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1. B8

THFIMERFICLAR R R, L A EOBRICERERL ., LW FHREOE LR REE L5 X
BT, TR, SRR R D Dinophysis BSEAT DI ENHLILVTND, — 5T, IT4E,
ARIFIC LD T CFHIOME NI ST T U /e E OB E HA XU LT ISR, U= =%
DSR2 R AN ERA T IZIDF L QDI EN, BRINSCT U7 OIR BB Z BV TR
WTHESN TV D, 2K, bka REAMERMBICER 2R EPRORELEV RPN EmE->TDHIE
WIS COD, IEANERM I ERICBWCEIAEDZEREL Q0D ZOMREBRAERNOE XD
&L INFETIZ M B OFLIREK & 2 5V TODTRIEIED Dinophysis J&I1%. EAYERMN O FLIREK T
TV EHERIS NS, ZED REEPEATDIRAMAY 2 O EA AN ENE R, SOICEY
AL C, LOEROJEAVERNBA~EKFENER - IRMEL CODDTIIRWNEE 2 HID, EAMED
TR R A EMICBAL L, ZAVETIZEAMEREEEBED Prorocentrum JEINAR TG L FEATHTEN
WESN TS, REBEIZIIE RO FEN MO TS — T, KO FHEAREDOTEMIX A TH
%o o, RIBEEFERTR D Dinophysis JBIZW T LM EEMICBEL, WTIWWARBLEAT D, 21X
V. WEEH VL. Prorocentrum JBDMIZH AT A EA T D IEA MMM BRI ET DO TIH RV EE 2
7o Lo T IEAMRNBOARFIZLD B LA AEIN T 57201213, Prorocentrum J&% 5 D T- AR K
AEVETRIE RO B AR RE AR IR D ENEELE X LIV, L LN G, BB O LI FHFIME
HEEARRDBGNI25 TR Prorocentrum JBOFEL 20, SHITIE, REERIALISN Ok~ 72 KA
PRI B B O AR FEPEARRIC OV T, MEHFINIZEA I, FTo, BRINSCT V7 ik A bR k2 351
%, THIME HRIC LD IERAEMEANFHO B LR EOREHNL, ZEAL TN,

ZZCARMFETIL, TR R BIC LD IEAME AT OB LA AR 5720 | ZNETIC
Prorocentrum J& I X OARFRIZ LD EA MMM O FAIZEI T 5 EFINEL A L HENA 7 =7 HilkiZ
BT, RBBFHOREMI L0V, RO NI BEEFZ LU & LT Rk & 72 B O AR E AR
HEA A T2, I, BAMEANEHO B LIRMORAELITHIZEZBRE L,

2. RAGE

2.1. B>2TJUST

2018 £E/5 2019 FET/)NT T AT =TINE T D 5 0 E (ma—Y—FUR, 22—V —F N
TN T Ay IR TR YRR, =TT Ty 7 ) OBV DRI ED
61 HEDIREE OKIE <3-—<8 HA)IZBWT, o/ —7 U7 E TRl S A BRI LT, F72,
BRI 512 O T KIRZRNE LT, &5I2, =2— Y — T RO MEHHE ) DIR AT ERICE D 26 #is
O OKGE <3 U)LY EAM AN FERE C& FUR) 28T,

2.2. RS ER O

FFOAVT R D Ba (o 25 MRS SR I 43 2 B L, BINZBATIER NI T AY — ey h
% VT Prorocentrum J& W SE % & Lo B AR VIR B MIAR 2 1 fMIfR 372 24 R~ A7a 7 L — NI HEELT-,
HREL 7= [RAIAR D15 812 1%, metals mix SWII E5HE, 72 K7Hid L% IMK/2 £54A FH U, SESREE 90-100
umol photons/m?/s, BAREJE ] 12h BJ:12h B DH A7 /1 18°CHLLIT 25°CICRR E L2/ B—AF ¥ 73—
NTHI 1 A B E SR U, BER IR IS W TR, Ve B A R UL 72 B OV /K IR STV LS A58 3R
L7z, 24 RvA7m 7 L — DA RITEENDEEHIT, K 1 22 H ZEITHLWER I ASHRL | 51 S And



DYEBRGAE T TSR L, B ATRER R E O ST E T 5 F TR TRAIRLI-#% , 2 DMl
DNE DRI ER 40 ml OEEHA SR LT EEE AR NV ~MEZ OX | R OB R LM T ICTHEE L,

AHWFFETHENL LTz FSRORFRRICINZ T, A —ARZU 7 O 3 Hi i K0 oy BES 7o R A M
Prorocentrum J&D 2 FEIZJE T 5 3 ixk, A —ANUVT OV R=—THRFEOLFMEI LV —TTOAFL
7o F7o. Prorocentrum J& 8 FRIZJR T 5 21 #k%& | 23— AR AL ORI B LT BRI A fEa%  (The
Cawthron Institute Culture Collection of Micro-algae: CICCM)J&D A FL7-, ZDH5 | AT 3 FH 14
e ChoT, IOIC, BEEme, M A, ZUT NI, T 47T 44 T, IEE#E, T RNE (X7 N Hif) s &
T 7 AREED 7 #1/28 J&/67 FEIZ BT 5 95 B4 CICCM KW AFL7z, 2095 | JEAMERIL 5 & 18 FE 46
K ThH-o7,

2.3. TR

AR TIELIT-E5 38 AR LD | DNeasy PowerSoil Kit (3777 418, L<IZ BT Chelex 100 Resin
(NAF Ty REEhZE WA ZEIZED, 7/ L DNA i L7, i L7247 2 DNA #8521 T, LSU
rDNA D1/D3 fEIRkIZ-OV T PCR #IEZ{TUN, o — 3 o P k0 F O IR 2 T U, fifbT ot 4
FEDH IR A% GenBank KW AFL | AAFFETHONIIE IR LI BIR TR 7R =7
Geneious Z N TT TA AN T STz, BONTET TAAMRSNZ DN T, BB TiRNTY 7 7 =7 MEGA
7 & WG BERS 575 (neighbor joining method: NJ {28001 RFEAT 21777,

2.4, TRIMEERSDH

AWFFENTINTHENLLTZ Prorocentrum JEEG KRB LOSLFEFEE 725 TN CICCIM KW AFELT-
B 2 2O SRS MR O T H T BT AR OV T BRI TS N A MR A B R IR I
JORH LT, 20%, BRI D BET D828, FEBEL MR, 506N E B v R
FOVEAMEAERE CEEE)ICOWT, a— AR BFEET T S COAFRIEICHE, Tt RS
I OTD OFRIH I 2 U7, 567 m ROV T, a— A RO F o —
LZEY, FTHRIERTREL CHLNDE I EEE (OA)BLOT 4/ 74V AR v | (DTX )&% GE LT
LC/MS/MS % W= T a1{T -7,

3. &R
3.1, HIEERS BT

F T =TINANET S 5 DE LGOI HERERENLY | Prorocentrum J& % & UT- Mokl E /R &
#9 1,000 AURSELEEL | E5 MR OMESL 2 iA AT, T ORER, K350 KD 7 11— B R AN 4D 2 LT kD)
L7z, ZIDBESERIRIZ DWW T, B BBAMEBIZ H W CENZENDO B LI EHEE L., 0 1 RFMENTIZ
HWBIREM AL LT, AFZEICBITH Y7V 7 SIS KO Prorocentrum JEESERREDRESLIZ LD
Lo R38R 2 IR LT,
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1. Summary of the sampling site and geographic distribution of benthic Prorocentrum species in coastal
areas of five countries in Oceania (Aotearoa/New Zealand, Rangitahua/Kermadec Islands [a New Zealand
territory], Federated States of Micronesia, Solomon Islands, Niue, Cook Islands). Grey symbols represent the
sampling sites of clonal strains (circle: the present study, square: the present study and CICCM).
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2. Summary of the sampling site and geographic distribution of benthic Prorocentrum species in coastal
areas of Aotearoa/New Zealand. Circles and stars represent the sampling sites (grey: Prorocentrum species
were found and clonal strains were established, white: Prorocentrum species were not found). Stars represent
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the sampling sites of cat’s eye snails (Lunella smaragda).

3.2. DFREGEEAT

Prorocentrum J&#REEEZ £ L U ORI BRI R 12DV C, LSU rDNA D1/D2 ﬁatﬁ@iﬁ%ﬁaﬁu a:g
DA SRIRIRNT AT o120 AU U8B E DO D | (REMEOBLY 2 W THER L7250 1

WA X 3 1R LT,
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P. lima (281F7, KP063215)

_| P tima (MPNe01P) a
P_lima (OMI36P, LCA415578)
P. lima (B2RTH7, LC413902)
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651 P lima (SCT, KP063224) b
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P. lima (CAWD299)
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" P lima (OUN22P30, LC415589)
92| | P. lima (AQF55P, LC415585)
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P. lima (MPCO3P)
58 | p_1ima (OMI3P, LC415597) i
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o7 P lima (OUN137P30, LC415602)
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|
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P caipirignum (OUN8P30, LC415608)
3\ p. caipirignum (SM43)
P. caipirignum (SE10, KP063231)
P. caipirignum (T10138, Y010254)
66— P. caipirignum (KON26P15, LC415609)
P. hoffmannianum (CCMP683, KF885225)
P. hoffr ianum (NMNO2P)
97" b hottmannisnum (NMND1P)
P. malayense (A10UK3, MG600143)

3 100 P. malay (CAWD158)
50 P concacum (DS4E11, KR230016)
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3. Neighbor joining (NJ) molecular phylogenetic tree of the representative strains of benthic Prorocentrum
species isolated from coastal areas of five countries in Oceania, including New Zealand based, on the LSU
rDNA D1/D2 sequences (71 sequences, 711 positions). The alignment site corresponded to the 28—655 bp site
of a sequence from P. lima strain Sorrento 1 (DQ336189). The NJ phylogeny was analyzed using the best-fit
model TN93+G model with bootstrap analyses performed with 1,000 replicates. Sequences obtained in the
present study are shown in red font. Nodal support represents NJ bootstrap value. Nodal supports that were
under 50 are shown as hyphens.

3.2.1. IIaRX T TEHEEE Prorocentrum J&D 5y 1R

BRI AL E 353731 T H O 3 #is (MPNi, MPC 352 0O MPNe)LVHEST L7= 17 BRD
Prorocentrum JEEEFEIRIZ OV T - RMIENTZAT T, EORER FEITUIER R R X, 1 #R2S P
rhathymum. 4 #8725 P. lima complex subclade 1j, 7 #k73 P. lima complex subclade 1a, 3 #5723 P. lima complex
subclade 11 35T 2 ¥K23 P. of. emarginatum \ZJ@& T HZENHAGNERST2 (K1 BEOK 3), ZOHH, P



lima complex subclade 111X CHIRE L7087 7L —RCTholz, o, o7V T 527723 H
RUZZNZ N km FRE LD BENL TOZRWZE Db H T, LI I AR B EBEOR/ 7 71— R
B> Tz (K1),

3.2.2. YaEUFEEPE Prorocentrum JED5TR#% (Murray et al. 2018; Harmful Algae News No. 61)

B LB 95 0B 56 O 2 His (B2RTH 35 0OV NPHLB)LWHFENZ L= 4 BROD
Prorocentrum JBEZERIZOW T 1 RMMNT AT o7, EOFER., FHT LT 2 TOEERIL, P lima
complex subclade 1a ([ZJ& T HZENHALNERST- (K 1 BV 3),

3.2.3. =V TpE Prorocentrum JED4;T%#E (Butler et al. 2019; Harmful Algae News No. 62)

HEVEII AL E T 2= 0D 1 #is (NMA)LVRESLLT= 2 BED Prorocentrum J&EEFERRIZ-OU
Tor 1 RIRIRMTZAT T2 DR FRHTLIZWNTILOREERS P hoffmannianum \ZJ&3 52 LA B
Lirolo (1 BXUK 3),

3.2.4. 7 UFEEPE Prorocentrum JB D5y 1R

HEVEII N E T 27y 75RO 1 HiAS (CIR)LVFESL LT 1 BRD Prorocentrum JEESEK IS IO
CICCM SV AF L LERIZOW T - RBRNT 21T o7, TORER, AT LI RKIT, NP lima
complex subclade 1a IF3XN P. concavum \ZJg T HZENRAGNER ST (K 1 BEONH 3),

325, =a—V—JVREIN~T 40T EE Prorocentrum JE D531 % % (Rhodes et al. 2019;
Harmful Algae News No. 62)
AR LB T D= a— Y — TV RV~ T A 758 IR0 1 #iS (BoatCove) LD HENT
L7z 3 BRD Prorocentrum JEEGEIRIZ DWW T TR T AT o7, T ORGSR, AT LI 2 TORERIT
P. lima complex subclade la (ZJ& 352D BN LT (K1 BELOMH 3),

3.2.6. F7—ANFUT E Prorocentrum J& D531 3okt

T —= ANV T OBHHEIBIALE 5 | #i5 (RI), AV AL E 95 1 #s (HD)B L ONEH
WAL E 5 1 Hisl (MER)EKDHESL LT 3 ¥R Prorocentrum JEEGERIT DOV Tor 1 RN 21T >
720 T DRE SR #5 RI FERRDS P. caipirignum subclade b (2, HiS HI 33O MER FEREDS P. lima complex
subclade 1d IZE T HZENHLNERT (K1 BXLU 3),

3.2.7. =2—Y—F RN Prorocentrum J& D531 3wt

Za—U—J U RO AR ALE T2 11 HUR KOREL L7 36 BR . IR HERIC AL E 375 10 HiS
FOMENL LT 45 BRD Prorocentrum JEREEIRIZ OV T TRl 24T 70, Z O F ., M EEE0E
36 BRDHH . 12 ¥k P. lima complex subclade le, 23 #4723 P. lima complex subclade 4a 353X 1 #5723 P
malayense \ZJE T HZEMGLNE/2~T (X 1-X] 3), £z, IRHEHRIE 45 BRDO D, 34 ¥KD3 P, lima
complex subclade 4a, 5 ¥£2Y P. lima complex subclade 4b, 4 #£73 P. aff. foraminosum clade 1, 1 ¥£73 P. aff.
foraminosum clade 2 33X 1 ¥R P tsawwassenense \ZJ& T HZ ML E/ 2 ~T (K 1-K] 3),

REEHS/ 7L — R/ T 7 —R OS5I OV TRET LIS R, TR0 maRmd 2L
DRESIT-, §72405. P lima complex subclade 4a |3 Hf BV I IR AN T TR AL T
72 ZO—JT, P lima complex subclade le 33X P. malayense 1L ENFEBIZ D Z | P. lima complex
subclade 4b. P, aff. foraminosum clade 1, P. aff. foraminosum clade 2 335X P. tsawwassenense Ak

\ZDBGATHIEDRALEe T2 (4 1-14 3),

3.2.8. =a—V—TVNEZOMOEAMIBBEEREAD 7T RH

=a— U — I RO R EE I 35 L ONR B IR L0 FEST LT Prorocentrum J& LAY 0D JE A= MR 1B HF
BED 46 FRIZ DWW T TR 21T o7, ZDRER. 31 BRIX Coolia JED 3 #/7V—NK (C. malayensis
clade 1 L clade 4 725N C. canariensis phylogroup 2B L2, ZD55 . C. malayensis clade 4 13



R CHIHRELRDHHI L — R Th o7z, £72, 2 BRIE Amphidinium J&ED 1 FE (A. cf. mootonorum)., 2 ¥k
X Pseudadenoides J&D 1 & (P. kofoidii). 2 #&1% Togula J&D 1 F& (T cf. britannica)3 TN 9 #RI%
Thecadinium J&D 3 T (T. kofoidii, T. pseudokofoidii 33O Thecadinium sp )W JE LT, ZILHDHH | C.
malayensis 33N 4. cf. mootonorum %< 4 J& 6 I =o2— Y —F U NYJRLEFE Ch o728 80, b
DR MA CICCM (2 FRELT,

3.29. =2 — U —JUNERIEHIREEERED S TR/
a2 — U — T RO R IO LTz e B B 0D 2 BRIZOW T TR it 21772,
ZDOFEF, WT IO Heterocapsa J&D 1 T (H. steinii)|\ZJ&L7T=,

3.3. THIERED

3.3.1. Prorocentrum J&® T A FHEEARE

3T SRAIENTIZ RV S22 S T AN Prorocentrum J& 15 FE/71—R /A7 71 —RIZg 35 111
RDIH, 109 FRIZOUWT LC/MS/MS Z W TRIERTE AT 21TV RO 1 fliad 7 o7& &
(total OA J3 XU total DTX1, pg/cel)ZH H L7z, ZDHER. P. concavum, P. cf. emarginatum. P. malayense.
P. rhathymum 33 5O P. tsawwassenense \ZJ& T D2 CORRIIARTREEZEA LR -T2 (X 4A BLUWH 4B),
ZD—J57C, P. lima complex subclades 1a, 1d, le, 1j, 11, 4a 3LV 4b, P, aff. foraminosum clades 1 I3
2 72BN P hoffinannianum (ZJ& T 54 TOMIXOA ZPEA LT (X 4A), £7-. P. lima complex subclades
la, le, 4a 335 Ur 4b, P, aff. foraminosum clades 1 33X 2 OFKIL DTX1 Z LTS —F5C, P lima
complex subclades 1d. 1j, 11 IBX W P, hoffimannianum OFKIE DTX1 ZFEA LT (K 4B), AL T
I%. P. tsawwassenense 75 NHIME BB EAREA A LTV & P, lima complex subclades 11 38K 4b 72
HNZ P, aff. foraminosum clades 1 BARTEREAREL A T HZ8%, HFUTEBIT THLITLT,

WRIZ, FERHRATZATO T2 O3 72 0 Tl B i Cdh - 72 P, lima complex subclades 1a, le, 4a 35X
Wb BEDFEE BT OW TR LI=EZ A, P lima complex 1a, le, 4a D OA & &I, 4b DZ &R LT
HEIZE)-T- (Steel-Dwass test, p < 0.05) (IX] 4A), F7=. P. lima complex subclades le 35508 4b D
DTX1 & &, la BLU da OZNLEHHRL THEIZE -T2 (Steel-Dwass test, p < 0.01) (X 4B).

TS THRME R BAEA T OERKDYH OA F D A7 3 BRI, P lima complex subclade 4a @
NRMCO04P #£ (50.50 pg/cell), P. lima complex subclade 1a ™ MPNeO02P #£ (43.75 pg/cel)FL O P. lima
complex subclade 4a @ NRMCI10P #£ (42.00 pg/cell) ThH-7-, F7=, DTX1 & &D _EA7 3 #RIL, P, aff.
foraminosum clade 2 @ OKar07P ££ (130.51 pg/cell), P. lima complex subclade 1e @ NOKOO6P # (24.50
pg/cel)FB LN P. lima complex subclade le @ NPaAOIP #£ (23.25 pg/cell) Tohro7=, 720>Th, P, aff.
foraminosum clade 2 @ OKar07P #£® DTX1 & & mE Th -7,

60
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4. Comparison of total OA and total DTX1 contents of Prorocentrum species/clades/subclades. A: Total
OA content. B: Total DTX1 content. Pc: P. concavum. Pe: P. cf. emarginatum. Pf1: P. aff. foraminosum clade
1. Pf2: P, aff. foraminosum clade 2. Ph: P. hoffmannianum. Pm: P. malayensis. Pr: P. rhathymum. Pt: P,
tsawwassenense. Different alphabets indicate that a significant difference was observed compared with the
others (Steel-Dwass test, p < 0.05 in Fig. 4A and p <0.01 in Fig. 4B). NA means “data not assessed”,
indicating that the species/clade/subclade was eliminated for the nonparametric statistical analysis since its
sample size was small (number of strains < 4).

3.3.2. ZOMOMHIBEED THIMEEHEA

CICCM XY AFLT-Z M Prorocentrum J& 5 FRIZIE S5 78R, 72BN 7 #i/28 |B/67 fEIZE 45
95 BRIZ DWW T, LCMS/MS Z Wz TR B aAT o7, ZORER, W T o) bb AT
Nphor,

3.3.3. ERAMAMNED THERZEOERRI

=a—U—F U RO B ORISR S 26 HiR LD 11 FEOE BEAER 270 AL
Too ZAUZIE, MBS DR FE (AT A5 T DA MMM B F AR BT 2XV IO )Y 4 B, HEFED 28 &
TOULFEM R | L, & B ELE R T HMBE D 6 S i, 207 Th, MV BEE THLHF
YT AARAIV (Lunella smaragda)l X, (ZFEAE DY TV 7 S OEEUT HZ LA KT, £,
AFEITEHEL THOCIHESN TWAZELD, THIMERFICEA T EIRE D Tt il L Tk CThd
EEZLNTZ, 2D, 22—V — T U RIZBIT D EAMEM O THME R FICL B RO R FTOHE
—B[EE LT, AR Prorocentrum JRTED 3 AT DMERR S AUIZ 12 His (B4 2)K0ERIR L7 91 fERDF v
VT ARRANAZDNT, LCIMSMS Z W02 1T o7, ZORER WO R B8 TRtk R
Y Jantey ARAVIESSY el

4. KARDFT LD, ERHBLVSEDEE

AWFIE Tl ZIVET Prorocentrum JEDFEFLRK IS SOV AN AR ThH o747 =7 Hilgins, £
BOR R BB R ML L | IBRARIZ DUV TR 7200 - R BT 24T o7, ZORE R A8 T =T
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