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Mitigations of Negative Impacts 

of IAS to Endemic Ecosystems 

and Ecosystem Services 

– the struggles in Japan

Mitigations of Negative Impacts 

of IAS to Endemic Ecosystems 

and Ecosystem Services 

– the struggles in Japanthe struggles in Japanthe struggles in Japan

Koichi GOKA

The factors causing extinction of wildlife

The number of species endangered by each
tifi i l f t  i  th  fi h  hibi  

449

artificial factor, in the fishes, amphibians, 
reptiles, birds, and mammals (cited from IUCN)

250

127

Habitat
destruction

Over
exploitation

Biological
invasion

Food 
shortage

Impact by
Crops and
Domestic
animals

Accidental
capture

25 21 12
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Large-Mouth Bass

Predator IAS

Mongoose

Blue Gill

WorldWorld--wide spread of Invasive Alien Specieswide spread of Invasive Alien Species

Strong species occupy everywhere of the worldStrong species occupy everywhere of the worldStrong species occupy everywhere of the worldStrong species occupy everywhere of the world

Breakdown of biological diversity in the level ofBreakdown of biological diversity in the level of
gene, population, species, community,gene, population, species, community,

d  l dd  l d

Kudzu plant Pueraria lobata introduced from Japan Kudzu plant Pueraria lobata introduced from Japan 
is spreading in USAis spreading in USA

and even landscape…..and even landscape…..
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Globalization accelerate the spread of Invasive Alien SpeciesGlobalization accelerate the spread of Invasive Alien Species
グローバリゼーションは生物学的侵入を加速する

Spiders Fungi, Bacteria, Virus

クモ類
カビ類

Ants
Mollusks

Mites and Ticks

Many IAS enjoy the great journey over sea accompanied with world trade….Many IAS enjoy the great journey over sea accompanied with world trade….

アリ類

軟体動物

ダニ類

多くの外来生物が人間の物質移送に便乗して世界旅行を楽しんでいる・・？
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Invasive Alien Species and Changing World

The biggest
natural resources

Fire Ant
importing countries

1930

2003

2005 Economic flow
changes biodiversity!

Solenopsis invicta

The biggest
natural resources

exporting countries2001

2001
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The annual number of animals imported alive into JAPAN
日本における生きている動物の輸入数（財務省統計）

WTO農業交渉
WTO Agriculture Negotiation
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The Threat of Introduced Stag Beetles
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ツシマヒラタクワガタ

イキヒラタクワガタ

ゴトウヒラタクワガタ

タカラヒラタクワガタ

オキノエラブ
ヒラタクワガタ

ホンドヒラタクワガタ

サキシマヒラタクワガタ
オキナワヒラタクワガタ

ダイトウヒラタクワガタ

トクノシマヒラタクワガタ

アマミヒラタクワガタ

ハチジョウヒラタクワガタ
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5.2Mys.

アジア地域ヒラタクワガタのmtDNA-CO遺伝子系統樹

Mt DNA phylogenetic tree of D. titanus in the Asian area
Goka et al. (2004)
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ヒラタクワガタの
分布拡大推定図

Over 5 million years!!Over 5 million years!!Over 5 million years!!Over 5 million years!!
500500万年以上万年以上

EEvolutionarily volutionarily SSignificant ignificant UUnitnit
進化的重要単位進化的重要単位

ヒラタクワガタの
分布拡大推定図
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Happy wedding between the Japanese Happy wedding between the Japanese 
and Indonesian stag beetles!!and Indonesian stag beetles!!

Japanese D. titanus piliferp p

♀

Exotic D. titanus titanus

♂ Goka et al. (2004)

Happy birthday of hybrid baby!!Happy birthday of hybrid baby!!

Goka et al. (2004)
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Goka et al. (2004)

Great F1 hybrid has grown up!!Great F1 hybrid has grown up!!
Goka et al. (2004)
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人間

9 F1 Adults

F1→ F3 Adults

12 F1 Adults

19 F1 Adults

チンパンジー

Goka et al. (2004)

Goka et al. (2004)
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I i   h

Over exploitation of stag beetle for acquisition of foreign exchange

Stag-beetle Connection

I miss my home…
Forest destruction

Abandonment of agriculture

Exotic stag beetles also have their birthplace.
And now the birthplace is going to ruin….

Ruin of tropical rain forest & decline of local industries

Science, 2007
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Do you like to breed stag beetles?

South and Southeast Asian Regional Workshop on IAS
Bangkok 2002
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Korea
Japan

No
interest

Curious!Japanese is
strange China

Thailand

Nepal
strange

Annoying…
We love stag beetles!

Maldives Why love?

Why only Japanese love beetles so deeply?



2010/5/13

21

Stag beetles have been heroes of insect
since hundreds years ago in Japan.

増山雪斎

“SATOYAMA”
The conventional life and environmental style of Japanese

Forest  森林

River 川
Pond 池

Life style based on
recycling of natural resources

Guardian angle

Paddy field 水田

The larvae of stag beetle decomposes decayed trees,
which will bring up new trees and make forests rich

Guardian angle
of forests
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Collapse of traditional agro-ecosystems
Decrease of native species

Increase of alien species

環境省
The Ministry of EnvironmentThe Ministry of Environment

「特定外来生物による生態系等に係る
被害の防止に関する法律」

“Invasive Alien Species Act”Invasive Alien Species Act
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Considerable 
ecological 

risk
Unknown

No 
ecological risk

Introduced species
The system of “Alien Species Act”

Investigation

Invasive Alien Species Un-decided Alien Species No mark

Prohibition of 
introduction, 

breeding and release

Restriction of 
introduction

Control freeInvestigationbreeding and release

Control and eradication Judgment

Co t o ee

Judgment of ecological risks of I.A.S.

1) Predation against native species

2) Competition with native species

3) Destruction of native flora

4) Genetic introgression into native species
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European
Bombus terrestris

Bombus diversus

Negative impact
against 

Bombus hypocrita

against 
native species ?

Disturbance of pollination systems

生態系に影響を与える可能性大！

○在来種と競合 ○在来種と交雑 ○寄生生物の持ち込み

Considerable ecological risks !

Competition Crosses Bringing alien parasites

特定外来生物に指定すべき！
B. terrestris must be decided as invasive !

Forbidden
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Self-sufficiency in foods 
in developed countries

Australia

Canada SwitzerlandGerman Italy
Netherlands

Spain
Sweden

England
USA JapanFrance

nual amount of importation and of domestic production of fresh vegetables in JAPA

Self sufficiency

Self-sufficiency in vegetable 
have been under 90% !

Importation
Invasive Alien Crops
侵略的外来作物？

Mass importation of
vegetables,

especially from China !
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Reinforcement of food self-sufficiency !

1）Reducing costs
Labor saving and simplifying of agricultural woabo sa g a d s p y g o ag cu u a o
for saving of labor costs

2）Specialty
Organically grown vegetablesFully ripe vegetables
Hi h lit d hi h dd d lHigh-quality and high-added value

3）Increase the productivity
Financial assistance to farmers

The annual amount of tomato importation (t)

Others
Korean

Labor saving for 
domestic tomato production

国産トマト生産の省力化

High quality of domestic tomato
国産トマトの高品質化

Korean
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Biratori, Hokkaido, where is the major of Bumblebee tom

The conference of bumblebee user
Education for farmers about Invasive Alien Species Act

Goka et al. (2009, 2010)

The test project at BiratoriThe test project at Biratori

Put up a net around houPut up a net around hou

Disposal of used colonie

Goka et al. (2009, 2010)
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Possible to control of escaping

The catch of B. terrestris in the field at Biratori, Hokkaido

Expand the method all over Japan!

May Jun Jul Aug SepGoka et al. (2009, 2010)

Bombus terrestris
セイヨウオオマルハナバチ

Decided as IAS in June, 2006
2006年6月特定外来生物に指定

The bee can be used only for agriculture 
in closed greenhouses with permission

農業利用に限り、使用条件を満たした施設での使用を許可

○ U t l t th Mi i t f E i t f b○ Users must apply to the Ministry of Environment for bee use
利用者は環境省および環境省地方事務所に許可申請提出

○ The check of bee escaping must be carried out to greenhou
利用施設は規定の逃亡防止策を施す
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生物多様性研究の盲点

目に見えない生物多様性

The loophole of studies for biodiversity

The microorganism biodiversity

病原微生物との共生

Symbiosis with pathogens

Chytridiomycosis coming to Japan!
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A species of Eumycetes infecting amphibian skins specifically

What is the chytrid fungus?

Are I the origin
of the fungus…?

African clawed frog

The infectious disease specific to amphibians
caused by Batrachovhytrium dendrobatidis
which considered causative agent of
recent amphibian decrease in the world

Never reported in Asia until 2006

World wide expansion of chytrid fungus

Australia
The fungus spread its distribution

Panama
90 % of amphibian individuals in El Cope

disappeared within a few month
after the fungus invasion

Never reported in Asia until 2006

The fungus spread its distribution
at a speed of 100km a year

along Queensland coast
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The Chytridiomycosis has been found from imported frogs in JAPAN
December, 2006.

NormalThe prelude of extinction 
of Japanese frogs ?

South American Frog

Infected

Une et al. 2007

Help !!
I am going moldy !!
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The ecological significance of amphibians in forest ecosystems

× ×

×
Forest Ecosystem Island Ecosystem

Chytrid-DNA Surveillance

Swabbing the surface of
amphibian using a swab

DNA extraction DNA solution
NIES Standard method
（Goka.et al. 2001）

Lysis Buffer + Protenase K
50℃120min
95℃20minGoka et al. (2009, 2010)
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DNA extracted from
Amphibian surface

PCR by
Thermal cycler

PCR products

Amplification of the chytrid fungus DNA by PCR

DNA polymerase

D i l tid 3 P

Specific primers

Deoxinucleotide-3-P

Detection of 
Chytrid DNA

The length variation in ITS-DNA fragments

200

300

400

500

100

200
Slow

II
Long

Middle
II

Middle

Fast
II

Short
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シリケンイモリ CAGTGTGCCATATGTCACGAGTCGAACAAAA--TTTATTTATTTTTTCGACAAATT-AAT
ベルツノガエル CAGTGTGCCATATGTCACGAGTCGAACAAAA--TTTATTTATTTTTTCGACAAATT-AAT
ツチガエル CAGTGTGCCATATGTCACGAGTCGAACAAAA--TTTATTTATTTTTTCGACAAATT-AAT
ウシガエル CAGTGTGCCATATGTCACGAGTCGAACAAAA--TTTATTTATTTTTTCGACAAATT-AAT
AY997031                CAGTGTGCCATATGTCACGAGTCGAACAAAA--TTTATTTATTTTTTCGACAAATT-AAT
ウシガエル CAGTGTGCCATATGTCACGAGTCGAACAAAA--TTTATTTGTTTTTTCGACAAATTTAAT
ウシガエル CAGTGTGCCATATGTCACGAGTCGAACAAAA--TTTATTTGTTTTTTCGACAAATTTAAT
韓国産ウシガエル CAGTGTGCCATATGTCACGAGTCGAACAAAA--TTTATTTATTTTTTCGACAAATT-AAT
アフリカツメガエル CAGTGTGCCATATGTCACGAGTCGAACAAAA--TTTATTTATTTTTTCGACAAATT-AAT
クランウェルツノガエル CAGTGTGCCATATGTCACGAGTCGAACAAAA--TTTATTTATTTTTTCGACAAATT-AAT
ベルツノガエル CAGTGTGCCATATGTCACGAGTCGAACAAAA--TTTATTTATTTTTTCGACAAATT-AAT
アフリカツメガエル CAGTGTGCCATATGTCACGAGTCGAACAAAA--TTTATTTATTTTTTCGACAAATT-AAT
ウシガエル CAGTGTGCCATATGTCACGAGTCGAACAAA---TTTATTTGTTTTTTCGACAAATT-AAT
ウシガエル CAGTGTGCCATATGTCACGAGTCGAACAAAA--TTTATTTGTTTTTTCGACAAATTTAAT
韓国産ウシガエル CAGTGTGCCATATGTCACGAGTCGAACAAA---TTTATTTGTTTTTTCGACAAATTTAAT韓国産ウシガ ル CAGTGTGCCATATGTCACGAGTCGAACAAA TTTATTTGTTTTTTCGACAAATTTAAT
ウシガエル CAGTGTGCCATATGTCACGAGTCGAACAAAA--TTTATTTATTTTTTCGACAAATTTAAT
韓国産ウシガエル CAGTGTGCCATATGTCACGAGTCGAACAAAA--TTTATTTGTTTTTTCGACAAATTTAAT
バナナフロッグ CAGTGTGCCATATGTCACGAGTCGAACAAA---TTTATTTGTTTTTTCGACAAATTTAAT
オオサンショウウオ CAGTGTGCCATATGTCACGAGTCGAACAAAAAATTTATTTATTTTTTCGACAAATT-AAT
オオサンショウウオ CAGTGTGCCATATGTCACGAGTCGAACAAAAAATTTATTTATTTTTTCGACAAATT-AAT
オオサンショウウオ CAGTGTGCCATATGTCACGAGTCGAACAAAAAATTTATTTATTTTTTCGACAAATT-AAT

******************************   ******* *************** ***

シリケンイモリ TGGAAAT------GATTTTAATTTAATTGAAAAAAA-T--TGAAAATAAATATTAAAACA
ベルツノガエル TGGAAAT------GATTT-AATTTAATTGAAAAAAAAT--TGAAAATAAA------AACA
ツチガエル TGGAAATTGAA-TAATTT----------AATTGAAAAT--AAATATTAAA------AACA
ウシガエル TGGAAATTGAA-TAATTTTAATTT----AATTGAAAAT--AAATATTAAA------AACA
AY997031                TGGAAATTGAA-TAATTTAATTGAAAAAAATTGAAAAT--AAATATTAAA------AACA
ウシガエル TGGAAATTGAA-TAATTTTAATTAAATAAAAAAATAAT--AGAAAATAAA------A-CA
ウシガエル TGGAAATTGAA-TAATTTTAATTTAATTGAAAAATAAT--TGAAAATAAA------A-CA
韓国産ウシガエル TGGAAATTGAA TAATTTTAATTTAATTGAAAAATAAT TGAAAATAAA A CA韓国産ウシガエル TGGAAATTGAA-TAATTTTAATTTAATTGAAAAATAAT--TGAAAATAAA------A-CA
アフリカツメガエル TGGAAATTGAA-TGATTT------AATTGAAAAAAATT--GAAAATAAAA------A-CA
クランウェルツノガエル TGGAAATTGAAATGATTTTAATTTAATTGAAAAAAAAA--TGAAAATAAA------AACA
ベルツノガエル TGGAAATTGAA-------TAATTTAATTGAAAAAAAAA--TGAAAATAAA------AACA
アフリカツメガエル TGGAAATTGAA-------TAATTTAATTGAAAAAAAAT--TGAAAATAAA------AACA
ウシガエル TGGAAATTGAA-TAATTTTAATTTAATTGAAAAATAAT--TGAAAAAAATATTAAAAACA
ウシガエル TG-AAATGA-------TTTAATT------GAAAATAATTGAAAAAA-ATATTAAAAA-CA
韓国産ウシガエル TG-AAATGA-------TTTAATT------GAAAATAATTGAAAAAA-ATATTAAAAA-CA
ウシガエル TG-AAATGA-------TTTAATT------GAAAATAATTGAAAAAA-ATATTAAAAA-CA
韓国産ウシガエル TG-AAATGA-------TTTAATTTAATTGAAAAATAATTGAAAAAA-ATATTAAAAA-CA
バナナフロッグ TGGAAATGA-------TTTAATT-----------TAATCCAAAAAATATATTAAAAAACA
オオサンショウウオ TGGAAATGA-------TTTAATT-----GAAAAATAAT--ATTAAAAAAATATTAAAACA
オオサンショウウオ TGGAAATGA-------TTTAATT-----GAAAAATAAT--ATTAAAAAA-TATTAAAACA
オオサンショウウオ TGGAAATGA-------TTTAATT-----GAAGAATAAT--ATTAAAAAA-TATTAAAACA

** ****                            *        *  *        * **

A C

41

Since here, DNA haplotypes of Bd fungus will be expressed
in alphabet or number…..
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6,000 amphibians sampled
in the field

Bd-DNA surveillance by NIES 

Various DNA types of Bd have been detected from
various amphibian species in various sites

ヌマガエル0.8 %ヌマガエル0.8 %

A C Z
LFA E

in the field

アマガエル0.2 %アマガエル0.2 %ウシガエル21 %ウシガエル21 %

トノサマガエル0.2%トノサマガエル0.2%

アフリカツメガエル18 %アフリカツメガエル18 %

A

EA

E

A

39

オオサンショウウオ38 %オオサンショウウオ38 %

ツチガエル0.5 %ツチガエル0.5 %

シリケンイモリ64 %シリケンイモリ64 %

リュウキュウカジカガエル1.4 %リュウキュウカジカガエル1.4 %

ハナサキガエル9 %ハナサキガエル9 %

KB J

E

NT AOC

Goka et al. (2009, 2010)

50 types found in Japan

17 types found in other countries

Goka et al. 2009 Molecular Ecology

The Japanese chytrid fungus 
possesses

Higher genetic diversity
Than other countries
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Giant salamander

Goka et al. 2009 Molecular Ecology

Giant salamanders carry
the specific strain of Bd
（Host-Parasite co-specieation?）

Histological evidence
could be detected
from the specimens
collected in 1902
（Une et al.  unpublished）

15 haplotypes

Giant salamander

Goka et al. 2009 Molecular Ecology

American bull frog
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Host Switch ?

15 haplotypes28 haplotypes

Giant salamander

Goka et al. 2009 Molecular Ecology

American bull frogSword-tail newt

Colostethus sp. 100%Colostethus sp. 100%

Hyla sp. 60%Hyla sp. 60%

Leptodactylus labialis 67%Leptodactylus labialis 67%

Physalaemus pustulosus 67%Physalaemus pustulosus 67%

A

A
A A A A A

A

Bd-DNA surveillance in Panama

Rana warszewitschii 89%Rana warszewitschii 89%

Bufo alatus 14%Bufo alatus 14%

A
A

Bufo haematicus 100%Bufo haematicus 100%

A
A L

A A A

A A

A

A
A
A L

A

PREVALENCE
19/73 = 26%

A
A AA L L L



2010/5/13

40

A 198

PREVALENCE
208 / 853 = 26%

Bd-DNA surveillance in Australia

Coomera Stream

Litoria wilcoxii
A

A
A

A 198
A’ 10

A
A

Coomera Stream
Currumbin Stream
Canungra Stream
Austinville Stream
Christmas Stream
Daves Stream
Nixon Stream

A
A

A
AA

A
A

アメリカオオサンショウウオ

American giant salamander

Bd-DNA surveillance in USA

マッドパピー

A A A A A A
A A A A A

A A A A A
L LAA

A’A

PREVALENCE
21 / 54 = 39%

ウシガエル

INFECTED  0%

American bull frog
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BE
I J
FG K

Chytrid fungus out of Japan hypothesis

AA
AA

A
LB

AC FG
H

K
M L

A LA

A
A

?

AA
L

??
?

AA
AA

The chytrid fungus Host-switch experimentThe chytrid fungus Host-switch experiment

Bd diversity is No. 1 !
Am I origin?

Bd susceptibility is No. 1!
Will I extinct?

Latin American Frog Okinawa sword-tail newt
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Control newtControl newt Infected newtInfected newt

Control 7pairsControl 7pairs Infection 0/7Infection 0/7 Infection 7pairsInfection 7pairs infection7/7infection7/7

Bd fungus on the Okinawa newt
was infectious!

Control skin sample of alien frogControl skin sample of alien frog Infected skin samples of alien frogInfected skin samples of alien frog

Comparison of growth rate between Control and Infected

Control frogs

Infected frogs

Bo
dy

 Le
ng

th

Bd inhibits the growth of amphibians

Infected frogs
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Implications from Japan Bd Surveillance

○日本のカエルツボカビには高い多様性が存在する。
High genetic diversity in Bd in Japan

○日本のカエルツボカビの一部には固有性がある。
Endemisms and host specificity in Bd in Japan (Giant salamander)Endemisms and host specificity in Bd in Japan (Giant salamander)

○カエルツボカビの起源は日本（アジア）にある！？
The origin of Bd came from Japan!?

○日本の両生類においてカエルツボカビ症による大量死は未確認。
No report of pandemic nor symptoms of Bd in Japan

○感染実験でも感染するも発症は認められず（抵抗性がある？）。
Resistance against Bd in the Japanese amphibians.

The origin of Bd came from Japan!?

Japan was once a great bull-frog exporting country !

m
ou

nt
 (t

)

Year

Ex
po

rt
 a

m

The old newsletter
for frog breeders and traders

Change “the trade for living”
to “the trade for good living”
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The process of pandemic of Bd fungus from Japan

Bull frogBull frog

Damages by the fungus have occurred mainly in
Deep tropical rain forests in highland.
Damages by the fungus have occurred mainly in
Deep tropical rain forests in highland.

Why and how did the fungus come into such unexplored and 
undeveloped area?
Why and how did the fungus come into such unexplored and 
undeveloped area?
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The men who carried the fungus were Ecologists?

Tropical rain forest

Origin

寄生生物の多様性の危機とPandemic

○近年の新興感染症Emerging Diseasesの感染爆発Pandemicの
背景には生物多様性の崩壊がある。

The crisis of biodiversity in pathogens and pandemic as consequence

The collapse of biodiversity has caused the pandemic of emerging diseases in these days

○野生生物と病原体の間には永きにわたる宿主-寄生生物共
進化関係が存在する。

○生物多様性は病原体微生物のゆりかごでもある（Daszak, 
2006）

Wildlife and pathogen have constructed host-parasite relationships through a long co-evolution

Biodiversity is a cradle for pathogenic micrio-organisms

○野生生物の生息地の破壊と生物移送が、共進化の歴史を崩
壊させ、病原体微生物は新たな住処を求めて宿主転換Host 
switchを繰り返している。

Natural habitat destruction and transportation of wild-life have caused collapse of history of 
Co-evolution between host and parasite.
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Co-speciation between stag beetles and parasitic mites

Mt DNA phylogenic tree of stag beetles Mt DNA phylogenic tree of parasitic mites

0.10.1
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Mt DNA phylogenic tree of stag beetles Mt DNA phylogenic tree of parasitic mites

0.10.1
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Co-Evolution of Host and Parasite

Co-evolution and co-adaptation between Host and Parasite
宿主-寄生生物間の共進化・共適応

Ecological base of symbiosis and immunity
共生や免疫機構の生態学的基礎

The crisis of co-speciation history of Host-Parasite
caused by human activities

Outbreak of parasites and disease!
寄生生物と病害の感染爆発

caused by human activities
生物学的侵入による宿主-寄生生物間の共種分化の歴史の崩壊

SARS

Greater house shoe bat Chimpanzee

HIV
Emerging disease viruses

新興感染症ウィルス

The collapse of biodiversity 

SymbiontSymbiont

The collapse of biodiversity 
will cause pandemic of

emerging diseases !!
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What to do for conservation of human life safety
as well as wild life.

S  d  h  l h biSecure and conserve the natural habitats

Control the artificial transport of wild life

JAPAN The Great Economic Power !

North-sea forest

WTOWTO
Lehman ShockLehman Shock

Crops
Sea foodsWTOWTO

OECDOECD
BSEBSE

GMOGMO

Pesticide ResiduePesticide Residue

InfluenzaInfluenza

Honey Bee CCDHoney Bee CCD

An Inconvenient Truth
for Japanese

Wild life

Tropical rain forest

Petroleum

Industrial waste
CO2

OECDOECD

Amphibian infectious disease?



2010/5/13

50

Many Thanks to All Colleagues…and You!!


