A S E D http://e-ASED.org

Animal Systematics, Evolution and Diversity

Review article

Anim. Syst. Evol. Divers. Vol. 35, No. 4: 204-217, October 2019
https://doi.org/10.5635/ASED.2019.35.4.033

Fouling Bryozoa of Korean Ports and Harbours

Hyun Sook Chae'?, Ji Eun Seo'**

'Marine Bryozoans Resources Bank of Korea, Jincheon 27841, Korea
’Department of Food-Biotechnology, Woosuk University, Samnye 55338, Korea
*Department of Eco-Biological Science, Woosuk University, Jincheon 27841, Korea

ABSTRACT

This study aims to investigate the fouling bryozoans which attach to artificial structures of Korean ports and harbours.
The materials have been collected from 56 sites during the period from 2008 to 2012. As a result of the present study,
40 species of fouling bryozoans were identified. The most abundant species are Bugula neritina (Linnaeus, 1758),
Tricellaria occidentalis (Trask, 1857), Watersipora subtoquata (d’Orbigny, 1852), and Cryptosula pallasiana (Moll,
1803). Three species, Flustrellidra armata Grischenko, Seo and Min, 2010, Cauloramphus korensis Seo, 2001, and
Parasmittina contraria Seo, 1993 are endemic to Korea. A total of 70 species of fouling bryozoans have been reported

in Korea with 16 new bryozoans resulting from this study.

Keywords: fouling bryozoans, artificial, ports, harbours, Korea

INTRODUCTION

Bryozoans are sessile organisms attached to various living and
nonliving substrates, such as shell, rock, algae, worm tube,
hydroid, sea-bottom, bryozoan, coral, rubber, steel, wood,
sponge and surface of living or dead animals (Ryland, 1970;
Hayward, 1985; Seo, 2005). When such organisms affect the
performance or functioning of man-made structures, they are
referred to as ‘fouling’. Fouled structures can include intake
pipes for industrial or power plants in marine and fresh waters,
oil rigs, buoys, moorings, current meters, and hulls and other
surfaces of boats, ships, and submarines (Gordon and Mawa-
tari, 1992) (Fig. 1). The fouling bryozoans have been studied
by Edmondson and Ingram (1939), Brock (1985), Gordon and
Mawatari (1992), Stevens et al. (1996), Gong and Seo (2003,
2004), etc. The port and harbor, representative artificial struc-
tures, have a lot of ship activities such as domestic and inter-
national travel, the maritime trade, fishery etc. by man.

It is important to study about fouling bryozoan on fouled
structures of port and harbor, because fouling marine organ-
isms may provide insight into controlling biofouling of ma-
rine technology. Next to barnacles, bryozoans are the most
common invertebrates fouling anthropogenic marine surfaces

(Christie and Dalley, 1987; Key et al., 1999).

Korea, surrounded by water on three sides, has around 1,000
National harbors, local harbors and fishing village ports (http://
www.mof.go.kr). Since Reteporellina denticulata was report-
ed from the artificial reefs of Yeosu waters by Bae and Lee
(1981), 54 fouling bryozoans were so far recorded from Ko-
rea (Song, 1985; Je et al., 2003; Gong and Seo, 2003, 2004;
Seo, 2005; Seo and Min, 2009). This study aims to investi-
gate the fouling bryozoans which attach to artificial structures
of Korean ports and harbours.

MATERIALS AND METHODS

The materials examined in the present study were collected
from 56 localities during the period from 2008 to 2012 (Fig.
2). All samples attached to artificial structures (ships, flat-bot-
tomed boat, buoys, ropes, fishing net, tire, quay walls, and
test panels) of Korean ports and harbours were collected by
using a chisel. Collected materials were preserved in 95%
ethyl alcohol and transported to the laboratory for microscop-
ical study.
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Fig. 1. Substrata of fouling bryozoans. A, Bugula neritina attaching to flat-bottomed boat; B, Bugula neritina attaching to rope; C,
Bugulina californica attaching to fishing net; D, Celleporina porosissima attaching to tire.

RESULTS

As a result of the present study, 40 species, 34 genera, 26
families, three orders, two classes of fouling bryozoans were
identified. Single asterisks (*) indicate the 16 species which
are newly added as fouling bryozoans in Korea (Table 1).

Phylum Bryozoa Ehrenberg, 1831
Class Stenolaemata Borg, 1926
Order Cyclostomata Busk, 1852
Family Crisiidae Johnston, 1838
Genus Crisia Lamouroux, 1812

1. Crisia eburneodenticulata Smitt ms in Busk, 1875
Material examined. Korea: Songjeong, 14 Aug 2009; Jeju,

6 Jan 2011.
Substratum. Ropes.

Anim. Syst. Evol. Divers. 35(4), 204-217

Distribution. Korea, Japan, Pacific, and Atlantic.

Family Lichenoporidae Smitt, 1867
Genus Disporella Gray, 1848

*2. Disporella novaehollandiae (d’Orbigny, 1853)

Material examined. Korea: Hwasun, 15 Aug 2008; Song-
jeong, 14 Aug 2009; Seogwipo, 28 Jun 2010.

Substratum. Ropes and quay walls.

Remarks. This species is newly reported as fouling bryozo-
ans to Korea.

Distribution. Korea, Japan, Pacific, Indian, Atlantic, and
Cosmopolitan.

Class Gymnolaemata Allman, 1856

Order Ctenostomata Busk, 1852
Family Flustrellidridae Bassler, 1953
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Fig. 2. Map of South Korea showing the collection localities in
sites; 6, Gampo; 7, Eupchen; 8, Jeongja; 9, Bangeojin; 10, Ja
sites; 17-18, Songjeong 2 sites; 19-26, Busan 8 sites; 27, Dad

this study. 1, Donghae; 2, Ganggu; 3, Guryongpo; 4-5, Yangpo 2
ngsaengpo; 11-13, Ulsan 3 sites; 14, Onsan; 15-16, Daebyeon 2
aepo; 28, Deokpo; 29, Gujora; 30, Geoje Passenger Terminal; 31-

34, Tongyeong 4 sites; 35-36, Samcheonpo 2 sites; 37-39, Gwangyang 3 sites; 40-43, Jeju 4 sites; 44, Kimnyeong; 45-46, Seog-

wipo 2 sites; 47, Hwasun; 48-49, Mokpo 2 sites; 50, Bieung; 51-

Genus Flustrellidra Bassler, 1953

*3, Flustrellidra armata Grischenko, Seo and Min, 2010
Material examined. Korea: Songjeong, 14 Aug 2009; Dae-
byen, 20 Oct 2010.
Substratum. Quay walls.
Remarks. This is an endemic species, and is newly reported
as fouling bryozoans to Korea.

Distribution. Korea.

Family Nolellidae Harmer, 1915
Genus Nolella Gosse, 1855

*4. Nolella stipata Gosse, 1885

Material examined. Korea: Songjeong, 23 Aug 2012; Seo-
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56, Incheon 6 sites.

gwipo, 16 Nov 2012; Guryongpo, 22 Dec 2012.
Substratum. Ropes, buoys, and fishing net.

Remarks. This species is newly reported as fouling bryozo-
ans to Korea.

Distribution. Korea, Japan, Pacific, and Indian.

Family Vesiculariidae Johnston, 1847
Genus Amathia Lamouroux, 1812

5. Amathia distans Busk, 1886

Material examined. Korea: Samchenopo, 13 Aug 2008;
Seogwipo, 15 Aug 2008; Jeju, 15 Aug 2008; Kimmyeong,
15 Aug 2008; Tongyeong, 14 Nov 2008; Tongyeong, 14 Aug
2009; Deokpo, 15 Aug 2009; Tongyeong, 14 Nov 2009;
Tongyeong, 26 Jun 2010; Seogwipo, 28 Jun 2010; Tongyeo-
ng, 21 Oct 2010; Jeju, 6 Jan 2011; Songjeong, 25 Jun 2011;

Anim. Syst. Evol. Divers. 35(4), 204-217



Tongyeong, 26 Jun 2011; Bangeojin, 23 Aug 2012; Bangeo-
jin, 23 Aug 2012; Daebyeon, 23 Aug 2012; Tongyeong, 24
Aug 2012.

Substratum. Ships, ropes, buoys, quay walls, and fishing
net.

Distribution. Korea, Japan, Pacific, Indian, and Atlantic.

Order Cheilostomata Busk, 1852
Family Aeteidae Smitt, 1867
Genus Aetea Smitt, 1867

*6. Aetea anguina (Linnaeus, 1758)

Material examined. Korea: Seogwipo, 15 Aug 2008.
Substratum. Ropes.

Remarks. This species is newly reported as fouling bryozo-
ans to Korea.

Distribution. Cosmopolitan.

Family Membraniporidae Busk, 1854
Genus Membranipora de Blainville, 1830

*7. Membranipora villosa Hincks, 1880

Material examined. Korea: Jangsaengpo, 11 Aug 2008; Ul-
san, 12 Aug 2008; Jangsaengpo, 13 Nov 2008; Samcheon-
po, 14 Nov 2008; Songjeong, 14 Aug 2009; Gujora, 15 Aug
2009; Hwasun, 18 Aug 2009; Ulsan, 25 Jun 2010; Busan,
26 Jun 2010; Daebyeon, 20 Oct 2010; Guryongpo, 24 Oct
2011; Yangpo, 24 Oct 2011; Songjeong, 25 Oct 2011; Jang-
saengpo, 25 Oct 2011.

Substratum. Buoys and quay walls.

Remarks. This species is newly reported as fouling bryo-
zoans in Korea. Membranipora serrilamella Osburn, 1950
was synonymized into Membranipora villosa Hincks, 1880
(see Dick et al., 2005).

Distribution. Korea, Japan, Alaska, and Pacific.

Genus Jellyella Taylor and Monks, 1997
8. Jellyella tuberculata (Bosc, 1802)

Material examined. Korea: Kimnyeong, 15 Oct 2008; Bu-
san, 13 Nov 2008; Samcheonpo, 14 Nov 2008; Gujora, 15
Aug 2009; Yangpo, 13 Nov 2009; Mokpo, 27 Jun 2010.
Substratum. Buoys, ropes, and quay walls.

Remarks. Membranipora tuberculata (Bosc, 1802) was syn-
onymized into Jellyella tuberculata (Bosc, 1802) (see Taylor
and Monks, 1997).

Distribution. Widespread.

Anim. Syst. Evol. Divers. 35(4), 204-217
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Family Calloporidae Norman, 1903
Genus Cauloramphus Norman, 1909

9. Cauloramphus korensis Seo, 2001

Material examined. Korea: Daebyeon, 25 Jun 2010; Jang-
saengpo, 25 Jun 2010.

Substratum. Ropes.

Remarks. This is endemic species to Korea.

Distribution. Korea.

Genus Tegella Levinsen, 1909
10. Tegella incrustans Silén, 1941

Material examined. Korea: Busan, 11 Mar 2009: Song-
jeong, 14 Aug 2009.

Substratum. Ropes and quay walls.

Distribution. Korea and Japan.

Family Bugulidae Gray, 1848
Genus Bugula Oken, 1815

11. Bugula neritina (Linnaeus, 1758)

Material examined. Korea: Guryongpo, 11 Aug 2008;
Jangsaengpo, 11 Aug 2008; Busan, 12 Aug 2008; Tongyeo-
ng, 13 Aug 2008; Samcheonpo, 13 Aug 2008; Jeju, 14 Aug
2008; Hwasun, 15 Oct 2008; Donghae, 27 Aug 2008; Gury-
ongpo, 12 Nov 2008; Onsan, 13 Nov 2008; Ulsan, 13 Nov
2008; Busan, 13 Nov 2008; Tongyeong, 14 Nov 2008; Sam-
cheonpo, 14 Nov 2008; Jeju, 9 Jan 2009; Gampo, 12 Aug
2009; Guryongpo, 12 Aug 2009; Jeongja, 13 Aug 2009;
Bangeojin, 13 Aug 2009; Dadaepo, 14 Aug 2009; Busan, 14
Aug 2009; Tongyeong, 14 Aug 2009; Geoje, 15 Aug 2009;
Gujora, 15 Aug 2009; Gwangyang, 16 Aug 2009; Seogwipo,
18 Aug 2009; Hwasun, 18 Aug 2009; Yangpo, 24 Jun 2010;
Daebyeon, 25 Jun 2010; Bangeojin, 25 Jun 2010; Dadaepo,
26 Jun 2010; Busan, 26 Jun 2010; Tongyeong, 26 Jun 2010;
Gwangyang, 27 Jun 2010; Bieung, 1 Jul 2010; Ganggu, 19
Oct 2010; Guryongpo, 19 Oct 2010; Yangpo, 19 Oct 2010;
Dadaepo, 20 Oct 2010; Songjeong, 20 Oct 2010; Daebyeon,
20 Oct 2010; Jangsaengpo, 20 Oct 2010; Tongyeong, 21
Oct 2010; Gwangyang, 21 Oct 2010; Bieung, 22 Oct 2010;
Seogwipo, 6 Jan 2011; Gampo 24 Oct 2011; Guryong-
po, 24 Oct 2011; Yangpo, 24 Oct 2011; Dadaepo, 25 Oct
2011; Bangeojin, 25 Oct 2011; Jangsaengpo, 25 Oct 2011;
Tongyeong, 26 Jun 2011; Gwangyang, 26 Jun 2011; Gury-
ongpo, 22 Aug 2012; Gampo, 22 Aug 2012; Yangpo, 22 Aug
2012; Bangeojin, 23 Aug 2012; Ulsan, 23 Aug 2012; Jang-
saengpo, 23 Aug 2012; Daebyeon, 23 Aug 2012; Busan,
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23 Aug 2012; Dadaepo, 23 Aug 2012; Tongyeong, 23 Aug
2012; Gwangyang, 24 Aug 2012; Bieung, 25 Aug 2012;
Incheon, 25 Aug 2012; Bieung, 19 Dec 2012; Incheon, 19
Dec 2012; Daebyeon, 21 Dec 2012; Dadaepo, 21 Dec 2012;
Guryongpo, 22 Dec 2012; Yangpo, 22 Dec 2012.
Substratum. Ship, buoys, ropes, fishing net, quay walls,
test panels, and flat-bottomed boat.

Distribution. Cosmopolitan.

Genus Bugulina Gray, 1848
12. Bugulina californica (Robertson, 1905)

Material examined. Korea: Busan, 12 Aug 2008; Samcheon-
po, 13 Aug 2008; Jeju, 14 Aug 2008; Donghae, 27 Aug 2008;
Guryongpo, 12 Nov 2008; Ulsan, 13 Nov 2008; Tongyeong,
14 Nov 2008; Gampo, 12 Aug 2009; Jeongja, 13 Aug 2009;
Bangeojin, 13 Aug 2009; Dadaepo, 14 Aug 2009; Tongyeo-
ng, 14 Aug 2009; Geoje, 15 Aug 2009; Gwangyang, 16
Aug 2009; Yangpo, 24 Jun 2010; Bangeojin, 25 Jun 2010;
Tongyeong, 26 Jun 2010; Gwangyang, 27 Jun 2010; Mok-
po, 27 Jun 2010; Seogwipo, 28 Jun 2010; Tongyeong, 21
Oct 2010; Gwangyang, 21 Oct 2010; Seogwipo, 6 Jan 2011;
Tongyeong, 26 Jun 2011; Ulsan, 23 Aug 2012; Dadaepo, 23
Aug 2012; Mokpo, 24 Aug 2012; Seogwipo, 16 Nov 2012;
Daebyeon, 21 Dec 2012; Guryongpo, 22 Dec 2012; Yangpo,
22 Dec 2012.

Substratum. Ropes, fishing net, and quay walls.

Remarks. Bugula californica Robertson, 1905 was synony-
mized into Bugulina californica (Robertson, 1905) (see
Fehlauer-Ale et al., 2015).

Distribution. Korea, Japan, Pacific, and Atlanctic.

Genus Virididentula Fehlauer-Ale, Winston, Tilbrook,
Nascimento and Vieira, 2015

13. Virididentula dentata (Lamouroux, 1816)

Material examined. Korea: Busan, 11 Mar 2009.
Substratum. Ropes.

Remarks. Bugula dentata (Lamouroux, 1816) was synony-
mized into Virididentula dentata (Lamouroux, 1816) (see
Fehlauer-Ale et al., 2015).

Distribution. Widespread.

Family Beaniidae Canu and Bassler, 1927
Genus Beania Johnston, 1840

14. Beania hexaceras (Ortmann, 1890)
Material examined. Korea: Kimnyeong, 15 Oct 2008; Song-
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jeong, 14 Aug 2009; Hwasun, 18 Aug 2009; Jeju, 6 Jan
2011.

Substratum. Ropes, buoys, and quay walls.

Distribution. Korea and Japan.

*15. Beania mirabilis Johnston, 1840

Material examined. Korea: Hwasun, 15 Oct 2008; Yangpo,
24 Oct 2011.

Substratum. Ropes.

Remarks. This species is newly reported as fouling bryozo-
ans to Korea.

Distribution. Cosmopolitan.

Family Candidae d’Orbigny, 1851
Genus Scrupocaberea Vieira, Spencer Jones, Winston,
Migotto and Marques, 2014

*16. Scrupocaberea maderensis (Busk, 1860)

Material examined. Korea: Jeju, 6 Jan 2011.

Substratum. Ropes.

Remarks. This species is newly reported as fouling bryo-
zoans in Korea. Scrupocellaria maderensis Busk, 1860 was
synonymized into Scrupocaberea maderensis (Busk, 1860)
(see Vieira et al., 2014b).

Distribution. Widespread in warm water.

Genus Tricellaria Fleming, 1828
17. Tricellaria occidentalis (Trask, 1857)

Material examined. Korea: Guryongpo, 11 Aug 2008;
Jangsaengpo, 11 Aug 2008; Onsan, 12 Aug 2008; Busan, 12
Aug 2008; Tongyeong, 13 Aug 2008; Samcheonpo, 13 Aug
2008; Jeju, 14 Aug 2008; Seogwipo, 15 Oct 2008; Kim-
nyeong, 15 Oct 2008; Donghae, 27 Aug 2008; Incheon, 4
Sep 2008; Guryongpo, 12 Nov 2008; Onsan, 13 Nov 2008;
Jangsaengpo, 13 Nov 2008; Busan, 13 Nov 2008; Tongyeo-
ng, 14 Nov 2008; Samcheonpo, 14 Nov 2008; Jeju, 7 Jan
2009; Seogwipo, 9 Jan 2009; Guryongpo, 12 Aug 2009;
Bangeojin, 13 Aug 2009; Jeongja, 13 Aug 2009; Dadae-
po, 14 Aug 2009; Songjeong, 14 Aug 2009; Busan, 14 Aug
2009; Tongyeong, 14 Aug 2009; Gujora, 15 Aug 2009;
Deokpo, 16 Aug 2009; Jeju, 18 Aug 2009; Hwasun, 18 Aug
2009; Jeju, 18 Aug 2009; Gampo, 13 Nov 2009; Yangpo,
24 Jun 2010; Guryongpo, 24 Jun 2010; Bangeojin, 25 Jun
2010; Ulsan, 25 Jun 2010; Jangsaengpo, 25 Jun 2010; Da-
daepo, 26 Jun 2010; Busan, 26 Jun 2010; Tongyeong, 26
Jun 2010; Gwangyang, 27 Jun 2010; Mokpo, 27 Jun 2010;
Seogwipo, 28 Jun 2010; Yangpo, 19 Oct 2010; Busan, 20

Anim. Syst. Evol. Divers. 35(4), 204-217



Oct 2010; Jangsaengpo, 20 Oct 2010; Tongyeong, 21 Oct
2010; Bieung, 22 Oct 2010; Gampo, 24 Oct 2011; Gury-
ongpo, 24 Oct 2011; Yangpo, 24 Oct 2011; Dadaepo, 25
Oct 2011; Songjeong, 25 Oct 2011; Mokpo, 26 Jun 2011;
Bieung, 27 Jun 2011; Incheon, 27 Jun 2011; Guryongpo,
22 Aug 2012; Gampo, 22 Aug 2012; Yangpo, 22 Aug 2012;
Bangeojin, 23 Aug 2012; Jangsaengpo, 23 Aug 2012; Bu-
san, 23 Aug 2012; Tongyeong, 24 Aug 2012; Gwangyang,
24 Aug 2012; Bieung, 25 Aug 2012; Incheon, 25 Aug 2012;
Jeju, 17 Nov 2012; Incheon, 19 Dec 2012; Daebyeon, 21
Dec 2012; Busan, 21 Dec 2012; Songjeong, 21 Dec 2012,
Guryongpo, 22 Dec 2012; Gampo, 22 Dec 2012; Yangpo,
22 Dec 2012.

Substratum. Ship, buoys, ropes, fishing net, quay walls,
test panels, and flat-bottomed boat.

Remarks. This species is typical fouling bryozoans in Ko-
rea, together with Watersipora subtorquata and Bugula ner-
itina.

Distribution. Cosmopolitan.

Family Thalamoporellidae Levinsen, 1902
Genus Thalamoporella Hincks, 1887

18. Thalamoporella lioticha (Ortmann, 1890)

Material examined. Korea: Hwasun, 15 Oct 2008; Kim-
nyeong, 17 Aug 2009; Tongyeong, 26 Jun 2010.
Substratum. Ship and buoys

Distribution. Korea, Japan, and Pacific.

Family Cellariidae Fleming, 1828
Genus Cellaria Ellis and Solander, 1786

19. Cellaria punctata (Busk, 1852)

Material examined. Korea: Hwasun, 15 Oct 2008.
Substratum. Ropes.
Distribution. Korea, Japan, Pacific, and Atlantic.

Family Catenicellidae Busk, 1852
Genus Catenicella de Blainville, 1830

*20. Catenicella elegans Busk, 1852

Material examined. Korea: Jeju, 15 Oct 2008; Jeju, 6 Jan
2011.

Substratum. Ropes.

Remarks. This species is newly reported as fouling bryozo-
ans in Korea.

Distribution. Widespread.

Anim. Syst. Evol. Divers. 35(4), 204-217
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Family Adeonidae Busk, 1884
Genus Adeonella Busk, 1884

*21. Adeonella lichenoides (Lamarck, 1816)

Material examined. Korea: Hwasun, 15 Oct 2008; Kim-
nyeong, 15 Oct 2008.

Substratum. Quay walls.

Remarks. This species is newly reported as fouling bryozo-
ans in Korea.

Distribution. Widespread.

Family Lepraliellidae Vigneaux, 1949
Genus Celleporaria Lamouroux, 1821

22. Celleporaria aperta (Hincks, 1882)

Material examined. Korea: Jeju, 14 Aug 2008; Donghae,
27 Aug 2008.

Substratum. Ships and quay walls.

Distribution. Cosmopolitan.

*23. Celleporaria brunnea (Hincks, 1884)

Material examined. Korea: Gampo, 12 Aug 2009; Gury-
ongpo, 12 Aug 2009; Bangeojin, 13 Aug 2009; Busan, 14
Aug 2009; Tongyeong, 14 Aug 2009; Gujora, 15 Aug 2009;
Geoje, 15 Aug 2009; Jeju, 17 Aug 2009; Seogwipo, 18 Aug
2009; Hwasun, 18 Aug 2009; Yangpo, 24 Jun 2010; Seog-
wipo, 28 Jun 2010; Guryongpo, 19 Oct 2010; Yangpo, 19
Oct 2010; Busan, 20 Oct 2010; Seogwipo, 6 Jan 2011; Jeju,
6 Jan 2011; Yangpo, 24 Oct 2011; Songjeong, 25 Oct 2011;
Bangeojin, 25 Oct 2011; Jangsaengpo, 25 Oct 2011; Gang-
gu, 22 Aug 2012; Gampo, 22 Aug 2012; Tongyeong, 23 Aug
2012; Bangeojin, 23 Aug 2012; Seogwipo, 16 Nov 2012;
Daebyeon, 21 Dec 2012; Gampo, 22 Dec 2012.
Substratum. Buoys, ropes, quay walls, test panels, and
flat-bottomed boat.

Remarks. This species is newly reported as fouling bryozo-
ans in Korea.

Distribution. Korea and Pacific.

*24. Celleporaria wakayamensis (Okada and Mawatari,
1938)

Material examined. Korea: Busan, 12 Aug 2008; Tongyeo-
ng, 13 Aug 2008; Samcheonpo, 13 Aug 2008; Hwasun, 15
Oct 2008; Donghae, 27 Aug 2008; Onsan, 13 Nov 2008;
Busan, 13 Nov 2008; Seogwipo, 9 Jan 2009; Busan, 11 Mar
2009; Gampo, 12 Aug 2009; Busan, 14 Aug 2009; Kim-
nyeong, 17 Aug 2009; Hwasun, 18 Aug 2009; Yangpo, 13
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36 Fenestrulina

mutabilis
37 Petraliella magna

38 Celleporina

porosissima
39 Phidolopora

pacifica
40 Reteporellina

denticulata

1, Donghae; 2, Ganggu; 3, Guryongpo; 4, 5, Yangpo; 6, Gampo; 7, Eupchen; 8, Jeongja; 9, Bangeojin; 10, Jangsaengpo; 11-13, Ulsan; 14, Onsan; 15, 16, Daebyeon; 17, 18, Songjeong; 19-26, Busan; 27, Dadaepo; 28, Deokpo; 29, Gujora; 30, Geoje Passenger

Terminal; 31-34, Tongyeong; 35, 36, Samcheonpo; 37-39, Gwangyang; 40-43, Jeju; 44, Kimnyeong; 45, 46, Seogwipo; 47, Hwasun; 48, 49, Mokpo; 50, Bieung; 51-56, Incheon.
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Nov 2009; Guryongpo, 24 Jun 2010; Yangpo, 24 Jun 2010;
Guryongpo, 19 Oct 2010; Jangsaengpo, 20 Oct 2010; Seog-
wipo, 6 Jan 2011; Jeju, 6 Jan 2011; Yangpo, 24 Oct 2011;
Yangpo, 22 Aug 2012.

Substratum. Ships, buoys, ropes, quay walls, and test pan-
els.

Remarks. This species is newly reported as fouling bryozo-
ans in Korea.

Distribution. Korea and Japan.

Family Exochellidae Bassler, 1935
Genus Escharoides Milne-Edwards, 1836

25. Escharoides excavata (MacGillivray, 1860)

Material examined. Korea: Kimnyeong, 17 Aug 2009.
Substratum. Ropes.
Distribution. Korea, Pacific, and Indian.

Genus Exochella Jullien, 1888
*26. Exochella tricuspis (Hincks, 1881)

Material examined. Korea: Seogwipo, 28 Jun 2010.
Substratum. Ropes.

Remarks. This species is newly reported as fouling bryozo-
ans in Korea.

Distribution. Korea, Japan, and southern Pacific.

Family Smittinidae Levinsen, 1909
Genus Parasmittina Osburn, 1952

*27. Parasmittina areolata (Canu and Bassler, 1927)

Material examined. Korea: Hwasun, 15 Oct 2008.
Substratum. Buoys.

Remarks. This species is newly reported as fouling bryozo-
ans in Korea.

Distribution. Korea, Japan, Pacific, and Indian.

28. Parasmittina contraria Seo, 1993
Material examined. Korea: Kimnyeong, 17 Aug 2009;
Songjeong, 21 Dec 2012.
Substratum. Ropes and quay walls.
Remarks. This is endemic species to Korea.
Distribution. Korea.
29. Parasmittina triangularis (Mawatari, 1952)

Material examined. Korea: Hwasun, 15 Oct 2008.
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Substratum. Buoys.
Distribution. Korea and Japan.

Genus Smittoidea Osburn, 1952
30. Smittoidea prolifica Osburn, 1952

Material examined. Korea: Hwasun, 15 Oct 2008; Busan,
11 Mar 2009.

Substratum. Buoys and ropes.

Distribution. Korea, Japan, and Pacific.

Family Bitectiporidae MacGillivray, 1895
Genus Metroperiella Canu and Bassler, 1917

*31. Metroperiella montferrandii (Audouin, 1826)

Material examined. Korea: Kimnyeong, 17 Aug 2009.
Substratum. Ropes.

Remarks. This species is newly reported as fouling bryozo-
ans in Korea.

Distribution. Korea, Japan, Pacific, and Indian.

Family Watersiporidae Vigneaux, 1949
Genus Watersipora Neviani, 1895

32. Watersipora subtorquata (d’Orbigny, 1852)

Material examined. Korea: Guryongpo, 11 Aug 2008; Jang-
saengpo, 11 Aug 2008; Busan, 12 Aug 2008; Tongyeong, 13
Aug 2008; Samcheonpo, 13 Aug 2008; Jeju, 14 Aug 2008;
Seogwipo, 15 Oct 2008; Hwasun, 15 Oct 2008; Donghae, 27
Aug 2008; Incheon, 4 Sep 2008; Busan, 30 Oct 2008; Gury-
ongpo, 12 Nov 2008; Onsan, 13 Nov 2008; Jangsaengpo, 13
Nov 2008; Busan, 13 Nov 2008; Tongyeong, 14 Nov 2008;
Samcheonpo, 14 Nov 2008; Jeju, 7 Jan 2009; Seogwipo,
9 Jan 2009; Incheon, 25 Feb 2009; Gampo, 12 Aug 2009;
Guryongpo, 12 Aug 2009; Bangeojin, 13 Aug 2009; Jeong-
ja, 13 Aug 2009; Busan, 14 Aug 2009; Tongyeong, 14 Aug
2009; Gujora, 15 Aug 2009; Deokpo 15 Aug 2009; Jeju, 17
Aug 2009; Seogwipo, 18 Aug 2009; Hwasun, 18 Aug 2009;
Gampo, 13 Nov 2009; Guryongpo, 13 Nov 2009; Tongyeong,
14 Nov 2009; Gampo, 24 Jun 2010; Yangpo, 24 Jun 2010;
Guryongpo, 24 Jun 2010; Jangsaengpo, 25 Jun 2010; Busan,
26 Jun 2010; Tongyeong, 26 Jun 2010; Gwangyang, 27 Jun
2010; Mokpo, 27 Jun 2010; Seogwipo, 28 Jun 2010; Gampo,
19 Oct 2010; Guryongpo, 19 Oct 2010; Yangpo, 19 Oct 2010;
Daebyeon, 20 Oct 2010; Busan, 20 Oct 2010; Bangeojin, 20
Oct 2010; Jangsaengpo, 20 Oct 2010; Tongyeong, 21 Oct
2010; Seogwipo, 6 Jan 2011; Gampo, 24 Oct 2011; Gury-
ongpo, 24 Oct 2011; Yangpo, 24 Oct 2011; Dadaepo, 25 Oct
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2011; Bangeojin, 25 Oct 2011; Jangsaengpo, 25 Oct 2011;
Tongyeong, 26 Jun 2011; Mokpo, 26 Jun 2011; Incheon, 27
Jun 2011; Guryongpo, 22 Aug 2012; Gampo, 22 Aug 2012;
Yangpo, 22 Aug 2012; Bangeojin, 23 Aug 2012; Jangsaeng-
po, 23 Aug 2012; Busan, 23 Aug 2012; Tongyeong, 24 Aug
2012; Incheon, 25 Aug 2012; Bangeojin, 21 Dec 2012; Jang-
saengpo, 21 Dec 2012; Daebyeon, 21 Dec 2012; Busan, 21
Dec 2012; Guryongpo, 22 Dec 2012; Gampo, 22 Dec 2012;
Yangpo, 22 Dec 2012.

Substratum. Ships, buoys, ropes, fishing net, quay walls,
and test panels.

Remarks. This species is the commonest fouling bryozoans
in Korean waters.

Distribution. Cosmopolitan.

Family Schizoporellidae Jullien, 1883
Genus Schizoporella Hincks, 1877

33. Schizoporella unicornis (Johnston, 1847)

Material examined. Korea: Guryongpo, 11 Aug 2008;
Tongyeong, 13 Aug 2008; Jeju, 14 Aug 2008; Seogwipo, 15
Oct 2008; Hwasun, 15 Oct 2008; Ulsan, 29 Oct 2008; Bu-
san, 30 Oct 2008; Guryongpo, 12 Nov 2008; Onsan, 13 Nov
2008; Ulsan, 13 Nov 2008; Tongyeong, 14 Nov 2008; Jeju,
7 Jan 2009; Seogwipo, 9 Jan 2009; Gampo, 12 Aug 2009;
Guryongpo, 12 Aug 2009; Bangeojin, 13 Aug 2009; Gujo-
ra, 15 Aug 2009; Deokpo 15 Aug 2009; Jeju, 17 Aug 2009;
Seogwipo, 18 Aug 2009; Hwasun, 18 Aug 2009; Gampo, 13
Nov 2009; Gampo, 24 Jun 2010; Yangpo, 24 Jun 2010; Gury-
ongpo, 24 Jun 2010; Daebyeon, 25 Jun 2010; Tongyeong, 26
Jun 2010; Seogwipo, 28 Jun 2010; Bieung, 1 Jul 2010; Gang-
gu, 19 Oct 2010; Guryongpo, 19 Oct 2010; Songjeong, 19
Oct 2010; Daebyeon, 20 Oct 2010; Bangeojin, 20 Oct 2010;
Seogwipo, 6 Jan 2011; Gampo, 24 Oct 2011; Ganggu, 24 Oct
2011; Guryongpo, 24 Oct 2011; Yangpo, 24 Oct 2011; Dada-
epo, 25 Oct 2011; Tongyeong, 26 Jun 2011; Bieung, 27 Jun
2011; Gampo, 22 Aug 2012; Yangpo, 22 Aug 2012; Tongyeo-
ng, 24 Aug 2012; Bieung, 25 Aug 2012; Seogwipo, 16 Nov
2012; Jeju, 17 Nov 2012; Guryongpo, 22 Dec 2012; Gampo,
22 Dec 2012.

Substratum. Ships, flat-bottomed boat, tires, buoys, ropes,
fishing net, quay walls, and test panels.

Distribution. Cosmopolitan.

Family Cryptosulidae Vigneaux, 1949
Genus Cryptosula Canu and Bassler, 1925

34. Cryptosula pallasiana (Moll, 1803)
Material examined. Korea: Guryongpo, 11 Aug 2008; Jang-
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saengpo, 11 Aug 2008; Tongyeong, 13 Aug 2008; Samcheon-
po, 13 Aug 2008; Jeju, 14 Aug 2008; Seogwipo, 15 Oct 2008;
Donghae, 27 Aug 2008; Incheon, 4 Sep 2008; Busan, 30 Oct
2008; Guryongpo, 12 Nov 2008; Onsan, 13 Nov 2008; Ul-
san, 13 Nov 2008; Jangsaengpo, 13 Nov 2008; Tongyeong,
14 Nov 2008; Samcheonpo, 14 Nov 2008; Jeju, 7 Jan 2009;
Seogwipo, 9 Jan 2009; Incheon, 25 Feb 2009; Gampo, 12
Aug 2009; Guryongpo, 12 Aug 2009; Eupchen, 13 Aug 2009;
Bangeojin, 13 Aug 2009; Jeongja, 13 Aug 2009; Daebyeon,
14 Aug 2009; Dadaepo, 14 Aug 2009; Busan, 14 Aug 2009;
Tongyeong, 14 Aug 2009; Gujora, 15 Aug 2009; Deokpo, 15
Aug 2009; Jeju, 17 Aug 2009; Seogwipo, 18 Aug 2009; Gam-
po, 13 Nov 2009; Guryongpo, 13 Nov 2009; Guryongpo, 24
Jun 2010; Yangpo, 24 Jun 2010; Songjeong, 25 Jun 2010;
Daebyeon, 25 Jun 2010; Bangeojin, 25 Jun 2010; Jangsaeng-
po, 25 Jun 2010; Busan, 26 Jun 2010; Tongyeong, 26 Jun
2010; Mokpo, 27 Jun 2010; Seogwipo, 28 Jun 2010; Bieung,
1 Jul 2010; Gampo, 19 Oct 2010; Guryongpo, 19 Oct 2010;
Yangpo, 19 Oct 2010; Songjeong, 20 Oct 2010; Daebyeon,
20 Oct 2010; Bangeojin, 20 Oct 2010; Jangsaengpo, 20 Oct
2010; Tongyeong, 21 Oct 2010; Incheon, 22 Oct 2010; Jeju,
6 Jan 2011; Gampo, 24 Oct 2011; Guryongpo, 24 Oct 2011;
Yangpo, 24 Oct 2011; Songjeong, 25 Oct 2011; Bangeojin,
25 Oct 2011; Jangsaengpo, 25 Oct 2011; Tongyeong, 26 Jun
2011; Mokpo, 26 Jun 2011; Bieung, 27 Jun 2011; Incheon, 27
Jun 2011; Ganggu, 22 Aug 2012; Guryongpo, 22 Aug 2012;
Yangpo, 22 Aug 2012; Bangeojin, 23 Aug 2012; Jangsaeng-
po, 23 Aug 2012; Busan, 23 Aug 2012; Tongyeong, 24 Aug
2012; Bieung, 25 Aug 2012; Incheon, 25 Aug 2012; Seogwi-
po, 16 Nov 2012; Incheon, 19 Dec 2012; Bangeojin, 21 Dec
2012; Jangsaengpo, 21 Dec 2012; Daebyeon, 21 Dec 2012;
Busan, 21 Dec 2012; Guryongpo, 22 Dec 2012; Gampo, 22
Dec 2012; Yangpo, 22 Dec 2012.

Substratum. Flat-bottomed boat, ropes, quay walls, and
test panels.

Distribution. Widespread.

Family Microporellidae Hincks, 1879
Genus Fenestrulina Jullien, 1888

35. Fenestrulina malusii (Audouin, 1826)
Material examined. Korea: Songjeong, 14 Aug 2009; Geo-
je, 15 Aug 2009; Kimnyeong, 17 Aug 2009; Guryongpo, 13
Nov 2009; Yangpo, 19 Oct 2010; Yangpo, 24 Oct 2011.
Substratum. Ropes.
Distribution. Widespread.

*36. Fenestrulina mutabilis (Hastings, 1932)

Material examined. Korea: Gampo, 24 Oct 2011.
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Substratum. Ropes.

Remarks. This species is newly reported as fouling bryozo-
ans in Korea.

Distribution. Korea, Japan, Pacific, and Atlantic.

Family Petrallidae Levinsen, 1909
Genus Petraliella Canu and Bassler, 1927

*37. Petraliella magna (d’Orbigny, 1852)

Material examined. Korea: Hwasun, 15 Oct 2008.
Substratum. Buoys.

Remarks. This species is newly reported as fouling bryo-
zoans in Korea. Hippopetraliella magna (d’Orbigny, 1852)
was synonymized into Petraliella magna (d’Orbigny, 1852)
(see Chae et al., 2016).

Distribution. Cosmopolitan.

Family Celleporidae Johnston, 1838
Genus Celleporina Gray, 1848

38. Celleporina porosissima Harmer, 1957

Material examined. Korea: Jeju, 7 Jan 2009; Songjeong,
17 Aug 2009; Geoje, 15 Aug 2009; Gujora, 15 Aug 2009;
Yangpo, 24 Jun 2010; Yangpo, 19 Oct 2010; Yangpo, 24 Oct
2011; Jangsaengpo, 25 Oct 2011; Yangpo, 22 Aug 2012.
Substratum. Ropes and tires.

Distribution. Korea and Japan.

Family Phidoloporidae Gabb and Horn, 1862
Genus Phidolopora Gabb and Horn, 1862

39. Phidolopora pacifica (Robertson, 1908)
Material examined. Korea: Busan, 30 Oct 2008.
Substratum. Quay walls.

Distribution. Korea, Japan, and Pacific.

Genus Reteporellina Harmer, 1933

40. Reteporellina denticulata (Busk, 1884)
Material examined. Korea: Jeju, 7 Jan 2009.
Substratum. Quay walls.

Distribution. Cosmopolitan.
CONCLUSION

Since Reteporellina denticulata was reported from the arti-
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Table 2. A total of 70 species of Korean fouling bryozoans recorded in both previous and present paper

Species list Bae and Lee Song Jeetal. Gongand Seo Gongand Seo Seo Seo and Min This study
(1981) (1985) (2003) (2003) (2004) (2005) (2009)

1 Tubulioora flabellaris +
2 Crisia eburneodenticulata + +
3 Lichenopora radiata +
4 Disporella novaezelandiae +
5  Flustrellidra armata +
6  Nolella stipata +
7  Amathia convoluta +
8 Amathia distans + + + +
9  Aetea anguina +
10 Biflustra crenulata + +
11 Biflustra perfragilis + + +
12 Membranipora villosa +
13 Jellyella tuberculata + + +
14 Electra tenella + + + + +
15 Cauloramphus korensis + + +
16 Tegella incrustans + + + +
17 Bugula neritina + + + + +
18 Bugula umbelliformis +
19 Bugulina californica + + + + + +
20 Virididentula dentata + +
21 Beania discodermiae + +
22 Beania hexaceras + +
23 Beania mirabilis +
24 Amastigia rudis + +
25 Caberea bursifera +
26 Caberea hataii + +
27 Caberea lata + + +
28 Scrupocaberea maderensis +
29 Tricellaria occidentalis + + + + + +
30 Microporina articulata +
31 Thalamoporella lioticha + + +
32 Cellaria punctata + +
33 Catenicella elegans +
34 Eurystomella bilabiata + +
35 Adeonella lichenoides +
36 Celleporaria aperta + + + + +
37 Celleporaria brunnea +
38 Celleporaria wakayamensis +
39 Escharoides excavata + + + + +
40 Escharoides sauroglossa +
41 Exochella tricuspis +
42 Parasmittina areolata +
43 Parasmittina contraria + + +
44  Parasmittina triangularis + +
45  Parasmittina serrula +
46 Smittoidea pacifica + + +
47 Smittoidea prolifica + + +
48 Smittoidea reticulata +
49 Metroperiella montferrandii +
50 Metroperiella parviavicularia + + + +
51 Metroperiella spatulata +
52 Schizomavella acuta +
53 Schizomavella auriculata +
54 Watersipora subtorquata + + + + + +
55 Schizoporella nivea +
56 Schizoporella unicornis + + + + + +
57 Calyptotheca symmetrica + +
58 Cryptosula pallasiana + + + +
59 Mucropetraliella perforat + +
60 Fenestrulina malusii + + + + +
61 Fenestrulina mutabilis +
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Table 2. Continued

Fouling Bryozoa of Korea

Species list Bae and Lee Song Jeetal. Gongand Seo Gongand Seo Seo Seo and Min This stud
P (1981) (1985) (2003) (2003) (2004) (2005) (2009) ¥
62 Petraliella magna +
63 Celleporina geminata +
64 Celleporina rostellata +
65 Celleporina porosissima + + + + +
66 Celleporaria triangula +
67 Iodictyum sp. +
68 Phidolopora pacifica + + + + +
69 Reteporellina denticulata + + +
70 Triphyllozoon hirsutum +
Total 1 23 1 25 14 31 25 40
Added species 1(1) 22(23) 1(24) 18 (42) 2(44) 8(52) 2 (54) 16 (70)

(cumulative species)

ficial reefs of Yeosu waters by Bae and Lee (1981), 54 foul-
ing bryozoans were so far recorded by Song (1985), Je et al.
(2003), Gong and Seo (2003, 2004), Seo (2005) and Seo and
Min (2009) from Korea. Sixteen species are added to the list
of fouling bryozoans herein. They are as follows: Disporel-
la novaehollandiae, Flustrellidra armata, Nolella stipata,
Aetea anguina, Membranipora villosa, Beania mirabilis,
Scrupocaberea maderensis, Catenicella elegans, Adeonella
lichenoides, Celleporaria brunnea, Celleporaria wakayamen-
sis, Exochella tricuspis, Parasmittina areolata, Metroperiella
montferrandii, Fenestrulina mutabilis, and Petraliella magna
are added to the list of Korean fouling bryozoans. A total of
70 species of fouling bryozoans from Korea are reported up
to the present (Table 2).

Fifty-four species of Korean fouling bryozoans have been
reported in previous studies, of which, only 40 species have
found in this study. Fifty-four species in the previous studies
were collected from not only ports and harbours, but also ar-
tificial structures in intertidal zones and coasts, whereas 40
species have been found in this study were collected from
only ports and harbours of the mainland of the Korean Penin-
sula. Furthermore, it is remarkable that 18 of 54 species have
no additional report since they were first reported as Korean
fouling bryozoans.

In terms of abundance of fouling bryozoans, 40 species
were collected from 56 localities, the most abundant foul-
ing species being Bugula neritina, Tricellaria occidentalis,
Watersipora subtoquata and Cryptosula pallasiana in this
study (Table 3, Fig. 3). Bugula neritina is best known as a
marine-fouling organism (Gordon and Mawatari, 1992; Ry-
land et al., 2011). Tricellaria occidentalis is one of the most
common fouling organisms on setting nets and ships’ bottoms
(Mawatari, 1951) and is a distinctive species, often co-occur-
ring with Bugula species or alone in dense swards. It dom-
inates the fouling-bryozoans fauna at the port of Gisnorne
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Table 3. The ten most abundant species of Korean ports and
harbours

Species No. of localities (%)
Watersipora subtorquata 40(71.4)
Tricellaria occidentalis 39 (69.6)
Cryptosula pallasiana 38(67.9)
Bugula neritina 34 (60.7)
Schizoporella unicornis 25 (44.6)
Celleporaria brunnea 21(37.5)
Bugulina californica 20 (35.7)
Biflustra perfragilis 16 (28.6)
Celleporaria wakayamensis 15(26.8)
Amathia distans 13(23.2)

where it may be seen at low tide dangling beneath horizontal
concrete beams between pilings, and at Paremata, Porirua
Harbour, it can form dense swards on the hulls of pleasure
craft, attaining 4-5 cm length in a year (Gordon and Mawa-
tari, 1992). Watersipora subtoquata has been widely reported
as a fouling species in harbor areas, from tropical to temper-
ate waters (Vieira et al., 2014a). Cryptosula pallasiana is well
known as a fouling species (Brock, 1985) and is one of the
more ubiquitous fouling bryozoans in New Zealand (Gordon
and Mawatari, 1992). Recently, C. pallasiana and T. occiden-
talis are known as widespread species, and B. neritina is cos-
mopolitan (http://www.bryozoa.net).

This result closely corresponds to the previous studies,
which B. neritina, T. occidentalis and W. subtoquata have
been found to be the most abundant species (Gong and Seo,
2003, 2004; Seo, 2005). However, Cryptosula pallasiana
from Korea has not been known to be the one of most abun-
dant species. Cryptosula pallasiana, which was recorded
from Korea by Seo (1992) for the first time, was reported as a
fouling bryozoan by Gong and Seo (2003). Remarkably, this
study shows that C. pallasiana appeared to be the one of the
most abundant species. This result is coincident with the fact
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Fig. 3. The most abundant fouling bryozoans of Korean ports and harbours. A, Watersipora subtorquata; B, Tricellaria occidentalis; C,
Cryptosula pallasiana; D, Bugula nertitina.

that C. pallasiana is widespread around the world, particu-
larly in ports, harbor, and estuarine situations (Gordon and
Mawatari, 1992).

Three species, Flustrellidra armata Grischenko, Seo and
Min, 2010, Cauloramphus korensis Seo, 2001 and Parasmit-
tina contraria Seo, 1993 are endemic to Korea. Flustrellidra
armata Grischenko, Seo and Min, 2010 is newly reported as
a fouling bryozoan herein.
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