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Spatio-temporal Fluctuation of Phytoplankton Size Fractionation in
the Uljin Marine Ranching Area (UMRA), East Sea of Korea

Yang Ho Yoon*
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Abstract - To understand size fractioned chlorophyll a and material cycles of coastal ecosystem in
Uljin marine ranching area (JMRA) of East Sea, 4 times of survey were conducted from April to
November 2008. Picoplankton, nanoplankton and netplankton in the surface of UMRA fluctuated
with an annual mean of 0.26 ng L' between the lowest value of 0.03 ug L' and the highest value of
0.87 ug L™, annual mean 1.32 ng L ™" between 0.11 ng L ™" and 5.60 pg L', annual mean 0.45 ug L™
between no detected (nd) and 4.68 ug L_l, respectively. And the relative ratio of picoplankton,
nanoplankton and netplanktons on the phytoplankton biomass was on annual average 12.9%,
65.0% and 22.1%, respectively. The 10 m layer was similar to the surface. The relative ratio of
pico- and nano-plankton was higher throughout the year. That is, the material cycle of UMRA
consists of a microbial food web rather than traditional food chain at a lower trophic levels.
Primary production is deemed to have a higher possibility of being adjusted by top-down dynamics,
such as micro-zooplankton grazing pressure rather than nutrients supply.

Key words : chlorophyll a, spatio-temporal variation, size fractionation, nanoplankton, top-down
dynamics, Uljin marine ranching area (UMRA)
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2%, 223 uhge] o) WAL H4F ARo] Bl
A &g Fodolth. ol ele BAH g5 delo 2
Ao} o5} ibe] G2 BASEL BE, Do) B 5
o JFAR FE U APARO] FUHREOIA 2 FFL
vt e olefdt iS4 AN dofe] 24EE
A wiehEg AlelelE 27t vhehE A oo diat

gy A V2ELH 5 Teks AHTE ¥Y A
T - WFSH (Yoon 2016), EF 27 |7l o
3t A7) )& Bo|t}(Choi et al. 2006; Hwang et al. 2011;
Hwang et al. 2012; Yoon et al. 2013). T3+ @A71A] &3] 6}
e Fuseld] gt ASESRIE 2ABY ATE &
A ARz St B AR AT wHG
(Kang and Choi 2001, 2002; Kang et al. 2003).
E3] AMYEA Y] Holree FAHoR HddAE
Atel A9l AEA AulAR NS FFHE 4
Sd3E0] 2¢Fe] Hoh AEEFIES vt &3
@3 oAl A U RES wRelE Qo] o)
WA VR oAty SAL AV B A
(Riebesell 2004). E3F HithEA s d oA AZEFIE &
AL YA FlEHe GFEF 3wl d8 2FH=AR
obiTl AF9) QFEAlel EAA) EAIG} 5 AEFE o
8 A= =17 of wet s o AetxE E4S At
& z}o]E HE It} (Severiano et al. 2012; Yoon 2014). ©]&
EETAE 2HAA 27142 FYYHAY st
Z (Malone 1980)1} Bjo]AlE 5 &243 AR oj
23} 21x}7} ¥ o] (Cermeno et al. 2006), B 2% 27]7}
NgEgaES Al shEA wolael

ofste] & MBANE $ANLT. 22t 2717} 2L
U EF 3 EL vA|Holgol A B35 HAFFHAE +
gste], e A AA S EAeEl o3t FERAS FAT
% QiR YESRAEL Ny $REOR §
Y= JFAF T3l gt bottom-up HA]of <3 =4
S| A gk (Chisholm 1992), Y= EHIE 59| 43 &S
PaEe FEEYAE 2AY U ATz 9T top-
down ®4]of 9§ A== A o] BIHT}(Jyothibabu et al.
2006). o] ¢jol = AEEFIE YEFTS L, dl¢f/5 5 o
ot BHEH AU 8 G Wt (Castro and
Huber 2010). o]&{3t o]F-2 oA AHE2FIE 27|
24 542 Tells AL AT 2 PolEE ojsat
€ b W$ 588 SAE AT Bk ofyzt 3o e
2woNE 1 Fo4e An

of AFE A7} AM HihEAAYS S
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Fig. 2. Temporal variations of size fractioned chlorophyll a at surface and 10 m layer in the UMRA (total chlorophyll a; measured value, size

fractionation: relative ratio, bar: standard deviation).

H|A ZA4slo] AEFE AT (SCOR-Unesco 1966).
EF3EY A7|HES HIZEFIE(02~3.0 um),
FIE(03~200um) D YESHIE(>200pum) 5
3TAE FLEBFATH(Yoon 2014).

2 ot
L. 3278 A& B A3t

7 v ERE Y #5004 A AA 5L o HT
L 7k 019 pgL7'olA B 1069 pg L2 H3tete], A
#203pgl”'e BYT, 10m $AE B23 22 A]7]9)
0.11~923 ugL"'2 Wa}ste] ABF 185ugL '8 2R}
oha Wokth & £33 10m 4 BROA £ 457
497} 6Yol w11, =20] apste 9ol kA, 1140
A} oAl AL BYch A7|HEE EZA YIEZ
FHE0] 0.04~0.87 pg L™ WA ABF 026 gL' 2
129%, Y=ZZ3E0] 0.11~5.60 pg L™ oA ABEF 1.32
pgL'2 65.0%, EZHIAEL nd~4.68 pgL oA A
& 045 pg L2 22.1%E AAEYT 10m $AE ®
H|2:3te] WA EZEYFE] 0.04~052pug L2 ABH 0.
ngL7'Ql 103%, b Zeg3E0] 0.04~636 ugL' 2 A% A
122 ug L2l 65.9%, Y ESHITEO] nd~4.86 pgL'2 &
B 044 gL'l 23 8% S AR5t} (Fig. 2).

B RZ20 9224 g 5% HEL 1.17~10.69 ug Lol
A 430+345pg L7 (B £ EFAAL, o5 22 MHAS
HAT, 10m $42 1.08~9.23 ug L™ 'oA] 4.08+2.99 ug
Lo ¥R wslstglnh (Fig. 2). 27182 2 EFFEC]
021~0.87 ug L'l A B 034 ug L2 9ol A Abeu]
L 24~215%0A 113+68%] HYS, yrZPIEL

=
°

o &

0.96~5.60 ug L' Al B 279 ug L™'e] Yol A] A
7} 51.8~93.8% A 73.5+16.0%, 181 YEZFIEL
nd~4.68 ugL™' oA B 1.175 pg L™ 9] W 9joll A A=A
H7} 0~43.8%0|1 4] 152+18.6%2 W35ttt 10 m 424
S BFET oA G2 AEFo R B3I FARE A RA
H| S Ho] WIZFTE0| 0.14~027 ugL 'O A H 021
g L™'2 A 2AEE 22~17.6%014 8.1+5.1%%, Uk
ZPIEL 0.93~636 pgL oA B 266 pg L2 A
HlE= 40.5~94.7% A 715+204%, 181 YESFIE
2 nd~4.86 ugL7'9] WA HF 121 ugL'E Arhn]
L 0~572% HYoA 205+23.1%2 #setgct. & 23
T 10m 4 BRA YieEFga R ogk AdizAdu|7t
70% oA 2 =1, IAZFIEL 10% HYE WYt E
3 AESFIEL RFET ofRFOlA B2 AR
e 1tk (Figs. 2 and 3).

202 B39 924 ¢ 5T 0.64~3.40 ug L7 o)A
430+345ugL7'9) HOE HYT 10m 4L 0.63~2.19
pgL7'olA 138+0.70 pgL7'0] W92 mEHh Yo A
B2 B9t (Fig. 2). 27|8L B34 fiZFaE
0] 0.02~0.72 pg L' A B 028 ug L9 {92 Ay
ZAHE 5.1~23.7%NA 13.2+7.2%, Y=ZSFIEL
0.28~2.10 pg L' oA B 0.92 ug L7'e] H Y= Aehn|
= 43.8~61.9%0A 54.0+6.3%, 181 YEZFIEL
0.18~0.90 ug L'l A B 048 ugL™'e] W2 Aru)=
70~38.9% M| oA 308+82%2 #SF3ATt 10 m 4]
L WFZFIE] 0.04~027 gL' BF 015 gL
o] Helg Afu|z} 5.1~23.7%00A 132+72%, Y=Zat
FEL 035~157pgL'olA B 079 pg L9 HY= A
tH]E 35.0~76.3%°1A 60.8+13.6%, 121 UEZHI
EL nd~125ugL7' 9] Mol A Bt 044 pgL7'e] W=
A H| = 0~59.6%01| A 260+ 18.0%% H3EIATH & 6Y
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Fig. 3. Spatio-temporal variations of relative ratio for chlorophyll a at surface and 10 m layers in the UMRA.

—0-7]-0}ME}-(F1gs. 2 and 3).

27+ B2 G924 a 5EE 0.19~041 pgL7'oA 028
+0.50 pug L' 9], 10 m $4& 0.11~0.25 pg Lol A
0.17+0.18 ug L™'e] W2 Bizlete], 7k Yo WEFS
Btk 28y FHE o2& vl nE FYatgith(Fig. 2). 2
7|8e EZo|A WIFZFIES] 0.04~0.10 gL' A
008 ugL'e] M2 Athul 10.2~46.7%014 299+
11.7%, Ve Z2FIEL 0.11~037 ugL oA B 0.19 ug
L7'e] Weojz Arfu|E 53.3~89.8%14 65.0+11.8%,
21 YEZHIEL nd~0.07 ugL A H#F 001 pgL™
o] M7 AlthH]E 0~22.1%94 5.0+8.0%= H3}sts]
th 10m $AS 9IEZFTE] 0.05~0.11 pg LA 3

007 pgL7'e] MR AhH|L 23.6~52.7%0A] 422+
10.6%, Ye=-ZFIEL 004~0.17 pg L7014 B 0.09 pg
L7'o] W92 Athr| 32.8~70.8%01 41 50.2+11.8%, 12
T HEEFIELS nd~0.09 gL o] HS]oA] B 0.01 ug
L' W& Atfu]E 0~43.6%00|A] 7.6+143%=2 W3t}
Aot & 4got 6%P+ g Al #AGlo]l YieEw
AEo| 50% W2 7rAst uhd, IZFIEL 30~40%

2 Z7hkdt. 53] AEFIE FA8E 10m Aol A
2%=2 ¢ 2 EAS Bt (Figs. 2 and 3).

119 B30 J24 ¢ 5EL 157~235ugL oA 1.85
+0.23 ugL7'9 M), 10m 5242 0.23~1.98 pg Lol A
1.7740.15 ug L7'2] W92 wslale] I7txoz FUsY
t}(Fig. 2). 278 &5 oA HZEFIEC] 0.18~0.46
pgL 7oA BH 032 gL' MYR AH|E 24~215%

’l



Spatio-temporal Distributions of Phytoplankton Size Fractionation in the UMRA 155

A e B N\
—

diksap-ri Jiksaperi

ULJIN

ULJIN

Ghoil-

oil-
Hupo-r
Samyulg
Size fraction (0m)
April 24, 2008

Size fraction (0m)
June 27, 2008

ULJIN

Hupa-r|

#

n %s
Walsang-ri Walsang-ri
Jiksagn-r Siksan-r
ULJIN s

Size fraction (Om)
November 04, 2008

Size fraction (0m)
September 10, 2008

Pico.p, Micra.p. \

0 Piu.Pohlgro.F.
Nano.P. Nano.P.
Wolsong-ri
p-ri

Wolsong-ri n
Jiknagn-r Jikeay
ULJIN ULJIN

Goil-g 201 Gfoil-r

Hupo-r|
Samyul.g

208
(=

Hupo-r|

Samyul-g
/() (10m)

%

Wolsongeri Wolsong-ri
Jiksapri Jiks ap-ri

ULJIN e

&1
Goil-r Gpoil-d Ll

o

Hupo-rf

Samyul-gi,
/O (10m})

@

£

3

2

H
X I
H
H
¢

(10m)

Fig. 4. Spatio-temporal distributions of size fractioned chlorophyll a at surface and 10 m layer in the UMRA.

A 113+68%, JeEFAELS 113~1.72 pg LA 3
# 138 pugL™'e] MoE AH| 51.8~93.8%0)4] 73.5+
16.0%, 1283 YESHIEL nd~044 ug L 'olA B
0.15pgL7'e] Y2 AFtiH|= 0~43.7%0 A 152+18.6%
2 Wgletgleh 10m $4L2 2 EFIE0] 0.20~0.52 pg
LolA B 032pug L9 HYE AulE 22~17.6%
oA 8.1+5.1%, =B AEL 1.14~1.63 ugL oA 3
T 135ugL7'e] MR AH|L 40.5~94.7%0 4] 71.5+
204%, 181 YEZZIEL nd~040 ug L' He| o)A
B 0.10 ugL7'0) HeOZ Arthuls 0~57.2%00| A 205+

AFo
E Y EFIE] 70% oFe s Azt £1, M EESF
AEE 15~20%2 Atu]7} 271514tk (Figs. 2 and 3).
Sl Bioh e AEEEaE AETY 27 28 5
AL 44 119 27 g3 58 H= 171 (Yoon
2016)%= UieEF A=l 7t 24H|7F 0% oL R =
Aot HeEF3E 3o YEESHAE, YIAETIE
O 2 AR7h #3oh 2y dRxRE F Hol7t HA
3t olF (Yoon 2016)0ll= Su|&EF2E AHH7L 50%
(EZ)ONA 60%(10m 42 Yrobal jhd, Y ES A Eo]
30% (F3)°1A 26% (10 m +4) 22 FolA= 545 e
Witk 281 AEEFaE AEd=rt 7P 23d 9¥
(Yoon 2016)2 Y EFIE0] 3T 10m =4 EFA
50%< tha @713 QARE, 2u|Ag 2 EFIE] 30(E

)~ 2% (10m FA)7HA] AdH7E 2 58S B
S 3 B EA oM s dF HREEVF =4 &

€ o8 d5& AlYshd, 2e Ad 3 % YkEFAE
o o Adi=Au7t 2 54& EA

Utk (Fig. 4A). 64 #3244
ou, AAHOZ HoA HExlst
AEFol w2 W, FollA FAst= sjgoflA BEol
Wokth, 2782 YeEFaEol 50% o4, EEHA
EL2 31%, 121 NAEFAEE 13%2 T2 AH| v)g
HEEZAE H7F 37185t 10m A= F500 vl3)
Z3} BZ o] e mOFolQT, A7 ME YESFAE
£ gEa o]y NZBFAELS BEF o)A £4TH(Fig.
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4B). 99 BFI 10m +H BE S e JBFS B9
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2 53} fARAY YESYIEY
AH|7E BoHE, BUHEEE QA AR SASATH Fie.
40). 11¥92 2 1I0m Y &2
4 A% LIS AW, ATA M| AR The &

v
=)
2l
&
ot
u
fm
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n
=
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gtk 271EE ZFoA R YESFIEY +
Au7E oA =4 delhgth 10m $AE Aoz 253
ARG e Exo|Ant, 5&I} 7k 1Y FYEe}

o dlok 9 e e BEwol Rtk 278 nE
YAEY THEIL B, AR Ao HRBFAEY
FARHE tha E9kch(Fig. 4D).
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Table 19= FWHY &, A, dafjollA Rud 27]E A&
EFFE gt 7€ AF H ofXorE EZIRE AR Y
oeFgt oA Eid |AMELE At ol 71&
Ate 4L B4 o] st RuE S0 T
H| W3k Ao 2= oul7t givt. tiiol 43k thilo] 27]
H A28 24 Hlwskgict.

FH= NEE SHELYCR SA oA Fefdo] Algt
Hololx FUAFT Fgol dEA g THE LS
23 EIs SER AZ(FI), 7 20 2 42
g FRY SAAM = YeEFIAE+ I EFIE
< e FEG U ESFIEY FA87F =AY fARE A
o2 B33kt (Choi er al. 2004; Kang et al. 2005, 2006;
Kwon and Kang 2013). £3] &3+ AX 32 59 55 A
Qe A AH YESTIE HlE&o] B4 #33 (Kang er
al. 2005), AR 7HE UYeEF3E0] 60% ooz A
gt AL AL, BE AE d¥T 523%2 YESZIAE
o] LAI5tth (Kwon and Kang 2013). ¥H g5l w2 ¢l
b2 AL HIAEFAE Au7F 7P =8tk (Shim er al.
1991a). & 95 e 25L& U=EFIEC] 70% ©]
A, QIZEHIERT 293%E AR5t ZU|AEFIE]
SAISEA L, E8] HAEFIELS §8F LolA 40% ol
o2 2|53 th(Shim et al. 1991b). o] 23t A}ZS QoFs}
A o A, ol whet gy s, 18
o - s o "eRdol dgste] BlwE ggHol

H7h, g fddel ABAA g AF wihEg e U

ST2E % YISFIE 2 AdFeE =30
(Shynn and Lee 2002; Yoon 2014). 218|311 v|w& ofg3}H
o] Y=o Aol TeH AFActE shrAdez E f
Hol AIEHUA, RIFe7t AP o] 2 FHE2 5=
£ ok wuad Hdo| A% AWEAY Wowe y

ZF3Eo] ZZF AR 73.2% (Yoo 2008)%} 64%E
EFUi Tk (Shin er al. 1990). 23U A7|9He YrEZPIE
o] 473%¢<1 Ao Htef YEZHIE 33.0%, 122 9IS
FIE0| 19.7%2 2AH]E B I (Yang and Choi 2003),
FAE & oS SH Y2 HepjE el wet thas Aol
UATE, Y EZFIZEC] 70% o= AAI5FATH(Shin er al.
2005; Hyun et al. 2006). & A EZH3E I7|H 2442 o
FE 1Y T 2 F AETA AN Byl
A= 2AS Yetd= Wdolth

Ao A B 9= BAglol g E4S Y
Bli= oA IZEFIEY Faiol =8kt riarte
and Purdi 1994; Yamaguchi and Imai 1996; Maita and Odate
1998; Shimoto and Hashimoto 2001; Tamaru et al. 2002;
Ehnert and McRoy 2007; Song et al. 2008; Al-Hashmi et
al. 2010; Moreno-Ostos et al. 2011). &, ] 29| H-L 5
um oJs} HIAEFIAEL A¥F 73.5%F AR (Al-
Hashmi er al. 2010), &F2] E9] 45~67°S7A] o] A
Ahalee] AH B0 EFL 3um ol3te] MaBFAE
o] 2tiolA B 23%, A FlA 16~19%2 A5}
= Zo] BiEHT}(Ehnert and McRoy 2007). ESF SL2A| 2
of ool %3 AAE A HRFAFAAE H 36} vhe
ZFIE0| 7} 402%%} 33.0%=2 v|AEHIE0] $ASA
T} (Tamaru et al. 2002). 9t ofyat F4H7F SAISH QY
F AHE el = E71tE 2um o5t 2 &=
o] ABHF 60% (Maita and Odate 1998), FFET} F
FEE Uetd= 3Rl QoA e doA T o F &
= 10 um oJs}e] ¥ = 9 YleSFIAEC] 89%=
= Ao] B 1E}h(Shimoto and Hashimoto 2001). %
= BRE 7k 3um olste] B EYaEC] 4
16.3% (Iriarte and Purdi 1994)¢] J{-ES Hol= 5 ©¥
et ol A 3 um o]3h W EFAE0] 7| 2AAZA
2% Zo] B,

MGF BAS Wolk A FUSH) FE RYYIE

[e3

@ of T

o g2 of rfm
4
o Sl R Jo ofw ot

[e]

=

Hogokst Wgkel AHIEE 10 um o|5ke] Yl EF I E0)
45~97%< (Yamaguchi and Imai 1996), 553l FA7} 3}
F= AL B 20 um 0]5te YEHIE0] 66.7%2 =
STt (Song et al. 2008), EFF AHGEIES] R PF3 F5
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Table 1. Size fractionation of phytoplankton observed in the different coastal waters of Korea and global ocean areas

Study conditions Relative ratio (%)

Range of Chl-a

-1 References
Area Period/Times (ngl ) Picoplankton Nanoplankton Net Plankton

Uljin marine 2008/04 0.19~10.69  24~467(12.9) 43.8~938(650) 0~43.8(22.5)  This study
renching area
Shinpo coast, 2001~2002/04 0.22~7.87 142~778 228~88.6  Kang et al. 2006
North Korea
Uljin coast 2003~2004/04 0.52~2.26 16.4~57.5(33.9) 42.5~83.6(66.1) Choi et al. 2004
Chuksan coast 2000~2002/11 0.78~3.29 35.1~76.6(58.4) 23.4~64.9(41.6) Kang et al. 2005
Ulsan port 2007~2009/12 0.36~7.11 224~382 582~745  3.9~812(523) KwonandKang
and coast 2013
Gori coast 1988~9/4 (winter) 1.89~12.68 15.7~83.2 4.6~66.0. 0.1~459  Shimeral. 1991a
Southern area lb988~1990/ 05~14.9 22.2~99.1 over 80 at _ Shim ef al. 1991b
of East Sea spring & summer most stations
Incheon dock 2002/12 2.1~20.1(7.3) 32.5~96.8(73.2) - Yoo 2008
Gyeonggi Bay 1997~1998/12 19.7 473 330 Ya“gzzrgé Choi
Cheonsu Bay 1985~ 1986/09 091~14.93 —19~93(64) - Shin et al. 1990
Yeongsan 2007~2009/12 - - - >70 Shin et al. 2005
estuarine
Southern coast Shynn and Lee
of Ieju Island 1999~2000/12 Mean (3.02) 6.0 827 113 00
Jeju marine 2008/04 154~342  53~42.1(173) 440~925(780) nd~394(4.7)  Yoon2014
ranching area
Pearl culture 1997~1999/10 05~44  38.1~514(402) 330 268 Tomaru ef al.
area, Japan 2002
Eutrophic saline Yamaguch and
lake in China Summer/22 <1294 4 88 8 Tmai 1996
Inner parts of Kiikrer and
Modito> 0 2007~2008/12 4.93~30.26 55 23 2 Biiyiikisik 2013
Tropical area in 2006/summer Estuary 13.7+8 8.5 85.1 6.5 Madhu ef al.
Indian Ocean Coastal waters 53+1.8 15.6 732 112 2010
Arctic area 2003/summer 0.18~1.05(0.4) 89.1 10.9 Joo et al. 2005

Values in () was indicated mean

A YeZHIEL 8892 $AIgH Zo] ¢zt (Zhang er
al. 2012). 2232 RFFsE FHAFHE P2, Y E
YEZZIE A7} Z 55%, 23%, 22%= PR whd
(Kiikrer and Biiyiikisik 2013), Q1 =% Gjsjde] a1 d =
AERE olF shtolA | 9 g2, Y D YEEFA
Eo] ZF 15.6%,732% L 6.5%2] AHH 2 Y= ZFIE9)
QAL =A H715HE Tt (Madhu ef al. 2010). 13 3
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fFetd Ao wel 37 o2t (Armstrong 1994; Tang
1995). -2t Ao A= A3fe] 79 B2 ko] AAl
ghooREe WA AR whedel AWAA g 5
R ze] g2 AolE HolA "ot T3 % el 4
£ Zl0] shie] 4] #5550l olg 144 9
A TEY 7 5ol g3l AEEFAEY F7E =40
24 Aol el Ao BeEdc,

s

o
<
&

dutrg o g z|&A e 9gofd X Fo] HAYsl=E £4590)
U 3kt sl | Weksf el e YESTAEC] AT A

© 2 HIFHTH(Shin et al. 2005; Hyun et al. 2006; Kwon and
Kang 2013). &y} FJ¢37F 238 AQtolut Winke A
T A Fa0] AHKHelR] Eopar HEH o2 WAyt
U, F%E Ao 1°ﬂ E;*ﬁ“l A =, 28 IgFHel ¥
FAZI EAH FAT FAo] WAH|, N2a7]7t
233} He= A éiqxlq'(Curl and Mcleod 1961). 18|11
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3HE g golA Fagt 7124 ALY S e A2
UvkAoltt, e, 22 o5 fH9 FFF E FiEol o
FO| HoAtsE A TR A 2 UEE 1
FEHIE0] A5t Ax I X2 3} (Shiomoto and
Hashimoto 2001; Tomaru et al. 2002; Inoue 2007).
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aol- AE AH7E AF 70% ]’%% PR ;1 S =1

Rkl Q1= u ATE oA HEHeR
= 3% = 59 9Tz HE 9 YeEFAE]

G, AQERO|A tha HolXl s =27]7F A2
LEFAE 248171 =0 ‘TJrEVﬂ =7 v
AAAQ 248 T AHT2e AStlA FU=
o] 23t bottom-up HA] ke w4 o]y
| Qs Holatge] BAHE Aoz
Wegozre g1 uoug g 5 5
H AoreE Aleh SR B
% FEEYIE LYol 7128
H= top-down A8 AejF2E st Aoz B
11 59 A2 24w sEEYaEs A2E
42 (MIFAFF 2009; Yoon 2016)9] 4% o] ¢}
AR sH= 25 Ho.
g W82 gigt =7t o4te] BYH Fa %4t
»%7‘4 ol-&1 e, a2 o]§ E=Fof TAYs}

r
A

do fo E

JRI-JJ B oo XN

q

>|v'j n}r

L_

1

[e]
e
o2 ¢

4
g

e}
e
of o
—Emzu
r;ﬂ:r_%

off rlo
o2
o
i et

oo el oo rr &
2ore ot ot of
Fi?i’ o

I' i

g

iy
Of

nl-ltl

T

[l

ot it rL
fo W ¢ mo mu o

N

£ o 8
r-l-lm*
i)

O oo

[¢)

rir _V,L

o
o o % mlo

2

FeA BAZ ZHF ABS AL, Foluct
o] P3t 7% HFBY AR BE 7| 2YBS

LR
0%

=

=
o~
2

Y Yol et 44 BUH) 93 A7 &
Hoz weh AWl WA o|§ 7F5et BRI 84
©Z0] glojobl, witkBApolet o] BH7 A of
23 5 9l AHA7]uE FAo] 75 Ao 2 BekE Q)

¥ 2

ol X v EZ oA 27E AEEFIE F

dH] 9 EACE 5SS worsty] A @A

| 4oA 119717 43] HAAsHglnh vt Ao #5

9 Tl]i‘éa]'ii—- 0.03~087pgL™'o] BiE Zox AWYF
o

0.11~5.60 pgL™'¢] %Hf-a ﬂng% 132 ugL_IE 65.0%, Lﬂ
EZHIEL nd~4.68pugL ' MR AFF 045 gL’
2 221%% ZAEETE 10m $AE tha 2AZH] 2jo]
£ AL e FdE 23T fARHAT AR 2=
5 UEZHIE FANTE 30%7HA s dt AR, A7

A YeEFIE AT T0% o' B EAS
At & 3l vhEgs Ao EAEe Ad et
4 Aol AN, MAH R = Fafelo] dE3 At
d 9] HolAkE FX (bottom-up) B o= §IFF BHEALL
iAol 2 E2&e (top-down)oll HE TA G
Hhe Ao 2 g 4= Qlgich

l

AL AL

o] =22 20[3WE HE (L&) AYo
2 AT Xl%% Héo} 38 71294 (No.
2013005394) Ax}o]t},

REFERENCES

Al-Hashmi, KA Claereboudt, MR Al-Azri, Adnan, R Piontovs-
ki and A Sergey. 2010. Seasonal changes of chlorophyll
a and environmental characteristics in the Sea of Oman.
Open Oceanogr. J. 4:107-114.

Armstrong RA. 1994. Grazing limitation and nutrient limita-
tion in marine ecosystems: steady state solutions of an eco-
system model with multiple food chains. Limnol. Ocean-
ogr. 39:597-608.

Bae SW, D Kim, YO Kim, CH Moon and SH Baek. 2014. The
influences of additional nutrients on phytoplankton growth



Spatio-temporal Distributions of Phytoplankton Size Fractionation in the UMRA 159

and horizontal phytoplankton community distribution
during the autumn season in Gwangyang Bay. Korea. Ko-
rean J. Environ. Biol. 32:35-48.

Castro P and ME Huber. 2010. Marine Biology (8th eds), Mc-
Graw Hill Comp. NY. 461pp.

Cermeno P, E Maranon, V Perez, P Serret, E Fernandez and
CG Castr. 2006. Phytoplankton size structure and primary
production in highly dynamic coastal ecosystem (Ria de
Vigo, NW-Spain): Seasonal and short-time scale variabili-
ty. Est. Coast. Shelf Sci. 67:251-266.

Chisholm SW. 1992. Phytoplankton size. pp. 213-236. In Pri-
mary Productivity and Biogeochemical Cycles in the Sea
(Falkowski PG and AD Woodhead eds.). Plenum Press,
New York.

Choi CG, SN Kwak and CH Sohn. 2006. Community structure
of subtitdal marine algae at Uljin on the East Coast of Ko-
rea. Algae 21:463-470.

Choi HC, YS Kang and IS Jeon. 2004. Phytoplankton com-
munity in adjacent waters of Ulchin nuclear power plant.
Korean J. Environ. Biol. 22:426-437.

Curl HJr and GC Mcleod. 1961. The physiological ecology
of marine diatom, Skeletonema costatum (Grev.) Cleve. J.
Mar. Res. 19:70-88.

Ehnert W and CP McRoy. 2007. Phytoplankton biomass and
size fractions in surface waters of the Australian sector of
the southern ocean. J. Oceanogr. 63:179-187.

Hwang K, IS Seo, BM Choi, HN Lee, CW Oh, MH Kim, CG
Choi and JH Na. 2012. Community structure of macroben-
thic assemblages near Uljin Marine Ranching Area, East
Sea of Korea. Korean J. Environ. Biol. 32:286-296.

Hwang LJ, JB Lee, DJ Choi, SK Kim, H Cha, TY Oh and HJ
Baek. 2011. Reproductive capacity in starry flounder Pla-
tichthys stellatus from Uljin Marine Ranching Area, Korea.
Korean J. Fish. Aquat. Sci. 45:253-261.

Hyun B, Y Shin, C Park, S Yang and YJ Lee. 2006. Temporal
and spatial variations of size-structured phytoplankton in
the Asan Bay. Korean J. Environ. Biol. 24:7-18.

Inoue I. 2007. The Natural History of Algae (2"d ed), Tokai
Univ. Press. Tokyo. 643pp.

Iriarte A and DA Purdi. 1994. Size distribution of chlorophyll
a biomass and primary production in a temperate estuary
(Southampton Water): the contribution of photosynthetic
picoplankton. Mar. Ecol. Prog. Ser. 115:283-297.

Joo HM, JH Lee, KH Chung, JS Kang and SH Kang. 2005.
Phytoplankton and environmental factors in the southeast-
ern Barents Sea during August 2003. Ocean Polar Res.
27:265-276.

Jyothibabu R, NV Madhu, KV Jayalakshmi, KK Balachandran,
CA Shiyas, GD Martin and KKC Nair. 2006. Impact of

fresh water influx on microzooplankton mediated food web
in a tropical estuary (Cochin backwaters-India). Est. Coast.
Shelf Sci. 69:505-518.

Kang YS, HC Choi, JW Lim, IS Jeon and JH Seo. 2005. Dy-
namics of the phytoplankton community in the coastal wa-
ters of Chuksan harbor, East Sea. Algae 20:345-352.

Kang YS, HC Choi, JH Noh, JK Choi and IS Jeon. 2006. Sea-
sonal variation of phytoplankton community structure in
northeastern coastal waters off the Korean Peninsula. Algae
21:83-90.

Kang YS and JK Choi. 2001. Ecological characteristics of
phytoplankton communities in the coastal waters of Gori.
Waulseong, Uljin and Youngkwang 1. Species composition
and distribution(1992-1996). Algae 16:85-111.

Kang YS and JK Choi. 2002. Ecological characteristics of
phytoplankton communities in the coastal waters of Gori.
Waulseong, Uljin and Youngkwang II. Distributions of stand-
ing crops and environmental variables(1992-1996). "The
Sea, J. Korean Soc. Oceanogr. 7:108-128.

Kang YS, JK Choi and HM Eum. 2003. Ecologocal character-
istics of phytoplankton communities in the coastal waters
of Gori, Wolseong, Uljin and Younggwang III. Distribution
of dominant species and environmental variables. Algae
18:29-47.

Kiikrer S and HB Biiyiikisik. 2013. Size-fractionated phyto-
plankton and nutrient dynamics in the inner part of Izmir
Bay, eastern Aegean Sea. Turkish J. Bot. 37:177-187.

Kwon OY and JH Kang. 2013. Seasonal variation of physi-
co-chemical factors and size-fractionated phytoplankton
biomass at Ulsan seaport of East Sea in Korea. J. Korea
Aca.-Indus. Coop. Soc. 14:6008-6014.

Madhu NV, R Jyothibabu and KK Balachandran. 2010. Mon-
soon induced changes in the size fractionated phytoplank-
ton biomass and production rate in the estuarine and coastal
waters of southwest coast of India. Environ. Monit. Assess.
166:521-528.

Maita Y and T Odate. 1988. Seasonal change in size-fraction-
ated primary production and nutrient concentrations in the
temperate neritic water of Funka Bay, Japan. J. Oceanogr.
Soc. Japan 44:268-279.

Malone TC. 1980. Algal size. pp. 433-465. In The Physiolog-
ical Ecology of Phytoplankton (Morris I ed.). Blackwell
Scientific Publications. London.

MIFAFF (Ministry for Food, Agriculture, Forestry and Fisher-
ies). 2009. Studies on the Development of Marine Ranch-
ing Program 2008 in the East, West and Jeju Coast of Ko-
rea, No. of Government Publication: 11-1541000-000260-
10:1019pp.

Moreno-Ostos E, A Fernandez, M Huete-Ortega, B Mourifio-



160 Yang Ho Yoon

Carballido, A Calvo-diaz, KAG Moran and E Marafion.
2011. Size-fractionated phytoplankton biomass and pro-
duction in the tropical Atlantic. Sci. Mar. 75:379-389.

Polat S and A Aka. 2007. Total and size fractionated phyto-
plankton biomass off Karata?, north-eastern Mediterranean
coast of Turkey. J. Black Sea/Mediterranean Environ. 13:
191-202.

Riebesell U. 2004. Effects of CO, enrichment on marine phy-
toplankton. J. Oceanogr. 60:719-729.

SCOR-Unesco. 1966. Determination of photosynthetic pig-
ments. pp. 10-18. In Determination of photosynthetic pig-
ments in sea water(Unesco ed.). Paris.

Severiano J, A Moura, E Magalhdes and V Almeida. 2012.
Study about top-down and bottom-up controls in regulat-
ing the phytoplankton biomass in a eutrophic reservoir in
northeastern Brazil. J. Water Res. Prot. 4:616-621.

Shim JH, HG Yeo and YK Shin. 1991a. Ecological effect of
thermal effluent in the Korean coastal waters I. Signifi-
cance of autotrophic nano and picoplankton in adjacent
waters of Kori nuclear power plant. J. Oceanol. Soc. Korea
26:77-82.

Shim JH, HG Yeo and JG Park. 1991b. Primary production
system in the southern waters of the east Sea, Korea I. Bio-
mass and productivity. J. Oceanol. Soc. Korea 27:91-100.

Shin YK, JH Shim, JS Jo and YC Park. 1990. Relative signif-
icance of nanoplankton in Chonsu Bay: Species composi-
tion, abundance, chlorophyll and primary productivity. J.
Oceanol. Soc. Korea 25:217-228.

Shin Y, H Soh and B Hyun. 2005. Effect of salinity change on
biological structure between primary producers and hervi-
vores in water column. "The Sea, J. Korean Soc. Ocean-
ogr. 10:113-123.

Shiomoto A and S Hashimoto. 2001. Size-fractionated chlo-
rophyll a and primary productivity in the offshor Oyashio
waters in July 1992. La mer 39:9-18.

Shynn B and JB Lee. 2002. Spatial and temporal distribution of
picoplankto, nanoplankton and microplankton in Jumgmun
coastal waters of Jeju Island, Korea. "The Sea, J. Korean
Soc. Oceanogr. 7:78-86.

Song SQ, J Sun, ZL Shen, D Wang and QS Luan. 2008. Size-

fractionated biomass of phytoplankton in the Yangtze River
estuary and its adjacent waters in winter and spring. Ying
Yong Sheng Tai Xue Bao 19:658-666.

Tang EPY. 1995. The allometry of algal growth rates. J. Plank-
ton Res. 17:1325-1335.

Tomaru Y, N Udaka, Z Kawabata and S Nakano. 2002. Sea-
sonal change of seston size distribution and phytoplankton
composition in bivalve pearl oyster Pinctada fucata mar-
tensii culture farm. Hydrobiol. 481:181-1852.

Yamaguchi M and I Imai. 1996. Size frationated phytoplankton
biomass and primary productivity in Osaka Bay, Eastern
Seto Inland Sea. Japan. Bull. Nansei Nat'l Fish. Res. Inst.
29:59-73.

Yang EJ and JK Choi. 2003. The study on the seasonal variation
of microbial community in Kyeonggi bay, Korea. II. Nano-
and microplankton. "The Sea, J. Korean Soc. Oceanogr.
8:78-93.

Yoo JS. 2008. Productivity and abundance of bacteria and
phytoplankton in Incheon Dock, western coast of Korea. J.
Environ. Biol. 29:531-534.

Yoon BS, JH Park, MH Sohn, JH Yang, SC Yoon and YM Choi.
2013. Community structure and distribution pattern of the
pleuronectiform fishes in the Uljin Marine Ranching Area,
Korea. Korean J. Fish. Aquat. Sci. 46:413-423.

Yoon YH. 2014. Spatio-temporal variability and size fraction-
ation of chlorophyll a in the Jeju Marine Ranching Area
(JMRA) with special reference to the signification of nano-
plankton. J. Korea Acad.-Ind. Coop. Soc. 15:6388-6398.

Yoon YH. 2016. Bio-environmental characteristics of the Uljin
marine ranching area(UMRA), East Sea of Korea. 1. Spa-
tio-temporal distributions of phytoplankton community. J.
Korean Soc. Mar. Environ. Ener. 19:37-46.

Zhang D, C Wang, Z Liu, X Xu, X Wang and Y Zhou. 2012.
Spatial and temporal variability and size fractionation of
chlorophyll a in the tropical and subtropical Pacific Ocean.
Acta Oceanol. Sinica 31:120-131.

Received: 24 August 2016
Revised: 20 September 2016
Revision accepted: 20 September 2016



