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M (33/3 ), A4 Foa FEAEE 10~3047 AKH oz FYsidin. HWR
Hlgjotet ARZHE AF AF 6AZhe] nAETS A5 AREIRI, AR
7V 2 cells mm? £889 B2 EMEQ WAl Balanus albicostatus®] -4 H
2ok A7 | AR AN ARZFE= 13973 FHO 465 cells mm™ 3R
63 cells mm~o] Hh= ZHaTt. AdA el HRFF= 2710 A 223 cells mm™? EAIAL,
FE 5UA Hh 39 cells mm™? E¥ste] QMWFRCs 2ol w]AERo] WA waEsont AFTE
A AAE Adch vAET £88 HEESFE U AMALL MetromonasE R BodonidsEH AL, A5
FhHe 27w 4% FEHNESR S5 UAREE SrombidiumEFAEL, Folv WIHEES Strombidium
vzrrdae(éO um)k 24 Suctoriall Acineta turberosa’} EE L. 3—'*‘§€ AL upiy] fA0] 271HE

ket 7UA 18 A em? 7HA EUEIAT olw) uhiie] A7 ] AlFetsl A FEE oin] A
A7t AR AZSAG. olelol 0 ENER FAEE Anthozoa sp., FF(Crassostrea gigasyiA, AAHo| &
A Fol AR 3Y SRE Ry AAsid. R Malshe 8720F Harpacticus sp. 53 ©4R §
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Hoh g4 fEEla, SEAE S R AAE ;@4 P Fede] 4FvER B fEsiinh
vl Eer vl ol tish YAEES] 4H &S W Hol TAEE 0058 h'E ¥lnF Fol YAFEC] 1A
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To understand the role of protozoa in the early formation of microbial fouling community, the studies on the
formation of microbial film, the succession of microbial fouling communities, and the grazing pressure on bac-
teria population in microbial film were carried out in the laboratory, Inchon outer port and Inchon inner harbour.
Bacteria and heterotrophic flagellates formed primary microbial film on the aluminum surface within 6 hours
and oligotrich ciliates were observed 2 cells mm™ on the same surface at 9 hours in Inchon inner harbour which
had physically stagnant condition. The larvaes of Balanus albicostatus which were dominant meiobenthos in
Inchon coastal area attached on the glass surface at the first day of experiment. Heterotrophic flagellates showed
maximum abundance of 465 cells mm™ at the 13rd day and ciliates showed maximum abundance of 63 cells
mm™ at the 11st day in the Inchon inner harbour. In the Inchon outer port which opens to the outer sea, the max-
imum abundance of protozoa occurred at early phase, but not so many. The dominant heterotrophic flagellates
were Metromonas simplex and Bodonids. Dominant ciliates were small tintinnids and oligotrich ciliate Strom-
bidium sp., Large Strombidium (oligotrich ciliate) and sessile Acineta turberosa (suctorian ciliate) occurred after
10 days. The attached larvae of Balanus occurred as biofouling organism on the early surface and showed max-
imum abundance of 18 indiv. cm™ at 7th day. At that time, adult barnacles were observed on the surface and
dead barnacles were observed after two days. Except barnacles, the larvaes of Anthozoa sp.. Oysters (Cras-
sostrea gigas) and Polychaeta were observed on the surface from 3rd day. 3 benthic copepods including Har-
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1 isopod. 1 polychaeta and I gastropoda were observed as predators of the microbial film on the

surface after 7 days when microbial film developed very well. Although the ingestion rates of protozoa on the
bacteria of the microbial film were relatively low, the average grazing rate of protozoa on bacteria was high of
0.058 h™'. This implied that the grazing pressure of protozoa influences the mortality of bacteria populations on
the microbial film, but protozoa cannot get enough energy from only bacteria on the microbial film.
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Fig. 1. Map of the study area.
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Fig. 3. Temporal variation of microorganism abundances in sea
water of inner harbor.
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Fig. 4. Time-course changes of abundances of attached microorgan- o FAMEFIL felddls WA @t
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ZFA At 2,904 cells mm2e] A7 BASALW AZko]  mm? FARE 59 FAAGNE 39 cells mm® AR S8
AAstA % F7IelA] FUTHFig. 7). FHEFYAREFE 27 o o)F ok sld 8~33 cells mm7e} RANEYE BY
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Table 1. Time-course changes of abundance of attached fouling organisms in outer port
(A) Glass Plates Units: individual cm™
Day

1 2 3 35 7 "9 1 13 18
Front plates (sand papery)
larval barnacle 2.4 1.6 11.2 14.8 18.1 6.7 1.6 1.9 0.1
adultbarnacle 0 0 0 0 0.1 2.1 2.4 4.2 0
dead barnacle 0 0 0 6] 0 2.4 10.3 114 8.6
Anthozoa 0 0 0 0.2 0.1 0.1 0.2 0 0
Oyster 0 0 0 0 0 0.4 0.7 0.1 0.1
Polychaeta 0 0 0 0 0 0 00.1 0.2
Total 24 1.6 11.2 15.0 18.2 1.7 15.2 17.7 9.0
Dominant rate of
barnacle(%) 100 100 100 98.8 99.4 95.2 94.2 98.7 96.2
Back plates (nonsandpapery)
larval barnacle 0.05 0.03 0.1 1.5 0.7 0.6 0 0.6 0.1
adult barnacle 0 0 0 0 0 0.1 0.1 0.1 0
dead barnacle 0 0 0 0 0 0 0 0.1 0
Anthozo 0 0 0.1 0 0.1 0.1 0 04 0.1
Oyster 0 0 0 0 0 0 0 0 0
Polychaeta 0 0 0 0 0 0 0 0 0
Total 0.05 0.03 0.2 1.5 0.8 0.8 0.1 1.2 0.2
Dominant rate of
barnacle(%) 100 100 50.0 100 87.8 81.8 75.0 67.4 62.5
Front/Back plates 48 33 56 10 23 14 152 15 45
(B) Aluminum Plates Units: individual cm
Front plates
larval barnacle 0 0 0.4 1.4 2.1 1.6 0.9 1.1 0.5
adult barnacle 0 0 0 0 0 0 0 0.2 0
dead barnacle 0 0 0 0 0 0 0 1.3 1.1
Anthozoa 0 0 0 0 0 0 0 0.2 0.1
Oyster 0 0 0 0 0 0 0 0 0
Polychaeta 0 0 0 b 0 0 0 0 0
Total 0 0 0.4 1.4 2.1 1.6 0.9 2.7 1.7
Dominant rate of
barnacle(%) 100 100 100 98.4 97.3 92.6 96.9
Back plates
larval bamacle 0 0 0.1 0.6 0.2 0.5 0.4 0.2 0
adult barnacle 0 0 0 0 0 0 0 0 0
dead barnacle 0 0 0 0 0 0 0 0 0
Anthozo 0 0 0 0 0 0 0 0 0.2
Oyster 0 0 0 0 0 0 0 0 0
Polychaeta 0 0 0 0 0 0 0 0
Total 0.1 0.6 0.2 0.5 0.4 0.2 0.2
Dominant rate of
barnacle(%) 100 100 100 100 94.1 85.7 91.7
Front/Back plates 4 2 10 3 2 14 8
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Metromonas simplex, Pseudoperanema fusiforme, Anisonema

oI, ARFRE Strombidium EF9) 225G}
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F HANTA fElwe Zoma 24 gews guiow 3
FAEE A3 Table 139 go] 22 fHME Ban
o ASRE WYl Balanus albicostatus S30] thA B2
9:":}( lg 8). AL 1 em’™@ 24 A RZaivht 297
4 gasiglon], 3UARE 1 em®™@ 10 A o) B
CAE 79 o) $A40] HY 18 7Hiﬂ em™? FEEE 9
A FE AR AR B dRE Apdste) b
A&k ui) Al 744 TEi Yehtr] Alzsked
Zro] Z33t] wiey =A Zbsisict. wnle] ARlE A
A4 FE Jepdr) Algste] 43 11989 1 em?d 10
MA ol AAZ ZHste] woE] S 80% o]ate] AbHE
NS HAFAG. 9nF A% Anthozoa spe AP 5
A FE 018 /A cm? Ed3t] AL u%d 23 AeE
Holtp 43 1397 AFsidcholmfel #Zo FA<
Crassostrea gigas= 9°WH 78 3319 1 cm®™ 0.7 7|
7] S7FtATE Zasginh AR FHo o] RAGHe 1398
g 0.1 7HA cm™ % “3}"‘] aTEE F7hsH7] A&kt

4 FEddE 1 om® 3 F 24 JHA RE 2¥eo 79
Ae 18 7NA 7HA % daks 4 7M. BT 2R &
geele & & BHF oEMEo] 1 em® B 005 A o
"i 15 MAZA 28t 22 fEjdol vlg) F8] e

< B ZRge 'Prﬂtq"ﬂ’ﬂ e FAS AGRH &

ds]“’:] S5AA Hdl 1.5 A om? FAEIPOY 2% 2As)
AZsIATE woE) Al Za% e FUS A17190 745
FE 2%0.03 A cm?) F-Zal7) Az, woge) AR
= 13974 A5 vesith e Ee] BEe 3974RY &
3l 42 fFEW B 3wy 2REn d32e 9 94
FE FHS] Agsled 2 fEuEs 598 A7)d &85
fou A He AAF7E 2@eTh

el MAsd RARE FEL Q7R Harpacticus
sp., Tigriopus japonica, Tisbe sp., @27, AX|Eo] 44, B
=% TLE Harpacticus spe A8 798 BB 238317 A
st 1844 1 em™ 0.7 /WAZA 283k ATh. Tigriopus
Jjaponica= ¥ 99A FE Edd7] AFsld 18URE 0.2
AA em™ EHIAL, Tishe spE 99 BE 23] A=
sto] 18UAE 03 7HA om? &¥atgon, dtRE 9Ux)
FE E¥sled 1894 04 MA cm? 2T AR &
A2 194 38 2% 2dso

SFE B A A fRH 593 A7) s
freol AeE 3] BYS SR FE FAAY 304 2
Y W7RY] Balanus albicostaus®] 440] 2204 7NA cm?) ¥
71 A&t 1Al AW 2.1 A cm 7R Bt o)
Hase] yehgttt, wib] dAle A48 54 A3 29lou
< 2AETIE A 1394 oa F7hEe] YERTH(Table
2). W] AHlE AE 1394 8 Yehtr) AFsi A
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Fig. 8. Time-course changes of attached Barnacle abundance in
outer port. (A) sand papery glass, (B) non-sand papery glass, (C)
front aluminum, (D) back aluminum.
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Table 2. Time-course changes of abundance of benthic organisms of plates in outer port

(A} Glass Plates Units: individual cm™
Day
1 2 3 7 9 11 13 18

Harpacticus sp. 0.11 0.12 0.26 0.21 0.73
Tigriopus japonica 0.04 0.00 0.04 0.24
Tisbe sp. 0.04 0.08 0.10 0.34
Amphipoda 0.04 0.00 0.08 0.39
Polychata larvae 0.00 0.04 0.02 0.05
Gastropoda larvae (.00 0.00 0.00 0.06
Total 0.11 0.25 0.37 045 1.80
(B) Aluminum Plates Units: individoal cm™
Harpacticus sp. 0.06 0.04 0.02 0.68
Tigriopus japonica 0.10
Tisbe sp. 0.04 0.04 0.39
Amphipoda 0.06 1.41
Polychata larvae 0.04 0.05
Gastropoda larvae

Total 0.04 0.06 012 0.07 2.62

Aol W] fAle] 4% RAsGT ol F AL 2w
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[+31%
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iopus japonica, Tisbe sp., 25, AAHol §4 Fo] &3}
Fov FFAN7E ta g2A Jeikd dEuaielre
Harpacticus sp7t A8 998 &% Z4E 18¢4 #Hd 0.7

WA em? ST Tigriopus japonica‘—‘f Ag 1844 &
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Ag2 Aol A LASE A 73AZF AL 0072~
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cells mm7H] Z7tel oy oA YASES] AASTE 24
Z7tste] wtelgjol Al F4% AT B olF A
559 F4go] th pAsie] gEEel Aol
7rl et 3374 7k¢] ARk E FEA ﬂ%‘i%% ABEFF
& R dAEE F4E0] EH 7kste] ule) o} A
o] AA Zhasrh a‘%‘-l dof| M) A Wit TAEL
0.084 h'& ANHOFE & FA8&E o diggor 7)Ao
A LhEpstch
fEaele] 23k

mlm o

&

Holde 27l dAEEY w2
A} e = o} A F7E Z7rerl ot 324
Zre] AFsAA &Fe] HEFFH o3 =& F&2(0.076
h“) e 2o} 7Hx41%°1 F7retdhFig. 10). 2 4947101
FE 9AIZWIA BB HEEFRY W QAT W2 %
}‘O(o 016~0.017 WHE weglel MAFL tha 2718t
97AIZF o)F AAEES] MR B& ¥480.053 hHYE Ko
UWMO} MAEe] AREQoT 1458701 F W x2lgol A
% FA501(0.014~0.024 h') Bre|E]o} AL 2A SV
3 ool W} PAFTE FHPE A Ex 4*8}711 =it
SR dAFEA o dHor F
0.031 "2 4FuEd Ho} $o F238 EO% HAEAIE 14
A o]Fell delol Aol ZA F7HH YElEt ole
He9 99 FEA HEZRY H4ETH ;;Q | ¢FEHe

Jz
Y o
o hu Hﬁl
I
=



358 HF7) - 2R
600 16
500 g

127,

« 400 ':

g @

» 300 8 =

= o)

0 N\

© 200 o

4 ‘g
100 §
[aa]
0 0
DA IR R ANUAIR IR S AR
Hour
—=— HFL —e—(Cjliates
—eo—Bacteria
15000
(B)
12000 }
E 9000 |

2

3 6000 |
3000

O " il I i L I i l L It
DR U B CE SN SIS
Hour
—eo—Bacteria

Fig. 9. Time-course changes of attached microorganism abundances
on aluminum surface in grazing experiment. (A) filtered by 200 pm
mesh net, (B) filtered by 1 um filter paper.
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Table 3. The protozoan grazing rate of attachedmicroorganism in
inner harbor
Unit: Bacteria h™

Aluminum Plate Glass Plate
Hour Grazing Hour Grazing
22 0.035 32 0.026
28 0.128 49 0.076
32 0.103 73 0.016
49 0.079 97 0.017
73 0.072 121 0.053
97 0.105 145 0.014
121 0.081 337 0.018
145 0.078 409 0.024
169 0.074
337 0.075
409 0.095
Avg. 0.084 Avg. 0.030
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Fig. 10. Time-course changes of attached microorganism abun-
dances on glass surface in grazing experiment. (A) filtered by 200
pm mesh net, (B) filtered by 1 um filter paper.
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glo} A 7F 2~3u EA ERRAL B AFAME FEldtelA
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upz} vl ERe] WP LT FA Aol 7t W
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YAEE Sol 93 239 (secondary film)o] HAAFH= ALZE
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Kirchman, 1984). ¥ ZAWo = gHggo} F2kx7]el F3272
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Z719 Metacylis type®} 2B8F(4~10 ume] 33 & A|7h
o} ‘401] w2} 20~30 um-% FEHNEET TFS Strom-
bidiumE77F EEAUE AE 10894 e 60 um o]
Strombidium viridaeZ7t 28384 2~347 31 A mm™ 7HA
7T Ztasol At YAle B2 Suctoriagl
Acineta tuberosa’} plate(75X 25 mm)3 2~3 713 @aﬁ}m
bzl o R 20U E A3 FEedA Be] &¥she ZloR
&el%l  Peritrichs(Zooothammion sp.)%&
19797} & Aol WA ER] gt

F(Marszalek et al,

DAREL BRE 5E f49 22 FreN T 2AL
AT gtk FHE FRe Haadle] mARue Eang

Ao2 4HAZ JHMitchell and Kirch-
man, 1984).

£ A & (Macrofouling organisms)
£ AgkelAur A 3‘?1’5*‘?*51 88l vt woNel(Balanus
albicostatusy 43¢ 19 Al 1 oem™ 2 A BRAsE 7
A 18 A em 7R REida, wphe]) AAe 4y sy
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344 01 A em? FEES 1384 04 AR cm A F
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