig.6 Wet weight distribution of Malacobdella japonica,
living as single or multiple individuals in one Sakhalin
surf clam in the eastern waters of Cape Erimo.
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EHHEE BHOLEEANEEL TV T AT AT
39l IR C, £ HIX9EA (Sample No.23, 25 ~ 31,
34) B EONY, 2{EERIAED T NT A P 28 K, 3
MEARE A 6 B, 4 fERILAED 3 (8, 5 AL AN
2 R T -7z (Table 1), 9IEARDOHTL E LA
L TWe 307 A ORI 29.9 ~ 1319 mm ZH D,
%30 ~ 40 mm B D 13 ~ 15%, 50 mm H D 8%, 60



6 A

400 4 350 1

4 . ] ° N =778
350 N = 1.295 300 .

250 1 e s’ o

200 A

150 1

Wet weight (mg)

Wet weight (mg)

100 -

50 -

o
po

O Ppocoammomnd © ©

0 20 40 60 80 100 120 0
Shell length (mm) Age

Fig.7 Relationship between shell length of Sakhalin surf Fig.8 Relationship between age of Sakhalin surf clam and wet
clam and wet weight of Malacobdella japonica in the weight of Malacobdella japonica in the eastern waters of
eastern waters of Cape Erimo. Cape Erimo.
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Fig.9 Shell length distribution of Sakhalin surf clam which Fig.10 Wet weight distribution of Malacobdella japonica, with
Malacobdella japonica lived in, and rate of multiple two to five individuals per Sakhalin surf clam.
symbiosis in each shell length range.
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Fig.11 Relationship between shell length of Sakhalin surf clam Fig.12 Relationship among foot, mantle, and gill of Sakhalin
and wet weight of Malacobdella japonica living in surf clam, which Malacobdella japonica was attached
Sakhalin surf clam. to, and shell length distribution of Sakhalin surf clam.
It shows M. Japonica weighing < 60 mg.

M. japonica (254.9 mg) living in 109 mm Sakhalin surf
clam is noted as an outlier.
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I, 20 mg B LAREIT 2 ~ 3 EIRAF2E LTz,

TNRHA DR E B EADKE L DOBBRIE, 30~
70 mm BICHAET D EE EAOKEIT 0.6 ~ 5.5 mg, 80
mm 15 0.1 ~ 12.0 mg, 90 mm 75 0.1 ~ 16.8 mg, 100 mm
7 1.0~2549mg &, HENMIET IO TEELY
NMEREL 2D L L BIZ, AR REINBDLND &L
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Fig.13 Relationship among foot, mantle, and gill of Sakhalin surf
clam, which Malacobdella japonica was attached to, and
wet weight distribution of M. japonica.

Figure a: Weight range was 10 mg, and a weight < 100
mg is indicated.

Figure b: Weight range was 1 mg, and a weight < 10 mg
is indicated.

TRHA DHEREC AT HEEEMIONT T

mg DAL & BT, 5K 108.9 mm O 7 /8T A HBER
W&,

EEELDMFBFERBE HHELEEEALRMAFLTH
T2 U NH A OFNLIINEMTRERD 76.8% % (HD, &
13.8%, f14.2% &LHeE, BIIL1.9%, P & HAOK
BILENFN03% EENTH -7 (Table 1), 755
BOEMNo T EAL 3 AL, #%E 20 mm 2> 5 110 mm
BSEMRT DB, AAERED 29%0 D 76% ~ & 1Y
MUT=DITHE L, B1E 29% 205 7%~ flIF 43% 005 1%
~&JA Uz (Fig 12),

10 mg RO & E B/LIL, SAER, &, BICFERED
EIAETHFEL TN, 10mg 2z 5L, HEROE|
HREL 72D, BEFHEOEGITIKL 2572 (Fig. 13a),
51, 10 mg AR TIE, 1 mg KD 56% 21, 30%
MANERE, T%NRITAFE L TV, LaL,
AIIXRITEE L7220, 6 mg LAKE, SLEREIIEmL,
& RITEA LT (Fig. 13b),

1 ~3mg
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ﬁf%ﬁ) s B, K _/\$$ﬁ31ﬁ7§)0 =D, DXE%E
PH 20 ~ 64 mm @ sample No.32 TH -7, /\E’q’n o

HA DR T ERT Lm0, EARRMOILAR
DEIIEIER LT DO NTA DREZDEN
BULI-EEBEZOND, BEBESHBEENERIZFIZT S
DNRTA TSN O TH D, ILHEE SR

IR 7.5 em R OFIFEE TN TV DR, 1F&
Ao E ORI TR 8 ~ 10 cm O CH EHH N7 T
W2 (FEH, 2001), 2T, #%E 80 mm Ll EAExfG L
LCHAEREFHA LA, UHA (4,102 fHIK)
W9 o AR (EHERZE) 1396.4% (0.290) & 720,
BAEAR DAL 89.2 ~ 100% DHIFHIZ & - 7= (Table
D, EAMICEBRETIRD NN (f =—YHIE, x°
=59.46, df=32, p=0.002), HEZEZRIRD>IE
AFNT 30 1T 2 (GEAROFP : 91.4 ~ 100%), HE
FEAEOR U AEAREIE 3 (St7, 11, 18, HAROHPE
89.2 ~91.5%) |2k U7z,

T NI AR U CREE R 23 B D & HEE S
BHIKTE 30 mg RO b E UL (BR), AR 90%
o 2 T2 60 mm B LR B B LR, #%E 70 mm
50 19.8%, 80 ~ 90 mm B 9.3 ~9.8%, 100 mm 13
D185% % 5=, ZDZ LiX, (MHPOERTRAEHE
DARE LG IS, Fiicle s RDMREA L2 2 & o)
L CWD, £, AFETREINTZ YT A OH
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AEHD VL THEEZBZ CTAERT IR ADEE2 BT
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1£90% %z, FHLE, Wi Lz, LaL, 90%%
B X TR, BRECAVEMEINOE 3 5%, HREEDABOEINIS S
T D, EEELIVG IR O 7 B EEE DU L 0 b A
fCEm< o7z, M grossa TiE, IEEORE I &IL4E
REDOMICIEOMHBENS B & #HE S T5 (Gibson,
1967) . 7 /N A O pRE 1 X EE T LATE I 00 07 D3R
DI L0 b R (S, 1995 H)II S, 2002),
90 % & B2 DEMMNP R DD, 7% E 60 mm IZET D
EN e Db ThD EEZBND,
HERQBEZE SHOMAERT, TERULHLEET
96.3% (@&, 1897), JEFHT T 87 ~88% (Yamaoka,

1940), HHENF~=ZRBFETIEHET~10cm DO
INH A T 96.2%, #ilH 89.8 ~ 100% Rl - Z8)11,

1989) LB EANTERY, AHFJE TR LIz 3AER L HR
EThoto, LnL, KT - SFH (1956) 133 E 7 om
LLED T RH AN, /METEE TR 61.8%,
#iPH 25.0 ~ 82.0% (1954 4EFR4E), FH)41.2%, #ip
11.1 ~90.0% (1955 4FH4E), PIRET Tl ¥ 36.3%,
FPH 33.3 ~40.0% (1955 FFHR4E) LS L7z, Z Rk
RITM O RATHAATE L <KW, M. grossa O LA
{22 C, Riepen (1933) [XELEEHIBNEEPH TS 20872
D OHUEIEEB N D LI TEBY, FAVILEOF—
VT T 48 ~ 80% (Kennel, 1878), ¥ —F —+ 7 = —
75 T 50 ~60% (Riepen, 1933), A > 7 7> FALHB
DI =7 Y —INETIE 177~ 56.2% (Gibson, 1967)
LHEENTWD, Lo T, RO RS
D&% > THAREFETIER,

PO(1972) 1T B o T, RF - SFSHE (1956) & A4
LT B LB SNV AE OV 1 km HT72 0 O
PR AR L C D &, PIERT 0.4 tkm (1955 4F),
AN 0.6 tkm (1954 ~ 1955 4E), /il 51.5 t/km
(1993 ~ 1996 £), HEEMT 2.8 t/km (2013 4F), #LHHT 5.3
t/km (2012 ~ 2013 4=), BIRERT 5.6 t/km (2017 ~ 2022 4F)

LD, FEROERBERABBE LY THIORTHOT
(T72NDS, AWTIE D A L~ TRIRET & /M D
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EAREE O IR BLCE BB FE SN EE LT T O TIEZRn
A, Lonl, AERIMERER O R dbiEE A
AMFRFREOKRT « I (1956) OATHY, ZhiZigT
HIErT 2 Z L TE R, HWAEROWHIRIZ X 5 HEE R
AT OOBERITRRELTND

FEONER v e b OEIIHIZ- OV T Yamaoka (1940) 1%
MR S ~ 6 AT B Lt L7223, & {HiED
(2019) 1%, 9 HIZERE L7 EURIZ L » THRAERZE
it U, WARF RN TER S D £ COREREZ B LI,
AHFTETIE, T3 H AR L C LB RERT R 3 A
EHEE S AL HMEARD (BRak), 5 H & 10~ 11 AIZHER
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WC, A LBEOF 2 RIOEHE Y — 7 Db D IEFHiME D
ATEN 2R AT REME 2 S L TR, A AR O FE
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WL LT 25513 T BRI T Th o Lt S
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i AR LTSI AE T o/ NI ORI, 5
AR L TEEIRARE RIS O D 72 WMER Td & & HEE S
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%24 ~ 110 mm, 2 ~ 28 5K D 7 3T A ZFE O BTz, M.
grossa [T TDEEY A AR AT H L WESITE
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fEE LERICR LTl THAE L TR, Z2oEIGX
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72o F72, 10 mg REFOMERD 61% M HAMAETEZ LT
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AHEMER R LTV D,

ZAVET, Malacobdella J& )3 E EIZ%F L CRDEE A
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Consideration of the parameter indicating the food condition of abalone Haliotis discus hannai reared in a tank

HirosHi HOSHIK AWA" and YosHiyuki TAKAYA

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

We investigated the relationship between actual food intake and the obesity level calculated from each weight (total weight,

soft body weight, muscle weight, and muscle dry weight) and shell length, muscle moisture content, muscle glycogen content

of Ezo abalone Haliotis discus hannai reared individually using raw kelp Saccharina japonica as bait and varying the amount

of feeding to identify indicators suitable for evaluating the feed environment of abalone fishing grounds. The obesity level

accurately reflected the amount of food consumed during a state of food shortage, however but no difference in food intake

was detected when the amount of food increased. However, the moisture and glycogen contents more accurately reflected the

amount of food consumed under a range of feeding conditions, from starvation to satiation.

F—U— R BT, =Y TUE, BREKER, 7 a—rraaR, SERER, APEHERE G R

A AHERS PSS O R PR 0 & U 1 19 B 1 AR E I
BT 57 U Y Haliotis discus hannai @ Ef3 0 —>
ThDd, TIDDOWETIE 1950 D 5 BEEE T 23R K
L, WEHEEOMHERICEZEREDOD T =FHDOH A
DARRRZY TV EDRERRNEZ > THY (Saito,
1979 ; JHEM, 1987 ; &3, 1995, 1997 ; #Rih 5, 2002 ;
T, 2012), xFHE LT, v=HEHOBIEHIES, 6
KOSRE T v 7 AOEINZ LY a2 7 7 8 OWEEERE
WEREE ZEL2WMO AP TOITND (B, 1997 ;
JIHES, 1999 ; JIIFES, 2002 ; 325, 2003 ; Jok « R,
2014),

ZD XD BRI RIRFEEONRERFTT OB, U
SHTIHARM CHLAMBEENREZITH D DE
A BB OUEZFI~L Z & CaREs R4
FHIT A Z e TED (JIDES, 2002 ; 4xH, 2009) O
WZxtL, 7O TR E (EREHRED3IETRL
485D DRSS O R SRR A KL TN D &
WOMERHD OO (IS, 1981 5 EARS, 2006 ;
HE D, 2009), EEBFOFEEIC L DRCR &% R L7
R, HUEROREEE /NS WA ICITEE O BISRHE L

TWRWEDRBER bR S T2 (Carefoot et al.,
1993 ; Jackson et al., 2001 ; Qi et al., 2010 ; FJII, 2012 ;
HAS, 2019),

—Ji, 7V a—=rrEOT U EORES & AR
LT, BUAREDR P LAR, WGOMEBREE R ED
FHIC W= & 233 5 (Watanabe er al.,1992 ; Carefoot
etal, 1993 ; &3 &, 1993 ; Takami et al.,1995 ; H %F
5, 1996 ; fEA D, 2006), 7Y =—7 L TiKKEN) O
AR EBRSN =R VX —JiE LTRSS HEE
ME TH Y (Gddard and Martin, 1966 ; Carefoot et al.,
1993 ; B - HE, 2000), A& KSR L FOFFHZAL
HRTZENMBILTUWS (Watanabe et al., 1992 ; KFY,
2003 ; A B, 2004),

TR, BRI A TR RS T Ty
TUECERMAGEL, HETRESLTVWLIEEE
FESG R, MM B, A P R R, AR PR
AR KOV L FIIEIE & U TS K & i Al
TV a—F U ERRIIONT, KRR L0
DHHIRET ATV, APRHREERHIEE & L CoRIMEE
R L 72,
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Fig.1 Temperature of the seawater used for Haliotis discus
hannai rearing experiments in 2014 (Experiment
1-1 and Experiment 1-2) and 2015 (Experiment 2).
The temperature was measured at seawater intake
equipment at 10:00 every morning.

TN ZEDHBRRAIZ ESL, 8 H BAICIE 22°C,
B> 9 A HAizix 21°C TH 7= (Fig. 1),
EER1-2 BRI & BB MR 36 X OVREE R 1L 52
Br1-1 LR CH o7, EMIRIEIER 111 2B L
THGE HFEIR O RIE R A & e 2014 4F 11 A 25 H
FTO 160 HIE & Lz, 9 ALK, flEKIEIE TR
Zfelr 11 H FANCIE 12°C e > 7= (Fig. 1),
EER2 fFEHFIEITIER1-1 BLOER 12 LK -
TN, WBEEE S LICHPC LESRAOKIEEOL L E
TR D 7= DI BAMARRER R EED 1%, 3%, 5%F LV
10% & 72 DAGEER 23k L7z, fl B HIRIEER 1-1 £1F
IERIBEIZ 2015426 H 23 HA5H 9 A 25 HD 94 H7Z -
72o BB KIBITFABRBAAAIFIZIT 15°C 7257223, 8 Al
1%23°C £TEAL, RBHE TR D 9 A T 21°C T
Ho7 (Fig. 1),
EZIEBE 2EEIEE (condition index : CI), #RIKHES
AR E  (condition index of soft body : CIS), A &
2 B B (condition index of muscle : CIM), fil A 87 5
BEECE  (condition index of dried muscle : CIDM) %
TR TRD =, BIERO CLIE, K FEBRICHHI L
7o fER (64 fHR) OfEi% A7z, CIS & CIM B8 LW
CIDM D BRAGRE DI, AR L7z £ 9 il H & 1Bl
WELEZT U EOMEAE Fuviz,

Cl =2k (g /SL’ X 10°

CIS =i E & (GRLS ORI ER (g) /SL’ X
10°

CIM =fiAERE (REHOMAERE (g)) /SL’ X 10°

CIDM = AizigEE (HANEE (9 X (-HAE
K /100)) /SL* X 10°

BRI T
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Fig.2 Sampling method and position for muscle and gonad
sampling of Haliotis discus hannai.
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AN G725 TEY (Olaechea et al., 1996), & /K=RILEA
el & RSN O ILE TR, BRI Tl
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7 I R ver4.3.3 (R Core Team. R Foundation for Statistical
Computing, Vienna) % H\, FEAKELS% L LT,

S

HABORERBRE EEFLULEERBEE HFEO
HERBAEFCIE LT UV ek R, AEEB L OeE
B (CD % Table 1 12/R L7, EBR1-1 & 1212
AW T U EOVH)REIT 63.1 ~ 64.5 mm, PR
1359 ~39.9¢g, ‘FHCIIZ13.9~ 148 TH YV, jFEhR
L HRAEX I TIEEIE o 72 (ANOVA p > 0.05), 3
BR2 ICHW=T U E OV EEIT 67.6 ~ 68.6 mm, )
PEAIT43.7 ~463¢g, FHCIIX13.8~ 144 Th ol
(Table 1), 7k & 2EECTIEMEXM TETRD LR
o tn, Y CLITARE X CHEZ M S iz
(ANOVA p <0.05), ZEHBETIIAEZDOD DX
DG DR IE A0~ 72 (Tukey-Kramer /7€, p > 0.05) ,
FREEEE SHEEEER  Fig. 3 ICKERICH T D HER L HH
BEEOMBRAE TR LT, RESNTHBEEIISCTH
MEMRIIZL L, SMEXKHTHEERENTEO R
72 (Steel-Dwass i TE, p<0.01), H EHEEIRITHBEE 1%
TITB IR LRIEREBE TH - 7228, FREIRNEL R D0
WCfENENE TR, FEEER 5% LT 3.4 ~ 4.4%,
10%I1Z%F LT 5.1% (W3ivs kfE) Th - 72 (Fig. 3),
HEBDERE, BERLLEEE, SKESLUTY
I—FUEREOER AFERICBIT MR EOARE
1, EBR 1-1 TIERTOREFX T 100%, FE5HR 1-2 TiE 1%
X & 5%X A% 100%, 0% XA 81.3%, 3% XA 93.8%,
T LUTHER2 TIH1%X E 3%KA 100%, 5%X & 10%
X728 93.8% 72> 7,

Fig. 4 IZBFEBRIZH T D/HR & FHEEMEORBR LR
Uiz, BHEOEMIZLLTOEEBY Thotz,
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Experiment 1-2

& BB
EEBR 1-1 BLURR1-2

FREER 0% XIXPALAR R L O Izt L CHEICE L
(CI, CIS, CIM, CIDM), #flc3E8k 1-2 CHEHZE CTH o7z,
FA TR 1% X% CIM O Z BRI & [F55 72 > 7278, %
NEAMIBIER L KT L7 (CI, CIS, CIDM),
FOEHEE 3 ~ 5% XIXBHARRE & RIZE DI E N &0 -
2 (3252 1-2 O CI, CIS, CIM, CIDM), (K FL7=b d (52

B%1-1 D CI, CIS) b -7,

FREEER 1 ~ 5% X CILAAER=R OB IS U CHE e
ok L7= (CI, CIS, B 1-2® CIM, CIDM) 723, f#
RN RARE RS E (F281-1 O CIM) b b -7z,

=B 2

CLITMEEE 1 ~ 10%DEX THABEL YV AEITIKT

L7,

FEEE =R 1% KA IX L 0 S ARWEHR N B E Th - 7
(CL, CIS, CIM @ 3%XFE LV 5%X, CIDM),
WO B T HAGEEE 3 ~ 10% XKD ZEN i S
nigm-o7= (Cl, CIS, CIM, CIDM),

&/KE (MC)

Table 1 Initial size and condition index of Haliotis discus

hannai used in the experiment with four food-ratio

treatments (n = 16 in each treatment)

. Shell length Wet weight Condition index (CI)
Experiment Treatment

Mean + SD Mean + SD Mean + SD
0% 64.11 +2.34 37.83 +4.43 1443 +1.21
1-1 1% 64.19 £ 1.40 39.25+4.44 14.82 + 1.04
. 3% 64.11+2.12 37.90 +3.90 14.39 +1.32
5% 63.48 +1.25 3595 +4.11 14.03£1.18
0% 63.70 £2.39 36.09 +4.25 13.93 +1.10
12 1% 64.53 £ 1.75 39.08 +2.58 14.55+0.90
) 3% 6315191 36.80+3.77 14.60 + 1.06
5% 64.15+1.75 37.10 + 4.56 14.04 + 1.44
1% 68.13 +1.39 43.78 £2.87 13.84 +£0.67
5 3% 68.49 +1.39 46.35 +2.69 14.43 £0.73
5% 67.66+1.71 44.79 +£2.54 14.47 +0.70
10% 68.68 + 1.09 45.29 +2.55 13.98 + 0.63
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Fig.3 Food intake ratio of Haliotis discus hannai in each treatment group.
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Fig.4 Condition index (CI), Condition index of soft body (CIS), Condition index of muscle (CIM), Condition index of dried
muscle (CIDM), moisture content (MC), and glycogen content (GC) of Haliotis discus hannai reared in each treatment
group. Superscript letters indicate significant differences among groups (p < 0.05, Steel-Dwass test).
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Fig.6 Daily growth amount in shell length (DGA), growth ratio in body weight (SGR), and gonad index (GI) of Haliotis discus
hannai reared in each treatment group. Superscript letters indicate significant differences among groups (p < 0.05,

Steel-Dwass test).
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glycogen content).
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Table 2 Correlation efficiency between total food intake ratio and each parameter (CI, CIS, CIM, CIDM, moisture content,

and glycogen content) in three groups as the full model, without the minimum treatment group, and without the

minimum and next fewer treatment group with p-value for the correlation efficient

Full model Without "0%" Without "0%" & "1%"
r P r P - p
CI 0.597  1.894E-07 0.106 0.471 -0.044 0.8079
. CIS 0.681 5.768E-10 0.388 0.0063 0.041 0.8235
Experiment 1-1
Parameter CIM 0.493 3.44E-05 0.259 0.075 0.013 0.9412
CIDM 0.722 1.26E-11 0.538 7.94E-05 0.312 0.082
Moisture content -0.746  1.457E-12 -0.767  2.025E-10 -0.677 2.08E-05
Full model Without "0%" Without "0%" & "1%"
r p r p r p
CI 0.730  3.365E-11 0.557 4.78E-05 0.099 0.5947
CIS 0.788  7.484E-14 0.582 1.76E-05 0.209 0.2571
Experiment 1-2 CIM 0.792  6.956E-13 0.460 0.0011 0.323 0.0754
Parameter
CIDM 0.902 2.2E-16 0.820 1.63E-12 0.591 0.00046
Moisture content -0.924 2.2E-16 -0.874 6.25E-17 -0.692 1.56E-05
Glycogen content 0.848 2.2E-16 0.798 1.822E-11 0.578 0.00069
Full model Without "1%" Without "1%" & "3%"
r p r p r p
CI 0.517 1.66E-05 0.158 0.2930 0.172 0.3611
CIS 0.566 1.69E-06 0.246 0.0986 0.208 0.2692
Experiment 2 CIM 0.289 0.02252 0.007 0.9635 -0.042 0.8237
Parameter
CIDM 0.666 3.26E-09 0.455 0.00145 0.336 0.0694
Moisture content -0.801 5.65E-15 -0.748 2.30E-09 -0.611 3.30E-04
Glycogen content 0.800 1.01E-14 0.687 1.82E-07 0.508 0.00408

Bold letter shows the significant correlation (p < 0.05)
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Rearing larval Japanese smelt Hypomesus nipponensis fed cultured rotifer Brachionus plicatilis in low temperature

and food size
TETSUYA YAMAZAKI*, NoBukazu SATO and Suinicnt TAKABATAKE
Mariculture Fisheries Research Institute, Hokkaido Research Organization, Muroran, Hokkaido 051-0013, Japan

The activity and feeding size of L-type rotifers on Japanese smelt larvae were investigated under low-temperature and
salinity conditions. Additionally, the rearing methods of Japanese smelt at low temperatures (approximately 10°C) were
compared between running and stagnant water trials. The long-term activity of the rotifers was confirmed in a culture test at
a salinity of 1 PSU. Larvae of hatching after 1 d fed rotifers whose sizes were 194 pm in average lorica length (range 107-265
um) and average lorica width 128 um (range 93—156 pm). The survival rate of larvae in the stagnant-water trial (46.0%) was

higher than that in the running-water trial (20.6%). These results suggested that high rotifer activity contributes to the high

survival rates of larvae in stagnant water-rearing systems.

X —TU— R UFIRXVRT LY, AR, KR, ThHX

T 751 %X Hypomesus nipponensis 1£, NZHIIZEA S
AVTZINTE 2 5 DR IR 2 PR < HARKHIZ /A L (B,
1980), A HITHEIK S 2 MEEWIROKIE 22 £ ALimE A i
HAERTLIHAKMTHD (KA - B, 1986), AfEIE
HEOI I LT R E UTHAIH 4L, FEEMED &,
LavL, MMERIT 1957 0 7,341 t & ¥ — 7 (T &
F, 2022 FEITITEERARD 675 t F TR L7 (BAMK
PEAR NK IR ZFEAFER G A, https://www.maff.gojp/j/
tokei/kouhyou/naisui_gyosei/, 2024 411 A 13 H), D
7o, REAHTEROMARL LR EE  HiNE Lz
SMEFRBORR ER S TE Y (JFHE, 2005 ; M5,
2006), ZHUCHWLIIDZ L ZbiEENA D AFL T
%o FRMEINOUHEHTH 2MEM DO U P XX eEA
HDOWHE~DOFRIPHARIR & U CHEIEpHl 21372 LT
5 (¥ 5, 2016), —FT, JLFEICHNTHfER
A EAICH Y, I, JIOMEEE LY (1
EKRERERY;, 2020), RESHTHEINOAFAEL <
o TN5D,

U X OEIIEINE, WHAT2 AdA), FEH
ART2H AP G3HTH, ®I#GT T3 H TAPL
4 A B4y, dLEETS Ab 6 HTHsD (KA - M,
1986), IHD SLiEIRIL 6.0 ~ 17.5CEIAL, SMEH
TIZES 5 HEUIAKIRICKAFE LR 11 ~38HTH D
(FB#E, 1967), SMEEHED DAFFAIKIEM 21T U0, 3
M4 £ THI 90 ~ 290 um OEY 7 T > 7 b v A
% (- ALH, 1977) ZERRESIN TS, ZORFY
B DM O ZENEREICKEEELEL (&
., 2004), FRCSEHER 2 BRIOBHEN KRSV (8
2003), Z OFHIEREL [T S 70, ZE TS, K
KERBETIRAK CESF - HH, 1989) 33 X OPASHIE R XA
B (AR S, 1999, 2000 ; #H « = A, 2020 ; Masuda
etal.,2023) 7¢ & CIHRAOBEE IR S O T& i,
F, IO EFIOFEKIRIE 14 ~200CLEL, TH
PXGIRN L < SMEFEH OKIENEWILHATHEET S
Ua, WEKEZINET20ERNH Y, MR A 230
D 2 ECHBEERAEE E V2 5E, BiEa A RS

HWEE A643 (2025 4F 6 H 16 HZF)
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MWIND 72 EOREN D D,

U N FEROEFICE, %< OWBERE LUK
D RAFRRIC, IR E L CRARMETH D A 2
R RY I Brachionus plicatilis sp. complex (LT, U
LY) RGBT UMRD, 1999, 2000 ; Fr: - 24
JR, 2001 ; HEMH < =4, 2020 ; Masuda ez al., 2023 72 &),
U LTV A AN B SSH, s LAERHY, %
NEN OB /KT 35°C, 30°C, 20 ~25°CTH 5 (f
B 5, 1981 ; Hagiwara et al., 1995), ZOHTH L AL
16CCUTTHOHIENARETH D, B/KIRIZHES LTS
(HEE D, 1981), PEURMIZS 4 ~6 A L biBWLihE IC
BOWTAEDTREEE T 550, SEKICHW DMK
ST NAKZE D KIS, T AT DOREEKIEE DENE
Fh, ZOENKREBOT LT OEFEN (lEKD) #ET
S5 (Fielder et al., 2000), R UF =2V vAROT
= Plecoglossus altivelis 1%, 15 NMET LU AT LD
BIE S DENT L ~OFEME) 2B TE A7~ L (LA,
2008), fBAMEBENCIZV LA DIEMENEETHDL L ER
bID,

T 1 FAFRIRAKIRICIN 2, HKD D VIE N T
KEMZ TR THE S5, K/KIE TR AIHE7R
LA, BRI EFRBEDE 34 K06 7~207T
HEENEL 25 2 engirshTnsd U - B,
2001), L2»L, BV FFHOFEETEITH, LVIKE
ERBEICEBIT 5T AV OIHHIZOWTIIAHTH S, L
b, UACOEFRKELE U DY XOEEKIBE TS
AR Z BT HIEIREWT AV E NS Z LT
FROEERFREZM L TELAHEENRD 5,

T J AT N D T AT U O IR P 2R
Hiv (HZF, 2005), EWaEEE LT SSH (H -2 A,
2020 ; Masuda et al., 2023) HHWVESHT Ay (FHF
2005) MHAWSRREZ, LL, 26T LAVITI5CT
BEER B S UNFES, 2013), KR TORERIZITIAR
WTHbH, TOH, KAKETEENAGERLIY A
a1V R OEE B OB IR0 E
AR D LD Fxdp S FEE SN D 2 A S OKBICF 5
THEZEZLND, —FHT, LETLAESS BB LW
S YV HREL, LEICKT 2EBEESEPEITRITH
Do

AT, BT DU XFROEEE LTOR
FAMEZ RS 25720, (KKE, SHEORE FICBITS L
BT LS OGN i~ T, £, KR TIZBITLU S
P XAEFERANBIFE D72, LMY Ay Z Hn o
B A XOBEZ T, BKRREICB T2V ¥
fFROEEE L, FRCENTIR LEE B X OUEKEFIZD
Wk L7,

AMRUVAE

DL OEE LA LR AT TR AR RS K EE R
(LT, Rk 1BV, /KR 20°C THEREE#E L T
W5 LAID Ay d, 2020 4F 4 A 2 BICALEE RS
JUHEME X £ 9 - KRR ERBRY (LLF, ST ET
WAKR) 12k LT, BEgIFAEZ 2L T (A—3—
V12, 7 a7 LEKRRSH) 4L, KE18CHD
14CE Tlha IKIRZIK< Lz, 20204F5 A 1 H B
WI7KIR 14°C, H45 10.9 ~ 172 THEFE L, LT ORER7
NI LT,

DL DEEFMREGEESREOLEHER 14CTHEE
U720 Ly ARRBRICH A U, BRIk TR K
Z 10 AR (10 % 1 PSU X) 8B X OV 100 {57 FR (100
f0.1PSU X) L7z 2 K&g&IT7z, &alliRXiL 50 mL @
ks~ 2 A2 (Falcon #E8Y, v #UEE W) % 3 18 H
VY, Table 1 (2R LIZIRRICY Ay B EiebiskK (LT,
D AZFS0mLIc/2 D ko Nx i, ARENCRT D
B K O /313 10 ff5 1 PSU K38 LTV 100 5 0.1 PSU X
FNENHY 153 B LV 148 TH Y, HRBEOKESIL
FNEN 1L BIO0.1 I LT, 3B E A7 fiahs
#®e7T Ak, CICHE LA v F 2—H— (MIR-
151, =B Uarti) NICRE LIRS O (SK-
L180-E, DLAB ##, [El#54 60 rpm) @ RIZiEV 7z, il
JabEd% 7 7 A 2K Z AN EEZ S 1 BIC 1 (4],
AEA 1 mLEY, EEEMEITY L oA EEER
L OV IME RS A FHE LT, EIR ) OFRIE & L CillEvk
OFEABE Uiz, Wk LT AMEEES 2 g0 &
RolZHENTEREZKTL, 2RI AWM 5,
l1HEE LT,
THYFFREDT LYY A Xz T 2 EELERE UD
T EIIE 2020 4F 4 A 23 BICTAsREIAERRMES
B) TATL, STETHKRICEE L, JIEEKE
1230 L FTEARME 2R L, KO I KERE TER L,
U g — A= N2 TKIRER 10CICEH L, SMEL
Tofrf e fiiitfa s Ui, (FAIIVEEKRE 25 8L @
FRKRE (2K 5 L) 12300 ARILA L, fAE MR
202045 H19 AL 6 HOBRE Lz, A —HF—R2R

Table 1 Breakdown of cultured solution for culturing rotifer
experiment under low temperature and low salinity

conditions
. . Chlorella " Salinity
Trials Solution (m/) (ml) Sample* (m/) (PSU)
X10 (1 PSU) DW 44.8 0.2 5 1
X100 (0.1 PSU) DW 49.3 0.2 0.5 0.1

DW; distilled water

*; Culture solution including rotifers



FRTKIEZF 14C (13.8 ~ 143°C) [ZEH L=, &
RUIFROIEKZG T VX 5, #ER s Lz, HEHT
U LT EHANT, WEERTICKINO T Lz TAESF
W2 TR L, KN OB S 5 ~ 30 iR /mL
2725 KO fae Uz, BB, (rfi BT, 1
~3Ht%, SH, 6 H#%, 15H#%, 17H#%, 19 H#%
BLU2 BHEDOF 10 AAGEE LTz, WAL 1 HiE, 4
Hf%, 10 Hf%, 21 Hf% (LLF, Day 1, Day 4, Day 10,
Day 21) (7B L OB KT OU Ay & WIELIZ
L, FAOFRE, 7AVOEHER L O HIEZ T
LIz AFHIT T 7 ) v T HRE IS TR R L,
FHRELAZWE Lz, Z0tk, NFEMEIZAWT, E
E (2010) IZEWREAT— V@B Lz, FRoMk
BNB L OEEKT DT 5 DEFRER L OEFIEZA
A=V 7 87 =7 cellSens (Olympus #:8) %
WCHIIE LT,
FROWLENIZBIT 5 U LT T X TOFEMEIZ O
T, fFAOMILEICRI L, UL ORI TITIZ/A>T
WHIREE TR SN, £O7w), 5FHIEIXMEE OlE
WHESN, THELEHIFEORBRGENGEEINZY A
SOYEFIEEHE Lz, VAT OYERE LY TIEOREGR
ZRDDHTWH, Day 1, Day 4, Day 10, Day 21 THIE L
TEEARMEFR DT Ly OFFER LOEFIEEZ T,
W# ORI DWW TREIFEMRZ RO, 0%, [BIFE
OB B2 BEIF O THRE Lz (FEKE1%) .
Tz, fAEFHEHNCBWD THFRICEEE SN Y A0
R L OV HIEIZ DWW T, Shapiro-Wilk#R i€ C1EH >
A%, Bartletthfi & THE H M O% 02 MR L, —Itht
B35 0T (one-way ANOVA) % -, S ELLENIC
I¥Tukey-Krameri% (%78 DOYE) & % M IEDunnett T3
B (FESBOLE) MW CTHBEROABEMEZHE L
1o HEOHFREYA X N—TRNEBHSNTT LY
DEFEF L O FIEICOWTIZIERME (Shapiro-Wilk
WE) BLOESEME (Bartletthi ) 253880 H L2 o
T, VT AR - U U AREE AW, SEEE
WIZAT 4 —b - Ry UREEZRAWCTHEAMOEEEE
HIE LT, BARBRICBIT 23 7 v ZREOFanE
L7V AVBLOEEAEPOD A0 HEEHH
g XFRUE CHH M D% A iR L, Student’s tHRE %
RAWCHEAEAZ G L,

DHhY X FAOILKABTOENMETME 7 VX 0=k
PMITvERERER RS (EET) TAFL, 202044
H1THIC ST ETHARICBE LT, BIEREDLIC,
30 LI KA SO A IR UTe, IR U729k Ik
KEREE CAKIRI4CIZEFEL L, 15 bz SMefrfaz it
L L7z, 30 LOMAKRE (J8KkE20 L) 2XEI2EnE

U A R OEE ik KO X 27

A% 1000 BRI L, 5 WM IZ20209F5 ASH 255
H260 & L7z, #BRXE LCHKEE20 L/A (1 [0]iz/
A) OBAKENIL ML) &, 1kk (RKX)
ELT2o% ke, MK LY 4 — % — 25
W& VKR ZFICICEER LT, @I A0k Z T
Frandk o, galk e Liz, BEEHIV A2 HWT, £
BARMNO U L ABREE A5~ 13FEAR/mLIZ 72 5 X 9 1H
(21, ZFRI8~OMFIZ U I & & Tedt 3K & [ ik BR /KA
WA LT, SEBRBALA H % LAKE, FGEHRTICE & KM
BT DU LAY OEEER L Ok E i Lz, £
BltG1LH %, KENZP - <D EERE, 2L9< W
B Tfrfa AR L, ARHE CAEMFEREEHEE LT,
FERAE THRICIE, SEGHRCERRE R, T EME
BT L, EDICHEEREERICRE L Ao
FEREZXWE L, TO%, HFHEMEZ AT, KR
(2010) IZHEVVIEB AT — U ZilkBl Uiz, FEBfk THHC
B HEE HERN O ROFRELZFRE CHEAMOS
AR L, Student’s MRTE A H W CHBEZEZZ MR L
77

LS

DL OIEEMREGEIENREEOLERR mRXIC
B HEEEEE, WIRE, kR OHS %
Fig. 1 (2R L7z, R AEEOMEEEEBEED 34.0 £ 9.1 14
K/mL TdH -7 10 % 1 PSU KIL, 2 A% E THIML (43.0
+ 45 @k /mL), EOtk, BAMERAERL, 10 H#E (9.0
+ 29 R /mL) 12 10 fE{K /mL % FREI->7, & 5I23
DEfged, 14 H#% Q7K /mL) 1205 EE /mL = F
mY, EOBBITVERZR L7, 10 %1 PSU KD 4
WL 22 A%, 27 BB IOV 28 HRICENE IR L
72 100 fi5 0.1 PSU X%, &AEHT 7.0 £ 2.2 fH{A /mL
TEotzm, 1 HBIZ3EITT R TaE L7z, 1051 PSU
X OHIIRITBAEE 32+ 12%) 7»25H2 Hi% (224
+10.6%) lZ2FTHEIL, 12 HE £ TIHE3.2 ~16.7%
THERS L7z, 13 HLLIFRIZ 25.0 ~ 61.1% TH o7z,
ANEA%D 10141 PSU XDk E1%22.7 = 22.7% TIRH >
boo, BHLEE, 50.0 ~100.0% &l L,

DTHYXFEDT LY A XITHT HEERME I
KRIZB T 2FRAOFRE (LEERE) 154206
mm, * D%, Dayl, 2, 10, 21 TZN LI 56 = 0.2
mm, 6.2 £ 04mm, 7.5 % 0.5mm, 9.0+ 0.9 mm [ZkE
L7z (Fig. 2), ¥R EAT—VEEV 7V AT
Phase A (5L BINEERINDFE T £T) BLUB (I
R D58 T 0 B EIFFE O HBLE AT £ T) OHBHE
22X, Day | TiZ7 T Phase A TH > 7z, Day4 it
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Phase A B LU B IFZ1LF4 62.5%, 32.5% TH Y, Day
10 (X 68.8% 3 & 8 31.3% Td o 7=, Day 21 1£ 7 X T
Phase B TH 0, FH HENEETIZ-OV\ T, Phase B OE|
AL,

Day 1, Day 4, Day 10 3 XU Day 21 £ EIZET
HEIERFIZEIT DU L OHHER XU BIFOMAK

Z Table 2 \Z/R L7z, AR (x) SHEFE () OBR
KTy = 0.399 x +50.375 (B [EF 5347, N = 170, p < 0.01)
Tholz, HFV 7V T HIFANEHLIZT AT D

THERB XL CTHM Ly i Fig. 3 128
L7, Day1,4,10 DR EIXZNZE1 194 = 39 um (107
~ 265 um), 211 = 24 pm (161 ~ 252 um), 195 * 32
pm (127 ~ 272 um) CHEMICHEEITRD 72 h o
7= (one-way ANOVA, p>0.05), Day 21 (X 240 = 35 um
(177 ~ 313 um) T Day 1 & Day 10 & ORICHEZENR
o7z (one-way ANOVA, p<0.01), 7=, {FANRE
ALY LAY OEHREIDay 1, 4, 10l2BWT, &H
IE(X Day 1, 4 ICBWCHEEKEANOD LA X HFEIC
/&< (Student’s r-test, p<0.01), [FFEDOHTHERA
WCEVNERT AV ERRDBMBH -T2, —J7 T,
F & Cld Day 21, % HE Tl Day 10, 21 THEZEIL/2
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Fig.1 Changes in rotifer density, rotifer egg ratio, and
swimming rotifer ratio in rotifer activity experiments.
Solid circles, X10 (1 PSU) trial; Open circle, X
100 (0.1 PSU) trial. Each vertical bar represents the
standard deviation of the mean.

< (Student’s t-test, p>0.05), MAELIZE~TUW,

U L OHEES IR CEEHEERZE R/ ~&K))
/X Day 1, 2, 10, 21 T% 4L % #1128 &= 16 pm (93 ~
156 um), 134 = 10 pm (115 ~ 151 um), 128 = 13 um (101
~ 159 um) $ L 8 146 = 14 um (121 ~ 175 pm) Th - 7=,

W HERFRIC Day 21 1% Day 1 3L Day 10 & ORICH
i‘%f)sm&)%ht (one-way ANOVA, p<0.01), F7=fF
FDZEFRIXZNTIL0.0%, 25.0%, 56.3%, 0.0% TH Y,
NN TfféIi’JEéﬁﬂﬁlﬁxé& 33+ L6k, 14+
L8 MR, 1.5 £ 23 MK, 3.7 = 1L.5fEATH -7z,

fFAOEFEREZ 5L E 6 mm R, 6LLE 7 mm AR,
7 LL k8 mm i, 8uL9mmﬂ%iﬁﬁ 10 2L E 11 mm £
W5 7 N—7Z , BEEENZV AV OERER X
OHEETS Wl % Fig. 4 (OR L7z, WHEIZHFRE 10 L4
b1 mm R 7V — 7 AN b Rk E < (232 £ 22 um),
WANT 8 LA 9 mm R 7/ L —7Tdh - 7= (227 = 50

um), o3 Z—70EREIL 197 ~ 202 pm TIE &
/ué:%mfm, 57 N—TMICHBZEZ/2 D257 (one-
way ANOVA, p > 0.05), #EHHIRITE 7 Vv—TZn
ZH 130 = 15 pm, 131 = 8 pm, 129 + 13 um, 141 =
20 um BEN143 =9 um T, WHERBEIZZ LV —T7H

[—
oo o
1 J

notochord length (mm)
(@)

0 T T 1
0 7 14 21

Time (days)

Fig.2 Changing in notochord length of Japanese smelt larvae.
The vertical bar indicates the standard division of the
mean (n = 3-16).

Table 2 Lorica size (lorica length and width) distribution of Brachionus plicatilis in breading water on Days 1, 4, 10, and 21

Samling day Day 1 Day 4 Day 10 Day 21

N 50 40 40 40
lorica length* 240£36 um 22241 pm 221435 um 241437 pm
(Min~Max) ) (119~348 um) (114~315 um) (151~310 um) (163~305 wm)
lorica width* 1447%20 pm 14325 pm 136421 pm 148+20 um
(Min~Max)) (107~199 pm) (77~179 pm) (102~180 um) (107~181 um)

*; um, Mean=*=SD
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Fig.3 Box plot of lorica size (upper: lorica length, below:
estimated lorica width) of Japanese smelt fed with
rotifer to compare the rearing days. Different letters
over the bars indicate significant differences between
the groups.

\ZH BT 72D~ 7= (one-way ANOVA, p>0.05),

Uﬁ##@ﬁ@ﬁ%ﬁ%@&ﬁ ARER I oK IS &

“@%%%Hgszﬁbtoﬂfﬁbz R
Zi@ L, F¥IKIE 103C (9.8 ~12.0C), /0 Tho
tommzmiﬁmmiunc(9&»w9o Horix
11 HETO0.0 ThHho72nd, KBl LizBEKIcEEND
WAOERITEY, 12 HED D B30 b R T
IZiE 3.1 EH L,

T LY ORI E, fEKTOU A UARREEE R O
faIR# % Fig. 6 128 L7z, BN LXKIE, 3 HEZRICHI®O
TULVEMRL, 0~2.7 8K /mL Tho7on, fajl
TERIIFER SR o Tz, IEARKK T 11 HIELIRE, i
WAL 0~ 70.7 A& /mL Toh - 7=, £7-6 Hi%ELIE

(T IRE IR 3 e RR S AL, il B I 238 L Tl =R1% 0.0
~66.7% T oz, £HEF 16 Hik, 17 HEB LD
20 A #1381 A O EERTOM S (8% /mL) & 46l
M iAR% R L7z fliEE Lk v b 6.0 ~ 18.0 fH{A /mL £ <,
fAE KN CTHIE LT B 2 Db,

FERIIE T OAF D EFERETFig. IR Lz, KK
DAEFLHRITIHE T59.0%, KK TRET46.0% Th >
Too BMNTWE LK TIXZENZ38.0%3 £ 1820.6% T,
IEAKRRDAEFRER @m0 T, FRETRIZBIT 2 HFR
Fix, kAKX (75208 mm) EHFH LK (7.4%0.7

mm) T, AEEITRD LN -7 (Student’s t-test,

U AW R OEE ik KO X 29
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Fig.4 Box plot of lorica size (upper: lorica length, below:
estimated lorica width) in Japanese smelt in different
size classes (notochord length).
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Fig.5 Daily temperature (upper) and salinity (below)
of two experimental trials (Open circle: Running
water trial, Solid circle: Stagnant water trial).
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Fig.6 Enriched rotifer supply to the experiment tanks (upper)
changes in rotifer density (middle), and changes in rotifer
egg ratio (below) in the experiment tanks. Open circles
indicate the running water trial. Solid circles indicate the
stagnant water trial.
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Fig.7 Survival rates of Japanese smelt larvae under different
raring methods (Open circles: flowing water; Solid
circles: stagnant water).

p>0.05) , FLERKTRICBITOIREARAT — VI,
IR X & H 12T X TOfEIA T Phase B ThH o7z,

=K

fRE (1970) X, U0 FIFEBIAAFEIZ 170 pm £
ORI AR TH D 2 L, £ HE (2005) 1%
SAE% 30 HUATIEERE 140 m LT O U L v %%
R T HZ L a2HE Lz, 2079, BH- 7R
(2020) 5 & Y Masuda et al. (2023) [£SSH DT AT %,
5 (2005) (X SHLT AL EEEHC V2, ABFIET
1, KR CTORENTREZR LMY A2 vz, b -
ALH (1977) X7 BB L8 77 o7 K
> DEEE AL D% IR 2B T3 A TV 2
EDD, (FRDPEIERKE X & L TRIEE VT
Do AWFFEIZBNTE, (FANEE LT AT ORI
AL 1% LPAT LTI A T 2, FIEBAE A (Day 1)
DHFIFEREN 170 ym 2 X 72V AV ZEBEHLTEH
D, FHIEIX 156 um K CTho72Z & n, 51
HUNOFRIZ LAY L2 5 B i/ N O fE R 15
N FRECdH o T2,

FHRE S~ 1l mm OfFAIZEBNT, FFEDFA XD
T 5B BB T 2 b v o 7o, #I
BFRERKE L, BRFEOZFICKRESHET 250 2
~ 3 M (AEAL, 2003 ; L, 2004) IZHBWT, fFHAOD
BIEH A XILANE 90 ~ 290 um (3 « AZF, 1977) &
HENTWD, AWFEOBERERIZI\N T, (TR EE
L7 LT AT OFHEIX107 ~ 313 um, 5 FIEZ 93
~ 175 um Tho7o, HWHIEIL, U8 - f2H (1977) 233
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CPUE of northern shrimp Pandalus eous considering target strategy in a shrimp pot fishery in the Sea of Japan off
western Hokkaido (Short Paper)

Kopat MORITA"and Kenxyt SAKAGUCHI
Central Fisheries Research Institute, Hokkaido Research Organization, Yoichi, Hokkaido 046-8555, Japan

The catch of the northern shrimp Pandalus eous by shrimp pot fisheries in the Sea of Japan off western Hokkaido has been
declining. We showed that the ratio of the catch of the coon stripe shrimp Pandalus hypsinotus and others was high in 2015—
2022 because of target changes from northern shrimp to other species. We calculated the directed CPUE as an index for the

stock assessment of northern shrimp to remove the bias caused by target species changes.

F%—1T — K : directed CPUE, Pandalus eous, Z O\)Za3, HARWE, JAWERZE, Syars 7 hxe
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Fig.1 Main landing region of the shrimp pot fishery.
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Fig.5 Annual changes in unit price (left) and value of catch per vessel (right) by species in the potted shrimp fishery in the Sea

of Japan off western Hokkaido.
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Seasonal impact of Isoyake on the growth of Ezo abalone Haliotis discus hannai (Short Paper)

Hirosni HOSHIK AWA" and YosHiyuki TAKAYA

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

We collected Ezo abalones Haliotis discus hannai in spring, summer, and autumn from Furubira in the Sea of Japan, where
seaweed denudation is prominent, and from Toyoura in Funka Bay, where kelp Saccharina japonica grows until autumn. We
investigated condition index (CI), condition index of soft body (CIS), condition index of muscle (CIM), condition index of
dried muscle (CIDM), muscle moisture content, and muscle glycogen content, and examined seasonal and inter-fishing ground
differences. Furubira summer obesity levels, autumn CIS, and CIDM were lower than those of Toyoura during the same period.
The moisture content was higher than that in the other seasons and in Toyoura in autumn in Furubira only. The glycogen
content was significantly higher only in autumn in Toyoura. These results suggested that the amount of food consumed in

autumn and the recovery period after spawning may be strongly related to the growth differences between the fishing grounds.

F—U— N BREET, =T U, T, AEEREIRMIEEE, K&, 5

Ab¥FE IC B A=Y 7 U ¥ Haliotis discus hannai (VL
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Fig.1 Abalone (Haliotis discus hannai) were sampled from
the Isoyake-affected area (Furubira) and a healthy
seaweed bed (Toyoura) to compare parameters
indicative of food conditions.
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Fig.2 Seasonal change of mean water temperature during
2009 and 2018 measured along the coast of the Isoyake
area (Furubira) and the seaweed bed (Toyoura).
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Fig.3 Seasonal change of shell length distribution of abalone
Haliotis discus hannai collected from the Isoyake area
(Furubira) and the sea weed bed (Toyoura).

The marks on the bar show the median of Furubira (V)
and Toyoura (V) in each season.

EHORLEE, BIORKIZHATEL>7=, CIDM 3
CIM & [FARRICTH S & b FEIC X D 2EIL R o 203,
HEOMIZFRIF OBRIC TR, BRIk TIiEE
Tholo, HAEKFIZENOEICHRAED 69.5%IZ
BRFLAEZ &L, HETRKIC 74.0% % THIIN L 72 L4tk



YT U BT &R 43

18 14 8
8
Cr B e — T - e
16+ Tb ib — L Ta —a _ = ab ia fac __ i ac
ia a T ] i ac i c | : -
i fa i i ad 10+ = i — 6 i E ib be —
W 56 B T S e HE L5
sl + 4 TH o 8 H. =8| s,/ +F -7
S 12| o Hi== o 4 T - S - °
T 1 o
H o
10 i
4 4 2
o Cl 21 CIS CIM
6 T - T T T T 0 T T T T T T 0 T T T r T
o g |l &g g |8 e £ g | g g E g £ g[8 g | g g
2 8|8 8|8 ¢ S 8|3 8|3 ¢ S 8|8 8|35 ¢
c 2|2 |2 B c |2 &2 =~ c 2|l B |2 B
Spring ' Summer Fall Spring ' Summer Fall Spring ' Summer Fall
25 85 40
° 8 T =~
o _ 2 & T g,/ MC : | GC _
={=/aC Ll T E |
T ic _ 1S 2 §
A i b B L -
= I . s 8 751 A s 207
O 101 | - - o ZSa_la jabT Ta 5 _
' ° 2 = ib T >
05 §7W';-LEHEQ %? gm‘EQEZ E}
- CIDM o T = s | /=&
0 s
2 22 e 2 2|2 gz & 2 21z g1z &
T el e |2 B e ° |2 &2 B e R |2 &2 #
Spring Summer Fall Spring Summer Fall Spring Summer Fall

Fig.4 Seasonal change of the parameter indicates the food condition of abalone Haliotis discus hannai collected from the
Isoyake area (Furubira) and the sea weed bed (Toyoura).
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Effect of feeding oil-supplemented diets on the growth rate of chum salmon fry after seawater transfer (Short paper)
Mitsuru TORAO

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

The effect of feeding diets supplemented with oil on the growth rate of chum salmon fry, Oncorhynchus keta, after seawater
transition was examined in a rearing experiment. Supplementation of the commercial diet with fish oil or salmon liquid
during freshwater rearing increased the storage of lipids in chum salmon fry. The growth rate of these chum salmon fry was
compensated only under extremely poor feeding conditions after the seawater transition. However, the difference in the growth

rate was small, at approximately 0.1 mm/day. It is unclear whether this difference in growth rate affects survival, and further

investigation is required.
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Table 1 Proximate nutrient composition of experimental
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BT EmrEom Licw

—07, YKEABEKTREOY 7riEf
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Table 2 Whole-body proximate nutrient composition of

diets chum salmon fry after freshwater rearing trials
Expt Diet Moisture  Ash sg:;; Crf::ie -h():/?jrr];?es Expt Treatment Moisture Ash pCr:tl:; C;:?e Carbohydrates ~ Energy
: (%) (%) %) ) % Cwew 0 ) Tt o) (%) (keal/100g)

#1  CD 9.7 12.1 53.2 9.1 16.0 #1 Cont. 79.8 1.7 14.6 4.0 0.0 94.4
CD+FO5% 9.1 12.7 49.4 13.0 15.8 FO5% 79.1 1.7 14.6 4.6 0.0 99.8

#2 CD 8.4 13.4 54.8 6.3 17.1 #2 Cont. 80.6 1.6 13.6 3.8 0.4 90.0
CD+FO5% 8.2 12.8 52.1 10.7 16.2 FO5% 79.7 1.7 13.8 45 0.3 97.0
CD+FO10% 79 12.1 49.9 14.8 15.3 FO10% 79.0 1.7 14.1 4.9 0.3 102.0

#3 CD 9.5 133 53.4 6.3 17.5 #3 Cont. 79.3 1.9 14.8 4.1 0.0 96.0
CD+FO10% 8.9 12.0 48.5 14.7 15.9 FO10% 78.2 1.9 14.7 53 0.0 107.0
CD+SL2% 9.3 13.0 52.4 8.2 17.1 SL2% 78.9 1.9 14.6 4.4 0.2 99.0

The acronyms CD, FO, and SL denote commercial feed, fish oil, and salmon liquid, respectively

Controls were fed commercial diets, FOs were fed diets supplemented with fish oil, and SLs were fed

Table 3 Fork length, body weight, and condition factor of chum salmon fry fed oil-supplemented diets during freshwater

rearing trials.

Initial Final

Expt. Fork length Weight Condition Treatment Fork length Weight Condition

(mm) (2) factor group (mm) (2) factor
#1 46.09 +2.89 0.76 + 0.14 7.66 +0.48 Control 5422 + 3.26 127 + 0.26 7.84 +0.44
FO5% 54.86 + 3.18 1.32 + 0.22 7.96 +£0.45
#2 47.06 +2.03 0.80 +0.11 7.62 % 0.50 Control ~ 55.77 + 2.26 1.42 £ 0.16 8.15 +0.40
FO5% 55.13 £ 2.98 1.42 £ 0.26 8.38 + 0.41
FO10% 55.34 £ 1.98 1.36 + 0.14 8.03 £0.27
#3 5119 £2.90 L1 +0.19 823 + 044 Control ~ 60.98 = 2.85 1.83 + 0.30 8.00 % 0.49
FO10% 63.42 + 3.22 1.99 + 0.33 7.72 £0.23
SL2% 62.69 + 3.57 1.96 + 0.36 7.88 £0.25

Values are mean + SD

The values in bold italics indicate that a statistically difference was found.
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Fig.1 Daily growth rate of chum salmon in the control and
oil-supplemented feed groups in seawater growth
trials with three levels of Artemia feeding. The data
are means & SD. Significant differences between
groups are indicated by *p < 0.05 and **p < 0.01.

7o WTHORBRTY, 747 I 7HEHEHK T, B
Akl b 2 - R IREE & IR IRINEE O ©, AR S
WCHEBEEITRBD DN o7, 12 BIHEEX T, AR
2 THHEFIZ LT FO5% #ECHCE RN A BICm N> T
2, W, RAR3 CIEEERS oo T, 1/4 &
FREEX UL, 13 & A E OB CxIEE L 0 b IMIEUShIEE
OHBRERNEREICRE L, 12 BHREXO B RKE
RIEWRERE TR LIz, LER-> T, WRBITHORK
R, EAMICHEORELZREZITLEE26N
b, Z LT, WD THNDRNGMEITBNT, WM
fARFOIRENZ X 2 AR OB SR R AR T 2 18
THRREMES R Sz, Lo, xR & IRRIEED
HRERERDOZET 0.lmm/day LL FTH Y, ZD X5 7/
ERBEENRICTE T 0 E I DIFAHTHY, 4
B OB - PURHEOM A2/ LIV, £, FE
X0 & R EERERD DEEO T BEKRBEITHRO

Mg mtErE EoRREA S D LML H Y FHHES
1983), AECHEICE o TL Y BRI HIETIN T E
SCHMERFET DR D D,

# OB

ABFFIL AT A R E AL (80 - %0
ERQYRRA L) O B LCRIELTE, AREE
o1t h, A BAIS S - & THIFE
i bI rZREINE R LTV, 2 ISR
T 5.

51 Rk

Akiyama T, Nose T. Changes in body weight, condition
factor and body composition of fingerling chum salmon
with various sizes during starvation. Bull. Natl.Res.Inst.
Aquaculture 1980; 1: 71-78.

Beamish R (2022) The need to see a bigger picture to
understand the ups and downs of Pacific salmon
abundances. /CES J.Mar. Sci., 79; 1005-1014.

WEALE. ot HEfa O BB BI 9 2 %8 -1, kil
S - FTSEEHTERE 1979 ; 33 : 25-30.
Honda K, Kawakami T, Suzuki K, Watanabe K, Saito T.
Growth rate characteristics of juvenile chum salmon
Oncorhynchus keta originating from the Pacific coast of
Japan and reaching Konbumori, eastern Hokkaido. Fish,

Sci., 2017; 83; 987-996.

KB, =S4T, 5.0 HEf O fE E PR, TAR=R
PR IREARA (H19-22) #ERWMEE) () REE
& - ETHIEED S, FEEAT. 2012 5 106-
108.

FEHERPY, SEERRRSL, BRI, REShMd. i~ Ok
THE Lic v m RO KR TOMBEICHT 5
PTiE. FIEHFTEATHITEA L 1983 5 4 1 79-86.

Nakamura S, Kaneko N, Nonaka T, Kurita D, Miyakoshi
Y, Shimizu M. Fasting in freshwater severely affects
growth of juvenile chum salmon when entering cold
seawater. Fish. Sci.2019; 85: 655-665.

THRE « FEER - BNET - MEHBEE - PR Bk - Bk
FE - Bk, T2 B3 5 SMb Bt L OV
EPE T HEFL D RFIRAR. JKEEHLT 2016 ;5 8 : 89—
94.

ER B, oMokt R 7YY RERELTIE
m7Y a—=rrEROREREFMEES LTo
A, AiEE K EERBRIG AR 2020 5 97 @ 29~



THARTRINETEL OV 7 R ER~DORE 49

36. 58-59.

Torao M, Miyakoshi Y, Shimizu M. Low nutritional status VESBAHE « ARAREIL « REHKRR - LB 7 (v
in the freshwater phase and temperature at seawater ) AR, A0SR EBEEEEROBN
entry reduce swimming performance of juvenile chum 2022 ; 61 : 1-10. http://kokushi.fra.go.jp/RO5/R05 61

salmon. N. Pac. Anadr. Fish Comm.Tech. Rep. 2021; 17: CHU.pdf (2025.3.20)






LLBEEAFEERERLURERBEICES TS/ 304
Spisula sachalinensis DN ERIZCEBR T HEEE L
Malacobdella japonica |IZDULNT

Y ]

b B B, ARMRE PR RS K UMREMGIR D ]
HA WG THRIE SN AT ADIFE AL ETTITHAE
L CWZAIEBE W, A RITEEORE L L bk
H L, #%E 60 mm T90% #it8x7=, £ETENLDKRED
ANMEIE 3509 mg ThoTo, HLAENGED BTz 99%1%
EEVEEICRH LT EE L L EIROILETH -T2, 15

Kzﬂwuhiétfwtt%fwwﬁkmamﬁw
THY, EFHEOME, #4230 mg FCICHMAERIC
ANbEZZ LT,

A641  db/kEWFE#R 108, 1-11  (2025)

myx#EE 51

FERRICK ST V7T EERIRBEFEEE DR

T, ERssE

7 U B O RER BRI L7 FE R A B B NS
L7, EDO~a T EREEE L TREE &L 2 TR
KRBT L2 T U BN, FEE (REE, K
WER, NER, HNGRER) SRRNOEE L
FIREE, NG KRB OHAZ Y a—F U arRgRL
FEEOBHEOBMR AT, ZORE, &R E X
Kﬁmﬁ%°iﬁﬁbt@®%%ﬁﬁ’ﬁ%btﬁ il
@Ei)ﬁﬁﬂﬂ L725G8100E, BEEOELRHTE eho

o — 7, aﬁ@kﬁ)ﬂ—ﬁ/aﬁﬁi,ﬂ%ﬁ%#
%%ﬁﬁ B TR~ R BERHRIRICI VT, ERRICHEEL
TERDORZ L0 EMEICKBT 5 2 EBH BN o7,

A642 AL KERBFER 108, 13-24  (2025)

BIKETIZETBTHY X Hypomesus nipponensis {FE D
ABAERIUVUAIRXYRTLUIZH T HEEYAX

T, e —, mEfE—

il

BAKIETER L LMY A2 AV, KRR - K5
B FICBIT 2T A OFEME L OV I B 0fEeH
YA XEf{_T2, £z, HI0COHKERE FICBIT 5
U A XOEETIEERTRL L KT L, 7
L, SMEEHZOEHEH R 194 um (107 ~ 265 um)
BILOEEIEHIE 128 um (93 ~ 156 pm) DT L &
BEL T e, UL UEERERCITES 12V TREMIM
DIEVEZFER U, WERBR TIEZET LXK (20.6%)
X0 HIEKK (46.0%) DOAEFRRNE N -T2, EKEH
1TV AL DIEN R TX D720, UVt
WCHZTH D Z RS,

A643  db/KEWFER 108, 25-32  (2025)

EEERSEREBEDAUNHEICHITHANEEERE
ELf=7Ryas7hIED CPUE (JE3R)
SEEMLR, K NEE]

JEHRETEE B AW CA UM THREIC L > THRESR D
Ry ay Tz OEERITMERIC S D, FEEIRE
UL, 2000-2014 4E1EA v 227 7 A= EDEIGN 10%
P& E D o728, 2016-2022 FE1E ¥~ BB L UE
DOMDOEIEH 30-70% & @H< 72ofe, TOERKE LTH
WHBRFEN ARy a7 7 hoEhh by~ B0z OMic
ALz &R Lz, HOWORELZE L7 CPUE ©
—2TH5 directed CPUE ZHH L, JHWDOELIZ X
THELDL AL T AWK /377ﬁ1t@§ﬁ%h
P A LTz,

A644  Jb/KERAFH 108, 33-40  (2025)



52 FnXEF

BROAIV7ZIEDRRICEEZRIFTEHOBKE
(52#R)

T, e

BERET DB AAEO L, FKETY a7 HE
BT HWEKEOBHEN LR, B LORKICERE Lz
T U RICOWT, 2EEIHE (CD, REHEEIN
O (CIS), A E mAEmE (CIM), i A 28 R i
E (CIDM) , N EKEBLOHAZ Y a—F &8
RPN, FHiTe b NCEGH OB A RF Lz,
DEDOHKNEWE &, FKd CIS B X O CIDM (& [7] 1 ] o
B AR o 72, BARIE, EEORKET Mo F
ik L BRI R TE N -T2, 7 ) a—F U aa R,
B O T NBEEICE o Tm, TS ORI, PER
B OBEHNC 72 HKORED LN RS O RRR 72125
SBBRLTWDAREM A RIZ L TV 5,

A645  db/KERAFH 108, 41-44  (2025)

HIE RSN DIEENBKBITROY T HADHEEIC
EZ 598 (EH)

e

B ERIZ L > T, WIRRINEE ORGSR AT
OV T ORERR EICH 53560 E 20 ERGEL
Too YAKEB RIS GEEHC AR L —E U F

RZWRIM L CHREET 5 2 & C, ARICIBENEEIND
T EDPERR S LTz, T D OV HER O RUE RITEKE
1714 DD CTHEWENSAF T CHIE AL 5 IREMED R D ©
Nz, LrL, BREFROZEFO0.1 mm/day FRE LS,
COMEAENEFRIZZEST 20T RITH Y, 4% O
ERLETH D,

AG46  db/KGRATFE 108, 45-49  (2025)




IKEEMF AR E HRE R S

ZAK
% B

FH )R

Pz A il
wmE ez
UST5 I/
FE B
E IE

B
ety

%t

&

EEORE W LN S
Bo GE BT SHCMAT

ORIV S S VL1

IKEEMFFEAED R tE & B =

ZEE ER E
& B Wu mE oW ®A HA E= [MHE DOER
_E W =k sy B = OFH fiEE
1 W Ot EE
R G v S A V. N S )1 5
(TEZEHEE) - R ST
AMREK FERBRIGAT JE s 51085
20254F9 H 11 H¥81T  ISSN:2185-3290
e ALMRE SR ST O K EERT S0 A
FATE  T046-8555 vl A AR AR T HT e HR T 238
Eah WAEN 0135(23)7451 (AESERFHS )
BIEZN 0135(23)8705 (£ g s il 3 )
FAX 0135(23)3141
Hamanaka-cho 238, Yoichi-cho, Hokkaido 046-8555, Japan
FOmipr  #RStt EFIE)

T 046-0003 ATERASTHMT ) I[NT4T B 93&
HEEE 0135(22) 5640






