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Abstract

Sea surface temperatures have shown a long-term increasing trend along the Korean coasts in association
with climate change. Consistent with this warming trend, subtropical benthic dinoflagellate genera, including
Gambierdiscus, Ostreopsis, Coolia, Prorocentrum, and Amphidinium, were first reported from the coastal
waters of Jeju Island in 2009. These genera include toxin-producing species associated with ciguatera fish
poisoning (CFP) and therefore warrant continued monitoring because of their potential implications for
marine ecosystems, fisheries, and aquaculture.

This study surveyed the dominant macroalgal species along the west coast of Korea and compared the
occurrence patterns of five genera of subtropical benthic dinoflagellates epiphytic on these macroalgae
during 2022 and 2023. Prorocentrum cf. lima and Ostreopsis sp. were consistently detected during spring,
summer, and autumn over two consecutive years in the coastal waters of Seocheon, Buan, and Gochang,
whereas they were absent during winter.

These findings indicate that these subtropical benthic dinoflagellates are capable of surviving in the
highly dynamic intertidal environment of the West Sea, characterized by a large tidal range. Their repeated
seasonal occurrence over two consecutive years suggests that they are recurring components of the western
Korean coastal ecosystem and highlights the need for continued monitoring under ongoing ocean warming.
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[Fig. 1] Ciguatera-causing dinoflagellates species(size
bar=20um). (a)Gambierdiscus sp., (b)Coolia
sp., (c)Amphidinium sp., (d)Ostreopsis sp.,
(e)Prorocentrum lima.
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[Fig. 2] Sampling sites in the West-sea.

<Table 1> Sampling station locations

site latitude & longitude
GH(Ganghwa) 37.710235, 126.319929
IC(Incheon) 37.437693, 126.378185
TA(Taean) 36.840139, 126.166295
BR(Boryong) 36.333384, 126.521287
SC(Seocheon) 36.148117, 126.520800
GS(Gunsan) 35.819834, 126.473161
BA(Buan) 35.603834, 126.473643
GC(Gochang) 35.508787, 126.480679
MP(Mokpo) 34.868733, 126.327548
JD(Jindo) 34.479862, 126.172360
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<Table 2> Physical parameters at each sampling site in 2022 and 2023(water temperature, salinity, dissolved

oxygen and pH).

site sampling date temp.(C) sal. DO(mg L-1) pH
(2022-2023) (range/ave.) (range/ave.) (range/ave.) (range/ave.)
Feb. 2.8-4.0/3.4 29.3-31.3/30.3 10.4-11.1/10.8 8.6-8.9/8.7
GH May 11.2-18.6/14.9 27.5-28.9/28.2 10.1-11.1/10.6 7.1-8.2/7.6
Aug. 22.1-29.0/25.5 20.0-30.1/25.1 8.5-8.6/8.6 7.1-7.7/7.4
Oct. 19.5-22.8/21.1 31.7-32.1/31.9 9.1-9.1/9.1 7.2-7.5/7.3
Feb. 1.3-2.2/1.75 29.3-31.3/30.3 12.3-12.8/12.6 8.3-8.4/8.3
I May 11.1-18.6/14.9 27.5-29.0/28.2 10.1-11.1/10.6 7.0-8.2/7.6
Aug. 23.2-30.1/25.5 25.2-32.1/25.1 6.7-8.1/7.4 8.1-8.4/8.3
Oct. 18.2-23.1/20.7 30.1-31.5/30.8 9.1-9.1/9.1 7.2-7.5/7.3
Feb. 2.0-3.12.6 31.7-32.6/32.1 10.4-11.6/11.1 7.8-8.0/7.9
TA May 13.5-19.1/16.3 30.1-31.2/30.7 10.8-12.2/11.5 6.9-8.0/7.7
Aug. 26.5-30.0/28.2 30.7-31.2/31.0 7.1-7.4/7.3 8.2-8.5/8.3
Oct. 18.5-23.0/20.8 30.1-31.3/30.7 8.4-8.5/8.4 8.2-8.4/8.3
Feb. 3.2-3.4/3.3 31.2-32.2/31.7 10.1-10.3/10.2 7.8-8.0/7.8
BR May 16.1-20.3/18.2 28.6-31.2/29.9 11.3-13.1/12.2 7.1-8.1/7.6
Aug. 28.6-31.1/29.8 29.0-30.2/29.6 6.0-7.2/6.6 8.0-8.1/8.0
Oct. 20.0-20.8/20.4 31.8-32.1/32.0 8.6-8.7/8.7 8.4-8.4/8.4
Feb. 4.1-5.5/4.8 31.2-32.1/31.7 9.1-10.5/9.8 8.4-8.5/8.5
SC May 16.4-18.8/17.4 27.9-31.1/29.5 11.0-12.1/11.6 7.7-8.0/7.8
Aug. 31.9-32.7/32.3 30.1-30.9/30.5 6.5-7.5/6.8 7.4-7.5/7.4
Oct. 20.0-22.0/21.0 30.1-31.3/30.7 9.1-9.2/9.2 7.6-8.1/7.9
Feb. 3.2-4.4/3.8 26.4-30.3/28.4 10.4-11.1/10.8 6.9-7.7/7.3
Gs May 15.9-18.9/17.4 30.0-31.1/30.5 11.1-11.8/11.4 7.9-8.2/8.1
Aug. 25.6-33.1/29.3 26.3-32.1/29.2 6.1-8.1/7.1 7.9-8.0/8.0
Oct. 18.9-23.1/21.0 30.9-31.3/31.1 7.3-8.9/8.1 7.4-8.2/7.8
Feb. 3.1-4.4/3.7 29.6-30.1/29.9 9.0-10.1/9.6 7.9-8.0/7.9
BA May 16.6-20.0/18.1 29.7-32.2/31.4 10.7-11.2/10.9 8.0-8.1/8.1
Aug. 25.2-32.8/29.0 29.2-32.2/30.7 6.5-7.7/7.1 7.8-8.1/8.0
Oct. 20.1-20.6/20.3 30.9-31.1/31.0 9.8-10.1/9.9 8.0-8.3/8.2
Feb. 3.8-4.0/3.9 30.5-30.6/30.6 10.5-10.6/10.5 8.0-8.1/8.0
Ge May 17.8-20.1/19.0 31.5-32.2/31.8 10.7-12.2/11.4 7.7-8.1/7.9
Aug. 29.1-32.2/30.6 31.4-32.0/31.7 6.6-7.6/7.0 6.9-8.1/7.5
Oct. 17.7-22.1/19.9 31.1-31.2/31.1 8.1-9.1/8.6 7.7-8.1/7.9
Feb. 4.0-4.1/4.1 32.1-32.2/32.1 9.7-10.8/10.3 7.8-8.0/8.0
MP May 17.3-19.2/18.3 32.6-33.2/32.9 10.1-11.1/10.6 6.6-7.8/7.2
Aug. 27.0-31.8/29.4 31.8-33.2/32.5 6.0-7.4/6.7 7.7-7.8/7.7
Oct. 17.5-23.0/20.2 32.2-32.7/32.5 9.1-9.2/9.2 6.8-8.0/7.5
Feb. 3.2-3.8/3.5 29.8-30.1/30.0 9.1-9.4/9.3 8.0-8.2/8.1
D May 17.1-20.6/18.9 31.1-31.4/31.2 10.7-11.1/10.9 7.6-8.1/7.9
Aug. 25.9-32.2/29.0 31.1-31.4/31.2 5.4-8.2/6.8 7.5-7.8/7.6
Oct. 17.8-22.9/20.3 31.4-31.9/31.6 8.9-9.0/9.0 7.1-8.9/7.9

4 2= Sargassum thunbergii(A% 1), Ulva
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<Table 3> Seaweeds collected from the West Sea in 2022-2023
sampling <2022> <2023>
sites species name(occurrence period) species name(occurrence period)
o . Gracilaria vermiculophylla (Feb.)
IC Gracil lophylla (Feb., Aug.
racilaria vermiculophylla (Fe ug.) Chondracanthus intermedius (Feb.)
Gracilaria vermiculophylla (Feb., May, Aug.) Gracilaria vermiculophylla (Feb., May, Aug.)
Ulva linza (Feb., May) Ulva linza (Feb., May)
Scytosiphon lomentaria (Feb., May, Aug., Oct.)  Scytosiphon lomentaria (Feb., May, Aug.)
TA Sargassum thunbergii (May, Aug., Oct.) Sargassum thunbergii (May, Aug., Oct.)
Ulva pertusa (Aug.) Ulva pertusa (Aug., Oct.)
Chondracanthus intermedius (Oct.) Chondracanthus intermedius (Aug., Oct.)
Corallina pilulifera (Oct.) Corallina pilulifera (May, Aug., Oct.)
Ulva linza (Feb., May) Ulva linza (Feb., May)
Ulva pertusa (Feb.) Ulva pertusa (Feb., May)
Corallina pilulifera (Feb., Aug.) Corallina pilulifera (Feb., May)
BR Sargassum thunbergii (Feb., May, Aug., Oct.) Sargassum thunbergii (Feb., May, Aug., Oct.)
Polysiphonia sp. 1 (Feb.) Gelidium divaricatun (Feb., May, Aug.)
Gelidium divaricatum (May, Aug.) Gracilaria vermiculophylla (May, Oct.)
Gracilaria vermiculophylla (May, Oct.) . .
Chond| th t d Aug., Oct.
Chondracanthus intermedius (Oct.) ondracanthus infermedius (Aug., Oct.
Sargassum thunbergii (Feb., May, Aug., Oct.) Sargassum thunbergii (Feb., May, Aug., Oct.)
Polysiphonia sp. 1 (Feb.) Ulva pertusa (Feb., May)
SC Ulva pertusa (Feb., May) Corallina pilulifera (Feb., Oct.)

Corallina pilulifera (Feb., Oct.)

Porphyra tenera (May, Aug., Oct.)

Porphyra tenera (May, Aug., Oct.)

Sargassum fusiforme (Aug.)

Sargassum fusiforme (Feb., Aug.)
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sampling <2022> <2023>
sites species name(occurrence period) species name(occurrence period)
Sargassum fusiforme (Feb., May, Aug.) Sargassum fusiforme (Feb., May, Aug)
Sargassum thunbergii (Feb., May, Aug., Oct.) Sargassum thunbergii (Feb., May, Aug., Oct.)
GS Ulva pertusa (Feb., May, Aug., Oct.) Ulva pertusa (Feb., May, Aug., Oct.)
Ulva linza (May) Ulva linza (Feb., May)
gz;;fldlil;r’f 5 ZZZZ Z’a(o(lc\fi)iy, Aug,) Corallina pilulifera (May, Aug.)
Sargassum thunbergii (Feb., May, Aug., Oct.) Sargassum thunbergii (Feb., May, Aug., Oct.)
Ishige sinicola (Feb., May) Ishige sinicola (Feb., May)
Ishige okamurae (Aug., Oct.) Ishige okamurae (Aug., Oct.)
Gelidium amansii (Feb., May, Aug., Oct.) Gelidium amansii (Feb., May, Aug., Oct.)
BA Sargassum coreanum (Feb., May, Aug.) Sargassum coreanum (Feb., May, Aug.)
Ulva linza (Aug.) Ulva linza (Aug.)
Ulva intestinalis (Aug.) Ulva intestinalis (Aug.)
Corallina pilulifera (Aug.) Corallina pilulifera (Feb., Aug.)
Gelidium divaricatum (Oct.) Gelidium divaricatum (Aug., Oct.)
Silvetia siliquosa (Oct.) Silvetia siliquosa (Feb., May, Oct.)
Sargassum thunbergii (Feb., May, Aug., Oct.) Sargassum thunbergii (Feb., May, Aug., Oct.)
Ishige okamurae (Feb., May, Aug., Oct.) Ishige okamurae (Feb., May, Aug., Oct.)
Corallina pilulifera (Feb., May, Aug., Oct.) Corallina pilulifera (Feb., May, Aug., Oct.)
GC Sargassum coreanum (Feb., May, Aug., Oct.) Sargassum coreanum (Feb., May, Aug., Oct.)
Gelidium divaricatum (May, Aug., Oct.) Gelidium divaricatum (May, Aug., Oct.)
Ulva linza (May) .
Polysiphonia sp. (Aug) Ulva linza (Feb., May)
Sargassum thunbergii (Feb., May, Aug., Oct.) Sargassum thunbergii (Feb., May, Aug., Oct.)
Polysiphonia sp. 1 (Feb., Oct.) Dumontia simplex (Feb., May)
Polysiphonia sp. 2 (Oct.) Chondria crassicaulis (Feb., May, Aug., Oct.)
Dumontia simplex (Feb., May) Symphyocladia latiuscula (Feb., May)
Chondria crassicaulis Chondracanthus intermedius
(Feb., May, Aug., Oct.) (Feb., May, Aug.)
MP Symphyocladia latiuscula (Feb., May, Aug.) Ulva linza (Feb., May)
Chondracanthus intermedius (Feb., May, Aug.) Gelidium divaricatum (Feb., May, Oct.)
Ulva linza (Feb., May, Oct.)
Ulva pertusa (Feb.)
Gelidium divaricatum (May, Oct.) Polysiphonia sp. (Feb.)
Polysiphonia sp. (May)
Ulva intestinalis (Aug.)
Sargassum thunbergii (Feb., May, Aug., Oct.) Sargassum thunbergii (Feb., May, Aug., Oct.)
Ulva intestinalis (Feb., May, Aug.) Ulva intestinalis (Feb., May)
Ishige okamurae (Feb., May, Aug., Oct.) Ishige okamurae (Feb., May, Aug.)
Silvetia siliquosa (Feb., Aug., Oct.) Silvetia siliquosa (Feb., May, Aug.)
JD Chondrus ocellatus (Feb., May) Chondrus ocellatus (Feb., May)

Ulva pertusa (Feb., May, Oct.)

Ulva pertusa (Feb., May)

Gloiopeltis furcata (May, Aug., Oct.)

Gloiopeltis furcata (Feb., Aug., Oct.)

Sargassum fusiforme (Aug.)

Chondria crassicaulis (Oct.)

Sargassum fusiforme (Aug.)

SH=FE AlFOEE} o5 Reld=2
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Ao S thunbergii(A1%2))°ll 8 cells wwt-g™
o] AZEATH<Table 4, 5>).
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2022L4 297 YA HEEA Ak sYEH)
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fireshwateri(oN7] 557 AN Prorocentrum  lima 2
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AT 202239 32T Ostreopsis sp.7t
2% AEESIo 20230 E8sHA] etttk 8
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202247 2023 Aol E@gE AlgrotH|et o
&5 AJAE2 Prorocentrum lima®t Ostreopsis sp. 2
Fo|glom, AgHel= 'if‘ﬁ}x] o, wEHF
B 712877 2@E Slseitk(Fe . 2%9)

3o ARdE AYs Az, A, 1Ay
Sloja] 24 ek A&H O 2%o| E%ﬁ}%
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12 Fe 1l A9E IS 5 ATk
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[e)

O

<Table 4> Abundance of Prorocentrum lima by seaweed species in 2022

date site abu. (cells wwt-g-1) seaweed species

May GC 2 Gelidium divaricatum

Aug. GC 4 Gelidium divaricatum

Oct. GC 12 Sargassum thunbergii, Gelidium divaricatum
May BA 6 Ishige sinicola, Sargassum thunbergii

Oct. BA 19 Gelidium amansii, Ishige okamurae

Aug. SC 11 Sargassum fusiforme

Oct. TA 3 Sargassum thunbergii
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<Table 5> Abundance of Ostreopsis sp. by seaweed species in 2022

date site abu. (cells wwt-g-1) seaweed species

May GC 2 Sargassum thunbergii

Aug. GC 47 Sargassum thunbergii, Ishige okamurae
Oct. GC 3 Gelidium divaricatum

May BA 2 Sargassum thunbergii

Aug. BA 8 Sargassum thunbergii

Oct. BA 15 Gelidium divaricatum, Silvetia siliquosa
Oct. SC 8 Sargassum thunbergii

<Table 6> Abundance of Prorocentrum lima by seaweed species in 2023

date site abu. (cells wwt-g-1) seaweed species

May GC 2 Gelidiophycus freshwateri

Aug. GC 23 Gelidiophycus freshwateri

Oct. GC 11 Sargassum thunbergii, Gelidium elegans
May BA 4 Sargassum thunbergii

Aug. SC 11 Gelidiophycus freshwateri

Oct. SC 1 Ishige okamurae

Oct. TA 7 Sargassum thunbergii

<Table 7> Abundance of Ostreopsis sp. by seaweed species in 2023

date site abu. (cells wwt-g-1) seaweed species
Aug. Ge 27 Sarga.ssum thunbergii, .
Gelidiophycus freshwateri
Oct. GC 11 Gelidiophycus freshwateri
Aug. BA 14 Sargassum thunbergii
Aug. BR 5 Gelidium elegans
Oct. SC 4 Sargassum thunbergii, Silvetia siliquosa
Pi trum li j
rorocentrum lima 2022 Ostreopsis sp. 2022
21 2023 1
40
< !
o 2 30 -
2 3
2 2 20
2 @
S tE.J 10
D -
Aug.
Sampling Time Sampling Time

[Fig. 3] Comparison of the abundance of species Prorocentrum lima and Ostreopsis sp. in 2022 and 2023.
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