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Recent occurrences of the toxic dinoflagellate Alexandrium catenella (Group I) in Funka and Hidaka Bays
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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.
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W24 5 (Lilly et al., 2007) o ¥T4E, JEREGHHZ T
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, # ), A
pacificum (Group IV, A3#) BX A australiense (Group
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5 EIZWEEE SN TWD (John et al, 2014 ; YA,
2020), ZDHT, KIFIZBWTIHELIRD A. tamarense
CRIBENTE DL X A. catenella (Group 1), IH
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ZFRD A. catenella & [F)5E S N72FED % { L A. pacificum
(Group V) 1ZH249 % (Litaker et al,, 2018 ; 34, 2020),
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BEICEFE~EFIIOTTITEELHET L2 215
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LAYT MG L TEBT L2 EATRBINTWD (T
5, 2005; =R 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#8 2 CTHIIT % &, EVHEE
TALIRE I B 5 W R 0 ZHEME (W &R AT3 MU
g ' UL EF 3R EEA 20 MU g ' L) F 2 I3EDS
EO 72 L B FHMIE (TR EES4MUg DR %
M TEbTseMHmEIN TS (FHH - &5,
2017) )5, WTFEDOWENKETIZ20184F, 20194, 2020
B & M U CRRETERFRICE AR T H A ORWTEE
FMEMEZB 2 2B LD FELTBY, A catenella (Group
1) OMBRBLE K5 77 A HALOFEE L HBEIZEL L
TVALHREMIFHE SN TS (BES, 2020), &5
20184E121E, SRR EANM (Fig. 1) &\ o 2 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) @
B SN TBY (FRES, 2020), WABI TR
DOHBEANEIML TR BUFEEARE SNz, LA L,
KB BT 5 A. catenella (Group 1) DITEDHH
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RO 2 AR TERNIC BT 2 AHEOLHE B L O
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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 D25), 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 4E 8 H 11
HHEE), BEOHERELENVFLOT R - f¥k7T 7 ~
7 b PEREREE] L LTHEA - 4R— D L TR
LTwv: % (https://www.hro.or.jp/list/fisheries/research/central
/section/kankyou/kaidoku/j 12 s 220000000 dgw.html, 2020
FEIH 11 HBEL) o A B IC & o TEALH)
T 5% 20204FBUEIEAENO3ER (IH, AE, &)
B LUMRELBO 1E . (), HEENO 1Es (§
M) I2BWT (Table 1, Fig. 1), HIZ1~2BOHHETS
~10 mEHEORBHIERK & ZIHEKEET (AST-200-PK 72
¥ RINKO Profiler ASTD102, JEE7 F/X>F v 27) 12L& 5
KR & OB & i L7z 155 75k & AR
BIZR1Z X > TA. catenella (Group 1) OHIFEEE 2L
720 AWFFETIE 2018 4F LUK 3 4F it THE KB NIZ BV T
FREE H 12 & B A Bl AR 2 B 2 2 # i ged: L
722 lrh, 20184E LI E ENDFITT — ¥ 2451 T
HL7z0 —77, 20014E3 IS4 L ARSI HE -
THEALZZERIZE T, 20114FEOBKBIZBIT S A4
catenella (Group 1) O MILRIAZAL 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
DRPUNZDWTIE, 20194FELAFTICO VT [FRE - 4585k
77 v by PEREREE] 2, HE020204FE120
WL, dbiE TR — A= (http://www.prefhokkaido.
lg.jp/sr/ske/contents/kaidokujyouhou/kiseijyouhou.htm, 2020
ESANHME) 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, WM, AZE, FF) ki, 2012~2017
EIZBIT B A catenella (Group 1) DLERHFRKEE (n
=6) £2018~20204E12 BT HIEMATE (h=3) &7+
Vaz ) ONEMHMEIC L o TR L 72 (BEKHEES
%) o

2020 EMOIBAEOR S LUEHSEBICE T IAE Wk
ERBIGITERBRAMEEN (151 M) 12ko T,
20204ED 6 H2~3H &7 13~14 BIZHEXE OO 5% 5
(St. 13, 14, 15, 16, 17) L ZOEEETH 5K FEHEOH
BEOSES (St. D11, D13, D21, D23, D25) 28w
THRENIRKEAT o720 AT v VERBlEokes (B
A1) ZHvCo, 10, 20m/E & 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 EBREICHLFED, BHE45 mm
DT 7 ) VEDEEIEE D AT HEV 20 yum D 7T v o
FrA vy P CTHRERFEEF 10 mLICABIERHFLZ. 20
BRI mLE AT A FHTAF ¥ oN—=IZv Ty v ML,
PORBE R (L%, Whitex BB) % #&50.01% 12 7%
B &) WML TREEEROFEAR Z et LT, #7A% 4
FHOLHMEE (=2 >, Eclipse Ti-S) TA4. catenella (Group
1) ORELEFEEITo 7.

& R

2012~2020F O ME X B A5 I B VT B Alexandrium
catenella (Group 1) OHEIFKA HEEOHMNERIZ
BOWTEEIEI ST A catenella (Group 1) DiEsil
FABRREIE, 20124645 2017 4E CHHBEFRLLT (<10 cells
L™) 20510 cells L™, 20184F-7*5 20204F 1 I3 AFEIL 460
cells L™'75 1,180 cells L' D& TZH L (Table 1),

2018 E LN D KAE DIk #EE (n=3) &, 20174ELLHiTD
Z1N (n=6) LV HKEDo72 (p<0.05), HXEN (IC
H, AZE, ) BIUBEKEBOH () ofEmI
BUWT2017ELRTOSLE B S 172 4. catenella (Group
1) Ol B R LT ~2,760 cells L' (4%
EHn=6), 2018455 2020 4 DA 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
DENLDoT (p>0.05)0 20124E~20204E 1200 T, M
KENIIBW T HREEEL R /2Ry 77 1 O
1kiX2013, 2015, 2018, 2019, 20204E(2%84: L7 (Table
Do A2 MIOMBHEE CRAAEM S T 5 EKENOIE
HEHEEBEOHNESIZBIT54~7H D A catenella
(Group 1) OWEZEMZM % IS 5 &, 2013, 201541
TS5 A ~6 H B2 201 TARMEAT100 cells L
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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 CHIBAE S ICLB L 7225, ICH
Tld 6~7 HIZHAR20~60 cells L™ I L7248 T, BHE
AR EEOMINIME SN 2572 (Fig. 2). 512,
2020 4F (2 FFH T 6 AR 2 A. catenella (Group 1) 2%
K460 cells L IR 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) OLEEYfR SEIICE26H2~3BOH#EICBIT
% A. catenella (Group 1) O KL% & (0, 10, 20
mfE OMIIFHE TR F\WE) 13, HEEOERIZBWT
40~480 cells L', WK BB THE 45 % 17T 40~250 cells
L 'OHHTH > 7 (Fig. 3A)s COMEICHET 55
AtEro6 ARitoHEE=4 ) Y VEZHIIBIT 54
catenella (Group 1) DO IMIBHEL, HEE HFHN)
T460 cells L', FEJGEN (ICH, AZE, #H) LBNEE
C1#% (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), 72, ZOHED
M6 AN o T A0 REE=y ) ¥ FERIZBT
% A. catenella (Group 1) OEIHMFEEELL, HE®E &
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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™).
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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, NZE, ) LMK
BEE () CHIBEFLLIT ~5,400 cells L' O#iPH
T#H o7z (Fig. 3B)o 202044 HA5H 7 H OREAEN (E
M, AZ, &), BAEBIOE (L), HEE )
OEFETI 7 N ' F ) Y TERIZBIT A A catenella
(Group I) DIMBIEDKEMALE) = 72 & (Fig. 4), A
EET 6 ARIEICHED, 6 AR EICHEABEDNR, kv
THEKBNTHBEN R KICR 57 (Fig. 4),

z B

2012~2017E D E A B\ TA. catenella (Group
I) 1310 cells L' REEDIHMBIETH - 727°, 2018 4E LU
AR, AMEOMBIE X 2H7LL LML Tw5 (Table 1)
S50, 2020 FEDBEKEBE IS L O HSEICB T 5
AT, BNEN TA catenella (Group 1) 2SLCHNIEERE
(K460 cells L) IIHBIL7-BE L M L6 H LA, &
FEASH BB OILFER T/t FIRICHBE L Tw/z (Fig. 3
A)o TOTENE, 2018FELIBE, HEEIZBWTA. catenella
(Group 1) OHIEDHNML, HDOFNIBOLIITK
ATVD Z DRI STz FEBIZ 20204 6 HIZAFF
P (&bl 25 EMTE COHRBRE) BT
R HBIC L B85 7 74 OBGIME % 8 2 5 H 055
HELTwD (dbilE R — 24 X— 3, http://'www.pref.
hokkaido.lg.jp/sr/ske/contents/kaidokujyouhou/kiseijyouhou.
htm, 20204F8 ] 11 HF%) . H&EE TIIEHFNTH 5
1999~2000 4|2 7>\ THRAE S M7= HE R 208 > 5 1
i 1g2472 0 i K 7548 D Alexandrium tamarense species
complex ¥ A MHOFEIEL, ZDOKEGASA. catenella (Group
1) ThHbHEEZHMN TS (Shimada and Miyazono,
2005), AFEDO LA ME, ZOUEHSICBT S REMRDSE
L DS (B 21X Natsuike et al., 2017), 2D &
25, HEETIHEFERIIB VT 4 catenella (Group
I) PHEBEMESEEICHB LSS KT v vy viz+a1c
BB EERLNLD, 19924ELLE20174FE £ TOH254EH,
HEBICBIT 2 ABOMMBIRIFT I Lol 2D
RS —ZE LT, 20184ELARE, HEBIZBWTARED
BWEPRKEWEIMLTWAZ LiL, ML ITEZIT v,
LB IZ BT B A catenella (Group 1) OHH =X, L
V=LY 7 MU LTS A2 EAVRRENT VA Z
&b (THES, 2005 ; =E5, 2020), AMEOHEEIC
BT 5B EOEHIIIBEREOLE P HEL T
WREMEN H 5 2070, HEEIIBIT 2 EEDMER
BB L 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 &8 E L D Alexandrium catenella (Group 1) 5

20184ELFE, AMBICBWTAMORBENKE (L
B e BT, BEKENIZBWTH 3EHEFEL T, T EH
FefE e M H EHEMEE B2 585 7 74 OFAbAH
HINTWDS (Table 1) HEBIETIE6~THIZIFT
KB RWNDH 5 EDHLNTEY  (Kuroda
et al., 2006; Rosa et al., 2007), HEE CHEFEREICHEGH L7
A. catenella (Group 1) MEAFEDEAENICHRE SN, &
SICENTHEMT LI EICL-T, K754 DE#HE
WCHG LT A REMD D Do FEBRIZ2018FED6 A 18
HIZEHNEE TRAT00 cells L' D A. catenella D D
ENTAE (Fig. 2), 6H 26 HIZHEKEREOBLNALE
THEWTHY 704 OB B L 2 EHELD R
BN, EHIZ3HFED6H 29 HICHEE TR 2,250 cells
L' D A. catenella (Group 1) I L72Z LA RESINT
W5 (ERE S, 2020 ; FHI0ERE (2018) i - BT
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 AKX
BHAOHBE=FY ¥ VEHEIZBIT A A catenella (Group
) ORFHEBEEIAZIZBITA210cells L' TH Y,
WBENIZ BT 5 RFEOBGHZ 1 CEBMICB T 5RO
EREOMBAZHHT A Z L3 LV, F77, 20204F6
FHPEICHSE B L OEIGEE ORI B W TR S %
JEIZHEBLL72% (Fig. 3A, Fig 4), 6 A%\ KIEEL
EOREERE MR KB O HE L OAEESIZBNT
A. catenella (Group 1) WEEEICHILA-Z LD (Fig
3B, Fig. 4), HEED L ORFEOEHIRIZ L > TEHNOH
Bl s L7z RetE 2 3R L TV %, 2017 4R LLAITE,
M CTULFATTE PN TGl L 72 4. catenella (Group 1) 7%
R THADHENMICEGTLEEZLON, BIH»LEN
NORFEDFE & F o /2HRIZITE A ETEE SN TR Do
7o (BIZIEHEEDS, 2016 ; HES, 2020), FEHIZARIIZE
TORLAZEBD 2017 DR ICHEKBENCTHEEZ B2 5
R T HA OFALFEA L 722013,20154E121F, HEAEN
DOHBEEEIIBWT4HDS A catenella (Group 1) DOH
HAMERSND L EHIZ, 5ADS 6 HI20 T CHIlI %
ML CTEHEWETHER L Twb (Fig. 2). BENTA
catenella (Group 1) OFNIEFEEAENL T, #4100 cells
LD EIET A, A ~27 AUAIZE VIR TR S
FHA DFACHIES B 2 5, HHH 2 R T
W BT EDMRETHLE LTS (FH - &7, 2017),
IS OETITRMEDBN TG L72RER, w5774
WL L EZ B EVRLBTHA ), LiL, 2018
FELIRE, BAOHBE=FY) ¥ FEEIZBIT A A catenella
(Group 1) OHIRBEEAH100 cells L HEL TV WIZH
Mbo3 ks 7714 OBEDHEET L, HDHWITKSY
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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
RIFFIC L 2T, ZO20FELUEDOENIZE T 5 4.
catenella (Group 1) OMIBHEL KRS TH A HRED I A
~ v F A, BEAKENOHEE TS 5 A catenella
(Group 1) DENOHEHEIEERE T 2 WTREEAVREE S 1
72o FHR—2 7WTITME TEBREICIMIBLIT 5 4 catenella
(Group 1) %%, IBFEZRMNDEZRERDGIEH T &L -
T, WRBICHA L TRy 771 OmEm#EbEs &R ¥
EDHESNTBY, INLOERPEKSTHAD
FALOFW TR A TEE & 2 o T 5 (Shimada et al.,
2012 ; WBH, 2018), [AFEIC H &5 % A catenella
(Group 1) O & U FEM 2 HIIRUL S HEE A S BHND
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, duiliE HAMED Y 7 L
BOBH~OILHATHKASN TS UNMIS, 2018), &
DL FEEZHCTHEEB XUBEAEIZEIT 54
catenella (Group 1) Ok ZEEL TW < Z kiE, 41
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,
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