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The Seasonal Variation of Microbial Community in the Eutrophic Brackish Water of Lake
Shihwa. Baek, Seung Ho, Kai You'?, Bum Soo Park' and Myung-Soo Han'* (Korea Ocean
Research and Development Institute South Sea Institute, Geoje 656-830, Korea;  Department
of Life Science, Hanyang University, 17 Haengdang, Seongdong, Seoul 133-791, Korea;
2Department of Fisheries Science, Ocean University of China, 5 Yushan Road, Qingdao

266003, China)

The seasonal variation of microbial community, based on the bacteria, heterotrophic
nanoflagellates (HNF), phytoplankton and ciliates, was investigated at three sites in
the eutrophic brackish water of Lake Shihwa and its adjacent areas from May 2007
through May 2008. At the upstream-region site St. 1, compared to the other two sites,
significantly lower salinities and higher concentrations of nutrients and chlorophyll a
(Chl. a) were recorded. The annual average abundances of bacteria at St. 1, St. 2 and
St. 3 were 6.8 x 10%, 7.4 x 10° and 4.6 x 10° cells mL ', respectively. As for the annual
average concentrations of HNF, 19 x 10%, 6.7 X 10? and 5.9 x 10? cells mL™}, were record-
ed in St. 1, St. 2 and St. 3 respectively. The highest ciliate abundance appeared at St. 1
on 29 April, 2008 and in which, 99% were autotrophic ciliate Mesodinium rubrum
(Myrionecta rubra). Significant linear correlations between the biomass of bacteria
and Chl. ¢ were found, however, no significant relationships between ciliates abud-
ance/biomass and their prey organisms were detected in all three sites, implying rel-
atively low energy transfer efficiencies between them. These results indicated that
the trophic relatonship between ciliates and their prey organisms in the mierobial
community might be influenced by indirect route since higher trophic level organisms
did not directly correlate to those of lower trophic level, although high primary pro-
ductions were detected in the eutrophic brackish water of Lake Shihwa and its adja-

cent areas.
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Fig. 1. Three sampling stations in the inner and outer
areas of brackish Lake Shihwa.
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Fig. 2. Seasonal changes of water temperature (A) and salinity (B) at the three stations during the study period.

Table 1. Annual average values of environmental factors and main microbial-loop components at three stations in the

inner and outer areas of the brackish Lake Shihwa.

Station (mean +SD)
Parameter
St. 1 St. 2 St. 3
Temperature (°C) 21.5+8.8 20.8+£8.7 19.9+7.7
Salinity (PSU) 11.8+84 29.5+3.2 32.9+1.3
Silicate (UM) 87.0+59.3 13.3+8.7 9.7+6.5
Amononia (uM) 16.1+11.8 14+1.7 1.0+1.0
Nitrate+Nitrite (WM) 14.3+8.2 3.3+2.1 4.0+2.7
Phosphate (uM) 2.9+1.8 0.9+0.8 0.7+0.6
Chl. ¢ (mg m™®) 56.4+79.2 15.6+22.9 9.1+8.0
Bacteria ( x 108 cells mL™1) 6.81+4.68 7.41+5.24 4.60+0.29
HNF( x 10% cells mL™Y) 19.75+29.17 0.67+0.31 0.59+0.40
Aloricate ciliates ( X 10% cells L™)
<40 um 12.84+24.48 25.72+94.32 3.84+5.60
>40 pm 12.04+19.84 13.12+18.09 5.40+3.79
Loricate ciliates ( x 10%cells L™) 1.28+3.29 6.12+11.44 1.64+1.77
AxE, 4§48 AR NA $453 A6 (Water check- °C) 3t

er U-10, HORIBA, Japan)E- ©]-4-3}e] v_,—zj st} od okl
9t Chl-a®s EA387] M 2545 5LE #4314
33 Az B3stgl , ute|e] okel HNFO] A B3¢ A}
A8 SFet2dY o= (3 F = 2% A"
50mLe] A ge} 7 APz -guteislch AgAlel -uk
g AR: S, GFFEE 2 dASS 3319} o3k
& Chlad 4317 98] 90% ohl £l A F2319]
3, A3l kA RE FA] A PERA(-60

=

ofofd 3 grmuoly AL NH,N)E t=uelr} 2}

o 4 A} E F (Sodium hypochlorite) A&l A o=
(Phenol)s} WM&l A71& QA=dE HHY FFET
B‘;‘]—— Q] =¥ (Penenate method)& ©]&

At} AAHNO,+NO3-NA A4t slol=g)
=] :%]—-q_ J—‘ﬁ (Hydrazine Reduction method) 2 Z# 3}
9o} (Kamphake et al., 1967). 21AF% Q1 (PO,P)2 <lAle]
2.0] Za]2 4 Al (Molibdate solution)3} HF-&-3}ed A7}
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Fig. 3. Seasonal changes of DSi(Dissolved Inorganic Silicate; A), DIN (Dissolved Inorganic Nitrogen; B), and DIP (Dissolved
Inorganic Phosphate; C) at the three stations during the study period.
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Chl-a¥-- Wioidol A 2447t 4% UV-VIS Spectro-
photometer(HEWLETT PACKARD, USA)2. ¥%x& &
A8t Jeffrey and Humphery(1975)9) Alo] wlg} Zre
Arzsidrt.

ule]g)ole] AEake i (Sudan Black)-£-9) el
0.2 um 337 (Millipore) 2 @M & AR A= 2
% st YAF0.5~2mL)E 3 3% DAPI
(4’ 6-diamidino-2-phenylindole)2 583t QMsle] 83
#ulA (Axioplane, Zeiss) &2 1,000 3dlojA] 774 =
At z2F AEL P99 fieldol| A & A7) 300
A oA HEg A4slkar, 2o PR field 471 AA)
A AR RS kst & vlE|E]ole] AEFS

AFE3}19]t} (Porter and Feig, 1980).

HNF&] B2 $etid (Sudan Black)-&9¢] 2um
of 2] (Millipore) & JA3 ¥ A4 Alas IAFA0
~30mL)& sl Primulin GA3% 1,0009) 3lolA A5
8} o} (Caron, 1983).

AREFY AEFE 500mLe] #3545 Lugol §90
2 AN 1A ste] APA 2 -2uEE 24417 o]} A
AZFFE 10~50mLE &A1 H Sedgwick-Rafter chamber
o] g8te] Fekeul Aol 23k Lorica)d 7447 9
A 384 gL Foz FEI ALy

] 2R 8704 Aloldl] oujst AA S} A
£ slelslr] $islA CANOCO 4.5 softwared o]-§-&lo]
CCA (Canonical correspondence analysis) 348 3§34
o} o] BAE | EFH e 4 AEE Ale)d] fAH
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ARA EAd o] A Jehda, Az Alole =X
Aokt (Fig. 2a). 37 AH ] FFp2 844 (6~8)7}
25.6+3.1°C2 7} =9k, tf&o 2 34 (3~59;19.5+
4.1°C), 24 (9~119; 19.0+£7.5°C), 4 (12~24; 4.0+
3.6°C) e = Vel E3), 20084 193} 2% St. 19
A ZAule] HAFT GRS s v E 92 A
(St. 3ol M= A% 30~35 PSUR %A Jehdy, =
(St. 2)o| M= 34| 797 8Y Afolel] 25~30 PSUE H|
A Jojrh B3] A|gks ARR (St Dol M g AR
QA BolA2 TEEA dgka, 2 WEZFe] #A A e
STHO~30 PSU). St. 18] A% 4+ oh2 F AAo
v|gle] Fr2Al xbo|E R TH(Table 1). £3] St. 19] 4
2 7t opE} Wi 4 Ao 23 F

AEE BT U F i AEE B3l 9= &4
4 2 Wy G Ert B3 ke A= s
2| ZF 2 EE G
7z AR ML g vxE 47| o2 e Vel
At (Fig. 3). JFFF7F 7 A 2= St 1= o
B F AAEG & Zo2 WISy, $297]4408)
o} 8ER7)AA(DIN; AA, oAk, kY ohe] 3=
£ 3 A A, FAL S AdA oz ¥
2= 9jc} DSi, DIN, DIPS] FH1X]:= St. 104 2tz
183.8uM, 76.68uM, 8.57 uM =, St. 2614 28.9uM, 17.8
uM, 2.6 uM 2, St. 3614 19.7uM, 14.1uM, 2.4 M= H3
Het dFGs =t AR ez BA Iy St 29} St
3ol M & AR wWgo] 23] FFEHA Akt &A%
=9} 983} DSi, DIN, DIP A= 7zt7t r2=0.66, r’=
0.68,r°=0.332.2 3} &2 A#BAZ BT} (P<
0.001; Fig. 4).

Chl-ae] ABA W52 Fig. 5o Vep et 2+ A4
Chl-a%2] 7S St. 10] 59.4+£79.2mg m32 7}AF
kT thgo 2 St 2(15.6+22.8mg m™), St. 3(9.1+£8.0
mg m%) 03 el (Table 1). St. 16A4= 79 99
F31A) 342mg m3& 7|23y, 34 Chl-adke A
AA FJFL 24 (33.1+55.8mg m®), 514 (30.6+58.6
mg m™?), 74 (21.1£41.7mg m™?), 4 (13.3+5.8 mg
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Fig. 5. Seasonal changes of Chl. a concentrations at the three stations during the study period. The dotted lines indicate

the annual average in each station.
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Huze 4E

ZAP1ZE 2t 37 AAeA dtelelole] AEHL FA
o vl A FRARI, 1 o)) 7|7 AvHem
A Vel (Fig. 6). 2 A e] A& St 1, 2, 304
7247k 6.8, 7.4, 4.6 x 108 cells mL ™12 #2F Y}t 2.8 A3
WA o] ASEe dHA wteE]ote] AESFo] vlm
A A #FEN oL, FEes 2 Fog HESNE &
g By, FAY FAE d¥Fd - UEE &
Agiek(Fig. 6). Welg]ole] v dxr St 264 2.4x%
107 cells mL-1(2007d 7€ 1693, A X+ St. 144
5.7x10°cells mL (20073 79 2¢)& 21 Aol FAY
o} £3] St. 19 24} sl wleelor) 3Ega, 7}
$2 4% 74 Fol B 77H 725 716)0) =
o] wtelle]ole A3 FAEA] Ak, e oke] A Y
= =8 53] v fREdq i 2 2417 B9

£ 270 A (St 2, 3 Ak el ot #3H
et

4010k v]AHEZF (HNF)O| AZA HEE Fig. 7
o vehigls, Z AAY] AFFL St 1elA] 19x10?
cells mL1, St. 20041 6.7 x 10%cells mL™*, St. 39|+ 5.9
x10%cells mL™! <02 vielgeh 3/ 3] AdgFL
FA e 713 =2 16x10%cells mL - B, ofgo=w
Z7) (11 x 10?cells mL™'), 3}4) (10 x 10% cells mL 1), F4
(5 x 10% cells mL V)40 2 Jeldc}.

Ar 2o =x2 QPS (Quantitative protargol stain)y

& ol gaba b BakavlRekN Hes) A7 )
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o2 R3] Fig 8o Jepliich 2E FHAM 425
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Fig. 6. Seasonal changes of bacteria abundances at the three stations during the study period. The dotted lines indicate

the annual average in each station.
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Fig. 7. Seasonal changes of HNFs abundances at the three stations during the study period. The dotted lines indicate the

annual average at each station.

A3 aEE sk FAelA A (front) & FAIsH,
77 8 a9 EFHAEA BHEEE R 2571
A FAAsA Hgoh(kl E, 2000; Gray et al., 2002;
McLusky and Elliott, 2004). o] 3+ 2] E-Zg = E0] =
AlE frshrlel FE3 gl LR A45H
22 FHFH7] Wil Chl-os-=] Foi7} wHs| i
AL, Aol oF 60mg m=P2 I3 ¥ A& A
At 2HA oz A3z AFE FAeR § Fodoat
ef2] oJokdst dFAE 7)1pA AEEFIES A7
73Fe} vl Be] A3ts wipitegoz 34 AHslEw, 1
HAX AEEFzEL] AAZL] Al o5& f
3 St. 29} St. 3o M= 2 UER ofH EAFo] ¢4
23 F e 553 0y & £ JA
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£ HEHF(Chl-a)> ARA o] ¥ (Bird and
Kalff, 1984, 1986; Naganuma and Miura, 1997; Kormas
et al., 1998; Lee et al., 2001). ¥ dF8] 37] AAANA 4
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uledekodel 23] 0.2~1.8x10%cells mL ' (Cho et al.,
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=, 2003), F-o k4 ql ikt 0.5~4.5% 10°cells mL™!
(Park and Cho, 2002; o] 5, 2007) ¥o} 4|3 =4 e}
ot =3 F 5(1997)0] Al3kselA B3 1.6~19.5x%
10°cells mL ! W9} & @F)A veht 3930 AdA
W3l A FARIEE o] 5(2007)] &J3Hd, mRAFEES)
Chles=2] 47 HEL 02~60mg m™>(HF 9.78 mg
m)E BT8R T, o] FEE AFE St.39 dA%F =
o} FARIE SARA N o 5 glSel, wElEole] A
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Fig. 8. Seasonal changes of ciliate abundances at three stations (A: St. 1, B: St. 2, C: St. 3) during the study period.
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-4 WA el ok Chla Z 9} vlEe] ulg)
% =g 33 §A 4487 gt A A
AR AL HNFs) ol el lels] 24
E ARe AR = ve]elel HNFS] 5 A
%7]—3] }\J-sz}-lx-lﬁ. '71:};(] 1.—_7.]] 314-7‘0-5];(] ol-oh;}_(,:o 23,
P<0.05)(Fig. 9B). @A A5 7]4-6-29] uly
2ok 37 ARYE AATAAL dude Y
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°] Z Aoz #AgE T3y B dAFdMe 8287
2& 235 Qsk) W 25 o AU At
2 28}
welelobe] e ool o8 ke wom, feol
¥ W giHos weele Y iU §

o

20()3) B 2} AAT o] fale] ke Alghs = &
< B FA9 ool HHG T, FAY B 4
3 2al siel YA HHEA] $o) HE AS

2 5" d), o] A|71¢] 32 whH|Eel AEHFS AEE
GzEd 93 JYuche A4se G0 el o 7
7oz A7t} Pomeroy and Deibel (1986)2] ¥ 1190]] 9]
sk, 5705k 249 ABERIES 92H712 2
delolst AEEGTES) BER) JRAAL 28 -

DRI, FE 72 BAs A eelele] Aol 4
s S vebdehe RS Al 2 24P B
Gl - A wEgjol AEHFE BE A A
A B 3 AZF . o] AL 2 oA vl
gole] #Ale] Helx 152 A g oA A=
= HaldF9 U8} (Pomeroy and Deibel, 1986; oF
=, 2003).
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o} AEHI & AWNIAE /AW, 259 ARH =
A= T sA eldtl (Davis et al., 1985; Mostajir et
al., 1995). 2 Al A= HNF= dte]a]o} Bk v}
< ARRAE Bgor), FA>FA>EA>FA coz
A e ARA FExEAS eSS 24K 9} Q1A
g QA" ko] oF 5(2003)9) Bre]| o)shwd, HNFE:= w}
Hl2lole] AEFFe] 71 oUW A F == e ole] A
E7Fo] Fold A7l A Rk 2 zAM=
6~8% Alo] AFY Aoz $83 Al o5, 424
7} vl kAR St. 29} 3ol|A] wlHE]o} PETFo] ¥
A)7)el]l HNFO] AEFs A58l Wslsh= 7gko) #3F
Hyl o St 104 e 797} s 2% o) J3ke
HAsHA wrel 2o} s 44t vlejE]ofe}l HNF7} EA)5
o] 259 FelE HEsA gl 4 ik AgHles
 dFolME el ole} HNF S8k vlwa #
At ot 289 ARRAE 20A A g3, 1 o
fre EAHQ 7Rt 22X 2po) & o) 43 A3ts
W 2HE2 A2 st WP fge] Hjo] mhe
deE ZA Bl WEole AlsE

ARZFE Heleel, nzqRe) 22 o) P2 £
ol WzeHA WkE3le AELo= A 1527
s st Wz 2 Y=o ZHE JAdY
(A3} A, 2008). Kim et al. (2007)0] R.73}F A)3t5 =9
A 7] 2A ¢J3hd, A ¥EFe HNFRY ohg)
F59% elgotels ¥ a0 sle Zlez ot
SR, W2 ob-HNF-HEE3F2 olox& nAAE
Holge] A9 EAREA Fo3dt d3E Pdditiy B
T okEE ARFFHY XL AEEYAEY IS
F3 AT AL T, A EEFIE $F FFHe=
A7 ArEfe & 4d=2 2839 (Suzuki and
Taniguchi, 1998; ¢F 5, 2003). ¥ ZAlA] AE2:H=
ue| 2o}, HNF, A 2S84 3E3 22 Holdte] #A =
TFEElA] gdgkont (Fig. 9C), YA e s wpegele] &
=7 ¥4 FEEAE o w27 (oligotrichs)Ql Strombi-
dium spp. (<40um) =8 £ Y=E Bgvh 53] =7
7} 2F& Strombidium spp.-& vlEg)eols TAs= dwn
Aol 2oz 2 oz ¢lv}t(Fenchel and Jonsson, 1988;
Kisand and Zingel, 2000; 713} A}, 2008; & %, 2008).
Mesodinium rubrum-2& 2008 4% 29 St. 194} it
AR A RSFol &3l M. rubrume A EEga
E(F2 ZYHEF; Crytophyceae)S EAslw, 28
AES) GFAE 045l BPHE AN 935
Yz HxE YA YYAYE-o)H (Gustafson et al.,
2000; Yin ef al., 2004). A7)0 AF8 AmEF 24
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Fig. 9. Relationships between bacteria abundances and
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ria abundances (B) and between ciliate and HNF
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oligotrich ciliate and loricate ciliate, respectively.
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Selo) QT RejpeE el 94 2
EF o)t} (Gustafson ef al., 2000; Kim et al., 2007). 23}
Moz 2 Q7oA HREFS o) Dol dET (el
o}, HNF, Al 2-E5#3E)3= A##AE= A7k 24 (Time
lag)o 2 <Ql3le] x=&3 4 glgor}, Strombidium}
Mesodinium<;3} 222 AR 2g7) A|3tao)a] ojw Ex
/‘]7]"1] LT = ddehe A Holdde] =i 89
Aewol TR EAstL vk 2E AR ew A
AV % s

A%z 0 7)golel DA pl2AE) 2
Aa3AE sletslal z, 7t W= CCA (Canonical cor-
responsence analysis)EA & 3lgt} o] BA1L 2} nj4A)

Aol wgsl $H2AET TE2E Fe Hxge
AABAE ez dehie] v AETR B4 2%

o AEIAE AR B Y 5 U beleh A
A A - Ao s B St 18) CCA 24 &
A 8 R (Fig. 10A), 98529} 7449, 227199 o3
93} 319 4BIAE eI, FRree) HuE
F=ES) WEFE 2T 4 U Chlar=e) 4 (19

ABRAE JERISIT w3 Chlass, HNF, 537
L e nlgko g 2|9x BExIg o AEFe ook
Qzhe) B ()9 AL ulT F St 1M B
FaEe duses) AdA e Ae] 843 248
SR, 25 2402 skl Azl dFdFol
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A anEuy gasch 53 H23Fs Ho|Eal
Al B2 ES HNFO| d&g] o§32 1y Qo= A
& AAFE 4= Q1o St. 29} St. 39] CCA EA M E 817
29l w2 E 7] A3 RAAE St 19 A o
FAHS B Y} (Fig. 10B, C). °]5 F A3 (St. 2, St. 3)&
A1ErE v 4o YAIska sl F71AH e 8 )
oz Qldte] W&t 929 47} w7 wjFo) 3
7o v 2AETAY AR Wt fAE A
2 AtmF o), CCA FAMo M 37 8913} nja) &9
G e 9x)9} 4wt 234 Ao Byl WA St.2
o413 u}e]2]o}, Chl-a, HNF&= 2& uigko 2 Z3 g9l
a2, A eq) A= A2 FAr A™E o) St 3
o4+ Chl-a®} HNFol| #3)A& St. 29] FAtat A1)
o, olE F IF AEF degol #AAE duA
el & St. 29} St. 3o|AE o] B2 A7) Al
E3IES HNFQ| dEFo] A4 Jepddes A& 9
n)3e}. 53] 2E AN A 7|7 3 Fog Fo
NE BAS TEE 5 Uz (Fig. 10 P R7)), o| AL
o] A3 ke 1198 E] 397 A= 374 eqla
A EZA 7He] Wstekde] fAlslve Ag AL
2 A|Akgie

205, A3l ARlME ) F3e AHgRoa
o} oJqd T2t 3] ¥4, Chlass =3 &4 o}
elgc). vt glole A EEGIE 7|99 §7]8-S o]43)
o A3 FAg A7 Chles =9} ¥ AHRA o &
Helor, |lAaNE HolZtoz AAEE ANEAAET}
9] #AE T3 vehA st B3] AR &
oJ¥d vlEe 1U=e v ul5TEe
Nfoz st A3t ARz Y Y AL ftsted
2 AAlel & A E A sk

5 2

uhel 2o}, HNF, A 2538 183 AREHa ofo]
A v2AAEFAY ARA HEE 20079 5YelA
20089 5Y7A] Heokslg 7)|esH- A3kse 370 A
Aol A zARSIICL w3 FHe] F AR v 5wl
Ao AR dEs=rl WA Jepla, gy =
9} vl¥e] Chla7} A3 A 7150 vt o}
2] o HF2 St. 164 6.8 x108¢cells mL 12, St. 20)j4
7.4x108cells mL 2, St. 30l 4] 4.6x 108cells mL'2 Z+
7z} #2= gt HNFS] o 32 St. 104 19x 102 cells
mL 2, St. 2] A 6.7x10%cells mL 12, St. 3¢]|4] 5.9x%

10%cells mL' & 247 7|55 S} # Ao A 23 A
4 St 104 2008 49 296 FFF Y, HA
99%7} A7ted o} ARZ Mesodinium rubrum (=Myri-
onecta rubra)o] v} Chl-ax-5+= vlg|gole}l &2 Al
TA7F R o, we|Elels HNFoF ARZ oz 9
X A9 ZAAF 7] A o] A vEhA] st
o] AL A9 EAAR oA oA BFE &g ¥
23 Yohe S guisiel 2egokaEl AsksdA 4
AR AEFe] A HAALSN = B3, v]aA)
A A9 dFdA AEH 39 AEEIE] AR
o] viehiA] skt AL vlAAESe] He| A
TAAQ] Holwa} -2 7gAQl AR vlEe] A7
A)Qe] offE Wk Aoz AR H A

Ab A}

E A7 20089 = AR Ado=z sh=ehex iR
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