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Appendix 1 The inventory of harmful dinoflagellate cyst species in the Bohai Sea and the North Yellow Sea based on high-throughput
sequencing data. *, Reported in the Bohai Sea; #, Reported in the North Yellow Sea; PSTs, Paralytic shellfish toxins; YTXs,
Yessotoxins; HAB, Harmful algal blooms.

J& ¥ PrE Rk 4 fa AT EE PN
Genus Species Produce cyst ornot  Types of hazards Reference
W K#EE Alexandrium FEAE 7 LK A. affine™ & Yes PSTs; HAB KABEE, 2018; BRfEAEZE, 2023
GRERWTI K A andersonii® J& Yes PSTs; HAB RAESE, 2018; Biamid: 4%, 2023
BRI PG LLKTE A. catenella™ J& Yes PSTs; HAB RAESE, 2018; Biamid: 4, 2023
A. fragae #%1 Unknown PSTs Branco et al., 2020
R PIILKHE A. fraterculus® R Yes HAB MacKenzie et al., 2004; BjApis: 2, 2023
ZERITH I KE A leei & Yes PSTs; HAB Rie2E 2018
/NS KEE A, minutum™ & Yes PSTs; HAB Anderson et al., 2012; [ffitE%E, 2023
BV 1L KA. ostenfeldii™ 2 Yes PSTs; HAB Anderson et al., 2012; FRfEAE%E, 2023
KL KB A. pacificum® 2 Yes PSTs; HAB Andeson et al., 2012; FRA4E4%, 2023
BT I K#E A. pseudogonyaulax®  J& Yes Goniodomin; HAB  Amandine & Zouher, 2018; FiAitE%%, 2023
Ansanella A. granifera™ & Yes HAB Vega, 2021
INHE R Azadinium LG EE A, poporum™ = Yes AZAs; HAB Luo et al., 2016
FHPRREE A, spinosum K41 Unknown AZAs; HAB Tillmann et al., 2009; %4425, 2023
Barrufeta B. bravensis & Yes HAB FRAELE, 2022
WAH#E)E Biecheleria BV B. brevisulcata™ = Yes HAB FEE, 2017
WHEE Gymnodinium BRI G. catenatum™ & Yes PSTs; HAB RAGEE, 2018; B4, 2023
PR EE G, impudicum™ & Yes HAB KBS 2018
G. microreticulatum® = Yes PSTs RAGEE, 2018
G. nolleri = Yes HAB Balkis et al., 2016
V)R Gonyaulax HAIEVAE G spinifera™ & Yes YTX; HAB RAGEE, 2018; BRAEAESE, 2023
INEFEIE Gyrodinium FiHEMVE TR G. fusiforme #%1 Unknown HAB IS, 2014; X ZEHISE, 2023
WEJiE AL G. Spirale A1 Unknown HAB Wt A 55, 2023
5B %8 Heterocapsa WK T3 H steinii” = Yes HAB Millette et al., 2023
H. rotundata* & Yes HAB Millette et al., 2023
ik H 8 )& Lepidodinium L. chlorophorum 41 Unknown HAB Roux et al., 2022
EJiTE)E Levanderina TERZESIFE L. fissa” 2 Yes HAB F RIS, 2022
¥R Lingulodinium Z1NEF#E L polyedrum™ & Yes YTXs; HAB Paz et al., 2004; Arévalo et al., 2006
JRZ W8 Protoperidinium fa )22 HIE P. excentricum? & Yes HAB Shamsudin et al., 1996
Jii )& Pyrophacus WK FRE P, steinii™ & Yes HAB MRA A 25, 2023
Paragymnodinium P. shiwhaense & Yes HAB Kang et al, 2013
TLWE )8 Pentapharsodinium WUR TG P. dalei™ = Yes HAB Ellegaard et al., 2017
Z L8 Polykrikos FEA LI P. geminatus™ = Yes HAB MrimiAe 4, 2023
BLR LW P. kofoidii™* J& Yes HAB Wi A 55, 2023
P. schwartzii™ = Yes HAB A 25, 2023
W LV P hartmanni™ 2 Yes %2 HAB WAt AE 2%, 2023
JEfAFEE Protoceratium PR R M7 P. reticulatum™ = Yes YTXs; HAB RABEE, 2018; [RAmAE%E, 2023
W C#E)& Scrippsiella HEIRWTECHEE S, acuminata™ = Yes HAB A2, 2023
Stoeckeria S. algicida® = Yes Hemolysin; HAB Jeong et al., 2005; K%, 2018
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MiZ2 FERIEFENIFVPBIEERZCERBELAENHAM. O)FERERLKE; Q-3)THALKEREM; RKT
FUKE; GOREHRITFHLKE; 6)EIEFEE; (7) Gonyaulax carbonell-mooreae; (8-9) 2 R[5 5% ; (10) Gonyaulax
kunsanensis; (11-12)B/RAREME R, TEEMHNET; B)BRTERREM2; (14HFIDEREMMI; AS)RFHETITE;
(6-18)HERET R F B EMTEE; (19-20)H#KETFCREB IR ; QUETIKEREM; (22) Scrippsiella cf. rotunda; (23)
Scrippsiella cf. erinaceus; (24)¥FBZEREM; (25-26) B/RAPEE; Q728 EREREEFHBENTEE; Q9-3DZILEFHE
ERERE. SERENEET; Q2MRERE; G3-35EARTSEEIACE . TERMNEHERE; G6)HTKZIAE; 37)
B RS G8)EARKE: Bl BEEPCREERS.



G, mEE, BT, &P, ERR (20260) @i S5ILREESAE TEAE: DR 0 AR, Y2 R
4, 34, 25426. https://www.biodiversity-science.net/CN/10.17520/biods.2025426

Appendix 2 Some harmful dinoflagellate cysts and germinated cells in sediments from the Bohai Sea and North Yellow Sea. (1)
Alexandrium catenella; (2-3) Alexandrium sp.; (4) Alexandrium ostenfeldii; (5) Alexandrium andersonii; (6) Gonyaulax digitale; (7)
Gonyaulax carbonell-mooreae; (8-9) Gonyaulax spinifera; (10) Gonyaulax kunsanensis; (11-12) Gonyaulax sp. 1 cyst, empty cyst
and motile planozygotes; (13) Gonyaulax sp. 2; (14) Gonyaulax sp. 3; (15) Scrippsiella lachrymose; (16-18) Scrippsiella acuminata,
living cysts and empty cyst; (19-20) Scrippsiella cf. acuminata; (21) Scrippsiella sp.; (22) Scrippsiella cf. rotunda; (23) Scrippsiella
cf. erinaceus; (24) Azadinium sp.; (25-26) Pentapharsodinium dalei; (27-28) Living and empty cysts of Gymnodinium catenatum;
(29-31) Living cyst, empty cyst, and motile planozygotes of Lingulodinium polyedra; (32) Protoceratium reticulatum; (33-35) Living
cyst, empty cyst, and temporary cyst of Fragilidium mexicanum; (36) Polykrikos schwartziiy (37) Pyrophacus steinii; (38) Biecheleria
brevisulcata, indicates species identified by single-cyst PCR.
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M3 #iERIALEER et iE

Appendix 3 Alpha-diversity indices at each station in the Bohai Sea and the North Yellow Sea

X WAL Chaol 53¢ Shannon ZFEMEFEH Pielou 395 fg ¥
Sea area Station Chaol index Shannon diversity index Pielou evenness index
#)¥ Bohai Sea BHO 18 0.449 0.155
BH3 23 2.063 0.658
BH4 22 2.512 0.813
NS12 18 1.088 0.376
NS13 22 2.069 0.669
NS18 19 1.832 0.622
NS19 21 2.365 0.777
NS20 21 1.984 0.652
NS21 20 1.532 0.511
NS22 25 2.431 0.755
NS23 23 1.736 0.554
NS24 23 0.694 0.221
NS25 13 1.613 0.629
NS26 19 2.433 0.826
NS27 22 2.192 0.709
NS28 19 2299 0.781
NS29 22 2.269 0.734
NS30 14 1.332 0.505
NS31 21 2.157 0.709
AR BH2 25 2.100 0.652
Bohai Strait NS35 13 0811 0316
BHS5 12 2.139 0.861
BH6 21 1.354 0.445
JeEE NS10 14 1.475 0.559
North Yellow Sea NS36 13 0.284 0.111
NS37 9 0.522 0.238
NS38 10 0.810 0.352
NS39 12 0.397 0.160
NS40 21 2.112 0.694
NS41 16 2235 0.806
NS42 5 1.180 0.733
NS7 19 1.692 0.575
NS8 15 0.646 0.239
NS9 13 0.772 0.301
NSA4 15 0.900 0.332
NSAS 12 0.694 0.279
NSA6 11 0.525 0.219

NSA7 22 1.627 0.526
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Appendix4 Amplicon sequence variants (ASVs) alignment results of 8 newly identified dinoflagellate cysts in the Bohai Sea and the
North Yellow Sea

ASV %5 Y HEX[H Amplification ~ GenBank /7515 il FH 8 o b
ASV no. regions GenBank accession Species Percent Identity (PID, %)
ASV_237 18S V4 KX097019 Alexandrium fragae 99.729
ASV 53 18S V4 LS974165 BRI NEE Azadinium spinosum 99.374
LS974159 PR Azadinium spinosum 99.374
MT644697 R BEEAR € T Azadinium sp. 99.374
ASV_180 18S V4 MH732694 Barrufeta bravensis 100
ASV_195 ITS1 FN645813 Barrufeta bravensis 99.308
ASV_154 18S V4 AB265963 Gymnodinium nolleri 100
ASV_90 ITS1 AM998535 Gymnodinium nolleri 100
ASV 586 188 V4 KJ758203 GiRINVAEE Gyrodinium fusiforme 100
ASV_155 188 V4 KJ757122 WEVEINVAEE Gyrodinium spirale 99.729
ASV 267 18S V4 AB686254 Lepidodinium chlorophorum 99.649
AB686253 Lepidodinium chlorophorum 99.649
AY664967 % F R SE P Lepidodinium sp. 99.649

ASV_324 18S V4 AM408889 Paragymnodinium shiwhaense 99.187
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