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Biological Oceanographic Study on Method for Predicting the Occurrence of Paralytic Shellfish Toxin along the
Okhotsk Sea Coast off Hokkaido
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Central Fisheries Institute, Hokkaido Research Organization, Yoichi, Hokkaido 046-8555, Japan

The scallop fishery along the Okhotsk Sea coast of Hokkaido is known as “sowing culture”, harvesting after three years of scallop
seed sowing on the fisheries grounds, and is one of the largest bivalve fisheries (catch slightly less than 300 thousand tons per year)
in the world. However, the scallop fishery has experienced economic damage due to incidental occurrence of paralytic shellfish toxin
accumulation by shellfish (PST) caused by the toxic dinoflagellate Alexandrium tamarense in summer once every several years. An
intensive PST occurrence recorded in summer 2002 stopped the scallop fishing for more than one month, leading to a steep fall in
the scallop market value and serious economic losses. To minimize economic damage due to PST occurrence caused by A.
tamarense, the transportation mechanism of water mass contaminated 4. tamarense from the oceanic area to the scallop fishing
ground along the coastal area was revealed and a method for predicting the occurrence of PST was established in the present study.

Seasonal changes in occurrences of vegetative cells of 4. famarense and PST toxicity were researched along the coast of
Hokkaido during 2005 — 2006. Vegetative cells occurred in the Okhotsk Sea and the Pacific coast (cold current area affected
by the East Sakhalin Current and the Oyashio) but not detected in the Sea of Japan and the Tsugaru Strait (warm current area
affected by the Tsushima Warm Current and the Tsugaru Warm Current). Occurrences of PST over the quarantine level (4
MU g scallop whole meat) were recorded in Funka Bay during blooms of A. tamarense ( > 10? cells L) were observed.

Horizontal distribution of resting cysts of toxic Alexandrium spp. was investigated around Hokkaido during 1999 — 2000.
Resting cysts of A. tamarense were widely distributed in the Okhotsk Sea and the Pacific Ocean. Regarding the relationship
between past PST occurrences and cyst abundance in the sediment of each area, positive correlations were found between the
frequencies of PST occurrence years and the cyst abundances and between the annual maximum PST toxicities and the cyst
abundances. Therefore the cyst abundance implies important information about the past PST occurrences (frequency and
magnitude) of each area. The occurrences of vegetative cells of 4. tamarense during 2005 — 2006 (above mentioned) were
considered to reflect the cyst abundance of each area. However the occurrences of vegetative cells and cyst abundance in the
Okhotsk Sea off Hokkaido, showed that despite the low occurrences of vegetative cells in the coastal area, large cyst
abundances were found on the continental shelf from Hokkaido to Sakhalin. Thus the oceanic area of the Okhotsk Sea off
Hokkaido was considered to have a high potential for initiation of 4. tamarense blooms.

Spatial distribution of vegetative cells of A. tamarense was examined in the Okhotsk Sea off Hokkaido in summer during
2002 —2007. The vegetative cells frequently occurred in the surface low salinity water (LSW, salinity < 32.5) in the oceanic area
and rarely appeared in the Soya Warm Current water (SWC, salinity > 33.6) along the coastal area and the dichothermal water
(DTW, temperature < 2 °C) below 30 m deep in the oceanic area. Nutrient concentrations were respectively higher in the DTW
than the LSW and the SWC. Despite the low nutrient concentrations of the LSW, A. famarense can be considered to utilize

nutrients originating from the DTW just below the LSW due to the effects of diel vertical migration. A continuous diatom bloom
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was observed along the front area between the LSW and the SWC where a belt — shaped upwelling area occurred with higher
nutrient concentrations. Bloom of 4. tamarense tended to be found in the LSW just outside the front area, because of
interspecific competition with the diatom bloom. Lower DIP concentration of the SWC is supposed to restrict formation of a A.
tamarense bloom in addition to the absence of the DTW with higher DIP concentration below the SWC. Therefore environmental
conditions of the SWC were concluded to be severe for bloom formation of A. tamarense. Regarding the interannual relationship
between the abundance of A. tamarense in summer and the relative frequency of each water mass in spring and summer, the
abundance tended to be higher in years when higher frequencies were recorded of the SWC in spring and of the LSW in
summer. The results suggest that warming by the SWC in spring prompts germination of 4. tamarense cysts in the sediment and
domination of the LSW in summer gives optimum medium for bloom formation of A. tamarense.

Toxin profiles of 103 culture strains of 4. tamarense isolated from sediment or seawater samples collected from the coast of
Hokkaido and Aniva Bay (southern Sakhalin) were analyzed using HPLC during 2005 —2009. As a result of cluster analysis of
the toxin profiles of culture strains, 101 culture strains were classified in the same cluster, producing C — toxin — 2, gonyautoxin
— 4, gonyautoxin — 3 and neosaxitoxin as dominant toxin components excluding two culture strains. The toxin profiles of the
101 culture strains were almost the same as past reports on toxin profiles of A. tamarense from Japan and Sakhalin. Cellular
toxin contents of culture strains varied from 1 to 1128 fmol cell'!, and were inversely proportional to cell densities. As a result of
the estimations if a bloom of A. tamarense (cellular toxin content: 10° fmol cell!, cell density: 10?> cells L") was fed on by
scallops (filtration rate: 10? L day!, accumulation ratio of toxin: 35 %), toxification rate of scallop is calculated as 0.4 MU g!
digestive diverticula day'. Result of the estimation suggests that scallop become toxic over the self —imposed quarantine level (20
MU g digestive diverticula) after 50 days from the initial occurrence of a A. tamarense bloom, scientifically proving the
empirical data, “Bloom of A. tamarense exceeding ca. 10? cells L' causes shellfish toxification over the quarantine level”.

To clarify the transportation mechanism of 4. tamarense in the Okhotk Sea coast off Hokkaido, area — wide sampling in the
oceanic area, time — series monitoring in the coastal area and current velocity measurements of the SWC using ADCP were
conducted in 2004, 2007 and 2008. These surveys were organized based on the hypothetical scenario, “PST occurrence is
caused by the inflow of LSW contaminated with A. tamarense to the scallop fishing ground at the temporal weakening of
SWC indexed by the decrease of the sea — level difference (SLD) between Wakkanai and Abashiri”. It was revealed that A.
tamarense blooms appeared in the coastal fishing ground simultaneously with the weakening of SWC indexed by the SLD.
Retrospective analysis on time — series relationship between the weakening of SWC and the PST toxicity in PST occurrence
years also elucidated that the toxicity increased just after the weakening of SWC. Therefore the hypothetical scenario was
verified, and a method for predicting the occurrence of PST was constructed as follows;

(1) Sampling in the oceanic area in June (before PST occurrence) and July (during annual peak of PST occurrence) to

monitor horizontal distribution of A. tamarense.

(2) Monitoring of the weakening of SWC indexed by the SLD using internet.

(3) If A. tamarense bloom (> 10? cells L") has been found in the oceanic area, and the weakening of SWC is observed,

warning of potential PST occurrence within a few weeks should be provided.

Semi —realtime data of the prediction method is available to the public for controlling shipping plan of scallop since 2009.
The prediction method gives high cost effectiveness since the essential part of prediction can be simply constructed with the
twice a year sampling in the oceanic area and the monitoring of SLD.

The present study provides important information about feeding environment of main fishery resources, not only scallop
but also fish such as salmon, since the high contrast structure and dynamics of water masses has been revealed by biological
oceanographic studies in the Okhotsk Sea off Hokkaido, focusing on 4. tamarense as a biological tracer. Recently, it had been
reported that warm — water, non — armored flagellates causing harmful red tides have been detected for the first time in the
coast of the Sea of Japan and the Tsugaru Strait of Hokkaido. Once a harmful red tide appears in the scallop fishing ground,
serious damage may occur to the scallop fishery. Therefore monitoring of non — armored red tide flagellates is necessary to
start in addition to armored harmful dinoflagellates such as A. tamarense in northern Japan, since the northward expansion of

warm — water harmful flagellates is increasingly possible due to ocean warming in the future.
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Fig.1 Global distribution of PST accumulation by shellfish reported in 1970 and 2015 (modified from http://www.whoi.edu/
cms/images/PSP_worldmap 1970 2015 422437 jpg, last visited Aug. 24/ 2016).
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Fig.2 Occurrence areas of PST accumulation by shellfish in Japan during 1978 — 1982 (left) and 1993 — 1997 (right), with the
information about shellfish species of PST contamination over the quarantine level (4 MU g meat) (modified from Imai

and Itakura 2007).

2007, Fig. 2), 19804ERFIf2IEHALLALICE R LTz
WAL, 19934 PLRR I SdIC T H AR L Tnb 2 &
W5 o Z ORENEEBIFAIOIKIL, FFIZH T
i3 Alexandrium tamarense (Labour) BalechlZ X A b @
ThDIENGroTwD (53 - A 2007), AfEx
& O Alexandrium @ \ITEREA W ICTEUL L 72 A 2 £ <
EULREEET, MEREITV D0 L EFEARY &R
W HZEDNTED, BREFXEEOMMEETH S
(Anderson et al. 2012), ¥T4EAG Fdlexandrium)® DILHE
GF DR S, 1K [4. catenella— tamarense
TV — 7] & F N T w7 H R EA tamarenselZ
[A. fundyense (Atk7 L — F) | LR E & OFLAHEE
SN TV 5% (John et al. 2014a, b), AKFFIZB W T
A. tamarense & Fit 3§ bHo A. tamarenseld It H K % & b
RPHERIETFIIN IR M T 5 EPHMENTED
(&1L 1985, Nagai et al. 2007, Natsuike et al. 2013, E it -
A3 2016), BIERAEIZ BV T b IERER CER T
SHEHEMWMEEDODEDTH S, Ll [4. catenella—
tamarense 7 )\ — 7 | O 9 B A. catenella|IFE D FEZEDS
REEIN/2L DD (John et al. 2014b), ik = & C
A. fundyense®D > ) =N & L CHEREL Z &>
W2 % (Fraga et al. 2015, Reine 2017), FKATE 12 B W T
A. catenellal3A. tamarense & V) HiRMELBRBICHIE L (&
X 1985), BRAAM L R EPHOENTWE T L
5 (INEIEA 2006), AREGIZBWTIERIES LT,
R H 3 o B & 7 5 i E S IS IE IS

A. minutum, A. tamiyavanichii, Gymnodinium catenatum,
Pyrodinium bahamense ver, compressum=s 73 1 & L % 3
(G - WA 2007), FHDENZBWTIE, b % EK
& 3 APSPHEAESHEIA. tamarense | Z < AUTIEBL AR,

E3E ABEICHETIMEERSZOREE KR EZTHA
BELEDOEDY)
1—3—1 BNE

At e P S AR S 2 B A R F9 1077
by EEFET HEDPER KD KT T H A Mizuhopecten
yessoensis (Jay) OFEJEEY;E LTHoNnD (BHIZE
2000, Kosaka and Ito 2006) , AN#gis ClL19784E 2@ T,
FHEAR S T A H 5 WA B EHGIE (4 MU g o &E58)
TR HPSTM S 7z (WL 1982) LAfZ19914F %
THEKE TIHEED &) IREPEH B & 2 B
E2HLON BHEBELEZI LT IR
(Fig. 3)o BINHE(X19884E Fk 2 (J K FE 134, catenella,
Noguchi et al. 1990) % [5\> C 4xCA. tamarense TH V),
AAED RHURILAYE DAE DB B OFEA IR % (21T
g LT 7z (BH 20000) . 3 7% D HILiEEIC BT
&, A tamarense BT HNI B HBEOSEETH & (12
IZFFTH 5o FRIEEBFOSAE RT3 UL R 5
T A AR EZE O R E IS L A REEIRL T R
RICHIZ 22 L3 CTEAHT NG, ZOHEHF2NER

RO TR E WV,
A. tamarense\IFMEAFE T S 72 A b (IKIRFE



’ cultured oyster, 14.8 MU g meat ‘

PST (MU' DD)

A 1000<
e <1000

B2001 2| | A 2002 o <500
AN N <200
/.'J b /0‘.; <<1£3
Y| ) e | ° <20
Q ND
/A ND(meat)

Fig.3 Diagram showing the annual variation of PST accumulation by scallop around Hokkaido during 1980 —2002 (modified
from Shimada and Miyazono 2005, data source: Hokkaido Prefecture). Sizes of circles indicate annual maximum PST
toxicity (MU g digestive diverticula or whole meat of scallops).
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Fig.4 A schematic diagram showing the life cycle of
A. tamarense (modified from Yoshimatsu 1992).
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2003).
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Fig.7 Changes in annual catch and monetary amount of the scallop fisheries along the Okhotsk Sea coastal area of Hokkaido

during 1980 —2012 (modified from Shimada et al. 2016).
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grounds and the low salinity water (LSW, salinity =
32.5) contained Alexandrium tamarense in summer
(modified from Shimada et al. 2012). The present
study examined the appropriateness of the hypothetical
scenario, “PST occurrence is caused by the inflow
of LSW to the scallop fishing ground at the temporal
weakening of SWC”.

DO H &, T hbEFEAEIE ARG E 4R —
V7 BOKMAEI L > THREI SN TWAD 2 EAURIESh
Twie (FH1975), INsOBAHMEL» S, hEEE
THIGHE L 72A4. tamarense D i J= D Hi % j'oJZU“]'ﬁTVJ

A4 OFALIE, HARWE F R — 7 ilEOKRMEI B LT,

RY T HA W H B T D ERRR A — 12595 &
ozl EITRIDEVIRFEYF ) APBEEENS
(Fig. 8)o ZORHY F ) & ZHEET 57201213, K
WO WEEBRIE 7 & NZIME DA. tamarense> A+ B L
KEMIB O, KEMBBOBME, BREESICBIT 25

PN
=y

BRI DET) & A. tamarense’ R ZEMIL D5 AT ENRE & D
RERENICHHT 2LER DL EEZ OND,

1—3—3 ZDOfthDiEE

1-3-1Tli_72E By, JbMEEIZBIT HA. tamarensessE
MO BB B X OB HHEORAEIIRTDOLEDH
B (HARWES 72 B s ISR GRS Tn
% (Shimada and Miyazono 2005, Fig. 3), AffiiZF v 7
FHBLTA LT vV B ERBGFEE Vo 2ER B LU
RIS BT HERR SN THB Y (Orlova et al. 2007,
Natsuike et al. 2013), B KB TIIS—1ICHIBE T IV —L4%
T 25 KETHSHZ & %% 5 L& (Shimada et al.
1996, W H2000b), Z v Tk il H A il i & T
A. tamarense® BHIFLEEDT2 N & F, HRIENIH I B W T
D IR D B AE R BE I S ARTE DB FE A A b 7

CEERRETS (FIzIE VEEE1982, THE1994b), dLiEE
TR — Y 7 W EHEN D S O T D E

T AR S T2 ChH L I L n (B - =
2003, Fig. 5), ®EBEG & FIBEIZ, A tamarenseDHEE |2 58
SHWVWEETH D LN SN L, 7 &I
A. tamarenseDFEHE | & T\ D &) [HEE EIHT A
728020, TR & BIEORUT (2 381 B AR D 73 Af &K
i, 355 7% 5 ISR ERREE I DWW T OFEM 2 50 Hr 25 4
HCThbo LLLGDD, ZOMBEIZARIED FEH) S
MWNBT-S, KIFIZBWCIIIERHIZE &0, [FRkoE
L L7z FTRDSENCBTA. tamarense L 1) b i IE 7 B ks
ZHBLT 4. catenella®F OFFARIL, 1K1 ILEE 2
DWEFIRIZ B 2 WBAHE SN D 720, HARMGEE
L0 LT BRI BT 2 HHEOEAIIEETDH 5,



B4R AMRED B S L URHEDER

KWrgeix, Dhormiziis 2z ¢, iEtsx—>r 7
WHREOME X5 77 A B2 B0 2 R B a3 R
FHA. tamarense® HFHL A B = X L % HE W g 09 2 i BH
L, WEEEHEOFEFHFLELHEL T, BEHAI
LBRY THAMAEOKEFRILEW T L2 HIY L
LTAThN7ZbDTH L. AT, F2EICBWT,
KWFFEDFERE & 72 2 ALl E B OYVE W RIS O R
Bi7e © ORI H 35 5 R AEA. tamarense D 3 {RD 3
LUV A NOGATIRRIZ OV TEILY 5, 3T T,
KD FE/2% 74—V R THDLA K=Y 7HICHEZE
L, A. tamarenseZ N0 O 22 55 Aii % KIEREE B L O
KB A GO TR 2, F4ETIE, AFHICLS
PSTOHRUZHE D S, bilEREB LAY Y EET
Z I BHEA. tamarenseD WIS Rl BEEMR I O FEPEIZ O W
THRRZ, HESETIE, Fh—Y 7 HHREICBT 5
B HOFETFRTELE ZOEBIZOWTHEHT 50 &
RO TIE, KWIFEOEFEL O I REZICOW
THIET %,

F28E duEERENIDBFIRIE, Alexandrium tam-
arense R EMPOHBERREE S NICHEE
Alexandriuml@ > X k DKFES%

BIE FBBEBOEIEREDEMZIL
2—1—1 BARRICE > TKAIEh34D0DEE

F 1 R LR & 2 OfFDME T A H AR B
ST F—y 7@ TN, &R CRE - R8s -
7177 NERR) B X OBRR (RS - EER - ERR) O
WEEZ 2720 (Fig. 9), W80 O KILREE O

East Sakhalin

46°N

44°

42°

40° ’ ‘ Pacific
’ Ocean

T
136° 138° 140° 142° 144° 146° 148° 150°E

Fig.9 Map showing schematic paths of the ocean currents
(modified from Isoda and Kishi (2003)) and the four
monitoring stations in each sea area around Hokkaido
(modified from Shimada et al. 2012).

A A R = 7GRS BT 2R EOSE T 9

LI CL=— 2 ThH b, TNENOWEIL, BEH
NSRSk NS ENEaly NS R R Rl DAY ==s R PG O)be
BRit, HAMEEIR BT, 45— Z7EHY T 7 M
B L OEREROEE LT AW E W) L)1, i
A & o THRFIZRA T 2 e TE& % (HFPEH,
2003, WGHIIIA 2012), ARWFEDOFE/ZL 74—V FTH
BAR— 7iEE, IBRICHAREEZ RS 3585
W OFEAET, AR MRIESOR A T 7 R
IWENENFAN, WHOTIT Y M T A NOEGAKIEED
T CTh 228, 2 OBRBNEE A PLH 9 2 720 12T A
E ORI TH o Z T THE2EEIH T, KT
(ERB L OEEARTE), HREBES LU k= 7
B CALRE AR ST FERRK ERTZEAE (LUF, #EK
WL WERR) S M I L T v ACTD (Seabird
Electronics, SBE—91lplus) % 727K, 35455 o Bl
B 2NN L, R O BB I DWW Tl R 2

2—1—2 HEEAFF (F#E)

StnP15 (42°15.1" N, 145°59.8" E, Fig. 9) 2B 5K
IR DS AT OFE AL E A B &, 100mPLE D F
Ja & B CUIZRMEIC D 72 DRE 2 B (=5TC) »E
WYy L TH DL LG5 (I5H T 2012,
Fig. 10), 2 & ) E~FkZFIEKE T RBEK D)
AHNDHH, BHE LKA SRSEEOFEIEINT, &
BRBIREDP D TRV OV TH %,

16.2 145 16.2
10— YYVY VYV VYV V VYV VV
o 14 18] 12

20 o
100 188
165
i 140
200 128
10E
—~ 300 L
émof A o
2
£ 500
o 0 Y VYVY VY VYVY VYV
o 6 34
o ' N 338
336 ¢,
200 3348
gig
H00 328<
400 %4
322
500 32

~ UFMAMJJASONDJFMAMJJASONDJFMAMJJASONDJFMAMJJASOND
201 2009 2010 2011

Fig.10 Seasonal changes in vertical profiles of water
temperature (upper) and salinity (lower) at Doto area
of the North Pacific (Stn. P15) during 2008 — 2011
(modified from Shimada et al. 2012).
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Fig.11 Seasonal changes in vertical profiles of water
temperature (upper) and salinity (lower) at Donan
area of the North Pacific (Stn. P52) during 2008 —
2011 (modified from Shimada et al. 2012).
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Fig.12 Seasonal changes in vertical profiles of water
temperature (upper) and salinity (lower) at the
northern Japan Sea (Stn. J33) during 2008 — 2011
(modified from Shimada et al. 2012).
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(modified from Shimada et al. 2012).
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Fig.14 Map showing location of the 21 stations ( closed

circles) and 19 sea areas (divided by broken lines)
for monitoring of Alexandrium tamarense around
Hokkaido during 2005 — 2006 ( modified from
Shimada et al. 2007).
Abbreviations; ESS: Esashi, STU: Suttsu, ISK: Ishikari,
OBR: Obira, SRF: Sarufutsu, TNB: Tonbetsu, MNB:
Monbetsu, TKR: Tokoro, SRM: Lake Saroma, NTR: Lake
Notoro, ABS: Abashiri, SBT: Shibetsu, AKS: Akkeshi,
HRO: Hiroo, SMN: Samani, TMK: Tomakomai, ABT:
Abuta, YKM: Yakumo, MOR: Mori, SKB: Shikabe, SRU:
Shiriuchi
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Fig.15 Isoplets showing seasonal change of sea surface
temperawture (SST) at the 21 monitoring stations
around Hokkaido during 2005 — 2006 (modified from
Shimada et al. 2007). For location of each monitoring
station, see Fig. 14.
Abbreviations; ESS: Esashi, STU: Suttsu, ISK: Ishikari,
OBR: Obira, SRF: Sarufutsu, TNB: Tonbetsu, MNB:
Monbetsu, TKR: Tokoro, SRM: Lake Saroma, NTR: Lake
Notoro, ABS: Abashiri, SBT: Shibetsu, AKS: Akkeshi,
HRO: Hiroo, SMN: Samani, TMK: Tomakomai, ABT:
Abuta, YKM: Yakumo, MOR: Mori, SKB: Shikabe, SRU:
Shiriuchi
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Fig.16 Isoplets showing seasonal change of sea surface
salinity (SSS) at the 21 monitoring stations around
Hokkaido during 2005 — 2006 ( modified from
Shimada et al 2007). For location of each monitoring
station, see Fig. 14.
Abbreviations; ESS: Esashi, STU: Suttsu, ISK: Ishikari,
OBR: Obira, SRF: Sarufutsu, TNB: Tonbetsu, MNB:
Monbetsu, TKR: Tokoro, SRM: Lake Saroma, NTR: Lake
Notoro, ABS: Abashiri, SBT: Shibetsu, AKS: Akkeshi,
HRO: Hiroo, SMN: Samani, TMK: Tomakomai, ABT:
Abuta, YKM: Yakumo, MOR: Mori, SKB: Shikabe, SRU:
Shiriuchi
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Fig.17 Diagrams showing occurrences of Alexandrium tamarense (closed circles with shade) and shipment restrictions
(rectangular frames) due to detecting PST from scallop (excluding the PST detection from oyster in April 2005)
exceeding the quarantine level (4 MU g’ meat) at the 21 monitoring stations around Hokkaido during 2005 — 2006
(modified from Shimada et al. 2007).

For location of sea areas of circled numbers ((D(2)(3)...) and each station, see Fig. 14.

Abbreviations of monitoring stations; ESS: Esashi, STU: Suttsu, ISK: Ishikari, OBR: Obira, SRF: Sarufutsu, TNB: Tonbetsu, MNB:
Monbetsu, TKR: Tokoro, SRM: Lake Saroma, NTR: Lake Notoro, ABS: Abashiri, SBT: Shibetsu, AKS: Akkeshi, HRO: Hiroo, SMN:
Samani, TMK: Tomakomai, ABT: Abuta, YKM: Yakumo, MOR: Mori, SKB: Shikabe, SRU: Shiriuchi

Abbreviations of sampling seasons; EJ LJ EF LF...: early January late January early February late February...
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Fig.23 Relationships among the mean cyst abundance, the
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2000 (modified from Shimada and Miyazono 2005).
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Fig.26 Spatial distribution of water temperature (contours), water masses (shades) and cell density of Alexandrium tamarense
(bubbles) in July 2005-2007 (modified from Shimada et al. 2010). Abbreviations of water masses; SWC: Soya Warm
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Table 1 Cell density of Alexandrium tamarense in each

water mass in the Okhotsk Sea off Hokkaido during

2002 — 2007 (modified from Shimada et al. 2010).

Abbreviations of water masses are following:

SWC: Soya Warm Current (salinity = 33.6)

LSW: Surface low — salinity water (salinity = 32.5)

MW: Mixed water (water temperature >2 C , salinity

>32.5 and <33.6)
DTW: Dichothermal water (water temperature =2C )

Water mass Number of Cell density of
samples A. tamarense
(cells L', mean + SD)
SWC 312 74 £ 277
LSW 182 1140 + 342.1
MW 262 40.8 + 127.5
DTW 183 37 £ 292
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Table 2 Nutrient concentrations in each water mass
observed in the Okhotsk Sea off Hokkaido during
2004 — 2007 (modified from Shimada et al. 2010).

Water mass Number of Nutrient concentrations
samples NO;-N PO,-P
(1M, mean + SD) (UM, mean + SD)
SwWC 225 1.52 + 241 026 £ 0.22
LSW 120 021 + 0.86 0.35 = 0.15
MW 156 3.51 + 455 0.59 + 0.37
DTW 125 1579 = 4.53 1.55 = 0.29
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Fig.29 Spatial and vertical distribution of PO, — P concentration (contours) and cell density of Alexandrium tamarense (bubbles)

in July 2004-2007 (modified from Shimada et al. 2010).
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Fig.34 Average composition of PST (meantstandard deviation) in the culture strains ofdlexandrium tamarense obtained from the
four sampling areas (modified from Shimada et al. 2011). Error bars indicate standard deviation, “N”” mean number of culture
strains. Results of the culture strains obtained from bottom sediment and seawater in Funka Bay are described separately.
Abbreviations and specific toxicity of toxin components are shown in Fig. 33.
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Fig.35 Result of cluster analysis of the PST
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Fig.36 Compositions of PST of the 101 culture strains in
the clusters highlighted by the rectangle in Fig. 35
on average (meantstandard deviation) and 2 culture
strains (AKS — 10 and TMS — 09) outside the clusters
(modified from Shimada et al. 2011).

Abbreviations and specific toxicity of toxin
components are shown in Fig. 33.
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Fig.37 Relationship between the cell density (cells mL™") and
the cellular toxin content (fmol cell') of the culture
strains of Alexandrium tamarense (modified from
Shimada et al. 2011). Scatter diagram is plotted using
different symbols to distinguish among the sources
of the samples. Regression equation of curve fitting
with Spearman’s rank correlation coefficient (7,) is
described on the left side of the diagram.
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Table 3 Estimated accumulation velocity of PST (MU g digestive diverticula day™) in a scallop under each cell density and
cellular toxin content of Alexandrium tamarense. Applied parameters used for calculation of the accumulation rate of

PST are following:

Filtration rate by a scallop (at 10 °C, body weight: 100 g): 10> L day™ (Kurata et al. 1991)

PSP accumulation / 4. tamarense ingestion ratio by scallop: 35 % (Kimura et al. 2009)

Weight of digestive diverticula of a scallop (body weight: 100 g): 7 g (Shimada et al. 2000)

Conversion factor of toxicity from “fmol” to “mouse unit” based on the average toxin composition and relative toxicity
of each toxin component reported by Shimada et al. (2011) and Oshima (1995): x 0.8 x 10

Cellular
toxin content

Cell density of A. tamarense (cells L)

of A. tamarense

(fmol cell™") 102 10° 10*
* 102 0.04 0.4 4

** 10° 04 4 40

*x%k 104 40 400

(MU g™ digestive diverticula day ')

* avarege cellular toxin content of 4. famarense (cf. Fig. 37)
™ high cellular toxin content of A. tamarense (cf. Fig. 37)
** calculated cellular toxin content of 4. tamarense at the cell density of 10’ cells L' using

the regression equation (cf. Fig. 37)
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Fig.38 Schematic path of the Soya Warm Current (salinity
= 33.6) and location of the scallop fishing grounds
and the low salinity water ( salinity = 32.5)
containing Alexandrium tamarense in summer by
the hypothetical scenario, “PST occurrence is caused
by the inflow of LSW to the scallop fishing ground
at the temporal weakening of SWC indexed by the
decrease of the sea — level difference (SLD) between
Wakkanai and Abashiri” (modified from Shimada et
al. 2012).

(a) usual condition, (b) PST occurrence
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Fig.39 Map showing the 37 oceanic sampling stations (e),
3 coastal sampling stations (m; Stn. T, N and A) and
2 stations (A ; Stn. S and H) for observation of the
Soya Warm Current using the bottom — mounted
ADCP (modified from Shimada et al. 2012).
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Fig.42 Temporal changes in water — temperature at Stn N (line), vertical distribution of water temperature and salinity (contours)

at Stn T, cell densities of Alexandrium tamarense (bubbles) at each station and PST toxicity of scallop along the coast
off Abashiri (two axes scatterplot) during June — July 2007 (modified from Shimada et al. 2012). Toxicity value of “ND”

means “not detected (toxicity <2 MU g')”
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Fig.43 Temporal changes in water — temperature at Stn N (line), vertical distribution of water temperature and salinity (contours)

at Stn A, cell densities of Alexandrium tamarense (bubbles) at each station and PST toxicity of scallop along the coast
off Abashiri (two axes scatterplot) during June — July 2008 (modified from Shimada et al. 2012). Toxicity value of “ND”

means “not detected (toxicity <2 MU g')”
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2004

Temporal changes in current profile in seven layers (vector plot) at Stn H (depth of layer: 11, 23, 35,47, 59, 71 and 83 m,
thickness of layer: 4 m), alongshore velocity (solid line, average of seven layers) and the sea — level difference (dashed
line) with maximum R — square of time lag correlation during June — July 2004 (R — square with two asterisk means
significant correlation, p < 0.01) (modified from Shimada et al. 2012). The arrows indicate obvious decreases of the sea
— level difference. Obvious decrease of the sea— level difference is defined as the minimum and second minimum
peaks of the sea-level difference after June before increase of PST toxicity.

R?=0.518**
10 |- Sea-level difference Time |ag =13 hour

20 1|—— Alongshore velocity

Sea-level difference (cm)

Averaged alongshore velocity

E 201 elocity (cms)
= e 35 TP G T R ——
& 50
3 40/ 100
1 150
200
=
3 £
0 Lo
o 3
o 2
s§ S
© = SN | g
2 20 | —— Alongshore velocity ¥ R?2=0.514"" L5 2
g 10 Sea-level difference * Time lag = 0 hour b
; 0 T | T | T 0 o
6/1 6/10 6/20 71 7M10 7/20 7/31
2007

Temporal changes in current profile in four layers (vector plot) at Stn S (depth of layer: 10, 22, 34 and 46 m, thickness
of layer: 2 m), alongshore velocity (solid line, average of seven layers) and the sea — level difference (dashed line) with
maximum R — square of time lag correlation during June — July 2007 (R — square with two asterisk means significant
correlation, p < 0.01) (modified from Shimada et al. 2012). The arrows indicate obvious decreases of the sea — level
difference. Obvious decrease of the sea — level difference is defined as the minimum and second minimum peaks of the
sea — level difference after June before increase of PST toxicity.
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Fig.46 Temporal changes in current profile in four layers (vector plot) at Stn S (depth of layer: 10, 22, 34 and 46 m, thickness
of layer: 2 m), alongshore velocity (solid line, average of seven layers) and the sea — level difference (dashed line) with
maximum R — square of time lag correlation during June — July 2008 (R — square with two asterisk means significant
correlation, p < 0.01) (modified from Shimada et al. 2012). The arrows indicate obvious decreases of the sea — level
difference. Obvious decrease of the sea — level difference is defined as the minimum and second minimum peaks of the
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sea — level difference after June before increase of PST toxicity.

Table 4 Dates of three events related to the occurrence of paralytic shellfish toxin (PST) in 1996 — 2003, 2005 and 2006

(modified from Shimada et al. 2012)

I
7/20 7/31

Year

Date of events
related to PST occurrence
(month / day)

Obvious decrease of

the sea-level difference *

First detection of
PST toxicity
in whole meat of scallop

Peak of
PST toxicity
in whole meat of scallop

199 °
1997 °
1998
1999
2000
2001 °
2002°
2003
2005

2006

7/8 and 10

6/28 and 29

6/3 and 21

6/7 and 22

no data

6/21 and 7/2

6/10 and 24

6/10 and 7/15

6/30 and 7/27

6/3 and 7/3

7/15

7/22

7/24

not detected

not detected

7/12

71

3/26°¢

not detected

not detected

8/6

8/25

7/24 and 27

not observed

not observed

7/19

718

7/28

not observed

not observed

* Obvious decrease of the sea—level difference is defined as the minimum and

second minimum peaks after June before increase of PST toxicity

® PSP occurrence year (maximum PST toxicity = 4 MU g')

¢ Detected toxicity in scallop probably due to residual toxin accumulated in 2002

summer

35
30

/25
- 20

15
10
5
0

Sea-level difference (cm)
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Table 5 Operating results of the prediction method of PST occurrence after 2009 (modified from Shimada et al. 2016). Values
in the parentheses indicate cell density (cells L) of Alexandrium tamarense.

Bloom occurrence of
A. tamarense (= 10% cells L)

(max. cell density of 4. tamarense) (month / day)

Date of events related to PST occurrence and the prediction flowchart

late May - Obvious devrease of First detection of PST toxicity Warning of Shipping restriction of
Year late July = 20 MU g'1 digestive diverticula
early June the sea-level difference* or = 3 MU g" in whole meat of scallop PST occurrence scallop due to PST
2009 no yes (460) 6/29 and 7/14 7/22 724 no
2010 no yes (240) 6/20 and 7/5 no no** no
2011 no yes (550) 6/23 and 7/19 no no** no
2012 yes (230) yes (1760) 6/11 and 28 7/23 6/15 7/24
2013 yes (340) no 6/3 and 16 no no*** no
2014 yes (160) yes (7160) 6/21 and 7/27 7/29 6/20 no

* Obvious decrease of the sea-level difference is defined as the minimum and second minimum peaks after June before

increase of PST toxicity

** Low PST risks have been expected because A. tamarense blooms occurred only in far offshore area in late July

** No A. tamarense bloom has been observed in late July
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Fig.47 Temporal changes in of the sea — level difference and PST toxicity during June — August of 1996 (a), 2001 (b) and 2002
(c) (modified from Shimada et al. 2012). The arrows indicate obvious decreases of the sea — level difference. Obvious
decrease of the sea — level difference is defined as the minimum and second minimum peaks of the sea — level difference
after June before increase of PST toxicity. Toxicity value of “ND” means “not detected (toxicity <2 MU g")”.
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Fig.48 Flowchart of prediction of PST occurrence in the
Okhotsk Sea coast off Hokkaido concluded by the
present study (modified from Shimada et al. 2012).
SLD: sea level difference between Wakkanai and
Abashiri
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Fig.49 Annual changes in relative frequency of water masses in April (above) and late July (middle) and average cell density of
A. tamarense in the 0 — 20 m depth layer at sampling stations in the Okhotk Sea off Hokkaido in late July (below) during
2002 —2009 (modified from Shimada et al. 2009, 2010). Relative frequencies of water masses (%) were calculated using
the temperature and salinity at five standard layers (0, 10, 20, 30 and 50 m depth) of each station (see Fig. 39).
Abbreviations of water masses are following, SWC: Soya Warm Current water (salinity = 33.6), DTW: Dichothermal
water (water temperature = 2°C), MW: Mixed water (water temperature > 2°C, salinity > 32.5 and < 33.6), LSW:
Surface low — salinity water (salinity = 32.5).
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Fig.50 Astronomical sea level at Wakkanai and Abashiri and astronomical / observed sea level difference between Wakkanai
and Abashiri during June — July 2015 (modified from Shimada et al. 2016, data source: http://www.data.jma.go.jp/gmd/
kaiyou/db/tide/sokuho/index.php , last visited 1 December 2016).
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Diagram showing the generation mechanism of the subinertial variations in the Soya Warm Current by wind — generated

coastally trapped waves (modified from Ebuchi et al. (2009)).
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Fig.52 Charts showing the pressure patterns during three days just before the weakning of the SWC in 2002, 2004 and 2007
(modified from http://www.data.jma.go.jp/fcd/yoho/hibiten/ , last visited 1 December 2016). Wind directions of daily
maximum wind speeds and average wind speeds at Wakkanai (data source: http://www.data.jma.go.jp/obd/stats/etrn/

index.php ) are shown at bottom of the charts.

ma Y T AR AL BRI
ENT2o KEROBW 77 > 7 b iZonTh, s (%
oK IR RIEIK) ORI A T 2R E S
Metridia okhotensis 3 & U’NNeocalanus flemingeriC & % O
WZRF L, 5% 4 BE i 48 C 1 & Neocalanus plumchrus B X O
Metridia pacifica T V), BHBFICERL 5 2 EHL N E 72
2T % (Asami et al. 2007, I HI (3722012, I H2016) .
KWL TS & o 72RO 2 >~ T A RBREE
&, AEYREEFEICED TRRE S, Ry T A4 RY 7
% EOWEN RAEOAREIIEIC BT, SRERETICH
U7 EERERTH B B 2 ATEARE, BRI
K70y MENEFIIBNCHHMW T 707 b roEE
BBAMTH DI ENPALNE o722 LI, RO
HWE XK THAWMGPBO CTEELRRERRICH S 2
LERTEDTH b,

— 75, ACiEE A SN AT T T o BRI

A. tamarense> A N DIKEAAFIET H I EDRHL N E %
0, dbigEE N R — 0 7 #EIIENE &AL A TA. tamarense
) A7 OB TH S Z LAV 720 FFIZ
% 202 B2 |2 g IR 73 K Y R 7] 12 B B AR IS
A. tamarenseBUAT & (I $ L MEHEAFED b7z 2 Ly
5, ARUEE DA tamarenses A MIFERET T 7213 KA
/HIRIZ X 2N & o T3 WHES % 1T REMEDSRIE
ENToo T ZIETHA tamarense 7 )\ — L FEH DA
ENTW5BZ EH S (Mogilnikova et al. 2007), A jfie
WA DA. tamarense 7 IV — L%, TZTJE®IZLDEL
7o0 Y TS A AT Es e AR & L CARiEE IR R IRk
BT DTSN H L L 2RETHHDTHbS, ik
TN — DB R D A S = R LRz, ERE
FEWFEDIEAEN L TN D,

1 l5, A. tamarense®D BB FE B X KR Y T H A4 ~D
TREE B HEERIC X 5 C, A tamarenseD®HEE R Y T H



A OFALICET 2 FFET = BE O, BB 53
ILOFERPHEETREL e 5720 TILE TREIZAIS L
T&72, ABERE ERHEL B R 23 e B &
A. tamarenseliBIEL (10% cells L) 2 EERAYICHEE L 722
Llx, B A7 #EE L LS A tamarense® B %
79 ) A THOTERENVILEFTRDH ),
AT & o THESE S L7zt H i O S8 F Tk
X, A tamarensel A s DIEHN S TNV — LK T TD
TaE 2 EEETICTFUWARTDH 5720, ML
b A. tamarense] NI AR A ¥ =%y PEH W
SLDE=%Y » 7 OAD [Hifl - ka3 A b ] TP
THLIEPHRTH D, st L, s CkE
A A BB LB (2B 5 —HW Z EE o
FEATIIE, VA NEFPL TN — AR E TORFZER
TutAEERE (VA bR O A B RE R A R
WWEDSERMETVETHHE) TL2L4E7 D S
(McGillicuddy et al. 2003, 2005, Anderson et al. 2005,
Keafer et al. 2005, Stock et al. 2005, He et al. 2008, Jin and
Hoagland 2008, Li et al. 2009, & & 2015)
2f dBEAAR—V IBAFICHIIIMELEESD
REFRICET 3MRENHEHFHNES
ARWFZEORRE, Hifl - KT 2 » 2 AW i A
2 & o TR O F &R & 7 7 1 (3 ORGHRLIH]
ICEHIKT 250 TH Y, HERFHIZLERECLOT
H 5o MHMEHBEOFETHTFEOEIZ L o TH LN
T=5 A=y @RAETI 7 F yER] B
O [RABERIEH] & L CAMEEE X R R E
WA SEIZHI S U (http://www hro.or jp/list/fisheries/
research/central/section/kankyou/kaidoku/j12s-
220000000ddihtml, 20165E12H1H), #F &Ky T4 A1
DOFFE ML L OB IEH ST b (IBHIZH»
2016) o FREEH#BEOFLTFMFEOEIZL T, W
EA. tamarense7 )\ — L B X O ERERIGEOMEE» S
AV B B 2B 2 A PSTHH £ T2 -3 MM
9 BRI IUL, REETEE 2 R/ NI 5 2
EMTE D EEZ 5D M2 1X)in and Hoagland (2008)
&, LKA BB AL I TA, AT FFRATA
BLOKRIE ) ATAWELBN, EEEBOFEET
TN HACER OEPHIEIZRIRNTH D Z L 2RIR LT
Wb, REFZED 7 —ATIX, fEE#M (MR -F2) &
RSB AHE XK T A EMMERLSTT b OFEH
4 BAREE (BRZEHEAY120H) ToOffE (—Hb 7220 if
W) 1250 8 v S H) 2ET S L, MBI H#BEREA
ERTO2:E (14H) B oL, Elx GBFE EBD)
LS 2XDIESZ TN L o CTENENLTIST 26307

A A R = 7GRS BT 2R B0 LTI 41

S3SH M ERBLLIENTE D, 1o T, KB
H 58 A AT 0238 [ 12 I ) & LSxICHE R 3 uE
PSPEEAFHIITFHEIC & AR FHAIHIMIR L LT, D7
L LFEMMIEREISH b D) B5%IZH 725075+ >~
(HAH130M) /% 1 & L C975M M) #iEMETE 5 L3
ENb,

B HIN/I-FHESHOEZE

RIS, FRENTZRHEE SROBEEIZOVTER TH
5o F T A tamarenser A b B X O SEEMILO 546 12 B8
LCit, a7 (Bl iX7 =) OF— ¥ 04K R
LTwWh, YAMIOWTIET Z7{E12600—700 cysts
g wet sediment (20034FFA#EH:, MotylkovaRFE5E) 77
HLTWBIEDRGRoTVEE, VA NEEORIEL
BB L OKTPA BT ARCEkIE v, MO W
TId, KB & OSakhNIRO (H /N 1) > i 3 g v 22 F
FEAT) 3 4L T20074E7 N AR - 7 = 7 W 2 b
Frads U 72653, A tamarenses 22 013 7 = 7 ]
O 7l CEEEICHBE LR gho T bl
(Mogilnikova #K:5E3), ZOHIE 0 > THEHIZEBIT 5
A. tamarense R FEML O AN T A 1EHRIZ R Ve S
I¥Mogilnikova et al. (2007) @ X 9 % Alexandrium® # 7
FEAARIZRE 9 5 GO 122, A EBICE 2 A
VF =24y MR ZEIMEROLHPIEEI NS KA
DFFR—"7 7 HHIZBNTL, A tamarense> A ~ D5y
A2 O TIE, mIlRlFH 4 (Shimada and Miyazono 2005,
1999 —20004F FIATFEHG) 2> S ISR D 2NE#E L Tw b,
F A= 74 (20094E5H27HSN014) DY A N F
FEIZITIZFERE (393 £81cysts g wet sediment) TH 5 Z &
Do TWAHH (LA, FAE), A. tamarensetd’il
DBTERERHI O 72 D 1 ZE AR (B 2 1X545-48:) A D IR I8,
BIZHRA 2T ) B D B o

R\NTA. tamarenseDFEVEICE L CTlE, RFEOH R
B IIREEETH 2L 2 EPMONT WS DD (Sako
et al. 1990), HASFEA. tamarenseff B OBV & 8z D B4R
WZDOWTITHIRAZ Lo FERUTHLECE & Ol 35 1,
BATICRER L7z L B Y, PSPEATEIO 72012 T
HEHELIEWTDH Do Guetal (2013) 1 o [E i B
Alexandrium$URE O HEERF F AR (2O W CIERE 10 HH
BILOHER DMK ZH S22l TWw5A2Y, HAEE
Alexandrium|\ZoWT 3, #BEFHE (10* fmol cell ') 25K
IRIEIRIZFEAET 2052 ED T, BEAMWICHS 22T 5
VEN DD o FEITH B =2 7O L9 1ZFESE L ilELC
VX IETE T O S BRDEAET AW REED D B 720,
MR OMINEH I T 21 MOEBERMIL TIN5,

BRI H #E O FEAE TN L Tld, 20024E 0 4 &k —



42 WBH 72

ZERREICBIT A FE Xk Y 7 A4 OFEEL (454 MU
g —HIEER) A, Lo XD RMleEE DA tamarense 7 )V
—APED L) BT E XKy T A MIGITTRAL
TR THAPEALL 7DD, L) BTED > TV 5,
WA, TT 00 b OGATEIRES BT TV & RV 72k
FBERICL > THASNL L) h-oTE (Blz
(XOnitsuka et al. 2010) o JLHEEM A A — 7 7 IOV T
b IR, KDL ERAE L2 T A Y A — )V E
TV [deiE L EREEE TV 2% E L (B
722016), 2002FEDEN 7 — & & Z OE T IVIZEAL,
AT U729 2 C, A. tamarense®DH1-1BPREEE % 1T 9 V>
D3 B (BUIKTIZ20034F LI BEM 7 — & L 2Rk &
NTWwzwv), 7V EAVRFBIRERIZ L - T,
Bl Z L E ARl 7a > MEICER L 2B R
A. tamarense 7 )\ — LD T XD A — VO E &
bIZKY THADERET HMKISET D E V) L) 4B
FEFHTENUL, kN E5H LoFIIO R 2T
REVED B B0 710 MEOLFEMITE BRI ONAEA %
5 (Ohshima and Wakatsuchi 1990) 3 X OVHJE# (B H
[ZA 2015) 12X > THELLIEIRBEINTNDL T &
P5, 78y MEOWNE &) EEECHBATRERET
WOREENE I NG, —F, R DA tamarense7 )V
— MMIEEER S T OR L > TRERICHET 57 —
AWBBHI LS (Fig. 53), AHAMB LY R ME
WA D AW 2 RN O S LIZ S L Tw
LUREHEDHES NG, LOLEPOLIDAI = A L%
IS B 720120%, FEIR (GEAH) oS & Rk
TREOBEEEEGT 2 KB L CEHEL 2256 AR H 7)1
— L OERE A ORERYIEALZ BT A LER DY, &
BOHRETH 5,

Microphotograph showing the dense bloom of
A. tamarense (42,160 cells L") collected from
Okhotsk Sea (44°50.1° N, 144°19.8” E) on 23 July
2015. Arrows indicate planozygotes (PZ). Scale bar:
100 pmage toxin composition and relative toxicity
of each toxin component reported by Shimada et al.
(2011) and Oshima (1995): x 0.8 x 10°°

BB\, HERHETT 7 by OERORREZIZD
WCEZTHRDL, TIHEICBE LTI, HFrfEIcED
WS R RIR ORI T E NS, 5] 2 13Tohn et
al. (2014a, b) (2 X % [ H &K BEA tamarense B X OV
A. catenella\X [F)fHiA. fundyense (ALK L —F) THY,
A. catenellaDFELIIMEHRE S NHRE | LW ) FEEITH L
T, Tk xHET, A catenellalZA. fundyenseD > ) = 1 &
LCHELANERSL Z L& o 28NS 5 (Fraga et al.
2015, Reine 2017) 4% [T FEZELZOR] L)
TERE o0 orICEE T & 1 e IEHEIZRCER T A 72012,
TR DR E SR BEBH L R HEH ).

FDIENZ BWTA. catenellald, A. tamarense X V) & imhE
HERBIICHIBLL (FE11985), WU L R b Z L
BHONT WD Z EH S (INEZ£2006), FKSEIZE
WL YT, A tamarense & (LIXF L CTEMHITRETH
5o 19884EFKZRME KB I L L 724, catenella7 Vv — 2
(Noguchi et al. 1990) 13, JTAEDMBEL@ETIE M E - T,
JCHEE G = TR O T W RED D 5. ImEILEm DS
ZELWHARZ D & L0, 2015FFFDIEHZE 2308 0
G580 L T A ALEE WO B W TH  (Chttpy//
www.data jma.go.jp/gmd/kaiyou/data/db/kaikyo/oyashio/
oyashio_areahtml, 20164E8 H29H ), A. catenellas g /K
WE FAlexandriumlg O HBICFEETREITHAH . B
IKMEA B Alexandrium)F O TR E K LTI, 0 % [
BE (M T BB 22 20 T AE W #i9 F-k (Nagai 2011) % FIH
THIEDVHERTH S,

—J, EEORBILENE TR L LT, dLERIZBW
THHERPEED) A7 D EE o T b, Bl TR,
20144 AL iE H ARG R IC B W THE 7 74 Nk
Chatonella marina¥ X O & £ i #f & % Cochlodinium
polykrikoides D B3I H R CTHI O CHEFL S L (Shimada
et al. 2016), H20154F O Fk = 12 (3 W 75 C iy HE 6
Karenia mikimotoi\Z £ % A ERE 2310 H AR THI O CRisk
SNTws (BHIEN2016)0 Fi—, K& THA LT
&V o 7o H BN RO B\ CR EREARHL
BUFEAETIUIE R ENTESINL, 2 E TILH
ARIZB W TR ERR Z 7 B R NES OB o
B EIATONTELD, L IR CTH 5[ EHR
WEFREOBEA 2 RAHG T RETHH ) MEthlod
BIEITRAN & L TR R 2 V2 LEDH 2 208
(Hihi3A2012), iz W7z REFA £ 721 3= i<
PREE S N7 EHI S IRFED INEE T 5 7200, eSS
LG HRAEORAF B R %, 7w BEER ORI
%o ALHARIZ BT 5 H EAREE HEO BRI E LT,
BKMEREETT 7 b OEK NB ARSI
B AN D, BEEMREE 5T 0 BN (real -



time PCR; Coyne et al. 2005), LAMP#:: = A £ 2004,
Nagai 2013%5) OB L O RPEBLEZ BND,

NI TEPENCBTLHEERHT T > 7 b U5
[HEHARZHE, HARIIREI AL V] Lw) RO
A RRICETE R E o TR L TE 72, KX
I2E D F LAY HRL—EONITRIL, DL 2k
WD%NT, EIHRAEICL > TN bDTH %,
L2 L SR b2 55 & 3 28 SRR K O 554
b bpsHFEE oo, kHAKOFEERH ST 7+
UG A AR TV D, IEWIFER, dLHARZHOK
FEABIGEIC L D HERE=5 ) Y 7SI o T, B
A EAFBEO LBER AR CZ TR < v,
b H &2 B\ T kK EL &k D Alexandrium tamiyavanichi=®
Gymnodinium catenatum &\~ > 72 BgE K VEG FHFEIZ DO W T
b, FEROVCHIADFER S NS WREED D 5. FAEIC
B slEE=5) Y 7ICEY 5 TRIGEFRD O —&
Bz o T (EKERBIGES, KEREDE
t % — 2009, http://www jfamaff.go jp/j/koho/pr/pam-
ph/pdf/monitaringupdf, 20164511 10H), FE OIS
HEABEOLBMRTIES Y, Ebdahidipl) ik
REDFEAENZ DLW RN S 5 2 & & HA LT
RETHD, 7707 MWL HELT, nHHAgoRE
TR REMWICHEL, WEE=5 ) v IO —D &
THIENHEETH D,

Z M

LB R = ZWRFREICBIT AR Y 74 1 BED,
T H A& RARMEISN R L C3ERICEINT 2 [HhE &)
L) FEETI I, AERIB0G b R AT AR
BMOZKMHBETH L, Lo LRSS R CIIEFIC
—E DO CTE Z\|F H M E B Alexandrium tamarense
AR AR & 3 2 B 3 s A L TR 725
LT &7z, FrZmat L 7220024F (3 B4R o (A e s 12
Lr R4 iZhizo THEN A by 7 L CHMOF#E %
B&, BAREBERENAE Uz RIFZEIL, RSN
DEREY T HA BB DR R K RE
A. tamarense D I A B = A L % AL, FEEHFO
FEHETHTFHEEREE LT, HHEEEILLE2 K T (i
FEORFIHEZ KT L2 22 HWE LTITbNZb o
THbo

JEIERE IR A BT D R B 33 I R A, tamarense’
FEM O RBLB X OB 3 0 FELE IR % 2005 — 2006
ARz, EOMR, AL R — 706 K
BETHRLLER (AT 7 MiERSB L OH) oz
D& HWRICOABILL, HAMED S @RS 2 b b

A A R = 7GRS BT 2R B0 LTI 43

Wik Off FEIRGE B & OB IR GIg) I IE I L 2 v 2
EHMERE S NSz FAMIR A AT B FERLHE (AMU
g M EE) A CHLLEEIIEAABETHD,
A. tamarense5 T ASHE12107 cells L' 28 2 CHIBL§
L&, R THAPEEUEL B2 THELT D 2 & DTERR
SNz,

b E B BT B F FAlexandriuml® > A~ O3 Af
%1999 —20004F |2~ 720 £ ORR, YA MEAF—Y
TS RKFPEHENIE L AT 5 2 EBPL»E R o7,
8 75 DRI O R H 3 O SR B L OME i
P, RO A NVEEORRE AL E, ThEh
HEZIEOMEIRD bz 2O NG, O
DA NEEET O RRENE B OSSR B D RE Fr
SNTEERERTHLI PPN E LT, 72,
Hi i 02005 — 20064F 12 B 1T 5 A. tamarense’: 22 NL O
B, W0y X NEEE ML 72ERTH B LHES
SNz KL E VA P OGHEFETHADL L, £k
— Y 7RIS BT A A tamarense® B BLIZ DT HTH
5500, duiliBE L) i SEMEIZIE T A A
ERIIFALTWEZ DD, ddh—y 7 aI 3B
2 A. tamarenseD HILY) A 7 OE WK TH 5 & HEEE
SNz,

BRIHEEMN A R — v 7 W BT LA tamarense’i 75
L o> 22 [ 43 A5 %2002 — 20074F (2 X720 % O i F
A. tamarense\Z P& OFRRBBIE K (5 = 325 124
CHHLL, IBFoOFEABREmRK 5 = 33.6) BL WA
30 mPUED G Ok < 2T ) 1Icidld e A CHBIL 7
WZEDHS D E o7z KR O RFEIE R 1L PSR
BV THD TEW 2 AR S Nz, RBIERIE KD
KRR IR D 0D, ETISHEH KA S Sk
BE R RBEDNGFEIET S22, A tamarenseld 9 H
7 HESREREI L o TRER AR TH 2 LHES
Shize —7, RBEEGSKEFZHERO 70 Y MET
WEEADBIZE SN, EAD OH N IS S 78l
R % EEHE 7V — A O FRBEI 58 A 05 HERE S L7z
A. tamarenselX T DIEFE TN — A DRRMWETT IV — 4
(=Z 10° cells L) #JERLT 2 NS H, TiUdE:
BLOBEDRKTH D LG I NIz FHRBEKDHR
TR 1A, tamarenseDIEGE |2 W EE 7 DIPIZ B W CTHRIC
B, ETICHERBAELEL NI &0 0, KEOHEIH
WIEHE S 2VWRETHDEHERESIN. EF D
A. tamarensefffE 1 & D O EFEO KM E DO FEL T
BT HHREHD L, FIERIEEFIORE R
A 7] 2D B |2 FFF IR 43 /K AS B E A D 4F 12 % A
RO SN, RMITEFO Y A MEHFILFERERIC &
ZINimAS, BEZFEOFKFEMIEEOZ2EN & L TERBRIES



44 IBH 72

KEZNZTNLELET L EDVRBS NI,

JefEEREB L OV N VEET =B THRE LR
P F 721K 22 & HLEE L 724, tamarense5s 321k O 35
J 53 HLBK % 2005 — 20094F (2~ 72 410355384k 0 3k
Gk o< NI 7R WAL, BHhz
B HE T 7 T A5 — AT L72RER, 20k 2 B <1018k
7A3C — toxin — 2, gonyautoxin — 4, gonyautoxin — 3, neosaxi-
toxink T E T AHE—27 T A =I5 N, bk
FLI0IRR O FAU B L BRI D H AR B L OV ) Rk &
FE—HT 52 EPHLNE o, BRAEHROMILE
(31— 1128 fmol cell ' DFEFATLE) L, MILHEE &l
& OBIZIERBIOBRYNH 2 2 ENHL N E o
770 BB IcB Wi EE10° fmol cell'DA. tamarense
H310% cells L' OAI % CTHREBEMICIILL, £KEIC g
(FBRT @ DR Y T H A DK CTlCBI 5 IEKEE
10° L day', HOBEMEELIS%EMET D L, FLAE
1304 MU g IR day ' & gD Hi7z, ZMUES50H T
HAT ERBLHIAE (20 MU g 'ilinli) 1I238MLs 5 2 & 2R
L, [A. tamarense)’¥%4210° cells L' % #8 2 CTHIIH§ 5 &
BHIE 2 B2 TS 5] &) BERIFEZ RIS
EfFsb0EEZ BN

[FEP — Mg O KA A N & o TIRIE S L =4S
BEVE DEYEAEEIS, A tamarenseSEF=HIL % & A 72 KB
WOKRPBREICHRALT, ST HAELTE] Lo
WHAIZED &, WMEB X IRFEIZBIT 54. tamarense’s
i FR A 22 & NIZADCP % i\ 72 S 40 IR e D Uit T 7R A 2
2004, 20073 L U20084E 12T\, A. tamarense® HEHL X 7
ZRLDOFERE R, FORER, A tamarenselX FELH
I OFEERIR RO R Y T A IS 5 2 28
MERR S, SEABEI O F9EMIHEN — a7 M O KA 2=
LRIFIT A2 LSRR E Nz S HIZFE O RfE M HE
FEHEAR I DV CRA RIS & RO IENE OB 7 1%
MLkl s, BRHEHFOERICHEERES AT L
DHER S N7z DLEOAYFF RIS & OF#ITIC &
S TIRFBUIMFE S AL, IROTFNED & 7% Z iRk H 564k
THTFEEREEL 72

(1) BlsE DAL ET (6H) B & AL (TH)

IHRINFRAS I X o CTARMEIS M & DA. tamarense
DKV 2 BB %o
2) 47 —Fy MAFHSNTWBET—% % Hw

TR MRS (FEP — 8 7E B K 2 7%) % B
I %o

(3) AN & o T AICA. tamarense7 )V — 2 (= 107
cells L) 2SEFR SN TV T, SEABRIsE D Ei]
SN A, BoERE DA o R % H#sA %
FEES %,

AFWMFFIE2009E L FEER S, [44k—v 7R
BT M) S EARERER] & LTRRES
N, Ry T7HA OFBEHEHIEH SN TS, KT
T2 ORI & R EDOER DA DY T
ZRERCEA SND 720, BHARIRI SO R T
%o

KREFZEIZA. tamarense b L —H — & L CAbiE@E M+
K= 7WOEIT Y N T A b RBREE RS
HLZLDTHY, KT HADORLLTH rEOREE
FaTE O ERENTZEIZ BV C b AR ERIR IR L 7o e
WMEG5 255D TH D, filr, dbiEH RS & OEE
RIS 2 C KA S5 AR i R D WD RL R AT IR V- T
bo JI—, BERMPACHERD RS 771 i THRAET
W, FERBEENFET L EIEEEV RV, 5141
LA ARIZBWT SRR & 2B EREO S AAIEKR
MPHEEINLZ LS, BEIEDA tamarense® 13 U &
T LEBMMEROEMRIIINA T, AERAOKERK L 7
LI EREOEN TG T A 2 ENELEZ bND,

B

KoL) F Loz, KRR L JigEz
W53 o 72 JLHEE R FR R E SR bR T % 4 —Hbi
TICERR DEH OB R L T3, dbiEE KK ER
Wrgehedds  MmEEL:, [ fEkds pkmEEt H
WHAZ IO 7 S AL RS MEEAE fRF i K
= AL, RECry SRBMEE, BEEL
AU NEBY T L, SICELKDERLE L BT E S,
F 7z, dilEE R ESIE EHEEL, W o
EHBEGENL, WEET RS M, K
FESAERAE SRR 12 FAREIEE 720 & NICRHE B Z O R
PRI A F Lz BCHLE L BP9, i RaAK
IEFAWT T EREE EIT R I21E, ADCPE v 7z
FEABEFR OB 2 & N2 F — & LEIZ DWW TR B O T
JEBY, FEEFLHE L RFE S,

i I BT A HENe OB % iz, Joksf
ERGvryy—HE g WERECEE AA-
Z ORI R BEREICOWTEE 2 v M2 ELTH
EFE L7 TTITHEHHLP L BIFE 3, sohokiER
BgEldni AKEEIIC, o Jk i By i s
£ WP, oERAERERS S R kL,
oK E RS BEHER L, RSO T
L —WOWIFERRIC SR E £ L7z, F7/2, Joduk
ERBSG SR BRI, JoH K R R RS
£ PHzERZ O CNICEE—F, #IEKERBRYE
R, KRR AR R R e



e O sl i 1 125 Sl ) | e SV ey i
WAL, AT Yy — EBHEREK,
DB vy — EME#HE oS, —ED
WRFEHEE I THIIE X F L7 2 ISR L TR O
BEAEARL T BRI EmE ) % B 7o gekE
AR B AL B LB Q0104 H&BELL), HE
PR S e BRI A AR dbiite, S BE K e Sl sl B
A AR, BAEAKRE BRI A SR Lo
MR 7 & NI B KA B L USRI A B &5 A0 IR
72LE9,

HERFEOME AR5 77 A 3512 B0 2 s
B LCld, #EMCSEREIRLE, ®EMERREMAE, ME
BEERH XK EE AN I AR 22 © O ST £ 3 /KK
FEREI OB B SANIREBIERIC R F Lz, 22U
FRLTHALR L RWFE . F72, By wifiSEiEeaamt
2 BT WE 32 E Mrs. Tatyana Alexandrovna Mogilnikova 72 &
N2 Mrs, Irina Victorovna Motylkova 21, Hv 97K i 58
B coiMs 4@, 72UB%E0 Y 7THIIBITS
HERBZET 77 N O5MICHT 5 HEREHRZ S
F L7z Bi#HoEesRTLEELIC, EBLEZEDS
EAENERL FITEd,

Hefels, BIGMARBIRICHITENL T L 5 EH
BEDIC, BEEZGRCE LYV T LOIRET 52T
SN, WBHREF, IGHE, IEHE SRS L 3,

51 F3ZEk

Acres J, Gray J. Paralytic shellfish poisoning. CMA Journal
1978; 119: 1195 —1197.

Anderson DM, Fukuyo Y, Matsuoka K. 11. Cyst methodolo-
gies In:
(Hallegraeff G, Anderson DM, Cembella AD eds),
UNESCO, Paris. 1995; 229 — 249,

Anderson DM. Physiology and bloom dynamics of toxic

Manual on Harmful Marine Microalgae,

Alexandrium species, with emphasis on life cycle transi-
tions In:
Blooms, NATO ASI Series Vol. G41, (Anderson DM,
Cembella AD, Hallegraeff GM eds), Springer — Verlag,
Berlin. 1998; 29 —48.

Anderson DM, Keafer BA, McGillicuddy Jr DJ, Mickelson
MJ, Keay KE, Libby PS, Manning JP, Mayo CA,
Whittaker DK, Hickey JM, He R, Lynch DR, Smith
KW. Initial observations of the 2005 Alexandrium fun-

Physiological Ecology of Harmful Algal

dyense bloom in southern New England: general pat-
terns and mechanisms. Deep — Sea Res II 2005; 52:
2856-2876.

A A R = 7GRS BT 2R HEOSEE T 45

Anderson DM, Alpermann TJ, Cembella AD, Collos Y,
Masseret E, Montresor M. The globally distributed ge-
nus Alexandrium: multifaceted roles in marine ecosys-
tems and impacts on human health. Harmful Algae
2012; 14: 10 —-35.

FHHEK FEEEONE. KPS 1975 A33: 151 -
172.

A, BEHE, THRE, HRE GHEE. SR
BT % HIEE & AL 2B O EAEH. #R g
HEWESE 2015; 52: 183-195.

Asakawa M, Takayama H, Beppu R, Miyazawa K.
Occurrence of paralytic shellfish poison (PSP) — pro-
ducing dinoflagellate  Alexandrium tamarense in
Hiroshima Bay, Hiroshima Prefecture, Japan, during
1993-2004 and its PSP profiles. J Food Hyg Soc Jpn
2005; 46: 246-250.

Asami H, Shimada H, Sawada M, Sato H, Miyakoshi Y,
Ando D, Fujiwara M, Nagata M. Influence of physical
parameters on zooplankton variavility during early
ocean life of juvenile chum salmon in the coastal wa-
ters of eastern Hokkaido, Okhotsk Sea. NPAFC Bull
2007; 4: 211 —221.

Balech E. The genus Alexandrium Halim (Dinoflagellata).
Sherkin Island Marine Station, Shelkin Island, Co Cork,
Ireland. 1995; 151 pp.

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, Yentsh CM. Red tide and paralytic shellfish poison-
ing. Oceanus 1978; 21:41 — 49,

Ebuchi N, Fukamachi Y, Ohshima KI, Wakatsuchi M.
Subinertial and seasonal variations in the Soya Warm
Current revealed by HF ocean radars, coastal tide gaug-
es, and bottom —mounted ADCP. J Oceanogr 2009; 65:
3143,

Fraga S, Sampedro N, Larsen J, Moestrup @, Calado AlJ.
Arguments against the proposal 2302 by John & al. to
reject the name Gonyaulax catenella (Alexandrium
catenella) . Taxon 2015: 64: 634-635.

Fritz L, Triemer RE. A rapid simple technique utilizing cal-
cofluor white M2R for the visualization of dinoflagel-
late thecal plates. J Phycol 1985; 21: 662 — 664.

Fukamachi Y, Tanaka I, Ohshima KI, Ebuchi N, Mizuta G,



46 WBH 72

Yoshida H, Takayanagi S, Wakatsuchi M. Volume trans-
port of the Soya Warm Current revealed by bottom —
mounted ADCP and ocean — radar measurement. J
Oceanogr 2008; 64: 385 — 392,

WACHER. IL H#EET T > 7 b v oEYE: 2. 5558 L 504,
HE7 727 by - b gy (RAUHRERR) .
TR AR, HUC 1985; 19 - 30.

Gu H, Zeng N, Liu T, Yang W, Muller A, Krock B.
Morphology, toxicity, and phylogeny of Alexandrium
(Dinophyceae) species along the coast of China.
Harmful Algae 2013; 27: 68 — 81.

Hallegraeff G. 1. Harmful algal blooms: A global overview.
In; Manual on Harmful Marine Microalgae, (Hallegraeff
G, Anderson DM, Cembella AD eds), UNESCO, Paris.
1995; 1-22.

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,

Hanawa K, Mitsudera F. On the data processing’ s of daily
mean values of oceanographical data, — Note on the
daily mean sea — level data — . Bull Coastal Oceanogr
1985; 23: 79— 87.

He R, McGillicuddy DJ, Keafer BA, Anderson DM. Historic
2005 toxic bloom of Alexandrium fundyense in the
western Gulf of Maine: 2. Coupled biophysical numeri-
cal modeling. J Geophys Res — Oceans 2008; 113:
C07040, doi:10.1029/2007JC004602.

Hille B. The receptor for tetrodotoxin and saxitoxin. Biophys
J1975; 15: 615—619.

Holm — Hansen O., Lorenzen CJ, Holmes RW, Strickland
JDH. Fluorometric determination of chlorophyll. J Cons
Con. Int Explor Mer 1965; 30: 3 —15.

SH—EE, WA 1. b EIZB T 2 H#EFEAE DR
e & KEEFEANO . HEW e O fRGim - Bk &
R (5H—HB, A, A MEW), HRAEE
[, B5L 2007; 9 - 18,

BRI S, L. v v R oo [REHE] oF Lo i
RHEERIZE 2003; 41: 13,

MO, 10 R R R B O AR IR MM |2 B 9 & AR BLAE
REZA IR ZE. )R K EER 2000; 2: 67 — 130,

Itakura S, Yamaguchi M, Yoshida M, Fukuyo Y. The season-
al occurrence of Alexandrium tamarense (Dinophyceae)
vegetative cells in Hiroshima Bay, Japan. Fish Sci 2002;
68: 77 — 86.

Itakura S, Yamaguchi M. Morphological and physiological

differences between the cysts of Alexandrium catenella
and A. tamarense (Dinophyceae) in the Seto Inland
Sea, Japan. Plankton Biol Ecol 2005; 52: 85 —91.

Jin D, Hoagland P (2008) The value of harmful algal bloom
predictions to the nearshore commercial shellfish fish-
ery in the Gulf of Maine. Harmful Algae 7. 772 —781.

John U, Litaker RW, Montresor M, Murray S, Brosnahan
ML, Anderson DM. Formal revision of the Alexandrium
tamarense species complex (Dinophyceae) taxonomy:
the introduction of five species with emphasis on mo-
lecular — based (rDNA) classification. Protist 2014a;
165: 779 — 804.

John U, Litaker RW, Montresor M, Murray S, Brosnahan
ML, Anderson DM. Proposal to reject the name
Gonyaulax  catenella (Alexandrium catenella)
(Dinophyceae). Taxon 2014b; 63; 932 — 933,

Jorgensen CB. Beat frequency of lateral cilia and pumping
rates. In: Bivalve Filter Feeding, Hydrodynamics,
Bioenergetics, Physiology and Ecology, (Jorgensen CB
ed), Olsen & Olsen, Fredensborg. 1990; 55 —57.

IRz B, B CUBS =], 5t AR, A 07 IRI. a TR R
WIS 5 Alexandriumlg & 7 DB ERE. HARKE
223K 2006; 72: 1068-1076.

Keafer BA, Churchill JH, McGillicuddy DJ, Anderson DM.
Bloom development and transport of toxic Alexandrium
fundyense populations within a coastal plume in the
Gulf of Maine. Deep — Sea Res 1I 2005; 52: 2674-2697.

THE®), Frolan A, &5 HILLfE, IMREN. 4 & —» 7GR
B WA S & AR R R, YRR 2011; 49: 13
-21.

ArSte, IGHZ, = s+ s cHb L2k 5 7
77 A ORRIENE R AL O AL, P04 ERIL 7 1
v 7 K S B AR BRI ZEHEAE 2 Rkl DOK RESE R 2 -
SR 2009; 26 -27.

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

FHEE, ), . o~ #ic B 2 % TR
5 7 A OFEEE. JLKANIR 1991; 37: 37-57.
BHE, A4+, fNh, ZH%, . Joia ks
JRAREE MR E TV O~ R — 2 7 W IR D
RKAERER 25 2 B BRI 1710 € ~. A

2016; 74: 115 —125.

Lewis NI, Xu W, Jericho SK, Kreuzer HJ, Jericho MH,

Cembella AD. Swimming speed of three species of

Alexandrium (Dinophyceae) as determined by digital



in — line holography. Phycologia 2006; 45: 61-70.

Li Y, He R, McGillicuddy DJ, Anderson DM, Keafer BA.
Investigation of the 2006 Alexandrium fundyense bloom
in the Gulf of Maine: in situ observations and numeri-
cal modeling. Cont Shelf Res 2009; 29: 2069-2082.

Lu YT, Blake NJ. Clearance and ingestion rates of Isochrysis
galbana by larval and juvenile bay scallops, Argopecten
irradians concentricus (Say). J Shellfish Res 1997; 18:
419 —423.

McGillicuddy DJ, Anderson DM, Lynch DR, Townsend DW.
Mechanisms regulating large — scale seasonal fluctua-
tions in Alexandrium fundyense populations in the Gulf
of Maine: results from a physical-biological model.
Deep — Sea Res 11 2005; 52: 2698-2714.

McGillicuddy DJ, Signell RP, Stock CA, Keafer BA, Keller
MD, Hetland RD, Anderson DM. A mechanism for off-
shore initiation of harmful algal blooms in the coastal
Gulf of Maine, J Plankton Res 2003; 25:1131-1138.

Maclntyre JG, Cullen JJ, Cembella AD. Vertical migration,
nutrition and toxicity in the dinoflagellate Alexandrium
tamarense. Mar Ecol Prog Ser 1997; 148: 201-216.

Mitsudera H, Uchimoto K, Nakamura T. Rotating Stratified
Barotropic Flow over Topography: Mechanisms of the
cold belt formation off the Soya Warm Current along
the northeastern coast of Hokkaido. J Phys Oceanogr
2011; 41: 2120 —2136.

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,

EREE AGEE, BB SRR TS
2 N ¥ Alexandrium tamarense D & BLAEREF T FE (5
75w 30). JLARABFHR 2015; 87: 1-70.

Mizuta G, Fukamachi Y, Ohshima KI. Structure and seasonal
variability of the East Sakhalin Current. J Phys
Oceanogr 2010; 33: 2430 — 2445,

Mogilnikova TA, Motylkova IV, Konovalova NV.
Development of common toxic phytoplankton species
and contents of phytotoxins in tissues of scallop
Mizuhopecten yessoensis (Jay) in the coastal Sakhalin
waters, Trans SakhNIRO 2007; 9:207-222 (in Russian).

Mustapha MA, Saitoh S-I, T. Lihan T. Satellite — measured
seasonal variations in primary production in the scallop
— farming region of the Okhotsk Sea. ICES J Mar Sci
2009; 66: doi: 10.1093/icesjms/fsp142.

Nagai S, Lian C, Yamaguchi S, Hamaguchi M, Matsuyama

B A R = 7GR BT 2RO SEE T 47

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 di-
noflagellate Alexandrium tamarense (Dinophyceae) in
Japanese coastal waters. J Phycol 2007; 43: 43-54.
Nagai S. Development of a multiplex PCR assay for simul-
Alexandrium

taneous detection of six

(Dinophyceae) . J Phycol 2011,43: 703 —708.

species

Nagai S. Species — specific detection of six Alexandrium
tamarense species from single vegetative cells by a loop
— mediated isothermal amplification method. DNA
Testing 2013; 5. 33 — 46.

Nakata A, Tanaka I, Yagi H, Watanabe T, Kantakov GA,
Samatov AD. Formation of high — density water (over
26.8 sigma — t) near the La Perouse Strait (the Soya
Strait). PICES Sci Rep 1999; 12: 145 —147.

b E SR, SRk BE, ILHE, S —H8 BB S
T 5 ERIZY ¥ v b & T Chattonella globosa® ) 2.
JERIKFE%E R 2012; 62: 9—13.

Natsuike M, Nagai S, Matsuno K, Saito R, Tsukazaki C,
Yamaguchi A, Imai I. Abundance and distribution of
toxic Alexandrium tamarense resting cysts in the sedi-
ments of the Chukchi Sea and the eastern Bering Sea.
Harmful Algae 2013;27: 52 —59.

HESw, S H—HE 4—5 Alexandrium tamarense species
complexdt >k 7 L — RO dbF Bk @IS BT 5 45
. BERTET 727 b ORE (5986, 11
A, AR BEETCHR), H AL AR, G 2016; 310 -
315.

PHHLHE . 55105 Howmb BB LKy 7 77 A FhH. 18
KBTERE 72 CTHSER B RIS - BB AR
SRR Tm;?%/f 1982; 97 —127.

PR I HE 77 > 7 b v &S 5. ikl HiE
T - L ARREE (RRAEETGR), A
FEIF A, UL 1985; 47 - 58,

Nishihama Y. Seasonal abundance of Profogonyaulax sp.
causing paralytic shellfish poisoning in Funka Bay. In:
Proceeding of North Pacific Aquaculture Symposium
(Melteff BR, Neve RA eds). Alaska Sea Grant
Publication, Anchorage. 1982; 319-327.

Nishihama Y, Tada K, Miyazono A. Occurrence of toxic di-
noflagellate, Alexandrium tamarense, in Lake Saroma.
Bull Plankton Soc Japan 1993; 39: 171-173.

PHULIfE . 8533 R —V 7 DOR Y FHESL. Fh—v 2

DR Y T, LHREREXETIATS, AL 199%4a;
47-67.



48 WBH 72

VHitiE—, 558% Hip +h—r 7Ok y 7z bilE
RFBAFFIATE, ALBE 1994b; 169 — 190.

POEHE—. 1 -2 Zofus. d6iEEGR R BT 2 H#Ho
Wioe (B 7' a Y = 7 buEE), J6ilEdE 7K E SR
SBdtrE 42l 2000; 31 - 36.

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 Toxic Marine

Phytoplankton (Graneli E, Sundstrom B, Edler L,

composition, In:

Anderson DM eds), Elsevier Science Publishing, New
York. 1990; 493-498.

BOERE <) > b3y 2 (). HARESE 2003;
69: 895 —909.

Ogata T, Ishimaru T, Kodama M. Effect of water tempera-
ture and light intensity on growth rate and toxicity
change in Protogonyaulax tamarensis. Mar Biol 1987;
95: 217 —220.

Ogata T, Koike K, Nomura S, Kodama S. Utilization of or-
ganic substances for growth and toxin production by
Alexandrium tamarense. In: Yasumoto T, Oshima Y,
Fukuyo Y (eds) Harmful and Toxic Algal Blooms.
UNESCO, Sendai. 1996; 343-346.

Oguma S, Ono T, Watanabe YW, Kasai H, Watanabe S,
Nomura D, Mitsudera H. Flux of low salinity water
from Aniva Bay (Sakhalin Island)
Okhotsk Sea. Est Coast Shelf Sci 2011; 91: 24 —32.

KA, ARFAT. BB O L b RAR 5
1980; 31: 84— 114.

Onitsuka G, Miyahara K, Hirose N, Watanabe S, Semura H,
Hori R, Nishikawa T, Miyaji K, Yamaguchi M. Large —

to the southern

scale transport of Cochlodinium polykrikoides blooms
by the Tsushima Warm Current in the southwest Sea of
Japan. Harmful Algae 2010;9: 390 —397.

Orlova TY, Konovalova GV, Stonik IV, Selina MS,
Morozova TV, Shevchenko OG. Harmful algal blooms
on the eastern coast of Russia. PICES Scientific Report
2002; 23: 47—173.

Orlova TY, Selina MS, Lilly EL, Kulis DM, Anderson DM.
Morphogenetic and toxin composition variability of
Alexandrium tamarense (Dinophyceae) from the east
coast of Russia. Phycologia 2007; 46: 534 — 548,

Ohshima KI, Wakatsuchi M. A numerical study of barotropic
instability associated with the Soya Warm Current in
the Sea of Okhotsk. J Phys Oceanogr 1990; 20: 570-
584.

Oshima Y. Post — Column derivatization HPLC methods for
Paralytic Shellfish Poisons. In: Manual on Harmful
Marine Microalgae, (Hallegraeff G, Anderson DM,
Cembella AD eds), UNESCO, Paris. 1995; 81 —94.

Perez CC, Roy S, Levasseur M, Anderson DM. Control of
germination of Alexandrium tamarense (Dinophyceae)
cysts from the lower St. Lawrence estuary (Canada). J
Phycol 1998; 34: 242 — 249,

Reine WFP. Report of the Nomenclature Committee for
Algae: 15. Taxon 2017; 66: 191-192.

Sako Y, Kim CH, Ninomiya H, Adachi M, Ishida Y.
Isozyme and cross analysis of mating populations in the
Alexandrium catenella / tamarense species complex. In:
Toxic Marine Phytoplankton (Graneli E, Sundstrom B,
Edler L, Anderson DM eds) |,
Publishing, New York. 1990; 320-323.

Shimada H, Mizushima T, Hayashi T. Spatial distribution of

Elsevier Science

Alexandrium tamarense in Funka Bay, southwestern
Hokkaido, Japan. In: Harmful and Toxic Algal Blooms
(Yasumoto, T., Y. Oshima Y, Fukuyo Y eds),

Intergovernmental Commission  of
UNESCO, Sendai. 1996; 219 —221.

WS 2. BKEIZB T 2T > 7 b VR OTFHI%Z
L. R HEEEESE 2000a; 38: 15 —-22.

WSHHZ. 1—1 MK, JbiER 12 B0 2 Hiobize (R
B7OY 2y MG E), JbEE LK E R BT
R, 43115 2000, 11— 30.

W FH 2, Va5 R, GHsE =, K B BB AE G e
B BEIER Y T4 A ORE, AikE EGREE
OB, JLKERIEHE 2000; 58: 49 —62.

Shimada H, Miyazono A. Horizontal distribution of toxic

Oceanographic

Alexandrium spp. (Dinophyceae) resting cysts around
Hokkaido, Japan. Plankton Biol Ecol 2005; 52: 76 — 84.

WG HH 2, ¥, R EE T, H R, ILE mEHRR.
LiEENREOMBIERE T 7 > 7 P BB L VY
— —20053 X U20064F DI A K2 5 — . JLK
A7ZE Y 2007; 74: 18- 22,

WG HH 7, SR ECHISE, SAREHE, 2B, HhEE, &R
B ARSIt A= 7B 5 AHIRIE
¥ Alexandrium tamarense® BIA{F- & O X FE L B K.
PR AR EE H AR E PR FFREAMHE 5 4. 2009;
250.

Shimada H, Sawada M, Kuribayashi T, Nakata A, Miyazono
A, Asami H. Spatial distribution of the toxic dinoflagel-
late Alexandrium tamarense in summer in the Okhotsk

Sea off Hokkaido, Japan. Plankton Benthos Res 2010; 5:



1-10.

Shimada H, Motylkova IV, Mogilnikova TA, Mikami K,
Kimura M. Toxin profile of Alexandrium tamarense
(Dinophyceae) from Hokkaido, northern Japan and
southern Sakhalin, eastern Russia. Plankton Benthos Res
2011; 6: 35 —41.

Shimada H, Sawada M, Tanaka I, Asami H, Fukamachi Y. A
method for predicting the occurrence of paralytic shell-
fish poisoning along the coast of Hokkaido in the
Okhotsk Sea in summer. Fish Sci 2012; 78: 865-877.

WEHHZ, BfEw], HRAEuE, ERERE, e, &
M. el ] D A (A - RO, LD
HARWB L UBMEA R— Y 7i#) I BIT 58077
YU UNA G AB X ORI OFFEIZAL & A
. HART S ¥ 7 b %45 2012; 59: 6381

WSHH 72, S B, R, Hoh Ok, TRETEE. 4 -4 b
WEE A R — ) 7GRS B T SR BT R
Alexandrium tamarenseD BT 4. HEFGH T 7
7 by R (GI—BF, I, R BFSH), 15
SEATE AR, L. 2016; 299 — 309,

Shimada H, Sakamoto S, Yamaguchi M, Imai L. 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. Regional Studies in Marine
Science 2016; 7: 111 —117.

W HH 722, AUl s - B T B - B 77 7 b
> OZEE). KEMIEWIZE 2016; 80: 155 — 156,

WSHZ, @, SHFm, 45— 201548830
E TS 12 BT 5 i E ¥ Karenia mikimotoilZ £ %
A ERM OGS HAKEYXIE 2016, 82: 934 -
938.

Shimodaira H. An approximately unbiased test of phyloge-
netic tree selection. Syst Biol 2002; 51: 492-508.

Stock CA, McGillicuddy Jr DJ, Solow AR, Anderson DM.

Evaluating hypotheses for the initiation and develop-

A A R = 7GRS BT 2R B0 LTI 49

ment of Alexandrium fundyense blooms in the western
Gulf of Maine using a coupled physical- biological
model. Deep — Sea Res II. 2005; 52: 2715-2744.

HH A, AL HEEVE B2 B 5201 iR ki B L O
=¥ iR O, JUKABIR 2002; 62: 41 - 55,

G, 2 a3, HEE JLEEOM. o S h %
7o OKEE, SEHERE, FHES, arHEE, 15
oz, B8 RaEtR), Jbig i, ALIE. 2003; 440 —
445,

FARE. LAMPE O JF I — B (R T Offi 5 - ok 70 H iR
- U4 VR 2004; 54: 107 - 112,

Yamaguchi M, Itakura S, Imai I, Ishida Y. A rapid and pre-
cise technique for enumeration of resting cysts of
Alexandrium spp. (Dinophyceae) in natural sediments.
Phycologia 1995; 34: 207 —214.

Yamaguchi M, Itakura S, Nagasaki K, Imai I. Distribution
and abundance of resting cysts of the toxic dinoflagel-
lates Alexandrium tamarense and A. catenella in sedi-
ments of the eastern Seto Inland Sea. In: Harmful and
Toxic Algal Blooms (Yasumoto, T., Y. Oshima Y,
Fukuyo Y eds) ,
Commission of UNESCO, Sendai. 1996: 177 — 180,

Yamaguchi, M, Itakura S, Nagasaki K, Kotani Y. Distribution

Intergovernmental Oceanographic

and abundance of resting cysts of the toxic Alexandrium
spp. (Dinophyceae) in sediments of the western Seto
Inland Sea, Japan. Fish Sci 2002; 68; 1012 —1019.

Yamamoto T, Tarutani K. Growth and phosphate uptake ki-
netics of the toxic dinoflagellate Alexandrium tamarense
from Hiroshima Bay in the Seto Inland Sea, Japan.
Phycol Res 1999; 47: 27-32.

RN R WL M AR (2 35 0T B A A W AR L
Alexandriuml@21E, 7 7 4 FEF3MEO 4G LIRS
A RFFE. AN AR SR ZE I ZE 3, 1992; 4 1-90.

SEDERB RS, KERGEY Y ¥ — bz
P 72K R i R A 00 W6 B & AR 0 B L 20009;
1-4.



	01
	p001.pdf
	01




