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Abstract - In order to provide important information for the efficient management of the
identified farm ecosystem in Jinju Bay, we investigated the spatial and temporal distribution of
the phytoplankton community using a UPLC pigment analysis and a CHEMTAX program from
the timeframe of February 2013 to January 2014. In addition, we measured the available physical
and chemical parameters controlling the distribution of the phytoplankton communities. As a
result of this comprehensive pigment analysis, it was noted that the Diatoms were the predominant
species with an average of 77.1% as noted located in Jinju Bay. It was discovered that during
the summer season, the phytoplankton community composition was changed by a reduction of
diatoms and noted increases of the Cryptophytes, Prasinophytes, and Dinoflagellates. Especially,
it was noted that the Cryptophytes and Prasinophytes were shown with an average of 18.8% and
17.8% in June, respectively. However, it was revealed that the Cryptophytes and Prasinophytes
were not shown by a microscopic observation. The phytoplankton community composition was
correlated with the temperature and salinity variations as noticed in the Jinju Bay. Therefore, the
water temperature and freshwater inputs in the Jinju Bay were important environmental factors
for controlling the phytoplankton community composition and the varying Cryptophytes and the
noted amounts of Prasinophytes as well.
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Fig. 1. Map showing the study area and sampling stations in Jinju Bay.

1 % 45Y 1mLE F8to] HPLCE H0 300 pLot 42
& UPLC (Ultra Performance Liquid Chromatography)E ©]
& A EA4E AAsH

£ 47|71 ACQUITY UPLC H-Class (Water Corp.,
Milford, MA, USA) & AME-3H4 1L, ZE-2 Waters HSS C18
(1.8 pm particle size, i.d. 2.1 X 100 mm, Waters Crop.)& A}
L3}t 89 method= ACQUITY UPLC Columns
Calculator T2 1L 0|83 HPLCO|A] o] €8 gradient
(Wright e al. 1991)8 N2 Y 240 w30 A4lst
o A&3HETh(Table 1). 87 gradient7} HFH o2 ®E
Mg 2T 5 e A 23S 27] 3] DHIAMA
T3t &M A Chlorophyll A1E 37l (Chlorophyll a, b, ¢2),
Chlorophyll @8] £3]4H=<%] Pheophytin a, Chlorophyllide a,
HZ2AAQI Carotenoids A8 (Peridinin, 19-but-fucoxanthin,
Fucoxanthin, Neoxanthin, Prasinoxanthin, Violaxanthin,
19-Hex-fucoxanthin, Diadinoxanthin, Alloxanthin, Diatoxan-
thin, Lutein, Zeaxanthin, Beta-carotene) & 187}X& ©o]&
3}o] calibrationd} i th(Table 1). ¥4 24L& o33 2t}

System: ACQUITY UPLC H-Class (Water Corp., Milford,
MA, USA)

Column: Waters HSS C18 (1.8 um, 2.1 X 100 mm)

Column temperature: 25°C

Solvent A: MeOH : AmAc : BHT (80:20:0.01 v:v:v)

Solvent B: ACN : Water : BHT (87.5:12.8:0.01 v:v:v)

Solvent C: Ethyl Acetate 100%

Table 1. Solvent Gradient of UPLC.

Ti Flow Solvent A Solvent B Solvent C
e (mLmin™) (%) (%) (%)
Initial 0.35 90 10 0
02 0.35 0 100 0
25 0.35 0 90 10
4 0.35 0 85 15
5 0.35 0 77 23
6 0.35 0 60 40
7 0.35 0 30 70
8 0.35 0 10 90
9 0.35 90 10 0
11 0.35 90 10 0

(AmAc: Ammonium Acetate, ACN: Acetonitrile, BHT:
Butylated Hydrox Toluen)

Flow rate: 0.35 mL min”"

Run time: 11 min

Injection volume: 10 pL

Q9] HIHS o] &3] EF MA 9 Retention times Z2F
3143, UPLC PDA (Photo Diode Array) DetectorgS ©]-&
3 EE M2 FFEE ST 71E g FRAS
(Jeffrey et al. 1997)E ©]8-3] EA3t F (Table 2), Response
factor (RNE AAISHTH MEo A A M9 st
2 Ao 9J5}o] A A= At} (Park and Park 1997).

Concentration [ng L_'] =Area X Rf X (Ve/Vs)
Rf[ng L™ Area™"] = standard response factor
Ve [L] = (AIS/peak area of IS added) X (volume of IS added to
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sample)
AIS: peak area of the internal standard (IS) when 1 mL IS is
mixed with 300 puL of H.O

Vs [L] = volume of filtered water sample

3. CHEMTAX Program

19964 Mackey 5l 9|3 7i'#E CHEMTAX program->
Ao BB BIA A4 B WS o)g3) ABIY
E 2Hol 7HL = XA 4 (Marker pigment) 2] AT 2
ol H] Z+& AH43}o] Chlorophyll a gl digh 34 7]o
TE ZA3l= 2ol (Table 3). 7]& CHEMTAX A
T Ao 7|zt 8719 AEEFIE AFC] AHEHUL
(Furuya et al. 2003; Zhu et al. 2009) °]+= 25 (Diatoms),

Table 2. List of pigments obtained, with the corresponding reten-
tion time, absorption maxima wavelength in the eluent
and extinction coefficients (E).

Peak Pigment Retention Wavelength . IE .
no. time (min) (nm) Lg cm)
1 Chlorophyllide a 2.07 432 127
2 Chlorophyll ¢» 2.14 444 374
3 Peridinin 2.53 472 132.5
4 19-But-fucoxanthin 2.87 446 160
5  Fucoxanthin 297 449 160
6  Neoxanthin 3.02 439 2243
7  Prasinoxanthin 3.23 454 160
8  Violaxanthin 332 443 255
9  19-Hex-fucoxanthin 3.40 447 160
10  Diadinoxanthin 3.74 446 262
11 Alloxanthin 4.18 453 262
12 Diatoxanthin 443 449 262
13 Lutein 4.69 445 255
14  Zeaxanthin 476 450 254
15  Chlorophyll b 8.05 646.8 51.36
16  Chlorophyll a 8.36 663 88.15
17  Pheophytin a 8.74 667 512
18  Betacarotene 8.99 453 262

A 3 (Dinoflagellates), =H & (Cryptophytes), B5=
3% (Prasinophytes), =35 (Chlorophytes), 2} 2.5 (Hapto_
N, Haptophytes), 3225 (Hapto_S, Chrysophytes), & &5
(Cyanobacteria)©]t}. CHEMTAX program= ©]-&3F d7L9]|
A dnd BEE AZ ¢ U= AEEHIEY A - A
d B4 ol TGS BAS 7 AR REE o
gE A B g o3t Aute] HHom &ty wEo
Aai o] EAQT Ao A7t AEEFIE M H[EY
Zpolof o7t @77t EARTE o] T LAE Eola AF:
E odsh] 98 |dnAd B4 Aol vug 73 1Fo|
I 8 3}o] (Mackey et al. 1996; Lee et al. 2011), 57]17F A
ol A A 33 AR Aol A B3
H7h 9 B AT K (2013,2014)9 AEEFEE 23
£ &8st 2 A9t vkt

4. AEA
2 A7 gelA Y &4, 3t adsd £8 AES
P E ZAIO] ATA L dolr 7] 93}o] Pearson’s cor-
relation2 AR 3FFTHPASW statistics 18).
R
1.3389
2 ATl AFne 222 P 15.3°C (2.8~

27.1°0)2, 8Y¥ Ht 24.8°C(22.8~250°C)E 7F &4 1
B, 1¥€(20149) B4 4.3°C(2.8~54°0)2 7H4 2
el Th(Fig. 2).

GEL 3 31.7psu(27.9~329 psu)Z, 1Y€ (20144)
o 32.6 psu(32.1~32 8 psw)Z 7H =A UERG, 7Y Bt
30.6 psu (30.3~30.8 psu)2 7} WA UEstTh(Fig. 2). A%

Table 3. Initial pigment: Chl-a ratios for eight algal groups in CHEMTAX analysis (Mackey et al. 1996).

Class"/

Pigmen ") Perid 19butfu Fuco 19hexfu Neo Prasino Viol Allo Lutein Zea Chl-b Chl-a
Pras. 0 0 0 0 0.3768  0.1413 0.2165 0 0.0843 0 0.2807 1
Dino. 0.7471 0 0 0 0 0 0 0 0 0 0 1
Crypto. 0 0 0 0 0 0 0 0.1927 0 0 0 1
Hapto_N 0 0 0 1.7139 0 0 0 0 0 0 0 1
Hapto_S 0 0.5076  0.8354  0.2225 0 0 0 0 0 0 0 1
Chloro. 0 0 0 0 0.0495 0 0.1185 0 0.1294  0.3262 0.0168 1
Cyano. 0 0 0 0 0 0 0 0 0 0.6795 0 1
Diat. 0 0 1.0198 0 0 0 0 0 0 0 0 1

DPras: Prasinophytes, Dino: Dinoflagellates, Crypto: Cryptophytes, Hapto_N: Haptophytes, Hapto_S: Chrysophytes, Chloro: Chlorophytes, Cyano:

Cyanobacteria, Diat: Diatoms

DPerid: Peridinin, 19butfu: 19-But-fucoxanthin, Fuco: Fucoxanthin, 19hexfu: 19-Hex-fucoxanthin, Neo: Neoxanthin, Prasino: Prasinoxanthin, Viol:
Violaxanthin, Allo: Alloxanthin, Lutein: Lutein, Zea: Zeaxanthin, Chl-b: Chlorophyll 5, Chl-a: Chlorophyll a
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Fig. 2. Spatial variation of Temperature, Salinity (psu), DO (mg L"), DIN (mg L™, DIP (mg L™, Si0-Si (mg LY in Jinju Bay.

I} (Table 4) 23 G2 FBA T 0458 (p<0.01)
FHBAE EYh ol ASE a0 W W =
It A53E Aol ASEe 78 84
oA g9 g 7S AZSHL ol FUE &

A 2 A oM FA4T F&E M| U] |
o wag 7)ze dfel $AR AE YT Ro
and Jung 2010; Jung et al. 2012).

DO (Dissolved Oxygen, £&At2)= B 8.60mg L~
(4.02~11.59mg L™)&, 11¥ H+ 1004mg L™ (922~11.03
mg Lh)e2 714 &4 Ueds, 89 BF 525mg L~
(4.02~6.60mg L") o2 748 U] vrebytch,

o2 o
=hd
o
Jo
B
ol

DIN (Dissolved Inorganic Nitrogen, §&57]24)2 H
0.067 mg L™ (0.004~0.549 mg L&, DIPE= 39 B4 0.169
mg L™ (0014~0549 mg L'HZ 7} &A Yet, 49 %
7 0.012mg L™ (0.010~0.028 mg L™)& 7} WA vrebd
t}. DIP (Dissolved Inorganic Phosphate, &5 7]|¢)&= H4
0.009 mg L™ (H gt 0036 mg L'HE, 9¥ H# 0.021 mg
L7 (0005~0.036 mg L'H& 7} &4 Vel 49 B4
0.001 mg L™ (0.001~0.003 mg L™)& 7} @A vebget.
Si0,-Si (Silica, TFAHF4)= B 0.305mg L™ (0.002~1.05
mg L2, 8¢ B+ 0.889mg L' (0.814~0921 mg L™H&
74 =7 e, 29 FF 0018 mg L™ (0.008~0.022
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Table 4. Pearson’s correlation matrix of phytoplankton composition and environmental parameters in Jinju Bay (Significant correlation:

*¥p<0.01, ¥*p<0.05).

Temp. Sal. DO DIN DIP Si0,-Si Chl-a Pras. Dino. Crypto. Diat.
Temp. 1
Sal. — A58%* 1
DO — .888%* 343%% 1
DIN 040 —.704*%*  —.113 1
DIP 212 —271% = 328%* S536%* 1
Si0,-Si S53%%F — 443%% — 604+ A92%* 644%* 1
Chl-a - 221 118 347%% =174 -.033 — 221 1
Pras. S526%% = 287 — .509%* 246* 216 444 —.258* 1
Dino. S90%* = 308%*  —.620%*%  — 047 007 A48+ —.253% 197 1
Crypto. 242% —.393** —214 289% 117 386%* —.105 A53%* 073 1
Diat. —.676%* A2 678**%  —.189 —.145 —.585%* 343%% = B40**  — 628*%*F  — 589%* 1

Temp: Temperature, Sal: Salinity, DO: Dissolved Oxygen, DIN: Dissolved Inorganic Nitrogen, DIP: Dissolved Inorganic Phosphate, SiO,-Si: Silica, Chl-a:
Chlorophyll a, Pras: Prasynophytes, Dino: Dinoplagellates, Crypto: Cryptophytes, Diat: Diatoms.

mg L2 714 $A Yebdth (Fig. 2). 9¥E9 34 19
A B 622 A4E FIbete Al e, 53] 4&
o] 279 psuZ 7H Wtd 3¥€ AH 6914 DINS 0.549 mg
L™, Si0x-Si= 0660mg L™'2 t]$ & =22 Ho|k
@ DIPE= 0008 mg L2 B2 w7 Uehyth £ o] mj
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.Ilm
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g LTHE 71 WA drebith(Figs. 3,4). =& 20144 19
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Fig. 3. The community composition of phytoplankton (%) calculation using the CHEMTAX program and total pigment (ug L") in Jin ju Bay.

B} (Figs. 3,4).
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Fig. 4. The community composition of phytoplankton (%) calculation using the CHEMTAX program and total pigment (ug LinJ inju Bay.
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