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Abstract — To understand the changes in chlorophyll-a concentration and phytoplankton community in Tongyeong
coastal waters, Korea, we continuously monitored chlorophyll-a concentrations using a fluorescence sensor from July 29
to September 28, 2017(62 days). Furthermore, phytoplankton analyses were conducted periodically to monitor
changes in dominant species affected by variations in chlorophyll-a concentrations. In the presented study, chloro-
phyll-a concentrations increased rapidly three times(event 1~3). During the first event(August 6 to 14), rapid and
repeated increases in chlorophyll-a concentration during every 14:00 to 16:00 pm were the result of the diel verti-
cal migration of Alexandrium affine(the dominant species during the event). The second and third events occurred
from August 24 to 30 and September 12 to 17, respectively. During these events, increases in chlorophyll-a con-
centrations were caused by diatoms(common species: Chaetoceros curvisetus, Skeletonema marinoi-dohrnii complex
etc.). Unlike event 1, we did not observe any characteristic changes such as vertical migration of 4. affine during these
events. Therefore, the continuous monitoring of chlorophyll-a concentrations using a real-time detection device,
such as a fluorescence sensor, is necessary and important because of the variations that occur in chlorophyll-a con-
centration and phytoplankton community in the short-term.
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HEZYEL APeANN 2ol food webyS B3l 4]

FLHA B AUAE sk T8 AXE 28k, &)
SFAYEA el B2 Q12] Wste] - vz Whg-& vEh
7] Wel o158 TR TEE Hteh= AL Al AEAY B
Hrlehs o3 xlg 2 &85 a1 Itk (Raymont[1980]). L 2
EEFIEL 545 Aste] off JHv°ﬂ A5 QoA
744 JEES W ]u%(Shumway[1990]) o1& A FAx7AA
RiEaiels J%oH% op7)§kct. o]g|
TE *Mﬁ] W 7155 sk 7128 A=
%‘r?-‘ tﬂ@:}cﬂl = A Whg-she, 1% 1%k W
7]]%J EC{} ] & E TH(Chang et
‘j "EI—E/_E_,] T
ﬁsl DS oA H'GH/HE ALAQ 2

al.[1996]). w}a}
A 9] r;]- 2714 ¥
o] Fesit}
A EEFAES] AFAAANZ FAE ok o R o] FolX| 1
Sk, AWFARI B © 2= Hu|dE Fok EAo] o|Fo|R| 1L glow,
FHTofl&= Exped | 23kshA 74 1l ¢ 31_?4/\—] 2] &jj
28 7=
otalar @t} (Alvain et al[2005]; Kim et al.[2017]; Taberlet et al.
[2012]). ©]%, chlorophyll-a= X+ A=EddE0] 7HAAL 9l 7]
2491 A 4o0]7] Wil chlorophyll-a % 5742 A EZHAEY]
A= V= ARl WP 5 sholth. o]gh chlorophyll-
a 5% 7= Sm= chlorophylls FZ35te] 574 I tfollA
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Fupgelr BAzhs S7d3te] chlorophyll-a ETEE Tk 39
S0l o] gHt), T332 chlorophyll-a 55 s
74 = 9l Aol Qlont, AFeM AEEFAES] A%EQ
A5A], BAAIRI] 205 PR v aEA) v FFSdHS &
& SR B0l sl W= vizkshe, Aol AEE i
o7 ZA8 5 9= AHE A3 Yrh(Park ef al[2015]). AF

ol A PHS o] g3t chlorophyll-a A& A5 A= FFd=Hel

©J &k chlorophyll-a %=} wi-¢- 25t ¢t ¥AE Btk B
15} tH(Gregor and Marsalek[2004]' Hwang et al.[2006]). 1]
R JFSel o3 A% U5 wrel alldellA tekeiAl A
ol o145 31 QITkBarbini et al.[2004]; Chekalyuk and Hafez[2011];
Gregor and Marsalek[2004]; Izydorczyk et al.[2009]; Park ef al. [2015])
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Fig. 1. Map showing a monitoring site in Tongyeong coastal waters from July 29 to September 28, 2017. A photograph is view of mon-
itoring site of Tongyeong marine science station in Korea Institute of Ocean Science & Technology.
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et al.[2000]). 53] Y At Helitell ] Wis] Axr} 2
A== dodolth(Park er al [2016]). £ 7= 59 AAgkaelolA
chlorophyll-a 552 4421 Wals velsly] 915k 2017 7
4 2995 9€ 28U7HA] 6293 A% ASS AAISIGITE AL
A T A A FEI o (Fig. 1), 9% #5+
#1380 chlorophyll-a 333 41417} F-2 multi-parameter(YSI EXO02,
Yellow Springs, OH, USA)YE 54 1.5 m $|xe]l AX|5}0] vl 55
IFASZ chlorophyll-a 5% 2 4=, ¥, pH, £k (Dissolved
oxygen)= 57938131t} Chlorophyll-a &% YSI EXO2 model=
=749 3] S AT flste] A elA 7330l AA
1 L= |5=51%] Humphrey and Jeffrey[1997]¢] chlorophyll-a &3
Ferel o3l vlnl AT st 2, i, pH, Sk E
YSI 6920 multi-parameter(Yellow Springs, OH, USA)E ©] &3
Y FAeM S8t Aate] AFAS hEeItE Mooring §F
multi-parameter(YSI EX02, 6920)= 914 #& 717 5 & 129
biofouling Y& A7} AAMEAS HAISISITE

Chlorophyll-a &%= W3l G5 VA= HeEd=1Es ot
3 alo] 6220 A% B % F 128G 1-281) 5L Aol
HEEYIE 7S AR AEERaE 2H A0 Y 4
Va7 slatol ) AR 94, 124, 164
¥, 5m, 10m, 15 m, 20 molld 1 L= A% slglom, 14 A]
SPAR T A|XEQ k5 areete] AEEdHwe s
AR EAFEG AT AAA FA] 500 uLE FHske] 3
173 (Primo Star, Zeiss, Oberkochen, Germany)a}ol| 4] & 2
e AT 9 F TS AT oW A=EEEE
=500 cells Al 71502 819101, 500 cells ©]3F A Y
o] AE= H F3ke] 500 cells o374 A7 ekdvt. BEgh 3
oA 57} FE AEZEHIES FARAAAYE (JSM-
eol, Japan)©. 2 574311tk (Jung et al [2010]).
T 24E A8 AEE AEEEAE TN Y sYst
Azl 32ZFOA F 123 A3k ATE §-E571 A & [Dissolved
inorganic nitrogen, DIN($ = H oM AA+obdAibd AA+dAiHg
A4)), 8557121 (Dissolved inorganic phosphorus, DIP), 87
Z~(Dissolved silica, DSi)2] 232 &gl |55 GF/F filter=
oJ3}5k of el S- Ak A2 ¥ 15 mL conical tubedl 71X E5=5}07
T2 % Ejolojol A WE Hikste] AR 2RIEIGIT o,
AmUol A4 BAE 918 Al A1 1N SHHH,80,)S 2ol
ol HAE uslh AR FA% AlEs 99 4
7](Lachat Qickchem; Lachat Instrument, Milwaukee, USA)Z
AE AT BE AlEs 2~33] RS F4S AAEA,
Z8)|<=A B (Wako CSK standard, 3|98 92~105%) #-4]S %3
At M-S FHBIGITE B AR B8 ollA
48100, 3l 1 m $Joll CMP 11 pyranometer (Thies climays
‘dx]3lo] chlorophyll-a 5783 s Qs 5% 1 0= S74s3i).
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3.1 9% AFS S6 2E 2010 Hi3g

AP S RS 20.1~28.7 °CCETF 25.2 £ 1.7°C)% 8¥ 1¥
F-E 99 54714 35U%5QE 25°C oo 14275 Kl &
2} 0 7 43I tH(Fig. 2A). B2 31.2~34.0(32.4 + 0.5)5 K
e 60 mm/d o1 HF -(8E 144, 92 6%, 11)A
B2 ASIIth(Fig. 2A). pHSF SEAE 212} 7.97~8.40 (8.18
+0.10), 5.41~11.68 mg/L(7.20 + 0.84 mg/L)¢] M= B gl o
(Fig. 2B), chlorophyll-a &% W3le} §<E4kAiE 24 AadAlE
R ATHDO vs. chl-a: r=0.382, p<0.01). ©]:= Jung et al.[2011]°]
oJshd mikgkol|A] 8-E2k49} chlorophyll-a -5 =3¢l %2 243
TAE Ho 2 A7t YX|sI3ict DING 3.00~26.33 pM (6.83
+4.61 uM), DIPE= 0.048~0.756 uM (0.205 + 0.146 pM), DSi+=
1.47~17.58 puM (7.64 +3.25 uM)2] HHE HATH(Fig. 2C). ¥
e Ao R 8Y 14U S7RFPE 8¢9 259 o] F FhA
sliot 8¢ 30l thAl F7kekE A3 B3Itk DIN# DIPE
chlorophyll-a &% ¥ AEZZAE 75 A3dAE RolX
ko, DSi= AEZFIE A} o] AJBIAE Bole
WH(r=0.37, p<0.05) chlorophyll-g F=2}+= AHIAS Holx] ¢k
S}, 5 UAIRES 2.1~1053.5 W/m? (3053 + 234.3 Wim2e |, &
it AALES 89 6ol 459.0 WmE 7P =9ka, 89 1420

3.2 9% EIES S5t chlorophyll-a SE2| Hi5]

Multi-parameter (YSI EX02)2] & 344 (fluorescence sensor)S
o]g-3ll 5743t chlorophyll-a &%=
oS FdER o R S s v|waielth. MR 57
chlorophyll-a &2 3+t 2.3+ 1.8 pg/Le] 1 SHFTHZE 74
chlorophyll-a 42 83t 2.4+ 1.6 ng/LE 7 S7k0] FAKI o,
ZPAITRE 0850(p<0.001)F 352 2] FAAAIE 7T whebA
B AtollM & A E Z7E chlorophyll-a 552 A3yk= A o
= HslE sl Sk AES SR gvtar IhHEThFig. 3).

62952t 914 =3} chlorophyll-a 55 H3= 0.2~31.8 pg/L
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A5=5}1e] chlorophyll-as F=
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3] S8k Wakr) 33] VERE S W (event 1~3), ©] 23 H3l=
7~1280¢] 7HAE T WHAEISICHFig. 4A). A A Sk event 1)E
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Fig. 2. Results of continuous monitoring of water temperature and salinity (A) and dissolved oxygen and pH (B), and snapshot monitoring
of nutrients (C) (n=12, dissolved inorganic nitrogen, dissolved inorganic phosphorus, and dissolved silica) from July 29 to September 28, 2017.
Shadow gray box in figures A and B indicate periods of inspection of the multi-parameter.
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Fig. 3. Comparison of two different analyzed methods (fluorescence and absorbance) of chlorophyll-a concentration (n=73). Inner figure
shows correlation of chlorophyll-a concentrations between fluorescence and absorbance results (r=0.850, p<0.001).
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Fig. 4. Results of continuous monitoring of chlorophyll-a concentrations. A, comparison between chlorophyll-a concentration and phyto-
plankton abundances (inner figure shows correlation between chlorophyll-a concentration and phytoplankton abundance, 1=0.638, p<0.001); B, F,
and J, changes in chlorophyll-a concentration and solar radiation during events (event 1, August 6 to 14; event 2, August 24 to 30; event 3, September
12 to 17); C, a photograph of Alexandrium affine (red-tide organisms in event 1 periods); G and H: photographs of Chaetoceros curvisetus and Skel-
etonema marinoi-dorhnii complex(pre-dominant diatom in event 2~3 periods); D and E, spatial and temporal distributions of Alexandrium
affine (red-tide causing organism); I and K, spatial and temporal distributions of diatoms (common group in phytoplankton communities). Shadow gray
box in figure A indicates periods of inspection of the multi-parameter.
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S A 3 A stk Slal 128)F 1-29))
& 15632 B3 43}, & 28
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92F(37%), SPHRE

268 (16%), HAEZEF 15015, WAREEF 2801%5), e
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affine, Pseudo-nitzschia spp.(P. delicatissima, P. pungens -3V),
Chaetoceros laciniosus ©]3101, 0|5 F& AA| AE5ZHIE
A2 54%E 2ABEIGITE & AEE3AE JIAIFS} chlorophyll-a
Frgle] Wshs ol dt Al (=0.638, p<0.001)E B TH(Fig.
4A). °li= T Aol = Skeletonema marinoi, C. curvisetus -2
TEF7F 8 s AEZFAE JIA52} chlorophyll-a 5%
Frol| 52 A& Blvh=s Ayl YA|gtkJoo er al[2011]).
Event 1 7|3} %<} chlorophyll-a &%=+ 0.3~31.8 ug/L (2.8 +
2.5 ug/L)°] 91 ©. ™ (Fig. 4B), =22 24.7~28.7 °C (26.9+ 0.7 °C)
HAZ a727)e Sig=y, G2 32.0~33.0 (32.5 £ 0.3)H =
B}, Event 1 7)3F 52t vh 14~16A19] chlorophyll-a &%) &
A% F7F 5 s W3 A 0% vebd= (Fig. 4B), o=
SPARFF Alexandrium affine®) (Fig. 4C) QT=72]2-5(diel vertical
migration)°l] T2 A 7}o|thFig. 4D, E). 53] 82 8YU +4(F%,
5m, 10 m, 15 m, 20 m) ¥ AIZHO9A], 1221, 16A1) 4. affine]
A AES BE 24 949 10~15 m Ao EA31E7F198
+ 4 cells/mL) 2] 7ol whe} 2507 olato] 16A173] 7H
=2 TNAIE(1,285 cellymL)E el AF5422-5-8 H3THFig. 4D).
AR ZFO| AFLFA 5L dlexandrium tamarense, Akashiwo
sanguinea, Cochlodinium polykrikoides, Gonyaulax catenatas Th
&g F=oll Qe sk St o3k eRH R o] AT
Eel dFE A= 29 vy dntbA o F3A
(phototaxis)ell &]$+ HH-&-© 2 oI Azt (Jephson[2012]). 1+ AellA
A. affines DTFTALE 3l 14~162410 EFNA 7P 52
MAFE BIJ 2, C polykrikoides= 14~16A10] FZo| A 7}
2 UEE HATKKim ef al[2010]; Kim ef al[2017]; Park et
al[2001]). 134 2016 AEToA A 2E YA 4. sanguniea
T 12749 BEZolA 7P & UEE Hoj(mER AR), AT
AR5 she Folgte 77] ok ARl B35l WAshs &
A BTk We) A7) 9} GHREFO] AFFALE AT

Gonyaulax tarmarensis (Alexandrium tamarense)?} Heterocapsa

triquetra= BAFEO] 747 300 2 700 pE/m*/sYd W 3ESOlA 7}
Z =2 JNAIFE 5.3 2 (Anderson and Stolzenbach[1985]), 1t}
2hA F vt doshs We AP|7F v r e lalke] whet 7} ¢}
ARZEF7} AFr2-sol 8l 235 Wrshes Alzto] th=ot
AR 1=

Alexandrium affine= >NHSGFE] AfsieI7iA] Edshe o
% (Band-Schmidt et al. [2003]; Wagey et al. [2001]), Alexandrium
tamarense, Alexandrium catenella, Alexandrium ostenfeldii®]
A7 L1201 11~25°C2 B2 (Jensen and Moestrup [1997]; Nagai
et al. [2004]; Navarro ef al.[2006]), 27.5~29 °ColA 7V =& A
FEEE Bl Fo7 424 3 thBand-Schmidt et al.[2003]).
webA] A, affines 152718} 3] A28 el 21 o]
o ot A 25 A 7 QS Ao Tt Event 1 717F
%2 DIN 3.00~6.93 uM (4.94 + 1.36 pM), DIPE 0.048~0.202
UM (0.112£0.061 uM), DSt 5.12~10.62 pM (8.1 +2.13 pM) S
B3It} DIPS} DSi= 4. affine’t 2 8A] 2% Wb, DING &
3]2] Z71ekgich. 2 A5l 4. afine S7H4] DINVF 7Fek 2ol
vhallA] meks) g eka) akel oL, Wagey er al[200119] 1
A9} SR 4, affine A2 A2} Azfle] o] ohal
AL Besth. 88 140 15 9ol 18 G 7hhs) ke
UARES 18] o chlorophyll-a %7} 48190t} 53] 4. affine®]
A 742 st om, Ba B del] AN A afined)
AAES] Wske P 5 219k 82 11ele] B et
A. affine 137} BFE 2 (Fig. SA) Hll 5,460 cells/mL2] 7
Al B ot Ae7d-e7E R 84 140 3Tl 135 cells/mL
o] A5 BYTHFig. SB). PAHOR OB - AL
saste] A2E FEARITAL delA 0TH(Lee[2006]; Yang er
al.[2000]). 12U HF 7 H Bl o8l AEEdEE A
A% A3y} WA E 4= 9l © v (Chang er al[1996]; Jang et al.
[2010]), 53] BlF o2 At E&] 4 Algtel wpe} elE o] el EA)
AE gEAo] skt vt Qlth(Wetz and
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Fig. 5. Spatial and temporal distribution of a red-tide species, Alexandrium affine on 11 August (A) and 14 August, 2017 (B).



Chlorophyll-a 91%; #1513} gfjelof| whE AES39%E 23] W3l 724 113

&
it
Ac)
2

Paerl[2008]). WehA] € 14U F5 7450l 9 FEFoT
A. dffine 377} A~ H vk dckE o)

Event 2 713+l A chlorophyll-a &%+ 0.7~21.3 pg/L (5.7 +
3.9 pg/Lys BIITHFig. 4F). o|ule] 23} w2 717} 23.5~27.3 °C
(25.9+0.8°C), 32.4~33.0 (32.6 £ 0.1)& T2 event 1 7|7FHT}
Bt 11°C SR om, Rt 719] 2jol7k @Il Event 2 7R 5%F
T A EZHIAEL Chaetoceros curvisetus (22%), Skeletonema
marinoi-dorhnii complex (10%), Rhizosolenia setigera (9%), Pseudo-
nitzschia spp. (8%), Chaetoceros laciniosus (6%)%. 571 2.
8507 ZHSIAK(Fig. 4G, H). L % Rhizosolenia setigerai=
8¢ 259l 16%2] =2 FAUEE Hlor), 82 290 A &
&1 9okt Zingone and Wyatt[20051- A F57}F 715kl
ul} QFARZ RO EFE Holsh= g Rhizosolenia}
22 277 35 F oS HAsI% 0, Rhizosolenia alataS);
Rhizosolenia imbricata®] WA -stoll= oAy 3} $of vl
=2 FUd T E HATHRaji ef ol [2014]). WA R. setigera®]

s A .

A g FO] Hol= 1Y UdH ] Tl et v AEEHaE
o] 1k A tisl] A4S Az} Aok, o] 73t Fo
QFR C curvisetus, S. marinoi-dorhnii complex 52| T/

v} At ellA W] E¥sk= Foltk(Jung er al.[2007];
Jung et al[2008]). ©]3 ¥ event 2 717}olli= 71377} chlorophyll-a
FEol Q8 GRS MIAL e, o] we] AlRte] mE 4
A JiAIe] WIsk= event 1 713X SPAR EFV} A4
o B AME g A 20 54 AR Y A §iso]
A bSHck(Fig. 41). Event 2 713+ DING 6.58 + 0.32 pMellA]
6.05 £ 1.03 pM, DIP+= 0.164 £ 0.016 uM ol 4] 0.095 £ 0.033 pM,
DSiE= 8.07 £ 0.81 pMeA 1.76 £ 0.25 pMZ 74313t} o= 4
EEFAEY] U TAel Al ST ARE Tk AekE
t}. 3] event 19 vl8|] DSi2] A3 A4S HE=T, o=
Z72 Aol W Aot

Event 3 7]ZFellA] chlorophyll-a &%+ 1.9~23.8 pg/L (9.2 + 4.2
pg/LyE BAh(Fig. 47). 723 FE-2 Z42F 23.1~25.0°C (24.0 +
0.3°C), 31.2~32.3 (31.9+£ 0.2)°. &2 4 H F29] 25°C o|}=
Hasslon, o] Wshs v 77kt 2 2jol7t giadth. o]
ANEZHTEL 7125721 Chaetoceros curvisetus, Pseudo-nitzschia
spp., Skeletonema marinoi-dorhnii complex’} -850 2 =33}

Qo EF] C curvisetuss= 57%% H--85S 2819k A7

T TR WA R P2 F2 ARl st 5
Wslelds WolA| ¢kokth(Fig. 4K). DIN, DIP, DSit= 242t 8+t

6.06 £ 0.75 uM, 0.26 £ 0.06 uM, 10.39 + 2.10 YME B3ttt DIPS}
DSitx= 748 Y YhH | event 355 ©]F DINS 5718 0H,
DINS 571 Al7l= Q1o tigt A7) 2 o8 Zlole} A7-¢rt.

4.4 E

2 ATl X = chlorophyll-a 5% $3} djel 4 ouj st A&

il

FoEo] Wstel] G vAI=Ttel visl sk flsted 59 8
ol chlorophyll-a 552 1% #52017d 7€ 299U~94 28
) 2 F7)AQ) AEEFTE TFH A4S AN A, T 3359
chlorophyll-a 557} S8R Wisks ERIskaict. A M) Asks
4 6d~14)lM = EZolM 14~162190 chlorophyll-a %71 ¥+
EAX o7 wEA Fsl o, o= SFHRE dlexandrium affine)
AFrae-se] o dyfolrt, F A (8€E 249~30Y) 2 Al W
A (92 129~17) chlorophyll-a R&H= Altel] #AIGl0] A4
o e} stk ol el SJg Wsloln], T

28 E2 Chaetoceros curvisetus, Skeletonema marinoi-dohrnii

complex”} XRISIATE whehA], £ AtellM A EZFAE 759
W= of A5 1Ao7 whEA] Wtk glolon, sfaR R
Y 77352 chlorophyll-a $52] W3 the RIslerds Holn
G}, 53] hHR IR A2F o 774 o)Fel nE %30 37
gt chlorophyll-a 57 3% Az HUHY 7=x &80| 7Fs
g Qo7 e}

7|

I

A |

B AT AHE AEZHIE 1
=9 SR E A Tl BASIGITh 2 Aol E8-s A gl
S| TR e A] urer ,

Ao, HAdE 7 7 =en) 2 A djokraliio] Ao R
St ely e YA xTs HAaskEs A% 4
ZEA]-ASAAE 5 2 AF3 PM606507) B 28 ]e
B A OR shAAcke] X (S Falla Aeehd
A2El 7l WA 87 e Bl 1491 NRF-2013M3A2A1067529”),
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