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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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Timing of spore release of four kelp species, Saccharina longissima, Saccharina coriacea, Costaria costata, and

Alaria praelonga, on the Pacific coast of eastern Hokkaido, Japan
Hiroo GOUDA*', SH1or1 SONOKI® and YosHryuki TAKAYA'

' Central Fisheries Institute, Hokkaido Research Organization, Yoichi, Hokkaido 046-8555,
? Kushiro Fisheries Institute, Hokkaido Research Organization, Kushiro, Hokkaido 085-0027, Japan

We investigated the timing of spore release of Saccharina longissima, S. coriacea, Costaria costata, and Alaria praelonga on
the Pacific coast of eastern Hokkaido. This was accomplished by quantifying the number of kelp spores in seawater, using
membrane filters (analyzed using real-time PCR), and by estimating the density of young sporophytes by culturing the
membrane filters. The maturation progress of adult S. longissima (in Nemuro), and C. costata and A. praelonga (in Kushiro)
was observed to compare their respective spore release periods. The peak spore release period for each species was estimated
to be from June to October for 4. praelonga, August for C. costata, September for S. longissima, and October and November
for S. coriacea. Many released spores were detected 2—3 months after the populations of each species began to mature.
Seaweed removal operations to maintain populations of edible kelps were conducted in winter (November—February) on the
coast of eastern Hokkaido. The present study revealed that only edible kelps (S. longissima and S. coriacea) peaked their spore
release in autumn. This suggests that the seaweed removal operations in winter may improve environmental conditions (photon
and water flow conditions) for gametophyte maturation and micro-sporophyte growth rather than create space for spores to

settle.

X—TU—=NITAXTARA, Ty hHT7ar7, Mkl 85, AJX, Fhar7, #EET

HA AL, RO b 18 o >~ 7 HilRE O£k costataR® 7 A X 7 71 A Alaria praelonga, ©I/N< % HD 7

HICECHEO LD LS TwD (WY&, 2010), H
RIBECIE, TRHMSE3ED o0 v 7 HlEEEL A L TH
D, 20 LIS ILIEERES (LT, ER) BRI
AL T2 (FFH, 1998 ; Sasaki and Kawai, 2007 ; 7 [H
5, 2015 85K 5, 2018) EHAFHEIRFETIE, a7
Ha Y7 @oJ 747 a v 7 Saccharina longissima=> 71 v I
Z 3 ¥ 7 Saccharina coriacea, * = 3 » 7 Saccharina ja-
ponica var. diabolica, % 37 >3V 7)EmOAAT AL T
Arthrothamnus bifidus s SR IMEDOMN KL L 72> THBY),
KGR L L CHEMZEE (LT, oy 78 &
nCTwsg (JIE, 2004), —J5, 2 > 7 HOD AT A Costaria

7/ & 7 Stephanocystis hakodatensis, fLEEM A FAH O H
% )N Z & 2\Neoptilota asplenioides<3:\%, 2 >~ 74 L
FFTNCAET LT, BRI v 7HROMEK 2 Wi 51
M O(LUF, MEdEE) L shTwsd (B, 1990 5 TR
1995)

EHRFERRIERRT y 7O—RAEFERE 7> Tn
L0, AEEIIRAEINICH Do FIiEE X OREEAIC
B DA FERIZ, 1980~ 19894 D1 H3§| BR A PN T8 427
by, REHENTS219 > THo 72015t L, 2010~
20194E DN E N ZEN3569 - >~ 2563 v & D
20104E R DA FER L1980 D43 DU ICiA L T %

HOCE T A605 (20224F 6 JH17H ZHL)

*Tel: 0135-23-7451. Fax: 0135-23-3141. E-mail: gouda-hiroo@hro.orjp



2 AHREH, REARFR, s

(bR ERGE) o AR OB EN, Mo
(e, 2014) REEEBOWL (xR, 2017) T
HoEHEIN TV D,

Rk a v THEROBAER OV & D TH L HEHED
BRIE, TOKOBRHEORAISERNT 2 L EbitTw
% (BUES, 1995 ; WEE, 2014). #IEEINETIE, 1047121
JERRE OB TR Rk 8= L, B v 7%
GOHEHEENE VSN 20, YEOFFTar THE
FERIEE L MAT 0%, FOBOBERITEERH
KI5 EDPRBIIZHMENTND (EAARD, 1973a),
L2 LidElL, 7k — v 7 OIS mig As A e 12
HY (RGT, 2021), 19884 LIRE, FIEEIA = T RHBIE 2
TOKOFEREIIBH SN Ty @i AR5, 2021),
Z D728, FAFILH O KB ERE T N LI R
AL L (DUF, MEmEiibe), -0 a v 7l mA
TLHEEDPKZWIIETITONTBY, TOMEIHERIN
Twa (B, 1995),

ERRTENETIE, MREOHAEERY & Fra >
TWEET-ORBEH» S, S oy TG OREE HIY
& L7 BR bR O FERERE NI I~ TH A L T\ % &
s Twad (FIEE, 199544, 1995), LAL,
MEEERBR O BB ORI L U725 73 > 7l F O
WE, 22O FH 3 v THRFAERO TR O & [
W OWEK P oML TR (B - EH, 1994) 2 oHEE L
2b0THY, FHaYTOEETHIIOWTEEICNE
LZHRTIATONTESL T, MUBENLHL ricshTwn
B\, Tz, SV TERELERKNEFRRREOI YT
gDV, FaTRO R HGEEE & 57 T O B
EDOBIRIE TS N2 E TV R,

WK S 2 KI i o E RIS o 2 8 5 31,
FENEERCTOCENE D SHET 2 kLl ICiE L
PeRBICHH T 2RI ERErSHET D HEND 5
(Bobadilla and Santelices, 2004), %/ (1989) 1%,

) 3 ¥ 7'Saccharina japonica var, ochotensis ¥ 72137k A

P4

3 ¥ 7 'Saccharina japonica var, religiosa@iﬁfi%%é\ﬁ?ﬁ
KuESB\LIR, T4N5—TLEHEREL, IR
¥ L7237 BilEEONN T HRED e T OB L 2
LI EERPAL L (LT, 858D, LaL, BFL
723R0S~1 mmOIE TR E g T 5 2 & A
iz (ZM-H, 1994), HEERED a7 HilggRsE
BT A ERKFERRTIE, BEEOBETHEEES
LT ENPTE R\ L4, U7V A LPCRIZE Y ¥
T HMEOHEETROERNPREE %), TOFMAMHEIX
KRV A3 278~ 3 Y 7 Saccharina japonica var. japonica,
) # * Undaria pinnatifida\ZJN Z2., HMEHFETHDH AT AR
TAXTHATHHERA SN TS (FHE 5, 2016 ;

.
=]

Nagasato et al., 2019 ; &4 - &, 2019), ATEE,
YW 794 ~<—% MU, iR ICDNAKA % BE
SHLIENTELD, RS DHEOWEETHEHE
ETHIENTEL, LoL, MBEENEWD, {5
e F R ACH R T 5 MEZDNAD M S5 T fE
kb (FES, 2016), 72, M &1L 52DNAOH
EBAMETIEZ V2D HS, 2021), #iETLAO
DNA%Z M3 2 aEME D & % (Nagasato er al,, 2020),
AHFGETIE, BRI R TIT LTV 2 MR R
BoABNEREHOS 22T 52012, a2 7 HilgigEaE
AT, Ay HTaArT, AVABITA XTI
ARG E L, BEEICL D3 T HEEO TR
L) TIIVE A APCRTHERE L 728 E T HOFEH 2 b,
FHEOWETORER 2 HE L7z, E510, WEDLF
AELFIETERREOF T T, TAXTAAB
LAY AT ROBHIRD Z TN, Ba T RO BN &
WEET O MBI OBIRZ B 5212 Lize fhls, EH
RN R TIT DT\ B HEREEERER & 7 3 v Tk

T-ORBEE 25, MmEREORR L Zo#HBIIZDOn
TELRLT,

MRRUFE

FHALT, ATV A, PARXRTHADER, ERFEE
ERBIKRDZBZEIL 201746/ ~20184F 121121313
FC1EOMHE T, MEWHEAINE (Fig.1 A) OKELS
~35 mOEHEHIZ BT, 5~10F 13 L siE (H

¥) ZHWT, ZNPUHOHIZAZ —NBRICED, 5
FERVE LRS-+ a v 7 8~35E K % A2 12
REL, ERLERTOEBE=RZIEL (LT, 0k
DFER 6 NCERITFIHME) . F72, REBIIEH S
LHFREOF ML RHOMNEAEMOF WA TG, RE
L728R0 9 b2 2R L -k ofla (7315
K= (TRMEEK L2 E A - 3RE L 7-BER) x
100 (%)) =58 H L7,

2015412 F ~20164E 12 HIZIZIZT HIZVE DM E T, ¥
MHANE (Fig.1 C) OKELO~15 mOSHEED 5 A
D RA2~STEMR, BESFEBRIEL AR L7274 X7 7 A
1238k & AR I HRE L, ER L IERFORER %
WoEL72e AT AL, FH I v 7L EREICEREEO 138
BEOFHAEFLEL, TEERELZEL L. T4 XY
71 A%, MFEOFERZEEL, 3O R WEEOE]
& (T30 2 WA+ R L 724 ED) %100 (%))
FEHEBLZ, 5612, BTFELAT LK, RTFED
KM SN D TEROFHER L, TEIERE
((MaFF2FEEFED B B RS+ R4 L 75D < 100



(%)) ZHML 7.
74 a—EICRFL -T2 THEBEOHRTFEROZ

BZAE 20174F6 7 ~20194E12 F 12 I13IT HIZ L E O HEE T,

WEHELDEORETAB L UB (Fig.1) OFEE L E
& (FFE25~35m) 72 5iEK#2 LRI 72, £EH
SIEEY) IRl VTSR - —F VT, KE,
SIIN F— U3k a Tk 2 3R L 720 $RILL
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Fig.1 Study site off the coast of Ochiishi (A, B) in Nemuro
and Katsurakoi (C) in Kushiro, eastern Hokkaido,

Japan.

BHRASFERREO 3 > 7 B0 E T b 3

7o KIEAR) 7 L VORI AN, e L72IREET
W2 2% L 720 AL A B X UBOEE D SR L 72
WK, SRR RO LI 2 A3 1) ¥ 7 —T200 ml% &
BL7% BEAMAEACT7L 7405 — (ADVANTEC,
A045HO047A, E 547 mm, fL#£045 pm) L JRER > 7
(ADVANTEC, F@hs5 (K> 7 HP-01) % FvCls|
AL, TRAEMIZO ISR ZER L7z, BiaEllig,
SRR OKENIZE - #OERRE FIETHER) <%
IR L7200 5 ik & = L A #F (SAKURA ASV-3001)
TR WLEL L, PESI (Provasoli's enriched seawater with
iodine, Tatewaki, 1966) 7% Sl L 7z 5 #& ik g K % v
720 ¥ % — L (ADVANTEC, X F ) 51 v I 2 PD-47A)
IR FER LIRS mlx pEL721R, ZN6DT 4 )8 —
ZIFEL, HES T, YR T IFEER20 pmol/m’/s, Y
JE W & BB 2 02 AU120E B B oE L 7z T RE AR R
(SANYO 71— 2% v ¥4 v  MLR-350T) CHrE;
L 720 SeFALHEAIZ T~ 10 DS S scife U 7z K53
T2 521~230 H F Tld, Bz #Hl3 5 72012
1 mg/LO ALy v~ =7 AT % i s ALK 12
L7z (fER-KEF, 1979), REFERIA30~32HZIZ 7 4
WVE—FIZEF L 2EToary 7THEEREOYR TR % E
B T TRt L, DT EEE 7 14 vy — DT
(173 em®) 5, 1 em’BH 720 OIS T- R HEH L7,
72720, 20194F9H 11 H oFlEHE, FLARBAMEE T T1HUE
[ZD &S50 (3x3 mm) & MR I L TR IN O LR
THREEFEL, 1 em’d 720 OB TRE S L 72,
JF7ILA4 LPCRICKYERL -0 T BiFR4BEDBE
ETFHOZAZIE =45 (2016) 12fEVy, RiTEH THREL
L 72K O —EB 2 KR LIS, v 7 — 18 v 7 fi &
YUY (FESOm) LV O—AREZATFVA LT
L > 714 %— (ADVANTEC, A0S0AOI3A, [H£513 mm,
FLEE08 um) TAMEL 720 20174E7T~98 oML S B L
2017410 H O FAL AL S 13 HEKS50 ml%, 20174E10 H
DA EBE20174E11 8 ~20194E12 B O R S5 5 1%
WiK30 mlZ BRI L 720 71 Ly —IRIEH IS L,
Z D%, 30 CULT ORI 7 ) — % — N TR L 720
2017476 H ~20184E1 H o#lBHE, W (2016) o)k
T, 201842 H ~20194E 12 H o kA (2020) D54k
TT7A4NVY =P HDNAZHIE L7z, ek, fHAEICE
DRI O N DR 5720, DNARE O H T
AR S 2RSS U CRiIE L 720

i L Z2DNAGE 2 FiC, ) 7% £ APCR (1 ~
y—HlL—a g LW Frrars, Hyrsar
T AVABIOTA XTI AOWEETEEHE LT
A RATHRAERAY XOBRBIZHW 275 1 ~— K UPCR
7a b, & A (2019) [2iEoT. FH I



4 AHREH, REARFR, s

7 & J7y HF 3 7IXITS1 (Internal Transcribed Spacer 1)
FEM AR 5794 ~—ty NEEE L (FHar
" nagal-F; 5~CCCGCTCTATAAATTGTCTGTGAG-3,
nagal-R; 5~AGCGCCCCTTTGAGTTCAG-3, #' v #F 2
v 7 gatu2-F: 5~-CCGCTCTATAAATTGTCTGTGAA-3',
gatu2-R; 5~ CGCTTTGATTCGAGAGCTC-3), F 42~
TBIXOH Y AT a7 OPCRIIGE X, TB Green
Premix Ex Taqll (¥ 1 /354 A415L) 125 uL, 7914 <
— (10 uM) £52.0 uL, DNAGUE2.0 pLIZ i 28 K % i
RT25 uL& 7% L) ITHEE L 720 PCRY A 7 )L1E, 95T
T30R0 M, MIAZEK A 4T - 7-1%, 95 C TSHM, 57CT
40F0R, 83 T CISHMPB L OHHRER EH 11 7 L
EL, TNEASTA 2 VAT 720 BUSKKT #, Rl iR
AT % 47V, BRI L 72 K ODNAKEAR & Tmfl (Fl
FRIREE) \TAED R W L MR L7z, %3, PCRIZIX
V39711 4 Thermal Cycler Dice Real Time System Lite (¥ 7
TINAK) mHWTz, RIS, SRS R
FET B2, PCREEICMNIES LY 7 M 2w,
SDM (Second Derivative Maximum) %2 X 1) Ct (threshold
cycle) HERD7zo PIiE, KV AT T OHEEFHDEE
HOFEP SIS/ (Ct =329 log(x)-402, x : jlE
ETH) (@4, R%ER) 2HWT, &V A3y 7UHEM
MO —FIIRE L e R T L, B BN
ZETIE, EBAS (2016) BIUES (2020) 75, Em
T RRAE % 2017466 F ~20184E1  1240.018 /ml  (i#7K50 ml
i) F721366.7MH/ml (/K30 mlAHa#), 20184F2H ~
20194E12H 1210.0ff/ml (J#E7K30 mlA ) & L, M
B % 22124 GiEZKS0 mlAs @) F72134.148/ml (i
K30 mlA ), 0.65(8/ml (GE7K30 mlA ) & L7z,
WEHRE WEWHE AR T20178 L U20184ED6~11
HIBRE LT H I TI2onT, EEF -I3EREE
2 AEEMCTHET 572012, AT E175 720
Bonsz7—FIZIERME (Shapiro-Wilk #5E) 254 & @
bNBYEIL, Foddt FBE) 2IET AthE F 72
VLS % AR SE L 72 W WelchD a2 % 47 5 720 EHE
PRI E D SN EE L, Mann-Whitney D UK 7 %47 o
72520174F 2 20184E D6~ 11 HICHRE L 7-F H 3 v TOR
PIRDLE LT 2 72012, FFEFE 2 TR L 7ok & RIE
B DARAR D HZR 12D > CTFisherd IEMEREER IR E 21T - 720
TANY —RIZHE L7723y 7 HEEO S TR %2
DWW, FEIE R OEBAH B D b 0w L7,
BoNT—Z I IEREB L OSSR A LD SNk
Mo 72728, FRA B Kruskal-Wallist g % 1T - 726

& R

FHALT, ATRX, PARXTHADER, ERFEE
ERFBRR OB BEL

1. FAHIA> T 2017F6~81 121, ZEFE1L691.1~800.8
em7Zo 7278, FO%, e S OMTE (KA 12Xk

D9H 12132926 cm, 11H 12 1£159.7 ecmlZ #§ /N L 72

(Fig.2)o 20174F11 121, ZEIREBOEIIH T2 TR L

TR DR S 720 2017411 ~20184E3 F IR

1503~1943 em THERE L7278, 3~SHICE L SHEL, 7
HIZ1389%4.1 ecme 72 D FRAAMIM TR b B % o 72

20184FE8~10H 121, 20174F & RIBEIZ R LIC X 1) 3ER 1L

# L b L7zo 20174F L 20184E DR & FLl L 7246 2R,
TH E9FIZDWTIE, 20174E X D 20184ED DA HIZE
molz (TH g, 9H @ WelchOthiig, HEIKHES%),
20174R6~ 11 JJICHRE L7217 a3 o 7 o ZEREIBHE 51T,

6~8H1£6629~8468 g THER L7275, 91T BB
AL T2903 gk e o720 ZOBRBBEAMIZHAL, 11A

2131641 g& 72 5720 20174E11 H ~20184F12 H O #EHR &
WEEIL, 20174611 7 ~20184F3 [ 1361.5~132.0 g THER
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Fig.2. Blade length (top) and weight (bottom) of Saccharina
longissima sporophytes collected at site A in Ochiishi
from June 2017 to December 2018. Open and filled
circles show mean values of different year classes,
respectively. Vertical bars on the symbols represent
the standard errors of the means. Asterisks show

significant differences between the same months of

each year.



L7278, 3~6 12T THELCHIML, 6~8/1%1,049.5
~1,122.1 gk 7 o720 RAEIUZPEVIRIZIZZE L < L
T5398 g& 72 1), 12812131432 gk 72 5 72,20174E £ 2018
SEOIEIREBIREE % Lk L 72858, 20184£6~9 A o TEIR
HREREIZ20174E L W EEICE P72 (6, TH tH5E, 8
H : Mann-Whitney O UK 7E, 9H : WelchOthig, HHK
#5%) o
20174F6 231323 2 2R L 72 BAR ITBR S 2
o720 THIZIZZERIBO TEAE GEIREEET 2> 535~
135 cm) |2 T4 % IR L 2B e S, 12501
R IZ188% Tdh o 72 (Fig.3)o 8 ITITERE L 72k D
9% T IR I NTEBY, IALIBRIIRE L -2
TOERIZTEREAD R & D Bz, 201710 I2ERE L
AR T FEERE O —EBIC, 20174E11 H ~2018455 H 124%
£ LMEEE, HEOTEBICAEEEE Y & O 2
DL RN FE LT 720 20184F6 3 1 I3 HEIRED 36 (3
REEEHA 562~173 cm) (272 IS T HEBEATER S 1720
TRERE N ERIZ6 A 1233.3%, 7THI12833%I2 E&-L, 8~12
HEREL B EZETOMMBICTERITER S N2,
20184F10 F LARRICBREE L 72 38RO F- 355121, 20174R &
[FIRR B 7 AL S S B 75 L T Zzs 2017 L 20184E D

15 16 14 26 13 22

e\ilOO

= 80 A
% g
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R
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Fig.3 Percentage of individuals with sori on the blades of
Saccharina longissima sporophytes collected at site A
in Ochiishi from June 2017 to December 2018. Open
bars indicate no sori, and bars filled in gray and black
indicate sori on the old and new blades, respectively.
Asterisks show significant differences between the
same months of each year. The numbers above each
column indicate the number of specimens observed,
and N.D. indicates no data.

BHRAFHRREO 3 > 7 B0 E TR - 5

6~11H OTEHI M % B L 7o/ 8, 20184F68 L U
TH OFFERIZRERIZ20174E L ) A&\ 5 2o 72 (Fisher
DIERERERIE, B REKAESD) .

2. AT XA 20ISFER2HICHRE L2 AV A OFERIE352
emTdH o 7275, TOHRMEL, SHIZI34683 cmlIE L7z
(Fig.4)o TH E Clae®efii/h L, 9F 121 LRk
IV, TEREIF69 cmk 7oz TEIREEE R D IER &L [F
FRDZEALZ IR L, 20154E12H 049 g HHEINL, SHIZIE
4668 glZ3E L 72, 91213539 gF THA L 72, 20164F
A, F2SMA Ll FE (GERM13 om, BEE
#90.7 g) #HEFR L 720 20154E12H ~20164F4 H 13 T &R %
TR U 7o BRI T HREE SN e o 7228, SHICIE T3 %2 T
% L 7 R SRS S 7z FEBFIERER IS A A512.5%, 6
A7380.0% T, 7TH B £ N9 A 13-4 L 72T ok T3
BEATERL S LTz

3. 7AXTAHA 20154F12 ~20164F2 1 1%, #EEHS54.1
~878 cm, FLRFIEEE299.6~13.6 g THER L7245, #
D%, BAMMPEBLIUHEL, sSAIZIZEE11708
em, 2721 gl2#E L7z (Fig.5). Z0k, IEREBOKKN
12X D FERIEHED, SRR E R L, 20164121
I FNZN660 cm, 98 g& 7 572, 20154E12f], 2016
EL OHBLTCRHICRELLETA XTI AD ) 5233
~338%DEARIINLTIEZ A L T2 o 72 TERTEIK
TEfEERIL, 20154E12H 1250.0%, 20164E1 H 1326.3%I2 KT
L 2HIRIZIzEToREORTEICTFERIAL OO
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Fig.4 Blade length and weight (top) and percentage of
individuals with sori on the blades ( bottom) of
Costaria costata collected at Katsurakoi from
December 2015 to December 2016. Open and filled
circles in the top panel indicate the blade length and
weight, and the bottom panel indicates blades with
and without sori, respectively. Vertical bars on the
symbols represent the standard errors of the means.
The numbers above each bar indicate the number of
specimens observed, and N.D. indicates no data.
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Fig.5 Blade length and weight (top) and percentage of
individuals with sori on the sporophylls (bottom) of
Alaria praelonga collected at Katsurakoi from
December 2015 to December 2016. Open and filled
circles in the top panel indicate blade length and
weight, respectively. Filled black and gray bars in the
bottom panel indicate sporophylls with and without
sori, respectively. Open bars in the bottom panel
indicate no sporophylls. Vertical bars on the symbols
represent the standard errors of means. The numbers
above each bar indicate the number of specimens
observed, and N.D. indicates no data.

Lo tz, TOK, FERIZEEIIEAMIZEAL, 5~
THIZIERE L 2T RCOBESFERLTZR L 72BT
WEAFL Tz, AR, FRBIEHERIIHOKTL,
127 121345.6% & 72 5 726

T4 A —EICRFL T2 TREEOMBEFEBORE
BZE(L P&SATIE, 20194E3H 2V CTHHTa
V7 HEO NI TRDHERR Sz (Fig.6). SiET1E
HI20174F9~11H, 20184F12 )], 20194FE8 H 8 X 19 1k
STEA/em L EE Y, B2 Y KREL B L > Tni
(Kruskal-Wallis#ii 72, 7 5KHES %) o FFIZ20174R129 7 12
13 24f4K/em?, 20184F 112 7 128.0ff4K/cm?, 20194F 139
2416 AR /em®CTHh V), FAETROBEF B2 o72.
A RBIE, 20194F12H % b < T H THa114 = fifg
FAL72%8, A TA L FIRRICFHIZALSK & < (Kruskal-
Wallis#i 52, 4 &K#ES %), 20174E6 7 £ 8~111, 2018
6, 8H B LUI0H, 2019486, 9H B L U1 HI25EE/
e’ B TH o7z FKETHR O BENE P> 7201, 2017
E9F, 20184E10 B X UR0194F9 TH ), #nEh
475, 2958 X U622k /cm’Td - 77,

JT7IVA 4 LPCRICKWERL - 0> 7T BiEE4B DM
FFHOBRBZTI F+Hav7, Hykhsarrs, AV
ABLOTA XTI H AOHEET O LB, F7 M
THELLL TW7e28, ZHofE T2 mMBLl L 723K EIc—
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Fig.6 Density of kelp sporophytes germinated on membrane
filters obtained by filtering seawater collected from
the surface at each survey site (A, B) in Ochiishi from
June 2017 to December 2019. Vertical bars on each
column represent the standard errors of means. N.D.
indicates no data.

EOMINIA L O SN h> 72 (Table 1),

1.FHa>T FAESATIE, 20174E8 H ~11H, 20184F
1H, 31, 20184FE7H ~20194E1 11, 3, 41, 7~12J]125%
TEA DR SN 72020174E 139 ] DG 12 B\ CTHER T
% D14699Mf/mIAsHIBL L, 20184F X 12H 0 £ E T
151248 /ml, 201945139 H 0 %6 T 1389 91 /ml > s 3 - 7%
HBEL L7z, REEBTIX, 20174E8~11H, 20194E1H, 4
H, 7~12H, 20194E2~4H, 7~12H (10 %) 2
AW & 72,201 74E £ 20194E 139 H D JEJE 2 B\
THEBTRE L), E1FN261.1, 4504fH/mITH -
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Table 1 The relative number of kelp spores of Saccharina longissima, Saccharina coricea, Costaria costata, and Alaria
praelonga obtained by filtering seawater collected from two levels at each study site (sites A and B) from June 2017 to
December 2019. Gray cells indicate that recorded numbers were above the quantification lower limit. A dash (-)
indicates that numbers were below the detection lower limit, and N.D. indicates no data. Bold numbers indicate the
maximum number of kelp spores recorded for each year.

Kelp Species Saccharina longissima Saccharina coriacea Costaria costata Alaria praelonga
Site A B A B A B A B

Sampling layer surfice bottom  surface  bottom surface bottom  surfice bottom surface bottom  surface bottom surface  bottom surface  bottom

Date Jun 14,2017 - - 73 - -

Jul 13 - - - - 33 14.2 140 122 38 8.1
Aug 17 4.8 151 193 - 209 106 133 493 33 9068 10072 345 58 149 311
Sep. 22 627 14699 2050 261.1 116 447 41 83 34 47 368 225 28.6 67 457
Oct. 16 33 - 322 239 60 69 413 8Ll 155 228 414 261
Nov. 10 434 317 489 654 112 74 199 91 63 51 10.5
Dec. 18 - - - - - - 10.1 - -
Jan. 15,2018 67 441 268 54 317 232 - 48 97
Feb. 21 - - - - - - - -
Mar. 15 35 34 - 40 42 55 53 14 07 - -
Apr. 17 0.7 - 0.7 - - - - 16 09
May 16 1.4 1.6 - 12 5.1 4.1 23 25
Jun 19 - - - - - 09 07 67.1 426 152 99 1763 1029
Tl 12 - 0.8 95 128 - - 09 44 - - 882  164.4 11 - 20 53
Aug. 20 81 133 89 64 09 22 - - 38 1.9 986 514 179 69 171 112
Sep. 18 13 26 31 108 23 - 324 457 22 124 3.1 13 36 35
Oct. 16 - 1.0 69 70 1021 2268 3428 3287 22 14 09 64 60
Nov. 14 88 63 19 89 100 97 136 - 55 43 - -
Dec. 11 1512 986 2.0 18 99 85 82 67 1.4 14 07 1.9 1.1
Jan. 22,2019 12 - 63 - 15 - - 12 - -
Feb. 19 - - 0.7 - 1.8 15 45 - 11 038
Mar. 15 0.8 166 126 30 39 76 134 43 25 08 - -
Apr. 23 2.5 - 15 - 0.9 18 36 26 19
May 13 - - - - 69 36 3.0 454
Jun. 21 - - - - 49 57 152 150 3270 348 350
Jul. 26 68 50 29 304 = 16 45 751 846 100 57 657 822
Aug 27 486 261 146 529 - - 0.7 77 sl 1095  397.1 166 32 329 1296
Sep. 11 13898  69.0 2818  450.4 09 17 - 157.6 14 175 313 414 22 266 772
Oct. ND. ND.  ND. ND. ND. ND. ND. ND. ND. ND. ND.  ND. ND. ND. ND. ND.
Nov. 7 18 386 365 913 1080 3999 4259 0.9 26 39 117
Dec. 9 13 08 2.6 137 58 15 138

The quantification lower limit from June 2017 to January 2018 was 40.0 (50 ml filtered) or 66.7 (30 ml filtered) ind./ml, and that from February 2018 to December 2019
was 10.0 ind./ml, The detection lower limit from June 2017 to January 2018 was 2.4 (50 ml filtered) or 4.1 (30 ml filtered) ind./ml, and from February 2018 to December
2019 was 0.67 ind./ml. Limits were calculated based on Takaya et a/. (2016) and Takaya (2020).

770 20184E IS HDEBIZB VT, FEBTHRLL L DIS
B/ mlD e T- AT B L 726
2. Ay AHSaArT FAEHEATIE, 20174E8~11H, 2018

20184F6~9H K N1 BIZilEE T2 S 41, 20174F9H
20184E7H B L U20194E8H o JiE f@ T 2 112 11007.2,
16448 X UB97.1f/mlTH V), HETRDE L OBEET

413, SHE8~12H, 20194FE1~3H, 9, 11, 12712 2SHHBLL 7
ETPHH &N, FIEOREEIL, 20174F9H, 20184E10 4. PAXTHA  FAEEATIE, 20174E7~11H, 20184F

HB L U20194FE11H DR TENEN447, 22688 L8 1,
108.01l /mlICd - 72, FAHBTIL, 20174E6~12H, 2018 LaL,

3H, 5~12H, 20194E1~9H |2k A S 7z,
s BRI E o EF 2% & 7z 132017

E3~5H, 7TH, 9~12H, 20194F1~4H, 8, 11, 12712
W S A7z 20174R X100 DB T, 20184F1%
10H @ #FEJE T, 2019F 111 DERE TF 2 h8ll,
3428, 4259/ mlo#EE TS L, HETRL Lo
726

3. AT A FAEEATII20174E7~9, 20184F6H, 8H,
12H, 2019463 H, 6~9H, 11 HICHEETA M S 7z,
e [ BRAE L - e F 25 & 7z D 1220174E8 F
FE (493fH/ml) L20194E9 ] DFEE (157.6f8/ml) M
THo70 AXABTIE, 20174E6~9, 20174E5~1017,

6, 8 (K@), 2019°7~9H (F£E) THYH, K£HD
EEIE, 20174E 238 H D 17.948/ml, 20184EA39 F 0414
f8/mlTdH > 720 FHALEBTIZ201747~11]], 201844~
10/ £ 121, 20194E4~9 ] & 11T IZlEEFHA R Sz,
FAETRDZ L OBEET ORI L7-01%, 20174FE129H
(), 20184F1d6 H (3£k8), 20194F138H (Ekg) TF
NEN457, 17638 X 12921/ mITH - 7=,
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£ =

O JHBRIBEOTEROFKEL ERFRPE
OFH a2 TN, BT OFER RN TR O FE 3 R
& o T TAFFEHRE [AF520E] BLU [HF5
ERE] OIWEDDH Y, ZDOIWD ) bFEGOFKIIETH L4
TGP AEO T TH D EHEESN TS (Er K
5, 1973a; A K5, 1973b)s T4 3> 7 (A5
) OT-EHOEEEIZ, 14EH OBEMAI9H ~BE3H,
EHOEMADI6~12H L S NTWwD (E4 AR5, 1973a),
WEHEONRETRE L2273 > 71d, R
SUEHOEATH ), TR F ZIFTEIRMERI AL &
6F7213TH DO TEROK % LG L 72 (Fig.2,3), 8
~RAICIZIEEETOERICFEEPTERINTSEY
(Fig.3), WFEDME, (A RS, 1966: 1k 4 K5, 1973a;
M-I, 1994) LK EBALEEIAR LD SN0 T,

KWL TIE, Hy AT a3 s TOTEROIEE I % B
SMPICTELRDoIZMER T Y 53y 7HFEHE I
B AZLIEENT, BT A2HAETLEEDOATHD
LENTWE (faKRS, 1966: 11K, 2012), ff4K5
(1966) 1%, #IBENEBITIZBWT, 6, TBLUI0H®
HyHTaAr7 QELIIER) ORI ETR, 10
HOWRIZOATIEE R L T\ b, T72, 2F72133
SEHON v T 3y TIE8H LI FEEE O AE £
D, ZOBARIZEET D EHEEINL TS (JITIE,
2012),

BHRIZBU 2 AT XOT-EBOTEFEENNE, REEN
FEFIT B L O BENILRITTEIZS~8ATH L Z LA
W ENTWD (ia K, 1978 5 ALHEE TS TF e ks
SR EE RS, 2019) o SIBRTIHEZANG R CHRE LAY
A LRI, EREB L OERBEENRKE 2 D505
TEMOEIMGEE D, THB LR IZIIIREL 7242 T
ORI TERIER SN TBY (Fig.4), BEOMR
EMER—E L Tz,

TAXT A A, BRI TR 2 TS A Mho3fE &
R Y, BRI TIEERRE L, RSN R S L
FEHEOEMITFEHREZTELT 50 T4 XTH AOTEEH
OB IZ4H ~BEIH FCLFEEIN TS (&M
SEFE, 1994) JIBRTHEARECTRE LT A X T A
X, WAZSHZIBTEOEI EE Y, 2712131313
ETOBREPRBEAORLTIELH L T 723 H LIREIEZE
EB L OERTEROWM KIS T, BFEIC TSR
TER L7k oBE G205 LA L, 5~9F Tz o
ETOMAEDPTEKEZZELTBY (Fig.5), 74 X7
HADET B TEROBFEHNIL3~9H TH 2 LifEE S
N5

O THBERMEQOEETOREEE R cid, &
RPN REICAET T2 ay JHEEOF a7,
IHTAYT AVABLOITA AT AZRMREL, Y
TN E A LAPCRIZ K W ETFHAEWE L 720 HETH
I T OWEETEN S -7 HIZT~9H T/21312H TH
D FEMCTwREERDLAIIATHLZ L% o720 &
72, AT TOELEFIZIONENTIZ, AV AD
WEETIISHIRBMEE 2 b 2 DS Dotz —F, T A
2T ADBEETEIZO~10H 125D 72h%, THAER Y
BT & DiRmfi & 72 5 A 035 7% o T/ (Table 1), 5
BN LY a v THEEEOI TR 7R, W
P L LY TRIZ6H B L U8~ 11 H I BT % fE]n)
A SN (Fig.6), VT IVE A LAPCRTHEEL/-T VT
HVESE O e FRUBIE L RS L Cn/, 202t
5, REFZETIZY 7V E 4 APCRIZ LY #EET-Dsto
DNARFEIFRE R A L T Wil - ODNA% # il L 72
HHIHMK L, ) TV A APCRIC & B HEEMEIZIEH 2R
B LU L, BT HRIERAWRE 2l ET AR LT
Wb EEZ D,

I T HEEEOYIL TR E ) 7 Vs £ APCRTHEE
LB REOWEETHA S, 6 BLUS~11FICHBIL:
PRI, 6FETA XTI A, SHIZAY A, 9FIXF
Har7, 0BXOCNUARTYy Ty 7T ETHD
EHEEEN D (Fig.6, Table 1), 20174F 3 X UN20194E 13,
IFIZF Ay TOGR T AL EMBLL 7225, 201849
Az A I L 72> 72 (Fig.6, Table 1), 2018
EIZ20174E L Y FHa v TORENRIF T, B 51
IZH#EfT LTz (Fig.2, Fig.3), 72, 20184E10 124
BLT Oy TOTERTISCHE % J, TERE
WX e S B A L CB Y, EETFREHZOT
HR OB (fF4 K5, 1973a) %21 TW72, 20184F |2
FI A T ORI T o T2 ERNIIHH & A Tld 2
WA, RIFSEIEL s HIC1IEOMHE CHRAT L7272, 2018
R T OB B 2 2 5 e 0o T2 BRI E 2
bNbe

D EOKERD? S, ERRKPFHEGEICB T a3 7HilE
BEOWEET OB, 73> 71EFIH, o F
Ay TIFI0H F/20F1H, ATV AE8H LifEE SNz,
T A XTI AGMIFED & L IEE ORI A S
F,6~10 12 DEETFERILT 2 LfE sz, &
R THE L AT ABLUT A XTI 5 ADilEFET O
RN, ARSI B B i TS 30T B R
Ea A, 2019) ZIEIE—E L Twiz,

722l AWM CHH LTy THOT I A4 < —
X M1 a3 r 7 Saccharina gyrata & OFERSKEETH 5
LEEINTWD (B4, KEHFR. £/, VT NVF A APCR



THELBEETFRIEIR Y A2y TIHEETFH-H D
DNAZ U — bt L 72720, B OEEFHROLE
FREBT A ENTE Lo, S8, BETEOHE
HWEOmED7zo12,
RFEHEOEETHEDNAT Y —BOMEE IS A c§
BTN H 5B o

a2 7 HimRAEO R AR & EET O EEHOMF
KIFFEOFERZ I, 2> 7 HlFENa Ao Ao
SEIgmEE, ) TV A APCRTHERE L 72 F O % H
OMIEE B & OT-FERE O I % Table2 | 278 L 72,
FH AL TOTEROLEEHIE, #BEOMRL (ke K
5, 1966 {4 RS, 1973a; &0 - HFF, 1994) & [k
12, 6~12ATH oo FH Iy THEETONHEIAMIZ6
~12H (xRS, 1973a) F72138~1H (& - i3,
1994) L HfEE STV 525, RIFFEIZ & 0 BB IE9H
THLZENHO N otz T2, T3V TIZ
SHUBBIZ TR ZTENT S5 (4 K5, 1960 ; JITIE,
2012) DKL, WEETORIEIIZI0FE 21311H, A
TAIS~OHITFREHEZTZ T 20120 L, #EET O
WIS H TH 0, TIEBEOIIEI A 52~3 7 412
W T ORI & 72 % pid dhil LT 72 (Table 2). 7
AR H ANIMBFED X9 AR EIEA L O 5
N o 72hs, T 2 886 T 5AI LG 26 F 14,
THROIEHIEM O3 7 A TH - 72 (Table 2),
L ERTFERRFEOHEENICAT T2 IV ATy

TIAR—FFHHETEEE DI,

BHRAFHRREO 3 > 7 B0 E TRl 9

TNE, FEHEATAMEEEMATEETEINL, £
MR VEBE Z AT 5 LS N T s (BRI -
TR, 1958)0 L L, RBIEDON R E L7z > 7 HifFsk
DT OWMBIE, TRERMEOERIEH A 52~37 A
RTHY, FEROTEBEMPIZIIITE A LHEET 2
LCwiahos: (Table 2), F72, 1ZIFETOEMKIZTF
FEREDSTER S N BN, T3 T98H, AV AWT
R, 74 X758 AH5H72o72%% (Fig.3-5), &L
FORMEHIEED1r Ji%TdhH -7z (Table 1,2) =2
— 3 —F v NO®Ecklonia radiatald, BZ\ZFTEH = K
AN, TORIITEETF 2R L2 »W 2 L &
NCTwb (Novaczek 1984), F72, IV 7 )V=T b
@ Pterygophora california, Eisenia arborea3s & UFLaminaria

SarlowiilZ T EFED MM O FI D2+ A ML ET %

B, B OB ICiEET 2 S 2 2 &2
52T EN TV 5 (Graham, 1999) , AREFFED 0 548 & [7]
BRI, B ORI ILEEE T 213 L A CHILES, K
A OP~HZIL L DEEFEMBTELEEZOLN
%o

;AL THEEF ORI & #EERREA OREF

BRI R TIF DAL T B M B o L e 25 5%
X, BEEOERICE ) EETFOEERMPENT S L
&, BB E IR RIS T G F A 3 B R B AT
FEINLIETHAHEEZLNT D (M,1995), &
TR TITh LTV B MR B o 1, +

Table 2 Mean monthly density and maturation periods of sporophytes, and monthly percentages of spores in four kelp species
Saccharina longissima, Saccharina coriacea, Costaria costata, and Alaria praelonga.

Jan. Feb. Mar. Apr. May Jun. Jul. Aug Sep.  Oct. Nov. Dec.
. . 2 90.8
Mean monthly density of sporophyte (ind./cm’) 0.9 0.1 0.3 0.1 0.2 6.7 0.8 8.6 25 7)*1 145 5.5 1.4
Saccharina longissima
Maturation period of sporophytes (>1 year old) C———
Monthly percentage of spores (%) ++ + +  83.0 + 5.0

Saccharina coriacea
Maturation period of sporophytes (>1 year old)*3
Monthly percentage of spores (%)
Costaria costata
Maturation period of sporophytes
Monthly percentage of spores (%)
Alaria praelonga
Maturation period of sporophytes
Monthly percentage of spores (%)

( .....
5.0 458 473 ++

+ 123 767 6.9

10.5 325 143 20.7 18.0 ++ +

The mean monthly density of kelp sporophytes was calculated from the density of kelp sporophytes that germinated on the membrane filters from June 2017 to December 2019.

1 Excluded extreme high data for site A in September 2019

number of spores in each month 100
total number of spores in this study

*3 Referenced from Sasaki et al. (1960) and Kawashima (2012)
+ indicates < 1% , ++ indicates 1-5%

2 Monthly percentage of spores =
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3V 7B L OMEERO AR 54 (11~1H) &
BTG (FIE, 1995400, 1995), —77, #lEEeE
T D F #7327  T8~3 G % BB L 724G
B 8F 21X H BB % AT o 7 BERIX Tl MR O B
EAWEN L 72A%, 10~3 A IZERR % 17 > 72 3Bk X C 134k
BIIIEALERONT, ;I TOBFENE L
ML7zZ e snTnwsd (53, 2016),
KWFFEDFER, F 73 v THET ORI EIZOA TH
LIEDHSHELY  N0~3HIZMFETH LAY AR
TARXTHALZTTERL, FTHary7oEETHL D
W ESho 72 (Fig.6, Table 1), S (2016) @
WAL TERDL L, MREREICLoTHTa YT
FEE ST S L5 BRI, 38 T U B © 5 9H Tk
e, WKFOEETEIVRVI0~-3HTH L ELEFZ
%o 103 &N/ T AOBETREEL, &
Ay THEPERSNLIREELEZ b, L L
RN S NS T H T v THEE T O8E DL AsHE
THHIHIE &N D Z & (Table 2), RIKMEHIZ B\
TR S - RECRIIMAR T2 77 v 7
BEOEENRIBENTVDE I E2E (4 KRD,
1973a), 10~3 4 OMEMmERIRIC & 2 73 v 7#HEOK
B, B SNl E T R B F G L Cwb E
WEENDL, TNHDZ ERS, HEKNPFEHRAETASE
WZATHIL T B MR O R, Bk T 025 L 1
MO 720 DIEEHRIETIZ AR <, BRI TR
JENZAFAES B AR F 723 TR O A BB O YR
RThHDEEZOLND, MEIKEOREINZ, AHI >~
THFE 7 O A ER 2 SHEE S TW 2,
MEVEEEERERIC X o> THH O v 7HEHOEGE L O EFR
RS SN DM BB L CHRE T 2 L85 H %72
5956

RIFFecld, 832X 20 0 7 HlEEO DM ki
L) TIIVE A APCRTHEE L 7zt E T8 s, F+hary
T, HwHTAYT, AV ABIOTA XTI AEEF
DR EI A S 22 L, BT RO B & 0% % B
LI L7ze E7z, HMEEREBRERIC X 200 v TR O
TRA R R0 IR 988 1 D TR | 2 W B 7 AR RB Y 70 HT R 35
SNz SR, MEBENRIC L2 73y THEOH
% XD RRICAT ) 72012, BRERIE /KR <0 5 28R
BRbE, MEMREEERER IS XV UGE S N AR I BI BRI YA H
a2 THEOMMAREICEG 2 2B EH I Y THEOEE
ToZEMSAEH LML, ARSI T & 2 BRE
O R B DEEIEZ S NPT BREDRH D EEZ D,

E il

RIFFEDFETICH 720, FFhATE, SURHRIEE IR
0% W o 7o ATEE R LA, AR XK RE BT e 48
T, ENLRFZE RS NKEERIFZE - 2B R K 7 3 5T
FERTHIEEIL S, (IHALHEE XK EERTZERT) OBRGEIRICE
BOORRELRLIHEAYERLE T FLAROMERICH 7
0, TELEGEERELR IEREB > 72 EGED T 412
WEERLTT. 2BARWIRIE, FH28~304F =ik
FESE - AL RE SR EUN T e T (RMOKES Bk
TR EEFT %) [ R O MER % OB & U 7oK
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LT XDHERML 7,

51 A3 aR

BT Ry, MEMEEBRER 12 X 2 3 > TG o A . S
BEARERZZ L D 1995 5 72 : 4-8.
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collection of macroalgal propagules in the water column.
J. Exp. Mar. Biol. Ecol. 2004 ; 298 : 125-131.

Graham MH. Identification of kelp zoospores from in situ
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IEFHE) | WHEEEH], B 2004,

JSHE =, [ A ARFEFEREE D v 7O & 4548 AW
FE4L, AL 2012,

Pl 77 ARG, I OMKHR ORI H sk (Fatl
H:19464F ~20214F)" KM /R AR — L=
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Long-term monitoring reveal mass mortality events of cultured scallops Mizuhopecten yessoensis in Funka Bay,
Hokkaido

Makoto KANAMORI', Masarumi NATSUIKE?, Keisuke SETO?, Atsusar SHIRATY, Ayumu KAWAT* and
SatosHt YOSHIDA’

' Hokkaido Research Organization, Sapporo, Hokkaido 060-0819,

? Hakodate Fisheries Research Institute, Hokkaido Research Organization, Hakodate, Hokkaido 040-0051,

’ Rebun Branch Office, Soya Fisheries Technical Guidance Office, Soya General Subprefectural Office,
Hokkaido Government, Rebun, Hokkaido 097-1201,

* Rishiri Branch Office, Soya Fisheries Technical Guidance Office, Soya General Subprefectural Office,
Hokkaido Government, Rishiri, Hokkaido 097-0101

* North-Oshima Fisheries Technical Guidance Office, Oshima General Subprefectural Office, Hokkaido Government,
Mori, Hokkaido 049-2313, Japan

We summarized the long-term monitoring data and the production records of cultured scallops in Funka Bay accumulated
since the early 1990s to reveal the mass mortality events. Mortality and shell deformity rates of the scallops at the end of
intermediate culture were correlated, and the average was 7.6% and 10.7%, respectively. Shell deformity was a more
significant problem for the juvenile scallops, and that in the intermediate culture was a decline in the normality rate. The
survival rate of scallops in harvest season can drop to below 20%. Therefore, the mass mortality events occurred after ear-
hanging in Funka Bay. We observed that the normality rate of juvenile scallops was closely related to the survival rate of
harvested scallops in the subsequent year. The survival rate of harvested scallops determined the production for that year.
These results indicate that the mass mortality event of cultured scallops in Funka Bay had two continuous phases: 1) the
decline of the normality rate in the intermediate culture period and 2) the subsequent high mortality rate in ear-hanged
scallops. We conclude that maintaining the normality rate of juvenile scallops at an elevated level is the most critical factor for

stabilizing scallop production in this area.
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Month Jan. | Feb. | Mar. | Apr. | May | Jun. | Jul | Aug. | Sep. | Oct. | Nov. | Dec.
- -
Cohort n H
A
Cohort n+1 IC i EH CH H
Cohort n+2 SC B IC

Fig.1 Typical process of scallop aquaculture in Funka Bay, Hokkaido. SC: Spat collection, B: Bunsan (size sellection and

adjusting density), IC: Intermediate culture, EH: Ear-hanging, CH: Culture for harvest, H: Harvest. Hatchings indicate the

period when surveys for cultured scallops were conducted.
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Fig.2 Intermediate cultured scallops with a high deformity rate from Funka Bay. Arrows indicate shell deformity. The images
were captured on March 14, 2021, by MK.
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Table 1 Long-term monitoring data set used for this study.
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Year of juvenile

Year of harvested

Analysis Analysis Analysis

Cohort  Year of birth Year of production

scallops survey scallops survey 1 2 3

1 1991 No Data 1993 1993 - - @)

2 1992 1993 1994 1994 O @) (@)

3 1993 1994 1995 1995 O O O

4 1994 1995 1996 1996 O O O

27 2017 2018 2019 2019 @) O O

28 2018 2019 2020 2020 O O @)

29 2019 2020 2021 NoData O - -

30 2020 2021 No Data No Data - - -

Analysis 1: Relationship between the juvenile scallops and the harvested scallops, Analysis 2: Relationship between the
juvenile scallops and the scallop production, Analysis 3: Relationship between the harvested scallop and the scallop

production. Circles indicate the cohort used for the analysis.
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Fig.3 Annual fluctuations in the survival rate (A), the normality rate (B), and the deformity rate (C) of intermediate cultured

scallops in Funka Bay from 1993-2021. Surveys were conducted from February to March in the year after the spats were

collected. Bars indicate standard deviation.
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Deformity rate (%)

Fig.4

Mortality rate (%)

Relationship between the mortality and deformity
rates of intermediate cultured scallops in Funka Bay
from 1993-2021. NR, DR, and M indicate normality
rate, deformity rate, and mortality rate, respectively.
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Fig.5 Annual fluctuations in the survival rate of harvested scallops (A) and scallop production (B) in Funka Bay from 1993—
2021. Surveys for harvested scallops were conducted from February to March in the year following ear-hanging. Bars

indicate standard deviation.
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S E O E L, AICHHEH o EH HE 4 HAZE L
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5 i H o ERFEO BRI A E T (P<0.001), 5%
BEIT084 L HEh o7z (Fig.8)o
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Fig.6 Relationship between the survival rate of harvested
scallops and the survival rate (A) and the normality
rate (B) of intermediate cultured scallops in Funka Bay.
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Fig.8 Relationship between the survival rate of harvested
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20104121, LEFRFEDS209% A0 & 7 B HiRed CHEA 70 K
FEAS2[A (2017, 20194FFAAY) HEE TV B T EAKE(#
BLCTWh, HEo T, EERHR Y HOERET 25EY)
fLLTWABEE R D, T2, HNRHIXDKY FH A DE
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Field observations of the physical environment and behavior of culture cages during juvenile Yesso scallop

(Mizuhopecten yessoensis) culture in Funka Bay, Hokkaido, Japan
Masarumi NATSUIKE', YosHmNort NISHIDA?, Makoto KANAMORT?, Masarosar SATO* and Kazuaiko HONKE®

' Hakodate Fisheries Research Institute, Hokkaido Research Organization, Hakodate, Hokkaido 040-0051,
? Central Fisheries Research Institute, Hokkaido Research Organization, Yoichi, Hokkaido 046-8555,
’ Hokkaido Research Organization, Sapporo, Hokkaido 060-0819,
* Wakkanai Fisheries Research Institute, Hokkaido Research Organization, Wakkanai, Hokkaido 097-0001,
* Abashiri-Seibu Fisheries Technical Guidance Office, Okhotsk General Subprefectural Bureau,

Hokkaido Government, Monbetsu, Hokkaido 094-0011, Japan

Recently, a decline in the normality ratio of net-caged juvenile scallops and the subsequent mass mortality of adult scallops
has become a serious problem in scallop aquaculture in Funka Bay. A decline in the normality ratio of juvenile scallops may
result from increased vibrations of the culture net cages during summer. To reveal the relationship between physical
environmental factors (such as waves and currents) and vibration of the net cages, continuous observations of the current
velocity and vertical and horizontal accelerations, as well as the water levels of the net cages (pearl and lantern nets), were
conducted in the scallop culture facility in Funka Bay from summer to autumn in 2020. Fluctuations in resultant acceleration
and water levels of the net cages showed strong correlations with oscillating widths (as a result of wave action) of the
significant current velocity. We conclude that strong wind-driven waves from the bay mouth are the leading cause of the
vibration of the net cages. Furthermore, short-term meteorological disturbances due to the passage of low-pressure systems

might cause vibration in the net cages without the occurrence of strong waves.
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Fig.1 Location of the field observation points in Funka Bay,
Hokkaido, Japan. The open triangle and circle indicate
the position of the aquaculture facilities offshore of
Yakumo Town and the meteorological station in
Oshamambe Town, respectively.
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Table 1 Environmental and associated factors relating to
vibrations of culture net cages used for the

correlation and principal component analyses.

Factors Codes
Days D
Indicator of wind stress in Southeast- El
Northwest direction
Indicator of wind stress in Northeast-

.. E2
Southwest direction
Significant oscillating width in Southeast- B
Northwest direction
Significant oscillating width in Northeast-

.. E4
Southwest direction
Current velocity in Southeast-Northwest Es
direction on upper layer
Current velocity in Northeast-Southwest 6
direction on upper layer
Current velocity in Southeast-Northwest B7
direction on lower layer
Current velocity in Northeast-Southwest 8
direction on lower layer
Standard deviation of resultant P
acceleration of pearl net
Standard deviation of vertical tilt of pearl P2
net
Standard deviation of water level of P3
upper pearl net
Standard deviation of water level of P4
lower pearl net
Standard deviation of resultant L1
acceleration of lantern net
Standard deviation of vertical tilt of D
lantern net
Standard deviation of water level of L3
upper lantern net
Standard deviation of water level of L4

lower lantern net
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Fig.2 Schematic illustration of the culture nets, equipped
with measuring instruments of physical parameters,
used in the longline aquaculture facility for juvenile
scallops in this study.

A REP L CNEEEEZ1VED ) g EARE IS
I L 729 2T, 7 VE LTINS U ERIR O 25E
I L CHMBER AR T 50 R ~OIE TR,
Y7 R EBBGER L CLEE LR, S TS
Bo TOVEEIIBDERENFIEN D, 7 N VETHR S
N7MEHE, ZOHI~1FEIZHEY 4 XEFI S, I
BEEZVED 720 B HEEICHE SN 2 T, FfEIR
DOFFHE O N %2 10~ 15E DX AY) - 72 FHIE IINE
ENb, CONEFZHPSET L TREDE T TEK
T 5o TOMEERRGELE WS, RWFZETIE, K5 EUH
D7+ rE (BEW3 mm, 108) & ARGHHOMNE
(HA&W9.1 mm, 108:) ?2, 9B HIZ/KAFF (DEFI-DHG,
JFE7 BNV 7y 7 Ha&tl) BL O 7+ v #Eo28:H
EHEDSBE HICEEEE (CO-UA-004-64, Onsettt) %
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W72 (Fig.2)o 72, BEPOEOBH XIEDT  HoF T b YEIC1EDH 720 15084, ALEIZ1ED 21 30

LTk

Wave height (m)

Fig.3

Oscillating width of significant

Fig.4

FRELTC, WEHEZI) T 2ho7z2, 9FHE MEORGIE L ORGHUCH SN HEHEZ AL,
W7 EEIEORTIBICENEN 750 gk 1 kgDl
T2 T2 2NHOW T b vEX20204E7H16H 2
510H26H F T, HEZIHIIHD?S10H26H £ T, 6k
D NEPh DM H AR O ¥ IZTE T L TR EERTTK
F2H5 1) & ERE LTI D & INHE D2 DTSR Td 53
A ORI & SRTE A IR OEDOME & B X OUKALEC2)E
DVERE % W EIA L 72 (Fig.2). KAEts X Ok Er
DF— ¥ %, FIEN10512 10 & 2553121 [ O # & CRUS
L7z hﬂi%f*“*?r ;t30El AL O A TNy 7 1) — 1)
MW7 B 72, RO ﬁr‘?uf% IRk
e HHF%T% LCBI L C—@En 7 — &ttto I~
100 2L, WEHOARRHDIz0, F7 b A EOIMEERH S

2.5 -

Significant oscillating width in SH14~26H OWIfE, F— % #WETE Lo 70
Southeast — Northwest direction AT T, EORERNE LCREEEEL T2
(cm s1)

B, — IR O VEENI B Th 5720, A3k, TNk
Eelations(?i[l)s fbetwe::ln simulated Wavle heiglht (fron; JiE 2 R0 KT 2 OMSE SRS T b 2250 R 1053 R 7 — %
PV models from the Japan meteorological agency o - N v R
and oscillating widths of significant current velocity BFcEgfLanie. LoL, Thodh é} Slek

(calculated from current velocity data collected in this VI TRz L &, BfEO RS MM T, BifEO/~S
study) in the Southeast-Northwest direction. ZEIRICHRTT =2 DIE6 2 X2 1T RE 2D LHES

& 507 southeast A 10  Southeast Upper layer (5 m) E
% O'NV\/\WA-\I\'\L/\M’W O-WWW‘W
" .
§ Northwest 10 Northwest
v -50 T T T T T T T T r -20 T T T T T T T T T
©
S 50, 20
é Northeast B 10 | Northeast Upper layer (5 m) F
§ O-WM\'\/\W '_"E 0 -
m©
2 Southwest £ -10 1 southwest
cEs-+— 2 204+ -
100+ 5
Southeast C v zo_Southeast Lower layer (10 m) G

o £ 104
£ 501 £ o
O >
> © 107 Northwest
.g 0 T T T T T T T T T -20 T T T T T T T T T
1001 -
é Northeast ig Northeast Lower layer (10 m) H
qt) i A,\,/‘\/\f\_/\ //L\/J\J 0
3 _10_

0 ogofSouthwest 0

8/1 8/21 9/10 9/30  10/20 8/1 8/21 9/10 9/30  10/20

Date Date

Temporal changes in the physical environmental factors (indicator of wind stress A and B; oscillating widths of significant
current velocity C and D; current velocity E, F, G, and H) in Funka Bay, Japan, from August to October 2020. Oscillating
widths of significant current velocity is quantified as follows: The difference between the maximum and minimum current
velocities in any wave cycle (5-6 s) is considered the oscillating width of the current velocity. The average of the top third
oscillating width of the current velocity is defined as the oscillating widths of significant current velocity. Indicator of
wind stress is defined as the squared value of the wind velocity.
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Fig.5 Temporal changes in standard deviations of resultant acceleration in the horizontal and vertical directions (A and D),
vertical tilt (B and E), and water levels at the upper and lower levels (C and F) of the pearl (A, B, and C) and lantern nets
(D, E, and F) for the intermediate culture of juvenile scallops.

Nb, 2T, MEEFTOEBMELE, B X OERETH
DOEE, gk & TIRBEOKMENT— % 2 HHATID
DT —=FHL L) AT, TIN5 OFEEFELEOT)IE
\ZB9 5/89 X =% —% L7z (Table 1),

T — SN RN (BUIHE, RS, AR
BE) W7 N CEOBIZICET AT A -5 —,
KT & WEOBIRIC T 58T A — & —THEBITE &
BICERS I 2 AT o 720 MBS B L CERS 5712
WEREETET Y 7 & (27 ViRt Ver3.23, #RaNasttt &
It —EA) 2 Hwi,

B

& R

AERRIRENE S HERSOBEFR ARiEIREROE
AT % S S, GPVA HHEE S N7k 2 B
R E T BGOSR, WEIITAHBERED50.9% 8
R BEWIEOHBENS 1), A IR HEIREIE (T O PR
W& B MR b o o EE B R TIRE L LTHRIT
HbEEZLN (Fig.3),

YERES LOCBBEOIRSOBEZLE 8H Lol
ICEE S (ER DY) OIS OEO TSl — Y
WZERE Y, FEEC, KB X ORERECEE S OFHED
FRABIH SN/ (Fig.d)e DL E, F7 MV EDMHE
& LRPLET O RS D WEE ISR W EE R L7 (Fig.5)o

Table 2 Coefficients of correlation (7) between physical
environmental factors and the factors related to
vibrations of culture net cages. Grey hatchings
indicate weak (]0.2] < » < |0.5]), moderate
(10.5| < r <10.8|), and strong (|0.8| < r) correlations
(from light to dark).

A

D El E2 E3
E1 -0.13

E2 -0.08
E3 0.07
E4 0.13 0.47

E5 1-0.29 0.34 0.21 0.18] 0.22
E6 -0.02 0.12 -0.01 -0.07 -0.02
E7 0.10 0.09 -0.06 -0.11 -0.17
E8 | 0.26 -0.13 -0.35 -0.28 -0.26

E4 E5 E6 E7 E8 Pl1 P2 P3

0.35

0.25
0.12

P1 0.09 0.26 0.21 -0.04 -0.11 -0.13
P2 -0.36 0.37 0.09 0.38 0.17 0.18 -0.05 -0.17 -0.16
P3 -0.40 0.36 0.17/ 0.38 0.29 0.28 -0.01 -0.20 -0.19
P4 -035 0.16 -0.01 0.17 0.127 0.22 0.02 -0.15 -0.07_0.42

D El E2 E3 F4 E5 E6 E7 E8 L1 12 13

E5 1-0.29
E6 -0.02
E7 0.13
E8
L1 -0.
L2

046 0.39 0.27
0.29 0.17 -0.03
0.26 0.08 -0.12
0.02'-0.25 -0.34

0.20

0.10
0.04
-0.117.0.35

0.48 0.16 -0.10 -0.05 -0.
0.19 0.20 -0.11 -0.16 -
0.02 -0.05/-0.
-0.02 -0.06 -
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Fig.6 Factor loadings of the first three principal components
(PC1, PC2, and PC3) of the principal component
analysis of the environmental factors and those related
to vibrations of the culture net cages are indicated in
Table 1.

SHEDH10H FFAIZ 2 ¢, BT (s S B
M) CRUSTI OIRIED B 7 BIMAS A 784 7 BRICELH 1
Wirs A EASHEIRIICBII S, RIS A2 5 =
J5 M DA FEFt A IRENRIE & 340 L 720 MR & K
ERLEHE Bz, FBRICE 7 b rEB X OLEOEE
BT 2 RF b B LR L7z,

BT 97 b CETIE, AR O FE (P1)
&, EHE-ALTE A ORUGT OFRIE (E1) XA it dik
Bl (B3) L AHBIMREA0.6% 8 2 2 FOMBE %R L7:
(Table 2A), SEDMHE (P2) B LU LEOKAMEF DL
fm# (P3) b, ER-ALWmOEILTOfEE (E1) %
B FEHEIRENE (E3) LH5WIEOMBIE R Lz, BN
HPE LR ET OB EERZE (P, P3, P4) &, BRIV

KO LIEoGwEE GG IEOHBEER L7z (B5). F7z,
FHEHE (D) LEoME (P2) RAKMETORERZ (P3,

P4) 1, JHVWEDOHEA R L7z, RWT, LETIHTN
TOEOHIEIHET A2HET (L1~L4) &, ER-LES
MBS ORI (E1) FFAREIE (E3) LIED
M%7 L7 (Table 2B), KfrEtofiefmss (L3, L4)
1%, EE-ALTE A O FEoG#E (BS) L §5WIEOHM
L7z T72, #BHE (D) (ZFEOM X DR E
(L2) EEOMBEE, AR & KA E o 2=
(L1, L3, L4) &g BEOMEEZR L7,

TS BERT LT CEOBHRICET AR T

2B AL, 2, 3ERGOFGFIE, FNEN351, 203,

172% (BAEHGHT2TI%) ThHhotzo HILEHSTIE,

AL A O RIS I O (El) B X OF SR E)
i (E3) 7% L OBBERT LEOEIZICET 2 £HT (Pl
~P4) 1B AZHETHEMEDEDICHOE MEZ R L
2 FE A T T EIC BT A K AF (E5~E8) 2Y&ILH
WER R L7 (Fig.6A) . $E3FM O N - AT Tldkk
#HE (D), dLHE-EE RO RILT OIEE (B2) &f
FFOEIRENIE (E4) VB0, BOME &K EOEHE(R
# (P2~P4) DNIEDMETRKEL 2 MEMEZRL
(Fig.6B) o BREIN T & AEOBMZICHT AW TFI2B1T 5
1, 2, 3T OEFSRIL, FNEN469, 238, 102%
(RFEF5-809%) THo7zo BIEWITIX, 7 b V&
EBRER T L B ER AT & IR, BRI o
JFUS T OFEEE (E1) B L OVH ZRimdIRE g (E3) &0
BRERT L ROBIRICET 54HF (LI~L4) BT
HFEMEATE SICHOBWELR R L, H2FER5 Tl
HIZB T 5 &K (B5~E8) EICEHWEZRL &
(Fig.6C)o (E3ERGONTAMETIIFEHE (D) &
JLH-F T 7 M OF "I EIRBIE (B4) 2 EWIEOHE%E
AL, BOWEOFMERFE (L2) YA TRREWHEE R
L7z (Fig.6D),

z %

B P ORI A ORIS ) OIFEOHEE ) L H T
I & OF FEIREIE OB IS e L CB Y (Fig.4), F
HAMOENZ & YR IERAE LeF 2R L Tnwb, &
T, K TR O RV B S O HJE Tk
VIR AVELLZEEDOHMA LIRSS (FHEIT 2,
1995), ERGAHTIZ BT B EIER ST, BRSO
JFUST) OIRE B & O Fei SRE)IR & 7 b 2% LA
DHFEIET 5T XTORTFDFHGHKE L (Fig.6A
and C), TN SONTIFHRWIEDME %R L 2
(Table 2)o fit> CHIERE, FEHJEIC L o THED
RE D, WRICK 5 TSR TS 2 &) —HOB
BiZALIC L 20 AR LIZIRIE L EZ HLb, A
BIZBU 2EEDR Y 7 74 H OB A BAERR D HEER
THEOBREOEHO—2 L LT, RAJAED A
HHMTH L HEPENZ EPBTFLNTVD (&7
2019) o F 7= FHE ORI & & 7 7 A B H O ER L%
\ZEREAE RIZTT LB I NTYD (FRIID, 1974),
BRICHEREHNOROER TR S HE D, HHEOWR
AR FE DL ZLICE 5T, BRKBIZBITLKRY T HAHE
HOBRBEARENGERI SN TV LIREND D 5. 514,
HOBREPHEROEREICRITTA ML 22T A2 &
ix, HEORBARED A A L%#HLNT L TE
WRHEEEZEZ 5D,
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GANTTCIE, & ITHE2ERS TSI BE L 7225
WRTAMEERT S &5, FE2ERS LB o
TLEZEN IR L 7B S B R 5B T D2
BV, BOERICHTIRTFAMEIESITEE AL
(Fig.6A and C), HRAGHTIZ BV THIHERN T, ED
BRI 2RTF LMW Z RS w2 &2 s, #lit
DEOBEHZI LT T BT RITI ERELL W EEZ S
N5,

T LR T X D BRI B B3
RS ORFAM R, FMHESE, EOBFRICHET
LZHFTIEDOEWEZRLTWD Z &0 5, EIERIE
BUAEIE O R W OB WEOEIR 2 /R L72igfE & &
ZAbNbe ZOEITRS O TS, SHTH D4
OBMOAIEEIZEHL o THBY) BHTHFHO I
BEAT, ZRUAHI-2T0 5460 F), S5I2FT
b O X & IR O REREAR =AM BRI o i b v fiE
ZIRLTED, ZO—FRI % RWEOBIRA 3 TN
I SN TR EEZ BN 5, LA L, HIemH
IRENFIL S 1T e 2 < (Fig.d), WRTIEHATE
WIRWEOBIETH -7 L T2 Do SHTHIZIZARADS
b o BRAEPIEET BE L TBY (RRITH— 4
~— ¥ https://www.data jma.go. jp/fcd/yoho/hibiten/index.
html, 202243 7H R, BETERAGRE 5 & & D ICdLH
1 ENOFEITRE o 727280, —F R A RIEEATED

RIS BE L7 CHER SN D IDRITIREMICAL,

MEZ O &R ITRmHESE (&) L1
n, REFEO@EBIZE->THELELZEMSNTY

% (Kr1l, 2013) 0 8H7HIZA: U7-BREEAH) & EOBNF L,

DL BBEBHRICE o THI ER SR hEEd B
5o Lo, B A OB DA DT, —FHR KR
WELAEDOBIEIC &0 L ) 1B 2 035 RO
BERAHI

FEHEE WEOEE OLEIL, BOMEETRL
(Table 2), ZAUIHNZ, AEOBIZICET 2 KT L B5E
HT2 &5 ERGHIIBIF 53T TId, 75l H
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LEDPEOEEZR L7 (Fig.6), 2D LX) i#mA B E
BEOMWEXOLEFHOADOMBAMBRIEIT 7 P v ETHZDH
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Y HITRE L =Pseudomonas anguilliseptica®iBR1E
PEEIEY, MEET, MXER, 7)IHAR, KE

"EEEL R EMEEE S kT - RAKEKERERS, HAUEE RSB RIS KER RS
Pathogenicity of Pseudomonas anguilliseptica to barfin flounder Verasper moseri
SHINGO ITO*, TAtTHEI MATUDA?, YosHitomo KATUMATA', SHoutAROU NISHIKAWA' and SHINYA MIZUNO!

' Salmon and Freshwater Fisheries Institute, Hokkaido Research Organization, Eniwa, Hokkaido 061-1433,
? Mariculture Fisheries Institute, Hokkaido Research Organization, Muroran, Hokkaido 051-0013, Japan

Rod bacteria were observed in the brains, kidneys, and spleens of barfin flounder, following a mass mortality event.
Biochemical properties and genetic analysis of bacteria from the kidney identified the bacterial species as Pseudomonas
anguilliseptica. We examined the pathogenicity of the isolated P. anguilliseptica in barfin flounder using immersion tests.
Mortality rates (within 35 days from the start of the test) were 74% at 2.1x10° CFU/ml, 86% at 2.1x10° CFU/ml, and 73% at
2.1x107 CFU/ml. The onset of mortality occurred earlier when the number of bacterial counts was higher.

P. anguilliseptica was reisolated from the brains of all the dead fish. Since Koch's postulates were satisfied, we conclude that

P. anguilliseptica is pathogenic to barfin flounder.

F—7— N JREME, YA, Pseudomonas anguilliseptica, HALEERYTEIR

20194F 1 2dbilEE N O ~ Y 1 T O FE RERECREILDT
AL 7zo WIEA OB S MW ATHES L2720, [FE
L 7z & & A Pseudomonas anguilliseptica T - 72

< W 7] Verasper moserili 1 LA HA LAE~ Y H T
BOHVLATHD A 1986), 20 b LI ATF-AE
(I3RS emD <Y 7 T HEH 1005 R SN TH Y
ONF-4 2007), BTE, RIKELES WL DD,
WM DIZ L AR TR TH B (FAT 2020),

P anguilliseptica |% Wakabayashi and Egusa (1972) 12 X
ST YT FFORERE L Tissh SNT-3ED TP
Thl), otk ENTE7 2 (FH5 1985, Shimahara
et al2018), <7 (Kusuda et al. 1985) 7z &, bt
TIH=VXR, F—=Kv b, eI AL EEHBEOHMED

JREAR S L CTHE S CTwb (Wiklund and Bylund 1990,

Berthe e al. 1995, Kang et al. 2015),

< B D5 DP anguilliseptica® 53 BEI X4 R DS 8 C
TH Y, dE LWk O R O FE, SRR R, ~
VA TN BREEIZ OV THET 5,

MH &S

A 20194E8 A8 H ICALiE N D ik THBE D~ 7
7 (FHEeEI mm) LY B, SAE CHEE S
NTEAEBRIRE Lz 2B, kI3 EL 2.
Z DIARDIVER L RN X BIEIRDBIZR % 1T - 72,
HME OB T, W, MOBHRERAERL, 7T
A7 T =V (BD) T L, EWEMBE CHOA
AW L72. ¥ 72, MarineAgar221635# (Difco), /¥
—)L 3 7 TCBS#ER K # (ShF), SSEEXREH (Fikr) [=
v AA | (HARESE) (B & g2 3k L, 15 CTTH
B L 72, B2 & Bl L 72T % P. anguilliseptica Kd-1
BRE L, DT ORIt L 72,

HEOETE MK OMEKMAIZAPIR0E (K4 A1) 2—)
TRz B, FIagMIE7 T 28 0mFy P (HAR
Ry by FavFrvr) T, EEINEE OFRERIIAE
&K (1990) O 5 [ 5E Tl 72 HiIE YLt |ZKodaka
etal. (1982) D FEx=FH L7/zo F 70— -FF %
—ERBRIEF hru—2 - XISV -ERHBHAAK [=

HOCE T A608 (20224F 6 JH17H ZHL)

*Tel: 0123-32-2137. Fax: 0123-34-7233. E-mail: ito-shingo@hro.or jp
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v AA ] (HAKEE) CHE L, 7% 7 —ERBRI1%
AL FY A (BT 4 VARG 25 k91
FEEL 728D T T — A A FEREEH (LU 1% AL &
U AEHTSA, HI/KELEE) CTHEE L 7 freE a2 mgR1c
3% WIBRALKFEK 2T T LHE L 720 DNAGRMERER X
DNAZEREH [ = v A4 | (HAKEEE) CTiro7z. 5
i Pk & OV PERER TR I S (1985) OFETHN
720 16SIDNAZ%H I O f#HT (X Bacterial 16S rDNA PCR Kit
(ZHI714%) 2V, Fv bOT=2 7 IVIZHEVPCR
FCHIE S 720 B HNPCREEW DY — 4 ¥ A ITH,
ST A~y ZIZRELL, BT L7 £72, Behs:
V= VAT = ZIET A W EN A TR v 5 —
» 4 v 7 A4 » (https://blastncbinlmnih.gov/Blast.
cgi’PROGRAM=blastn&PAGE_TYPE=BlastSearch&LINK_
LOC=blasthome) ZFIFH L, HET Y —fF L7z,

T4 AVHEAIC K DRI MAER S EEL 2P
anguilliseptica Kd-1#k & #REE DS 1938 L ) 7 A E8H
TSATIS C, 101 HIEFER%, 100 mlOFKIEE D 1%L F
MO LELRDEHITTELL M) TF 75— AV 1Mk
B (DUF, 1%L F MU 7 A &ATSB, HAKSEE) (12
IASGHSE L, 15CTSHMIRER#Z L2, Wiy 1H
SEFERILL, 1% LT M) 7 A& A TSAIZEIHKE, BD
vy TAURT XTI A ) 230 (HARN

7 Ay TFTayFrVy) wEA, 15T TI0H MR,

T4 A7 ORDICTEHIEMOBEEYNEL, ®E
B S HE R HE L7z,

#P. anguilliseptica Kd-1# 7 X MiFED/EH 45
B L 7-P anguilli-septica Kd-1#k% 1% ¥EfLF NV 7 2&
HTSATISC, 10HMEER%, 100 mlo 1% LF 1) ™
AGHETSBICIHE&HBE L, 15C C5HMIRERFE L
720 WIS, 50 mlOEFFE %4 C F 3,000 X g T1557 5%
LATHEL, BRI Tre thl L 72 R 225 mlD0.85%
Ak MU Y AEWEICEE L, 4 TF 3,000 X g T1553 [
D ATEER AT o 720 TOVEERIMME DR L, P L7
BRI mgZ L, 1mlo085%EALT YU 7 412 5%

L7 % LIARPERIF, 0, 3, 7, 10, 14, 17, 21, 24, 28,

31, 3B5HMBICYHF (HARHGH) ~N1HdH720 1K
HEL72e RHBICERILL, AT 4 NEEETREMZ
WE L7z B, Y XFOMAE - PUREAE - £3RMIEL
—uT AV I ARSI REEL 72,
RELHBROMRAE  HEKERNIS CHE L -2 R50~
60 mmD <Y A AR F A L7z e BRI AGET 12 4
FEAE L7,

TYUH TS BREME G RER L P IoKGE R O
Ve BRI B i sk CTIEME L 720 60 LA THRAST L, WK
WATERIRKE Lz, AR 2 10 faaeifa L

720 W ORI IMAIOO W 2 L7z 1%35/L)
MY AEETSAICH 2 &KL, 15 CTIOH MFTE# L
770 WRIALEH LD, 100mlD1%ELF 1) o AEH
TSBIZR&E L, 15 C CSHMIRER 2 L7, COWKT
PP, anguilliseptica Kd-1k 7 - F ML OVESL & [[ 48R 12 Pk
Wi, 085%1E bF bV 7 4 il TMacFarland No3 0%
FEICREE L7z A B BUE 1 %R L F B Y 7 2 & A TSATHI
EL77621x10° 2.1 x10°% 2.1 x 10" CFU/mlD B ¥ D g7k
A L RIRCUR MR E LR L 72, SETROM 5 1 E
W OFA8E % FZhE L, PUP. anguilliseptica Kd-1#k ™7 - F 1L
B CHERE OBERERE T o 700 EYEBRT OAKIRIZ A
Y&y MRET— % u % — (HOBO) TR IZ1E KR
25E L7z,

& R

#HE <~V HTIITPE4EESTmm, FIEE 43 g
(n=32) THY, MWEARIERE L CTHEETLEHMOT
TPBE SN0 BEI Lz A, FRlEtim, e
O RER DS BIEE S 720

HEODE 7 7= it LB B Mo
WAL A A IS A6 i 52 S 172, MarineAgar2216
B CUL B & MR A S 1T E — OB ATHIGE L 7298,
TCBSFER M & SSTEREF L TIIHIE L 72 2 o 72
HEOEE HEOALF IR 2 TR R 2 K
VR U720 7T LML COFMRBRIZNE % 8B 3, o
FENDH Y, WEIIWMETH-72. $/2, Fhru—24
Tx VYRl vy TR TH ), HES
R 72 A, BELHEIZ T RTHEL 2 h o 7z
DNAZMRMEIZEETH ), ¥ 5 F v Rkt -
Too MM Z R 2 A, SHORBTERE L7
5% % THIIHET L7z AFmEII4~30CTEITHERF L
B, 3T CTRERT Lado72. B, TNSDOELFR
MIRIZKang et al. (2015) THEds ST\ 5 P, anguillisepti-

Cumulative mortality

Days after challenged

Fig.1 Cumulative mortality of barfin flounder after P,
anguilliseptica immersion exposure.
e : Control(n=29), o : 2.1x10’ CFU/ml(n=30),

% : 2.1x10°CFU/mI(n=29), A : 2.1x10° CFU/ml(n=31)



caDWHEIRET R TC—F% LA, V=TV AERE»D
16SrDNA (34-1,3257%) (& BE %1 D P. anguilliseptica® B %]
(LC194236) £100%—3% L 720

ERIRZMEER SERHIHELT XTI THA 2
VTR B B L) BT AE S IE P 19 mm|2
LT, R TIE IR EEAM4.6 mmThH 1), A
»HH LRSIz,

1 P. anguilliseptica Kd-1# 7 - ¥ MFED/ES  1MiF 1
F150 mIERILC & | P anguilliseptica Kd-1#RIZKT$ 5 AT
4 FEEMIZL : 16TH o 72,

BB OMEA P4 ESSTmm=38 (0=30) TH
272

YVATICHT BREME BEHBOMR T HIIRL
720 2.1x10"’CFU/mID B IZIZiE L7234, 10HH2 S
BTG L, 140 H FTIZ30RHM12EAMETE L, 21H
HE Cl22122%eC L, Wi TIREO35H H £ Tl222)8
HIET L7zo 2.1 X 10°CFU/mIO W IZIZE L7234, 11
HHZ2SWTDEEL, 140 H F CTIl229RH2EHA T
L, 2IHB FTIZ11E%S, R TRO35HH £ Ti224
BT L7z 21X 10°CFU/mID Wi 12108 L 723554
RHHD?SHTH G L, 14HH T TIZ3RT2REIET
L, 2IHH E TIZ8EABE L L, B TIED3SHH T
WZ23RASIETE L7z F 72, FETTAUSII SRR & kI fE
IO FN 7 EABE SN, FETMORND S IIPIP an-
guilliseptica Kd-1#& 7 % FIMFIZ L D BERS 2 R T H
PEMETHER SN, —H, "BRXTORTCIE% < E
P2 S XA 7 FIE B BUS 2 7R 3 I (0B S L
Lhrol, B, BEGERERFEOKIRIL180~204T,
¥IKiRIZ19.1 CTH o 720

£ =

Table 1\ IRL72&BY, S5 S W7zP anguillisep-
tica Kd-1#k13ZKang et al. (2015) 73¢ 5 A 95508 L /2P

<XYATDY 2— NEFAIFOREME 33

anguilliseptica & VEIRH3—3L L, 7>>Shimahara et al. (2018)
THE SN TV D T LDP anguilliseptica® 16SIDNAD it
Hl & A nl oy S 2R O TR (1,29235 58) 5100 % —
WLz &S, P anguilliseptica b [R)5E L72. BE, <
VAT OMERE LTI FT Y 2 I, €7 45
DS T WD S, P anguilliseptica® 53 BEEH 1L 10 5 1E
MOt DORZEREELHWHRCE, Wl 12 bR
<, RYDTTREPDTOFFNE b SRITHEEL 72
P anguilliseptica® B AL AR 2 i - Z8 (1982) &
HH5US) I L > THE SN T VDL T 2L T FFOP
anguillisepticaDVEIR & BT 5 &, ¥ 5 F V5 VEDNH
A&, WATHHEAENCZ E DD AREIE T 105 HE S
NTRE D BT FFh o558 S NRITE IR E Ko
T RSN D,

AL CHHLAEA2.1 X 10°~ 10" CFU/ml> 1 [ i3 i
Wth, SSHMfAE LzE 25, MM DT73~86%755E
oL 720 SR TIELIR DO R IR e SIERATHE S 7z,
WO S IZITHE—0aa =58, s
DOWNIPLP. anguilliseptica Kd- 11k 77 FITE CTHEE o
ZRL7ce b Z &t a v koJFRIANG- 2, 2
DHENEYY A TI0 L CTREEEZRT b D EEZ b,
F72, BH(2008) 12 L5 EARMEHREAROR B & L TR
WEHPHLTHEV) TENFEFLNTVERE, 20
RILRIEREARO T RIEDS RV EE R HLb,

<Y T TEEAT B AR O WG T K S
ELTHLUA BNOEG DRI SN T LB X2 7
NI A7) LLETIVFN RN XAFILT VEZY
DANYTIAFF LT P THA 7)) v ORGHEZ LN
5o AR OFEETIEP anguilliseptica Kd-1#RIZx) LT, 1
et X7 8T A 20 VRSN D S EHIRT S N,
WERIEARTH L EEZ LN, LML, FHURED
50 gD~ HTIITKERESE R E LTCRRITENTWD
WBAX LT I IH A7) YR TVFV N AT VT v
EZTLAANTTILTFRIT NI A ) v EBEER

Table 1 Comparison of the biochemical properties of the bacteria isolated in this study and P. anguilliseptica isolated from
Japanese flounder (Paralichthys olivaceus), Ayu (Plecoglossus altivelis), and European eel (Anguilla anguilla).

Kang et al. (2015) Nakai et al. (1985)

Shimahara et a/. (2018) Nakai&Muroga (1982) This study

Japanease flounder Ayu Ayu Europian eel Barfin flounder
Gram stain
Shape rod No record rod No record rod
pigment No record
O/F - - - -
Growth temperature (°C) 5~30 10~30 No record 10~30 4~30
Mobility + + + + +
Flagellation Single polar Single polar + Single polar Single polar
Cytochrome oxidase + + + + +
Catalase + + + + +
Gelatin degradation No record + +
Sugar examined - - - -
Growth in TSA with NaCl(%) 0-3 (4-5:Not detectede) 0-3 No record 0-4(4%: +or-) 0-5
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BT PRI IE L 2w Edb o TWwWa (R
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AR AT ) LEDRH L EEZ BN D,

# A
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W 7272 Z i R T SR L AN S SE T A AT
B L R E 3,
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Validation of annual rings on the lapilli of barfin flounder Verasper moseri
KEe1izo YOSHIMURA*, HirosHt YAMAGUCHI' and Kazuniko ITAYA®

' Central Fisheries Research Institute, Hokkaido Research Organization, Yoichi, Hokkaido 046-8555,
? Hakodate Fisheries Research Institute, Hokkaido Research Organization, Hakodate, Hokkaido 040-0051, Japan

The annual ring structure on the lapillar otolith of the barfin flounder (Verasper moseri) was validated, using juveniles and
adults from the Pacific coast of Hokkaido. Microscopy of the left lapilli embedded in resin, revealed thin and clear growth
lines resembling the outline of the otolith. The formation cycle of these growth lines was observed in 1-2-year-old fish,
suggesting annual formation from May to June. The age-determination accuracy based on the lapilli was compared to two
standard methods based on the sagittal otoliths using fishery-caught adults. In 2—10-year-old fish, ages estimated from
sectioned sagittae closely coincided with the number of growth lines on the lapilli. However, among > four-year-old fish, the
number of growth lines on the lapilli did not match the age estimated based on the surface of sagittae in more than half of the
assessed fish. These disagreements were probably caused by the difficulty in observing the surface of sagittae in older fish, as

reported in other species. These results indicate that the growth lines on lapilli can be used for age determination of barfin

flounder and are, comparable to the annuli on transverse-sectioned sagittae.

®—7— ¥l ERASE RPN, VA, WA

< 717 Verasper mosellild At i O B 5 70 F R i SE xS
GHECT D B 020064 12 Bl S 7= 100707 RO AT
TEM PR EIEIC L ) B ofER L RIRICHMmL, 2018
ENATBERE D196 b VT ET 5 7% &R & R E
SN TWD (EY, 2013: %4, 2020), KEEERY
Tl E R g SN Y AT ICOWT, T
BB L OB AREL TR, 75 2 IEL
Twb, TNHOT =7 2T, BEERLHGIAIRE
L, BRETARLTVD (FH, 20200, 21 sOfE
Wr ORE & 72 2 O, JIE S 7B O U AR P G -
BB &, FEICED KM TH B, 6o T, FENT
OREE Z BT B 7200218, B ERE ERA 2 v
HZEPWBDTEETH 5,

<~V AT, RTPA (sagitta) OAZEI & K E
B L0 T A AR AT E B (DU R A R g
PHOSNRTEY, 2 LIUE3H T TE VR CHER

TEERT) ZENWETHL (HEH, 2004), Lol
AR IFARE DL O BERAEI L T 2 72 (FF, 2020),
A RS2 CIEME R T — 5 2155 2 &8
WHEIZ > TETW D,

FITEHES I Y T OBEN (lapillus) (ZBIZR XN
LA 2 R ESEEICEH L, FREEE Lot
IZDOWTHLNZT A7z, FOREEHEZRARSL L &
b, BFORTPAEEREBREEE ORISR T, R
T 2 EREEORIESE W & SIS R
W F v (BB S, 2012 BE%, 2015 &g S, 2013)
ZIMZ 7 BHE 2175 720

ABRUFE

20164E4~7 F 1 2dbiEE e R T % 2 A ot (Fig. 1) oK
FEO~1 miZBW /PR (BE5m, [ES5m HA6

HOCETA609 (20224F 6 JJ17H ZH)

*Tel: 0135-23-8701. Fax: 0135-23-3141. E-mail: yosimura-keizo@hro.orjp
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139° E 146° E
46" N
7
Ogifushi
41° N K The Pacific Ocean

Fig.1 Specimen-collection site in Hokkaido, Japan: Hamanaka
(open circle) and Ogifushi (black circle)

Table 1 Collection date and area, number of specimens,

Verasper moseri, assessed in this study

mm) |2 X Y IRE SN2~y B T REAFE9E (Table 1)
B L U018 12 7 1Akl AR F Kok (Fig. 1) Tl
HEEIZ X 0 SN 724 E370~618 mmD <Y # T E123
B (Table 1) #H\72o SNSOLEDOHENA (LFES)
BLUOLEORFA (DUFRFEA) &, FEARBEME (Olympus
SZX10) O T TR L 720 TR S N2 B 1290% =
y ) — VT, AR TR L 72, IO
WA AT 5720 %8, T PR R AR OVERUL AR,
MTFRR D EHEPIE AR Z DN T DO RFT o 720

BMARRBH HHE SN BO 2S8R
(AREMCO Crystalbond™509) % FH\WCTLUTFOTFIEIZ L b
B2, TTETVI—NT Y S TEBEE L 28 %
ATA KT T AI~20H#E T L, FiRclfbs g7, ik
LMD FICHEA 28, A5 4 FZ7 5 AT E200CH
Ay ML — MIHBORE & AL L 72BIRNICEEA & L

total length range and age range of barfin flounder,

. ) Number of Total length range
Collection date Collection area . Age range
specimens (mm)
21 Apr. -26 Jul. 2016 Hamanaka 39 99 - 275 1 and 2
2-23 Dec. 2018 Ogifushi 23 370-618 2to 10

Fig.2 Dorsal view of the left lapillus of barfin flounder, mounted in thermoplastic resin (anterior surface is on the
right). A: Lapillus of a female collected from Ogifushi, total length 607 mm, five-year-old, with five growth
lines. B: Lapillus of a juvenile from Hamanaka, 231 mm, two-year-old, with a single growth line. C: Lapillus of
a male from Ogifushi, 546 mm, nine-year-old, with ten growth lines. Ages (birth date = 1 April) were estimated
using the sectioned sagittaec (A,C) or by surface observation of the sagittae (B). Ax: anterior extreme. Px:

posterior extreme. Ms: marginal swelling. Nc: nucleus.

Arrows indicate the growth lines. Scale bar = 500 um.



T &%, B CHOE{LS 7z, EHICT7Va— VT
VTTATA KT T AOEMD S BB L CB %
Uk b &4, 8L A 6 RO o AL E 2 SRR L 72
A 18 DO FHHRN L FARBAREE (Olympus SZX10) T Tt E
LI, BRoTER, RihEAREE L

R OBIE, WMEROFHB L O EEF T IR
$it (Nikon SMZ1270) ®40%% F 721X IE 7 B $E (Nikon
ECLIPSE 80i) ®100f%C, &M F 7213 maHHRIC X
DA, BEOFHING Y L5 E E T o7, BA %
o4 FrFAssis (2005) (ZHE- 720
RERREBEE TSR FAE90%TSY / — )b
ICELRETEA T 7 ) VHICEIMI 25 LTE X
FARFREE (Nikon SMZ1270) D5~10f5 TY&FIRIAIZ X
VS B IVEERE 2T o7, FlEEISED
(2004) IZHE L TIRD E BN ITo 720 4 1H % fnnALiE H
L L, BIEINIAERTH BAHICERFOb D%
o) ICEDE, IERNEL A ORBMER (4~7
H) TEAEH A, BT3RO i Ew A (12H)
TIRIAE AT A AR & L7z,

REARBETERZE R7PARABIsE CURBROR A

7 27 V) VEHE (Kulzer Technovit 4004) 2/l L, YJT
B (%) b= MC-20IN) % TR % & AR 2
BT 5 E S H1 mmOMENTE A 2 WHBHE S W0 B
L7z Y1) WL 72 i sl i & 2R BB PR IR (AREMCO
CrystalbondTM509) 12X W) 254 K75 ZZBEY L, &
5 EEIERE (<)L b — ML-182SL) % H v THJ200
umDJE S F CHHE L 72, Bl5E B L OG- I 13 IR Bam
$ (Nikon SMZ1270) 20f%C&#EHEHH 72 13 WA
IZE DI, FEHOFHINIRE L7258 L Cfr o7z, 4F
WAL T LRI I | R S ARB s ko &, R
AR R L FBEOTEICE VT - 72,
HMARRBOTERARS LCERTELEL L TOEDH
AR EROTEBEA OMIAIZIE, EPHTHESA CRE
ENTRBMIERE VT, FERIZBIA2EAOKE
M R B L ORERANICE Y F Lo, 20
B SMEAREROBREIIC OV TR L2 B, [
BERIZOWTIX, @FE#iH (99~275 mm : Table 1) #»
LIEEI2RUT ThAH L HATN/-Z &, 3T T
AR EBIEE T T3 R R EOERITEN R TH
5 (RERZBH) s, RPAREBEHRIC L 26
*EOMSER L L7,

AN EROERIEZE & L COEMEOKEEIZIE, K
AT FRAR CHSE S N7AERZ H W 72 [JERIZ O W T, R
AR AP X D 15 S B AR 2 BLOERE L
BRI & O TR R EE L 5D Rl E
& MR BIZ E L 72,

<V IR OFE 37

& R

BAROHENRE BaoTmh o AN IEE R =M
xR L (Fig.2A, B), WiV (anterior extreme) 754
¥ (posterior extreme) F CTHEZ (LITER) 135600
~1,500 umT, KRBT ERE D -7 BITF (RS
DN H L (marginal swelling) O FETHIZ T\ PFERICHEE
(nucleus) MHE SN, O Y IZER300 umfEE D%
RHZICERWENIEOR G2 H - 72 (Fig.2A, B),
e 5560 THRAE SN2 A D —IOBA 2 5 &
W50 ER AN B SV H 26 & AR O < TS 722 B
Fiff (growth line) 251~ 104EZ S 7> (Fig.2A, B, C),
EEMORRIL, RN L DOH600~750 pm, PHIH]
7 524K HA%900~1,100 um T, A &9 L oIk
MNAT T e %2 - 72 (Fig.2A, C),
MAERRBROMKEE Fig. 312 HTH 24 THRILS
N7 KB BT 28R, AR OBEA RGOSR
IR L720 HIZ XD BIEEREA R 525, 15K, 2%
b ICAH IEEREORERBITER L D 107% < SHIRS
CHMERE L V1D WA —ERIZAEH & F %L 6 H B X UTH
AR ERGE M Th -7 (Fig.3),
BMARRBROERTE L L TOHEMME OB
FEVRE AR AR iR & D G2~ 100K & AR AT
E &7z (Tablel, Fig.4A), [RIEAROEAIZBIT B EE
MBUI2~104T (Fig.2A, C), AN A S & 1EMAE (9
FRART L87AR) & I & 3 N CR AR F 3210 X 2 4R
E—F L7 (Fig.5k) SHUIH L, RIFARmELE
12X DHEESERIE2~T T (Fig.4B), i P Ak b Fr i
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Fig.3 Monthly records of the number of growth lines on the

lapilli of one- (top) and two-year-old (bottom) barfin
flounder juveniles collected from Hamanaka.



38 HREE, O, REHE

Fig.4 Left sagittal otolith of the barfin flounder individual, represented in Fig.2A. A: Transverse section with five

annual rings (dorsal surface is on the right). B: Lateral surface view submerged in 90% ethanol (ventral

surface is on the right). Arrows indicate the annual rings. Scale bars = 1 mm

W& BZENSIZH L, 2B L U3EOFHOEATIETN
T L7, 4Pl o3 ATl EE 72 %8
MR T—3 L %= o72 (Fig.5T),

£ =

ISR CHRILS N2 KRR B OBA g S
RERAE S L UO2%E 12, SHZBIER - 1K 5
EREFBICHEI L 228005, NS ORERIZEIS
Hal, 5~6 IR ENDFTHEEZEZ HNb, o T, B
HAOREBRIIAEN B ERPETCHLEEZOND, &5
|2, BRBHT AR CHAE S 722~ 105 F 2 B W THEG O
M RO EIC L A ERE 1238 L2
EDD, BEARHVWLZ EIZL ) EIRAICBW T IR
RAERASEDSIREL £ 2 SN Do BEA OFERIZBIL X
REEOZFI (REWH 6~TH) I2EWT Eh 56 (B
5, 2004), BEAIC X 2 EMEETFIEIFRFEAICLL00
CIRIZERABTCTH B, TRbL, 4F1THEINEEED &3
% L4~6HIEBIBICTER T O L D% & O RV EMREL
+15, 7T~120 B L C1~-3F I3 ER AN FE i % 5

Nl s N

T P R B2 TR DL L o B4 DL L o R TR
PR L R AR S T, EATRIE IS B v
TARFIERATRENRE L LOBRHEBY Lk
o7 (BEFS, 20128455, 2004), W TFAMERRER %
BET 2 &, WHIO2~4KBEE (HEICLIVRERL) ©
£l OREH™N) 13 RKIEL00 pmPl E & RS, 2 s
LDV OFERIZEMC 2D, Flige ) LoMEL k<
%% (Fig.4A, B). 72, MHIORWERGIL, —EHB721T
DI L 7B IROMEE 2 E ) S & b, TNH DA
Bt ORFEIC XL, R PAREBISEIC X 2 FEEHE
X, WEICEED, IMUTRE L L2SEZ D23, §F
AR TR EME R E T NI % B L HERE SN, TE
> C, WPFAERMELEEIC X5 ERETERICIE—ED
MEPEINDL L HETILENDH L. ZHIIH L
PR T 2 Tl S iR C b IR 70 4R O FHE)
HEETH Y, BEOHHLES TH D Z &b IEMERFE
FEESREEEZEZ NS, Lo L, FI7kIsIRaE,
I, PHESE, BEAERICE COLERH ), HHOR
WA & A A E £ T % C E B BHA DD B Z EDAF)



Growth line counts of lapilli
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Age by sagittae surface observations
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Fig.5 Comparison of the growth line counts on the lapilli
with age determined by the sagittae transverse sections
of the adult barfin flounder collected from Ogifushi
(top), Comparison of the “annual ring” counts from
the sagittae surface with the age (bottom). Numbers
indicate the individuals.

LIHTH 5D,

BRI T D BELS mmAERE &/ Sz, BRI
PRI X FEARBAREE T TIT O LD 1), B & AL
5 CTOEEETIIR PO TAF D H 5o
L2 L, BRI HEME 2 LB 2 LB & 9 AR 1o il
L, &EGEBEORE L 7% 5 KO 2% Mo %
BT A 7200 T, RS2 BRI 5 2L TE 5. F
72, TRTCOEEHPREFELBIKTH 5720, FHHDED
ThHbo, TNOHIRmTAMKBEREICHTERNZ AT
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M &H) 2WRA L2 (LT, 212 hFeed Oil;FO
IR, Linseed Oil ; LOGMETEL) ZAER L, 7
Ny ZIEHE LT 80 CCHHR RIS L 720
—fgRk a3 & RERARRIER DT V- fiEf, ELAfRL, FO
TRANE R, LOTRNNEN RO — %R & B Bh R AR O 557
%, 7u L7 LERRSH (FieT, M) &5t
7oo —MERAATIX, KG - IKGy - My voN s E - 2l
oAt e ER L, SRERICHT LR (%) T
R L7z0 AKAIE105 CREEEE, IR dEEIk LD, & >
NI e - ruvy— vk gz aakn s
C XY = VIR, RAKALINE &R K - K
G, U sE, ElREERELIIVWCRS . T2, i
il 2 & / — VTHI L, #AZ7Uux b7 T 74
—PCHIE L7,

& R

BRICHES U X0 R T O a0z
e, KE, EHEOZEE RUIR L 72 MEERMIGE D

P A DR EIE55.6 mmTHh - 72, HEI0H HIZiZ
543 mm, #EE20H HIZ1354.6 mmTHh o7, BAEIZI
M AR & 222 0IEFRD SN 925 72 (Tukey-Kramer
%, P> 005), FEIIMAEFIBIED124 g2 5, #if10
HHEIZIZL12 g& o 72 ffi 20 H HIZ1E1.02 gk 722 1), #ft
FRGIES L O AE10H B2k L THEBICIKT L7
(Tukey-Krameri:, P < 0.05). WG IZFAGREOT1TH 5
HMEE10H H6.89, #2010 HOISIZILT L, MAMIMIZ X
> CHEZED RO 57z (Tukey-Krameri:, P < 0.05),

Y ri#a0—ERSOE ShEROKGIE, Bk
E10H HIZIZH80% TH » 724, #if20H HIZ83% & 7
o720 ¥ U8y, ARG L MEAI0H HIZ14% T
o 725, MEA20H HIZI1X129% & 7 > 720 ENEE I3
FAAIEIZ3.7% CTd - 7278, MA10H H122.7%, #if20H
HI1219% & 72 572,

YA ORHEERDOEIL HIZfE ) Jr b
ORI DAL & 21K L7ze F 72, RN Ot
B AR E FINIR L 72 MERT OV 7 fERICE F
NHWMEREI00 4720 OEHMBEE=IL C181 (+ L

F1 HEIHEY I HAORITE, RE, EWEOELE —ks %4
EXE *hE . K53 Ky AUINUE 2B R
AN P i
(mm) (9) (%) (%) (%) (%) (%)
A4->+J)l 55.63+3.39 1.24+0.20 7.17+0.49 80.1 1.8 14.0 3.7 0.4
10 54.35+3.73 1.12+0.27 6.89+0.93 80.8 2.1 14.0 2.7 0.4
20 54.6+3.41 1.02+0.19 6.18+0.24 83.0 2.0 12.9 1.9 0.2
F2 MEIZHS S HEAAARORITRAR E a2 02t
A=)l ®E1088 #®E208E
RERGES #ERK EL=E #ER% EXCE #ERK =B=
(%) (mg/100g) (%) (mg/100g) (%) (mg/100g)
C14: 0 SURFE 2.7 332.8 2.4 230.1 1.9 144.9
C16: 0 JULEF B 17.3 2,105.9 17.0 1,628.2 16.1 1,248.6
Ci6: 1 JULS b1 > B 3.7 454.8 3.2 307.0 2.5 193.3
C16: 2 0.4 45.2 0.4 34.8 0.3 26.1
C18: 0 2FTYEE 4.6 561.2 4.9 470.4 5.1 399.2
c18: 1 FLA B 18.3 2,225.0 17.6 1,688.1 16.6 1,287.8
C18: 2 (n-6) U —)LBg 8.0 975.5 7.6 728.5 6.7 523.4
C18: 3 (n-3) a-JJ LB 1.0 120.7 0.9 83.4 0.7 55.2
C20: 0 TSED 0.5 61.8 0.5 52.3 0.5 40.7
C20: 1 IOt 8 0.3 36.6 0.3 28.2 0.3 24.4
C20: 4 (n-6) TSE R 1.2 150.0 1.4 130.0 1.7 130.0
C20: 5 (n-3) I+ OYRYITBE 5.2 630.7 4.7 449.6 4.6 355.0
C22: 0 AN 1.1 132.3 1.3 124.1 1.6 127.0
Cc22: 1 TILAEE 1.7 201.8 1.6 150.0 1.4 106.6
C24: 0 BET WA APDY 0.8 102.9 1.1 104.0 1.4 110.8
C22:5(n-3) RIOBRIATIEE 1.6 200.0 1.7 163.4 1.9 148.7
C22: 6 (n-3) RIOYAFHIOBE 17.2 2,090.7 19.1 1,833.3 22.7 1,762.8
REE 14.1 1,710.9 14.3 1,369.4 14.0 1,086.9
&5t 100.0 12,138.8 100.0 9,574.8 100.0 7,771.4




A VF%) 2225 mg, C16:0 (7$)V 3 F V) 2106 mg, C22:6
n-3 (Ka¥~AFH T DHA) 20907 mg, C18:2 n-6

=3 IS M AR ORI O E (1
ZI ¥ IEI0E LA E)

REARES 1=3v)L #BE108E #EE2088
Cl4: 0 SURFEE 100.0 69.1 43.5
C16: 0 JOLEF B 100.0 77.3 59.3
C16: 1 JULE LB  100.0 67.5 42.5
C16: 2 100.0 77.0 57.7
C18: 0 2TV B 100.0 83.8 71.1
C18: 1 FdLA g 100.0 75.9 57.9
C18: 2 (n-6) U —)LEg 100.0 74.7 53.7
C18:3(n-3) a-U LB 100.0 69.1 45.7
C20: 0 TSFEIH 100.0 84.6 65.9
C20: 1 TAOt B 100.0 77.0 66.7
C20: 4 (n-6) TSE R 100.0 86.7 86.7
C20: 5(n-3) TAOYRSI>E 100.0 71.3 56.3
C22: 0 AR 100.0 93.8 96.0
Cc22: 1 TILHEE 100.0 74.3 52.8
C24: 0 SE7 A AV 100.0 101.1 107.7
C22:5(n-3) ROYRHIEE 100.0 81.7 74.4
C22: 6 (n-3) ROYUAFHUIE 100.0 87.7 84.3
REE 100.0 80.0 63.5
B 100.0 78.9 64.0

x4 BEEEL, 74— FF A VB L OTRRA g
HED— LML

FrERAE R ORI 51

(V7 —)ViE) 976 mg, C20:5 n-3 (A aH Xy T
B2, EPA) 631 mgZk EWSEd o 72o W7 Hefa o WJEIR
it (EFA) THACI183 n-3 (a-V / L U 1E) (ZFRAEEME
B T1.0%, C204 n-6 (75 % FUEE) (Z[E12%TH -
720

HEIHE- T, 1L A ETCOREBIED Lz, 2
NEORENTY, GAEOLS VG LA VIR AIOH B
|2131688 mg, #ifr20H H 2121288 mgk i L, #afrhd
GEFDS8%E TIRT L7z (3), SV FUVROGHE
EAEAI0H B 2131628 mg, #FA20H HI2131249 mgk 7%
D, MERMGREDS59%E TIRF L7ze V) / — VR, EPA
LA 20 H HIZZ N2 I B FIAAIE D 54%, 56% F T
T L7z, DHAIZ84.3% & Ry iBARII/N S o7z,
&8 EFORMER, LOBMEARD—ARE DR &
BERAESHERY  — il T, BLA FEHZ LN TFOTR
TnEE & LOT IR C 2R E £39.4% % 5 13% L) 123
mi7z (F4). ¥y 87 BHEEIFS05%0 5 2 h
48.6%, 485%IIKT L7z0

Bt & R R O MR WGE C FLBR AL S K & W IR IR,
NV FUEE (193%), LA VEE (147%), V) —)b
B (103%), EPA (75%), DHA (129%) 7% & Tdh o7z
(£5), FORMEVECIXERAFRHIENT, VI F

—BED Ty Ty
(REBLL) T DA —RAAILE%  + TR 5%
K5 (%) 9.1 8.5 8.7
K5 (%) 15.1 14.2 14.4
)08 (%) 50.5 48.6 48.5
LA (%) 9.4 13.2 13.5
RIKIEHD (%) 15.9 15.5 14.9

W, LA B EPA, Fa¥~<r ¥l DHAMGH
FTNHINL Tz (3R6). LOWRINEIRLCIE, FEA RS
HRTH VLA VR V) —VEE o) /L U EEASEEE IS

L Tz,

x5 WEME, 74— FAA VB X OHBR RN O IRIEEL & & =

B afaRln EEfRl+ I« — RACILES  BLEEIR + FAM_H5%
RERAES #B Ak SB= #ER% SB= #HERK SB=
(%) (mg/100g) (%) (mg/100g) (%) (mg/100g)
Cil4: 0 SURFOBE 3.2 194 3.7 328 1.9 187
Ci4: 1 SUR N1 0.0 0 0.2 17 0.0 0
C16: 0 JLEF> B8 19.3 1,164 16.1 1,437 13.0 1,266
Ci6: 1 JULE bl B 3.6 215 4.5 404 2.1 202
C16: 2 0.6 35 0.4 35 0.3 34
Cc18: 0 AFFUE 4.8 291 3.8 335 4.1 401
C18:1 FL Bk 14.7 885 14.3 1,271 15.3 1,484
C18: 2 (n-6) =)L 10.3 618 6.8 604 12.5 1,213
C18: 3 (n-3) a-U LB 1.3 78 1.1 97 26.2 2,547
C20: 0 TSFZ U 0.0 0 0.2 18 0.0 0
C20: 1 It 8% 0.0 0 0.0 0 0.0 0
C20: 4 (n-6) TSF R 1.0 63 0.7 61 0.6 61
C20:5(n-3) IAOYRAIEE 7.5 451 10.0 891 4.3 414
C22: 0 RN 1.0 61 0.8 67 0.6 56
c22:1 TILHEE 2.4 143 5.2 459 1.4 133
C24: 0 DLW AP ] 1.1 64 0.9 78 0.6 60
C22:5(n-3) RIOBRAIHE 1.3 79 1.4 123 0.7 73
C22:6(n-3) RIOBAFHI>BE 12.9 778 11.3 1,007 7.3 714
REE 15.0 901 18.8 1,677 9.1 880
& 100.0 6,020 100.0 8,911 100.0 9,724




K6 74— VB LW RRA IR I L 05 D AL B
DAL (AR OMBE100EL 72556 O )

[i=y-a e [i=y-al e
RERsE BREER + T — kAL +TAMOH

5% 5%
Ci14: 0 SURF OB 100.0 169.3 96.5
Ci4: 1 SUX LA B
Ci6: 0 JULEF B 100.0 123.5 108.8
Ci6: 1 JULE L B 100.0 188.0 94.0
C16: 2 100.0 101.7 97.1
C18: 0 RFT I 100.0 115.0 137.7
Ci8: 1 FLA B 100.0 143.6 167.6
C18:2(n-6) YU —)Li& 100.0 97.8 196.4
C18:3(n-3) a-YUJL B 100.0 123.4 3,257.0
C20: 0 TSFZE
C20: 1 IAJ B
C20: 4 (n-6) F7SFR B 100.0 96.8 96.8
C20: 5(n-3) IAAOYXZAHI>E 100.0 197.7 91.9
C22: 0 AN 100.0 109.3 91.0
C22: 1 TILOEE 100.0 320.4 92.8
C24: 0 oI 100.0 121.9 93.3
C22:5(n-3) ROYRZAHIEE  100.0 155.2 91.3
C22: 6 (n-3) RIOYUANFHI>E  100.0 129.5 91.8
REE 100.0 186.2 97.7
a5t 100.0 148.0 161.5

Fz =
S

20 H [ ol BT I P 2 FiE AR EE & R YA B
WK L7ze ZOR, MEfo—aok i, HiclkE
BEHEEOVMKTPHEE CTH 72 Thud, HEHRoT AL
F—iL LCONREOEENEZRET 5, #akIZidE
TN A= U PERPICHE SN, TORBESHEE
KB T EH, T4 (Shimeno ef al, 1990) =47 FEfA
(Akiyama and Nose, 1980 ; [EJ/&, 2020) THIS 2 2&
TWho A CIEREIMAED0T~09% /R E 127 %
FTHHEN, Z20HBIZY VRV EPELR AV E -
L 7: % (Akiyama and Nose, 1980), % > /N7 B I3fA %
COMBAE SR TESNLOT, RS V80 Y
DOFFICY) Y b Bl (HE20~30H %) 125 LT
CREED BT S (fE5, 1996: R, 2020), AWf7eT
WFAE20H BICH X0 =B LTBY, ¥ 2308
DIREVIEE 5722 L RRBTEO0S LN, Th
LOZ LMD, BEFICERTLEEGREMPTIL
TY VT EAGRICE DB E S, RO
PO A2 %59 2 TR EDS S % o

RO Th HIRIFERICIE, HFEIC X o T
BIRMED D Do AR A TRV I F UBRDS, =

AT LA CBASEEEIHA L (-8, 1982),

FLERERIC T AV F— & L TR S e 3 IR (L fafd
Lo THRRLEEZLNL, LS (1983) (X, Jitik
BOVITHATAH LA YBHPEF IR L TCnL I L
FERL, LA VBRI AT —JEHE LT HERIF]
AN TR L T2, REFZETIE, ffk
HFOEFEDL MBI O A FRATE IR ER E 7 fE
A EROFIHENEVEE 2 2o T LA YRRV R
F VB, ) = VBRI R AT O IRIIERO T D

BEEDVL L MEROBPELREL o722 L5, il
RO = AV F - e L CEETH L HEEEV, F
IHYAFT I URIIEARIZLVD, BRI OV T
VER LA VERICIENR D L v BRI O T 2
SIEMIRRLINE LR B VI F U, LA VROE
FEAEWI EHPEELS ANV, T2, BIiMO=
M7 BRI Z C, A TIERE - BE AW K EFA
DEREND Lo VAl =Y < A% 812X TEFA
RZIZHE L CHUET, TR LA T RS 2 K
EEESEE 2 (NS, 1979), KT oW 4 fitfi
OEFAZEREIX, )/ — VBB L) /L VB E %1%,
o3HUFA (B EAfafINGENEE, DHA, EPAZ &) 72505
~1%E 2N (NS, 1979). 4 fefa JH Ot A filkt
B L UFORINEEL, LOMMEEONRIFERALLE, EFAZE
REZMZLTBYREICIIMERZ VAR SN,
RONRE G, NRITIEALEG LA A fRE O ML % S ik
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AT OIRESEREL NS (IS, 1983 5 AR
- KA, 2012a; Misaka er al 2014) o AN L 720 g e
FHBE & BCME L C, FORRMNEEL % #580 L 724 7 fEf <l
DHAXPEPAZS, LOISINE R OFRE Tlda-1) / L Y ERAZ
NZNFHZF NS5 (FE5, 2020), AFFETH, FO
RHINFEL O PEIEALR Tk, DHA, EPA, %+ L A Vg, /3
VI T R EOEEEDHEINL 72, LORINER T,
o) /L U BROIEINANESE Td 5 —J7, DHALEPAIIZ
EAEBIML T otz 7SVIF VR LA V%
Faic e 2 & UK IR 2 b i vwE @
S TE, o HEFIZIIFOIRINE R 2 4 5 2 &
T, WV ITF UM LA VEROBERICHRESAD Do
LA FEANOFORMIE ICOWT, A - Kt (2012b)
TR O A & A IRE &R TIR2%2 4 TH 5
ELTW5D, F72, 84 (1980) b FEHOIREERE12%
PECHAOERIFEE SR AT 2L LTwb, &
DRI S L, WAEFERMTIIRESENIANEL
TBHBY (94%), FOXLOIZ DWW CTIdA RIS L 7244 215%
TR EERIC > TnD (FRENIZ%LLL) .
Db X, vkt olfEaRmtEmo5 2
& CHUSKMI A B3 AR D Y, SRR OIREE
B EDDL L TRAENOIREER/ITIETH 5. Bl
BRI 2 S 0%, 7SV F U, LA VOB
e OHUKIT AR D 2 WREEA D ), 2 D72 DITIXAEL
B EIRNDOFOS% DMK RN TH b —H T, NEN
FBIZTAVF—JHE LTSNS BDOITMZTPET
LIEFEMICB S b oD D, 1)/ —IVEE, TIF VB
EPA, DHAXH 7 fifADEFATH V), fih o EmI L
LWL ) EEPUETH L, T/, WHEMTIEL, DHA
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