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B ZapAlel QA cdqiecde] ubejejol €EARE 0.7-1.5% 10 cells ml ¥, F&oick URFFHo] VEHFL
1,680~2,180 cells-mi ", SRodof HEFe] §EFL 1,090-2,180 cells m! ', A R3] F&epe 3,600--5,700
cells- "'t utelelole] B AASL 0.039h |, F53F AR FFo) FgAAES 0032003307, 5 3
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To clarify the role of protozooplankton in the microbial food web of Inchon coastal ecosystem, the graz-
ing capacities and growth rates of heterotrophic flagellates (HFL) and ciliates were investigated. We
measured the growth rates of bacteria, HFL, autotrophic flagellates {(AFL) and ciliates using reverse flow
(RF) filter set and obtained the clearance rates and ingestion rates of HFL and ciliates by fluorescent la-
belled bacteria (FLB) method and isolation culture method from natural seawater of Inchon coastal area.

The standing crops of bacteria, HFL, AFL and ciliates in this study area were 0.7~1.5X 10° celis-mi ™},
1,680~2,180 cells-m! ™, 1,090~2,180 cells-ml, and 3,600~5,700 cells- 1™, respectively. The mean growth
rates of bacteria, HFL, AFL and ciliates were 0.039 h ™", 0.032~0.033 h™', 0.015~0.025 h™' and 0.021h°",
respectively. The growth rates of protozooplankton of Inchon coastal waters were relatively low. Mean
grazing tate of HFL on bacteria was 0.055 h™'. Mean grazing rates of ciliates on HFL was relatively high
of 0.057 h' ', while the grazing rate of ciliates on AFL was low of 0.019 h o

The clearance rates and ingestion rates of HFL on bacteria were 3.6~61.8 n/-HFL- h™' and 6~52 BAC-
HFL-h"’ respectively. FLB grazing experiment showed low values, while natural bacteria experiment
showed high value meaning high grazing pressure on total bacteria. The clearance rates and ingestion
rates of Tintinnopsis sp., dominant ciliates in Inchon coastal waters, were 3.2~46 - CIL *h"' and 5~6
cells-CIL *-h ™' respectively. showing higher values in the high tide than low tide. The ingestion rates of
ciliates implies that ciliate took up 17~20% of total nanoflagellates of Inchon coastal waters.
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X AefAL] Ax] BEo glo] AEERIE
o2 2E] FAHE 45 7] 8E o83 w2 o}
o} AAEE A FHE T oIAAE Hel
2]9] 703 (Pomeroy, 1974 ; Azam et al., 1983)2 o]
Holze]l7t £ FEEPIEY Ho|E AFHY
A A}z 7bel BaFRr ol RAE o] F 2tk vlA
g Holwtel ez WA cHSher and
Sherr, 1988). ©] " A AE =olut Yol F&HodF
A2 359 duiFe F2 vdbers EA3E
Aoz deix govt HEFRE A7l wet e
glolat ole} v4d W 4 AEERIETA
TAY & gleng nAAE Ho| welx F37
3grs = 7o ¥ s 9lri(Rassoulzadegan
et al., 1988).

F&odof WREFe F439 e]ols T
83, AREFE v|4Y A EEEIES FE Y
s 7o o= g o) (Fenchel, 1982 ; Sheldon
et al., 1986), "1 A28 A 25F-= w2 vteelo} 24
28 Ho](Sherr and Sherr, 1987a), 228 A 23R/
E w23 E9gEe 23 EHIES M=
Heo 2 a5 glr}(Rassoulzadegan et al., 1988).

Ne25E I3 28 FEEYIEELS o9
o] VI A E HolwelE T3t L2k VA E
sty o o|gsln AL F¥ FEEYIE
o] £8 duix] FFHo] Ha 9 rh(Stoecker and
capuzzo, 1990). £33 SEEHIEL 48 43
Eolr} njad ERaES A FA s AL £
o] 1]2 ol (Nival and Nival, 1976) F2 48 % -
Al ZelaEg o] 43kt weld AeiFe vlAl
AE o] ge] oA & 71E2] Ho|dAHZ AAA
A FE 283 AL 89, Avdfe A2FRY
njo) 2] w3k viee]ote] EAREAM F23 A
£ gt

oA AE Holuhfels AHrFFel HREFF2
Jghg e olalsly) Halei: ol &S A 4
o ZA1&-& shebsh Aol asich. shelelel o
3 EA &S 2= 2o AE" ubge Ak
s 4ol 4] ulelelole] W& WisE o] 43t A
sh= H1hHoe] )¢l (Fuhrman and McManus, 1984;
Landry et al., 1984), WA 5 U42E o] 4-3F vy
(Lessard and Swift, 1984)a} utelelo} =719 334
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Fig. 1. Map showing sampling stations in this study.

YA}E o]l &3 31i= v (Borsheim, 1984)¢]
asEigot 2y R FELS HelE A3t
£ o] 9l7] wEe] Ayxtuches AA| uheleo}
2 Assh= Ziew yha A, el AR v
| 2] o} (Fluorescently Labeled Bacteria ; FLB}E o]
sl whlo] 7Nk gl th(Sherr et al., 1987b). |-l
L o}E FLBE ol-&3le uleleje}e] A2zl ot
2 "o] Ads AYPEe] oleksiAl Al=s vt
(Gonzalez et al., 1993).

MEEFe A Agdde WY S F5hod
wojeke] WalE o] 8§31 WY (Stoecker, 1984y
wols) HHEHE ol4sted sk W Fol o
TEERICE

2 7 QA QA PAAE HolPeld F4
oF BuiFeh FHURERE qWE ol 9
shel upelelols} Hu s, HRERS 4UES 5
Yot WeaRel AREF T4 &S Fotod vl
A Bl VX E 3 3e malstmal A

ME 3 o

1) A o AY7IZET-HAATES] Wel-X
Al Age $isted B3] 3720 ~3730°, 7 126
30 ~126°45 ol $1xg(Fig. 1) 1A lIqre] AR+
@A Dot S5 2 o5 A HA e 2
T IR 2) $AolA 19933 sYRE 19949
19714 agjel AA 1020 1 EHE5FE A58
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Table 1. The distribution of bacterioplankton and protozooplankton in this study area.

Month wa‘e(ict)emp' Sa(l;‘;‘y Plankton (Ac‘c"l‘l‘snfi’ﬁ’llci") Station
93.8 25.0 26.0 BAC 09x10° St. 2
AFL 1,240
HFL 1,680
CIL 5.7
93.10 20.0 29.4 BAC 1.5%x10° St. 1
AFL 2,180
HFL 2,080
CIL 3.6
93.12 12.0 BAC 1.2x10° St 1
AFL 1,090
HFL 1,490
94.1 52 30.1 BAC 1.7x10° St 1
AFL 1,240
HFL 2,200
CIL 4.8

BAC: Bacteria, AFL: Autotrophic flagellates, HFL: Heterotrophic flagellates, CIL: Ciliates

ute|2]o}, W2 3F, HEF5Fe dEFE A3k
Aol vk 3t TAAYE-E Yt

2) utejelo} AEHFL 022 umE 34T F4 2
2ygied §2%%A A3 DAPI(Porter and
Feig, 1980)2 443} ¥ 0.2 um F-ZejojEo] AL
o =) 2 of 75t ii‘“-‘3*’%3“173(Nkon Type 104)3}e]]
A A stdch Beie FREEddsel=g
1%5 Al 71433 & DAPI £+ Proﬂavm(Haas, 1982)
22 GM F }PPolA FellA Als suct HR
Ao 2 1%94] A% F B0
BoflA] Al 3kt

3) vl A2 vk vlA] g2 AAEL 33}
7] i3t Z7ER o] A § 9l HEF o
7] (Reverse flow filter set: Sheldon and Ras-
soulzadegan, 1987)% Alatste] 1um F-Eeloxe]
2} 20 pm, 50 pm, 100 pme} YU & o3} HE o] &
&g 2l S|4E o F3ted APAAA wiFstsirt.
Zh2ke] AlJE 18412 A3 F 33X 7t e 39
Ah4sto] el Asol A sk oldl More o
Fle] £ WS Folv) Astd FehE e AHESA
o} utelelole] 2e] of3h fistol 3 5EA3]
& ol gshe r2elolEo] o}3ha] 05 umst 1 pmE
A cishated 20°ColA 77t wjeksielct. 22kl
A 8 2447k PR 22 Apte] oA shellA] Z
7 &t

4) ateglelell ¥ FLdg HEFF] LA

& ZA38}l7) 9&}e] Sherr S-(1987b)ell o)) sl

=

%337 whelz|oh(FLB) WS o 4ksich. FLBE:
s 10 1§ GF/CH AR 2 o343 F 0.2 pm 2] &
2o} zo] eiztx|2 A wizhste] wele)o} Fxo} 1~
2x10%cells - m/ 'S4 28 F FA&$ 10 mio)
HH5-A171 o} DTAF(S-[4,6-dichlorotriazin-2-Y1] am-
inoflurescein) 2 mgS- A 7}alo] wtEgIT}.

5) 359 VAR oIohest 4HEL 3
&17] ¢l3td A5 % 044712— o]-g-8}o 3~10um =
719 34 oioF BuFFE Felste] 20°Col whoy
stk wol 2= Al alee] uhelelobE GF/C of 5}
2%t 02 pm 2 o] Xo] oA 2 FH3t AT
sheich. Al ol e E4eder Huane] ofz
£ 4R 2L T539 AEEF welelols]
Zf 932 AL F Frost(1972) Wby ol whe} 73}
Ak

6) HEaFel TANYE A Holk A4 A
Ael4E 95E ATr1Z ol4stel 20 pmst 10
Um0 ool o] FAR| R ofdhate] XA}
& AA3, 3 um 5] A=A 2 whe2]olE A
A% % BEsted ALgSeTh TAR HREFE
Sepm 9] Festety ER=E Ve A
¥ 7V 94 Z4] Tintinnopsis sp& 1007} 4] oA} &
2] 3led wiof3tedrt. FAAYEE 20 ml -2l o 0.22
pm BFe] ofA L ofat 4w AN Tin-
tinnopsis sp. 30~53 /| A ¢} oI} 5~6 ml 'E

Z}""ifﬂ Fxol fARE WelE wlx Ay e
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7) £AE, 4AE, ATHE, 442 AL Frost
(1972)2] A4k Aol whe} F-sledet.

Ag ol 5dT HelE ol = A
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ZAMES o] uhee]o} Y& 0.7x10°~1.5% 10°
cells-m/™' X2 HF 1.1x10° cells-ml™'8] P&F=¥
o] Z2&sl9ith(Table 1). o] ZAyh= dtpdd] &8
& utejelo} ®E ko] dubziql XX oo &3
) ¢4 e Holcl(Ducklow, 1982; Cho and Azam,
1990). eivt £ FAA] fEaRe 1992+d AL
oA AW zAbE wteje]ol W AE 05X
10° cells- m! ‘(Lee, 1993)Hch= & o] & Fxo]
o} e Aol A utelelo} WEY Mste F5dY
AR EFo| Al g-g e AR BiFHT
9]t} (Fenchel, 1982; Sherr et al., 1983; Andersen and
Fenchel, 1985).

B AR FEojol HuEFeol dEFE 1,680~
2,200 cells-mi*8] B¥ 2, 199213 <lAHdgtellA
&gt 1,000~17,000 cells ml' Exac} B2 JAEFH
& wgir) o] AT 2 o 199230 vis] & A}
A] wpe|gjo} HEaFe] AA F7HR AL FEAIAY
Zodol YR {7t 2% 3] d¥Ed Ao
Algdc). £ 244 %ﬂﬂ Z&df HARFH+

5~8 um =712 vk 23 ulelg|olE: F2
EAG AR i‘%lt’r- 019} éf 7sre AdE X
M E 943 190l EE5FF AT Sl a2}
wtelelole] FErt 2A Aad Ao o4 4 Aok

Eajedof Wy Bt 1,090~2,180 cells- ml”" £X 2
Z&olol PR3 Fo] Ryurly ¥ JEFST Y
ot} Sodol e fFe 4-Tum 2719 v]2¥ #
9871 F5 $4sksdch

B zAbAe 2¥F HEESHe 3,600~-5,700
cells-1'¢] BEE Tintinnopsis 77} $4skdch
ol 1992dol] 2¥Y HAuF FF FEF 5300
cells-I"'(Lee, 1993)5 c} chAi ZhA= Abefolch

mh" T

2. OjMIMEol M TAE
utelelobe] AL 0.020~0.059 h ‘o] W2 H
# 0.039 h & Moi(Table 2) o3| siHolA FA=

Table 2. The growth rates of bacterioplankton and pro-
tozooplankton in this study area. ( /h)

Date BAC HPF HNF APF ANF CIL
93. 8.19 0.041 0.021 0.033 0.025 0015 0.021
93.10.30 0.020 0.027 0.025
93.12.10  0.059 0.058 0.050
94,125 0.034 0.021 0.022
Mean 0.039 0032 0.033 0.025 0.015 0.021

+SD 0016 0018 0.013 (0.006)(0.005) (0.07)

BAC: Bacteria, HPF: Heterotrophic picoflagellates, HNF:
Heterotrophic nanoflagellates, APF: Autotrophic
picoflagellates, ANF: Autotrophic nanoflagellates, CIL:
Ciliates, ( ): & SD in August

u}eﬂalo} AAE 0.021~0.208 h 9ol Std o}
t}a Y& AAEE Holi glrHAndersen and Fen-
chel, 1985; Sheldon and Rassoulzadegan, 1987). =3}
Ao w2t & HHE ne] A 2 7}
A A dehdar 129l & A4S el A
Hol] 3 AR Bol= dubral ofAlTl= A
theA dehdth 2400k AeaRel 4AEe 3
A& HPFe] 0022-0.050h s HF 0032h '
o] A58 ¥l 7, vl 48 (HNF)e] 0.022~0.050 h '
E¥ 2 B 0033079 ARAES ¥ 21~22 A7t
ol R Eedsled utelglole) HF FA&E ML)
tha =g o)’ AAET el HAH
Faojok By &5 o AAE 0.046~0.098 h "B} i}
£ AAgo|ch(Banse, 1982; Sherr et al., 1986; An-
dersen and Fenchel, 1985; Lochte and Turley, 1988;
Marra et al., 1988; Kim, 1992).

Zodof BuFHe] ¥ FA 12%%?—} 94

1%9_011 2h7h Aol AR BT Ha ARES ol 58
2796 oh 2alo] Aol d%E 1A AoE

Beldh By RuFel 4AEL Yol B X
Mslgl ot 2u| 28 (APF)A 0.025h ", #]Aa
(ANF)ellA] 0.015h '} AAEL B —;‘:"‘—T‘C’g% H
2EFucs & AAEE ¥t

HuaRel 4Ee WA oA AT E7F W
2] 0.021h7'2 3306l & A Bdsieivt o]
zxo] g AR A8k 7] @l Foll A wE
A A5 dubHal ¥ 9E Hetsrle 018:1—‘»1/} tin-
tinnids £§{-9] wwkxlel AA-E 0.017~0.087 h'!
9]ol| 43}eici(Banse, 1982; Heinbokel, 1978, 1987
Stoecker et al., 1983). 221} o] Fd2] HEHF/7h

2 ol vis thy =¥ AAE dhe AR N
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sl c}(Heinbokel, 1978; Stoecker et al., 1983).

o8} o] B ALy wle|ejo}, HuFH, 4
B3Fe AAEe] Mukgdog & AL o] o9
g AW}l 2 FA3 Eel] #7 s ]l
ALY & gxof 23t d¥e] dg Ao A}
B} oo &t FAle B} AUEA| o] Folzjo}
& Qe g ¥l

Fdodor HuwFo whhelold] it A7bF
Al &2 Fig, 29} Zo] B 0.05510.0072 )i 2
F A 88 B9l (Andersen and Sorensen, 1986). o]
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Fig. 2. The average grazing rates of protozooplankion in
August and October, 1993.

ZF4odof W 3Fol dEafo] £71e uf vleleo}
o] @Eapo] Mo 2 A TR B 7HsAe] UL
£ BoiFe Zelth

AR gl gdelold izt A& HI
0.047+0.0012 FZeiol Huife] 4 &uc) o}
2 GA el Q1A edqke] dhde]olel] iyt T4
e FEGF HEEHe 2o ¥k ARdF
9] &4 ARZFol N AT TAEL I
3 HE3Fol dal 0057400282 A vehdc.
A8 HEEHel tidt FA]-E2 0.048+0.0232.2
tha FA Ve, 5319k Hefel g 24

£ 00192 A veh} A2 3Frl Sgeded o
25 wtelgolin) F&od} HREHE A3E
E7eg ¥alnh

3. E5NHY BMIERO| 0{1§E(Clearance rate) U
44 %] (Ingestion rate)
1993 8¢} 1294 HEE A& o] L8l

Table 3. The clearance rates and ingestion rates of het-
erotrophic flagellates.

Bacteria FLB HFL CR LR
conc.  conc.
1993. 8 1.53 1,680 334+ 72 52411
1993.12 0.52 2,000 61.8+12.6 336

Lab. 1.58 61,400 3.6t11 642

Bacteia, FLB conc : x10° cells - m!™*; HFL: x cells - m/™’;
C.R: Clearance rate (nl HFL ™' - h™'); LR: Ingestion rate
(BAC - HFL™' - h™ ")

Table 4. Comparison of clearance rates of bacterivory for heterotrophic flagellates using various methods

Clearance Ingestion

Method Protozoan rates rates Source

(@ -HFL™' - h™") (Bac- HFL™'- b))
Disappearance of cultured Monospecific
bacterial flagellate_culture 1.4~79 27~254 Fenchel, 1982
Disappearance of cultured Monospecific 15-17 57 Andersen & Fenchel,
bacteria flagellate culture 1985
Disappearance of cultured 7 /oo 0.2-0.95 10~75 Sherr ef al, 1983
bacteria
FDDC Method Monospecific 17~336 0~300 Davis & Sieburth, 1984
Uptake of inhibition Natural assemblage 0.6-1.9 2-25 11‘49‘;"6“’““5 & Fuhrman,
Selective inhibition Natural assemblage 2~10 20~80 Sherr et al, 1986
FLB Mixed culture 3.2 Sherr et al, 1987b
AODC Clonal culture 4.6~11 11-~26 Caron et al, 1991
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Table 5. The clearance rates and ingestion rates of Tintinnopsis sp. in this study area (M+SD).

Tide Prey Average oolm. Clearancg1 '?}C Ingestion ]ratc SS
(celis-ml) W -CIL"-h) (cells-CIL"-h' (mg [)
HFL 530 6.6+2.8
. . AFL 490 44+03
Uigh tide Cyano. 150 23209
Total 1,170 4.6+0.6 611 20+5
HFL 220 5.840.7
. AFL 980 28+04
Low tide Cyano. 380 22+05
Total 1,580 32+03 541 50412
High tide Diatom 130 23

233 Aol F59F BER A%
S Table 30l|4] B ule} o] ztzt 334 nl-HFL ™
h '3} 61.8 nf-HFLh "' u]3A EA vehde. o]
= Fenchel(1982)] AtAa5E o83t FHY
1.4~79 nf HFL ' h™' ¥ $], Davis and Sieburth(1984)
o Aledaf4S ol &7 &F wiehiyeld E4d
17~336 n/-HFL '-h'e] ¢l Eo}7h} Sherr 5
(1986)2] selective inhibition method-& o] &3} &3
g+ 2~10 nl-HFL “h™' W}, Sherr Z(1987b)¢] u}
dlelo} 8 HEA (FLBYE ol 47 EA AP 27
H 32 nl-HFL “h™’, Caron =(1991)¢] 4.6~11nl
HFL “h-ehs 7 chehde(Table 4), o]} 2ol
Aol AAE HES ol4she W2 EAA
S0 mlo] o148 A4 245k el oz,
o] MATES) FAT o4t A es £43}
7] W 2oll uy =olel Al i 2<le] 243}
o2 EA Jehdz gl wiHel FLBE o83k
e A mele) EAAE 243 g ¥
w1 Washt F4Y welelop) iz W)
saio]g B Ald g% kR oa wA ¢
ehde}(Sherr et al., 1987b).

B ZA}el| 4] © Table 3ellA] ¥ uie} ZFo] FLBE
o]8g o] Aol «jzgo] 3.6 nHFL h'2
A s 24T 789 1089 1o 7H7el
W) vpehdr. o8} o] ApAd5E o] 47 &
Zau & tha ¥ & ol FLBE o 88 274
Wo tha e Holoja Ho| o]F neksheE &
s}H 42 o] gshe Hhie] A=)z glck(Sherr and
Sherr., 1995).

& bl 24 $490 e o

FLBE ol &3}e} 2743t
6 BAC HFL “h'2 yglor}, xpedzl)

o] 412]g(ingestion rate)>
g o=

T AT olgdt] HAIHS e 33-52 BAC
HFL “h™'2 ulad & A3 &8 B3lrk(Table 3).
o] ZH& Andersen and Fenchel(1985)% 57 BAC
HFL h™'s} Sherr £(1983)%] 10~75 BAC-HFL "
h™ ' 3ol So}7h) Davis and Sieburth(1984)2] 80~
125 BAC HFL “h'Brhes W& gt& ¥ 3lck(Table
3). FLBZ o]4% w=o] A3&L & Holut
McManus and Fuhrman(1986)2] 2~25 BAC HFL ™"
bt o) Sei7ich olg} o] FLBE ol 4318 &
ol 413 go] G 3L HolE & FLBE |43}
228 o of FHgo] A A =] ol

4. BN AR GIHEN MHE

qlAdete] ¥R aFe] Aol g3 AH
£ wetalr) $leted 42§ Tintinnopsis sp.
£ uloksied wlo] 2AE FE A¥S 24 WSl
a2 4] AYe 88 cHTable 5). Table 5914
B uje} o] Aty R F HHE
Tintinnopsis sp= M@ 3.2~4.6 W-CIL “h* ¥ 9]¢
oh-g-¢ wgch ol nlF T g FRAHES
290] oJ5}8 3.1-43w-CIL"h™' (Stoecker et al,
1988)5} 418t Aol 3, River 5-(1985)%] +#-f-4
235 o43Hg 0.6~70 p-CIL "h7'2) Fgl& H ol
%3t}

wlo] 2AME ¥wl F5IY YREFol A3l
58~66 W-CIL"-h™' “QH«] o -§ 2 Tintinnopsis
sprt 74 AEska glon, B HEF o
sod= 2.8-44 W-CIL 079 off-g-& Mo F=
ojo} Wy FRoE thr FS AFEE Bt ¥
& gz T disled 2223 W-CIL ' -h '] e
oj5}- &8 Wl Tintinnopsis sp7t ¥lA A E3HA
b= 74 o2 Jepgrt ol dERFIF SR 7
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£ F7)e|7] dl el A¥o ¥ AR EHe Helg
w43 9] ARFol vls] oulx] AH Ez‘irol 2
A& v} FARRE H7]8] AR FAME 24
ofof M EfFel Sdet Hufel 7ol E}L
ajolE Ry} ol FEodJ HuEFIl i
VR FH} Auix] 43 A&l FelgE ov]3t
t}. o] & ol whxA] 3 Lol I T o
ol M= ELFol it g7pg-L 23 w-CIL™"
he 2 se], 24 AnE FEa, TUF o
HM 5 vl A3 e G HgE vt

oldddqte] =AM} 7] difol AWl
wE of3-go] HIHE W) $ste] wkz Alg) 7kx
Aol HeH A RE FE3le A4S S35
wkE Alol|x= Tintinnopsis sp.2} o33}-g<] 4.6 W-CIL™"-

h'E, 7tz Ae] oJ3Hg 3.2 pl-CIL ' -h B} o
A vehdr). ol E Al {0 ASS)e] =
7F ohAd @, k2 Addle B4R Fxot St
H Aalz st £ ZARA A hx Aol A4
3 A B9 FIAE AAAZ F 2T g2
3.0W-CIL "“h 'o|4 34 W-CIL “h ' t}i 27}
Hy= 7ol
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