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ol=lA FEF o|YEL F 51\‘-4 73"1%2 o =Rl foA g ARBAE YEeH (@@ —0-78,
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2ol g He F2F ;-‘S}%“‘!(ol?:}ﬂ]-'—)o] Eui Fejoll vls] 5 vl = A vrebgth e B
il FEjr el # vz 3 v A YERteh A3l = £ g
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%A ofg 7‘—344' AA G 948 FRFEVE AT7IHESE BE ¥ 2Hd gifd 73
AL, A= EE < ‘3'”71;‘] EH 7 FAsAT. AEEA HIER Hd
Hol A EA EH?} Aol Zet Ao Tk Hantzschza vzrgata Licmophora abbreviata, Meloszra
nummuloides7} §-74 8t} F-25kGAth g Al 7ke] 745l e} RAFEF Y T f8, Eebg, of2E

ol=dlA AFH o Z FUEA N, AR f8 >okad > E]EHT > ?E] > HRIEA ] to]=¢] -f_v\—ii
A et 28 1371 BHA FaFRF AFES 2~3°Col A B} 24~25°Ce] F2olA A Y
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2 Fzty -2l A3 Al Amphora coffeaeformis, BAE Q] Synedra tabulata, stalk FEQ
Licmophora paradoxa Z18]1 AY&8 8¢l M. nummuloides 2 Vrebska, B2 A ZF 23| A 7] 4% o] (micro-
succession)’} TEEF QT o] e $HF TAL A EF AE o] Waste] A AFzho] Adg o wel vehd
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To understand the attachment of microalgae and their subsequent growths on artificial surfaces
immersed in seawater, the relationship between attachment of diatoms on the immersed artificial
substrates and species pool in the surrounding water was investigated. We used acryl slides for the study
of diatom attachment and examined the surrounding water samples collected in Incheon Harbour from
July 1995 to February 1997. Variations of species composition and abundances by exposure time in
seawater were investigated during the early phase of biofilm formation on various substrates, e.g. glass,
acryl, titanium, copper and antifouling paint-treated slides. Immigration rates of diatoms to acryl slides
during spring and winter were significantly correlated with the abundance of benthic diatoms in
surrounding water (r'=0.78, p<0.01, n=42), suggesting that immigration rates were affected by
variations of benthic diatom abundances in surrounding water. Immigration coefficient of monoraphid
diatoms was 5 times higher than that of biraphid diatoms, but relative abundance of monoraphid diatoms
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was 3 times lower than that of biraphid diatoms on acryl slides in spring. In winter, immigration
coefficient and relative abundance of centric diatoms were higher compared to other raphe forms. These
results suggest that the attachment of diatoms seems to be caused by the abundance and immigration
coefficients of benthic diatoms in surrounding water. Pennate diatoms predominantly attached to all
artificial surfaces throughout all experimental periods. Interestingly, centric diatoms predominantly
attached to all artificial surfaces in winter. Hanizschia virgata, Licmophora abbreviata and Melosira
nummuloides appeared dominantly on antifouling paint-treated slides, probably being tolerant of the
antifouling paint. During incubations, the abundance of attached diatoms increased exponentially on
glass, titanium and acryl slides with exposure time. The maximum abundance was highest on glass slide,
followed by acryl, titanium, copper and antifouling paint-treated slides. The growth rates of attached
diatom community on all artificial surfaces were higher at temperature of 24—25°C than that of 2—3°C.
The growth rate of attached diatoms on glass slide was generally higher compared to other slides during
the study period. Dominant morphotypes of observed species with exposure time in seawater were
prostrate form Amphora coffeaeformis, fan shape Synedra tabulata, stalk type Licmophora paradoxa and
chain type M. nummuloides. A micro-succession in the attached microalgal community was observed.
The composition of dominant species seems to be the result of species-specific response to gradually

limited space with development of microalgal film.
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FHg BE 27 E & 52 AAsA.

0z

XZHa o 2
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Fig. 3. Immigration rates of diatoms, abundances of benthic
diatoms and temperatures in the water columns in spring and
winter. Bars indicate the range of standard deviation (n==3).
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Fig. 4. Relationships between immigration rates of benthic diatoms
to acryl slides and abundances of benthic diatoms in surrounding
water. @ =May 1996, O =January—February 1997. Bars indicate
the range of standard deviation (n=3).
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2 (°=0.84, p<0.001, n=27), ALElE FRAA Freld
Q1= Abm oA 7F WA Q9kekr®=0.76, p>0.05, n=15).
ol=d Zelo|=o] B3 F279 il e (raphe form)d
A Fee, B 2l F ol (biraphid form)7} 7HE -4
slg.om, olo] ujM(araphid), )X (monoraphid), A3
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Fig. 5. Relative abundances of 4 morphotypes of attached diatoms

to acryl slides in the immigration rate experiment. (A) May 1996,
(B) January—February 1997.
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Fig. 6. Immigration coefficients of attached diatoms in 4 mor-
photypes to acryl slides in the immigration rate experiment. (A)
May 1996, (B) January—February 1997. Bars indicate the range of
standard deviation (n=3).
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2o o) A7 S50 Agdee $hsel ¥, 28
& Cylindrotheca closterium™} Licmophora paradoxa$33t, 7
Holl = Melosira nummuloides®: 29 16~18 dojqt Bz o
8} Hantzschia virgata %. \}EFFTH(Table 1),

nk_t o ofN

QIBY|E EOO| LE Rt et

FE: FAFEFY $RE REAZR] Fbgl et {8,
o}zdl, Bleby ¥Rl A¢H o Frlstgon, I e
FRA A upe} AdolshA VergthFig. 7). f8] Setol =l
= 1995 7€) 0~57% 10 cells em %, 199513 8ol 40~51%
10° cells cm ™2, 199613 5€0o| 19~138% 10° cells cm >, 19963
6ol 346~144x 10° cells cm %, 199713 1, 28} 16~29x 10°
cells em 28] H Lol A ‘—"/\]ﬂoﬂ WE Z7F 3 A e S0}
3 AAA g el

olz oA 19961 5Uell 37~114% 107 cells em *, 1997
1, 290l 6~41x10° cells cm 9] ] olfx] Al 7kol| WE F7} &
Zhos Wk oyl § A zﬂ/ﬁa‘km‘- L}Ep}u*r,},,

EJEHE-2 1995¢] 794 2~45% 10° cells em ™, 19954 8¢
0~6x10" cells cm % 19963 5¥o] 8~17x10° cells cm 2,
1997\ 1, 2830 0~4x10° cells cm™>9] W oA A7kl w2
7 & 2 T 273 AAAEE T

Zalol= 19954 78] 0~374 cells cm S, 8€o] 0~312
cells cm™’, 1996 5o 0~336 cells cm'2 19973 1, 29
0~50 cells cm™>9] W ol A A7kl Z7) B ks BE &
7b & AR RG] Vebgth. ALE %Ld?lﬁﬁmw wrekgl T
ol vt of$ o} A FiEHE Bole ofel$u F
7] Fe g VEdich

AE 0*1*11 HAES s THdE 199531 744 0~23
cells cm %, 892 0~265 cells cm ™, 199613 5¥-S 0~894 cells
em™?, 19974 1, 29l 0~353 cells em 79} Wjol|A] Z7} &
Z7} & A Vel R Q& HREE A
F e R OE FHE v =4 FEAEHYe
,Zb Bz A ZA 7R 1995 7ol 2 10 A, 8Y L nE
A, 199643 59 w2 19 YA, 1997 1, 2993 =% 19

‘ rlr

o, 2
8

Table 1. Relative abundance (R.A.; %), immigration rate (LR.=cells cm ™ d™") and immigration coefficient (I.C.=(cells em™ d™")/(cells ml™'))
of dominant species during the attachment experiments in spring (May 1996) and winter (January—February 1997)

Sampling date (month/day)

Dominant species Parameter
5/9 5/11 5/13 5/15 5/17 5/19 1/20 1/31 2/18
IR 10 125 81 172 180 25
Cylindrotheca closterium RA. 12.0 45.2 414 40.7 34.3 37.4
1C. 0.3 2.8 2.0 4.0 1.7 83
IR. 18 51 15 45 103
Licmophora paradoxa R.A. 232 18.3 7.5 10.7 19.6
1.C. 3.6 5.1 3.0 9.0 343
LR. 4 52 94
Melosira nummauloides RA. 50.0 91.2 425
1LC. 0.1 1.5 2.4
IR. 72
Hantzschia virgata RA. 32.5
1.C. 24.0
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Fig. 7. Natural log-transformed abundances of attached diatoms
developed on the artificial substrates during the study period. (A)
July 1995, (B) August 1995, (C) May 1996, (D) June 1996, (E)
January—February 1997.
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SgolEe] o2 HA e £y S Ushiy Z718y
. AYFER 9% FAEH oA TR0 wel Ao
A byt 19979 1, 298 A3 A A7|eA fE =
olAY > EEHE > T 2 FUEANY Laloj=e] ¢og el
tH(Table 2).

AAE: =EA0) S8 WE BT 279 43 s

& fr2l, Blehg, o2 d, 78 gfol=olA 42 021~0.73 47,

NAY AR 29D A8

0.16~0.93 d7’, 0.24~0.41 d7', 0.10~0.53 d7'¢] M4 W3}
2 eyl Ak o SgolA wad REagzRd A
AAEo] b = velhton, yejeA wed FHe A%
Eo] 713 A ety 2 A9EF 239 4380 M =
A vehd A7l 24 4 713 SEfolmeflA] B 24~25°C9)
F2HAE VEbd 19953 79oidl e, 1 B gk vEld
N7V 2~3Ce] L E e 19973 1, 29 o] Qi ThFig. 8).

ZF24: A A7A7) ZH 7P %&£ 43(species number)
o F&F7) ¥ 293 Sdol=: fulgen, olag, e
F agla 7l £o2 2E, ¥ tiTable 3). 181 #
JEE Hu|gt Sefol =l 71 H& 57} 53, Eda3nt

199513 79 ZAMA f-2] Eetolud B, Ede a2 FE
F 33 F o 19 Fo| B¢ Eeluya) 13 Fol B ), 1
23 3 Fo] A3 PR TET MY Lilo|=o
H)&] otk F 8 et 7} So|=ef K3 £d8 i
25 = Amphora, Achnanthes, Navicula, Nitzschia 5 4 7} £2
#F 7} AAY 73% oF& AAsIe @G eg YRl
(Table 3).

1995 8¥e) Frol Selo|=ol BA 3T FEF+= £ 48
o7 1995 79 ws} 15 Fo] B Folu, EHEE(E2
), TE21 %), HEAY &gl m(14 F)ol & B F
o] B& &H3S). ol AFH 471 9] B0 2AE B
E ANFoA 64% o] HH&S AAst $HES
w}(Table 3).

1996\ 5¥of olaY &elo|= B Frt mdste] ALY
i, #g &gl FAT F F £ 46 TOE ola gl
3% 2 2 531 )R 15 Fo] Wshen, Helw27 F),
1222 %), HREANY del=06 S} g8 Fol B2 &
sttt olF Ho] AFH 4 7] &9 FEo] A F 59
67% °]4-& A3t ole} e A ALE ZAHI99TE
1~280IH % FALEH vElY e8] setelze 34 22 7}
2 o] 23 2dslgon, g0 g ofAYR3 F), HENE(12
), TG F) 28l HIEAN k)= F)e oItk A
AN Yol AFE 4 7 £ F U 59% o7& AA B
4402 LERGTHTable 3).

ATF7IZHES BE QA Ty BEs Fo
Amphora, Achnanthes, Navicula, Nitzschia 5 4 7§ &2] 4

TZ25F7F I FEE0|x, 1 9ol Licmophora, Synedra
48 rERRE 23, 2889 Agdde +89E o
s ZA8 F2FQ Melosira nummuloides?} 52+
So)gh g ez, o) Fo) AT AR
£2 F3, "Hebw, 78, ok2d gz dAIEAT sgol=
A ZYZ} 45%, 83%, 84%, 62% ¥ 100%E Xx|Ehe] P
om e £ ¥AFEE Yo

Hjok717re] HE dAoA 4 =% (accumulative abundance)
of 9% $HF(Table 4y felolA 1995 7435} 84 Am-
phora coffeaeformis, A. ovalis var. pediculus, 199651 597} 6%+
A. coffeaeformis, 19973 1, 28 = Melosira nummuloidesS}Tr.
el gol A 1995\ 729 Hantzschia virgata, 829 A. coffeae-
formis7}, 199611 59 oll3= A. ovalis var. f)ediculus, 19973 1, 2¥
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Table 2. Summary of previous data on maximal abundance of attached diatoms and exposure time

: . : S - Exposure ~ Maximal abundance
Environment Study site Substrate Season time (days)  (x10° cells em %) Source
Freshwater Bk Lake Slideglass summer 33 6 Brown, 1973
Elk Lake Slideglass winter 24 1 Brown, 1973
Reservoir Slideglass 8 40 Hoagland, 1983
Stream Clay tile 32 41 Stevenson, 1986
Danube River Sand-blasted slideglass 14 370 Acs and Kiss, 1993
Marine Biscayne Bay Slideglass 21 100 Marszalek, 1979
Tampa Bay Bivalve 3 10 Cuba and Blake, 1983
St. Lawrence Estuary Plastic panel 49 10 Hudon and Bourget, 1983
Incheon Harbour Glass spring 19 14 This study
summer 17 6
winter 31 3
Acryl spring 16 11
winter 31 4
Titanium spring 15 2
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winter 41 0.04
1.0 1 Glass ol M. nummuloides®. VVEPTH Fe]olAe 1995 7¥H 3}
0.8 1 8del 22y Amphora lineolata®y Grammatophora marina7},
0.6 - 1996 590l Cylindrotheca closterium, 1997 1, 28l
0.4 1 B Eéii 23 Melosira nummuloides 2 VJEFTE ol Ho M= 19968 54 o)
0.2 g :33:3 E‘gfg E;E;E Licmophora abbreviata7t, 1997 1, 29 o+ M. numimuloides7}
00 sl oxseley. wolEAe FWlAL 19953 7, 8Yo] H
u B
0.8 - ::ZES virgata7}t, 1996\ 59 ol L. abbreviata® VFERG I, 199743 1,
= 06 1 5 290l = M. nummudoidesTho] F-2819)
~ 0.4 ; 53
2 02 & : E 9
g8 B B B
= 0.0 oyl X
g g 1A OIYED = ST TH
& o6 2 @ 9F71d e FEF/L BAY o Fasiee)
04 - Z F9°] vlXE 9FE v 3 Aolvk webA Ado] o
02 ] (& %, 58, 999 $E 2931 F249 FAT Aol E 9
0.0 ] B e ol BPas, A4 A AW} U 5+ 9EAE B
-8 {Copper stuxt ek FHN AL HA sYE ATAHES TAA
0.8 1 F 343 viud 43, o] F /A MFES 2L ARAAE
06 ] 2 o2 Yehdoh el 7)) B 894 volg diEsn
04 1 gl Bekn F Wggdel vehd o4 Q= gEu
0231 % Sl FigliE AR, A3V EHo] mEE Fusd)
oo LB EE K naseo] J FEF 5 S48 TERY AT FA4Y 72
ARSI F7} ol 3VFE RAISAC] bl e ANFR Atk
Ny At ol frEl Eelel=rl wE& F¥Go Navicula sp7t )3
b5 oy s of BRI CO) g 2% FHS A% SIS N s 58 24
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substrates under different temperature. Bars indicate the range of 891t Hudon and Bourget(1983)2f 2 zts} 73ttt
standard deviation (n=3). B Aol ALHel ARAEFET AS B; Fig. = A



256 AAE - 23

Ao

X E Y

Table 3. Total species number and species number of dominant genus attached to artificial substrates in diatom colonization experiments

Peri Total species Species number of dominant genus Frequency of 4
eriod Substrate -
number Amphora  Achnanthes ~ Navicula  Nitzschia  Centric ~ dominant genus (%)
July 18—August 4, Glass 33 7 3 5 9 Ina 73
1995 Titanium 19 5 2 4 4 na 79
Copper 13 3 'na 2 6 na 85
Paint-treated 3 1 na 'na 2 na 100
August 10—28, 1995 Glass 48 12 3 5 13 na 69
Titanium 32 7 3 5 6 na 66
Copper 21 4 na 3 7 na 67
Paint-treated 14 4 1 na 4 na 64
May 125, 1996 Glass 46 9 6 5 12 na 70
Acryl 31 8 4 2 7 na 68
Titanium 27 4 6 3 6 na 70
Copper 22 2 4 2 7 na 68
Paint-treated 3 1 1 na 'na na 67
June 6—28, 1996 Glass 25 6 2 4 7 na 76
January 16— Glass 34 1 2 4 11 2 59
February 26, 1997 Acryl 23 1 2 3 6 2 61
Titanium 12 'na 1 3 5 2 92
Copper 3 na na 1 1 1 100
Paint-treated 1 na na na na 1 100

'na=not attached.

Table 4. Dominant species of accumulative attached diatoms in each experiment (GL=glass, AC=acryl, Ti=titanium, Cu=copper, A-F=

antifouling paint-treated)

Period Exposure time Substrat Dominant . Abundance Relative
(days) ubstrate ommant Species (x10° cells cm™) abundance (%)
July 1995 17 GL Amphora coffeaeformis 29 43
10 Ti Hantzschia virgata 31 68
10 Cu Amphora lineolata 0.2 56
17 A-F Hantzschia virgata < 0.1 52
August 1995 18 GL Amphora ovalis var. pediculus 64 59
18 Ti Amphora coffeaeformis 2 26
18 Cu Grammatophora marina 0.1 20
18 A-F Hantzschia virgata 0.2 85
May 1996 24 GL Amphora coffeaeformis 249 59
24 AC Licmophora abbreviata 92 25
24 Ti Amphora ovalis var. pediculus 10 27
24 Cu Cylindrotheca closterium 0.2 29
24 A-F Licmophora abbreviata 1 93
June 1996 22 GL Amphora coffeaeformis 112 34
January— 41 GL Melosira nummuloides 28 45
February 1997 41 AC Melosira nummuloides 40 61
41 Ti Melosira nummuloides 3 83
41 Cu Melosira nummuloides < 0.1 84
41 A-F Melosira_nummuloides 0.9 100

AA AN T, = dRAEEET G Fig. 471 v §-
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o AL Ag o] AL 29 16~18YU (Fig. 49 A2 A) 19
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Table 5. Immigration rates in various study areas
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Environment Study site Substrate Immigration rate (cells em ™ d™ Source

Freshwater River Clay tile 50 Stevenson and Peterson, 1989
River Clay tile 1500—1800 Stevenson and Peterson, 1989
Creek Clay tile 45 Stevenson and Peterson, 1989
Creek Clay tile 10002300 Stevenson and Peterson, 1989
Creek Clay tile 21002600 Stevenson and Peterson, 1989
Stream Clay tile 22005000 Stevenson et al., 1991

Marine Estuary (1 m) Glass 13 Hudon and Bourget, 1983
Estuary (1 m) Glass 74 Hudon and Bourget, 1983
Estuary (5 m) Glass 20 Hudon and Bourget, 1983
Harbour (0.7 m) Acryl 4—575 This study
Harbour (0.7 m) Acryl 6220
Incubator (0.5 m) Glass 5680
Incubator (0.5 m) Acryl 6058
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Table 6. Most important diatoms on 4 different surfaces in the colonization experiments, classified according to
their colonization strategy (Parenthesis represents each month conducted colonization experiment)

Classification according to their colonization strategy

Substrate
Pioneer and intermediate colonists Late colonists
Glass Cylindrotheca closterium (5, 6, 8) Achnanthes haukiana (7)
Hantzschia virgata (1-2, 5, 6, 7, 8) Amphora coffeaeformis (5, 6, 7, 8)
Licmophora abbreviata (5) Amphora ovalis var. pediculus (6, 8)
Licmophora paradoxa (5) Cocconeis placentula (7)
Melosira nummuloides (1-2) Licmophora paradoxa (1-2)
Navicula spp. (5) Melosira monoliformis (1-2)
Nitzschia longissima (6) Melosira nummuloides (1-2)
Pseudo-nitzschia pungens (5, 6, 7, 8) Synedra tabulata (7)
Acryl Cylindrotheca closterium (5) Amphora coffeaeformis (5)
Licmophora abbreviata (5) Amphora ovalis var. pediculus (5)
Licmophora paradoxa (1-2, 5) Grammatophora sp. (5)
Melosira monoliformis (1-2) Hanitzschia virgata (1-2)
Nitzschia frustulum (1-2) Melosira nummuloides (1-2)
Nitzschia sp. (1-2) Synedra tabulata (5)
Titanium Achnanthes sp. (1-2, 5) Amphora coffeaeformis (5, 7, 8)
Amphora coffeaeformis (7) Amphora ovalis var. pediculus (5, 8)
Cylindrotheca closterium (5, 7, 8) Hantzschia virgata (7, 1-2)
Hantzschia virgata (5, 8) Melosira nummuloides (1-2)
Licmophora abbreviata (5) Pseudo-nitzschia pungens (8)
Navicula parua (1-2, 8)
Navicula sp. (1-2)
Pseudo-nitzschia pungens (7)
Copper Amphora coffeaeformis (8) Amphora lineolata (7)
Amphora lineolata (5) Cylindrotheca closterium (5)
Cylindrotheca closterium (8) Grammatophora marina (8)
Hatzschia virgata (7, 8)
Licmophora abbreviata (5)
Navicula parua (5, 7)
Navicula sp. (7)
Nitzschia longissima (5)
Pseudo-nitzschia pungens (8)
Synedra tabulata (5)
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