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To investigate the seasonal distribution and grazing impacts of benthic protozoa in mud flat, their abundance,
biomass and grazing rates of benthic protozoa were evaluated at interval of two or three month in Gangwha
Island from April, 2002 to April, 2004. Heterotrophic flagellates and ciliates accounted for an average 98% of
benthic protozoa biomass. Abundance and carbon biomass of heterotrophic flageliates ranged from 0.2x10° to
5.9x10° cells cm™ and from 0.02 to 9.2 ugC cm™, respectively. Biomass of heterotrophic flagellates was high
in spring and fall, and showed no differences among stations. Abundance and biomass of heterotrophic flagel-
lates decreased with the depth and were high within the surface 2.5 mm sediment layer. The majority of het-
erotrophic flagellates were less than 10 um in length, and few euglenoid flagellates were larger than 20 um.
Abundance and carbon biomass of ciliates ranged from 0.1x10° to 17.8x10 cells cm™ and from 0.02 to
9.1 pgC cm™, respectively, and those of ciliates were high in spring and fall. Biomass of ciliates was high within
the surface 2.5 mm sediment layer and was higher at st. J2 and st. J3 than st. J1. Among the revealed benthic
ciliates, the hypotrichs were the most important group in terms of abundance and biomass. During the sampling
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periods, an average 66% of benthic protozoa biomass was covered by ciliates. The seasonal distribution of
benthic protozoa showed an almost similar fluctuation pattern to that of chlorophyll-a. The results suggest that
the biomass of benthic protozoa were mainly controlled by prey abundance, for example, diatoms. Based on
ingestion rates, benthic protozoa removed from 13.4 to 40.7% of bacterial production and from 20.1 to 36.4%:
of primary production. Ingestion rates of benthic protozoa on bacteria and microphytobenthos were high in
April. Benthic protozoa in this study area may play a pivotal role in the carbon flow of the benthic microbial

food web during spring.

Keywords: Benthic protozoa, heterotrophic flagellates, ciliates, Population ingestion rates, Microbial com-

munity, Gangwha tidal flat
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Fig. 1. A map showing sampling stations.
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Fig. 2. Seasonal variations in the salinity
and sediment temperature in the study area.

Fig. 3. Seasonal distributions of het-
erotrophic flagellates (A) abundance and
(B) biomass in each station, (C) abundance
in each depth interval and (D) biomass in
each size fraction.
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Table 1. Two-way analysis of variance for heterotrophic flagellates and ciliates. Data were untransformed.

Source DF SS MS F-ratio P-value
Heterotrophic flagellates
Depth(D) 3 1.81E+13 6.03E+12 ‘ 548 0.001
Station(S) 2 1.42E+11 7.14E+10 0.06 0.937
DxS 6 1.27E+12 2.12E+11 0.19 0.978
Ciliates
Depth(D) 3 1.70E+08 5.68E+07 20.5 0.0001
Station(S) 2 3.27E+07 1.63E+07 59 0.003
DxS 6 5.36E+07 8.90E+06 32 0.004
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Table 2. POC concentration and carbon biomass of the microbial communities at station J2.

Month POC* Microalg:de Bacteria® Protozoa Microbial communities  Protozoa M.C./POC
(ugC cm™) (ugC cm™) (ugC cm™) (ugC em™) (ugC™ M.C(%) (%)
Apr. 02 8,900 224 29.4 5.1 258 2.0 2.9
Jun. 02 - 184 347 1.3 220 0.6 -
Sep. 02 5,660 241 - 3.7 245 - 4.3
Dec. 02 7,440 321 - 2.7 324 - 44
Feb. 03 13,564 321 42.8 2.2 366 0.6 2.7
Apr. 03 14,553 318 1147 3.0 435 0.7 3.0
Jun. 03 8,635 188 564 1.7 246 0.7 2.8
Jul. 03 3,923 145 43.8 1.5 190 0.8 4.8
Oct. 03 4,485 119 62.6 3.7 185 2.0 4.1
Dec. 03 7,317 114 49.9 1.8 165 1.1 23
Feb. 04 2,217 173 - 2.6 176 1.5 7.9
Mar. 04 4,490 486 37.5 9.0 532 1.7 11.8
Apr. 04 17,000 743 21.5 11.5 776 1.5 4.6
Avg. 8,182 275 49.0 38 317 1.2 4.6
*POC data was quoted from KMI (2004).
PBacteria data was quoted from KMI (2004) and depth was 10 mm.
‘M.C. is microbial communities.
AL +3 &2 0.6-20%F AASE, FF 1.2% 215 E¥Y

A, vAAE 2 gaEe] HE 75%c AA PIAEF A
Agle AR GelgTh. 3 vAAE 239 wage Al
AR f1EA R 23-11.8%2 A5 B 4.6%S 2}
A &,

YiE|2|ojel SR} CHEF MM HYSES MME
stefejold] thek $59F VR /A2 A4 &L 25X10%

i o

Table 3. Population ingestion rate of benthic protozoa on bacteria and
(A)

FY HEF YEF
20044 499l w2 A4E-E& RYTH(Table 3A).
£ ¢ ARFE sk delg]ol A 12.6-38.6%F A7 5}
= AR e, 4¥el /Mg & AAEE BT
olof] ik MEFF AT HAES 3.5X10°-4.6X10° cells
em® d'2 UEger MREF] AEHo] 7T =2 2004 4
o 7P & HHEE BAh(Table 34). AEZFFT M7l
dhe|2lo} Aak ol 0.8-73%E AASE Aoz Yyeigton, 39

s O™

8.3X107 cells em™ d'E vERgS
A} = O

°] 7ME w2
hu =

diatoms in the study area.

Population Ingestion rates

Bacterial
Year Month cells cm?d! ugC cm?d?! production® % of P.P®
HF Ciliates HE  Cilates  Prowsoa  (ueCemd?)
2003 October 1.5x107 9.0x10° 0.30 0.018 0.32 2.38 134
December 2.5%x10° 3.5x10° 0.05 0.007 0.12 033 36.4
2004 March 1.1x107 3.3x108 0.22 0.066 0.29 0.90 318
April 8.3x107 4.6x10° 1.66 0.092 1.75 4.30 40.7
Avg. 0.56 0.05 0.61 1.98 30.8
“B.P data was quoted from KMI (2004).
"Percent of bacterial production removed by protozoa.
CHeterotrophic flagellates.
(B)
Year Month Population ingestion rates of ciliates Primary prO(_iauc_ltion“ % of PP*
cells cm™d™! mgC cm’h’! (mgC cm”h™)
2003 October 9.1x10° 54 20.7 26.0
December 8.1x10* 0.6 3.0 20.1
2004 March 2.6x107 1.1 373 29.8
April 3.8x107 41.1 113.0 36.4
Avg. 14.6 43.5 33.6

*P.P data was quoted from Yoo and Choi (2005).
®Percent of primary production removed by protozoa.
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Table 4. Comparison of benthic protozoan abundance reported from various aquatic sediments

Study area Sediment type Abundance (cells cm™) References
Heterotrophic flagellates ~ Georgia, USA Marsh mud 2.4x10° Kemp, 1988
Wadden Sea (Netherland) Muddy sand 0.36-2.16x10° Bak and Nieuwland, 1989
North sea Sand 0.5-30x10° Bak et al., 1991
Mud <20x10°
Wadden Sea (Netherland) Sand 1.0-1.9x10° Hondeveld et al., 1992
North sea Sand 0.7-11x10° Hondeveld et al., 1994
Baltic Inlet (North-Rugian Bodden) =~ Muddy sand 0.08-1.0x10° Dietrich and Arndt, 2000
Schelde estuary Sand 0.6-1.8x10° Hamels ez al., 2001
Silty 0.2-5.2x10°
Botany Bay (Sydeny) Sand 0.4-4.7x10° Lee and Patterson, 2002a
Schelde estuary (Netherland) Sand 0.1-1.6x10° Hamels et al., 2004
Silty 0.1-1.8x10°
Gangwha tidal flat (Korea) Muddy sand 0.2-5.9x10° This study
Ciliates Piles Creek (New Jersey) Mud 1,180 Tso and Taghon, 1997
Baltic Inlet (North-Rugian Bodden) Muddy sand 39-747 Dietrich and Arndt, 2000
Botany Bay (Sydeny) Sand 220 Lee and Patterson, 2002a
Silty 0-2,700
Schelde estuary (Netherland) Sand 500-3,500 Hamels et al., 2004
) Silty <100-1,200
Gangwha tidal flat (Korea) Muddy sand 100-17,800 This Study
o 7H¢ =2 AAEE BT ZARFEROM AM dATES 3 v, AE 25 mm olWelA & BEE BvH(Table 1). ol&
o) Begjol AL 13.4-40.7%F AASHH, A% 48 7} FEYY HER] BEFS A E HFFAN A B8, 2
28 AAEE BTk B3 E4F0 izt AREHY AT ol wet hiEi, o]F JAERY] oF 60% =T 4F 03cm
AAEE 8.1X10%3.8X107 cells cm™ d™'2 Hebwton, SAol Wl Fxgrte A+t FAHEE AFo|th(Bak and Nieuwland,
7V 2a EAle] 7 #A YElsth(Table 3B). 4257+ A1 1989; Dietrich and Arndt, 2000). Zeolol| e F549% HEFY
A USR] 201364%S AASKE AOR UBhEom, 4 zrae 71 38 e} Zo] Yol WelA5T TR ¥
REF AN AR AEFo] B FAG AR B A = 2L M4 BE 287 o8 £ = Ho] FEI BEE
&S Rud o 71918 Aoz AZFETh(Bak and Nieuwland, 1989; Patterson

o #

MM HYSES Al S BE % =H 291

S HHENAM FE5GY BEFY EFE 10-10° cells cm ™=
X FTHTable 4). AN AA] 259 HRFo AEHLE 10%
10° cells cm P2 23] THE X Hol|lx] A FHojzhe] 9ol
Zgso] gt HriR] AN EE5PY HERY AFEFS FE
TZEjzRdolA Bol 2AEew, dAgkel ¥ AdelMe go) @
T A ¢gkrh(Bak and Nieuwland, 1989; Epstein and Shiaris,
1992; Dietrich and Arndt, 2000). B AHAA ZALH FE£PGY
Hugel d&2% BIE 10-10° cells cm™ 2 B HJ2, 25
50% ©o]/ 4L 2-5um Z71E FAHU S (Bak and Nieuwland,
1989; Lee and Patterson, 2002a), 5-10 um 719} FHFY U2
FE AA nAYE 2Rl oF 30%E2 A S AR B 5
ATHDietrich and Arndt, 2000). B FAFANME F5HG% H
ERE 20 um o] f2Eivel g8 =4 Jehd 293 498
A28t tAZE 10 um ol31e] F49¢ HEF) 23l =7
BEatgc). 3 F4gok HeFo AEFE SA9 FA 1)

<

p

et al., 1989).
AREF AEHE TH5IY HEFAY At H AdelA
ZAHE A= B4 gou HAEOA 10-10° cells cm™2 X
S} (Table 4). B ZAFFGAA H2E JESRY] EF2
HHERQl B2 WG thh =7 VERERIRE 2004 490 BA
139 XZolA 17.8X10° cells cm™E E X3 A2 A Lsid o
W] B WHe)o] xsheT). o)A 7)ol Holosticha, Stichotricha,
Loxophyllum®l| 258l & 9ol &2 BXE BT o)} 2
o] MEZFH9 T2 AEFE B B EQ FFNA >10% cells
cm™2 B8} 31tk (Baldock and Sleigh, 1988; Garstecki et al.,
2000). AEE AEZFY AEZFL A9 FA vnF =&
BEZE Hol JF4a FE9 EX AR 43S Bt o)A
7ol MrEFe & E¥e & go] ko g3 v Il
o2 At AAERE A N9 vske) AP g AH 13
A B A BEste] AFEE Aolrt & R
oJdE = A% 25 mm ol 7Y & EXE How, FH
HE9 Zo|7t HoAAPE Hashe AYE BT HAEY
olo] W& HEZEFo HEF EX oFA2 thE <ol o8 =
A Aol F-AREES tH(Sundbick er al., 1996; Hamels et al.,
2004). EEE AR ZF 1= Baltic inlet2] ¥12 2o B A7 7o)
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5 P<0.0001 .
%») *
2 3 t
[72]
72
©
§ 20
g
[0+
Q
g 10
=t
[a

0

0 5 10 15 20 25 30 35 40 45

Chlorophyll-a concentration (g cm-?)

WS 20-100 um 2719} AEE o3 =A VeSO (Dietrich
and Arndt, 2000), ELF7t =4 BE 3 FA9F FA9= 100 um
o)) HEEFol 9t wA vebstt

A YA A AlF7hEo g Wik AT ES EESG AE
He L%, 98, U, pH, £& Ak wr, HAE Y, 18 F
%, Yol v, HAAE 22 JEFH, FAETH agld 9
st 22 o 85 wWi=thFenchel, 1969; Patterson et al., 1989;
Epstein, 1997a; Lucchesi and Santangelo, 1997; Lee and Patterson,
2002a). 2 AWM A HFES] AlF7HE BEE vl o}
Hos AA oAz Fe AEHT 22 FAE Bo(Fig. 6), 71E
o B ng A AR Aot FARHA Ve THDietrich
and Amdt, 2000). ARG A A UlAZFe] AEF A A
A 1ol H)aiA A 129} 13004 o EA EReH, B B4
EolA 22 EA ZESATHE, 2004). 55| HEFFY ¥t
o) ko] =2 A 129 AR 13004 =4 Yehvks A2 H
HE A EA3 AREFe Holdo] & F= e AA mAR
Fo] £x9} Belo] Sl Ao g A& " th(Fenchel, 1969; Epstein,
1997a; Wickham et al., 2000; Hamels et al., 2004).

MM §dsSEe = BE

&GS BT ARER, JURF, ojuvl, RIEFF TS X
et A4 AAFTE AL AA AuiAA 294 EEsA
ok AM QAEE] T2 Ug A7 Bel FYEHA #%
tHDietrich and Arndt, 2000: Gregorio, 2000; Hamels et al., 2004). 71
Hu 7189 ATE B3 AN AT ET TSIF ERS A
2EF7F Ade] mAAE Holwe] YEY Aot oz &
9 WA 2 JFo] & Aoz By HUY A= A
e A QAT ES F2 59 UEFA AREFRE 74
AT F3] G A7l BF HAEANN FLAY R Fe
olwnl7 FAE Yo AEFo| UF Sipy] Wi 2 zAld
e AGAZT s AdoA AHA AN EE BAFe] Het
66% o142 ARFHFE o|Fojxlon, /¥ EEE 20 um ©|
o] AAFEN 23 75% oS AA s 2R Vet 2
vt R F27F & FAS FAE 100 um o132 =

Fig. 6. Relationship between benthic
protozoa biomass and chlorophyll-a
concentration in the study area.

F7F 40-50% °©14& ARAFAT A AAeAlNAM TEFS A
T AAM AAEE S2F9 60% o1 AA st A A
AolM HEZFel vla] 835 8L ks 202 BHi HYL
U(Dietrich and Arndt, 2000: Lee and Patterson, 2002a; Hamels
et al., 2004), A2 HRFF/ FEFYE R B2F H]
3 =L AoE B H7|% 5ck(Garstecki et al., 2000; Gregorio,
2000). B AN 2SR 52 BAELS FE2 50pum o4
o] FEF 93 L AL ELFIE A JERD A7)0 =2
717} 100-400 um S= AX QAT EC] & EXof 90} U=
Rog A7pEt. e AN HESFe FEIG UR
froll vlal FHo2E FHA AR AlEel 2717t 27 g
o BAdre FASHAV B 2 vepdth B3 dRSRE 59
AXFEIY UE AXFE vls] dawke HX iy AA
FE vl @S 50-3008 F= @ol vl BA thAke
T ¥ AMEE Hd su7kA] VERGZ Slo](Patterson et al.,
1989), AEEF9 =2 ¥ AA A A 55 F
83 4Ee B¢ JSS AT

=
K
LY

OlMdE 28 =

E 2AbE vAAE 239 73-95%FH T 86%)= AHA] T
AZFE FAE low, dezlol s 3-33%CEw 13%),
A QAAEE 23l 0.6-2%FHTF 1%)E A 3 AR YE)
ol 2ol 2 Aol e] el 23 mAAdE 23
AM HMZFE HT 66%, HEElohs B 4%, A4 S5 E
& HA <1%S FA st A= B 75 vHSundbick er al.,
1996). 3 §32] Botany$te] R ZAHolM AA] mlA2Fe
grzke nAE FHY FF 78%F AR, dH ol ¥
&+ 15%, A4 YASEL B3F 7% AEE QX se= e vy
o] JAEEL AHI mMAE 2EF 7MW 79 ES
B Hth(Lee and Patterson, 2002a). ©]&13 7]&2] ATE F3 A
A O BE 2 AEFN dAFTES 7|82 BuA o
2 Zlo2 et

o B A EHAREYY YR flvkA wRolA vl

3 5
ANE ZHL 23-11.8%FH T 5%)Z Al A4 frletd 5
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o A rlesle Ao Yoy 4 frlEA: R
o AAE EAbole] AdE EEe fANSE A4S BATh o9
22 A¥e By HEEA F 4R fU1EA T2 vlA4
E 240l 3-12% AA e A#et FARSH (Sundbick er al,
1996), AA Ao YA Frletde] B FE2 nAdE
234 olx7t old T8 AA FEE TAE] Y& FHoE A}
g9t 28 AA dAEE] AEYe) AA PHAE
A F71etAd Fxol ZHe BES ARl seEs, dAE
BS gFo] w2l Al EFo] Sdste 9 F g7 we
S8 £ Qlenz E3] 2y Ade 354 T3 JEgS T F
o] AlAE vl At Hamels et al., 2004).

MM S8 MAE

g AN AT EL YR 8 T3 9L 5
AR AA Al A AA GAFTES 4o o] &3 oA &
ol A A= Bol B =HA ¢Shrh(Kemp, 1988; Epstein
and Shiaris, 1992; Hondeveld et al., 1992; Epstein, 1997a). 743}
= oA 2AME wE|glolell et 49 HARF 448
2 2.5X10%8.3X 107 cells cm™ d™'& WERGS, AR ZFe 23
AAEL 3.5X10°-4.6X 10° cells cm™ d'& vepsdct, waba] vt
gZote] g M AAEEL] HAES HAESHF Avfe 5%
A HER o3 o w2 Zo2 el &8 F59% #H
25 dee]o}l A B 28%S AlAsS, AREHE vt
g 2lo} AitEe] HF 3%E AASIH, B ZAEG A w2}
A FEHAY HEFZ olojA & oAHR] BFe| ¢ . AP
7Hg 490 dHEgolel gk dAF = 48] 7P =4
Elgtedl, ole 499 AAM dAF5F2 AEHe] 7P =259
71918 Aoz #dEn), oA 7] RAME TE fHle] AT
o 2]3HH Schelde 9] Tl HHEA ve2lo} Aate e
6-60%= TEFY HEF| o8 AAE, AE HH LA v
gZol A9 «2.19%7t AAH], 2 HAENA AYFTE
Za4)o] 7323 uiglch(Hameals ez al., 2001). 221} Savin Hill
Coved] AYHE HAZA AA AYFTEL dHzlo} YEFe]
2] 0.03-02%5 A A degloly] ol &2 BE-Z A A=
AL g B 7315 c}(Epstein and Shiaris, 1992). Georgia2] Sapelo
BH B AN drZEFE vieEo} AF HE 4% v
AAsI X AESFe deEor ANH N FHETE Yol
< ddster #e 9EE e AL E el th(Kemp, 1988).
T3 HAREAIFY] Ay 2 HFH S HA A5 EL v
ot AEe HF 10.5%F AASKY, 28E 2 =HFHE
A geglo} AtEe] <1%E A A3 AHET 2 =2
2] AAFEY 58S 7rZsIATH(Epstein, 1997a). ©]/d3} 2o]
e A9 8. gy AA AeiAdA A4 LA FE] B
2o} At o) ke RE-o Au|sn, vE|goll] thEk A U4
FE d8o] F2 Aoz Yeigtt 23y A3s A=
AA YAFZ s Hat 30% o2 uhE|glo} AJatEo] AA
He Aoz Jeiar, 455 AEF] e ol AEF &
= A3 & J3#A7) 9lo(Bak and Nieuwland, 1989), 7%
e Ao thE A Hof| H]3) HelglollA] A AMFERS]
et olFo] thh &t Hod welth welx Zalw A

i)

AAM AAFEL wEEol BAHM FHEE Holwer 94
kol 4F 988 ske AR Helth

ARG oA 2Rl g A FTES JAE2 8.1X10%3.8
X107 cells cm™ d7'9] WHE Bolr, A vl2F A1t 2] 20-
36%S 2Hshs 2102 JeRdt HARASe] Agd 2 F
oA M AAYTES AM A F EEFS] T 25.8%F
AAs, 24d 2 HH BN E B 3.8%F AAsIA AY
2 2 HHEAN BT E o3 BLFY AALl ¥ &
Ao 2 Vel tHEpstein, 1997a). 43t A A vjzF
o] gt HEZF AALEE th& 9o Hjgld & Fo=z
Bon, dEERe AM AR Adge] & A =
< AAEE BEAY. ole & Ho] Fro & HAREF A
B3 7|98 Aoz dgd meby Jals e Adoae
A1) AA mAzEF % & A AAEE ARFRIHE
Ws] o] 3o 2A W 33.6%2 AASL HAh ot 2ol
738tE A A AT EL gtE 2o} Ak ml 2Rl 9
& A 30% o1& AA ol k. ol Astw A
A AA QAFE g A E Holgo] HAAEAY] /7]
& ol oA vz St gt dss dnlsk &
3] EAldE 2 4] FaFE e 2 ch

HAle| 2

B =82S AYsiA HAARIFEA A wgdat o] gA upal
A Ao g ZAEYUL B3 2 J7E 3 84 Ade
A 3 e G N AT ALY wRe-E AT B =28 ek
AR LAEA AT AR (20010021)8] AP o] FoAH
.
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A2 2 A EF, KOSEF 891-0505-015-2.
471, 2000. 78} 3=}E], By ooz, s FI AW
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2 7%, A FAT, 200 179-187.
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