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Long-term fluctuation of red tide and shellfish toxin along the coast of Hokkaido (Review)

Hirosar SHIMADA™

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

The occurrence of red tides in Hokkaido and long-term changes in shellfish toxin has been reviewed over the past 40 years.
The red tides have occurred without damaging the fisheries until recent years. However, in 2014, harmful warm-water species
were detected. In 2015, harmful red tides caused by the dinoflagellate Karenia mikimotoi occurred in Hakodate Bay. Regarding
the changes of shellfish toxin, both paralytic and diarrhetic shellfish toxicity increased in the cold regime in the 1980s, and
tended to subside after the transition to the warm regime in the 1990s. On the Tohoku coast, the occurrence of red tides and
the change in shellfish poisoning tend to be similar to those in Hokkaido. To reveal the northward expansion of warm-water

harmful/toxic species, it is necessary to start monitoring harmful organisms using morphological observations as well as

molecular identification.
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Fig.1 Photomicrographs showing the common red
tide species in Hokkaido.
1: Akashiwo sanguinea, 2: Prorocentrum triestinum,
3: Prorocentrum micans, 4: Heterosigma akashiwo
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Fig.2 Photomicrographs showing the harmful red tide species detected
in Hokkaido after 2014.
5: Chattonella marina, 6: Cochlodinium polykrikoides,
7: Karenia mikimotoi
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Fig.3 Photomicrographs showing the common PST/DST
causative species in Hokkaido.
8: Alexandrium catenella (Groupl), 9: Dinophysis fortii, 10:
Dinophysis acuminata
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Fig.4 Diagram showing the annual variation of PST accumulation by scallop around Hokkaido since 1980. Sizes of circles

indicate annual maximum PST toxicity (MU g-1 digestive diverticula of scallops)

T, R8T (https://www.biodic.go.jp/reports/2-4,/b000.
html (1982), 2021/1/12), ‘ERIEL (FHEE 5, 2005 5 i,
2009, https://www pref.miyagi.jp/soshiki/suikisei/akasio.
html | 2021/1/12) |, & B (https://www pref fukushima.
lgjp/sec/37380b/akashio3.html |, 2021/1/12), ‘&HTFW
B 2011) B L OFKH R (https://www.pref akitalg jp/pages/
archive/40313, 2021/1/12) DRiEEAIFREN TV 5, Th
S OREHR L BEOFEAIR & MBS 5 &, WEiEEO
Prorocentrumlg, Gymnodiniuml&, Noctiluca scintilans,
7 4 N ¥ Heterosigma akashiwo®: % £ 5 KN & 5 %
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HERREIC B 2RI KR 2 BT Z L <, ARiliAEw
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FALA T A2 BT, A ERK R & F v C IS
OB Z G UL, BRIV EAREE O MBS -3
ABR SRR D 5 o
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A Chlamys farreri akazara®D B2\ X % iz o &
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1) (IHA. tamarense) 7S [KAW) & HELE S0 2 FRE 1 H 25
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Fig.5 Diagram showing the annual variation of DST accumulation by scallop around Hokkaido since 1980. Sizes of circles
indicate the shipping restriction level due to DST in edible part of scallops.
(Modified from http://www.hro.or.jp/list/fisheries/research/central/section/kankyou/kaidoku/att/yosatsu2019.pdf)
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catenella) D5 HIEHEE T WD (A 5, 2006) . 2011
FEORARKERZITFERICL DEEOHE (=2 A b
DIFEHFAEAME) 12 X o TIEFE FEIFHFOHEML 722

LR XN TV 5 (Kamiyama et al, 2014) . —FH DAL
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cies group 2OV CIREE I & 2 BLBIAERE S
Twa (fillll, 2017) FHIERFEIZOWTIE, 19764 E
WL T L T % A 5 A Mytilus galloprovincialisDELF |2 X
gl (B, 2003) LA, D. fortiik (X Lo & L7z
Dinophysislg % BN AW & 3 534 LD, EIGEL IV — 20
19804F AL & H.LM A5 L 72 CRAL XK EEWTZERT, 2007) 0 —
MHLAVCIlE, ~RYH. roretzi species group 22T i
PHEIC L 2B HE ST D (i, 2017)6
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Fig.6 Long-term changes of the annual mean SST anomalies
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Fig.7 Photomicrographs showing the warm-water toxic
species recently detected in Hokkaido.
11: Prorocentrum lima, 12: Ostreopsis sp.

BAEREIEICHIC U 2R EEER &
ERAHOSEL

BAOEPENC B2 HEERHTET T~ 7 v OBEGIE
L, dbHAEHE, T H AR FR E BTk
T & 72 (B 212 Fukuyo et al, 2002), LA L7235
AL H 5 L 3 55 EREREO 5L LA L %
D, dbiBEEECILH ARSI BT, HithBESL
Bl 7V — A X B ERERA R E LoD, Rl
HEN G Rt & LA EROBERB X OB ERER O
RIER B CUED D 5 HERRROMET KL T, &
IEZ B8 GRHARMOIES) 2K L7729 2 T, &
JERRE DR 21T ) WEDNDH L L EZ HNL, D ER
KOEGAR S 77 A 5T KBTI (B 52000,
Kosaka and Ito, 2006), T4, HE % & CEE O 2
P9 B FE OFRIESC (F] 213 http://hnf fra.affrc.go,jp/
kaigi/h28block pdf, 20214E1H12H), I —1 v 85K
Y Lo AR EY O KBS X B ER DR
PHEESNTWD (&5, 2014), 5HBOKT T H A
EDLEEDIZOIZE, ML OMSTEE L A EA
T2 b VEROEEALE T, R B X O
W2 X B E RIS 5 720 DOBEHHER O b LT
H5bo

HERHT 7 27 M EROSEIZBE LT, i
L 2 ZBEEDRE SN D EWEICOWTIE, BET
HETV RfBEREER) % V7o AERETF 2 A%
ThbHEEZLNL, WBRTWETIVEHIUL, R
O LIS BT A EREO B BTG S AL iEE S R F
EY B LE O LA EETE 720, HERED
S L CHENIIRR A 2 DS TE L, HERMEE
AT BERBTE S LRI AA L Ak, HERE
Bikko 7zt (AkREYEY)) Ecfi (FiH 52009),
FUHRGEIC O W TIZMIEO B X OEITEOBE (HI -
#2017), EEME IOV TCIRIBEOBESEIBES NS,

BERBT T V7 b VEBRENCOWTIE, RO

PR 2 V72BN 2 To TN TR oE A
WEBETH AL, TA b EFAMOMEN S, FHPEDK
o R B S C Al O BRI~ 238 A L 726134 7
Vg HRIZTZREC ORI A TR 7 R B 350 R D 45K
Tl % & {rAlexandrium tamarense species complex (I 7%
2020) (2D, MG C RN R S 3
B —ANdDbH (IE 5200600 2L, EHZRST
FIEPAIRTH 5, ITFEOHEFRELZ TR E LT
;B IR C b A pacificum (Group IV) & A. catenella
(Group D DR OEBPHOE N ) DOH 5T &
2o (Hih52021), AREEOBLE2 HWIHEHERL C
AT 2 b9 2 LB D B,

o

Kl ) F L oOBBET TH 72 LHRE KF B S 8Z D
S —BERE I SIRIN N2 L 9 diE AR ST FE A
IR BERFZEA R SRR R AR B IR AE B D o FH 5 R
SRR & ONA B RIIRIZ IS BHH L E OS5
CEELREMBLIVTIA Y METHE E L7z, 72 L THIHL
HLETEId, ®RI2, BEIID)HGRHASIZ W
TR SER AR S, RESAE g, TR 7
5 IZALHEET OERIHLHE LI EH OB E R L T

51 A3k

Coyne KJ, Handy SM, Demir E, Whereat EB, Hutchins DA,
Portune KJ, Doblin MA, Cary SC. Improved quantita-
tive real —time PCR assays for enumeration of harmful
algal species in field samples using an exogenous DNA
reference standard. Limnol Oceanogr Methods 2005 : 3

©381-391.

Dale B, Edwards M, Reid PC. Climate change and harmful
algal blooms. In: Graneli E., Turner J.T. (eds) Ecology of
Harmful Algae. Springer, Berlin. 2006 ; 367-378.

T TRETE L HB. KB QAR DT IKEEFIAIROC 1911
6 : 36pp.

BCHER. I HiEE 77 » 7 b 0%, 2. 58 L oA
H#T 7 >0 b v - e e gy (AR,
TERALIF AR, HU5C 1985 5 19-30.

Fukuyo Y, Imai I, Kodama M, Tamai K. Red tides and other
harmful algal blooms in Japan. PICES Sci Rep 2002 ; 23

© 7-20.

AT, A, ST IS [R5 o AR S~ O B
0 Al A, HAKEESEZRE 2017 5 83 & 703-706.

Hallegraeff G. 1. Harmful algal blooms: A global overview.



In: Manual on Harmful Marine Microalgae (Second re-
vised edition), (Hallegraeff G, Anderson DM, Cembella
AD eds), UNESCO, Paris. 2004 ; 25-49.

JeiEsE. P34 - Rk T T 2 7 b TR AR
52002 ; 36pp.

A, FR17- I84EEARH - Bk 7T v o b PR
WtE QEMOILKHRAEDRRE) . 2007 : 91pp.
JeilEE T AR G IR TERERE, JLMEE. PR3 AR R - A HICAE B

TR R T T 7 b PRI A 20205 33pp.

BURES, BORHL 19734R9H, MKEEinRFCTRAE L
Prorocentrum7EI 2 D\ T, Ak 58 X K 3 BF 22 i 1F
FEHR1974 ;40 © 60-66.

SURIRZ. iR EAREIRTSE O BLIR & 3 NI T
72/ — b 1983 ;20 : 137-146.

P, BEHIZE, TR SMEEE R BT 5
BRI O, EIRIOKEERTZE# i 2005 1 5 1 27-35.

FHERTEL. SANINEE ORI R D E. HARKES R
752009 ; 72 : 1068-1076.

A #r 2 By 20104F |12 KARIEE I B W THA L 72
Prorocentrum sp RIS OB E X F 12D
W ATFEKEFM v & — W7 20115 7 ¢
7-13.

V2B, BT, 5 HE, #7 R & FRIGE
WIS % Alexandrium)® & & O3 FERE. H AIKE
224555 2006 ;72 1 1068-1076.

MVEHF 2B, JEERE—, B MibFEE, SRz
KHARBRZEOSETFRRMEBICBIT 2
Alexandrium tamarenselZ & % BFHOFAL.  HFIHEE
2012 : 44 : 321-327.

Kamiyama T, Yamauchi H, Nagai S, Yamaguchi M.
Differences in abundace and distribution of Alexandrium
cysts in Sendai Bay, northern Japan, before and after the
tsunami caused by the Great East Japan Earthquake, J.
Oceanogr. 2014 ; 70 © 185-195.

flZ L. 78 b EO K HO# L E HEER 77 >~
7N OWRIC X B HE - HE) 27
EHEET A NI A v & 2 OEAZT 720 (85
Koz, ML, KRERWH), HREAEAR, B
50,2017 5 109-126.

AHES. THGEOREIZO VT, KR LD
1984 ; 52 : 17-20.

FAHEEY. TR REOREFEEN DK S - M & K. J
ek 72 & ) 2001 ; 83 : 12-18.

FHERL, ARHATW, WSHZ, LOE, SH—HR 20154
HRIHEREEE 2B 2 H F iR #EKarenia mi-
kimotoi D FI 5 H 3B £ 1N2015-20164F o I B HE. [

R e HEoZs) 11

KT T2 b 252018 565 0 1-11.

SR, BHEE, LHEF, TBEG. LEEIC B 5
MR FE 3 — 1 v XY T K X Ascidiella aspersa
(Miiller, 1776) @53 AiiRPL. H AN b A 4258
2014 ; 69 : 23-31.

BRBEIT. 2l FARERBE IR A BRI A S T, 4-11 Ui
BREEIRAL, 1 RWI 0S4 TRA (RRENFIRRI) | ST
1983.

HHE, A5 Rnde. Yo <2584 L 72 Gonyaulax)#2F# |2
L BRI DV ALKE T #1975 5 32 1 21-28.

EHEM—, ST, ARLE SORETT, BEK, ®
W=, RGE=. FERWENT QD 70570
WAL PR —FERIEN TOREIZ LB~ TFD
KaEdb—. HAKEFERE 2012 5 78 © 719-725.

THEE, EEE, ISHE, BEHE BB RKE
ML HETT v b omRINEE). iBREET
BF5E 2005 ; 43 : 33-38.

Kosaka Y, Ito H. Chapter 22 Japan. In: Scallops: Biology,
Ecology and Aquaculture, (Shumway SE, Parsons GJ
eds), Elsevier, Amsterdam. 2006 ; 1093-1141.

ATHIA A, REJIAZ, BIGRZ, HEER. 342 X 570%
WERE. HAR T > 2 b 22482009 5 56 69-73,

HFEE, AHES. THEEICBT 2 HEEREO M
PRV SNEEAKEK7Z £ 1) 2000 5 81 : 10-20.

ERE, SAE, BEEE, B EPET B
\Z BT 5 Dinophysislg O{HE B & OT R4 H - N5
MEHB D &A= ORE - BAEEL HRT T >
b > 5245k 2008 5 55 0 25-28.

Miyazono A, Nagai S, Kudo I, Tanizawa K. Viability of
Alexandrium tamarense cysts in the sediment of Funka
Bay, Hokkaido, Japan: Over a hundred year survival
times for cysts. Harmful Algae 2012 ; 16 : 81-88.

FEE. AuEE, B BT SR RBRER T T v
27 v Alexandrium tamarense O H ¥R A= BE & BIF 78
(AL S0) . AbiiEE K e BRI A 7E 3 2015 5 87 ¢
1-70.

ERE, IGHE, mEHRE, ElE. JbiEE I B
DLFREMERFRRN 77~ 7 b 2384 L ZRHEBL
AT 2020 5 593 © 165-170.

Nagai S, Lian C, Yamaguchi S, Hamaguchi M, Matsuyama
Y Itakura S, Shimada H, Kaga S, Yamauchi H, Sonda Y,
Nishikawa T, Kim CH, Hogetsu T. Microsatellite mark-
ers reveal population genetic structure of the toxic dino-
flagellate Alexandrium tamarense (Dinophyceae) in
Japanese coastal waters. J Phycol 2007 : 43 : 43-54.

Nagai S. Species — specific detection of six Alexandrium



12 IgH 7%

tamarense species from single vegetative cells by a
loop — mediated isothermal amplification method. DNA
Testing 2013 © 5 © 33-46.

I, Sildever S, Py, HIEE, EI9AHE, AW
ph, FrER. BB XD HEHE TSI PO
E=5) 7 OEEAL AFEE 2020 ; 594 © 205~
207.

EECR, AR, B, I, SH—RB KIS
BUFLEILY v v b+ T Chattonella globosa® ¥k
& AeiEE KK EERH A FE 5 2012 5 62 ¢ 9-13.

ShE S, G, SRR, 1N, 49— AR, dtiEEng
KBIZBU B5HERBIE T 7 4 W i¥iHeterosigma
akashiwoD =88 HA T 7 27 by 2aHl
20155 62 1 1-7.

BB &% IBH % 20184EDRAEEICB I A AE
J 7 4 N @#Heterosigma akashiwoDZ=HiZAH B L O
AREIFELEARDLUUZ DT ALK i SR I FE i
2019 ;95 11-17.

ShE R, G, R E, SORET JLiEE R B X
OMERE & HUBE S AL 724 35 10 HE - B Alexandrium

pacificum D FRIEE H BB ARK 2 © ONIKR, 347,

TR IIRT S B WA, HART T 2 7 b s
2021 ; 68 : 1-9.

PR 1L HE 77 v 7 b v oERES 5. JuifiE, Hi
7Ty by -l AR (RAHRRR)  HE
FLIEAER, BR 1985 5 47-58.

Noguchi T, Asakawa M, Arakawa O, Fukuyo Y, Nishio S,
Tanno K, Hashimoto K. First occurrence of Alexandrium
catenella in Funka Bay, Hokkaido, along with its unique
toxin composition. In: Toxic Marine Phytoplankton
(Graneli E, Sundstrom B, Edler L, Anderson DM eds),
Elsevier Science Publishing, New York. 1990 ; 493-498.

BOERE <)~ FF 22 (). HAUKES2EE 2003,
69 : 895-909.

RS G ACHE. ARl =5k 7. ZKE B P Bty 19165 12
26-41.

WAREI T, Alexandriumlg\2 81T % 5735 & FEAZE T O BLUIK
&R, AT 2020 5 52 1 200-207.

el AFEE, JIELAL, HEIRETRR, I
He RROMEDS X OPRME R X B b0 duiEE
2B B AFEFG). duilg B A AERTIEA R 1983:33:
78-83.

Sato S, Nishimura T, Uchara K, Sakanari H, Tawong W,
Hariganeya N, Smith K, Rhodes L, Yasumoto T, Taira
Y, Suda S, Yamaguchi H, Adachi M. Phylogeography
of Ostreopsis along West Pacific Coast, with Special

Reference to a Novel Clade from Japan. PLoS One 2011
161 e27983.

Shikata, T., Taniguchi, E., Sakamoto, S., Kitatsuji, S., Yamasaki,
Y., Yoshida, M., Oikawa, H., Phylogeny, growth and tox-
icity of the noxious red-tide dinoflagellate Alexandrium
leei in Japan. Reg Stud Mar Sci 2020 ; 36 : 101265.

W HH 77, VO H ORI, RS =, K B B NER A
B DHEAR Y T4 O, EiEE BT
K o B AR At 8K SR I JE i 2000 5 58 © 49-
62.

Shimada H, Miyazono A. Horizontal distribution of toxic
Alexandrium spp. Dinophyceae) resting cysts around
Hokkaido, Japan. Plankton Biol Ecol 2005 ; 52 © 76-84.

Shimada H, Sakamoto S, Yamaguchi M, Imai I. First record
of two warm —water HAB species Chattonella marina
(Raphidophyceae) and  Cochlodinium polykrikoides
(Dinophyceae) on the west coast of Hokkaido, northern
Japan in summer 2014. Reg Stud Mar Scie 2016 ; 7

S 111-117.

WEHZ:, &, &P, S5H—H8 201 5EHkFA0ilEE
K EETE I B A il £ % Karenia mikimotoilZ X 54
EIRBOMELFE. HAKEFEE 2016582 1934-938.

WS 7. L&A R — > 7 eI B0 2 BEE RO
FELET AN B S & Wi it ge. (B2 S0). b
B K SR I FE i 2018 5 93 1 1-49.

Sildever S, Kawakami Y, Kanno N, Kasai H, Shiomoto A,
Katakura S, Nagai S. Toxic HAB species from the Sea of
Okhosk detected by a metagenetic approach, seasonality
and environmental drivers. Harmful Algae 2019 . 87

- 101631.

Suzuki T, Miyazono A, Baba K, Sugawara R, Kamiyama T.
LC-MS/MS analysis of okadaic acid analogues and
other lipophilic toxins in single-cell isolates of several
Dinophysis species collected in Hokkaido, Japan.
Harmful Algae 2009 ; 8 : 233-238.

EAHTR, AHES. TG REORETFEIZOWT. JIk
KERZZL D 1986 ;56 : 8-11.

EASETR, AHE R, ST —E TR R ORI
WL SIEEKER7Z & D) 1987 5 58 1 21-23,

HHIRfRE. AR DT FIARAZZ L D) 1972530 0 3-5,

RACKKERFZERT. [ HARIZ BT 5 BEssd LB L
DELR] TFRISEEERAL 7 1 v & 7K 2 B AR BRI
FEHEME X REME IXOREESERR S - TRk & . 2007
44-64.

AT, LAMPEE D JF P — (R O ffi 5 - s 2 BE g
—. 7 A IVA 2004 ; 54 1 107-112.



