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Abstract - From June 2007 to May 2008, seasonal variations of bacterial abundance and hete-
rotrophic nanoflagellate (HNF), together with environmental factors, were investigated at weekly
and monthly intervals in Kyeonggi Bay. During the study period, the water temperature and
salinity varied from 1.9°C~29.0°C and 31~35.1 psu, respectively. The concentration of ammonia,
nitrate + nitrite, phosphate, and silicate ranged from 0.01 to 3.22 uM, 2.03 to 15.34 uM, 0.06 to
1.82 uM, and 0.03 to 18.3 uM, respectively. The annual average concentration of Chl. a varied
from 0.86 pg L™ to 37.70 ug L™"; the concentration was twice as much at the surface than at the
deeper layers. The abundance of bacteria and HNF ranged from 0.29 X 10° to 7.62 x 10° cells
mL™" and 1.00 X 10 to 1.26 X 10 cells mL ™, respectively. In particular, there were significant
correlations between bacteria and HNF abundance (p <0.05), and then the high abundance of
HNF was frequently observed with an increase of bacterial abundance in summer (p <0.001). Our
results therefore indicate that bacterial abundance in the bay was mainly controlled by resources
supplied as organic and inorganic substances from Lake Shihwa due to the daily water exchange
after dike construction. Also, the bacterial abundance was significantly controlled by HNF grazing
pressure (top-down) in the warm seasons, i.e. excluding winter, in the Kyeonggi Bay.
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1] 24 &2 (Microbial loop)l2t= AIZNE Y] A4 W &
oYFTEE FERVIES FEHISUAE Yot o], =
1 gte glotE 49 FHEF (HNF; Heterotrophic Nano
Flagellates)7} A 41810, 17 0] ThA] HEFFol oJsf 24
He ME2E AUA 259 Al (system)E FHsHH, o] +
BYE FARHANA T2 715S FFTUTH(Azam et
al. 1983). I T84 F 5T 2ok sl
A 7129 &2, AL, FFE F 55 S5t ATy
YR 8kekE eghofl F3E mX|H (Simon er al. 1992), 4
FHHERE= 71=9 35 v 2ot Aoz v g
ofo] AEFH} PAE S 2Hst= AT 242 dA 9
th(Sherr and Sherr 1988). 53] G U43t SAlo A= B IYF
A ET v 2lote] BEFT BAtge] AdFor £,
ol ZRAEA ool At FFs A, A
=9 A= 9FE £ 4 At (Sherr and Sherr 1988;
Fukami ef al. 1999).

22yt A= Microbial loope} B &&{7]E, vt
glgjol, FLYGHER, AR2FY YA ETES sH4ste=
A7t A= o] giet. vt gots ZRE FLHFUmaH
B5Fo] B A7t A7|9(Yang et al. 2003), THAHTE (Park
and Cho 2002; Lee et al. 2007), 53} (Cho et al. 2000)E &
Aoz s, Ao 3%, % Hd (Lee and Han
2004; Son et al. 20062 FA0 2 T80l AL 23y
Aot B3 D40} Fivt AR wAEHE 714899 mlA|
Hol o] A YR ARt oste] HEH o= 23
o] $¥t}(Baek er al. 2010). sEATE At AefA= =2, 4
i, 24, 27 5 5% @4 =EHo] i, o et g
ol AA st HE gol, F5FFHER 22 v E
IE9 AEA FFS vA= a2lo] thekstA A5 o
2ol o' ERsAA 2ARE AR o]F v|AEIF
o thsto] F-E5HA ol wsl7|= o g

7719k WA gz of 8 mo BAHEAe} of
35m8 FHa2AE 7HA I Ut o] 2Rt tfaxate] 54
oz Qlsto] HEA/AE A Eo] EAE 2707t B
stA WEEo] jlon, Ao RE fYHE B IF
T AF T RN FUEE S22 FFdstE A7
TES= AT A F714Q 249 AT B fFEoR
As o] F3] EHET g sHolga &
ATH(Kim ez al. 2007). ©]¢F 22 oA Btg 2ot} F&
JAHR R W AT ZE Yang ef al.(2003)0] FU3tL
25 A7 T Assgza 24 A 199790 SaEo,
ABtT o] R T 22 e aclo] H3tE Al A
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Fig. 1. Map of sampling station in Kyeonggi Bay, Korea.
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4o EAE A8l wtotstr] flsiA 2007 64 THE 9
4 S e FHRAE ST 2AR: £F,2m, 4
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£ ol &3ttt 2, A&, AVIHEE, §244LE @F
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ottt EEFE Chl. aFS SH8H7] H8iA 2
FAE Yt ARG LE AeEd 2 F 42 >
LHpA of AgAR utstict. @A eA HE e
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Fig. 2. Seasonal changes in water temperature (a) and salinity (b) in Kyeonggi Bay, Korea.

noh) @ ¥h-gate] Ar7l= EF FHEE A5t FFst
£ 9l=9|=H (penenate method) S ©]-&3} L, oAk
I ZFAH(NO2+NOs-N)A Aae stol=ghl 23 Wy
(Hydrazine Reduction method)2.2 =73} th(Kamphake
et al. 1967). JAFA (PO,4-P)2 Qlato] o] Eajudl At
(molibdate solution)¥} ¥H-g-8}o] A7])= 3o ET|Ed At
ZAAE ofAF =24 Ab(ascorbic acid) 22 FYAA 1 &
BES 2gole) A ofaTRu UYL o g B
A5klTh. Chl. a2 WH2olA 2447 & F UV-VIS
Spectrophotometer (HEWLETT PACKARD,USA)Z &34
S &3}, Jeffrey and Humphery (1975)9] 2o what 2k
e

dhggote] AEFS HE (Sudan Black) €99 0.2
pum membrabe filter (Millipore)E G433 & 1JH ARE
& 3 g4t} dAFO0S5~2mL)S F3 A F DAPI
(4 6-diamidino-2-phenylindole) 2 527+ GA45lo] P4 n|
7 (Axioplane, Zeiss, Germany) 22 10008] dtolA] HA »
Asstedct 2t AEE 2919l feldol 4 5 AES7F 3007)
o4 A4tod 0] STRHE field 57 WA field 2] 3]
oI BB A 2 deleiole] ABFE A2
T} (Porter and Feig 1980). HNF2] A &3-S 4~thE5-2 (Sudan
Black) &2 o]| 2 um membrabe filter (Millipore)& FA3t &
IFE NeE dHZF10~30mL)S F8f Primulin G4

10004 3tof| A Al4=8L ¢tk (Caron 1983).

7719 £ aldt 9 uaPERRS et F4
2 B4 FY57] A 24§59 g 4] A4 (order)
o] Aolate] HHI FEHUAE o] &% BFEIE 4 £
YAt FAE B4 A 82 ¢ e ao] W g
N o)ite] BARS AT 4 9= ILFA| (eignvalue)7t 1
oS 71Ee R AR, 7+ ajld JFEHE WeE A
gohs 8975 (loaging factor)E Z42F AbESHH. +
e 243 23 24 93 ARt SAA = XLSTAT
2010 (AddinSoftTM) Z2 13- o|g3}%t}. of&a, z+ 3t
74813} nAgERAR}; 7He] FAHHAE Thetstr] A
Pearson’s A #A+E A&t 24 F5E SAA Y 9
$22 p<0.058 FTEFGTH
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£ 430l 4= ¥l dotit (Fig. 22). ZE FH 9
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Table 1. Annual average values of environmental factors and main microbial-loop components in Kyeonggi Bay, Korea

(n=110)

Seasons (mean = SD)

Parameter

Spring (n=10) Summer (n =60) Fall (n=20) Winter (n=20)
Temperature (“C) 16.68+2.58 24.27+2.66 21.81+4.19 5204229
Salinity (psu) 33.78+0.88 33.11+1.10 33.76+0.48 33.28+0.55
Silicate (UM) 8.38+5.64 8.57+5.17 13.64+197 6.94+4.72
Amononia (M) 1.06+0.57 1.35+0.77 0774137 0.08+022
Nitrate + Nitrite (uM) 2434035 402+1.67 7.73+4.53 226+0.12
DIN (uM) 348+0.57 537+1.95 9.10+3.90 234+0.26
Phosphate (M) 036+0.12 0.68+0.38 1364021 0.54+0.37
Chl.a(ugL™) 3594250 10.30£8.48 4.94+2.90 9.00+2.94
Bacteria (X 10° cells mL™") 2.76+2.05 415+1.75 440+1.86 1.80£0.56
HNF ( x 10° cells mL™") 458+1.83 5214278 3.05+1.36 4214272

Y 9lth (Fig. 3). FRUoke] HEX 001~3.22 M
9, A9 A AhHoR ke A=st B
pAPS

A (243 UM +0.35)>FA (226 M +0.12) A2 =A &
ZE it AJAE Y FEE 0.06~1.82 yYME HE 3G,
FA (136 yM£0.21) 0 A e, dEAE Y FH-2
05uM AFZ2 AFHog Z ztol Ho|x| okt 4k
2 0.03~18.26 M2 W3}t 1L, AAMY + oA Ak 9
WM Tl SARSHA 27 (13.64 uM+1.97)> 814 (8.57 pM +
5.17)>2&A (838 uM£5.64) > 57 (6.94 uM+4.72) 522
A Ut A4S Bt (Table 1).

Chl. a3 =X A 086mgm "2 1 3770 ugL™'2 2
7} #EAE Itk (Fig. 4). 24 A4 Chl. a5 =9 9¥ 7S &
204 1035+8.54 ug L2 71 T, 2m(8.72+6.47
ngL™),4m8.63+7.68pg L"), 8m(6.16+4.83 pg L™,
12m (5794431 pg L") &412 eyttt 489 Chl. o
o] ¥zt 3174 (10.30+8.48 pg L) > 54 (9.00£2.94 ug
L)>3A (4944290 ug L) > 24 (3.59+2.05 ug L)<
£AN2 B4 Yebgr

ZA717E B9 A7gko) A dhg Eloke] METFS FA¢ 2
4 (1.80x 10°cellsmL ™ol B]m & A THEY T, of&
20084 59 A2 (<04x10°cells mL ™Yo A HA=| 7} 7
FE Tt E3], 784 9gAtolo] 5T 2mT, 4 mP°
A T3] w2 T EYch(Fig. 52). 2 #AE A% ®
2 2m,4m, 8m, 12mo| A Z+zF 423,3.82,3.77,2.97,2.78
x10°cellsmL™' 2 P et WA o2 20] Aot

shAlol relzobel AEao] vmA £/ BREYD, 24
o 2AL ARl e AESLE A5 53] 5

Holl A AAHA Etom A9 Tt i 7
AL BT
JofHm o] APFL 4.52%10% cellsmL ™0™, X
1.00x 10 cells mL ™' 2, 12 = 2 m3o| A 1.25x%
10° cellsmL™' 2 2+7} WA= Yt ARYE £4YFHRF
AAe dxe sHAZE 7H 9k, thgo g &4, 54, &
A =22 Ueth(Fig. 5b). SAEEE 33 2mBolA
AFF 500107 cellsmL™' AZ2 7}3F =9k, teo
F5(@m~8m)It AF(12m)9] A= Uetitth
Pearson’s9 @A+ dre otk =2 (r=0.58,
p<0.05), gre|gto] e} A (r=041, p<0.05), g 2o}
o} eFm Yo} (r=0.35, p<0.05), Bte|2]ole} DIN (r=0.23,
p<0.05), 2E gotet S1AtE (r=0.33, p<0.05)1= %9
HAE B4k ord, v gotet dE A= S (r=-0.32,
p<005)] ool JAE UL, dre||ote} Chl. aTh=
ot AFTTA 7F b A] QFkTH(Table 2).

Lk

1

ZAZIZE F2t A7I9kol A Bt 2ot BETE 0.29 %
10° cells mL™'~7.62 x 10° cells mL™' 2 #HE3}1th. Back er
al.(2010)0] I3 2 ZAA 5} Qg AskE 2o B
o olatd, v lote] WETFL 4.5~74%10° cells mL ™' 2
2 A R ALY Aol WESHA th=A e
o, FAaA= FAFSET SEuEts oA Azt v 2
o A4 W] M=, WGPl F3) 02~1.8x10°
cellsmL™" (Cho ez al. 2000), ZH 5=l A7]Hk 02~5.4 X
10° cells mL ™' (Yang et al. 2003), -9 F4=<Q] ulalgl 0.5~
4.5x%10° cells mL™ (Park and Cho 2002; Lee et al. 2007)=
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Fig. 3. Seasonal changes in amonium (a), natrate + nitrite (b), phosphate (c) and silicate (d) in Kyeonggi Bay, Korea.

BIE 3 9ch. B3], Choi er al.(1997)0] AlZtE oA Bl
3 1.6~19.5% 10° cells mL™'9} Yang ef al.(2003)0] R i3t
A7 o] AQH wsjet & 2AETeh FASIAOM,
1A= 2 2AAEITE 15~28 B =4 UEstt. o
o} B olf= FIIEE ATz e A7k Wk
o dAF gL v ZAE AgHT. S NS &3
o2 A7 Rpo| 2 B 728y EAS 7R 9l
tH(Kim et al. 2007). £3] AZS2A Ad F 2470919

Aol & olgsto] shFo o FAH 9 wighE ) A2 Al
2 &9 RYgste dEFET oty Aok {18
o] AgtEoEs|d R FEH, B FHs ] A
SHA| 9% vd ALE ARdET ABERFY2 HEEF
A9 diAe Lol 2 F71d EFol v
ST A E o R E ALK OR FFEY] hEo] 1A
ohe Fggete o= Fste, olef &2 FYgst ¢
SHA| 9] WAk o] estA7]7] 99t o2 wiegtE
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Fig. 4. Seasonal changes in Chl. a concentrations in Kyeonggi Bay, Korea.
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Ms AH o2 APt Gl AAolct A og B
ZAEY oA HrE Eote] A4 7t LEjvete] b
Aot A Uehd A B3 AT R4 AYE |71
9 57 50| it /o st Agte 959 A
7|9 Wk At oo AdstA FFs v 5 e 55
g &Aoleta & & it

Uk o 2 g Elote] AlF7HE B P §ERT]
=T 9UYE 5o 23 bottom-up controlTt AF$] EAR}
o] 23t top-down control®l &J3A ZAAH T} (Weisse 1991;
Jardillier er al. 2004). Brg|2]o}o] AL A EZHIE 2
Al & Befjele oA AEE §E3Y f71EEE Yol

o= Fgapr] o] urH o2 e elotst A B EY
£ BEF(Chl. ) Aol DY) AT S Bust gl
o} (Bird and Kalff 1984, 1986; Naganuma and Miura 1997;
Kormas et al. 1998; Lee et al. 2001). Yang et al.(2003)°] £
shel, wrelelole] AL we|gole] AAIREF ofUle,
Chl. a's =8} 2= (o3 #AE Hustgict. e 2ot
¢} Chl. a9 A= W ot JEF FAE 3 771
E9 Fa3 FiEo] AEEFAE st THES Y
Btk (Simon er al. 1992; Lee et al. 2001). & QLo A= A
A2l dtgg]o} /fA4=2} Chl. aTh= 28 BAE AT
T e, Chl. a's =7t &2 SHAlo ARtaoz vy g
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Table 2. Correlation between environmental parameters and microbial communities in Kyeonggi Bay, Korea

(n=110)

Variables Tem. Salinity SiO2 NH4 NO2+NOs DIN PO, Chl. a Bacteria
Salinity -0.227

Si0 0.242 0.091

NH,4 0.557 —-0.107 0.271

NO2+NO; 0.409 —0.142 0433 0.016

DIN 0.550 —0.166 0.491 0.303 0.958

PO, 0.287 -0.122 0.732 0.380 0.608 0.689

Chl.a 0.163 —0.348 -0.292 -0.353 0.038 —0.065 —0.318

Bacteria 0.581 -0.318 0410 0.350 0.138 0.232 0.328 0.139

HNF 0.217 —0.436 -0.113 0.031 -0.130 -0.115 —0.087 0.408 0.362

Values in bold are different p=0.05.

Table 3. Loading factors for seasonal environmental variables and
microbial community on the first three varimax rotated
principal components for all water columns in Kyeonggi

Bay, Korea
(Loading >0.5 are bolded)
Components
Variable
PC1 PC2 PC3
Temperature 0.689 0.399 0.168
Salinity —0.237 -0.675 0.130
SiO» 0.714 —0.303 0.117
NH, 0.536 0.015 0.682
NO2+NOs 0.758 —0.124 -0.610
DIN 0.876 -0.114 —0.385
PO4 0.832 —0.261 —0.009
Chl.a —0.151 0.722 —0473
Bacteria 0.564 0.491 0.353
HNF 0.022 0.790 0.116
Eigenvalue 3.703 2.190 1.405
Variability (%) 37.026 21.901 14.049
Cumulative (%) 37.026 58.928 72977
ofe A4 WEE A e Age BT 4 U9
ot BHE, A4 (1~39) 9] Ag27]d= AEEF3E A
ST (Chl. o) AA o2 =74 YetgSol=E = 3}1 L
L

Hlelote] AEee It ¥4 ¢
29 2ol FUA et Selelotel BEF Ea E
2 AN WA BEEE e ug Angos,
wreelole] BT sl WS ¥ ek, o)
NeEgaEd 37t 949 Awyol g Ao= wa
Holth F $22 dActsioiol A sreelote] BB A4
2o] AAY WBE Yoslt FaF 2102 BHHTH Y
delotsl WE JoFPEote] foF o HBAol B
FAY FEIL B4 W EE 4B

SHAEY ?ﬂ;xﬁ& T4 F l 7H7ﬂlT7P A # 1 —’F &’l

f

zo2 gauE AL A7|% Yol S40] Faw o
2 @ 4 9k 7P ANkt okeel, AsE Y U
T o) Bo] 33| AR AASA FAT A2
Fago] Ao fAHE B4 HHHY] o
of £ 2A} BAHeIN ureelote} Chl. aoke] ol 4

A7t BAEA A AR T B o

(- F712)e ABkE 929 A71% kel v 2ol
o $9% 8910 sotEglrh 2RHHO2 37|e]
wrejzlofe] AEFS ASHE o 9lo] ZAHHOIA
2 2aFq #70glo] O
S=che AL AR 4 AT, 3
o1 459 B4 stelole 50
2 A=EAG.
FHBEL 100x10° cells mL™' ~
126x10°cellsmL™' 2 HESIQD, A2 o2 E 314 ulg)
gofe] YEFo| AR BA BREUL U L%
28 £8 &7 et 3492 BERE nlads
of o] 28, JYPS ALV BoUY AYR2A F
23t g8hS g3ttt (Sherr and Sherr 1988; Fukami et al.
1999; Baek et al. 2010). Fenchel (1982), Fenchel and Jonsson
(1988)9} Yang et al.(200)9] Ei1o] oJelH, F45 AR
e E U REEE T ISE R E R PRt
24 B ohjeh 244 HEFRO HolgoR olgEo] B
Bane AdnezA $28 94 A YhSher and
Sherr 1988). 53] 4 YFHER YEREE dhe 2o}
AETY 22 AUBAE 7HAH, 25 ARA &2 FF
ANMZ FH3HA 2Fo]E E ATt (Davis et al. 1985; Mostajir
et al. 1995). & ZAIAE FEHYFHEFE HHH 2of A
EF(r=0.36,p<0.05% oYz}t Chl. as=(r=041,p<
0.05), 2 (r=0.22, p<0.05), FE (r=—-0.44, p<0.05)7}
7247t gojg ABBAS BATH(=110). ThA] olE, F4
oprme] AYH Rl solyEel weeloe] A
o] 2719} HBo] 4B EYIEY WEFo| ¥ & o T

> 2 o o2 i Ho me v et fo
> e

of T
[o
=
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al.(2003)9] Hi1o] &t FEYFHEF= HE oty
AETFo] 7H =4d A5 E&= v glote] AETFo] Eot
A A7]o) 24 £E5t= EAS Bt 159 dAtolAE
4 7tAo R A AT Hig o R =9 F g7 HolAY
ET BAE AFH LR AAA e B2 SRS
AAstgtt 2 AFolA = sHA 69ollA 9Y Atolol=
THAOZ A, FEYFHEFO HolHo| v g|ote]
ABES Hoh AAISHA stotdd 4= qUSith & SEYGHE
7o AEFE WH ot H e AEEFAEC] AATH
A =2 A7l B 4F99 A7 (time lag)E FiL &7
T¢It Baek er al.(2010)9] A3HE Y]
dhe|2jobe} F&P g AHE 7] AT
< BobetA] ot o, B A4 ZAQ A7 ke =
TEHIAFURTY BEFS Ho| AEQ v glot W ]
2 AEY 247 949 =2 Aol o= AL ot
g 4 AJTHEAZE: r=0.36, p<0.05(n=110); 34 (6~9
¥): =040, p<0.001 (n=70)). ZPZ o2 A7|atox F
HEFO FAL HAE FAHLE ol e 2ot
A sHA ZAlsto] F3] 2 A BEE FAT
= Aot Wiwte gHolgt= AS & 4 AUSITH

e 2ot} FLPYUREFY 28T 2 FH e
A:e] JAE mhefstr] QA AR E4S S5kt
(Table 3). Al1FAJ Rl A= 2, T4, G Yo}, DIN, 2l
At 5ol 37% A2 §-238 Fho] Uehd Ao 2 Ko}, 3t
A L2710 GUE SVt Bl Eo] v oty FAlo] &
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