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We performed dilution experiments together with copepod added incubations to examine the influence of

mesozooplankton on the grazing pressure of planktonic ciliates in Sihwa lake during summer when the abundances of
phytoplankton and mesozooplankton increased considerably. Planktonic ciliates consumed 104% of primary
production in a day on dilution experiments. However, the ciliates consumption on phytoplankton was reduced
to 19% in copepod incubations with Acartia sinjiensis added. This was due to selective predation of A. sinjiensis on
oligotrich ciliates (>20 um) which were major grazers on nano-phytoplankton. Our experiments show that grazing
pressure of planktonic ciliates based on dilution experiments may be overestimated when the abundance of plank-
tonic ciliates is strongly controlled by copepods. We postulate that the role of planktonic ciliates as grazers could
diminish in Sihwa lake in spring and summer when abundance of copepods increase considerably. We suggest that the
predation of mesozooplankton should be considered to better appraise the role of planktonic ciliates as grazers.
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M E 50-74%% 2R|ohs Zlow deld dapiibale] it 5 A=
QA= 31 ¢l O w(Calbet and Landry, 2004), 53], v]AHAEZH

(e]

a1

AFTEZSHAES <200 um?] X214 (phagotrophic) FAAYE
(protists)¥} Ay F-E (metazoans)S 21|} (Calbet and Alcaraz,

2009), AEZFo} FTHYFRAE T AL Al 7P

A== =1

sk A E R0l th(Dolan and McKeon, 2004; Sherr
and Sherr, 2007). A2HFEZHAEL djoollA] I xPPateo)
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FE=0] 5 E2AJo]tK(Calbet, 2008). HH SEHEEZHAEES],
24y 520 pum 7)) ARFFAES T2 snlale, sjofe] o
opgelel ufel ol Qlort Holdow AEEYIERTHE A
REFRE Y dEshs Ao® YEA|aL QITh(Verity and Paffenhofer,
1996; Calbet and Saiz, 2005; Yang et al., 2010).
AFFEEYTEC] 2L SH5H A Yoz 9
2J9 (Landry and Hassett, 1982)°] 1O}, o]:= A9 E27P} gl
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FEjelM AT EELAEY HUxA%E S4sh= Aotk &
el FREEZFAEES], ) AT EEEEEY
FQ ¥2A} (Saiz and Calbet, 2011)E 3|4 ATLS 3 =49
2YTEEFIAEY 229k ZAAP} EASRs ARVl 2
3= AF eI 22l s Aok 5 ok
(Schmoker et al., 2013). Nejstgaard et al.(2001)2 AP T
TE 2AS AR 97T 37w AAE eleke WS Al
QFSIGITE. o] HPHE- 71 A 54 el vial] ARF=ETR
AN THFESTHIE 7t 235 2 (prey-predator interaction)=
st 228 SHsh= Zo® 7)E el visl 222}
EAHE A & o 248 2A9E ST 7 U

2 A7t R AgleE Fgdsie AR HdlsEE DIN
76.68 uM, DIP 8.57 uM <=0 ]=] (¥ 5, 2010), 53], sHAlel] 8
sk o g ow Qe 9% veve A TRt
5, 2004). A=A a FEE B 30ug LT 0= FAI8) skl
FIAM F, 2010), F FF54 aollA <20 um FEF4 a7} A FH=
HIES B3t 70% o1ds BRITHHT, 2010). HEF7FE +2 X
A2 FHFEZHAES 60~102,326 ind. m?2] HHAZ FA9}
stAlel HAF7F A STV, @27 7P SAlehe R
o2 Edstt. 2 352 FAN T Acartia hudsonica®}
Acartia hongi, 18] SHAloll= Q2V7 Acartia sinjiensis7} 7|
A o2 ®QItKF, 2010).
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Fig. 1. Location of sampling station in Sihwa lake.
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HEE o83l 5 3F 1 m FAeIA A3t @l 60 LS HE
200 pm2] YIEE o]g3lo] YE cod endol] EHE & 1L Z2|7}
Hujlo|E(PCyHel wot dxsla7t g1l ofo]~Biie] gol A7
A7 Snksli) SHEEEHIE T34 9 AHEAS 96
%70 (General Oceanics, 2030R)7} & - 45 cm, ¥ 200 um®]
AT UEE o]&sto] A & SAHEELYOR 4-5%
=7 24Tk Y A B 27k H7RAE A A7 &
7t 7S AAshed ol gkt

ZAIQL Al

s|Aall Al Aleflis 60 L %S & E3tsto] AMgsSict. 8
A= AAAE 100%, 70%, 50%, 30%, 10% 312 570
3|MTES Tl A MR e wiETHE Tt 8
e A2E fste] 5 Sl 200 um Aol Ae] HRFFS
789 EAAE AASI e, 200 pmA R of9kE ARl GF/
F filter(Whatman)=Z o3}t o e} E3tato] 34431y 3
FE= Azt

Jokdi= A9 M PO, 1.7 uM, NO; 59 pM, SiO, 157 pM 5
T8 AEEEAE Ago] AgEA ¢ Z10R rtE o] 84
A8 A AT kA ottt

Aol AR FHFEZFAE SN F 13,696 1A
m? o]9lom, @7kt A MG 92%(3A 9 Ads )
ARt 2 )= 7S S8 T FTOIN L, Acartia sinjiensis 73
A7F AA ZdAAFL] 19%= 7P 78k

FTHTEEFIE st T ek fI8te] 100% sl 2
e WA o] Q7S A1 ARTE Sl 22
A7 AFE 8l AN FHEEERIE ARE AR @ &
200 um A& Z83to] SH-EA Q75F A sinjiensis & G50l
748 A Adsigint, e @7 A A oJaalgroll A ok
20A13F AT F @A) 275 EAFH(12,851 A mi)yS
ukedsto] AT o 137041 H7lelgiTh

3| AAA 100% e THTEEZTAE 7 AP
g7 9 A3 Al A A5 2 -850 Umani et al., 2005).
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2o ARt 27 FF-E salinometer (YSI)} 33
Al(LI-1000)E ©]83te] A4 1 m)ellA SAsHloH, vk
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designs)= = A=A o= F U540, 20um BE4 g,
23 <3 um §E2 0] 34 A7) -?ﬂj TRERe] =4 o}oﬂ
om A Aol AR 200 mlg] FE ofHBISich &

E4 o AETY SIFE 1UE ARSI, <20 pm GF4 o
°lF 20 pmAlel AL SFE ARESIITE. <3 um 54 o= 3 pum
membrane filters ©]-g3lo] A3t WAl o w2 oyt sﬂ = 2}
£33k 2k A2 Al <3 um FE4 g, 3~20 pm FFA q,
>20 um FEA = TEIINOH, 320 pm PEA o= <20 pm
F24 g LN <Bum GE& 0 52 W gES o) 88k,
>20 um G54 ot T FFA 0 FEAA 20pm FFAE a F
=2 W g olgRlgint. Teht 1 A5 o TEE 24R
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g2 x2 T:_r(gcop, uncorrected grazing coefficient)<> Frost(1972)
2l 9J&to] Elnt. 18y 2R EAERE Aol = A
=20 tfsk Q7kRo] FAhfie]| AR EFo] AEeko] 7k
shaL wheh] HRERY ZABE PAw ek 2215 2
255 BAGst7] 9Jske] o9l 70| Nejstgaard er al(2001) ¥

Lo 2752 BAE Z2 S (corrected grazing coefficient)] ™,
o AT7ollA 22HR2 A Al 7IQlst ARZR
ZAE ATl gt Ao R o9}l Zo] Felth(Nejstgaard
et al., 2001).
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M-M
kpie = gmic(T)

M, -1
M= (M,—Mo)ln(m)
M= (M,—Munn(ﬁj
gm]c._t.. ‘?';]/’\-]/\]?S‘Joﬂ/\i ?‘6]17( /\—113

wE
% TN AA AEEFO B BT, M Q45 3
b ARTAN AA AEFF BT GxFolth. M M= 7

Akt “}37%]% Zmic®l tish thx7-2 uﬁ'—?‘r 47t }‘a]?‘d‘?oﬂ/ﬂ
A HIE YJERJITE (Nejstgaard et al., 2001).
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Buescor = 8w 77
ARFF BE 9457 4% AR A 9454 0 FEC)9) HF5A

a At (Cp)oﬂ &l shel AAS 4= Q= }_é}?ﬂ]—(%)‘___ Verity
et al(1993)2) WS ulebs] Akt

C,=(1-¢*)x100

= (" =" N/ - 1)x 100
gt AEZH B 247 954 ol gt 224Edel™, k=
AN AEEFIE GFEW!, 954 a 7Rl

%

4 4

ST @A RN 100% s A3TelA A A REel
FEE)T 2T H7HrIA ARSRl Uist 22459 24

E(g)& Frost (1972) 2lel <J3)] 73131tt.
M,= Moek'
M, = Mye* =)
Mol ot 2ol AR 1
et

ARZFol st Q7R (Acartia sinjiensis)2]
Nejstgaard et al.(1997)2} 2] Z743IT.
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ARZFH79 E‘ri% 742 7138 3Als Agsto] A
I](V)E 78t & Menden-Deuer and Lessard (2000) 5ol w2k
Carbon(pgCcell)=0.216V**¥8 &g3to] ML F Bhrdys 574
a1t 2 A7) 1359) AREF(<20 pm, 20-50 pm, 50-100 pmy=
Aol 77k R3] FejolH, 2t 7] 1§—°11 izl 50 1A
olde] MERHFE A5 T2 AVE M T 4/3*nx(hE/2)*
(8512)0] F21& 283l FuE ARt 1 gagow d
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S

AR ABELAE QBT ARFR) 2AES
A3 Slal e SAEl et AREYAE Qs 2
AN oM, 31914
A ol gsksict.

EEEE L IO
S o83 ARelA A A(Ty) 100% AFeNGHQ2F
A iRl thaTel B A8 a FEE 392ug L' Gk 0]

Z >20 um9 F=4 a7} 50.8%, 3~20 ume] F=4 a7} 48.8%,
283 <3 pme] FEA a7} 04%S5 AAE oM, AY FH F
(Ty) & 922 g 55 38.0 ug L' 50|t (Table 2). 315

g Ust AEZHIAEEFE 454 02 2RV AFES 3

AAE Qu] Q= Aoz Yeptor 2o 2 HE Tzl 2

EZHAEE 454 a 7199 AFES 133 d) oI, F
A

A=2 ool UF AEZTFO 2AES 144 ()T o= A
A Q154 a 1E2) T64%S) A 103.8% Sl
AHlEhs FEORE, A4 ES 534 pgChl L ¢'E FEH T
(Table 1).

FTHEESHIAES 20 um AEFFIES A4 As] o
2] Hhd(Verity and Paffenhéfer, 1996), AT ESFAES 5

i

HEeEEPaEe] Aok e Q0um AEEHIES] F AR
4] ATK(Calbet, 2008). & A7l HEFFE] 58 249
AE AR A ARERC] Holglo R A§8t =17] (predator:prey=8:1
by Hansen et al., 1994)2] <20 ym 354 a 57t A8k H]

Fol T AT a9 % 50%E 8] FL, FE JA 20pug L'E
o9 =97] Wl Ao B},

Schmoker et al.(2013)°l] 23} HA7IA] 43S T3l K
1 AEELIAEGIEL a 7100l digt AFTEELIES 2
210k AH 27| P24 g FEIF 0.19~12.30 pg L(FS7HY
25~75% DY w LxPPAFEL] 17.0~104.5%(F 374 25~75%
HANE 3ol AAT = Qs ASZE Busigit) weha 2
T-9] A A AP ] 103.8%2] AAES w2
ot} 7]&E AFtelA] B AAE Helel| 2dErka & 5 gl

AAEL 2 AFA Rl Algkg o2 Q54 o s=@E A1ZF A
39.1 pug Lhell vlaf vl b 58 Kol A|oollx] I A
olm, JFA a =7} oF 3ul] w2 AglE oAM= AP o
et 2 EEFAES] AF] AAZe] o] F AoR o
< At} Gallegos(1989)= H&H4 a %7} 32.5~138.4 ug L2
AT 58 Q24 g FES Hols A YofA A
ArEon, dxPA ol thall 45.4~104.0%2] AAES KLl
b 3FiTh o] 3hEel 16.8~281.2 pgChl. LS A|AE 4= Q=
Folth wbA] 2 Ate] XA ARETE AAE (534
pgChl. L) AmE3aE AEwo] 52 A9olx 2] dapyits
AAE Adzel o 2 F3teitia & 5 Qich

Q7T 7} wieRRellA] ARFRe] AEEEIE U$ =

o WistE 48] flete] tixTtet 97w 7oA AR
ST v BislE AuEgith A8 7kt 5 dxe o5
A7 B WA B3 (oligotrichs)T Z33I o, Ag A=

P

Table 1. Growth rate (k, d), grazing coefficient (g, d"), % chl. a grazed day”, % primary production grazed day”, and ingestion rate (/,
ugChl. L' d") on phytoplankton in dilution experiments and copepod added incubations. mean+sd (n=2)

. Ciliates Copepods
Experiments
k g p % chl. a grazed % pp grazed 1 g % chl. a grazed % pp grazed 1
Dilution exp. 1.33+0.10 1.44+0.17 ** 76.3 103.7 53.4+3.5 - - - -
Copepod added - 0.15£0.01 - 14.2+1.0 19.2£1.3  4.7+0.3 - - - -
Uncorrected - - - - - - 0.58+0.05 43.7£2.8 59.443.8 17.7£1.4
Corrected - - - - - - 1.86+0.04 84.5+0.6 114.8+0.8  57.4+0.6
** p<0.01
Table 2. Biomass of chl. a, ciliates, and copepod in copepod added incubations. mean+sd (n=2)
Control Copepod added
Ty Toy mean Ty Toy mean
Whole 39.242.6 38.0+2.0 37.1£2.5 41.1£0.3 22.4+0.7 30.8+0.3
Chl. a >20 um 19.9+0.6 - - 20.9+1.0 4.5£0.5 10.6+0.8
(ngL 3~20 um 19.1+1.4 - - 20.00.7 17.8+1.1 18.9+0.9
<3 um 0.2+0.01 - - 0.2+0.04 0.2+0.03 0.2+0.03
Total 10.8 98.5+4.9 38.2+1.5 - 1.2+0.1 4.0£0.1
Ciliates <20 pm 0.2 0.1£0.05 0.1£0.03 - 0.10+£0.03 0.13+0.02
(ngC LY 20-50 pm 5.4 80.8+2.1 27.9+0.5 - 0.93+0.07 2.55+0.07
50-100 pm 52 17.6£2.7 10.2+0.9 - 0.13£0.03 1.37+0.09
Copepod (ugC L) - - - 18.7 - -
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Table 3. Growth rates of ciliates based on carbon biomass, and grazing coefficient, ingestion rates and prey preference of Acartia sinjiensis on

ciliates in copepod added incubations. mean+sd (n=2)

Experiments Total ciliates <20 pum oligotrichs ~ 20~50 pum oligotrichs ~ 50~100 pum oligotrichs

. Control 2.2140.05 -0.48+0.45 2.70+0.03 1.21£0.15
Growth rate (d)

Copepod added -2.23+0.07 -0.50+0.27 -1.76+0.06 -3.74+0.27

p value ns ns ns ns
Grazing coefficient (d™) Copepod added 4.44+0.12 0.02+0.18 4.46+0.10 4.95+0.42
p value ns
Ingestion rate (ugC ind." d')  Copepod added 1.39+0.013 0.35%x107+0.002 0.87+0.004 0.52+0.010
p value ns
Prey preference Copepod added - 0.01+0.16 0.37+0.05 0.62+0.11
ns, not significant
A(Ty) A ARZFF T2 10.8 ugC L'E 20~50 um 7] ) B < 20um ©20~50m ©50~100pm
TIE0] 50%2 25, 50~100 pm 7] TS 48%, T18]al 100% - i T
<20 um 7] TIEE 2% FES BT AY T8 (T, R 20%
Tl WA HEFHF ehawS 985 ueC L' A S718Iglon, g
7V = W Z7HS Bol WARERE 20-50 um 7] 1 § 60% -
Foz A ARFF AL 73.0%F AL, 50~100 um g .
27] 8% AGAA Ao wlal gl ) Fskglon 4 £
Aol AABR= 1S 26.6%3ITh. W, <20 um A7) 18] © 500 |
AFEL -048(dHE AF A el vla] A T8 ol A
o] Hasiglom, A AR EF AAIRR] 03% ol th(Fig. 2, 0% 1

o - _ = N L = Control | Copepod added
Table 3). 2217 7oA A AESF Bad A T2 5

TO T24

1.2 pgC L'Z 3A Z4skoH, dx72 10.5% oIt
(Table 2). AEFF BE 7] 5004 &9 A4S Bgon,
50~100 pm 7] 180l 374d)E 7K = B S-S B
AL, B0 F 20~50 um 7] 1350] -1.76(d"), 123l <20 um
7] E°] -0.50(d") £ ©11tK(Table 3). 22} <20 um =7
AEZRT URTINE AR 52 43S 1o, 2757 7
TollAl <20 pm RIAESF2] 385 e 27272 Al me
A7 Rk Ag3o] AFgt Bro & Wo|w Q7HRe] L2
71918 AAE A 8 IA ¢ Ao 7 wwkEint
AEZFO vk izl vls) Q715 H7brellA e v
gkon, Q7FR H7b A AREFFL 245 0.15(d)E 314
A (1.44 dhyell vls) A FAsIATE o= AE AF A d=
A a 59 14.2%SF AAHAEFS] 19.2%F shFoll 2nE
= 07 AAELS 4.7 ugChl. L' d'= 4% 35K (Table 1).
AP E T3l dolXl 2HFTESHIEY 2HES 454
a &% W 523 AT =2 A 02 B aE ) Ok (Schmoker
et al., 2013), A2} A=A HE2EFHAE 5 4 (BEdward er
al, 1999), 28 s EZHIE T4 X (Calbet et al., 2008;
Lawrence and Menden-Deuer, 2012), 22179l 2]3} top-down & 3}
(Stoecker et al., 2008; Sherr et al., 2009)5°] AFEEZHIAE
9] ZAFof 9 v|X= Aow dEA Q) 53], e4FE=
ARV N 2 FEZFIAEGS], AREF FRF) 5
Q2 ¥2XZ (Calbet and Saiz, 2005; Saiz and Calbet, 2011), 43
FEEEIES] Tt 2715 28l sl 2AE= dl9elA
AHE T3l Bolxl AFFEEHIEY 2292 ATt
= 4= 9ltk(Schmoker ef al., 2013). ¥ AT E AREEF] =
2t gz wisl] @72l EAto] Ak 7R AUt

Fig. 2. Percent composition of ciliates carbon biomass by size groups at
the commencement (7)) and the termination (754) of copepod added
incubations.

Tl A sk, wheb Mgl sl SN E &
ol HRFTFO] 24U a7b7e] Ege] EAlshz 2
QUIEET} Fpridrhe low dhekenh

Q2= (Acartia sinjiensis)2| ZAIQ4

QN Z7F wieRARelN F H5A o diETRY 24F A

7 B 22 ags Bk BE 7] 159 452 ot
AY AlF Aol w3 A T8 Fol sEAAE B3oH, 7P
2 A TAE B 20 um P54 oo AP AR A F HEAS
a®] 50.8%= ZFAsIglort, A3 T8 Folli= T 54 a0 19.9%%
A ZAE 9, 3~20 pm 954 a8t <3 pm GEA a2
A e A EUTHFig. 3, Table 2).
7157 7oA AdEERel tist 22572] TAYS sk
U2 Q7T F 54 goll the BA A 22 E (g 0.58
dhelgieh. ol A AR A 54 0§50 43.7%9 LA
AFFE] 59.4%% Skl AblshE FEolH, & Q54 ool tiEt
AAEL 17.7 pgChl. L' d'7, 34480 MR 4459
1/3 §~20] 3 tH(Table 1).

Ty 97K 7RI ARERE] ARt 10.5%
FES Helow, Q7ie] Al ]Qle ARl AdaE
292 129(dY) Stk 015 1ol st Q7R 2B (g
1.86(dMelth ol A3 ARt A 454 a w29 84.5%SF A

ox
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ol 2 rlo to
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Fig. 3. Percent composition of chlorophyll a concentration by size
groups at the commencement (7)) and the termination (754) of cope-
pod added incubations.

2HYAFFS] 114.8%% slFell 2| 5= Q= oy, A48
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FHE) 2L A HEFRY F Holdolt 9715 v
olelom MEs G <20 um /] HEFEIIE F4E §
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costatum®]] TNSE A9 FA T7FEIIAL, AR WAL =
Zgk 748} A HEZFS Holdl ABAARZFO] YA
< T7ksltaL sigint. & AFelA AE 7] 1t F 24 oS F
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