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

MegabalanusMegabalanus ccoccopomaoccopoma reachesreaches to maturity withinto maturity within 6 months.6 months.

Megabalanus coccopoma



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 0n 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



MIZUSHIMAMIZUSHIMA Port, OKAYAMA, JAPAN,  Sep. 21, 2007Port, OKAYAMA, JAPAN,  Sep. 21, 2007

Iron Carrier Ship A

Jan. 5, 2009 at Chiba PortJan. 5, 2009 at Chiba Port

Sep. 21, 2007 at Mizushima PortSep. 21, 2007 at Mizushima Port
Amphibalanus amphitriteAmphibalanus amphitrite
Amphibalanus Amphibalanus eburneus
Amphibalanus improvisusAmphibalanus improvisus
Amphibalanus reticulatus Amphibalanus reticulatus ((Japan+Japan+))
Austrobalanus imperator Austrobalanus imperator ((AustralianAustralian))
Balanus trigonusBalanus trigonus
Chirona amaryllisChirona amaryllis
Chthamalus challengeri ((Japan+Japan+))
Fistulobalanus albicostatus ((Japan+Japan+))
Lepas anserifera
Megabalanus coccopomaMegabalanus coccopoma
Megabalanus rosa Megabalanus rosa ((Japan+Japan+))
Megabalanus volcano Megabalanus volcano ((Japan+Japan+))
Tesseropora sp.
Tetraclita japonica ((Japan+Japan+))
Yamaguchiella coerulescens 

Megabalanus coccopomaMegabalanus coccopoma
Megabalanus rosa Megabalanus rosa ((Japan+Japan+))

Megabalanus volcano Megabalanus volcano ((Japan+Japan+))
Megabalanus occator Megabalanus occator ((Japan+Japan+))
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After Yamaguchi et al. (2009)

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.

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. 

Shell walls: color and nature of 
surface are different. 
Growth ridges of scutum and 
spur of tergum are different.

1. Megabalanus coccopoma

2. M. rosa

3. M. volcano

color & surfacecolor & surface

growth ridge growth ridge 
spur spur 

growth ridge growth ridge 

growth ridge growth ridge 

spur spur 

spur spur 

M. coccopoma M. rosa M. volcano



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,
BF2 5’-TGTAATTGTTACTGCTCATGC-3’ and
BR2 5’-ACCAAARAAYCAGAATAAGTGTTG-3’
based on Sotka et al. (2004), was performed at 94oC for 60 s, 40 

cycles at 92oC for
40 s, 52oC for 60 s, 72oC for 90 s and a final extension of 72oC for 7 

min.



Three phylogenetic trees

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

Outgroup: Tetraclita japonica PilsbrymtDNA COI gene 426 bp

M.M. coccopomacoccopoma

M.M. rosarosa

M.M. volcanovolcano

M.M. coccopomacoccopoma M.M. coccopomacoccopoma

M.M. rosarosa M.M. rosarosa

M.M. volcanovolcano M.M. volcanovolcano

Yamaguchi et al. 2009



mtDNA COI BF2- 
BR2 383bp

Japan
Panama
Brazil
Australia
Ship hull ‘A’

Ooshiro (2008MS),
Fujimoto (2010MS),
Kiuchi (2010MS)

NJ Tree ML Tree
FiveFive PopulationsPopulations ((Japan,Japan, PanamaPanama, , BrazilBrazil, , AustraliaAustralia, & Ship hull , & Ship hull ‘‘AA’’))

No genetic distinction between any 
population



2

Haplotype networks among Haplotype networks among five populationsfive populations of of 
JapanJapan, , PanamaPanama, , BrazilBrazil, , AustraliaAustralia, & , & ShipShip--AA

Japan
Panama
Brazil
Australia
Ship hull

mtDNA COI BF2-BR2 383bp

Ooshiro (2008MS),
Fujimoto (2010MS),
Kiuchi (2010MS)

A single haplotype network! A single haplotype network! 
No haplotype restriction in any No haplotype restriction in any 

local population,local population, that is same that is same 
population or same gene pool.population or same gene pool.

No reproductive isolation among No reproductive isolation among 
five remote populations.five remote populations.

Genetic variability is quite low. Genetic variability is quite low. 

Maximum difference is only 13 bp (3.3%).Maximum difference is only 13 bp (3.3%).

Total number of 
individuals: 70



Nauplius 

Cypris 

Cypris attached  on 
substratum 

Metamorphose to 
juvenile Juvenile 

Life history of 
barnacle 

Adult 

Life history: planktic and sessile stages 

Larvae:  Planktic

Larvae:  Planktic

Migration in sessile 
stage is depend on 
moving of ships or 
floating materials 
as substrata of 
barnacles. 

Image of life history is from HP of Professor K. Okano, Akita University.

Natural dispersal

Natural dispersal

Juveniles to Adults:  Sessile

Juveniles to Adults:  Sessile

No migration by themselves, but 

No migration by themselves, but 
transfer with movement of 

transfer with movement of 
substratum, such as ship hull

substratum, such as ship hull



Pacific

Caribbean

2008．09 Panama
Megabalanus coccopomaMegabalanus coccopoma

Panam
a Canal

Isla Taboga, PanamaIsla Taboga, Panama

Isla Taboga, PanamaIsla Taboga, Panama

Isla Taboga, PanamaIsla Taboga, Panama



Pink symbol: Light buoy 
Blue symbol: Rocky shore

Distribution in Japan

Found at 155 localities in Japan

Northern limit

Muroto, Set Fish Net
Oldest settlement record in Japan
1981.07.27

Ship hull, Tanker
Oldest discovery record in Japan
1978.08.11

Last update: May 22, 2010

Southern limit

First finding port 
Mizushima in 2007
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On buoys for farming Wakame seaweed, Sep 2008 to Feb 2009

MM. . coccopomacoccopoma

M. rosaM. rosa



Life history and Ecology

Temperature: Cold temperate to tropical
Salinity: High saline to brackish (Kerckhof 2002）

Growth: Rapid growth (Tibbetts 2007)

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

Our understanding:
General characteristics above menti0ned 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

More than 6 species are found on a floating bamboo. 
High diversity on Balanus amphitrite complex is found in Indo-West Pacific.



地球環境研究総合推進費研究計画説明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.



TokyoTokyo
TaiwanTaiwan

The four substitutions 
separated two local groups.

2140 2257 2438

Tokyo

Taiwan

2218

guanine

thymine

cytosine

adenine

There are four differences (sites) of substitution between two 
local populations of Tokyo and Taiwan.

Unpublished data by my student S. Inagawa

Differentiation in areaDifferentiation in area

Native Fistulobalanus albicostatus 
Genetic comparison among 2 populations using COI gene 405 bp

TokyoTokyo

TaiwanTaiwan



Philippine

Australia

Tokyo

Unpublished data by my student S. Inagawa

Differentiation in areaDifferentiation in area

Native Fistulobalanus kondakovi 
Genetic comparison among 3 populations using COI gene 433 bp

2085 2118 2183 2281 2319 2376 2463 2487 2490

Tokyo

Philippine

Australia

guanine

thymine

cytosine

adenine

There are nine differences (sites) of substitution between three 
local populations of Tokyo, Philippine, and Australia.



Thailand

Tokyo

Samoa

Samoa

Philippine

Philippine

Native Amphibalanus reticulatus 
Genetic comparison among 4 populations using COI gene 407 bp

Unpublished data by my student S. Inagawa

Differentiation in areaDifferentiation in area

Four local populations are separated 
to three groups of Tokyo, Thailand, 
and group of Philippine and Samoa 
by four substitution. 

2140 2245 2395 2465

Tokyo

Philippine

Samoa

Thailand guanine

thymine

cytosine

adenine



Amami Island, JapanAmami Island, Japan
Tokyo, JapanTokyo, Japan
Java Island, IndonesiaJava Island, Indonesia
New CaledoniaNew Caledonia
Philippine Philippine 
SamoaSamoa

No differentiation in No differentiation in 
areaarea

Introduced species Amphibalanus amphitrite 
Genetic comparison among 6 populations using COI gene 384 bp

There is no differentiation There is no differentiation 
among six local among six local 
populations.populations.

Unpublished data by my student S. Unpublished data by my student S. InagawaInagawa



ConclusionConclusion

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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