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On the Bacterivory of Ciliates in the Estuarine Systém of
the Mankyung and Dongjin rivers.

JAE HYUNG SHIM, SOG YOUNG PARK, BYUNG CHEOL CHO AND WONHO Yy
Department of Oceanography, Seou! National University, Seoul 151-742, Koren
"Department of Oceancgraphy, Kunsan Nationa! iIniversity, Kunsan 573-701, Kores

In order to assess the significance of ciliate grazing on bacteria} population in carbon flow of the cs-
narine pelagic ecosystem of the Mankyung and Dongjin rivers {MD estuary), abundance and biomass of
ciliates and grazing rate 04 bacteria of small {<40 jm} cilimes were measured. Samplings were carried out
four times from October 1993 1o March 1995 in the estarine system. Ciliaws smaller than 40 pm oc-
cupied more than 49.5% of total cilistes sbundance. Clearance rate of small ciliates ranged Fom 18.0 1o
106.3 nf cel' 1", As bacierial abundance increased, ciliate's cleatance sate decreased, suggesting that beg-
terial abundance effects on ciliate’s grazing rate. Ciliste grazing rate was equal to 0.1 to 12.2% of bac-
terial productivity, and the ratio of eiliate ingestion over bacterial production increased exponertially with
the increase of bacterial abundance (P'=0.62, p<0.001) Ut seems that the cffect of ciliate grazing on bac-
teria would be wmall in coastal walers and large in more eupophic weters of high bacterial abundance.
Carhon supplied by ciliate grazing on bacteria was avg. 3.1% of carbon amount required for the citiate
maxtmumy produetivity. Thus, the ecolegical role of citiate in microbial loop was probably more important
as a final consumer than as 4 diredt consumer of bacieria,
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Fig. 1. A map showing sampling stations in the estuarine
system of the Mankyung and Dongiin rivers.
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Table 1. Abundance and biomass of cfliates {Totl: total ciliates, <40 pm: <40 pm citiates).

msiiniianis———
Date STN Depih Abundance(cells 1"} Biomass (ug € I'%)

4 () Total <l pm % of Total Total <40 pm % of Totl

1 2 8371 2041 3514 35.05 1.54 5.49

2 i 17874 12925 46.36 6032 7.68 12.76

3 2072 9648 31,95 72 6.46 ¢.30

o3 10 3 ) 19115 13043 68.23 29.36 5.95 23.86

. 5 12697 8104 63.83 31.16 5.20 1739

10 11828 7551 64.17 2987 4.82 16.23

4 ] 2IR39 8736 36595 29.00 4,87 17.45

3 25280 15837 62,66 51.13 $15 10.56

i 0 4122 3014 63.83 10.63 173 16.28

2 9 4534 1236 2727 18.21 6.1 4.99

3 4251 750 17.64 24.18 6,77 3.55

0. 2 3 0 1422 1264 58.89 367 1.35 63.98

' $ 2508 1881 15,00 7485 1.50 24.24

10 051 528 55.52 2.70 0.68 25.19

4 0 8436 6643 7875 2147 7.45 3473

3 8773 7878 89.75 26.59 .19 3657

1 ¢ 9535 7641 26.16 94.0% 1.54 206

2 0 3204 1960 8318 3,60 2.20 61.18

3 4562 3150 60.71 23,42 1.89 8.07

% 6 3 5 5176 4295 89.37 526 2.00 38.96

' 5 $367 5419 7715 16.80 267 15.90

10 4742 3270 58.9% 545 132 24.22

4 ¢ 6054 3459 4525 26.20 2714 838

3 5588 1956 50,00 26.87 2.28 8.49

1 0 5053 7039 87.30 17.55 9.11 51.88

2 0 6401 6032 9424 365 3.29 90.13

05, 2 3 6977 5508 3420 27.82 437 1498

~ 3 0 5204 5204 100.00 1.92 1.91 100.00

5 5813 5813 100,00 331 231 100,00

4 0 11817 10952 92,69 18.92 6.70 3541
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Fig. 2. Ciliatc abundance, biomass and portion of small
(=40 pm) ciliates to total ciliates in the estuarine
system of the Mankyuog and Dongjin rivers (a:
abundance, b biomass, ¢ portion of small cilj-
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Fig. 3. Comparison of ciliate clcarance retes on FLB and
FM (FLB/AM: clearance rate on FLB over clear-
ance rzte on bead).
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Fig. 4, Ciliate grazing on bactenia.fa: clearance rate, b
ingestion rate, c; fraction of ciliatz grazing rate
in bacterial secondary productivity),
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Table 2. Ciliate graxing o bactetia s the estuaring system of the Mankyung and Dongjin rivers (IGR: ingestion tats,
BSP: bacterial secondary productivity).

e T T = T IGR T
Date STN  Depth ?:f’;f;?f ;‘};‘ iﬁi“sé“’;'l ’:i; SR x100 -
3 0 15.38 4.27 1.33
5 15.50 315 .84
93. 10 4 0 2278 647 538
5 14.36 G.32 .73
3 ) 8503 .05 .63
54, 2 3 54.53 005 8,20
' [ 0 66.15 G.24 1.16
5 8227 G.280 .38
3 Q 26.90 G5 .34
94. § 5 23.90 06 0.24
) 4 0 3310 .04 (.06
5 3537 G.o4 .06
95. 3 3 Q 24.44 006 {.85
. 4 0 14.38 0.26 1.57
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Fig. 7. Comparison of ciate clearance raies using 2 dif-
furent fixing methods (F4EL/A: clearance rate us-
ing Lugol and formalie over clearance rate using
formalin, 2: Station A, b: Ststion B).
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Fig. 3. Plots of bacierial sbundance vs. ciliate clearance

rate on bacteria,
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Fig. 6. Plots of bacierial abundance vs. ingeston clear-
anice rate on bacteria.
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Table 2. Ciliale grazing rates on bacteria in other wegions
T T W rrerrrerrer

Cleasance tate

Sources ' Species Regions & Methods (@l cell' b
Sherr <t al. {1988) Strombidium sulcatum FLB 57-413
Gorralex &t &l (1950) Butron River & 0.6-268

La Salvaje beach FLB .
Sherr =t al. {1987} Scuticociliates & Duplain River tidal 144.260
Oligotrichs creek FLB

Sherr e al. (1989) naked Choreotrichs NW Meditcrancean Sca 14-28%
Bloem et al. {1989} FLB NB-17357
Bermard & Strombidium sulcatm Lake Vechter FLB 400-600
Rassoulzadegan {1990} FLB
Simek & Strafkvabovi (1997) 42-330
Bérsheim (1984} Strombidium sp. Rimov Reservoir FLB 258-329

Table 4. Comparison of size and shape of freshwater
FLE and marine FLB (TFN: wial FLB numb-
er, RFN: FLB pumber of rod shape).

Size (um) REN/TFN {%)

Freshwater FLB 0.026+0.015 6.5

0.0314+0.008 271
Marine FLB 002230010 16.2
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3] o 2§#{0.6~600 nl cclt? b~ Table 3)2] H$iek
v 23 e e selc. 2y 3§ o
Al AeRe] T ael Ape]7) F4 dls|eiclg
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2] A9 5L 48 Hel= wiwl AF FHRE
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Al o) wrri{McManus and Fuhruman, 1988). 231+
Borshim {1984}, Shery ef el {1988), Bemard and Ras-
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3 & 28 S
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I glsh, w43 s ) A4 E-E b}
8] 27}t 2E5E S8 Fig. 6).

utegel AAtES 2L F7] GRSFS AANE
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o 2jg Gepojct. F mA AL HEE R
AAE HolgAR Ay ed BstE 9
(Sierachi of g, 1987). 2222 44| AQGA sub-
sample® T the AW Yo Mol 24
B} o] Wl Y= R A 5 gk

£ AvedE AAAYHA iR E e
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+ 4P wiaEsiglch o A3 ka9 Zo) for
malin®h§ AH8G -2k 1161400 ofige]
FoHFig. 7y L g Po] 25teh E4F Sherm o al{1985)
& oiEig} $71 nAGE $4 Al st Wi
2% g2 Aok sl ASYE 4 938
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229 odatig Al ¢ 23N g
glol wgelAl FLBE 1434l ez g, ol &%
2AHE Foliy) 4isiod 380 ZH e FLBS} ¥
4> FLBZbS] ofsl-fo} o] & wlane] M3ich

21 5 #§4 FLBS) 4A1-80] ¥4 FLBS 44§
Ar} 1.05~1.624 v Egheh 2y o8 @ Alele
PLB| deigl z7]9] 2jolefl osf vhebd & §icth
o#pE Alge] A4 FLBY 2019 JE uid
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Table 5. Comrected values of ciliste grazing on bacteria {IGR: ingestion rate, BSP: bacierial secondary productivity).

. Clearance rate Iegestion rate IGR
Date SIN  Depth Gl ind™* 57 Gz C 11 ah Bgp 10
3 (] 1823 0.34 1.67
5 19.38 0.19 1.08
93. 10. ¢ 4 ¢ 2848 0.46 11.65
5 17.9% 0.30 12,16
3 0 106.26 0.08 a.84
5 58.16 0.06 .24
% 2 18 4 ¢ 82.69 0.30 1.45
5 65.34 .25 0.48
3 0 3363 .06 0.16
5 29.88 .08 0.32
94615, o 41,48 0.05 0.07
5 43.96 0.05 0.07
3 0 30.50 0.08 1.27
5.3.24 0 17.98 033 1.99
100,60
2 1800 *
B .
é 1.00 "
g o010 Al
U.ﬁf i 1 3 ]
0 1 2 3 4 8 >40um
Dacterial sbundance {%10F calls w1} 16,02
Fig. §. Plots of total bacterial abundance and MGR/BSP
{IGR: cifiate ingestion raie on bacteria, BSP: bac- Py P
terial secondary production) — P13
& & =7)8] disaioHGonzal z ¢ al., 1990)= 23] pprin
? @< FLBo of Qo] EAsigion o Aelx 7 5.8t

Al Y9iHTeble 4). &, Hefis} 727] Aje)of 2% o
B Zejdte s MF HRA3Fe kel
o ALEsle 7o 229 o)ajit ARdFe o
o] AlfAde} 2fF LA dAfelr] Ssle] e
FLBZ ol-g2ated S48 448 ©4% &% FLB
of ik AAF 3 2aal 12508 AeAA W
Asdct 2 Bk «3-Eg 180-1063 nf cell? h?
B F7ietel.er weeiol o] A ajAbel 423801
ANEE o] H1E 01-122%F A absicKTable
3).
£ A7 A 44 $ e 2219
A aeishiele eEele] AgHel 447
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Al debrs] ey Todg vishgs wg
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Fig. 10. Carbon flow {mg C m* d") through components
of plankiopic community at the estuarine system
of the Mankyung and Dongjin rivers {NF: nano-
flageliates),
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Tabie 6. Cosrelation malicss of each parameter based
on carbon bioraass in the estuaring system of
the Mankyusg ard Doagjin rivers {<d40 Cil:
<30 pm cilinte, >40 ik >40 um ciliate, Nano:
Mano-phytoplankton, Pico: Pico-phytoplankion,
Fla: nano-flagellate, Bac: bacteria, *: p<0.05,

*e 0<0.01).
=40 Cif. Nano  Pico, Fa. B,
<40 Ci -
Nano. 0,752+ -
Fice. 0023 0.425%*
Fla. 0.484* (03578 (0.004**

Bac. 0,537 0.158** 0571 0278

1989; Simek and Stradkrabovi, 192y o} 8 Hi
¢|c}, BF) Sher ef af (P980)E 4 ST 4Aje]
uie|2|o} Ajabakel Mol WX APl B
¥ u} gie] & S7EHAE Aol o] oo WY &
ologe A dArAge AolE ¥ ¢ Uk &
Sherr et al(1986)3 Sherr ef ol (1989)2 7% 24
“Hiidai creekPlellAa] o Falg ] 24P x]
o2 it g %ol o 29 Shew
et al. (19892} 24 3~ Q7 XYoot 249 Ay
Br} o ghal 2o ¢f 26%% ¥elz ¢lck =% 2
i)} Matas 10-28%E 43 He2 2oy
Simek and Strafkrabova(1992) 4 24Fo 457}
2 ogRAeincl B 95X 1P cells I B4 o]2{gl
e AR2FY +E4 B8 B Adage] upelgl
oo} ¥t G %S F7iA|7] A2 g 22Fct

= sl ezlo} £xof gieisds] le]olxd,
Sherr and Sheer {1987)8] 73-3- A FAl ] Bis|elo}
A3k 3.8~BA% 108 cells m/ 8 ¥ P} u
die]e} 4-3%40.8~4.3% 10° cells mi '} A<l o
ohpals ¥ & FEF Bl agd gl & v}
2} o) AL uidlEe}l 5t 2 +F F0t
stoe Ayl g MYeld2 dupfe 4%
po}l 24 45%60-& beAde] £} B8] uhe]
glo} g 8rt b 29 3 64 ol buie]o} A4k
#F Angfel 4ae] ARl vk o 2 dt
o weiele} x0T P EUR 108ede A
122%2 243 & 6 F 2o o]2jg 358 i3
W F7 s AME ¥ odpela] uE]e] A4
Z M gFe Aale] spalshe ule deEe} S
7V F7igel wme A|$HEE Frishe AU
0.62, p=0.001y¢ B FodcHFig 9). ol A=t
uleie]ots] 457t Sdiol B8 #eiA] weleo}

AuREAM HAERRT FRT 98¢ e
Sieburth(1984), Verity {1986}, Fenche! and Josson
(1988)3] FAb=) algick & Y q] adatefiad o}
elofsl AAq) YHAZMN HrppfFa] HS¥L
zhext wtelg]elr} B BER kst fodoly)
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