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Abstract — This study conducted to identify the biota of sessile macro-invertebrates and seasonal variations in the
ports areas, Korea. We installed that artificial plate in 9 major domestic ports. Sampling was performed at interval
4 weeks and 13 weeks. The sampling was conducted at interval 4 and 13 weeks during August, 2021 to October,
2022. At the 13 weeks, the artificial plate was collected and re-installed and sampling was conducted 4 and 13
weeks again. There was no biological attachment at a level that could be classified morphologically regardless of
the season for 4 weeks of maintenance. Seasonal appearance patterns were confirmed by bamacles in autumn,
chordates such as Ciona robusta in winter and spring, and Mytilus galloprovincialis and Magallana gigas in sum-
mer. There was no significant difference in regional variation and barnacles, bryozoa, Serpulidae of polychaeta
were dominated in study areas regardless of the season.

Keywords: Biofouling(%] & 2 &), Invasive species(3 9 ), Sessile invertebrate(*7-2Hd 3 58 &), Artificial
plate(R15-7-2), Port(3l)
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& S|P E0] ARMo] o] Fs= Al B FAsle] o oty
& A= 398 28t SAI8A] 7 (International Maritime
Organization, IMO)?llA= AA] §-3 =& o]F 7Fso] & 3
%% (Invasive species) 2% 8F 2] FHFFES Ao LEst
FTHIMO web site). 1 5 oHF-2E-7 ALl (Asterias amurensis),
w8 (Amphibalanus improvisus) 5-2 ©]1] = gk 9l gk
Ao 338t Fdstn Ao, 2FFA(Perna viridis),
Mytilopsis sallei 57} 2°] o} oA RuHA 4L FEE
Fgskn Qlct. st FX|H ) Z9 Aol FA g, UiF
Auto] ER1sh= Aol g ¢haite] 4] 5o g AE A
el ofztgol Qo] BRG]l A3k FAFFTE UiF £X
we) d Aol T FAR: uu]§ Ao}

B AT RAAET AE 98 97 FERe 8319
o £ Au-g B43 A7 A E A 97) ol AETE
HEA o2 N 4= Qlu, okt 79} AR S ARSE &= Qlo] ¥
ZAYE o] st Aol Bo] AR TH(Choi ef al[2011]). Fuelrl=
Faligtell AR R FHFFEY 7RIFES metst A7
(Choi et al.[2011]), F-3 2] F5]A]7]8) £]17]1e]) upE F-24
B2 Wi e tigt A7 (Park er ol [2011])5°] A= G2
4, 3t A Qo) gk 2AN= AF-§ Aot}

mElA] 2 At s 9 gke] ARE FAAEAS O
ols7] S8l AErich A28 AFR-AIE T8l FAPENS
meks B3t sigieh. U FQ gkl £¥8n Qe #2353
F5EY B2 4% 9 HAE T8 el Edo] B
2 ke o) FUFE 28 A5 HeE R s

2. M= H GH

Y FYF5E 2AE A8 9 T2 o FREHER),
3, &4, $44 AR, o, T, B, )l AFRAee 2
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Fig. 1. The installed areas where the artificial plate is in the domes-
tic port areas.

A& chFig. 1). 7 FRHEE AEE FARYS molslr] S8,
2021 8E&EAD, 122G A), 20224 3€EA), 131 20224 6
HEHDel FaE U8t 4 A geks g3l 2021d
8ol =% A 45741 2021 99 1A AERE
a9, 137211 20218 128990 23} BERES 739 F AAA
o A AN ZALE A3 FARE AA F oA A2 B2
e T8t A AEY AE TSI 54 AET AT
£ 2021d 1289 FY3AoH, GA] 4579} 1357}l WELE
3 F AAsIGIE FA8} 1A FARS $13 ¥ oA] S48}
A AR FUE o R AES 1S AF | ARR-g
FaAge oty Mg & AT Hess XNYE A ¢
1 =lou] A 8 APTE ARSI

AEE AR 5 APAR olFsl Fa4 FHFEEY BENE
getalglon, 7bsd FrE7kA s4E TRt 9w &
< F2Ado] opd AMTEES A5 & A7 A4 uiAEA
o} FEgel ES EElthe YA AEE0] ¥R ¥
HE UokE F SUE 7} HojA] A A digt X vER
FA4E et A B39 50% ol e AR AEF
2 4, 30% O G+, 10% IR F2 P E BAIEIGS.
v, slime el 2 EASISIC

3.3

20219 8YYE] 473F AR F-& o x] 2 SRS Heldt A,
Falickel BX|3 FARE M F= wpiplF FEAEHAY,
3liQke] Fakal ofsrofx= o7 el AR F-atgeli= 43
B Go| {7} F-atxlo] QIglct. AslQte] B A8 F-alg
e wriulRel 2Rz F-2Eo] A, A9 FIelx=
ol7|delFe} EF7F F-= o] UL o] Ftells =z}
ojmjut A2 e F-3gelA AEo] FFEH] JgioH, FIAYEE
WoTRE A3 Ralg| vl3) Zelo|r 2] Rl ¥&
BE FAEE HYHFig. 2). 3K B8 BEE, Q) #ag
JME R A FARIME BEY Fo| FAHRY. 8
At 3 FZFL AT TR FeE 7 F=t A
A ¢¥okar, Hato] A2k dAlR B FeshE o2 Jhio] A=
&3kt

20219 89HE 1357 fRIE FAREA)eIME ZelolH A
TN B2 AEe] FaEe] UITHFig. 2). T3l Ax)g
FAGEED), 27, A9 gt A HojM= o7l 45, BFF
= IF, BAFE 450 73] sion, 7P 3% FL H
PEE Aoy el (Watersipora subovoidea), 3 EE2] 4
B BAA| G ol(Serpula vermicularis)S 1L, 43Zr w7l 8] (Balanus
trigonus)2} 27N (dmphibalanus amphitrite)= 573 £83}
STH(Table 1). LR ATIHE 13 FA= 42 AAAH
ol ¢l upriulF Fol FFHZoH, HEFE 45 7 A
Q1% = QUSick. F3Qe] Fate)] AAE FEPer= e ks s
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Fig. 2. The macrobenthic fauna settled on the artificial substrates during 13 weeks from August to November, 2021(The red plate is coated

with anti-fouling paint; The gray plate is coated with primer).

H2|et A 588 AE 73 glo] 8}l AHNE B
A3, Zeloln] M T HPFE 2F, FYFE 1T, BAF
B 150] 2839, 1 F 2opdel7)8e(Bugula neritina)S} A
3| AR HO|(S. vermicularis), W8 77} $-Hsk= A o= el
St AAlY] FAgeM e HEFE 1T, BHTE 15, BATE
3%, FAEE 130] 28t} e s s ATk Asa
2)%0](S. vermicularis)Fte] F-2E 0, sLejo|n] HejTei =
A 3] BRI H (S, vermicularis)$t A WINBI(B. trigonus), T4
WINB](A. amphitrite)’} $-R33AT. 1 Sl = e Eolo]7d
8l(B. californica)®} AR 7| (W, subovoidea)’t 745} tt.
Asiote] F4t F-AeME HREE oF, BIFE 1T, AT
E 15, FA5E 150] €88t 2 5 S 7 dd 3.
neritinay’t 718 97381313, 2R a2t viFE FA ek
Qe R A= HIFFE 3F, FHFE 1F, AFE 150]

S8}, Schdo)| 71 M (B. neritina)] ¥IZFe] 7V 341, 1
gJol| = A Telo|7| A (B. californicayss] ©17'8#1F7} ¢4
ke Ao Yt

2021 128900 A F-3 QLS melsl] g8 A2 §
e Fste] FAI9) FYsHA 4579 135 T A4S AR
%tk 45+ F BAT A3}, Tejo|v] M7 e kR MET R
FoA ST AES] Falo] ERIFR] oty £ e 2
A F2F7E FaE Al AeE veRdh 1357 A% §
APS A E Z3, FAER)ZAIME Bl olol7]EH|(B.
californica)®} A58 7| B (W. subovoidea), 233 B7RA| 0| (S.
vermicularis)®] F-30] IREUT, F+7] ZAPINE 8 A &
$R FAGDAZE AEA 71E AT 4] FaeM = &
Yo7 BH|(W. subovoidea)Tto] Y- F-ao] BRI T, 212
RIS LA AEAS Tt & QUiTk(Table 2). 3]
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Table 1. The list of sessile invertebrate fauna in the port areas from August to December 2021 during 13 weeks

Donghae Uljin Ulsan Busan Geoje Yeosu Gunsan Mokpo Incheon
c X O X 0O X 0O X O X O X 0O X 0 X 0 X

Region / Anti-fouling paint

Bryozoa
Bugula californica ++ - ++ +
Bugula neritina ++ ++H -+
Watersipora subtorquata + + o+ ++ +
Bryozo unidentified ++ ++
Mollusca
Mytilus galloprovincialis
Crassostrea gigas
Annelida
Serpula vermicularis +H o+ ++ H 4+ 4+ plate - plate -
Arthropoda loss loss
Amphibalanus amphitrite
Balanus trigonus
Amphibalanus eburneus + et -
Balanidae unidentified ++
Chordata
Polyclinidae L
Stylela clava +
Others (Slime) @O H+H= (O =+ 0 + O H=+ 0 ©) ©)
Seaweed + + ++ ++

, Anti- ing paint; X, no anti- ing paint) (Cover degree “+°: 0, ‘71 0, ()
O, Anti-fouli int; X, i-fouli int) (C d 41 10%, ‘“+': 30%, ¢ ’: 50%)

Table 2. The list of sessile invertebrate fauna in the port areas from December 2021 to March 2022 during 13 weeks

Donghae Uljin Ulsan Busan Geoje Yeosu Gunsan Mokpo  Incheon
o X 0O X O X 0O X 0O X o X 0O X o X o0 x

Region / Anti-fouling paint

Bryozoa

Bugula californica +

Bugula neritina

Watersipora subtorquata + ++

Bryozo unidentified
Mollusca

Mytilus galloprovincialis

Crassostrea gigas
Annelida

Serpula vermicularis ++ +
Arthropoda

Amphibalanus amphitrite

Balanus trigonus

Amphibalanus eburneus

Balanus improvisus +
Chordata

Polyclinidae ++

Ciona robusta -+
Others (Slime) () ©) ) Q) (O] )
Seaweed + A A +
(O, Anti-fouling paint; X, no anti-fouling paint) (Cover degree “+: 10%, ‘“++': 30%, “+++: 50%)

AACEER)) AA% 2@l M = F-BA (Ciona robustay’t  AAHAT A3t AL, B, A9 FageM = FE &
71 33K, 443y FAgAE AIAARAFHES  BolA LN upulFe] F-ao] FAHI o, 1 9] AFAME
vermicularis)©] Te] A% AT FA1] AR)g PR iR sEFEe] Fa=o] gisith
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Table 3. The list of sessile invertebrate fauna in the port areas from March to June 2022 during 13 weeks

Donghae Uljin Ulsan

Region / Anti-fouling paint

Busan

Geoje Yeosu Gunsan Mokpo Incheon

O X O X 0 X

o X

0O X O X 0O X 0 X 0O X

Bryozoa
Bugula californica
Bugula neritina

e

Watersipora subovoidea

Bryozo unidentified
Mollusca

Crassostrea gigas

Mytilus galloprovincialis
Annelida

Serpula vermicularis =+ ok
Arthropoda

Amphibalanus amphitrite

Plate
loss

Balanus trigonus

Amphibalanus eburneus

Balanidae unidentified
Chordata

Polyclinidae +

Asidia ahodori

Ciona robusta +
Others ©) G

Seaweed ++

+ + +

++

Plate
loss

¢ Q) ¢ ¢ ©

(O, Anti-fouling paint; X, no anti-fouling paint) (Cover degree “+’: 10%, “++: 30%, “+++": 50%)
pa paint

2022 3¥9ol= A F& AEAE kP S8 A2E F
T T8, T 47, 13F F AEASS AW Eg 4
F AR FAgeAe Zatol AT kR AT B
7 &2l e B3T, 4 FdeME dETe] F3E g9
B ATk 1353 AA @ F3e] §3a Qe AuRdg,
FAEE)FoNA = AelEole]7|"He(B. californica), 213|871
21 %0\ (S. vermicularis), 12| 3L TA/3"4 Al (Polyclinidae)7} -2}
so] FA e} & Alolg HolA] WUsttH(Table 3). ‘Falike] AA]
CEEeIM = B2 E2 dsidia ahodoriS} 8 8A|(C. robusta)
7} 88l AL, ool Aol 7 e (W, subovoidea)2} A
S| AAA OIS, vermicularisy’} $-73 83T} A3fite] A
M 22582 4 ahodori, T} AHANE= AP
robusta)’t -7 515ith

2022 6ol oA F& A4S Fesp] ff3 A2E 73
S T, 479 135 §F 53 LS I 3
713bel 473t FA % F-A@|AM = Zelo| A7 e ks
AT 25 &89 AEHE R, 13-1—21* 229 F-ahgolx =
zejo|o] Ael7el e s A BT B A8 FaHo gl
ot FHEZ)F T T, Gt AA, 5T LXE ¥
oA Zejoln AE 7ot R AT BT A3 A%
Hol(S. vermicularis)et T2 W7N0] (4. amphitrite), 22m711) (B.
trigonusy’t 718 973815t Table 4). 71 2ol FaZ M= 2+
FYO| 7 EA (W, subovoideay’t 33 IL, TA M= TAVIH

Al (Polyclinidae), 1 |4 7413 78 7l (Polyclinidae) e} »ti ¢
(Stylela clavae] $78 £33t 539} A5l o= A
A5E2] A5G A (Mytilus galloprovincialis)2] E30] 21591
31, 3= (Magallana gigasy> £7316X 302 Flo] ERI=3I)

£ A7d5, APt siell dagle] As@AR Fols) aiin]
71 94 2933l o7 RE 3 28sIsit) sA ¢
3¢ke] AAZA 71 WA fEAL] S¥o] R, FA
o= FalchE AlL)g deietn) Mgl AEYAIE Bl &3
g2 YAFE 3 St stAlele St Fae)
Aol HE o2 AAFEY AT =29 F3o] &
PHAL, A ZAPIME G Bl EW3E TS 7
AR oLt 3l ekt dalietel] vish AfsftellA] o]7|'H#HF-2} 3
Z50] 28 N7 52 A 0% veigt o)XY gz 75
e/l 2 AelE HolAE AL, vt 73 A7) fgEw
ta Zp)E Heles 2 1 & Ut

4.1 &

A7 AL o) 8gt FaAI g gt A7 FUA7), F9713el
w2} AEAte] @elRitl(Underwood and Chapman([2006]). 3128
9 7% AR AEALS} B2 F71E 27 wiEe] FEE 7K
HE A7l 23 H0] 3o, 7IRIAI7]E FREE Alolg Bt
(Choi et al. [2011]; Park ef al[2011]). & Q-ollA A A=
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Table 4. The list of sessile invertebrate fauna in the port areas from June to October 2022 during 13 weeks

; s ; : Donghae Uljin Ulsan Busan Geoje Yeosu Gunsan Mokpo Incheon
Reglon/Aniefoulligpet 5% © X ©® X © X © X O X 0 X © X ©O X
Bryozoa
Bugula californica ++ + + + + ++ ++
Bugula neritina
Watersipora subovoidea +
Bryozo unidentified + + +
Mollusca
Mytilus galloprovincialis + + +
Crassostrea gigas ++
Annelida
Serpula vermicularis +++ +++ + ++  Plate Plate H+ A ++ +
Arthropoda loss loss

Amphibalanus amphitrite
Balanus trigonus
Amphibalanus eburneus +
Balanidae unidentified
Chordata
Polyclinidae +
Stylela clava +
Others
Seaweed +

=t Tt 1 1 +H+ + ¥ + i
+ ++ +++ + -
+

+ o+

! -fou int; X, no anti-fouling paint) (Cover e “+': 10%, ‘“++: 30%, ‘“+++7: 50%
O, Anti-fouling paint; X i-fouling paint) (C “+': 10%, “++': 30%, “+++': 50%)

wpu|Fe] 71de) FRl=E T, FA ¢} FAlE FAF, sHlel
AFHGA (M. galloprovincialis)® ZZ(M. gigas)? 22 o]vjs
72 7181e] RIS, Faiete] AR FEgte] 7= E 24
B9 AR AgS Any, AFHEA & 497 590 7130]
=S5, chdo| 71887 (Bugula sp.)2} FF4A(C. robustay= SE3+
62, AT (B. amphtritey= 88, 2SITAAFON(S. vermicularisye
108 711=1ATHChoi ef al [2011]). & A7 Z3}e} vl 31AE o),
U FE9) 719 A7l fARIG oW, AFAEX o] A9 &
AT E oS-l AS2o= 7Ijle] FRIEw, 2011 F 52
AT A= B=e olv] 71 =1%ATHChoi ef al[2011]). ‘23l
ko] wRiigte] AM2leh= AF PR Y AR = 485 E 927X
A&EE= Ao 7 dejA Adckleung ef al[2014]). F-ZAPE-2] A
AR 2719} AR Ed FFE AR U] gkt 219 o3 2
2R CHFortit ef al [2021]). FEAES] 3 W AL AFF
4 FEFIAE S2FaoR, S8F 2 aER-SEE, 99
A5 9 #zF2 WEeh)(Shim and Jurng[1987]). ¥ AF-30]
A Al 9 T 718lo] AsE F(45} biofilm B4 AFEl)
upru] gl A3 @A Fel 7t 7IIEN T, FF AFHEA7 719
¥ Z o= vyt ol A 9F B4 uje} wpyfjuu} ohL - Fol
Azl vls] F3t AR 915 Fsisly] WER] o=
e o) N9AQ1 541 A0 T g ws SsME &
Fol digt F714Q1 et A7 e Zlo ggd.
F-YEAL FRA7Izb R E 4 240] 28] Yehhs
Aoz 4R ot AA FU717te] 1718 F-ae] A9 370

€3 e7llE T =22 LA vlEiA F2A o) vils- vl o,
370E o) FH9 vlwF FE FAL A5 oid o)
T4 Fage] $A% 2 zlolE BolR] geva R usigitt
(Underwood and Chapman[2006]). A#] A8 ) 35 djg
AR g3, wyfuls 27140 F-350] 794 o] F o]H] 10 7§A em™
7] F7V8K343L, Antozoa sp., T, AAF°] 8 A5 34 F
HE] 2Zo] A|ZETH(Choi ef al.[1999]). & AT = AZH
71 e mebsbr) s FEuE 19 o R FlEl
FOTg AuE ¢ FAPIME 1357 fAG FAWNE o
H AQeXe B AEe] 7RKRIER] Yston, Zejoln AeE
& Rl A9d T3 ARE FAPELE elElr el
T4 712be] B3 4otd ZoE wddn. A4 F3ws
4% AT AN w2 E 8 A9, AR e TR
HF oFdo] Yeh= Zlo] ohe} B Fol 7k FHs e
F9] 7RIS T o] Yeht 23]E] FriepdS ¥ He
AE ZHFI}H(Claar ef al. [2011]). B ATl 4 FEEA9)
4 o]9)ell e F=9) AT T3 AR S R sttt

olXNY Fu| FQ Fle]l AFH-ATE ARl FAYEA ]
gt A AERS Tets 2 A9, AEe] Aagle] diiEe
GolN HFFES] AFLo|7]EH, Sride)7dd, Aexy
ofe|7]d, FFF=2] 43 WAAH0], HAFES 2] e}
FANRZE AL, FANE g A FHeE
A28 199AVE she A o= Jehdt. o] F Aol
78es A, AR dHE, Sobtol7 s nddE, I
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A2 o] #FOITHMEIS web site). 7L 2= A= Fxtelr] S
3k Sl FATW], i) 52 FAHAAWFToE AP H
Art.

2l PYUF(Invasive Alien Species, IAS)S- 2lFFo|dAM F3)E
T A 23502 A3k JITHMOF and KIMST[2019)).
A7 2%, = F8 grb) Sdske T2 ] dEF
oAU ReIFLE TEE FE0IU. IMO°IA TR Sl A
A FFOE o]F 71540l AT FHFTE 8F(Charybdis
Japonica, Didemnum vexillum, Asterias amurensis, Amphibalanus
improvisus, Carcinus meanas, Perna viridis, Mytilopsis sallei, Sabella
spallanzanii) 718 Zjellq E3o] B11E]A] ¢Sk Asian green
mussel(Perna viridis)£} Black striped mussel(Mytilopsis sallei)y=
old S gut X Hox= 7o) AATHA Uit A oY
B FEol tiF A5 BUEPo| 98 o dAder

4 £

2 A7l 59 T2 ol Frlel MAshs F3d F35F
22 AEY Fetd S8l wRHE. IR TS FHFE
B9 AENF Fe ATE d, AR el o718,
M3 BAA o], mrjulF7} -3 SR, FFEAE E3ll
ko] A A AFE A 3 ¥, Fatl
BjE] el AMactel - SRssi. ARE B2 A2k
FA FE o R & NS PFEE B3l =271
s 73 AEE getap] A3 479 13570 AH BERES T
P, 4730 2T FARIE e Es A 7 19
I AR AR FHTH R 7 7hed 55 o] ¥
A= i) SPAT 1353 AA# e T o s 4
H9LE o, e kR AE & FAPIM= £AL AL BY
Zalolr| Az Fage] vld] ¥ FAES Hylov, BES F
Zgo] £ S FAY Atole 2 AelE relA] gl

= 7
o] =2 20239 YT Adez Fopadaerisrl
3499 A EE Pelrd AT H AT TANE: 20210651,

AR AA A B 9 571 71E0pE, A9717E: 202104.01-
2025.12.31).
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