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ABSTRACT

The spatio-temporal distribution of toxic phytoplankton was investigated in seven designated shellfish growing
areas along the southern coast of Korea from April 2021 to March 2022. Vegetative cells of eight toxic
phytoplankton species were monitored using the Utermohl method, and additional environmental DNA analysis
and resting cyst surveys were conducted at nine sampling stations in Hansan-Geojeman area (Designated Area
No. 1). Results revealed that Pseudo-nitzschia spp. occurred most frequently in all areas, while Alexandrium spp.,
Dinophysis spp., and Prorocentrum cordatum were identified as the predominant toxic phytoplankton. In
Hansan-Geojeman area, vegetative cells of Alexandrium spp. increased during February-March 2022, and
environmental DNA analysis identified A. catenella and A. pacificum as the dominant species. A significant
correlation was observed between the paralytic shellfish toxin-producing gene sxtA and A. catenella in the
environmental DNA analysis, while resting cyst surveys demonstrated high occurrence frequencies at specific
stations (stations 1 and 9). This study provides fundamental data for monitoring toxic phytoplankton in shellfish
growing areas along the southern coast of Korea, validates the appropriateness of the existing monitoring stations,
and suggests the necessity of additional monitoring stations.
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3 (KSSP, 2024) ofl wa} 19805 mhulAuiFE4, 1991
ARE Ao FE4, 199398 E 7|94 uF54
o] tisto] z|&H oz sl @3 QUok, R 54 A
FaEY AN BE sloke iFss Wy olz @ ¥
of 329 7|2AE7} H7] vl 2008E FHAE AFS
SJAHR= (FVO) 9 Hitof mel, sh=slj 7ol 3Agel /5 &
Yagd oig U AL $Yskn 7o £F (alert
level) 275t} &5t Qlot.

F| 2ol HEAR #n7 747:'# 27| 273 DNA (eDNA)
A3 e BAYEYE Me B8 54 ABEYIE
DUEF Wgio] FERT 9ok (Medhn et al., 2017). &3t
EAE Ul FHEA BX A % 54 AEEFAE
Ao A A@/EE clSshe ol /-85 ARE Attt
(Anderson et al, 2014).

2 Ae = gsliote] 770 sl gellM B4 AlE

1. ZAFY 2 2AHA 7]

gt geliete] 770 SR (FHA - AARE AbEREAR
i, 1S, 7Rl e s, A, 7R oA F 167 =
AAAS AAs] 20219 492 20229 39714 € 23]
(4ol = 13]) ZAS A5} (Table 1). E5] Hat -
AARE s (1= 7\17‘*3 9‘%) oMe 97l 2AAHES A
(Fig. 1) 3t % EZFIE JUAE, A &
Wxz}, d2a —’F%—J T_7€lDNA°ﬂ et Al 2ARS AAISH

EEXRER

(National Reference Laboratory) 9
(Standard Operating Procedure) ol @2} Utermo6hl &4
M olgsle] sustet. XA Y 54 AEEYaEL
Alexandrium spp., Dinophysis spp., Pseudo-nitzschia
spp., Prorocentrum lima, Prorocentrum cordatum,
Lingulodinium polyedra, Protoceratium reticulatum,
Protoperidinium crassipes/curtipes & 8%°|3)th.

3. AE SR NEEYIE FUEA 2N

St AR s 97 2ARS] BS HEEE At
Manual on Harmful Marine Microalgae (Hallegraeff, 2003)
off w2 FHEA} A4S ATt A T2 Alexandrium

Table 1. Information on the sampling areas to survey bloom dynamics of toxin-producing phytoplanktons

. Sampling WGS-84
Sampling area . - -
site Latitude Longitude

) HA-10-0 34°46'16“N (34°46.2667'N) 128°31'25“E (128°31.4167'E)

Hansan-Geojeman area HA-12 34°49'36“N (34°49.6000'N) 128°33'41°E (128°33.6833'E)
(Designated area No.1)

HA-10-1 34°45'34“N (34°45.5667'N) 128°30'24“E (128°30.4000'E)

Jaranman-Saryangdo area JA-1 34°55'04“N (34°55.0667'N) 128°14'11“E (128°14.1833'E)

(Designated area No. 2) JA-3-0 34°49'58“N (34°49.9667'N) 128°15'06“E (128°15.1000'E)

Mirukdo area MI-6 34°48'38“N (34°48.6333'N) 128°20'55E (128°20.9167'E)

(Designated area No. 3) MI-6-O 34°46'42“N (34°46.7000'N) 128°20'56“E (128°20.9333'E)

Kamakman area KA-54 34°38'26“N (34°38.4333'N) 127°38'39°E (127°38.6500°E)

(Designated area No. 4) KA-55 34°38'02“N (34°38.0333'N) 127°42'03“E (127°42.05’E)

Narodo area NA-71 34°30'47“N (34°30.7833'N) 127°25'52°E (127°25.8667E)

(Designated area No. 5) NA-73 34°28'40“N (34°28.6667'N) 127°26'10°E (127°26.1667E)

Changseon area CH-61 34°51'12“N (34°51.2000'N) 128°04'23°E (128°04.3833'F)

(Designated area No. 6) CH-62 34°50'21“N (34°50.3500'N) 128°05'21“E (128°05.3500'E)

i GA-85 34°50'35N (34°50.5833'N) 127°57'52“E (127°57.8667E)

Gangjinman area GA-86 34°55'44“N (34°55.7333'N) 127°57'08“E (127°57.1333’E)
(Designated area No. 7)

GA-88 34°56'00“N (34°56.0000'N) 127°59'16“E (127°59.2667'E)
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Fig. 1. Sampling sites of the nine sampling stations with GPS
coordinates at Hansan-Geojeman area (Designated area
No. 1).

spp., Lingulodinium polyedra, Protoceratium reticulatum,
Protoperidinium  crassipes/curtipes 5 453 FII2
Gymnodinium spp.& E3s5tth.

4. 53 SH NESTIE S DNA Y

gt - AR s 97 ZARACIA 4 1 LE Zi45te
22 0.45 ym, A% 47 mmo Yo]EEMEEA uto]u}z]
(Sartorius, Goettingen, Germany) & o]3} & DNeasy®
Blood & Tissue Kit (Qiagen, Hilden, Germany) & ©|-&
stol &4 DNAS F3sKld. F3d @74 DNA=
Alexandrium tamarense E¥dZo| &£3= 5& (4
catenella, A. pacificum, A. tamarense, A. australiense,
I A affine,

A.  mediterraneum) Gymnodinium
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catenatum 181 T FE4 A4
Hxjo

3 ANZ PCR BAE

| sxtAol| o
AAsigih. &4 DNA EA2
AquaAmp® PSP Planktons Triplex ¢PCR Kit
(Auagentech Co. Ltd, Busan, Korea) S AR&3}o] A|ZA}
o] "o wet 351 em QuantStudio5 (Thermo
Fisher Scientific, Waltham, MA, USA) & ©o]-&5}o]
qPCRE 43313t
qPCR TENHES 33l =2H 2% (G @) & 54 AE
EZ3ES] DNA T4 (copy number) 2 Hitstz] s,
°0WEH_7c‘:'7“ (Z+ Z9] Plasmid DNA 100,000 copies/uL)
S BISHTE 108 FAste qPCREFEHES sk
ol 22 Cq A FAUNREAY o dEH= dHp
Higo 2 AFM (AL A 0.9 o) & FAAEH

o S
i)
i

SAEAN2 R=213 (http://cran.r-project.org, version
4.2.2) 370X 95% AlZeEo 2 £35gict. PSPEARMAN
packageE ©o]&dl| Amjojgt /JBAS (Spearman’s rank
correlation coefficients) & A5t}

[Ih]

1}

S B AEEFIAE YN S 8F

2021 445E 2022\ 39712 771 s RAEATS ol 2
51879 A8E BMS Z3, Pseudo-nitzschia spp.7} 452
eg 1 &2 &9 WEE B OoW Dinophysis spp.
(1217), Alexandrium spp. (917), Lingulodinium
polyedra (267), Prorocentrum cordatum (1273),
Prorocentrum lima (107), Protfoceratium reticulatum
(107), Protoperidinium crassipes/curtipes (871) £2.2

LERGTH (Table 2).

Table 2. Sum of observed samples and number of detected samples (> alert level) according to toxin-producing
phytoplanktons at all designated shellfish growing areas around Korean coasts

Sum of No. of detected
Toxin-producing phytoplankton observed samples Alert level
samples > alert leveD)?
Alexandrium spp. 91 3 > 100 cells/L
Dinophysis spp. 121 20 > 100 cells/L
Pseudo-nitzschia spp. 452 13 > 100,000 cells/L
Prorocentrum Ilima 10 4 No alert level
Prorocentrum cordatum 12 8 No alert level
Lingulodinium polyedra 26 No alert level
Protoceratium reticulatum 10 2 No alert level
Protoperidinium crassipes/curtipes 8 No alert level

Y Counted when above 100 cells/L for toxin-producing phytoplanktons without alert levels
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Fig. 2. A contour map showing spatio-temporal presences of the vegetative cells (cells/L) in water column samples of
the nine sampling stations at Hansan-Geojeman area (Designated area No. 1) from Apr 2021 to Mar 2022; A,
Alexandriumspp.; B, Dinophysisspp.; C, Pseudo-nizschia spp.

Fo] % (alert level) & 23+ A& Dinophysis
spp.7t 207102 7P Wkow, Pseudo-nitzschia spp. 13
A, Alexandrium spp. 37°]lt}. F9] £=Fo] A=A &
L =4 NEZYIAE Fo|Me Prorocentrum cordatum
(87), Prorocentrum lima (47), Profoceratium
reticulatum (271)0] 100 cells/L o]o2 HAZEHIT}

slgEze AL - AATNA  Pseudo-nitzschia spp.7t
8971, Dinophysis spp.7} 237, Alexandrium spp.7} 1771
74"51“ on, At - AFFE °H°4°1|/\1 = Pseudo-nitzschia
spp.7t 7871, Dinophysis spp.7t 2771, Alexandrium spp.
7F 1774 74§5]°*‘:} 2% oM Pseudo-nitzschia
spp.7t 637, Dinophysis spp.7} 2071, Alexandrium spp.
7k 1611 AEH

2.3 - AA o) B A EEFIE ’\l%" ] 2
Ab - AR S 97 ZARAHelN 5] 54 AEET
FYHE BXZE 2ARE A3, Pseudo HJtzsc]ua spp-
€ AAoIA w2 Nz EF¥slen, 53] 20219 7

ks
=R
7B

9 20Y0)l= 2E HHo||A alert level (100,000 cells/L) &
25199t} Alexandrium spp.e F2 7204 23
(20221_:] 293 °J) o] Z7}st= A Eo:lon:] A 194
7 = ™ (100 cells/L) & UEMth. Dinophysis
spp.= F2 B33 242 (20214 59-79) o £
o, Z- 13 2004 Adidor =2 vEE FHEQI
Prorocentrum cordatume 2021 7€ 2090 2E AA
oM AZEHJeH, FH 304 7ME =2 &= (97,180
cells/L) & Bt} (Fig. 2).

A8 29 UES BN 23, 34 1004 § 3832 7}
4 ge Fdol Basglon, E}%gg A 2 (343)), 34
3 (312)), %4 4 (303]) 2olgich. 27 ZAIH A7 13t
9ol E 54 AEEYAE0] vy £e WEE FAslsct

(Table 3).

AR EYANEETIAE FHEA X
Shak - AARE i 97 ZARAF ] AAoA FHEA EX
£ AR AW, Gymnodinium spp. FHEAT} W 22

Table 3. Spatio-temporal occurrence frequencies of eight toxin-producing phytoplankton vegetative cells in water
column samples across the sampling stations at Hansan-Geojeman area (Designated area No. 1) during the

survey period

Species St. 1 St. 2

St.3 St.4 St.5 St.6 St.7 St.8 St. 9

Alexandrium spp.*
Dinophysis spp.**
Pseudo-nitzschia spp.*** 24 24

Prorocentrum lima

4 2 3 2 1 3
3 1 1 1 2 3 1
23 24 22 23 23 20 23

Prorocentrum cornutum 1 1 1 1 1 1 1 1 1
Lingulodinium polyedra 2 1 1 1 1
Protoceratium reticulatum 1 -
Protoperidinium crassipes/curtipes - - 1 1
R ] 34 32 28 29 25 27 27 24 27
Total 38 34 31 30 26 29 29 26 29

_30_



Korean J. Malacol. 41(1): 27-34 2025

Table 4. Spatio-temporal distribution frequencies of five producing phytoplankton resting cysts in sediment
samples across the sampling stations at Hansan-Geojeman area (Designated area No. 1) during the survey

period
Species St.1 St.2 St.3 St.4 St.5 St.6 St.7 St.8 St. 9
Alexandrium spp. 5 2 4 7 2 6 1 4 9
Lingulodinium polyedra 3 2
Prorocentrum reticulatum 1 1 1 2 1
Protoperidinium crassipes/curtipes 2 1 - 2 - - 1
Gymnodinium spp. 18 15 18 17 16 16 15 17 18
Total 28 17 24 26 18 25 17 25 29

Aeot W2 waEglon, A4 1, 3, 9olA 7P RIHsHA
(47 183). Alexandrium spp. FHEA=
27 9 (93]), BA 4 (73]), A 6 (63)) oM &2 W=
wEEYeH, Y Hd sE& 0.2-1.5 cells/g] H 9]
Bty Lingulodinium polyedra, Protoceratium
reticulatum FHEA = F2 HEe sE2 A7 HHojA
o EHs1 oM, Protoperidinium crassipes/curtipes &
™ Ex}.}; Z«]—[;:] 3!,}-711—5];(] oJ-ol— (Table 4)

FHEA AEA 2@ FFS 2T A, ASHA

BAA A5 PRSI A4S mglow, S8 2022 2%
2247 3¢ 8% 7MY =2 &% H=E yeEyld (Fig. 3).
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Fig. 3. Spatio-temporal distribution frequencies of five
producing phytoplankton resting cysts in sediment
samples  throughout the survey period at
Hansan-Geojeman area (Designated area No. 1) across the
nine sampling stations.

oA =2 =25 Hth 2022 39 170 AH 704
Ztf 1,618.37 cells/L, B4 1914 1,321.67 cells/Le] &%
2 7Z5o] alert level (100 cells/L) & A Za}stich.
A. pacificume F& 4% A4 52 =& A&
dom, HH 1 (103)), B4 3 (103]), A 2 (93]) ojlA &
A 25 A affineS F2 A 1 (63]) oM &2
HC 2 ZAEEom, A australiense= A7 63+ 7 (42 4
3)) oA HluF 2F AU}, A mediterraneum}t G.
catenatume ¥E Aol EHog HEEHoH, A
tamarenses S oMM HAEFA EUTt (Table 5).
oA E4 A AR sxtAE F2 ALHAM 2
B3 (20224 2€-39) o A== eH, A 7oM W =
2 ¥z (43]) 2 FHEJ. sxtA FAze 54 AEZ

=

3E 37 DNAS 433A B4 A3} A. catenella?t S|
Aoz fogt ¥l JHEAE Bt (p < 0.05)(Fig. 4).
o E

2 A g delet SRl 54 AEERAE
AZ7HA 2ol digh F3HAQ HRE AlFsigict. AL At
Pseudo-nitzschia spp.7t BE oA 71 WIHEHA &4
stRom, E35] ofEH (7€) o alert levels 2ok &2
=& WHEEQI o= 01%7"34 dsiotoll N Pseudo-nitzschia

spp.ol o3 7|JANEFEE4A  (Amnesic  Shellfish
Poisoning, ASP) 984 °l BHHoE =2 4 IS AA}
Stk

Alexandrium spp.= F2 AZEoAN gHE AghE+= A
7] (2-39) ol $7kote AFde Eom, 27 DNA 24 2
o A. catenella7t 8 F2= FRIEUT}. A. catenellas
ohe)/dujF-54 (Paralytic Shellfish Poisoning, PSP) 9] 5
2 YoFoz IdeA 9lon (Anderson et al, 2012), &
AN E sxtA AL foldt FHBAE Hof S gl
QoA whH|dujR=A WA 22 AJNFUS sttt
E3] 20224 2-3¥€9 alert level& IA 2I}she 52 7
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Table 5. Spatio-temporal presences of 3 species plankton eDNA (cells/L) in water column samples of the nine sampling stations at
Hansan-Geojeman area (Designated area No. 1) from Apr 2021 to Mar 2022

Species Detection St. 1 St. 2 St. 3

St. 4 St. 5 St. 6 St. 7 St. 8 St. 9

Maximum
(cell/L)
Frequency
(n)
> alert level

(n)

3.45 0.87 15.11

A. affine

7.89 0.86 6.55 10.25 98.28 146.27

Maximum
(cell/L)

A. catenella Fre(zz)e ney 9 6 8

1,321.67 746.08

> alert level

(n) 3 3 2

555.93  388.67

376.85 751.19 161837 387.67 490.34

9 10 9 7 6 8

2 3 2 3 3 3

Maximum
(cell/L)

A. pacificum Fre(z;l};e ney 10 9 10

34.82 27.19 15.54

> alert level

(n)

7.72 35.40 47.92 11.29 25.36 33.89

8 6 8 7 5 4

ZEo] o] Al7]o mhduiFEa A0l 538 AR
Dinophysis spp.£ F2 54 (4-62) ol ¥ & =S
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et al, 2014), 54 st= ‘—"6]]01-01]/\-] AATEEA 234
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7@@ (5°l BA 9, 4, 6) oA &2 Hi== HHEgoH, o
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Fig. 5. Scatter plots between presences of six Alexandrium species (A. tamarense complex and A. affine)/G.
catenatum and sxtA gene eDNA (copies/L) and their associated linear regressions (black solid line) with
the linear regression coefficient, 7 in water column samples at Hansan-Geojeman area (Designated area
No. 1) during the survey period. Spearman’s rank correlation coefficients (rs, *2< 0.05) of each species

were presented.
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