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The introduction to Japan of the Titan barnacle, Megabalanus coccopoma (Darwin, 1854)
(Cirripedia: Balanomorpha) and the role of shipping in its translocation
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The type materials of Megabalanus
coccopoma from Panama wasn’t used
in this paper.



http://www.informaworld.com/smpp/tandf~db=all

Buoys for seaweed culture were established at entrance of Tokyo Bay for 6
months from Sep 2008 to Feb 2009.
Megabalanus coccopoma reaches to maturity within 6 months.



On Megabalanus coccopoma (Darwin 1854)

Taxonomy:
Darwin (1854): Described new variety Balanus tintinnabulum var. (7)
coccopoma Darwin in 11 varieties of B. tintinnabulum.

Pilsbry (1917): Described new subgenus and subspecies Balanus (Megabalanus)
tintinnabulum coccopoma Darwin in 7 subspecies of subgenus Megabalanus.

Yamaguchi (1973): Described species level taxonomy On Japanese megabalanids B.
(M.) rosa and B. (M.) volcano based on their reproductive isolation.

Newman (1979): Described new genus Megabalanus separated from genus Balanus.

Geographic Distribution:
Historically known at the East Pacific from Baja California to Ecuador

Known History of Invasion:

1980s: South Brazil

1987: San Diego, California, USA (Newman & McConnaughey 1987), Belgium
(Kerckhof & Cattrijsse 2001)

2002 ~ 2006s: Louisiana, N. Florida, Georgia, N. Carolina, East USA




MIZUSFEIIMIA Port, O A CAMA, JAPAN, Sep. 21, 2007
Sep. 21, 2007 at Mizushima Port
Amphibalanus amphitrite
Amphibalanus eburneus
Amphibalanus improvisus
Amphibalanus reticulatus (Japan+)
Austrobalanus imperator (Australian)
Balanus trigonus
Chirona amaryllis
Chthamalus challengeri (Japan+)
Fistulobalanus albicostatus (Japan+)

underline: world wide

Lepas anserifera Jan. 5, 2009 at Chiba Port
Megabalanus coccopoma Megabalanus coccopoma
Megabalanus rosa (Japan+) Megabalanus rosa (Japan+)
Megabalanus volcano (Japan+) Megabalanus volcano (Japan+)

Tesseropora sp.
Tetraclita japonica (Japan+)
Yamaguchiella coerulescens

Megabalanus occator (Japan+)
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Megabalanus coccopoma was
described from the Pacific coast of
Panama and is well known as the
allied species in the Atlantic Ocean.
Yamaguchi et al. (2009) is the first
report from the western Pacific.

Megabalanus rosa is the
endemic species known from
Japan since the Miocene.

Megabalanus volcano is
also the endemic species known
from Japan, Taiwan, Hong
Kong. The Holocene fossil was
found in Japan.

Shell walls: color and nature of
surface are different.

Growth ridges of scutum and
spur of tergum are different.

After Yamaguchi et al. (2009)



Information of DNA amplification and sequencing

Polymerase chain reaction (PCR) amplifications of mitochondrial cytochrome c
oxidize

COI were amplified partially (383 bp) using ABI 2720 Thermal cycler. A

forward-reverse primer pair and thermocycling protocol,

BF25-TGTAATTGTTACTGCTCATGC-3’ and

BR2 5’-ACCAAARAAYCAGAATAAGTGTTG-3

based on Sotka et al. (2004), was performed at 94°C for 60 s, 40
cycles at 92°C for

40 s, 52°C for 60 s, 72°C for 90 s and a final extension of 72°C for 7
min.



Three phylogenetic trees

. volcano M. volcano M. volcano

M. rosa M. rosa M. rosa
M. coccopoma M. coccopoma O M. coccopoma

Bayesian Inference (Bl) Neighbor Joining (NJ) Maximum Parsimony (MP)

MtDNA COl gene 426 bp  yamaguchi et al. 2009 Outgroup: Tetraclita japonica Pilsbry



Five Populations (Japan, Panama, Brazil, Australia, & Ship hull ‘A’)

NJ Tree ML Tree

mMtDNA COI BF2-
BR2 383bp

® Japan

® Panama

© Brazil

® Australia
Ship hull ‘A’

No genetic distinction between any

Ooshiro (2008MYS), -
Fujimoto (2010MS), popu lation

Kiuchi (2010MS)



Haplotype networks among five populations of

Maxumum cifference is.oniy :3bp(3.3%).

W Japan
® Panama Genetic variability is quite low.

® Brazil
@ Australia
Ship hull

A single haplotype network!

No haplotype restriction in any
local population, that is same
population or same gene pool. 2

No reproductive isolation among
roa numoer of 1 V@ FEeMOte populations.

individuals: 70

Ooshiro (2008MYS),

Fujimoto (2010MS),
Kiuchi (2010MSMtDNA COI BF2-BR2 383bp




Life history: planktic and sessile stages

Migration in sessile
stage Is depend on
moving of ships or
floating materials
as substrata of

barnacles. ’

Cypris attached on
substratum

Adult | jfe history of

JUVenile barnacle

Metamorphose to

ult',uvenile
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On buoys for farming Wakame seaweed, Sep 2008 to Feb 2009
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QM. coccopoma
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Life history and Ecology

Reported by: J. Masterson, Smithsonian Marine Station, Page last updated: December 1, 2007

Temperature: Cold temperate to tropical
Salinity: High saline to brackish (Kerckhof 2002)
Growth: Rapid growth (Tibbetts 2007)

Our understanding:

General characteristics above mentiOned are identical with those of
other invasion species.

No report on Reproduction and larvae development. However, we
can see juveniles on light buoys of Tokyo Bay in a whole year,
unlike M. rosa in winter and M. volcano in summer in Japan.

Megabalanus coccopoma is naturalized in Japan.



Balanus amphitrite complex
Including genera Amphibalanus & Fistulobalanus



Indo-West Pacific Balanidae

Amphibalanus amphitrite is an
introduced species well known in whole
world.

The other are the endemic at SE Asia of
Indo-West Pacific.



Native Fistulobalanus albicostatus
Genetic comparison among 2 populations using COI gene 405 bp
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Unpublished data by my student S. Inagawa



Native Fistulobalanus kondakovi

Genetic comparison among 3 populations using COI gene 433 bp
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Native Amphibalanus reticulatus
Genetic comparison among 4 populations using COI gene 407 bp
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Introduced species Amphibalanus amphitrite
Genetic comparison among 6 populations using COIl gene 384 bp

No differentiation in
. area

There is no differentiation
among six local
populations.

Amami Island, Japan
Tokyo, Japan

Java Island, Indonesia
New Caledonia
Philippine

Samoa

Unpublished data by my student S. Inagawa



Conclusion

In spite of the vast geographical distances between five
populations of Panama, Brazil, Australia, Japan and Ship hull, the
haplotype analysis of M. coccopoma suggests that there is single
haplotype network. There is no haplotype restriction in any local
population.

All populations of M. coccopoma examined seem to be same
population or same gene pool.

The genetic characteristics of M. coccopoma seems to be keeping
by the multiple-introduction and transportation of a large number
of barnacles by ships.

M. coccopoma has bee naturalized in Japan now.
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