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Abstract  Phytoplankton is one of the important primary producers providing organic matter through
photosynthesis in aquatic environments. In order to determine a temporal and spatial variation in primary
productivity after weir construction in the Nakdong River, we investigated carbon uptake rates using in-situ
13C labeling experiments and identified algal communities contributing to primary productivity using HPLC-
CHEMTAX analysis from October to December, 2017. The primary productivity gradually decreased from fall
to early winter season (249~933 mgC m™> d™" in October, 64~536 mgC m> d”' in November and 60~274 mgC
m™>d”" in December, respectively). This is attributed to the temporally declining light intensity and the decreasing
biomass and physiological activity of phytoplankton in winter. The contribution of diatoms to the phytoplankton
community in the Nakdong River was approximately 63% at all the sampling sites and seasons, while the
contribution of cryptophytes increased from 9% in October to 32% in November and December. The temporal
changes in the primary productivity and the dominant phytoplankton species in the mid and downstream weirs of
the Nakdong River was investigated for the first time, after construction of the weirs, and major environmental
factors controlling the temporal variation in primary productivity and phytoplankton communities were identified
in this study. We suggest that seasonal field investigations will provide further information on the major
environmental factors which affect the annual variation of primary productivity and phytoplankton communities.
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YA} ALEF (primary production)?] 50%E B3 3t= 5
A eta 9a-2 ddsta it (Field et al., 1998).
ZF 3 E 9 AEFF (phytoplankton biomass) 2 U}
Y ¥ & 34 W 48y YA da
(biogeochemistry elemental cycle)d] F&& ] x|H
(Reynolds er al., 2006), T+ A=l B3 7o =
A Hgar] el 87 Al Bk AER A}
€2 4 ok (Kimmel ef al., 1990). AEZFIEQ] A
W3t g AFA Hol= 7%, A AA, F9E54,
b B9 B2l 3hky 2Qlo] BHoR FgaHA
o] U (Elliott et al., 2006; Taranu et al., 2012), Y X}AY A
o W+, AFA,ARAL Soll 8] 2AEE A
2 42 A 2tk (Round, 1984; Parsons et al., 1984). wet
A, HEEFIES A-B0H BE 9 AN A
5,759 242g notel A 3 B s, A
A E4 2 o o] wf$ F 83t (Guo et al., 2010).
S5 GEAY A9S fodeE 324 A, 7S F
fo10 EABS A5 9 59, Y 52 olgEE
SU HAd AL F sholth. Ys 7ol A, 4+
TR, FAMNEE BERE 4UF Aol AP E o] EF
of 87}9] E7F AHEAAN Bol AH= Qg AFAIE
of wistz o4y +olol 4L Holw 9

o 1% 1o of of o

(algal bloom)& A4 ZA| 2 tiFE I Itk AEE5F3
EY oSS 7' F7HE oA, o8 &
7] 9 v E EEoR Aang FUF W Ak 3
I 22 ZAE oINA A A3E fiEdshs 94U
223tk (Anderson, 2009). ek AAAPAE L A g
= B3840 vt o5 of 7|oste AEEFIE
o] FHFEE oldfste AL "¢ Fast 2y HE
Z W S8 A 2 AEEFEEY 2AFEE
ofet A3 AAtEl= R B A4 ool JYP= At
(Lee et al., 1994; Kim et al., 1996; Yang et al., 2003; Jeon
and Cho,2004). §3], 2 £ 9] AR £ o] g u}
2 9] HEol 2EHE X2 o2& FA2FY 227}
AltE o] AE2EFIEC] A B B2 719 E st
7 E| =2 (Kimmel and Groeger, 1984) Y57 E A4 9]
3 AREaE) QALY ZHL e Fasit,
G54 W AREYAE 2YTRY} VAT ATAE
© R dn)g B o5 AE o] Srh(Lee eral.,
2002; Cheon et al., 2013; Seo et al.,2013; Son, 2013; Yu et
al., 2014; Park et al., 2015; Lee et al., 2018). &u]7 ¥z
e AET AR 9 BREE K45 e 547
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&< Z8E Sl4 HPLC (45 A Zz2nteads)E
o]-§3t B2 ¥wA ThHst B4 o] A8 EE A7ho]
Aot B3 2 n|2T7]9) 2RFTE class (F) FFONA B
Ag £ 9lo] AEEFIAE A S st 1 &87t
A7} =tk (Suzuki et al., 1995; Roy et al., 2006). 1 F
A ABNL FF Y BavtoREs AEEHIE
o] EHF2Y} BEE olafish=t] TAI7E 3lol, Mackey et
al. (1996)= AEEFIE A dig 4 Z7E 7]
TE BH7}5l7] 9% CHEMTAX Z2 1398 7ttt
CHEMTAX Z2IHL2 ALXHo| EXst= A EEFE
E ZAEE 7IE F8 M2 Y chlorophyll a (Chl a)d
gt A vE 7122 5t EA45=d A9
et A B g o835t EA 3ok gt A7t
A Y Gl MAstes 2 AEEFIE FHA o
gt AFHA2E9] Chl ol e AR v] gl digk &
TATE= AT 2 AT A9 FARE 70 Mas H]
S o] 83ttt CHEMTAX Z 2139 &go] 7153}

o

ks B Apoae Y B AR X(F9] 4
LI E ARMAEY Chl g gt AhAQ v gt
E3) CHEMTAX T2 302 BAsg 1

2 o534 ) CHEMTAX Z2 13 3835k 4]
FAE 23 As € A4 715}

E9o] #A 7

R

W ue lo tlo mo

YEZ4S §9HE 23384 km’, Zo] 525kmo] o2&
oA 71 71 shdolth Y57 F, sk i 2l
T UE7E = B oflet 3¢ 9 FAA Y] 9 H
o Qlo] QIZt &Fof 7]Qlet R4 Qs 2 o
o] 22 Z 3 3thJun and Kim, 2011; Lee et al., 2014).

2 AFe 984 B 3t a0 vA= R A 7
71E Roe gotstr] fste 454 5, R 4
H ZALYE(G)), B4E (DS), FHFYE (HC), F3
QR (HA) & 500m A S tHE A+ FHe= AAst
R FHARYEE B 37 WollA Y FA-FA LA
A W3kE Ze15h7] f8 AR =AY ((DD), 57 ¢
IA(WG) 27 AHE F7t= AARste] F 6719 FH
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Fig. 1. Sampling location in the Nakdong River.

A 20179 104, 114, 1249 5 33] @7 &5 2 =#F 4
Aol APt (Fig. 1). &4E =23} pH= CTD (OTT
DS5, Hydrolab)2 273t t}h. 3574 (LI-1500, LI-COR,
USA)E o] g3to] Athaa 100%, 50%, 12%, 1%S 2%
sheon £3 Bol 197 B 4L 4959
Zolz Fgsielc Aad YU (NI, NOIE 2 4
4o 335 W 471 QololA A+ &5 GF/F (47 mm,
Whatman, UK) o] A& o1}3}e] 125 mL HDPE bottle
(Nalgene)ol| Hop 4 H7A] YFeEE F o] 2IAR0E
@) 1] (Thermo Fisher Scientific, Dionex, UK)Z EA43}%
o 114, 128 =5A Y (DD) AHY - (WG) A2
Zold Y7t E7Fste] =54 (DD) AL Ahd
50% Ex= 12% FHOI7HA], $-FAL(WG) A H2 5 A=W
= AAsAT

H 2UEY Fio] ofd FHAFE AR =5AY
(DD) AT F7Y FHLWOAHS A 2 i
AR FZ @A, 7 dF R FRDARS 71433 (http://
www.kma.go .kr)Z} Water Management Information System
(WAMIS, http://www.wamis.go kr)®] X525 &83152
™ Hydraulic Retention time (HRT)&= A4z £33 5
SO tiro] Ataldrt,

2.°C ZHXIZ 0|3 UXIWM £

Ak SAS AT MES AWFF 100%, 50%,
12%, 1%3°11 A 4 & 100 um FH2 HF T&
1
o

EZH2EL A7l B7hEYOlE ¥ (Polycarbonate

bottle)ol At i FAH S AHEH= PC bottle> 2t
FEFH At 238 (Lee filter)S @] AHEsHITH
(Garneau et al., 2007). NaH">COsS A7}ste] ’c 24 )
2 Wit of 10% %9 4417 B9 A vl
At wigol ' A== 1Y B (450°C, 44]7F) 25 mm
GF/F 9#A| 2 100mL o3 & 52 AXS AI25 12M
Qi 5712 Frlead A GHEAUL A
7] (Finnigan Delta + XL mass spectrometer, Stable Isotope
Facility, University of Alaska Fairbanks, USA)Z £43}%
o AAAAES Hama er al. (1983)] AAHAE o] §3te]
AEST A2 EFaE] YA e FoHd
AT FUAE Ttelr) stel Mol A
4= (Pearson correlation) 2 A% 3] 7] &4 (linear regression
analysis)2 83}t (IBM SPSS 23, 2015 SPSS Inc.,
IBM Corp., Armonk, New York, USA).
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o, Schliiter et al. (2006)°] 23] &AW A A&
ZPIES M4 BEE (Diatoms : Fucoxanthin (Fuco);
Cryptophytes : Alloxanthin (Allo); Chlorophytes : Chlo-
rophyll b (Chl b); Cyanobacteria : Zeaxanthin (Zea))©] w2}
A sk,

A4 $712 | AgEass ARNLE H33
U 47 4241 (100%, 50%, 12%, 1%)°1 4 500 mLE 45
o] 450°Col|l Al 2] Bl 47 mm GF/F 922 o 2314
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Table 1. Pigment ratio matrix for the CHEMTAX (Paerl et al., 2015).

Fuco Neo Viol Diad Anth Myx Allo Lut Zea Chl b B-Car Ech
Diatoms 0.51 0 0 0.074 0 0 0 0 0 0 0.003 0
Cryptophytes 0 0 0 0 0 0 0.37 0 0 0 0.004 0
Chlorophytes 0 0.038 0.026 0 0.016 0 0 0.15 0 0.36 0.003 0
Cyanobacteria 0 0 0 0 0 0.14 0 0 028 0 0.097 0.076

Abbreviation; Fuco (Fucoxanthin), Neo (Neoxanthin), Viol (Violaxanthin), Diad (Diadinoxanthin), Anth (Antheraxanthin), Allo (Alloxanthin), Lut (Lutein),
Zea (Zeaxanrthin), Chl b (Chlorophyll b), B-Car ((3-carotene), Ech (Echinenone)

o olmAE F Bl w9
% Ecjolotol g Yol AR
A W BIH(-80°C)BHsAT. o
T 100% OHHIE SmLst 2& A £4L BA] 95
o] Cantaxanthin (Internal standard)< 100 pL #7189 o™
Ultra sonicator (30 sec, S0 W)Z 22| & 4°C9] Ja o
A 24X 7F TS FESHAT. FE0] B'Y A2+ Syringe
filter (PTFE, 0.2 um, Hydrophobic)2 {3}l 1 mLE 3
3t & Water Packing (300 uL 3%} 574 £3h3lo] Zapata
et al. (2000)° ¢J§ HPLC (Agilent HPLC, 1200) 4]
270 w2t 45t A EM A9 542 Standard
pigment (DHI water & Environment, Hgrsholm, Denmark)
¢} Retention Time (R.T)E v|23te] 2A3}9 1L, 2+ A&
M ATFL Jeffrey et al. (1997)°] &3] &#HA SFA S
£ ©]83t Park er al. (1997)9] AitA o o] HFst
o 23t A A A2 1] olE AR A (Pearson
correlation)& 3l &<13}%t(IBM SPSS 23, 2015 SPSS
Inc., IBM Corp., Armonk, New York, USA). A3F3t A=
F8 Ao A A4 B g 7|92 CHEMTAX &4
< Bl AESTIEY 2 F2E Tttt (Paerl er
al.,2015).
4. CHEMTAX T2 S &5t ASEYIE #8H
7| x APH

CHEMTAX ZZ 132 Mackey et al. (1996)] 2J3} 2]
EEFIEY AL Aot 7 AEEREE <8
T8 WA Al v ZhE QIAREA] (factor analysis)
F3 Y HAF €125 (steepest descent algorithm)
o] g3t AEEFIE +HE 7|9=E Brtstr] 9
s ALEUT. 27] AL HF AEEFTIAE AFE
Ao EgERoY, M2 AN E E8ET Ut
(Schliiter et al., 2006; Paerl et al., 2015; Tamm et al., 2015;
Schliiter et al., 2016). CHEMTAX £4& 53 dojx 2
e 27| R o8 HE AEETAE SHE AR
o] A w gholl S WA "t webs FLet A

o o

o] & HARE AA7IA ol EA H T AE
ZFaE FHUE AFAL0 AhF v gk AAE B ¢l
o mEhA 2 dtelld e Bt S8 AR F TS
Ao A ATLE Paerl er al. (2015)0] 28 LA M4 H|
Hlo]El & CHEMTAX T2 9] 27]gko 2 A}
413} T (Table 1).
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A7 AAY B 22 1090 17.28°C, 1149
88°C, 1299 6.79°CE A} A2 H L pHE ZA} 7]
B¢t 7.55~8.939] HM91E HSATH(Table 2). F A2
2 SHRE A4S HA F7HHAAL oo wet B 429
2tk AR THE (GN)E 9F 182~183ELme =
2 FHUE AL, ARANE 12~2292 o
B 2750 val] AR e G v 21 g
E (HA)Q +9& 3.31~481 Elme2 XA} 7|7t 5
2 +9E FASH e AFATE 7~9U=E TP
At F A7l A AolA 109 o]F A At
39357 A W 58 Zole 1080 &F 3.7 m, 1149
55m, 12¢°] 5.1 m& 10€] H|3] 1Y, 120l ¢ 24
Uelgtth 433 dol= 32 $A4 9 g, AEEYIE
EE= CDOM (Colored Dissolved Organic Matter) 5l <
3 G3FS e o7 d#A Qlrh(Delagadillo-Hinojosa
etal., 1997; Oliver et al., 2003). 33 A|717} 7F3 =€ 10
4 339 o7k 7P ¥, F 270] Robd 114,
12€9] 339 Zlol7t ZAojxlen £ Y= &3 10
dofl vl3f 114, 12¢€¢] o ZHolx AR Hol =7 Y9
HHEHo] A 712F & M 4519 E 2o R
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o gjoll= W2 o] Av|Ho|| wet FFH] &

ATh(Li et al., 2014). 12¥0] HHA H 7]¢Y FaYY

Y E= F A7I7E A AEE 34
S

o] gl wel 27 o3 & Haste
%7 Yol Folgle DING B =7} Eolxdl Aoz wrty
=2

FRILFE(G)) AT GHE(DS) A Atol2= =
7ol fYEd #3772 4 AFolA BREHE
WRe7E AR AsHY B RS AR o
(Jung et al., 2016), 25732 B3 FUE &2 559 4
FAFR7H AR (DS) AFANARE FHFYE HC) A
712 9] DIN F=0f 93& vjA= 22 By v 9l
th(Yu et al., 2015; Jung and Kim, 2017). & QLo A= 7
ANHE(G)) (146 mg L") 2 AF3HotE (HA) (1.75 mg
L HA"o] T2 428 (2.01~233mg L HET W2 =&
£ Hom(Table 2), ol = 537 93 Ao wdk

% g @ MFAFE R dojxl 4
Z2F 3 ES UX}AYAH (Primary productivity)= ¥E3
ZF ] 50% 4 (0.5~1.3m) oJUolA 2F 80% ©]AF
URpAYALo] o] F oA FS st en 10 oF
583+300mgC m™>d™', 11999l 250+178 mgC m>d™", 1
Yol 123+79mgC m™> d '8 RA} 717+ B¢ A 7+
sklTh (Fig. 2 (a)). A LHE (G)) A9 A4
142~252mgC m 2 d"'& o2 AAo| w3 vjwy 2
TE By e AEETIEY 4ET € =S
Agtete derEed 3 ado2 ¥ A 9l=dl (Round,
1984) A 1H 2 (GI) A9 F A7l& 2F 400 pmol m™
sec ' 02 AT AHY FojA 7PF B FAOE Hof ¥
F A717F GAEAE O] FFE v Ao g Helrh 10¥
=54 Y (DD), +FAL(WG), FAFFE (HC) LAY
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AEEFIEY BYEAHYEE 9v|dtE= ChlaF A2
A 4 (Chl a specific productivity)« YX}FAH 1 opzk
7FA 2 10990 ¢k 104+4mgC Chla' d7'2 7P =2 3t
S Holi 11¥9] 85+4mgC Chla™' d™', 12%0] 46+3
mgC Chl ™' d™'2 HA} Zr43H3oh(Fig. 2(b)). A&o] H
WA 23k F A717F ZotRlef whet AEEFIEY A
Y Wold AR Bt AEZHIELS o
£ 735 Holl E2sh7] 2o 339 Hole
FAE FET A HF A FFS
Aoz A rk(Kirk, 1994). L&} £ Ao HE
dol| 439 Zol7t 7P RkSol= B8t 714
2 YA S e ET ol 108 A EEFIE
A EA=7 7P £97] dE AR Bt 2 A
o ZAF A7 FA-FAR ¥ 2o 20| YA
g9l Astaelo] € 4 ok (Schumann et al., 2005). &
TFollA= o] F7Hol wet Chl aF B2 £=7F
Z718le AL Hol (r=0.56, p<0.05) 10€0] LPA
o] 71 w9 ol ANHLE 52 £20] AEZ

ALY AABHEC] B WA veht ARz By
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(Fig. 3). &4 AEZFIE] AT 335 W
o4 HEH Chl a9 F= (1’ =046; p<0.01), HEEF
FAEY YA E (17=0.74; p<0.01), 3 (r*=0.49;
p<001), 24 4% = (1*=041; p<0.01)= 99%
Aol A fFou|gt Zol7h e Felstch E3t
AxpAYAE L 3L A7)} 95% A F 4204 Ak 7+ B
o] Aol7t BAH R Folulge BT =0.50;
p<0.05). 333 oA #ZH Chla®] & 3
FAEY AYEH == GRYA=E L 7t <
£ H 31t} (Fig. 3(a); Fig. 3(b)). o= AEETIEY A
FHO ofyet AT E E3 dAYAE Y Fast @
AUES XA AEEFTEY BB == F Al719
e v Ao g d#HA Qth(Hama er al., 1997). F A
UAAE T} o] AAB/AE BHoH, o
o8 APAT ZAapol|lA LA viet Zo] F A7t
]

1
S0l B24E APAE]l FURITHe Aue A
KX

-0,
oo

et al., 2005; Schumann et al., 2005; Zhang et al., 2006;
Waite et al., 2007). &3] & A37 T AT} Lo A
gHoz o Ad10~12¥9) HFE AP Lo
= 2753 o) AUBAS Holk AL F 2AY 52
o] AP Y| Wizt E AFS XL YSS
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Fig. 2. Primary productivity (a) and Chl a specific productivity (b) in the Nakdong River; GJ (Gangjeong weir), DS (Dalsung weir), DD
(Dodong soewon), WG (Woogok bridge), HC (Hapcheon weir), HA (Haman weir).
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o} (Fig. 3(c); Fig. 3(d)). A1d4d %

Haaeel waE G o
2= 918 Ao AT} YE7F 2
A E T AAA 99YE 55 DINE
E"“’%(Flg 3(e)). YA 0] =

= Aoz Hol AFSEFIE FA 5ol EaA 77
ogoc}:otd'o] ol g% Ao Z =A% 4 Qlth(Kim et al., 2002; H| &=
NEEFaE 4 Qo DN of

o]tk
=

Liet al., 2014).
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Dissolved inorganic Phosphorous; DIP)

242 g5t DIPE il o EFnjct B4

GRF o]A} 249l £ goloz AdFA U

th(Hong er al., 2016; Kim ez al., 2017). 33 A4 o]
g 7] dFEY A 2S5
o] =9 A Bl

stelstr] 9J8jA= DIP
B4 gao] qlct.
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Table 3. Comparison of primary productivity in each study area.

X4 - 2ES - 2w - 2

Sampling date

Primary productivity

Station 2 - Method Reference
Year Month (mgC m *d ])
Gangjeong~Haman weir 2017 Oct, Nov, Dec 318.3 Bc This study
Nakdong River estuary 1991, 1992 Sep, Oct, Nov 5455 4c Lee et al., 1994
Gupo 2003 Jan, Feb 13,019 (0]} Yang et al., 2003
Seonakdong River 1996 Oct 2,000 c Jeon and Cho, 2004

ZAI+E Table 30 YetH et 2 A4 oA 1991, 1992
Yol 9574 shollA] “CE o] &3t ST YARAY
2 9F 545 mgC m™> d'o] itk (Lee er al., 1994). T3+ 2003
W 149, 2% FEAA AAH o ZHE IAAPAE2 oF
13,019 mgC m™> d™' (Yang et al., 2003)°]¢12H, 1996
108 AGE7olA “CE ol §3te] SHE AP
oF 2000 mgC m ™ d™'0] ¢t} (Jeon and Cho, 2004). =A-5
A 717 B¢ G5 B AA ol A YA 4
ARAEE B AA 015 20179 10Y, 1€, 12¥€9] ZAL
g £ d7ARGI8 mgCm™ d)eh Hlaste] & g
ook sbd Aol A Holuh Bo] AL shH e A
THE F7HAZIAL o|2 1% AEEFIE AAF S
= A9 Yol 29 7|5 HIAT= BAIE €2
Z 4= Q)t}(Chang et al., 2008; Doi et al., 2008). 11} &
At= FA-FAN Y=o AFAIZIo] B 11Y42
AP 2A YRS 7IAA g2 AL HA EIF
2 A8} o]A Y AFE2 HRT AF ] A X
of I, 2L F AolE HolA ¢em DIN 5o

gk gk olF e Aol T 4= gl Y5 d %,
stRe ¢ AEY LHEZ] 2F WA ¥ vA=
Aoz AH vf Itk (Jung and Kim, 2017). 5742 =
2 EAE dEsh] Yl E2 AZAES tE S
S} I (Jung and Kim, 2017), Y5742 Aol st 5
Zo| Fastd steA Y gFo| St AR &
# A 9ItH(Cho and Kim, 2018). 25 A EAE 5] ¢

& RYNAY F7E AFAZI] FE FA-FA 7170
L QRYALS AT BB G AOE Bt E
3 FA-EA A% B GER AAPHES F A
9 52 2o B 8919 9T o A Wik A
2 2 978 B3 AT 5 Utk L, F 28, AF
A, GG 2 B B8 $H 2SS AL ot
e 27 Waksh) gRel BB A Weld ARAE
2 2AsH B4 89S FEA ] PHAL A
Ho }2 2t BaT Ao Bed

Chl a concentration (ug L™")
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Fig. 4. Vertical profiles of Chl a concentrations collected at differ-
ent light intensities in the Nakdong River; Gangjeong weir
(a), Dalsung weir (b), Dodong soewon (c), Woogok bridge
(d), Hapcheon weir (e) and Haman weir (f).

AESEFHIEY BAFE 9v|dt= Chl e T+ 2
oo wat Z Ao|7t 9SS U (Fig. 4). viE-2
A9 &3t 73t 93-S v X (Boehrer and Schultze,
2008) €& HEshe A=A S HE-S Stk (Noges et
al.,2011). =A Q] o2 A7 Bt G A W
A Zolof] M2 29] ¥sh= Koz ¢kgton ol 4
Zo] dojuhA] S ou|gict. weta] st 249
=39l 23 Zolo W Chl e = W37 UEIYA
$2 ZoF Hth Chlaf v+ A A Fa 10€9
F 146pg LR MY L FES HYW 11YoE 55
ug L7, 1290l = 62pug L2 ¥ 525 et US
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Fig. 5. The concentration of integrated pigment in October (a), November (b) and December (c); GJ (Gangjeong weir), DS (Dalsung weir),
DD (Dodong soewon), WG (Woogok bridge), HC (Hapcheon weir), HA (Haman weir).

(a)

100

B

Relative abundance (%)
5 3 B
1 1 i |

[
(=}
1

(=]

©)

AV

Gl DS DD WG HC HA

GJ

DS DD WG HC HA

DS DD WG HC HA

GJ

| Diatoms Cryptophytes

EEEE Chlorophytes

[ Cyanobacteria |

Fig. 6. The relative abundance of the phytoplankton groups measured by CHEMTAX analysis in October (a), November (b) and December
(c); GJ (Gangjeong weir), DS (Dalsung weir), DD (Dodong soewon), WG (Woogok bridge), HC (Hapcheon weir), HA (Haman weir).

EPA (1974)9] 7|&<] wz} Chl ad] H%7} 10 pug L™ o]At
Q10 FPENRE (HA) A”S A A 4, 119 2
AE((DS) A4, 12¥ FGAE (HA) AH2 FI4¥5 5
AR TR S Qo

HPLCE 43 AEZTHIEY A b 42 4
EEFIEY 2ZF2 oo 3854 AHEE ok

(Jeffrey et al., 1997). ZA} A7) B¢t A AHNA F27
o] ¥ A4l Fucoxanthin®] 1.12~19.82mg m & =
L =2 HYgon FZXF2 XFE M4l Dadinoxanthin,
Diatoxanthin, B-carotene T3t A A -oA AZHUH
(Fig. 5). Fucoxanthin 20| Zraghe] wep g ek
HHAARES A9t ZE AFAA HAZ a8t
(r=0.62, p<001). 2HEZF 9 X FEMAQl Alloxanthin
2 0.77~790 mg m 2 Fucoxanthin TFE 02 &2 =&
£ Hyon p2o] Fadgt uet S5t BEFE EA

th(r=-0.55, p<0.05). 52F9 A& M4l Luteind}
Chl b 3 F& =X A YA HESHUY 27
o] A& M9 Zeaxanthin®] H & HYE 0~2.13mg m™”
2 w3 Be se2 nad,

CHEMTAX Z=2IH& o] g3t AHE AEET
29 #3E 7|o=E e A A AFAA 427
o] 71z 1089 oF 76%, 119l 52%, 18]3 12¢¥
o 62%= AL Al7]0]| wet ZolE Ett BEHo| 2H
H2F= 100 o 9%HAT 114, 12€¥€&= 32%8 +
A 71z F7HE elE 5 qllen FRFHET 79
©7h o B BoAEE A7 ZASHA Fig. 6(b). 2
FE 2~20%, §2HE 0~10% HHE B F257F9
Azl va) JHHOR slolEst 2L Bty
ok AR 2AF A7) S 27O 719 =7 oF 50% ©)4
o AAT AOR wol FEFIF 4E, ALH HEY B
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90 E|X|4 - BIEQ - FEY - YTYS -

% o 8 BT 4 Aol 2ee AR
£9 TR 57 Aol IFL AAE FaT Aol

t}(Raven and Geider, 1988). A} 7|7t o 45719 4
22 6~18°Co HYE Hil=d o]HY dAFtoA IF
fol| 2&3sl= SHF 5 stephanodiscus sp.o 3 W=
7F 50%% 7V w8kem o] T2 2~18°CY| ®9lolA 7
A =7t =A Uehdes 2oz 2uE v ok (Yuer al.,
2014). thebd e o] e, AL UEY FEF S
Aol AL 711 A0 Btk LHBEFE AU G
5 (turbulence)9} W2 F A= & AAste= AO=R
& A 1tk (Reynolds, 1984; Barone and Naselli-Flores,
2003). 7=, A€d A7 EFEHIL F A7I7F Robd
o et eMmaRe) JAo e Brol 2 11
o, 120 SHEZFY L3 HE&o] Fobxl oz HAl
ERES *124 A 4 5L 27k 275~35°C,
25~35°CE b £& #2904 22 %
2 A5 A A7) Fetle W 20
& FxH9 7 rt @A Bt Ao F Btk (Liirling
et al.,2013). Telt} o5 Ho] Hof $&0] F7I5HY &=
Fot F2FY 7oEe UM Ao s o4 "ok
4 1-574] 717t ¢t CHEMTAX ZE2 302 39|
74 NBEYRE 2ATRNN FEF AYE
-"r“é‘ﬂl Hle Eﬂ ol ol]dof dmFoem F
ik =, 58 #2777 %
o= éﬂa} A28 E}(Lee et al., 2002; Son, 2013;
Yu et al., 2015). &, & AoA lE 2HREF
24 A7) AR BRS B9 GE4 42ERAEY
AP Aot abol7k AR (Lee et al.,
2002; Cheon et al., 2013; Seo et al., 2013; Son, 2013; Yu
et al., 2014; Yu et al., 2015; Lee et al., 2018). & A9
A 199 LHRERS Flelmst ¥ ebdAn A
FAFN e SHEZFY 2 EFTS AT + ¢l
A% BU ol 15U AR dasie JEERs
E ERFOE trolA A gtk ol
HPLCE o] 83t MA BHoiAe LHRZF XFE M
429l Alloxanthin®] HEE AT Hn|7 Bax= &
ol g7 & A7} AUt (Min er al., 2011). @04 2+
2 AL 22T} 2T g9 2L YA A}
gato] B4 W7hx mpelor] ok AETYaE Hm
o] &z Z+e AE &AM oF7|3tH cryptomonadsE L
A Xeko] o3kS T wo] W Aoz wyE Hf 9t
(Jeffrey, 1997; Park et al.,2001; Wong and Wong, 2003). &=
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29] Chlorophyll ol Tt i<l v|E 7|22 EA3}
o, o] ZHiAQl Hl= AAEA, F 24, I¢E SOl ==t
22tx] A "t} (Latasa, 1995; Goericke and Montoya, 1998;
Nicklisch and Woltke, 1999). wahA] 3 A =0 A
NSt ABSYIES ZYEAL Telsly] PANE &
u)7 AT YL FBHAH 0T o] ZofHof 5
m CHEMTAX 279 243 49 e 590 $3
S HBEYIEY Fa Mo ofat HEel v e
ggajof & Aog weEh

)
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