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Abstract : With the increase in world trade through ships, the destruction of the marine ecosystem and socioeconomic damage due to invasive alien
species (IAS) are continuously increasing. In particular, marine organisms attached on the hull surface and niche area increase the friction resistance of
ships as well as the invasion of non-indigenous species, and causes a decrease in operational efficiency and an increase in GHG (Green House Gas)
emissions. The International Maritime Organization (IMO) has recently begun revising guidelines for the control and management of ship’s biofouling,
and New Zealand and California in the United States are already regulating biofouling management under their own laws. This study investigated the
management status of the submerged surface of ships and marine organisms attachments on five international ships entering South Korea, and analyzed
species group and coverage (%) of biofouling communities to evaluate the LoF (Level of Fouling) rank. Macroflouling was observed on all ships
surveyed, and specially, the adhesion of macro organisms in niche areas such as bow thruster, bilge keels and sea-chest gratings appeared to be at a
serious level. This study proposed the management direction our country should take with regard to ship’s biofouling and the improvement measures for

evaluation of LoF rank and inspection methods of hull and niche ares.
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Table 1. Level of Fouling ranking to assess the extent of fouling

on survey target area

LoF Estimate of

rank  macrofouling cover Description

No slime layer. No macrofouling.

0 zero only clean surfaces.

slime layer on some or all

! zero surfaces. No macrofouling.

o Macrofouling present in small
1-5% of .
2 y patches or a few isolated
visible surface Lo .
individuals or small colonies.

6-15 % of
visible surface

Considerable macrofouling on
surfaces.

Extensive macrofouling present
V)
4 16:40% of but more than half of surfaces
visible surface . . .
without biofouling.

Very heavy macrofuoling present
41-100 % of Ty heavy macr &P
5 .. covering substantial portions of
visible surface ..
visible surfaces.
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Fig. 2. Biofouling survey location of vessel hull and niche area.
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Table 2. Summary information of the vessels surveyed in this study
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Fig. 3. Duration since last dry-dock and new coating application

for biofouling. The color of each ships represents that
anti-fouling coating only (yellow) and foul-release coating

only (blue).
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7o TAAE-S Table 29 F7]38HATH

IUCN 18 A& < (Bioregions)S 7]
A2g 2AE A adhe FH29
b

Vessel ~ Survey  Vessel Vessel ~ Ship  Average = Management Date of Type of WSA® coating  Voyage history
name date type size” build  speed of biofouling last AFS (active ingredients) (Operational routes)®
(m) (kn) (No/hull clean)  application (d)
A 2021. Fishing 79.56 2013 6 No 761 Anti-fouling North and South
6.30 motor x14.5 (copper, zinc) Pacific, North West
ship Pacific
B 2021. Oil 127.21 2006  10.5 No 752 Anti-fouling North West Pacific
8.15 chemical %204 (dicopper oxide,
tanker xylene, zinc)
C 2021. Oil 124 2006 105 Hull cleaning 615 Anti-fouling North West Pacific,
9.10 chemical %20 by diver (dicopper oxide, Arabian Seas
tanker xylene)
D 2021. Oil 101 2008 11 No 1139 Anti-fouling North West Pacific
10.5 chemical  x16 (dicopper oxide, xylene)
tanker
E 2021. LNG 280 1998 16.6 No 741 Foul-release Arabian Seas,

11.6 tanker x43

Central Indian
Ocean, North and
South Pacific, North
West

(xylene, ethylbenzene)

a LengthxBeam, b Wetted Surface Area, ¢ Based on IUCN bioregions presented in Kelleher et al.(1995).
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Fig. 4. Examples of biofouling cover on shoe piece and sea-chest
grating on the ship A. Left: filamentous algae and goose
barnacle growing on the stern. Right: Heavy macrofouling

(small size barnacle) on sea-chest grating.

Fig. 5. Examples of biofouling cover on hull and bow thruster rim

on the ship B, C, D and E. (a) Heavy macrofouling on bow
thruster rim, (b) barnacle on the bottom, (¢) macroalgae on
the hull and (d) barnacle on the propeller.
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Table 3. The list of species group (broader taxonomic group) on
the ships and evaluating surface LoF scores of hull and

niche areas
Ship
A B C D E
Species group
Shme % % % % %
Macro algae * - * * *
Bamacle % % % % %
Bivalve - * - * -
Tubeworm - - * * -
LoF rank
Bulbous bow 1 0 1 0 3
Hull* 3 1-5 4-5 4-5 1
Bottom 3 3 5 3 1
Bow thruster 4 4 5 - 5
Bilge keels - 3 5 5 1
Sea-chest grating 5 3 5 5 1
Rudder 3 1 2 4 4

a minimum-maximum rank.
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