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EEDQEES SVBEBEICH T3 HEERSFEREMEER Alexandrium
catenella (Group I) DOHIRIKE

EMESY, £F%F W, EFEHE, BEAZ, &EEE
'JeEE LR S AR R AR OK E A BRE,

2ALiEENL A S HEAE K E R RS

Recent occurrences of the toxic dinoflagellate Alexandrium catenella (Group I) in Funka and Hidaka Bays

MASAFUMI NATSUIKE*', MAKOTO KANAMORI', MASAMICHI WATANOBE', TOSHIHIKO KASAI' and
MASATOSHI SATO?

'Hakodate Fisheries Research Institute, Hokkaido Research Organization, Hakodate, Hokkaido 040-0051,
*Wakkanai Fisheries Research Institute, Hokkaido Research Organization, Wakkanai, Hokkaido 097-0001, Japan

In a monitoring station in Hidaka Bay from 2018 to 2020, the abundance of the toxic dinoflagellate Alexandrium catenella
(A. tamarense species complex Group I, former A. tamarense) was observed to be significantly greater than those from 2012 to
2017. Further, we observed a wide distribution of 4. catenella (Group 1) off the coast of Hidaka Bay in early June 2020. In late
June, toxin contamination of Yesso scallops and the large occurrences of A. catenella (Group 1) were detected in Funka Bay,
which is connected to HidakaBay. Thus, the A. catenella (Group 1) population developed in Hidaka Bay might be transported

to Funka Bay, causing toxin contamination of Yesso scallops.

¥ —1 — N . Alexandrium tamarense species complex (IHA. tamarense), #FAFEZH), HEE, FEKE,

A EO K= L 2 “MASo®H I, &
REFAERKEFEOMB L 25, FETIIAF—Y 7
RMREE UL, BRI B O CREMR#IC X 2
% 7 A OFEELAFEAE L (Shimada et al., 2010, &
2015), AR & A REFREDHEE 2> T b, il
1 =& ¥ Alexandrium tamarense species complex (LLF, At
complex) (ZFRMME B HFE 2 H UMM TH Y LI
W24 5 (Lilly et al., 2007) o ¥L4E, JEREGHHZ ST
SR AN 7 AT 12 DWW T At complex N DFER DK
WEZ2 28057 S7z (AR, 2020), § 75 At complex
12 1%, A. catenella (Group I, H ), A. mediterraneum
(Group I, # #), A. tamarense (Group I, #E ), A
pacificum (Group IV, A3#) BX A australiense (Group
vV, Fa#/d) OSHSEETN, REENIEMREICXET
B EIZWEEE SN TS (John et al, 2014 ; YA,
2020), = DHT, KIFIZBWTIHELIRD A tamarense
CRIBENTE DL X A. catenella (Group 1), IH

i

R H

FRD A. catenella & [F)5E S N72FED % { L A. pacificum
(Group V) 1ZH249 % (Litaker et al,, 2018 ; 34, 2020),
COMMLRMAEE, HRCBUAHHET I V7 F Y
EZZ ) U TIIBWTRELE S 2T WRESTER ST
BY OKAE, 2020), 41, At complex |ZBF 5 [FHIUE
DOBNTER T A LEND 5, ALHHERTEBOR B TIE,
1979 4E 0 LICIEFA M B X VB RE T I > 7+
YORBNRE=S Y Y TENTBY, IHEHDA. tamarense
BEICEFE~EFIIOTTITEELHET L2 215
NTW5 (BIZIZIBH, 2018), F 7z, MKEOMEHERK
Wyn & HEE L 72 At complex ¥ A M 253 S TR
O HEERR DY T-HEW 0912 A catenella (Group 1) & [F]5%E
SN T3 (Miyazono et al,, 2012), LL 256, KEFTIE
BENBEFLLTE=S ) ¥ 7 ENTEZIHEDA. tamarense
BLOKWEDO R TIEBIZE D S [HAMRD A. tamarense
ETRE L7ME %, A catenella (Group I) & LTHH Z
LB, dLMEEICBIT 2RO M BIHEIImEL Y —

TS AS87 (20204F 11 20 HH)

*Tel: 0138-83-2893. Fax: 0138-83-2849. E-mail: natsuike-masafumi@hro.or.jp
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LAYT MG L TEBT L2 EATRBINTWD (T
5, 2005; ER S, 2020), FNHIZL AL, 1980~1991
EOEGY = BmHmEN L L, 19924E~20184E2 A F T%
EREOEFEEME LTWD, EHEEMNICENORRE T
Gy NEZYY) Y TEFIIBI S A catenella (Group
1) OWBERY 7714 OFLORERATAL N, K
A2 100~200 cells L' Z# 2 CTHIAT % &, FViEE
TAGIRE I B 5 W R 0 ZHEfE (W &R A3 MU
g ' PLEF I3 IGIREEAT20 MU g ' BLE) F I3 EN
EO 7z WL B FHMIE (TR EES4MUg DR %
M TEbTseMHmEIN TS (FHH - &5,
2017) )5, JTFEOWENKE TIZ20184F, 20194, 2020
B & M U CRETERFRICE AR Y T H A ORWTEE
FMEME A B 2 2B LD FEELTBY, A catenella (Group
1) OMBRBLE K5 77 A HALOFEE L HBEIZEL L
TVALHREMIFHEEN TS (BES, 2020), &5
20184E12IE, SR EANM (Fig. 1) &\ o 72 EE
LIRS0 W KB OB IR T & 2 K FED HBEBICB VT,
100 cells L™' % 4B 2 5 S E D A. catenella (Group 1) @
WIS SN TBY (RS, 2020), WABI TR
DOHBEANEIML TR BUFEEARE SNz, LA L,
KB BT B A. catenella (Group 1) DITEDHH
B ORAEET R, BABLE B L UK AEBICE
A AREO BRI T 2 MR O NG, I TR

140°E
[]

WFFETI, HEAKBENB L HEBEICBIT%20174Em &
2018 4ELIRED 4. catenella (Group 1) DHILIRIEZ TS
e b, 2020406, 7THICHKENOHEEIZBIT S
RO 2 AR TERNIC BT 2 AHEOLHE B L O
5T HA DOHEALL ORIREMET L7,

MHEs L UHE

BABRHNDBESE=42 > JERICE TS A catenella
(Group 1) #ERRBEDRELE) MBI ILHRER O
FEEPEMNCAIE L, B 50 km DIFIZMZ L-mE)
B EER 2 R0 FHSEN 2B Th ), KIFFE L8k
HHEEBEHELTWS (Fig o 4B, HEBLSNLE
Wud (Fig. 1), WEECBI2B0OE®R (BOOIEIIEA
BAT &AL, B WAER R EEE T 52
Mot L Y S BATBOKIBSILND D) 2L TH
59, T EERERBEORIC ISR L4 E
VA2V, FATIFZEIC BV CIE B BRI & H
e LS BEBE I % e A 7200 & ARHRE IS R O E B iR
HEEL LTWb I ehs (K4, 1981), ARBFZEIZHEW
THMBOWISE HEEL L, T, Rilo@ by Ak
BN CTIL19794E0>5 A. catenella (Group 1) At complex
OHBITEMWICE=F ) v 7E3NTEY, FERITIHE
BB R — 4R = L CHEF#HmI NG & &

142°

143°

Shizunai

Hidaka Bay

42°

41.5° 4

———

Fig.1 Sampling locations in Funka and Hidaka Bays, Hokkaido, northern Japan. Closed triangles and circles indicate the regular
monitoring stations (offshore Shizunai, Shikabe, Abuta, Yakumo, and Mori) and temporary sampling stations (13, 14, 15,
16, 17, D11, D13, D21, D23, and D 25), respectively, of R/V Kinsei-maru in June and July 2020. Broken lines indicate
the boundaries between Funka Bay, Hidaka Bay, and Pacific Ocean.



b 12 (https://www.hro.or jp/list/fisheries/research/hakodate/
section/zoushoku/tpc05300000004y7.html, 2020 4£ 8 H 11
HHEE), BEOHERELENVFLOT R - f¥k7T 7 ~
7 b PEREREE] L LTHEA - 4R— D L TR
L Twv: % (https://www.hro.or.jp/list/fisheries/research/central
/section/kankyou/kaidoku/j 12 s 220000000 dgw.html, 2020
FEIH 11 HBEE) o FRAE B IR IS & o TEALH)
T 5% 20204FBUEIEAENO3ER (ICH, AE, &)
B LUMRELBO g (), HEENO g (§
M) I2BWT (Table 1, Fig. 1), HIZ1~2BDOHEE TS
~10 miFBEOREHIFRAK & ZHERKER (AST-200-PK % 72
I3 RINKO Profiler ASTD102, JFET KNV T v 27) 1255
KR & OB & i L7z 155 75k & AR
BIZR1Z X > TA. catenella (Group 1) OHIFEEE 2L
720 AWFFETIE 2018 4F LUK 3 4F it THEAIENIZ BV T
FREE H 12 & B A Bl AR 2 B 2 2 # i ged: L
722 lrh, 20184E LI E ENDFITT — ¥ 2451 T
HL720 —77, 20014E3 IS4 L H ARSI HE -
THREALZZERICE T, 20114FEOBKBIZBIT L4
catenella (Group 1) O MILIRIAZAL L -0 REME DS
SN Twb (Natsuike et al., 2014) . Z 2T, 2012~2017
2 HE TS DI O FE O RFEFA O BB L LTTF—
YW oTze Y THA ORI & A
DRPNZDWTIE, 20194FLARTIC OV T [FRE - 465k
77 v b PEREREE] 2, HE02020FE120
WL, dbigE TR — A= (http://www.prefhokkaido.
lg.jp/st/ske/contents/kaidokujyouhou/kiseijyouhou.htm, 2020
ESANHHE) 0F -5 %22 ENBEICLT, &

Table 1 Annual changes in the maximum cell densities of
species
complex Group I) in the monitoring stations
(Shizunai, Shikabe, Abuta, Yakumo, and Mori) in
southern Hokkaido, Japan from 2012 to 2020.
Hatching indicates the year when PSP toxin
contaminations of scallops in Funka Bay exceeded
the self-restraint level (>3 MU g™' in soft body or
>20 MU g ' in midgut gland).

Alexandrium  catenella (A. tamarense

. Bay mouth
g;c}i/aka of z]he Funka Bay
Funka Bay
Year  Shizunai _ Shikabe  Abuta Yakumo  Mori
2012 10 10 80 60 160
[BoT3I 10 240 170 150 420
2014 10 20 20 20 20
[Eo15 0 200 2760 640 690
2016 10 40 60 20 60
2017 0 10 10 0 10
700 20 60 210 10
1180 190 20 20 10
460 1090 5400 940 220

H & B8 D Alexandrium catenella (Group 1) 3

HO(ERP, BEES, W, AZE, FF) ki, 2012~2017
EZBIT B A catenella (Group 1) DLERHFRKEE (n
=6) £2018~20204E|2 BT HEMABE (h=3) &7+
Vaz ) ONEMHMEIC X o TR L 72 (BEKHEES
%) o

2020 EMOIBAEOR S LUEHSEBICE T IAE Wk
ERBIGITERBRAMEEN (151 ) 12koT,
20204ED 6 H2~3H &7 13~14 BIZHEXE D 5% 5
(St. 13, 14, 15, 16, 17) L ZOEEETH 5K FHEOH
BEOSsES (St. D11, D13, D21, D23, D25) 28w
THRENIRKEAT o720 AT v VERBlEokes (B
A1) ZHvCo, 10, 20m/E X YRR L7z (Fig 1)o
KL7ZHKREILED T T AF v 7R MVIZEHALT, B
BIZHGERE0.5% D7V ¥ VT Ve FCREE L TRETT
AP L7c, BERE 2 EBREICHLFEY, HE45 mm
OF 7 ) VEDEEIZEE D AT HEW 20 yum D 7T v o
bty b CHEERFAEZ 10 mLIZA B L2, 20
EHAEI mLE AT A FHTAF ¥ oN—=I2v T v ML,
PO (ELs:, Whitex BB) % #&5E£0.01% 12 7%
5 &) WML TREEEROFARZ et LT, I 7A9% 4
FHOLHMEE (=3 >, Eclipse Ti-S) TA. catenella (Group
1) ORELEEEITo 7.

& R

2012~2020F O ME X B A5 I B VT B Alexandrium
catenella (Group 1) OHEIFKAE HEEOHNERIZ
BOWTEEIEI ST A catenella (Group 1) OfEsil
FABRREIE, 20124655 2017 4E CHIHBEFRLLT (<10 cells
L™) 20510 cells L™, 20184F-7*5 20204F 1 I3 AAE L 460
cells L™' 25 1,180 cells L' D HFIPHTZEE) L (Table 1),

2018 E LN D KAE DIk #EE (n=3) &, 20174ELLHiTD
Zh (n=6) LV HKEDo7 (p<0.05), WAEPY (it
H, AZE, ) BIUBEKEBOH () ofEmI
BUWT2017ELRTOSLE BN S 172 4. catenella (Group
1) Ol B BRI ~2,760 cells L' (4%
EHn=6), 20184F% 5 2020 4 OARMED fi =ML %R 1%
10~5,400cells L' O#FTH ) (n=3; Table 1), 2017
AELLAT & 2018 4F LARE O 4F- ) i AT 3 B | 2 2 221332
DoENLEDoT (p>0.05)0 20124E~20204E12H0F T, W
KENIIBW T HREEEL R /2Ry 77 1 O
1ki1X2013, 2015, 2018, 2019, 20204E(2%84: L7 (Table
Do A2 MIOMBHEE CRAAEM S T 5 EKENOIC
HEHEEBEOHNESIIBIT54~7H D A catenella
(Group 1) OWEZEMZM % LS 5 &, 2013, 201541
TS5 A ~6 H B2 201 TARMEAT100 cells L
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2013 2015
Funka Bay (Abuta)
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Fig.2 Monthly and vertical distributions of Alexandrium
catenella (A. tamarense species complex Group I) in
the Abuta station in Funka Bay and the Shizunai station
in Hidaka Bay, in years when paralytic shellfish
poisoning toxin contaminations of scallops in Funka
Bay (2013, 2015, 2018, 2019, and 2020) exceeded the
self-restraint level ( >3 MU g ' in soft body or > 20
MU g~' in midgut gland).

A CHENEEEICHR L 25, FRNTIRIZEAL
WL 2o 7z (HRFLLITF ~10 cells L' ; Fig. 2)o
2018, 20194F|ZIZFNT6 AR Y~7 A0 TR
3100 cells L' & 8 2 CHIRAEHE LB L7225, ICH
Tld 6~7 HIZHAR20~60 cells L™ 3 L7248 T, BHE
AR EEOMINIME SN 2572 (Fig. 2). S512,
20204 (2 FFN T 6 HRiP2 A. catenella (Group 1) 2%
K460 cells LR L7-£212, WCHIZBWT6 AR
FEARR K 5,400 cells L' B L 72 (Fig. 2) o

2020 FEDENEBES L UHEEH T3 A. catenella (Group
1) OLEEYR SEIICEE6H2~3BOH#EICBIT
% A. catenella (Group 1) O KL% & (0, 10, 20
mfE OMIIFHE TR F\WE) 13, HEEOERIZBWT
40~480 cells L', W KB THEL 45 % 17T 40~250 cells
L'OHHTH > 72 (Fig. 3A)s COMEICHET 55
AtErob6 ARioHEE=4 ) Y VEHIIBIT 54
catenella (Group 1) DKM HEX, HEE HFHN)
T460 cells L', FEJGEN (ICH, AZE, #H) LBKEE
C1E% (BEEB) T40~140 cells L™ Td o7z (Fig. 3A)0 %
Dk, EENICEBETAI13~14HORETIE, HAEDE
B L OHEED 1A (St. D21) I2BWTHRAL0 cells
LB LA TH-7 (Fig. 3B), T2, ZOFHED
M6 AN T A0 REE=Y ) ¥ FERIZBT
% A. catenella (Group 1) OEIHMFEEEEL, HEDE &

Late May to early June, 2020

ND ND

ND (St. 13-17)
‘ ND

Late June to mid July, 2020

il U |

Alexandrium catenella (Group I ; cells L)
10 100 500 5,000

Fig.3 Temporal changes in spatial distributions of Alexandrium
catenella (A. tamarense species complex Group 1) in
Funka and Hidaka Bays from late May to early June
(A), and from late June to mid-July (B), 2020. ND
indicate not detected (< 10cells L™).

—&— Hidaka Bay

—O— Mouth of the
FunkaBay

—A— Inside of the
Funka Bay

Relative abundance of
Alexandrium catenella (Grpup 1)

A M J J
2020

Fig.4 Temporal changes in the relative abundances of
Alexandrium catenella (A. tamarense species complex
Group 1) in the monitoring areas in Funka Bay
(stations of Abuta, Yakumo, and Mori), mouth of Funka
bay (Shikabe station), and Hidaka Bay (Shizunai
station) from April to July 2020. Relative abundances
were calculated with the maximum cell densities of
each areas as 1.



N) T80 cells L', MLAEN (ICH, AZE, ) LMK
BEE () CHIBEFLLIT ~5,400 cells L' O#iPH
T#H o7z (Fig. 3B)o 20204F4 H5H 7 H OREAEN (ME
M, AZ, &), BAEBIOE (L), HEE )
ODEFETI 7 N ' F ) Y TERIZBIT A A catenella
(Group I) DIMBIEDKEMALE) = 72 & (Fig. 4), A
EET 6 ARIEICHED, 6 AR TICHEABELDNR, kv
THERBNTHBIE R KICR 57 (Fig. 4),

z B

2012~2017E DN E A B\ TA. catenella (Group
I) 1310 cells L' REEDIHMBIETH - 727°, 2018 4E LU
AR, AMEOMBIE X 2HLL LML Tw5 (Table 1)
S50, 2020 F DB KEBE IS L O HSEICB T 5
T, BNES TA catenella (Group 1) 2SLCHNIEERE
(K460 cells L) ICHIRLZZBFBERI L6 A LIS, &K
FEASH B OILFER T/t FIRICHBE L Tw/z (Fig. 3
A)o TOTENE, 2018FELIBE, HEEIZBWTA. catenella
(Group 1) OHIEDHNML, »DOENIBOLIITK
ATVD Z EHTRIR STz FEBIZ20204E 6 H IZAFF
P (&bl 25 EMTE COHRBRE) BT
IR HBICL D58 704 ORGME L B 2 % HLA 5
HELTWwD (dbilE kR — 2 =, http://www.pref.
hokkaido.lg.jp/sr/ske/contents/kaidokujyouhou/kiseijyouhou.
htm, 20204F8 ] 11 HR%) . H&EE TIIE#HFNTH 5
1999~2000 4|2 2>\ THRAE S M7= HERE 208 > 5 1
i 1g2472 0 i K754HI08D Alexandrium tamarense species
complex ¥ A MAOFEL, ZDOKEGDSA. catenella (Group
1) ThHbHEEZHN TS (Shimada and Miyazono,
2005), AFEDO LA ME, ZOUEHSICBT S REMR DS
R E D15 (B 21X Natsuike et al., 2017), 2D T &
25, HEBETIHEHEEMRIZB VT A catenella (Group
I) PHEBEMESEEICHB LSS KT v vy viz+a1c
BB EERLNLD, 19924ELLE20174FE £ TOH254EH,
HEBICBIT 2 ABOMMBIRIFT I Lol 2D
RS —ZE LT, 20184ELARE, HEEIZBWTARED
BWEPRKEWEIMLTWAZ LiL, ML ITEZIT v,
LB IZ BT B A catenella (Group 1) OHH=IX, L
V=LY 7 MU LTS A2 EAVRRENT VA Z
&b (THES, 2005 ; =ES, 2020), AMEOHEEIC
B 5 HBEOZEEIIERBEOLEHFTEEL T 5
WREMEN H 5 2070, HEEIIBIT 2 EEDMER
BB E A catenella (Group 1) HIROBMREI S H 12
T2 L, 4HROEKEB L HEBIIBIT 5 MEE
H#BEHEAEV A7 25T 5 L TERELZFEE VR 5,

H & B8 D Alexandrium catenella (Group 1) 5

20184ELLFE, AMBICBVWTAMOBHENKE (L
B e b, BEKENIZBWTH 3EHEFEL T, T EH
FefE e M H EHEMEE B2 585 7 74 OFAbAH
HEINTWS (Table 1) HEBIETIE6~THIIIFT
KB RWNDH 5 ENHHLNTEY (Kuroda
et al., 2006; Rosa et al., 2007), HEE CHEEREICHEGH L7
A. catenella (Group 1) MEARFEDEAENICHRE SN, &
SICENTHEMT LI EICL-T, K754 DE#HE
WCHG LTV A REMD D Do FEBIZ2018FED6 A 18
HIZEHNEE TRAT00 cells L' D A. catenella D D
ENTAE (Fig. 2), 6H 26 HIZHEKEREOBELNALE
THEWTHY 704 OB B L 2 EHELD R
BN, EHIZ3HFED6H 29 HICHEE M TRA 2,250 cells
L' D A. catenella (Group 1) I L72Z LA RESINT
W5 (ERE S, 2020 ; FHI0ERE (2018) i - T
T b FEFIAR IR SR, https://www.hro.or.jp/list/fisheries
/research/central/section/kankyou/kaidoku/att/yosatsu2018.pdf,
20204E8 H 11 HEE) . ZD20184E6 A THICBIT X
BHAOHBE=F Y ¥ VEHEIZBIT A A catenella (Group
) ORFHEMEEIAZIZBITA210cells L' TH Y,
WBENIZ BT 5 RFEOBGHZ 1 CEBMICB T 5RO
EREOMBAZHHT A Z L3 LV, F72, 20204F6
FHPEICHSE B L OEIGEE ORI B W TR S %
JEIZHEBLL72% (Fig. 3A, Fig 4), 6 A5 KIEEL
EOREERE MR KB O HE L OAEESIZBNT
A. catenella (Group 1) WEEEICHILAZ LD (Fig
3B, Fig. 4), HEEB DL ORFEOEHRIZ L > TEHNOH
Bl s L7z RetE 2 3R L TV %, 20174ELLAITE,
M TULFATTE PN TGl L 72 4. catenella (Group 1) 7%
R THADHENMICEGTLEEZLON, BIH»LEN
NORFEDFE & F o /2HRIZITE A ETEE SN TR Do
7o (BIZIEEHEEDS, 2016 ; HES, 2020), FEHIZARIIZE
TORLAZEBD 2017 DRTICHEKBENCTHEEZ B2 5
R T HA OFALHFEA L 722013,20154E121F, WA EN
DOHBEEEIIBWT4HDS A catenella (Group 1) DO
HARERSNDL L EHIZ, 5ADS 6 HI20 T CHIlI%E
ML CTEHEWETHERE L Twb (Fig. 2). BENTA
catenella (Group 1) OFNIEFEEAENL T, #4100 cells
LD EIET A e, A ~27 AUHNIZE VIR TR S
FHA DFACHIES B 2 5, HHH 2 R T
W BT EDMRETH L E LTS (FH - &7, 2017),
IS OETITRMEDBN TG L72RER, w5774
WL L EZ B EVRLBTHA ), LiL, 2018
FELE, BAOHBE=FY) V7 EHIZBIT A A catenella
(Group 1) OHIRBEEAH100 cells L HTEL TV WIZH
Mbo3 ks 7714 OBEDHEET L, HDHWITKSY



6 EImEE, & A, EERAE, BrAZ, AR

T HA DFACDIEE L 7RI S B I 5 &
Vo oEDNER L, HERNEISENTHEET LI L%
AidE L& L72DRT o Tl & —3 L 2 WIRIAY VT B
RFFIC L o T, ZO201BFELUEDOENIZH T 5 4.
catenella (Group 1) OMIHEL KRS TH A HRED I A
~ v F A, BEAKENOHEE TS 5 A catenella
(Group 1) DENOHHEIEERE T 5 W REEAVREE S 1
72o FHR—2 7 WTITME TEBREICIMIBLIT 5 4 catenella
(Group 1) %%, IBFEZRNDEZRERDGIEH T &L -
T, WRBICHA L TRy 771 OmEm#EbEs &R ¥
EDHESNTBY, INLOERPEKSTHAD
FALOFA TR A TEE & % o T A (Shimada et al.,
2012 ; WBH, 2018), [ABEIC H &5 % A, catenella
(Group 1) O & U FEM 2 HIIRUL S HEE A S BH~ND
RIEDOWHEA N Z AL BETH I LI oT, BB
MIZBIT 28 771 O@at e RIICFIT S 2 )5
D3 %o FAEBHSE S A7 AGHEE L = R B R T
Vo (BHS, 2016) & HWT, dbilgE HAMED Y 7 L
BOBH~OILHATHKASN TS VM5, 2018), &
DL FEZHCTHESEB XUEAEIZEIT 54
catenella (Group 1) Ok ZEEL TW < Z iE, 414
DK BT B RN R 3 OFEAEAHN 2 15 L CHEE
GiREEER LD,

A

NER R EGE T ARER, JGFEENRRAKER
e T RSERT,  H s X R BE AT K F SE I S N ST,
U B AL E K BE AN K e B8 b & OB A e A AL
Fe B AT BRI IS DT 720 KEERTZE - ZE %
REK BT FEAT OSBRI T8, A6 AR AT o
REREEWTFEAREE O NG H 228 4, A v ek 2 3 BR 3 i FH R
BELZ S ICH BRI ICIEA RS 2B o
o STIELHALE L EIF A,

5| F3Z#k
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FREEIR(CH (T B BEEFE Alexandrium minutum OHIR (5EER)
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Occurrences of dinoflagellate Alexandrium minutum in Tsugaru Strait (Short Paper)
MASAFUMI NATSUIKE and MAKOTO KANAMORI
Hakodate Fisheries Research Institute, Hokkaido Research Organization, Hakodate, Hokkaido 040-0051, Japan

In June 2020, small globular Alexandrium species were observed in offshore Shiriuchi and Hakodate Port in southern
Hokkaido in Tsugaru Strait. The characteristics of the specimens are triangle-shaped apical pore complex with presence of
ventral pore on suture 1’ and 4°, narrower precingular 6’ plate than wide, wider posterior sulcal plate than long, and smooth
epitheca and hypotheca. From these morphological features, the specimens are identified as A. minutum, a potential paralytic

shellfish toxin-producing species. The cells of A. minutum were detected at maximum cell density reaching 420 cells L™" in

offshore Shiriuchi, and 460 cells L™' in Hakodate Port in June, but were not detected in July and August. Paralytic shellfish

toxins from 4. minutum were not detected in bivalves from the Tsugaru Strait.

F* — 7 — N Alexandrium minutum, R, BREMS:H S,

% HE & # # (Class Dinophyceae) D 1fE T & 5
Alexandrium minutum %, MR 17~29 um, (ZITERE2S
LD E LT\ 5o AL, MADOHKNT T ¥k
D BN THDH LX), Alexandrium gD F i3/ NS
T Bo AFITHF O ~ B & 12576 L
(Lewis et al., 2018), EINTII=EE, ®E, AFEB
L OFNRCHBIAHRE STV 5 (Yuki, 1994 5 K2 -
F5ifE, 2005 5 A S, 2006 ; &k - Y, 2012), AR
B RHEAMETHY, I—H v X2 - —F
FaeTLIFLIRESHHoEmHLEZFISREI LW
(Lewis et al., 2018) o AFE (2 (X RRIRIE H AR5 E AL RE DS 0
WIEEREDIEE D 15N T B (Lewis et al., 2018; Lilly
et al., 2005) o ‘& T L WHE D O HEE S 72 A minutum
RIZBWTHELERIIHRE SN TEL T (Lily et al.,
2005 ; INE 5, 2006), AFIZBVTHEEZHT 5S4
minutum D3FET AP E ) IS D TIE R v, 202046
FNEEREREAN O NI B L OEEEENICBWT, R
RN A minutum & [F5E SN A HNEASHI L7z, duifisE i
BUAAEORIUHETA2BAEMRE NI En s, FH
FEDRPL L 72 o 72 TREF B & MBURIUZ D W THRE

ek A AV Al NV

T 5

AR RV AE

AR RN AEE N RO MNIPE S (Fig. 1) 128
W, 20204E6 017, 1I8HETHOHB L U8 19HIZ,
INY R RS E VTR0, 10, 20 m/E 55 #K % iR
B L7z (Table 1), F7z, HEEKERBGIIOBKEBNO
KR8 m DEEEE (Fig. 1) #*520204E6 H 18, 22H & 7
H22H, 811 HIZINY FrHkeEZHWTEEO S5m
Jg 7> S K E BRI L 720 TR L AIREICZIHE KRR (AST
-200-PK ¥ 7213RINKO Profiler ASTD102, JFE7 F/NY 5 v
7)) 2 & o TKIRB & OIEG OSRE A 2 % L7z,

BiE ERRICHDLIF o 72BN L2V L 500 mL
ZFHEV20um DT T > 7 b YAy FT10 mLIZ 5w
L, #BEE1%OZVE VT IVFE RTRE%E L, EER
B mL % 1.8 emX2.3 em DT % Jifi L 72 F v > /N =TI X
FARTZANETL, ERERET 572008 MH
#l (WhitexBB, FERILF) ZAEEE0.01% 1% 5 L 9O
MU 7ze Z DR % B3 B G 8B BAM SR (Eclipse Ti-

TS AS88 (20204F 11 20 HH)

*Tel: 0138-83-2893. Fax: 0138-83-2849. E-mail: natsuike-masafumi@hro.or.jp



10 EHihrl, &%

S, =av) WTUVEIRE T T L » Xk 60
fETBIEt U720 A minutumBEORINEA R SN23546, UV
Bk T CARMEE E OB ORI L 72 % 5 (THFLIK, 45
LTERT (17) LEB4TEIR (40) A EOREIL, 56 nimii
(6), TAHMEER) OWEEBIZ L, s % HMEIC
NEDFTYZNVCCDH X T (DS-Ril, =3>) THEL
2o $72, BHEHEDSHBOE S LIESS5 L) I12E
Y EAEDLETCHMRICEMESE 2L L2, #ohkt
SHIMSEEE A S WEMAATY 7 b (Image)) % MV Tl R
B L UHIRRIEZ L 72,

42° N

Silieyl A Hakodate Bay

41.5°
Tsugaru Strait

||
140° 140.5° 141° 141.5° E

Fig.1 Map showing two sampling stations in the northern
coast of Tsugaru Strait, Japan. Open and closed
triangles indicate the sampling stations in Hakodate
Port and offshore Shiriuchi, southern Hokkaido,
respectively.

& R

BRE MILIXIZIZEE T (Fig 2A), MEHE2SHE L
7o M R 13 23~28 pum, FHLIE24~29 yumTH - 72 (n
= 14), MR IIHE 2 MluiEo ik 0.92~ 1.1 D#iPHT
HY, MEEEISHREEL D bRVl (h=4) &HMialE
PHEE L D A EVHI (n=10) 27 L7z, THILK
(APC) &, 1ZIZ=MAECHEHILI %2 < (Fig. 2B), 1&
& OREEE LI b7z (Fig 2C). 512, 67
EHECEC (Fig. 2C), TRHEEAIIHRE CHRILA 2 2o
72 (Fig. 2D)o F 72, TRICHIH AR % 20> 72 (Fig.
2D), LLEDIEELEE S, A% A minutum & [F5E
L 72 (Montresor et al., 2004; Lilly et al., 2005; Branco et
al., 2020) o

HEDRRE N2 BT, A minutum 2020456 A 17
HIZIREO0 mT270 cells L' i <, #6H 18HIZ420
cells L' L7245, 7TH9OHB L U8 H 19 HOFHATIE

Fig.2 Microphotographs of Alexandrium minutum collected
from offshore Shiriuchi, Tsugaru Strait in Hokkaido,
Japan. Ventral view under an inverted light microscope
(A). Apical view (B), ventral view (C), and antapical
view (D) under an inverted epifluorescent microscope.
A scale bar (black line) indicates 10um. The black and
white arrows indicate apical structure complex (APC)
and ventral pore (v.p.) between 1’ and 4°, respectively;
s.p. sulcal plate. All inverted microphotographs are
inverted to right and left, and all fluorescent
microphotographs are reversed negative/positive using
a computer software (JTrim).

MH &N -7z (Table 1), BWASENICB W T, 4.
minutum |3 202046 J 18 H 12400 cells L™ '## 11 & 41, 6
H22H12460 cells L™ HBLL 72745, 7TH22HB XU H 11
HORETIEIHRE SN kD o7z (Table 1)o A minutum
AHBLL 722020426 A1, HINME L OEEEEIZE W T,
Z DD Alexandrium)F & LT A. tamarense species complex
(& 4 DREH AL T HIHA tamarense ¥ A7)
AR K90 cells L™ S 47z (Table 1)o F72, 7HIZHK
FEVEPIIZ BV T A. tamarense species complex (BEFLASFTE
%I04 tamarense? A 7 LJEFLAMEAE L 72\ HA. catenella
¥4 7), A insuetumB & UA pseudogonyaulaxHSHE L7z,
A minutum B SN/ E X, KiRIZ12.9~15.7C, 5
1332.87~34.02 DHIPATH > 72 (Table 1),



Alexandrium minutum ® H 3] 11

Table 1 Summary of sampling location, date, water depth (m), water temperature (‘C), cell density of Alexandrium minutum
(cells L™"), and cell density of the other Alexandrium species (cells L") detected during the sampling period. *At
complex indicates A. famarense species complex, and +/—v.p. indicate the presence/absence of the ventral pore

between the 1’ and 4°.

Cell density of Alexandrium spp. (cells L'])

Water
Station Date Depth temperature Salinity ) At complex At complex A
(m) (°C) A. minutum (+v.p)* (~v.p)* A. insuatum pseudogonyaulax
Shiriuchi 2020/6/17 0 15.0 33.78 270 70 0 0 0
Shiriuchi 2020/6/17 10 12.9 34.02 30 90 0 0 0
Shiriuchi 2020/6/17 20 12.3 34.08 0 10 0 0 0
Shiriuchi 2020/6/18 0 15.3 33.75 420 40 0 0 0
Shiriuchi 2020/6/18 10 12.5 34.07 0 20 0 0 0
Shiriuchi 2020/6/18 20 11.4 34.13 0 0 0 0 0
Shiriuchi 2020/7/9 0 18.0 33.73 0 0 0 0 0
Shiriuchi 2020/7/9 10 16.6 33.89 0 0 0 0 0
Shiriuchi 2020/7/9 20 15.4 34.04 0 0 0 0 0
Shiriuchi 2020/8/19 0 22.4 33.72 0 0 0 0 0
Shiriuchi 2020/8/19 10 22.0 33.78 0 0 0 0 0
Shiriuchi 2020/8/19 20 21.6 33.85 0 0 0 0 0
Hakodate Port ~ 2020/6/18 0 15.6 32.87 400 80 0 0 0
Hakodate Port ~ 2020/6/18 5 14.0 33.62 100 40 0 0 0
Hakodate Port  2020/6/22 0 15.7 33.70 460 40 0 0 0
Hakodate Port ~ 2020/6/22 5 15.1 33.74 60 0 0 0 0
Hakodate Port ~ 2020/7/22 0 21.3 33.40 0 80 180 160 20
Hakodate Port ~ 2020/7/22 5 19.5 33.64 0 0 0 0
Hakodate Port  2020/8/11 0 21.1 33.46 0 0 0
Hakodate Port ~ 2020/8/11 5 20.5 33.59 0 0 0 0 0
z =B minutum & EILTWIZHIFLO —F 25 UL E D A. minutum

Alexandrium minutum O BBIE, Z=EEPEBIZBNT
EIN TR THERR S TR (Yuki, 1994), AR
FEKIGES, FNEREE»OHESIN TS OKE -
F5ifE, 2005 5 IE S, 2006 ; &5k - FR, 2012), A
FALEEIC BT A2 AREORELFRTH ), REOARIRIZH
VT 555 LR OTLER E 72 B o AMEIIRIGFEMTIEIT—1 Y
N REEHICA Y = — T ViR SR EHEE £ T
ST BT EAMSENT WD (Lewis et al., 2018), )5,
KFEAM T, HRBOE 3 — MIVKFEBRS T F—0 7
WD T =7 EOWEHEREY D> 5 A minutum D> A N DIHERR
ENTWBELDD (Orlova et al, 2004), FAxDHLHED,
KO REMNO BB ELIL TIIAM SN TE 5T,
B IR PRI BT RO A OILRIZIT V. 2
B, WEDGFRHEFM ML >T, ThETA
minutum & ENT X 70 TR RICH B IR S 5 4EH
1, ERAIZ A minutum & 57 B0 L7227 L— P2
T 570, A fragae & L CHEFLH S 72 (Branco ef al,
2020) ENO=HEMRELE/NREREBIZB W TA

LN TV TIE TRRICHE B BRI IE ST
BY (Yuki, 1994 ; IE 5, 2006 ; & - HH2, 2012),
INHIFA fragae \ZF%NST 5 EEZ NS, AR TH
P B & O AR TSP C I B DTHERE S U7/l 1 I Tk
WEHEREX R <, &TA minutumFE N7z, S 50T
TR FRIANTIC L T, A minutum | IBEERL = 2——
Z v FIZ45#4i9 5 Pacific clade &, I —HT v /8& F—Z b
1) T 7% EIZ5 AT % Global clade (25372115 T & AYHI S
NTEY, BEFENIZWZ L— FE2508ET 5 2 LXKk
E&8NTWD (Lilly et al., 2005) o BIFD 27 L — KOO
KRG TR R B EARRSI]E SN TV B D, —
EROR TR H B REAERED R W 2 & ST 5
(Lilly et al., 2005; Lewis et al., 2018) , ERICHIR L 724
minutum D53 YHEWZF R 7 L — R EBHEOFEL S 5
12§52 8lE, AFEICLZHBFORE) AT 25T 5
ET, ABROBELLRD ),

gD 7 B 7THEALERIC B W T, A minutum DA%
FEOWEME L THF A A OFCOEBRITEN T
% (Honsell ef al., 1996), 1l X 5 &, KFiAHT480 cells



12 HibEH, &% W

LUBIL 72 & &12, HEIRALLT (<0.3 pg STXeq
g) THV, 2320cells LTI L 72 & 1213 pg
STXeq g 'lZ3EL72c | MU% 02 ug STX & LTS 5
& (FE - BP0, 2000), 0.3 pg STXeqg ' & 1.3 ug STXeq
g, FNFNISMUg'E65MU g IZHIYS L, A
minutum 752,320 cells L' WBL L 72 & 12, KBTS
W FHHIE (4 MU g™!) 22 CHELL-Z i1k
%o ARWFFE T A minutum AN MPICBWTOH IR K
420 cells L', BIfE¥SCRRA460 cells L' HIBLLTH D,
COEEIXT VY THIIBWTA T XA 71 OFALH
WRINTE EDRHSHD1ITH Do, AFEHHIL L 721,
HEEL I BV TRE SNEHAR Y 774 55 HafH
FHEIE (4 MU g7!) 22 2 58S HBZEIMRIL SN
o7z (ALHEEIT AR — 4 X — 2 http//www.prefhokkaido.lg.
jp/st/ske/contents/kaidokujyouhou/kiseijyouhou.htm, 2020
ESHITHME) 25, ZOBEE, B L T4 minutum
PR CTHo TR L AHFHR TH o7 L LT O
BN o 72720 K H DOFACICE S 7% b o 720 REME
ENEROND . MEMEHBOHFME I A H O
TEPHLZ DS (F L - B, 2000), A LB
WEZHEOBLICETA2MALER L, dbiFEICBIT
SAMEOWH R E TR EBLOMBERET TS5 Z L5
WCTH Ao REDWLHDMER S NKIEDS & OISO
FEIE, INFE TS TARBEOMIE AT ER S LT
WA (KiE12°C 25 30C Lk, $H5r11~46) TH
D (Lewis et al., 2018), HEEFHEA THGHATTRETH - 72
WREMEDTE o BT, HERERRE A KIR B & U O #iPH
WTHoICHBEH ST, 8 ICITHEHHEEN TR
WL 2o/l s, KiRRES DA S RED H
HICEERBRERFMSEET 5 E 2 5N b, FEREE
V2B B ARTE DFETHE R0 A O B 5l |2 08 70 B S
2SI B 720 IR O MBURTT & B g1
THHADOERPLETHH I,

AHfgeI & > TILEER SR BT D A minutum OHIHH
HOEME o7z WRBEMEHFEEMETH 5 A minutum |20
WTHMEEB L OEEEHOMICT AT L, AR
LB HFRAEV A 2R 5 L CABREELRRELS
Zhe Tz, REFFETIZA minutum &[RRI, TEREDMELS
A. tamarense species complex b BL TWAZEA S (Table
1), T2 ) Y FOBIIMEERFENERSINS,

B oE
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B XK B A 5 BARREPT I I CHIALA L B

51 3k
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Age determination of Sakhalin surf clam Pseudocardium sachalinense based on transmitted light observation in
resilifer and main teeth (Short Paper)

KE1izo YOSHIMURA™ and NOBUTAKA MICHIBAYASHI

'Mariculture Fisheries Research Institute, Hokkaido Research Organization, Muroran, Hokkaido 051-0013,
*Iburi Fishery Technical Guide Office, Muroran, Hokkaido 051-8558, Japan

We studied a simple age determination technique for Sakhalin surf clam Pseudocardium sachalinense, with a known longevity
of over 20 years. Using the transmitted light of stereoscopic microscope, easily trackable growth line structures were observed
in the resilifer and main teeth, which are the hinge parts of the left shell. The opaque growth lines represent the prismatic layers
which are formed annually during the first half of years, as confirmed by previous studies. The first three to five lines were
clearly observed in the resilifer, but subsequent lines were difficult to recognize because of the thickness of the resilifer’s edge.
In contrast, in the main teeth, the first one to two lines were hidden in the root of the teeth, and the following lines until the edge
were well-defined. Therefore, the entire growth line numbers were obtained by combining the counts in resilifer and main teeth.
In 15 clams, the growth line counts (5 to 37) almost corresponded to the age determined by shell sectioning method for identical
clams. We concluded that this new technique can determine the age of clams with good accuracy equal to the shell sectioning

method. This technique is easier and applicable to surface-damaged shells.

F—T— NI UNTA, T, WY, FEEE,

7 INH A Pseudocardium sachalinense (375 v F 7 A & il
Fraha KMo “HE T, JLH#EE Cld DA RS EY
B CIZIFATHESI N TV 5, 20184EDILHEE I B
LR IIET 4,811 b IEL (LB K EEME L,
2020), —HCHEEE LCTIEARSY FH AR CEERIGER
EHREMEDOTOND, INTABETIIERY FHA
D &) R ETAN IR SN TB S, KIREHA
FHSN TG, 1EoT, Fml ik ERE X579
IZiE, BEREECEREHE= ) v VI EOBFEER
BMix T 208 D5, €OWE, Fin—RKEMR
RLEROEMHERE, FWICHT2MANTEEL 25,

N A CIIRRMIE SRS S N A 4R I12 X B AR T
i (AREMIEE) 2. &N TWwWA (AR, 1955; Kato and
Hamai; 1975; Sasaki, 1981), L72*L, KETEWZEROWH

KMBEE, FvFiA

EARMERIII R E RGN 2ET 5720, LHOREEIZON
THGHICAERTEE 2179 J L 3RS Tldv, —F, Bk
B SN D BEROFHEUC X - T, B S IZER
HEETE 2 LR GREE) A5 (KT - I, 1959
LA, Ble b I PV BERO MBS L <3k &
B EINZ, BOEFRIC L) WO BEIR DA &
% BAED L 720, HERBEMET T 2560% 0,
FZTHME, FHESIEZINTA DG ORI R E
WA RO A HINE L, WEFRNE OB (Resilifer)
B XU FEH (Main teeth) DOFEENEHEZRC L 2 HEROET
B ARET L, FURIHE: & OB L ) SEREE &
LTHEMTHHI LR LT,

TS AS89 (20204F 11 20 HH)

*Tel: 0143-22-2327. Fax: 0143-22-7506. E-mail: yosimura-keizo@hro.or.jp



14 ERE=, ERER

Table 1 Collection date, water depth of collection area,
number of specimens, and shell length range of
Sakhalin surf clam used in this study

Collection Water depth of Number of Shell length range
date collection area (m) specimens (mm)
29 Mar. 2019 5-9 11 96-126
27 Sept. 2019 5-9 4 104-123
139° E 146° E
46° N v

. The Pacific Ocean
41° N -hﬁm

Fig.1 Specimen collection site in Hokkaido, Japan (black
circle)

AR B LUHE

FEERICIZ20194E3 H29 H B L o H 27 HIZ, dbifEE
N B D & v 41 #35 (Fig. 1) KiES5~9m
BT, MEHRAMHTHE T S N 73R 96~126 mm D 7
INHAF15E % 72 (Table 1) TN A OkE%2 7Y
Zov 7 FATHER, TROHD EHANT % Hwv Tk
WEBREL, EREHN L, IhE 1 H~BAMEEL
720, Erty bERWTHLT (Resilium, Fig. 2A) %
WMYH LT =X L-EHDD B, B ICHE L Wbk
F# (Posterior main tooth, Fig. 2A) 348 T#i {, By
FH AT IR T 5 2 L% Do 7275, o Tz
BEEE 2y FCESIIERE L i) (Resilifer,
Fig. 2B) B X O'HFEH (Middle main tooth, Fig. 2B) D3
A, FakzEosBHTHErA LV (77
ASI-12) & &AT L7z EEGEIE I SRS O 10
~40F5TITV, HIFICIIMESHHICAETES 7L ¥
PINT =KD F A b (NIKON C-FLED2) % H\7z,
BT S 1 D BIEE TR T M OB AR 7 A Jeim
AL CHSTL, SROCREOGIC X D) 2 &8 &
#, #l52L7: (Fig 20). HEwh (DUTEH) OFigETl,
FHROMBEM GREE) 225 I 4 bR L GER S,
PR A5 b WG & 22 2 & 9 ICHRSH A 2 g L, B

Fig.2 A: Hinge parts of left shell of Sakhalin surf clam. B: Hinge parts of left shell of Sakhalin surf clam with
immersion oil after the removal of resilium and posterior main tooth. C: Internal structure of resilifer
observed by transmitted light. D: Internal structure of middle main tooth observed by transmitted light. Rl:
Resilium. Rf: Resilifer. Pmt: Posterior main tooth. Mmt: Middle main tooth. Ls: Tip part of a fiber light
source. Scale bar = 10 mm
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Table 2 The scheme for age determination of Sakhalin surf
clam by standard shell sectioning method

Birth date Annual rings Capture date Shell margin Age
1 Jan.-30 June Opaque N
1 July Translucent zones
1 July-31 Dec. Translucent N+1

Note: N is the number of translucent zones, not including
those forming on the margin

& R

BT OB EGBIE T, AEHTIRL VEERD
PTEMI 2 5 3~ SARBERLE SNz, SO ORERONE
121.0~3.0mm THh o7, TNHIZHFE, 1H0.5 mmEi
DI EB D BABIE SN2, B dBg (]
) Ziho TREWCHEL, BBl 25700, #%
LFETOBZIIRETH -7 (Fig. 3A),

—F, EFHRTIE, HEZITORDDO 1~ 2KHIZELST
BEERIIEHEOBRITICENTBETE b o720 (Fig
3B), FN5 &AMl ORERITHLE CHRICEZE SR
7 (Fig. 3C, D)o LHROBEMITHLMIZ LRI,
WD 2~5A1LME0.2~1.5 mm, Z4 5 LEIZIF0.2 mm

Fig.3 Growth line structures in resilifer and middle main tooth of Sakhalin surf clam by transmitted light
observation. A: Resilifer. B: Resilifer and middle main tooth. C: Middle main tooth. D: The margin of
middle main tooth. Numbers indicate the sequence of opaque growth line counted from umbo side. Scale
bars=3 mm
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Table 3 Age of Sakhalin surf clam in each collection date
determined by standard shell sectioning method, and
numbers of opaque growth line in resilifer and
middle main tooth counted by transmitted light

observation
Collection date Age Numbers of opaque
growth line
29 Mar. 2019 6 5
6
9 9
14 14
14 14
15 16
19 19
24 24
29 30
30 30
37 37
27 Sept. 2019 7
10
25 25
31 31
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Near-future predictions of sea surface temperature in the coastal areas around Hokkaido, Japan (Note)
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