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Abstract: Red tide blooms are increasing worldwide. Since 1995, Margalefidium polykrikoides blooms have occurred
frequently in the waters around the Korean Peninsula. These blooms generally appear first on the South Sea of
Korea in summer. When they occur on a large scale, they extend to the East Sea of Korea and the West Sea of
Korea, causing great damage to fisheries and marine ecosystems. Harmless red tide can also adversely affect the
environment of the waters by causing oxygen depletion in waters when occurring at high density. Currently, the
National Institute of Fisheries Science (NIFS) is providing the daily red tide report based on M. polykrikoides red
tide species. This report contains red tide species, location, and cell abundance information, but is limited to use

as cell abundance data based on exact location. In addition, the waters around the Korean peninsula have different
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characteristics, so that the optical characteristics and seawater environment are different for each water. In the East
Sea in Aug. 2013, the West Sea in Aug. 2016, the South Sea in Aug. 2018, and the South Sea in Aug. and Sep. 2019,
during red tide season, dataset were obtained for red tide cell abundance, spectrum, chlorophyll concentration, and
suspended particulate matter concentration. ANoctiluca scintillans species were observed in the field survey
conducted in 2016, and M. polykrikoides was mainly found in the other field surveys. Location-based red tide cell
abundance data and seawater environment information obtained during red tide occurrence will be useful data for
the construction of red tide warning system to reduce damage due to red tide blooms.

Keywords: Margalefidium polykrikoides, Noctiluca scintiflans, Red tide blooms, Red tide warning system
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Table 1. Red tide warning standard in National Institute of Fisheries Science (NIFS).

Warning class

Scale

Cell density

Red
emergence
attention

tide

When the density of
appearance of red tide
creatures increases and
red tide occurrence is
expected

O Dinoflagellates: depends on cell size and toxicity

- Chattonella spp.: over 1,000 cell ml’

- Magalefidium polykrikoides. over 10 cell ml™

- Gyrodinium sp.. over 200 cell ml”

- Karenia mikimotor. over 500 cell ml~

- Others: over 10,000 cell ml

O Diatoms: over 20,000 cell ml

O Mixed blooms: over 20,000 cell ml"' (over 50%) of
dinoflagellates

Red tide attention

Red tide blooms over
radius 2-5 km (12-79
km?)  and  potential
fishery damages

O Dinoflagellates

- Chattonella spp.: over 2,500 cell ml’

- Magalefidium polykrikoides. over 300 cell ml

- Gyrodinium sp.: over 500 cell ml”

- Karenia mikimotor. over 1,000 cell ml|’

- Others: over 30,000 cell m|

O Diatoms: over 50,000 cell ml"

O Mixed blooms: over 40,000 cell ml' (over 50%) of
dinoflagellates

Red tide alert

Red tide blooms and

over radius 5 km (79
km?) and fishery
damages

O Dinoflagellates

- Chattonella spp.: over 5,000 cell ml’

- Magalefidium polykrikoides. over 1,000 cell m|

- Gyrodinium sp.: over 2,000 cell ml™

- Karenia mikimotoi. over 3,000 cell ml

- Others: over 50,000 cell ml’

O Diatoms: over 100,000 cell ml

O Mixed blooms: over 80,000 cell ml" (over 50%) of
dinoflagellates

Warning lift

red tide are extinct, no risk of fisheries damages
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Fig. 1. The study area used for red tide detection (Top). (a) the Saemangeum coast in the West Sea, (b) the
Yeosu and Namhae coast in the South Sea, and (c) the East Sea of Korea. Dots indicate in-situ sampling
locations where chlorophyll concentration, suspended particle matter (SPM) concentration, the spectrum of
surface waters, and cell abundance were measured. Bottom image enlarged to top image. Red box is

sampling locations near Bangjukpo Beach in Yeosu.

Bang]ﬁkpo Beach P01

] .
~ _ R10 R15 P02

7-8 Aug. 2018
30-31 Aug. 2019
25-26 Sep. 2019

Fig. 2. The enlarge image represents sampling locations near Bangjukpo Beach in Yeosu. Red dots, green
dots, and blud dots indecates sampling locations on 7-8 Aug. 2018, 30-31 Aug. 2019, and 25-26 Sep. 2019,

respectively.
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Table 2= oHtE FH SHAOIM +HE AYZAL S F & SE Atgol =5 LIEIHD JUCh AFZA & FH
= 72700|H, 8= AHEY XE2= 89/, 2EEE sk XNEs 62/, FRE2E sk NEE 477, 2 sk
XFE: 52707t 2 SE[RACH 2018 8O 7+ B2 FHOM AFZAZL =HEAD, 2019E 8EH0l=
polykrikoides 27t DU 2 LYWSO| Cha=0f 75‘"5 2HEHZ 2 FOQUCE et 2=SE M
polykrikoides & &&= HI= 0.08 cell mIOA 4,647 cell mI"¥1, St M s F[A 0 cell mlIToAf

6,01570Hl/mL7tX| 2tE 7HRLC.

Table 2. The list of In situ measurements around the Korean coastal waters.

Occurrence Date No. No. Spectral No. Chl. No. SPM No. Cells
waters Station data data data abundance
East Sea of 2013.8.12-13 14 1 14 14 14
Korea
South Sea of 2018.8.7-8 19 23 14 - 11
Korea 2019.8.30-31 17 37 14 14 14
2019.9.25-26 12 18 10 10 10
West Sea of  2016.8-10-11 10 10 10 9 3
Korea
Total 72 89 62 47 52
3) UHAHEY 5Y
ZF FHEOMel = AHEZHZ 349 nmOjlA 808 nm AtO|Q] MELCHAHS| EHHRE &= hyperspectral free-

faIIing optical profiler@l Profiler Il (Satlantic Inc; Canada)df 350 nmOflA{ 1025 nm (Serial number 16395)Lt 2500
m (Serial number 16031, 18701) H¢|o| TEEE = 50| 7tstt AHEZO[EHQl FieldSpec3 (Analytical Spectral

Devices Inc; USA)S AtE3I0] 2 EL|QACL Profiler IIE 83 column®| Up-welling radiance, up-welling, down-
welling irradianceE 2t 3W4 ZHHstH, 2 FYHEOM =4 1 m HAOIC X7t L SEICH 3WY ZHS Xtgs

3

4 3
Yo US AESIRL, BS 1

OlM ZHFot XAt2E ALESIRULCE A=l HEtS ISiAM ProSoft Software
(Satlantic Inc; Canada)E 83}, XFHOZE |ABLAIE (Remote-sensing reflectance, R,) @40 AHEE|RULE
Spectroradiometer®l ASDE &3t ZI HHO|A 2| total water-leaving radiance, sky radiance, down-welling
iradiance?t FFEIACE ZE FEFF0| CHSHH 3 dtEx==2 FHFPE|LD, 0| Bt 742 O[8%HCh 7|2t
S ALO|o] MZEHEO| ol UMSH= sky radianceO| 0.0255 &3t i1} total water-leaving radiancel| A&

—
tEEICH X BHCE AUALEE  water-leaving radiancelt down-welling

>

Sl water-leaving radiance”t
irradiancel| H|Z A At=ICH

r

@) 222 Y $REW & 57
H% 22 5& KB UASS 9S00 2 BHOIM of5 MEY £ XS0 47 mm@ K2 U] LEH (glass
|

| o = O =
fiber filter, GF/F, Whatman Inc.)& A3t O{ItE ™SI 2 HEOA 1~2 L si+=E utst o,

Oof &l

ZHes ANER0 2SI Ools T HAPHMOM 240 OFORCL FEL= 90% OMES 0[83H]
FEi¢n, 2FEEA (Lambda 19 UV/VIS/NIR dual-beam spectrophotometer, Perkin Elmen)E& 0| 83}0]

orgoo| Mg g5 ZFYSIRAL 2ERE sEe £ IEOOM ZEE SEEE AESHH Atz o
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(Jeffrey and Humphyrey, 1975), 750 nm LtECHO| ¢t2 O| 85t HEHEIC) (Ritchie, 2006).

(11.86 X (ageqa — A750) — 1.54 X (Ag47 — A750) — 0.08 X (ag30 — A750)) X V;

Chlorophyll concentration =

L. XV
O7IM o= 2 THECoIMe SEE=E LIEIWH, v, & 90% OtMESl AHS™ mLRE AHHOME= 10 mL7t
AEEIRALCt L= 2 outE (V)Oo|H, v, A4 42| ZO|Z 1 cmO|Lt.

FR=E sk 52 f5td dH0|M 02| FH[o EHE ALESIRACL 60°COIA 4A|ZH SQF RSO FH|oH
0.4 ym 42| 3:7|S O{1tX| (Nuclepore membrane filter, Hyundai micro)& o+ MEYCR ASE oi+8 Z
FE 94 500 mL LHQIZ OItSHRACE OutEl HHe W EEet 20| AN Yo ZULE HES OHE

A
FAE =Eotot. s our b ot =0 FYE FEHO FAHL AXe o Yoz LixEH FEREE sk
z AlS

6) HE 4 5 £
20139 82 Mt 2016 82 ZBjofA BHE Mxo| M == =X Ysl0] HE sl A|RE Lugol's
solution@ 2 1H3I & AXH THAAM AMFAMZE 2

[m
chain reaction) 71712 o|&83st¢n, s0|E1t FlowCAME 0|23t
o

=M5IALL & = fI8h Ar8% PCR 717|= Z20|HE 0|83t &3 E7IMET = , =
AF1O|ME PCR product® cloning-sequencingdtd] & SH& FdSIYUCE PCR IHOAM AEE T £0
I 2}0|M(species-specific primer)= DNA F7|ME & B¢t B0|7F 2 ITS(Internal transcribed spacer) F&2%S
EfZWC 2 CIXQUE|RUICE Ol Cochlodinium fulvescens, Margalefidium polykrikoides, Gymnodinium®| B8 StH

Forward 222 '50-taagccatgcatgtctcag-30' (TPL1F), Reverse 22 '50-rgamcactcaatcggtagg-30° (mTPL1R)E
C|XtOIZ| ATt (Anton et al., 2008).
20184 88, 2019 8E, 90| MEZE oz 3MCH PCR2l ddPCR (droplet digital PCR)2 O|&73}0

EANAMESY T =8 X dEH 4 SEE —E"%foﬂ'tr Fig. 32 ddPCRS 0|23t & M2 24 ™0 Tl
D A5} 510 LIEFLHQUCHLee at al., 2017). ddPCRE PCR productE 20,0007§2| O|A%E (droplet) 2 THSO| 2+t
DM 2SS AXste YHoR, ZotS 225 %6H M SZ0f 2 copy numbers EHICE SHYEE A|29
4% AMz0| ZotEl FEO[L) ERYUX S0| PCR IHO| XMoimMzM Zuto| Je2 O/E = UAX|T, ddPCRE
0|8t & FY ZEEZ2 oo XAl gt Hualo] X Yt 7tsstn e 2AA 7t
HeHde 28 = UCts FTO| AUCH (Lee et al, 2017). 24 -0 A E Z2t0|H= M. polykrikoidesOl| Bt
E0|Ho2 "3t T 50| Z2t0|HE O|83IRA2M, Forward &2 5'-GACGCAGCGAAGTGTGATAA-3' (M.
poly ITS-F), Reverse Hsf2 |

5'-CAACGCCTTGACAAACAAGA-3' (M. Poly ITS-R)E C|XtRISIALCE CIXIQIE T £0
Z20|H= NCBI Primer-BLAST tool X ™7|¥& ZME Sl M. polykrikoides B FO|Tt E0|Ho 2 HHE5H=
AS Bt AFOM xSt Sl4== cellulose acetate (Advantech Inc; Japan) ZEHZ Ojutsigion, ZE st
CA OJItX|Z28H alkaline lysis, neutralization, homogenizing 52| X2| 'S &5 DNAE FEIGCH FEE
DNAE ddPCR 242 &8l copy number2 Zut7t =&EQUD, AX AFONM F=EE M polykrikoides

SZ2 copy number?t2| MEAlS S M =& SHUISHIUCH

m

Il
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. : the abundance of a species
Cultures with known
numbers of target species
and field samples ',4
N
4 * Adding
lysis buffer ,‘y
l l & beads
Performing ddPCR
Filtration P l Analysis
Sy ‘ ’
v —y. }Incubation ] F
= 6 & o | (for30min at 98°C) E - s k'«-nm
L =™
g, :.,.e, - :
l < I, '
Y -
4 = Adding -
neutralization §
l l buffer =
. e .
@, . Spin-down -
*® % (for 5 min at 10k rpm) At —
~
Stored in -80°C ~—

Acquiring
the copies per cell and
sample of target species

Fig. 3. Schematic diagrams of genomic DNA (gDNA) preparation and droplet digital polymerase chain

reaction (ddPCR) analysis for estimating the abundance of target species (Lee et al., 2017).

3. 21t

ottt M3l AfEHE £2 YO 2016 83 100 =™HE AFZAMNME N santillans BZ S22 Q15|
HAWSH ME ME UHSIRACE Fig. 4a= 2016 8 102 TE A01IMAMQ SHE AZICZ MY M NME
Mg 25g = UAULD, AYOM K=%5t0] 2Sot Hx T2 FlowCAME Sl =g = UJUCH (Fig. 4b).
20184 8 30¥ Holiot of Z4t oY EZ0oAM ESE UAV BYO0IME HE2MO| M polykrikoides THX| 7}
HEE[QUCE EBH SO M. polykrikoides HZ=IF CHE-AM[E A[Z[Ql 2013F 8F 12¢€1t 1320 =AE
HYZEME B8l &SE M polykrikoides BZE TS FlowCAM2Z 2H0Ist 5= QUL (Fig. 4d).
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Fig. 4. (a) Red tide waters dominated by red Noctiluca scintillans species in the Saemangeum coastal areas
on 10 August, 2016 (b) Images of red N. scintillans captured by FlowCAM (c) M. polykrikoides patch on
UAV image acquired near Yeosu coast in 30 August, 2018 (d) Images of red M. polykrikoides captured by
FlowCAM (Choi et al., 2014).

Fig. 5= Y8llet SsHM ZEE M polykrikoides 7 (St. R12, C10)2t N. scintillans BZ (St. A01)Q| SHZE
AMEZ =X ANO|CH & MEX B AHE EM0| 27| LoD MX A ME E7to| TSt EN
XIO|E =olgh = URUALCE Eall (12.7 mg m3 chlorophyll, 2,152 cells mI™)@t &3l (434.3 mg m-3 chlorophyll, 6,015
cells mIMOIN 2Bt M polykrikoides HZ2| B0 570 nm2t 710 nm F2O0|M ZLigts 20 A=4d
EYIES d& 54 (fluorescence peak)O| LIEFGCE SEX|TH B2 Yo SHE 4= SoM =SE Hzx
2HEZO| Holo| A Hlst Hxof H|o) H2 AFUAE| ghE ZHRLCE Lo 710 nm IHE 220|M2| Saie
Hzx AHEZHO| gl Hx AHEZECD MUH2 O SF3ioh XCHZS LIEHWCE Ol2{et AHER HEj=
Hzx 4 sk Xo|et sigd 3 8= (grey dash

Ed0o| olsf daks Y=Lt N scntillans & T FH
o HIALE X ILPgEHQ{OﬂA-|'— =2 HIAIES EOH 2344 cells ml
m

o
—1 1
MEO £2 M SEOE 2781 222L 55 48 mg miOR HAY K2 SEE LET

1=

0.007 0.05

M. polykriklides = St. R12, 8 Aug. 2018 (South Sea) N. scintillans, 10 Aug. 2016
——St, C10, 13 Aug. 2013 (East Sea)

0.005
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0.003 -
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0.002 ¢

0.001 F
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Fig. 5. In situ R,s M. polykrikoides spectra at the South Sea of Korea (12.7 mg m-3 chlorophyll, 2,152 cells mI-
) and the East Sea of Korea (434.3 mg m3 chlorophyll, 6,015 cells ml-") (Left) N. scintillans spectra at the
West Sea of Korea (4.8 mg/m3 chlorophyll, 2,344 cells/mL) (Right)
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Fig. 6. Comparison of remote-sensing reflectance obtained from ASD fieldspec (16031, 16395) and Profiler
.
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