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Preface
Oceanic islands provide unique ecosystems with high levels of endemism. The Ogasawara Islands of Japan
are typical oceanic islands and were inscribed on UNESCO’s World Heritage List in June 2011. The Ogasawara
Islands exhibit the World Heritage values of ongoing ecological and evolutionary processes and high levels of
endemism, especially in plants and land snails.
Oceanic island ecosystems often have limited adaptive capacity and are therefore fragile under disturbance
caused by invasive alien species. In the Ogasawara Islands, like other oceanic islands, invasive species represent
the most serious threat to the value of their unique natural inheritance. The management plan for the protection
and management of nature in the Ogasawaras is being implemented effectively by Japan’s Ministry of the
Environment, Forestry Agency, Tokyo Metropolitan Government and Ogasawara Village with the participation
of local communities and scientists. The control of invasive alien species, however, has experienced both
successes and setbacks. The principal conservation strategy for island ecosystems is adaptive management. In
the process of implementing countermeasures to alien species, it is essentially important to consider direct and
indirect effects on multiple species, including both native and alien organisms.
This special feature aims to introduce adaptive management and wise use of nature in the Ogasawaras from
the viewpoint of natural science as well as humanities. I hope that the experiences gained in our on-going efforts
toward achieving sustainability of nature and the culture of the Ogasawaras will provide useful ideas that can
contribute to the conservation and sustainable use of nature on other oceanic islands with unique and outstanding
values.

March 2020
Executive Editor
Naoki KACHI
(Tokyo Metropolitan University, Japan)
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Values and Challenges of the Ogasawara Islands
in Comparison with Other Island World Heritages
Masahito YOSHIDA
World Heritage Studies, Graduate School of Comprehensive Human Sciences, University of Tsukuba
1-1-1 Tennodai, Tsukuba, Ibaraki 305-8571, Japan

Abstract
The Ogasawara Islands were inscribed in the World Heritage List in 2011, recognized for their
Outstanding Universal Value of the on-going process of biological evolution in remote oceanic islands. In a
comparative study with other island World Heritage sites, the Ogasawara Islands showed characteristics of
both island World Heritage sites with human settlements and island World Heritage sites without human
settlements. To address the invasive alien species issue that threatens the Outstanding Universal Values of the
Ogasawara Islands, strict biosafety measures are essential to safeguard the endemic species. To address the
issue of infrastructure development, vigorous prior environmental impact assessments are required.
Key words :	environmental impact assessment, invasive alien species, island World Heritage,
Outstanding Universal Value

1. Introduction
The Ogasawara Islands are a chain of oceanic islands
located 1,000 km south of the main islands of the
Japanese archipelago. The Ogasawara Islands consist of
more than 30 islands, extending 400 km from north to
south. These islands are divided into four island groups,
namely, the Muko-Jima Islands, Chichi-Jima Islands,
Haha-Jima Islands, Kazan Islands and Nishino-Shima
Island, an active volcano (Yoshida, 2018).
Geologically, the Ogasawara islands are unique in
the world for allowing us to witness how an oceanic
island arc has been created from the beginning of the
oceanic tectonic plate subduction around 48 million years
ago. Biologically and ecologically, the islands provide
evidence of ongoing biological evolution in remote
oceanic islands that have formed unique endemic species,
especially those of land snails, insects and vascular plants
(Government of Japan, 2010).
Recognizing the Outstanding Universal Value of ongoing processes of biological evolution, UNESCO’s
World Heritage Committee decided to inscribe the
Ogasawara Islands in the World Heritage List in June
2011. The world heritage area covers 6,358 ha of
terrestrial area and 1,581 ha of surrounding marine area
(Government of Japan, 2010).
This paper analyzes the conservation measures taken
in the Ogasawara Islands after its World Heritage
inscription in comparison with other island World
Heritage sites and proposes future challenges.
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2.	Outstanding Universal Values of the
Ogasawara Islands
The Ogasawara Islands exhibit significant scientific
value not only with regard to their biological and
ecological aspects but also the geological aspects of these
islands. The Ogasawara Islands are part of the IzuOgasawara Arc that was created by subduction of the
Pacific plate beneath the Philippines Sea plate starting
around 48 million years ago. The Izu-Ogasawara Arc is
one of the most studied island groups in terms of
geophysics, geology and petrology because of its
scientific importance as a typical example of an oceanic
island arc. A continuous history of the island arc’s
growth, from its birth to the present date, is recorded in
the form of changes in magma chemical composition and
volcanic activity (Government of Japan, 2010).
The geological value of the Ogasawara Islands,
however, was not recognized as an Outstanding Universal
Value at the World Heritage Committee meeting held in
2011, though the ongoing ecological and biological
evolution process of endemic species was recognized
(World Heritage Committee, 2011).
Since the Ogasawara Islands have never been
connected to any continental landmass, plants and
animals of the Ogasawara Islands are descendants of
pioneer species that arrived by flight, were blown in by
the wind or floated over on sea currents. For example, the
Bonin flying fox (Pteropus pselaphon) is the only nonintroduced terrestrial mammal that inhabits the
Ogasawara Islands. The Ogasawara snake-eyed skink
©2019 AIRES
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Fig. 1 T
he Ogasawara Islands were inscribed on the World
Heritage List at the 35th World Heritage Committee meeting
held in Paris.

(Cryptpblepharus nigropunctatus) and Gunther’s tropical
gecko (Perochirus ateles) are the only two reptile species
that inhabit the Ogasawara Islands. No amphibious
species have successfully migrated to the Ogasawara
Islands except for the introduced bullfrog (Lithobates
catesbeiana), which was eradicated on Ototo-Jima in
2008.
Among 104 land snail species in these islands, 98
species (94%) are endemic to the Ogasawara Islands.
Recent DNA studies of land snails tell a distinctive story
of adaptive radiation of land snails in the Ogasawara
Islands. Adaptive radiation of land snails was considered
to show evidence of significant biological value that
meets criterion (ix) on-going ecological and biological
processes regarding the Outstanding Universal Value of
the Ogasawara Islands as a Natural World Heritage.
In 2011, the Ogasawara Islands were inscribed in the
World Heritage List at the 35th World Heritage Committee
meeting held by UNESCO in Paris (Fig. 1).

3.	Comparison with Other Island World
Heritage Sites
Among 1,121 World Heritage sites, 213 are natural
World Heritage sites and 39 are mixed cultural and natural
World Heritage sites as of 2019. Among the 252 natural
and mixed World Heritages, around 40 sites are located
on islands and can be classified as island World Heritage
sites (Table 1). However, large terrestrial heritage sites
located in island countries such as Te Wahipounamu and
Tongariro National Park in New Zealand, Tasmanian
Wilderness World Heritage in Australia and Lorentz
National Park in Indonesia are excluded because these
sites represent terrestrial ecosystems of larger islands
rather than island ecosystems of smaller ones.
Among 40 island World Heritage sites, 19 are
located in the Pacific Ocean and 11 in the Atlantic Ocean
(including the Baltic and Caribbean seas). Three are in

the Indian Ocean, two in the Mediterranean, one in the
Arctic Ocean and four in the Antarctic Ocean. At least, 13
island World Heritage sites are volcanic islands and eight
are atolls or islands fringed by coral reef.
Looking at the criteria for nomination, 24 island
World Heritage sites meet criterion (vii) natural beauty,
23 meet criterion (ix) ecosystem, 22 meet criterion (x)
biodiversity and 13 satisfy criterion (viii) Earth’s history.
Taking examples from Japan, Yaku-Shima meets criterion
(vii) natural beauty of the Yakusugi cedar forest and (ix)
horizontal zoning of vegetation, while the Ogasawara
Islands meet criterion (ix) on-going biological evolution
of endemic species.
Four island World Heritage sites, St.Kilda of UK,
Papahanaumokuakea of the USA, Rock Island Southern
Lagoon of Palau and Blue and John Crow Mountains of
Jamaica, are mixed World Heritage sites that meet both
natural and cultural criteria.
The largest island World Heritage site is French
Austral Lands and Seas located in the Antarctic Ocean
that covers 67,296,900 ha (1.8 times larger than the land
area of Japan), inscribed in 2019. The second largest is
Phoenix Island of Kiribati, covering 40,825,000 ha. The
third largest is Papahanaumokuakea of Hawaii, covering
36,207,499 ha, and the fourth largest is the Galapagos
Islands of Ecuador, covering 14,066,514 ha. Those
islands comprise both terrestrial and marine areas that
surround the islands and contribute to achievement of the
Aichi Biodiversity Targets, in which State Parties to the
Convention on Biological Diversity are required to
designate at least 17% of their land and 10% of their
marine areas as protected areas by 2020.
The unique ecosystems of the Ogasawara Islands
have been threatened by the introduction of invasive alien
species. All listed island World Heritage sites are facing
the same problem. Island World Heritages inscribed in
the World Heritage List in the 1970s to 1980s, such as the
Galapagos Islands of Ecuador, Aldabra Atol of
Seychelles, Lord Howe Island of Australia, St. Kilda and
Henderson Island of the UK, Grajonay National Park of
Spain and Hawaii Volcanoes National Park of the USA
have suffered from invasive alien species. Intentionally
introduced animals such as goats (Galapagos Islands),
sheep (St. Kilda), rats and cats (Aldabra Atol, Garajonay
National Park and Henderson Island), boars (Lord Howe
Island) and pigs (Hawaii Volcanoes) are traditional
introduced species that threaten endemic species,
especially avifauna.
Island World Heritage sites inscribed after the 1990s,
such as Macquire Island, Heard and McDonald Islands of
Australia, Surtsey of Iceland, French Austral Lands and
Seas of France, Archipiélago de Revillagigedo of Mexico,
the Sub-Antarctic Islands of New Zealand and
Papahanaumokuakea of the USA are islands that once
experienced human settlement and introduction of alien
species, but intensive invasive species control measures
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Table 1 Island World Heritages within Natural and Mixed Heritages.
Year of
Inscription
1978
1982
1982
1986
1986
1987
1987
1988
1991
1991
1992
1993
1993
1995
1996
1997
1997
1997

Name of Poperty
Galapagos Islands
Aldabra Atol
Lord Howe Islnd
St.Kilda
Garajonay NP
Gros Morne NP
Hawaii Volcanoes NP
Henderson Island
Komodo NP
Ujung Kulon NP
Frazer Island
Yaku-Shima
Tubbataha Reefs NP
Gough and Inaccessible
Island
Belize Barrier Reef
Cocos Island NP
Macquire Island
Heard and McDonald
Islands

1998

East Rennell

1998

Sub-Antarctic Islands
Puerto-Princesa
Subterranean River NP
High Coast/Kvarken
Archipelago
Isole Eolie
Brazilian Atlantic
Islands
Wrangel Island
Malpelo Fauna and
Flora Sancturay
Jeju Volcanic Island and
Lava Tubes
Teide National Park
Surtsey
Socotra Archipelago
Pitons cirques and
remparts of Reunion
Islands
Papahanaumokuakea
Phoenix Islands
Ogasawara Islands
Rock Islands Southern
Lagoon
Mt.Etna
Blue and John Crow
Mountains
Mistaken Point
Archipiélago de
Revillagigedo
French Austral Lands
and Seas

1999
2000
2000
2001
2004
2006
2007
2007
2008
2008
2010
2010
2010
2011
2012
2013
2015
2016
2016
2019
Total

State Party
Equator
Seychelles
Australia
UK
Spain
Canada
USA
UK
Indonesia
Indonesia
Australia
Japan
Phillipines

Criteria for Inscription
i〜vi vii viii ix

iii, v

1
1
1
1
1
1
1
1
1
1
1
1

UK

1

Belize
Costa Rica
Australia

1
1

Australia

1

1
1

1
1
1
1

1
1
1
1
1
1

1
1
1

1
1

1
1

1
1

1

1

1

1

1
1
1

Russia
Colombia

1

Korea

1

Spain
Iceland
Yemen

1

France

1

1

1

1

iii, vi

1

1

1

1

Palau

iii, v

1

1,915,600
857,500

1

1

1

1

1
1
1

1

1
1
1

1

1

1

1

1
1

Mexico

1

1

1

France

1

1

1

24 13 23 22

were undertaken before inscription on the World Heritage
List.
Macquire Island, located 1,500 km south of Tasmania,
suffered from various invasive species such as rabbits,

9,522

1
1

18,990
33,700
410,460

1

105,838

1
1

iii, vi

1

36,207,499
40,825,000
7,939

1

Canada

140,700

1
1

1

Italy

1,216

1

1

USA
Kiribati
Japan

1

1

1

1

100,200
19,237

1

26,252

1

146

1

1

636,685

1
19

5,753
336,900

1
1

37,000
76,458

1

1

96,300
199,790
557,280
658,903

1

1
1

1

1

1

1

Brazil

1
1

1

1

1

Finland/
Sweden
Italy

397,900

1

1

Phillipines

1

1

Solomon
Islands
NewZealand

Jamaica

1
1

x

Place of the Island(s)
Topography
Area of
Indian
Coral Property (ha)
Pacific Atlantic Mediteranian
Arctic Antarctic Volcanoe
Sea
Reef
1
1
14,066,514
1
1
35,000
1
1
14,300
1
24,201
1
3,984
1
180,500
1
1
92,934
1
1
3,700
1
1
219,322
1
1
123,100
1
184,000
1
10,747
1
1
96,800

11

2

3

1

4

67,296,900
13

8

166,034,770

cats, rats and mice. However, an intensive invasive species
control program eradicated feral cats before its inscription
and rabbits, rats and mice were eradicated by 2016. In
New Zealand’s Subantarctic Islands, eradication programs
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for pigs, cats and mice on Auckland Island and an
eradication program for mice on Antipodes Island were
carried out under their management plan. In Gough and
Inaccessible Islands of the UK located in the southern
Atlantic and Archipiélago de Revillagigedo of Mexico in
the eastern Pacific, eradication of introduced species has
been addressed by the authorities in charge of their
management.
Created by eruptions in 1963-1967, Surtsey Island of
Iceland is the best place in the world to observe the
primary succession of plants and colonization of animals
after a volcanic eruption. To prevent the introduction of
non-native species by human beings, the Ministry of the
Environment of Iceland strictly prohibits access to the
island. In the case of Heard Island and McDonald Islands
of Australia, only limited numbers of visitors can receive
permission to enter these islands from the Australian
Antarctic Division of the Department of the Environment
and Energy, Australian Government.
The Ogasawara Islands have characteristics of both
island World Heritage sites inscribed in the World
Heritage List in the 1970s to 1980s and island World
Heritage sites inscribed after the 1990s. In terms of
human settlement, Chichi-Jima and Haha-Jima islands,
inhabited by 2,500 people, are in a condition similar to
island World Heritage sites with human settlements that
were inscribed in the 1970s to 1980s. On the other hand,
the small isolated islands, home to endemic plants and
animals, are under similar circumstances to island World
Heritage sites that had once experienced human
settlement but had their invasive species controlled after
their inscription. To preserve the remaining habitat of
endemic species, it will be necessary to control access to
these remote islands and prevent unintentional invasion
of invasive alien species.

4. Future Challenges in the Ogasawara Islands
Conservation of the Ogasawara Islands faces many
challenges. The World Heritage Committee, however,
focused on two challenges, namely prevention of alien
species’ invasions and control of human impact on nature
when the Ogasawara Islands were inscribed on the World
Heritage List in 2011. The World Heritage Committee
adopted a decision to request the State Party (Government
of Japan) to continue its efforts to address invasive alien
species and to ensure all significant infrastructure
development, including tourism and access to the islands,
was subject to rigorous prior environmental impact
assessment (World Heritage Committee, 2011).
As to the first request on invasive alien species, the
Ministry of the Environment, together with the Forestry
Agency, Tokyo Metropolitan Government and Ogasawara
Village, has been involved in the eradication of
established alien species populations and prevention of
introduction of new invasive species since the Ogasawara

Fig. 2 T
 he red-headed wood pigeon population has increased since
the feral cat program started.

Islands were listed as a candidate for natural World
Heritage in 2003.
Eradication of goats, pigs, rats and bullfrogs was
successfully completed in the remote islands before
inscription, but eradication of goats, cats and rats has not
yet been completed on the inhabited islands of ChichiJima and Haha-Jima. The eradication program for cats on
Chichi-Jima Island has been highly evaluated by the
IUCN as an eradication program that considered both the
conservation of endemic species, red-headed wood
pigeon (Columba janthina nitens: a critically endangered
species in the Ministry of the Environment’s Red List)
(Fig. 2) and humane treatment of feral cats. To reach a
consensus, the Institute of Boninology, together with
IUCN’s Conservation Breeding Specialist Group of the
Species Surviving Commission (CBSG/SSC), held an
international workshop on conservation planning for the
wood pigeon on Chichi-Jima Island in 2008 (Horikoshi et
al., 2010). The feral cat eradication program has been
conducted in a careful manner on Chichi-Jima Island
since 2008. Captive feral cats are not killed but
transferred to a clinic of the Tokyo Veterinary Medical
Association where they are trained as companion animals
to find another host. The wood pigeon population has
increased since 2011, bearing testimony to the success of
this program (Sasaki, 2014).
The green anole (Anolis Carolinensis) (Fig. 3) is an
alien lizard that was introduced from North America, via
Guam, during the era of US occupation after World War
II. Anoles are voracious predators of endemic insect
fauna in the Ogasawara Islands and were listed as a
Designated Invasive Alien Species under the Invasive
Alien Species Act in 2005. The distribution of green
anole was limited to human-inhabited islands, but a new
population was found on Ani-Jima Island, home to rare
endemic insects of the Ogasawara Islands, in 2013. The
Ministry of the Environment launched an eradication
program for the green anole on Ani-Jima Island. They set
up a long fence to prevent further invasion of green anole
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Fig. 3 T
 he green anole extended its distribution from Chichi-Jima
Island to Ani-Jima Island in 2013.

Fig. 5 T
 ourists are encouraged to clean the soles of their shoes
with brushes and vinegar spray.

Fig. 4 L
 ong fences built to prevent the green anole from extending
its distribution on Ani-Jima Island.

Fig. 6 E
 lectric fences built to prevent the New Guinea flatworm
from extending its distribution.

(Fig. 4), but the anole population has not yet been
eradicated.
The New Guinea flatworm (Platydemus manokwari)
is a carnivorous flatworm introduced as a predator of East
African land snail (Achatina fulica), a wide-ranging alien
species in the Pacific islands. While the East African land
snail population has decreased, the New Guinea flatworm
has become a major predator of endemic land snails in
the Ogasawara Islands. The flatworm was listed as a
Designated Invasive Alien Species under the Invasive
Alien Species Act in 2005. Since the distribution of the
New Guinea flatworm is restricted to Chichi-Jima Island,
the Ministry of the Environment is focusing its efforts on
preventing expansion of the flatworm’s distribution to
other islands. Tourists are encouraged to clean the soles
of their shoes with brushes and spray them with vinegar
before landing on other islands or entering important
habitats of endemic species (Fig. 5). The Ministry of the
Environment set up an electric fence to prevent expansion
of flatworms into endemic land snail habitat on ChichiJima Island in 2014 (Fig. 6). It was reported, however,
that the flatworm had expanded its distribution despite
the electric fence in 2018. Further efforts will be required

to prevent their further invasion by cleaning equipment,
construction vehicles and scaffolding pipes before
transferring them from Chichi-Jima Island to other
islands.
A potential pathway for the flatworm to invade other
islands is through soil associated with imported mango
saplings pots introduced from the Okinawa Islands. Soil
in the sapling pots may include carnivorous flatworms
and another invertebrates that are harmful to both
endemic species and farm products. In fact, alien ants,
diplopods and carnivorous flatworms were found in the
soil of mango sapling pots introduced from the Okinawa
Islands in 2016 (Working Group on Prevention of
Introduction of New Alien Species, 2016). The Ministry
of the Environment introduced a measure to clean up the
soil using hot water at the port of Haha-Jima Island in
2019.
The big-headed ant (Pheidole megacephala) (Fig. 7)
is one of the alien species that pose a significant threat,
along with the Argentine ant (Linepithema humile), crazy
ant (Anoplopsis gracilipes), red imported fire ant
(Solenopsis invivta), and little fire ant (Wasmannia
auropunctata). These species are listed on the 100 of the
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Government, was to clear-cut the sclerophyll scrub on
Ani-Jima Island (Fig. 8). Scientific studies, however,
revealed that the sclerophyll scrub is an important habitat
for endemic land snails. The Tokyo Metropolitan
Government finally gave up its plan to construct a
commercial airport in 2001 (Nature Conservation Society
of Japan, 2002; Shimizu, 2003). Ogasawara Village,
however, has not given up its plan to construct a small
airport for the villagers, and it may be detrimental to the
environment in the light of fact that the World Heritage
Committee has requested the Government of Japan to
undertake a rigorous environmental impact assessment
prior to the construction of an airport.

Fig. 7 B
 ig-headed ants attracted by bait at Futami Port, Chichi-Jima
Island.

Fig. 8 Ani-Jima Island, where the Tokyo Metropolitan Government
was planning an airport in the 1990s.

World’s Worst Invasive Alien Species list compiled by
IUCN (Lowe et al., 2000). The big-headed ant has
established a population at Futami Port on Chichi-Jima
Island and was discovered in an important habitat for
land snails on Haha-Jima Island in 2014. The Ministry of
the Environment successfully eradicated this incidental
population in 2016. The Argentine ant established a
population in the western part of Japan, but was
discovered and successfully eradicated in Tokyo in 2017.
The crazy ant was first discovered in Tokyo Bay in a
container of a container ship from southern China in
2017. The red imported ant had already established a
population on Iwo-Jima Island in the Ogasawara Islands
before, but it was discovered in Tokyo Bay in 2018. Strict
biosafety measures will be essential to prevent
introduction and expansion of invasive alien species and
safeguard the endemic species that represent the
Outstanding Universal Values of the Ogasawara Islands.
As to the second request of the World Heritage
Committee, during their field mission to the Ogasawara
Islands in 2010, the IUCN expressed their concern that
the airport construction plan could increase the number of
tourists to the Ogasawara Islands. The original airport
construction plan, developed by the Tokyo Metropolitan
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Abstract
The Bonin Islands are oceanic islands of Japan that have never been connected to the continent, and
include abundant endemic species and ecosystems. These islands were registered as a UNESCO Natural
World Heritage Site in 2011, along with other islands of the Ogasawaras. The environment of the Bonin
Islands has been disturbed by development and livestock since human settlement began, and many native
organisms remain at risk of extinction due to alien species introduced by humans. To conserve and restore the
native ecosystems, alien animals (cats, goats, pigs, bullfrogs, and rodents) have been eradicated on several
islands through alien species control projects conducted with the cooperation of administrative organs, the
private sector, and residents. The outcomes of these projects highlight the importance of understanding the
interactions among multiple alien species and considering the indirect effects of alien species control.
However, in recent years, further alien species countermeasures have been required for the big-headed ant and
land nemerteans, which have been identified as posing an ecological risk, and for a predatory snail that has
recently invaded. Control strategies for alien animals are associated with many issues, including legal
restrictions, environmental and human impacts, and technical aspects. In particular, it is difficult to eradicate
small-sized species that have high fecundity and invade easily. Therefore, for future protection of the Bonin
Islands as a Natural World Heritage Site, it is essential to strengthen the quarantine system to prevent alien
species from dispersing on other islands, and to prevent new alien species from invading.
Key words :	conservation, management, Natural World Heritage site, oceanic islands, Ogasawara Islands

1. Introduction
The Ogasawara Islands comprise more than 30
oceanic islands south-east of mainland Japan, including
the Bonin Islands (Muko-Jima Islands, Chichi-Jima
Islands, and Haha-Jima Islands), volcanic islands, and
several small islands. The Ogasawara Islands are
characterised by an absence of native mammals, except
for the Bonin flying fox (Pteropus pselaphon). Therefore,
endemic species on the islands (e.g. native birds such as
the ground-nesting Japanese wood pigeon, Columba
janthina nitens) have evolved in the absence of
carnivorous mammals. Furthermore, speciation by
adaptive radiation is remarkable. Land snails show the
highest species diversity, with 98 endemic species among
the 104 species recorded in the Ogasawara Islands (Chiba,
2009). These islands were registered as a UNESCO
Natural World Heritage Site in 2011 because of the
uniqueness of the ecosystems and the high academic
value of the biological evolution thereof. However, the
ecosystems of the Ogasawara have been subjected to
extensive human disturbance since people first settled
there in the 1830s. Even today, many native organisms
Global Environmental Research
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and ecosystems are disturbed directly or indirectly by
invasive alien species introduced by humans (Kawakami,
2010a; Sugiura, 2016) (Fig. 1). In general, oceanic island
natives have no defence against natural enemies, which
do not exist on the island, and are significantly vulnerable
to alien species with higher competitive, defensive, and
reproductive performance (Carlqust, 1974; Vermeij,
1991). Natural World Heritage site designation
necessitates effective management. It is important to
maintain or improve the environment to ensure the
survival of native species for future generations, and to
control or eradicate invasive alien species that pose a
threat. Accordingly, invasive alien species control has
been implemented in the Ogasawara Islands in
cooperation with various entities, including government
ministries and agencies such as the Ministry of the
Environment (MOE), Tokyo Metropolitan Government
(TMG), National Research and Development Agency, and
Ogasawara Village, as well as non-profit organisations,
consultants, private enterprises, university researchers
and residents. Many residents have a deep understanding
of ecosystems and conservation, partly due to information
disclosure and the provision of feedback to residents by
©2019 AIRES
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Fig. 1 Distribution of invasive alien animals in the Bonin Islands.
The Bonin Islands consist of three island groups, excluding the Volcanic Islands and other tiny islands: the Muko-Jima group (a),
Chichi-Jima group (b), Haha-Jima group (c). The “E” on the legend icon indicates that eradication has already been completed. This map is
based on an electronic map provided by the Geospatial Information Authority of Japan (https://maps.gsi.go.jp/).
Distributions of invasive alien animal are according to the following references: feral cat (Nakayama, 2009; Kawakami, 2010b; 2019),
feral goat (Japan Wildlife Research Center, 1992; Tokyo Metropolitan Ogasawara Island Branch Office, 2018; Suzuki et al., 2019), feral
pig and bull frog (Karube, 2010; Kawakami, 2019), black rat, Norway rat and house mouse (Yabe, 2017; Hashimoto, 2010; Kawakami,
2019), green anole (Hasegawa, 1988; Okochi et al., 2006; Toda et al., 2010; Shimizu, 2013), cane toad (Matsumoto et al., 1984; Kishimoto,
2009), New Guinea flatworm (Kawakatsu, 1999; Okochi et al., 2010 ; Ohbayashi et al., 2010), honeybee (Funakoshi, 1990; Abe, 2006;
Abe et al., 2010), land nemertean (Kawakatsu, 1999; Shinobe et al., 2017), African big-headed ant (Takahashi et al., 2000; Uchida et al.,
2016), red-rimmed melania (Sasaki et al., 2009).
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the ministries and research institutions.
The invasive alien species control that occurred up
to the Natural World Heritage Site registration has already
been described (Kawakami, 2008; Kawakami, 2010a;
2010b). Additionally, Sugiura (2016) reviewed domestic
studies on the effects of alien species on native ecosystems
and interspecific interactions. This work outlines trends
in alien animal control projects since registration as a
Natural World Heritage site and the problems associated
with current alien species control efforts in the Bonin
Islands (Ogasawara Islands, excluding the volcanic
islands and small remote islands). Moreover, this article
introduces some newly invading alien species, and some
invasive alien species which have recently been identified
as posing an ecological risk, and also provides an
overview of future issues. Alien plants are discussed in
other articles of this journal (see Hata’s and Osawa’s
articles). In this article, the focus is on alien animals
having a severe impact on native ecosystems. The article
does not discuss termites, oriental fruit flies or the giant
African snail, which are mainly of concern in terms of
their effects on human activities, such as housing and
cropping.

2. Invasive Alien Species in the Bonin Islands
2.1 Mammalia
Feral cat
The house cat (Felis catus) is a common pet
worldwide, including on islands. In recent years, cats
have posed a severe threat to wildlife due to predatory or
non-predatory killing, which has resulted in the extinction
of some birds and other organisms (Medway, 2004; Loss
et al., 2013; Woinarski et al., 2017). There are 80 million
or more feral cats (as many as domestic cats) in the
United States, which are estimated to kill 1.4 to 3.7
billion birds, 6.9 to 20.7 billion mammals, 228 to 871
million reptiles, and 86 to 320 million amphibians a year
(Loss et al., 2013). Cats are the greatest threat to the
native ecosystems of islands because they prey on
endemic species (Nogales et al., 2013; Loss et al., 2013;
Shinosaki et al., 2015; Maeda et al., 2019).
In the Ogasawara Islands, cats were introduced as
pets, or for rodent control, to Otōto-Jima, Ani-Jima,
Chichi-Jima, Haha-Jima, Mukō-Jima, Iwo-To, Minamitori-Shima, and Nishi-no-Shima (Kawakami, 2019) (Fig.
1). They continue to threaten the survival of many native
birds. An endemic subspecies of Japanese wood pigeon
(C. j. nitens) forages and nests on the ground and shows
no alertness to alien predators. Therefore, many of these
pigeons have been killed by cats, and their populations
have decreased (Kawakami, 2008). In the spring of 2005,
a large number of carcasses of brown boobies (Sula
leucogaster) and wedge-tailed shearwaters (Puffinus
pacificus) were found at the breeding colony in
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Minamizaki, Haha-Jima. Predation of the seabirds by
feral cats was confirmed using trail cameras. By 2006, all
breeding seabirds had been lost, even though the local
government and residents of Haha-Jima began to catch
the cats (Nakayama, 2009). Elimination of feral cats from
Otōto-Jima was completed between 2007 and 2010
(Ministry of the Environment, 2011), and no cats have
been reported on Ani-Jima since 2008. Cats currently live
on four inhabited islands, as the cat population on MukōJima disappeared naturally (Kawakami, 2010b, 2019)
(Fig. 2). Subsequent to the removal of feral cats, wedgetailed shearwaters have been breeding successfully in
Minamizaki since 2007. At Chichi-Jima, feral cats have
been captured since 2006 (Nakayama, 2009), and this
effort is still ongoing.
Captured cats are accepted by the Tokyo Veterinary
Medical Association (TVMA), and Ogasawara Kaiun
Co., Ltd. is responsible for transporting cats off the
island. The capture initiative (capturing and surveying
cats in the mountains, transporting them, promoting
public awareness, and detaining the cats temporarily) was
established with the cooperation of many administrative
organs and the private sector (i.e. MOE, Forestry Agency,
TMG, TVMA, Institute of Boninology (IBO), Ogasawara
Village, Ogasawara Kaiun and local volunteers)
(Nakayama, 2009). Ogasawara Village established
regulations pertaining to the proper care and ownership
of domestic cats, which requires microchip registration,
castration and keeping cats indoors.
Feral goat
The feral goat (Capra hircus) is an herbivorous
mammal that eats grasses and trees. In addition to leaves,
the feral goat also damages shoots and bark. These
animals have destroyed vegetation in places such as the
Hawaiian and Galápagos Islands, causing severe losses to
ecosystems (Loope et al., 1988; Campbell & Donlan,
2005). The goats’ behaviours exert both direct and
indirect effects. Direct effects include the diminishment
of vegetation due to foraging for grasses and seedlings,
bare land resulting from the trampling of vegetation
(Coblentz, 1978; Hamann, 1993), and disturbance of
seabird breeding grounds (Suzuki et al., 2019). Indirect
effects include soil erosion due to the destruction of
vegetation (Manzano & Návar, 2000; Hata et al., 2014),
the loss of bird nesting environments (Chiba et al., 2007),
ecosystem degradation, and reduced biodiversity
(Campbell & Donlan, 2005).
Goats were introduced to each island of the Bonin
Islands for food in the early 19th century. After the
reversion of Ogasawara to Japan in 1968, goats were
eliminated on at least six islands, Mago-Jima, HigashiJima, Hyōtan-Jima, Minami-Jima, Futago-Jima, and
Hira-Shima, by 1980 (Japan Wildlife Research Center,
1992) (Fig. 2). The habitat of feral goats at the beginning
of the 1990s was limited to seven islands of the Muko-
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Fig. 2 Chronology of alien species control projects.
Icons for legends of species and references follow Fig. 1. The starting point of each line indicates the start of an alien capture project, and
the endpoint “Eradicated” indicates the year when eradication was completed. The period indicated by the black line represents the year
from the start of the capture project to the year it was completed (not including preparatiory stages).

Jima and Chichi-Jima groups. Since the 1970s, the TMG,
Ogasawara Village, and Hunting Association of the
mainland and Chichi-Jima began a goat eradication
project to protect and restore Bonin Island ecosystems by
capturing large numbers of animals using fences, and
shooting the few remaining individuals. The goats were
almost totally eradicated from Muko-Jima, NakoudoJima, and Yome-Jima by 2003 (Suzuki et al., 2019) (Fig.
2). Soon after, rapid recovery of herbaceous plants and a
large number of native plants of Trema orientalis and
Callicarpa subpubescens were confirmed on NakoudoJima (Hata & Kachi, 2012). The number of seabirds
nesting on Muko-Jima has increased dramatically since
eradication of the goats (Suzuki et al., 2019).
Projects were implemented on the majority of the
islands of the Chichi-Jima group, and goat eradication
has been achieved on almost all of the islands: Nishi-Jima

from 2002 to 2003, Ani-Jima from 2004 to 2009, and
Otōto-Jima from 2008 to 2011 (Tokyo Metropolitan
Ogasawara Island Branch Office, 2018). On Chichi-Jima,
extermination work has continued since 1973 (Japan
Wildlife Research Center, 1992) (Fig. 2).
Feral pig
The feral pig (Sus scrofa domesticus) is a domestic
pig raised around the world. Pigs are omnivorous and eat
various organisms (e.g. plant leaves and roots, bird chicks
and eggs, reptiles). They are a threat to endemic species
in many island environments, including oceanic islands
(Coblentz & Baber, 1987; Cruz et al., 2005; NogueiraFilho et al., 2010; Murphy et al., 2014). The impacts of
feral pigs on native ecosystems include disturbance of
habitats by excavation and trampling, direct effects of
predation and indirect effects such as dispersal of alien
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plant seeds and alteration of vegetation (Nogueira-Filho
et al., 2010).
In the Ogasawaras, the feral pig arrived with the
early human settlers and was subsequently introduced to
Muko-Jima, Nakoudo-Jima, Otōto-Jima, Ani-Jima, ChichiJima, Haha-Jima and Ane-Jima (Kawakami, 2019). At
Otōto-Jima, the feral pig fed on various native plants,
insects, and land snails, and was present until recently
(Ministry of the Environment, 2011). When controlling
an alien species, removal needs to be performed with
consideration of the interspecific interactions with other
alien species. On Otōto-Jima, feral pigs ate the alien
bullfrog (Lithobates catesbeiana) and reduced its
population; therefore, exterminating the pigs could have
caused an explosive increase in bullfrogs. For this reason,
eradication was achieved by first capturing and reducing
bullfrogs, and then capturing feral pigs. Neither species
has been reported since 2008 and they have likely been
eradicated completely from Otōto-Jima (Karube, 2010).
Rodents (black rat, Norway rat, house mouse)
Rodents are pests that enter the cargo of ships, and
may carry the plague and other zoonotic diseases (Shiels
et al., 2014). Rodents have invaded islands around the
world, where they prey on native organisms, including
birds. It has been reported that 75 species of seabirds
from 10 families have become extinct or had their
population reduced severely by rodents (Jones et al.,
2008). Rats have a particularly significant impact on
burrowing and below-ground nesting seabirds.
The black rat (Rattus rattus), as the most problematic
species, preys on a variety of organisms, from plants to
animals larger than itself. In New Zealand, two endemic
bats (Mystacina robusta and M. tuberculata) have gone
extinct due to black rats (Daniel, 1990). Furthermore, rats
predations is highly related to the decline or extinction of
the green sea turtle (Caut et al., 2008), various lizards and
amphibians (Clark, 1981), and terrestrial crustaceans
(Page & Meier, 2006; Nigro et al., 2017).
The distribution of rodents in the Bonin Islands
(Yabe, 2017; Hashimoto, 2010; Kawakami, 2019) is as
follows. House mice (Mus musculus) are found on OtōtoJima, Chichi-Jima, and Haha-Jima. Norway rats (Rattus
norvegicus) inhabit nine islands: Haha-Jima, Mukō-Jima,
Mei-Jima, Imōto-Jima, Ane-Jima, Hira-Jima, Chichi-Jima
(unknown in recent years), Kita-Iwo-To, and Iwo-To.
Black rats have invaded almost all the islands (Fig. 1).
On these islands, rodents prey on various native
organisms, including plants, land snails, and seabirds
(Tomiyama, 2002; Kawakami, 2008; Hashimoto, 2010).
The Forestry and Forest Products Research Institute
(FFPRI) initially undertook various experimental rodent
eradication projects with support from the MOE.
Subsequently, the MOE and TMG supervised these
projects. Many of the islands have complex geographic
features, so it was difficult to capture rodents with traps.

13

Therefore, the extermination was mainly carried out by
helicopter using the slow-acting rodenticide diphacinone
(Hashimoto, 2010). The extermination project carried out
on Nishi-Jima since 2006 was considered successful,
because there were no confirmed rat sightings over a
period of several years. However, rats have since been
seen again in Nishi-Jima. Rats have also been sighted on
other islands where extermination projects were attempted,
including Otōto-Jima, Ani-Jima, Hitomaru-Jima, HyotanJima, Minami-Jima, and Tatsumi-Jima. Eradication was
successful only at Muko-Jima, Higashi-Jima and MagoJima (Fig. 2). However, in recent years, Nakoudo-Jima
and Yome-Jima have been added to the list, and these
islands are currently being monitored for rats.
Regarding whether rodent eradication has been
completely successful, Keitt et al. (2015) stated that “it
may be wise to wait two years to confirm successful
eradication.” It remains unclear whether the rediscovered
rats survived the extermination and increased again, or
were reintroduced from outside. A population can recover
within a few years if a small number of rats survive due
to uneven spraying of rodenticide on large islands with
complex terrain. In Japan, restrictions imposed by the
Agricultural Chemicals Regulation Act preclude the use
of more effective second-generation rodenticides (e.g.
brodifacoum) and limit the amount of toxins that can be
applied in a given area. Therefore, it can be difficult to
eradicate rats completely once they have invaded an
island, except in the case of a tiny island. However, even
if rats cannot be eradicated, suppression of the population
allows recovery of native vegetation and renewed
breeding of birds (Kawakami & Aoyama, 2011). Thus, it
is essential to continue monitoring rat populations, and to
remove them regularly to mitigate their impact on the
ecosystem.
The MOE and TMG continue monitoring rats using
sensor cameras and bait stations (bait traps designed for
rats only) (Hashimoto, 2010), including on islands where
rats have already been eradicated. On Ani-Jima, rats have
been controlled using bait stations with rodenticides, or
by spraying using drones (because spraying by helicopter
along cliffs risks spills of the chemical into the ocean).
However, this current strategy is insufficient for the
reasons mentioned above, and a stronger rodenticide or
improved spraying method is required. However, there
are several barriers to this, such as the restrictions
imposed by the Civil Aeronautics Act on the types of
spreaders that can be mounted on helicopters, restrictions
on the types of rodenticides that can be used under the
Agricultural Chemicals Regulation Act, and the
requirement for consensus building with residents where
it is necessary to mitigate any impact on industry and
allay concerns regarding the effects of toxins on human
health.
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2.2 Reptilia
Green anole
The green anole (Anolis carolinensis) is an arboreal
lizard native to the south-eastern United States that has
invaded Taiwan, Hawaii, Guam, and some islands of
Japan. Anoles prey on various organisms, including
insects, spiders, skinks, and land snails (Karube & Suda,
2004; Makihara et al., 2004; Abe et al., 2010; Takahashi
et al., 2014). The green anole invaded Chichi-Jima
sometime between 1965 and 1966, and Haha-Jima
between 1968 and 1972; its distribution was found to
have expanded throughout these islands by 1990 and
1997, respectively (Hasegawa, 1988; Toda et al., 2010)
(Fig. 1). The population is estimated to be as large as 6.38
million on Chichi-Jima, and the species has had a severe
impact on the native ecosystem (Okochi et al., 2006).
Invasive anoles are predators of a wider variety of prey
than are the native snake-eyed skink (Cryptoblepharus
nigropunctatus). Therefore, the skinks may have declined
due to interspecies competition or direct predation (Toda
et al., 2010). Additionally, the populations of many
diurnal insects have been reduced drastically, and some
endemic species have gone extinct on Chichi-Jima
(Makihara et al., 2004; Karube, 2010). As an indirect
effect, the decrease in native bee populations has resulted
in reduced pollination and lower reproduction rates of
native plants (Abe et al., 2011).
An anole extermination project was implemented in
2005 (Toda et al., 2010). The MOE began a control
project in harbour areas to prevent the spread to other
islands, and began exterminating anoles in an area of
native insect habitats on Haha-Jima. Because anoles
move between trees and the ground, they can be captured
at low cost by installing adhesive traps on tree trunks.
Unfortunately, anoles have a “spatula” on their finger and
can climb even smooth surfaces. Therefore, a Teflon
sheet formed into a roof was attached to the top end of a
fence for control of anoles (Pacara et al., 1983).
Furthermore, by cutting 2 m of vegetation from around
the fence, the invasion of individuals from trees was also
prevented (Toda et al., 2010). Dispersion to other islands
is prevented by removing anoles from around the pier and
checking the ship’s cargo for anoles. However, invasion
of anoles into Ani-Jima was confirmed in 2013 (Shimizu,
2013) (Fig. 2), and there is concern about the impact on
endemic insect species, such as a grasshopper
Ogasawaraoxya anijimensis. Based on the lessons
learned from the rapid spread of anoles on Chichi-Jima
and Haha-Jima, several defensive fences and adhesive
traps were constructed immediately on Ani-Jima to
prevent expansion of the anole’s distribution.
2.3 Amphibia
Cane toad
The cane toad (Rhinella marina) is a giant terrestrial
toad native to the region from northern Mexico to central

Brazil. This species was introduced around the world for
agricultural pest control but had a severe impact on native
ecosystems due to its high fertility and toxicity (Shine,
2010). In Australia, many reptiles have been killed by the
poison of the cane toad (Lever, 2001; Letnic et al., 2008;
Shine, 2010). Cane toads prey on ants, termites and
beetles, and can significantly reduce insect populations
(Greenlees et al., 2006).
Cane toads were introduced to Chichi-Jima by the US
military in 1949, to control centipedes and cockroaches
(Matsumoto et al., 1984). They subsequently invaded
Haha-Jima, in 1975 (Fig. 1). The cane toad preys on
various arthropods (mainly soil animals, such as ants and
terrestrial crustaceans; Matsumoto et al., 1984), and is a
particular threat to nocturnal and ground-dwelling insects
(Kishimoto, 2009).
Through fence installation, the MOE is working with
residents to prevent invasion of the toads into breeding
ponds of Hasu-ike in Haha-Jima, and to capture them
using traps. However, even today, large numbers of toads
inhabit broad areas of Chichi-Jima and Haha-Jima, and
regional eradication and prevention of spread to other
islands are ongoing issues. Although one individual was
found on the coast of Ani-Jima, no other individuals have
since been found there, so it is considered that this species
has not settled on Ani-Jima.
2.4 Turbellaria
New Guinea flatworm
The New Guinea flatworm (Platydemus manokwari)
is a carnivorous terrestrial planarian native to New Guinea.
These flatworms were introduced for extermination of the
giant African snail Achatina fulica, but have caused the
extinction of many endemic land snails in the Pacific
islands (Civeyrel & Simberloff, 1996; Cowie, 2001). This
species has high regeneration and proliferation capacities,
is resistant to starvation, and grows rapidly to maturity
(in about 3 weeks; Kaneda, 1990; Sugiura, 2009). P.
manokwari has a wide range of feeding habits, not only
preying on land snails but also on other species of
flatworms and earthworms (Ohbayashi et al., 2010).
In the early 1990s, invasion of P. manokwari into
Chichi-Jima was confirmed (Kawakatsu, 1999). In little
more than a decade, most of the native land snail
communities on Chichi-Jima were driven to extinction by
the flatworms (Ohbayashi et al., 2010; Okochi et al.,
2010; Chiba & Cowie, 2016). To prevent the spread of
the flatworms to other islands, several measures have been
taken at Chichi-Jima. Before entering the conservation
area or boarding a ship from Chichi-Jima to another
island, passengers must wash their soles and kill insects
or pests with concentrated acetic acid (for removal of
flatworms and their eggs, as well as the seeds of alien
plants). In the land snail conservation area, the MOE is
installing intrusion-prevention fences, evacuating snails
and implementing ex situ conservation for the remaining
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land snail populations in the invaded regions. P.
manokwari has not yet been confirmed in Haha-Jima by
to the efforts described above (Fig. 1). However, there are
several other alien species of flatworm that could reduce
endemic land snail populations (Okochi et al., 2004). It
will be necessary to strengthen the quarantine of materials
such as seedling soil, which represent the main invasion
route for these flatworms.
2.5 Insecta
Honeybee
The honeybee (Apis mellifera) is a domestic animal
introduced all over the world for honey production. Bees
were introduced to the Ogasawara Islands for beekeeping
in the 1880s, and have since gone feral on Chichi-Jima
and Haha-Jima. Moreover, they have invaded other
islands of the Chichi-Jima group: Ani-Jima, Otōto-Jima,
Minami-Jima, and Nishi-Jima (Funakoshi, 1990; Abe,
2006; Abe, 2010) (Fig. 1).
This eusocial bee engages in more foraging activity
than solitary bees and has a negative impact on native
species due to competition (Kato et al., 1999; Traveset &
Richerdson, 2006). Some recent studies have indicated
that honeybees disrupt the pollination network of native
plants (Abe, 2010; Abe et al., 2011; Tsujimura et al.,
2015). On the islands invaded by green anoles, honeybees
are dominant and act as pollinators of native and alien
plants, instead of native bees, because anoles prey much
more on native bees than on honeybees (Karube & Suda,
2004; Abe, 2006; Abe et al., 2010, 2011). This regime
shift is significant for diurnal pollinators that are prey of
diurnal anoles (Tsujimura et al., 2015). Honeybees
function as pollinators in environments where native bees
have disappeared, but it has been pointed out that
pollination efficiency is reduced due to their excessive
consumption of pollen (Butz Huuryn, 1997). Hirota et al.,
(2000) reported that honeybees often act as nectar
robbers, without completing the pollination of native
plants such as Hibiscus glaber. In addition, some native
plants are not visited by alien bees. The elimination of
honeybees is technically difficult, and removal may cause
further damage to the native plant population (because
honeybees have partially assumed the role of lost native
pollinators). For these reasons, honeybees have not yet
been eliminated.

3. Outcomes of Efforts to Control Alien Species
The alien species control projects undertaken in the
Ogasawara Islands have achieved several notable
successes (i.e. in the control of cats, goats, pigs, rodents,
and bullfrogs) through collaborations between many
organisations and local residents. Vertebrates that have
relatively slow breeding cycles and populations that are
easy to capture (e.g. feral cats, goats, and pigs), have been
quickly eradicated. Small animals, such as rodents and
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anoles, that increase explosively in a short period of time,
have been eradicated only on small islands (Figs. 1 and
2). However, on the inhabited islands, which are large
and have complex terrains, such as Chichi-Jima and
Haha-Jima, only local eradication or temporary density
control has been achieved. Furthermore, these islands are
always at risk of invasion by new alien species due to the
movement of people and goods.
When attempting to eradicate aliens, it is essential to
take account of the fact that multiple alien species can
become established on the same island, because alien
organisms engage in new interactions in the invaded
ecosystems (Simberloff & Von Holle, 1999), which can
indirectly produce unexpected results. The “release” of
mesopredators from the control of a top predator (Soulé
et al., 1988; Crooks & Soulé, 1999) is often a problem;
populations of medium-size predators released in this
manner can increase rapidly and negatively affect
organisms in lower cascades. For example, the
extermination of cats on islands in northern New Zealand
resulted in an increase in population of the invasive
Polynesian rat Rattus exulans, which preyed on seabird
chicks and eggs and reduced the breeding success rate of
the providence petrel Pterodroma solandri (Rayner et al.,
2007). Eradication of feral pigs and bullfrogs in OtōtoJima was achieved using a control method that considered
mesopredator release (see Feral pig).
Eradication of alien herbivore animals can result in a
rapid increase in suppressed alien plants and other
competitors (Zavaleta et al., 2001). At Muko-Jima, an
invasive alien lead tree (Leucaena leucocephala), which
had been controlled by feral goats, flourished on bare
land and expanded its distribution rapidly after eradication
of the goats (Hata & Kachi, 2009; Osawa et al., 2016).
Thus, restoration of the ecosystem could not be achieved
only by eliminating the goats, as the native vegetation
could not recover from the establishment of the lead tree
community. Also, after the goat eradication, the number
of competing black rats increased, which in fact increased
the negative impact on native organisms (Tokita, 2006).
Thus, when exterminating goats, it will be necessary to
simultaneously exterminate alien trees and rodents.
For the reasons mentioned above, when attempting
to restore an ecosystem, it is important to understand the
interactions of all alien and native organisms after
exterminations, and to control certain alien organisms and
anticipate all effects resulting from species extermination
(Zavaleta et al., 2001). These findings, which have been
corroborated by the alien species control projects
conducted in the Bonin Islands provide a basis for future
efforts to control newly introduced alien species.

4.	
Issues Pertaining to Future Alien Species
Control
The risk to ecosystems posed by some alien species,
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whose aggressiveness has become apparent in recent
years, has also become a concern. For example, the
African big-headed ant (Pheidole megacephala) has a
severe impact on ecosystems, killing many invertebrates
(e.g. ants, thrips and spiders) and thereby reducing their
populations (Reimer, 1988; Gillespie & Reimer, 1993;
Hoffman et al., 1999; Holway et al., 2002). This species
was confirmed in Chichi-Jima in 1999 (Takahashi et al.,
2000), and later expanded to Haha-Jima. P. megacephala
caused catastrophic damage to micro land snails
(Achatinellidae) on Haha-Jima, and snail habitats in the
invaded areas were almost lost between 2005 and 2015
(Uchida et al., 2016). The TMG has been using bait traps
and monitoring the invaded areas since 2015, as a
countermeasure against the ants. Extermination projects
began on Haha-Jima in 2015, and on Chichi-Jima in
2017. Although reductions in ant populations and
distribution have been achieved in some areas, control is
difficult in areas where bait trap placement is
problematic, such as on steep slopes (Ministry of the
Environment, 2019). Therefore, continuous control
activities are required.
Geonemertes pelaensis is a land nemertean identified
on Chichi-Jima in 1981, and on Haha-Jima in 1995
(Kawakatsu, 1999). However, its impact on the ecosystem
was not immediately obvious. In recent years, it has been
reported that this rapidly increasing nemertean species
preys on soil invertebrates, such as isopods and
amphipods, causing devastating damage (Shinobe et al.,
2017). Predation on land snails has also been reported,
and there are concerns about the impact on native land
snails (Gerlach, 1998).
As a new alien species, Macrochlamys sp. was found
on Haha-Jima in 2016 (Ministry of the Environment,
2019). This carnivorous land snail preys on native land
snails and thus has a direct negative impact on the
populations thereof (Kimura, 2015). Macrochlamys sp. is
currently present only around some farmlands on HahaJima, and its distribution is controlled by spraying a slug
pesticide containing metaldehyde (Ministry of the
Environment, 2019).
There is a tendency to exert less effort towards the
conservation of freshwater organisms than terrestrial
organisms. Stenomelania boninensis is an endemic thiarid
snail that inhabits rivers in the Bonin Islands. On ChichiJima, the number of individuals of this species has
decreased significantly due to competition with an alien
thiarid snail, the red-rimmed melania (Melanoides
tuberculata), which has high fertility and an extensive
habitat (Sasaki et al., 2009). Several invasive alien fishes,
including the Mozambique tilapia (Oreochromis
mossambicus), guppy (Poecilia reticulata), mosquitofish
(Gambusia affinis), and common carp (Cyprinus carpio),
have been introduced to Chichi-Jima (the guppy was also
introduced to Haha-Jima). The Mozambique tilapia can
prey on the endemic freshwater fish Rhinogobius

ogasawaraensis (Yokoi, 2009). However, information on
the distribution of aquatic alien species, and their impacts
on native aquatic organisms is still lacking. More detailed
surveys of aquatic areas and discussions regarding alien
species control are required.
Although alien species control projects in the Bonin
Islands have many issues and complexities, the
cooperation of various organisations and residents has
enabled early detection of invasion of some alien species,
such as the Macrochlamys snail. The African big-headed
ant, land nemerteans, and green anoles in Ani-Jima are
recent alien species detected by control projects. The
results indicate that the alien species control system of
the Bonin Islands is functioning well. However, as
demonstrated by previous invasive alien species control
efforts, it is almost impossible to eradicate small
vertebrates and invertebrates with high fertility once they
become established on an oceanic island. Some of these
small animals are often mixed in seedling soil, and can be
killed in a warm bath (Sugiura, 2008). To prevent
unexpected alien species invasions at the border, and to
maintain the integrity of the Ogasawara Islands as a
Natural World Heritage Site, it will be necessary to
strengthen quarantine systems, and the monitoring and
inspection of intrusion routes.
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Abstract
In the Ogasawara Islands much effort has been invested in the management of alien invasive species.
There are still many challenges to overcome to achieve management goals such as eradication and
containment. In all cases, after determining the target alien invasive species for management, effective, lowcost management strategies are needed. Essentially there is a need to establish such management strategies
against alien invasive species, that both 1) specify what kind of management interventions to take and 2)
provide a spatially explicit management plan. In this paper I focus on three problematic alien invasive plants,
Bischofia javanica, Leucaena leucocephala and Casuarina equisetifolia. Aggressive management efforts have
been made against these, but in some cases no strategic management plan was established so they still cause
problems in the Ogasawaras. For two of the three species, there is a lack one or both of 1) effective
management interventions and 2) a spatially explicit management plan. First, I explain what an effective
management plan consists of, with one specific case in Japan. Then, I overview the current status and future
challenges toward managing these three alien invasive species. Finally I discuss what further steps are needed
for realizing effective management of alien invasive species in the Ogasawaras.
Key words :	Bischofia javanica, Casuarina equisetifolia, conservation science, Leucaena leucocephala,
management strategy, systematic conservation planning

1. Introduction
Biological invasions represent a major ecological
and economic threat (Mack et al., 2000; Vilà et al., 2010).
Invading alien species sometimes transform ecosystems
by altering their fundamental properties (Blackburn et al.,
2004; Crooks, 2002; Gonzalez et al., 2008). For example,
the numbers of many endemic species have been reduced
due to biological invasion (Gurevitch & Padilla, 2004),
and some alien invasive species act as ecosystem
engineers, changing how ecosystems function (Crooks,
2002). Therefore, effective control of alien invasive
species is a basic management objective (Hershner &
Havens, 2008).
Among the many ecosystems in the world, oceanic
islands are one of the most vulnerable to biological
invasion (Caujapé-Castells et al., 2010; Frankham, 1998).
Oceanic islands have essentially high conservation
priority against several drivers of ecosystem degradation,
including biological invasion, because oceanic islands
typically have unique ecosystems with several endemic
species of small individual numbers (Caujapé-Castells et
al., 2010; Vitousek, 1988). Unfortunately, many oceanic
islands have already suffered negative impacts on their
Global Environmental Research
23/2019: 021-028
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ecosystems from biological invasions (Vitousek, 2002;
1988).
Oceanic islands often face an unavoidable issue that
promotes biological invasion. That is tourism. Although
recreation and transportation are important drivers of
biological invasion (Kolar & Lodge, 2001), in many
cases it is difficult to prevent these drivers in oceanic
islands because oceanic islands often attract the general
public to tourist sites (Ichiki, 2003). Additionally tourism
is one of the most important industries for oceanic
islands, because generally they have few valuable
agricultural products or industrial resources (Ichiki,
2003). Unique ecosystems are an important tourism
resource, but promoting tourism could also be increasing
drivers of degradation, including biological invasion. A
strict balance must thus be maintained between promotion
and restraint of tourism in oceanic islands for sustainable
use of their unique ecosystems.
The Ogasawara (Bonin) Islands are typical oceanic
islands, having unique ecosystems with several endemic
species (UNESCO). In the Ogasawaras, one major
industry is tourism and about 30,000 people visit the
islands from outside each year. They are far even from
the main islands of Japan (to visit the Ogasawaras the
©2019 AIRES
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only transportation available is a ferryboat which takes
about 24 hours) (Ogasawara Village, 2019).
Unexceptionally there are already too many invasive
species naturalized in the Ogasawaras (Kachi, 2010) and
much effort has been invested in controlling these
invasive species (Kawakami, 2010). These efforts have
achieved some positive results. For example, feral goats
(Capra hircus), a severely problematic invasive mammal,
have already been eradicated from most of the
Ogasawaras (Osawa et al., 2016a). The stakeholders
believe that management of alien invasive species will be
achieved some day in the Ogasawaras. Funding and
manpower, however, are generally limited for controlling
many alien invasive species that have already naturalized
(Humston & Mortensen, 2005; Osawa et al., 2016b;
Osawa & Ito, 2015; Shaw, 2005). Actually, the estimated
cost of eradicating alien invasive plants in the
Ogasawaras is high even when focusing on small areas
with a few species (Ogasawara Node, 2017a). Therefore,
establishing a pragmatic management strategy and actual
practices for controlling alien invasive species is needed.

2. What is a Pragmatic Management Plan?
In all cases of managing alien invasive species,
effective, low-cost management strategies are needed
(Kumschick et al., 2012; McDonald-Madden & Chades,
2011; Moilanen et al., 2009). Although several studies
have already been done on management strategies for
alien invasive species, strategic management should
integrate two essential items, 1) management
interventions, i.e., establishing specific actions for the
target species and 2) spatially explicit management plans,
i.e., prioritization of target areas within the distribution
range of the target species (Foxcroft et al., 2009). To
establish a management strategy for a target invasive
species, we need methods for deciding both “what we
should do” and “where we should do it.” Specifically, for
the former, we need methods of eradicating, depressing
and/or controlling the population of the target species.
For the latter, we need information on the distribution
range of the target species to determine which areas we
should give priority to for management efforts. Land
managers and/or practitioners could establish pragmatic
management plans based on combinations of these
specific actions and spatial plans (Foxcroft et al., 2009;
Osawa et al., 2019).
As an example in Japan, such a pragmatic
management strategy exists for Rudbekia laciniata L., in
some regions. Management of Rudbekia laciniata L., an
alien invasive herb, was proposed, based on the following
two specific actions: mowing above ground to prevent
further expansion of the invaded area, and digging up and
removing the entire plant body to eradicate it, based on
both their regenerative ability and reproductive
characteristics (Osawa & Akasaka, 2009). Additionally

their habitat requirements, i.e., a method of predicting
their potential distribution in a natural park, had already
been elucidated (Akasaka et al., 2015). Using this
knowledge and local observations, Osawa & Kawano
(2019) established a spatially explicit management plan.
They showed where practitioners should be mowing,
digging or monitoring on an objective map of one part of
a national park in Japan. This type of spatial priority
would be useful for allocating limited management
resources (Osawa & Kawano, 2019). This framework
could also apply to other alien invasive species in other
regions.
In the Ogasawaras, there are some especially
severely problematic alien invasive species which
negatively influence the ecosystem and biodiversity. In
this paper I focus on three such problematic alien invasive
plants: Bischofia javanica, Leucaena leucocephala and
Casuarina equisetifolia. Establishment of pragmatic
management plans is at different stages for each of them
in the Ogasawaras. These three species are relatively
well-studied among alien invasive species in the
Ogasawaras, and large efforts have been made for their
management, but they are still causing severe problems
in regional ecosystems and biodiversity. Practitioners
have been making efforts to manage them according to a
management plan based on what experience and scientific
knowledge they have available to use. Two of these
species, however, lack one or both of 1) effective
management interventions and 2) a spatially explicit
management plan. In this paper I give an overview of the
current status and future challenges toward management
of these three alien invasive species and discuss what
subsequent steps should be taken to realize more effective
management.

3. Cases of Three Alien Invasive Plants
3.1 Bischofia javanica
Bischofia javanica (Fig. 1a), belonging to the
Euphorbiaceae, is a tree species native to South and
Southeast Asia but introduced to the Ogasawaras
(Fukasawa et al., 2009; Yamashita et al., 2000). It was
introduced into the Ogasawaras as a part of an
afforestation effort in the early 1900s, and after that
aggressively expanded its range from the afforestation
sites (Yamashita et al., 2000). B. javanica has pulpy fruits
that are eaten and dispersed by birds. This species could
rapidly invade after a large disturbance due to its high
fecundity, high shade tolerance (Yamashita et al., 2003)
and rapid photosynthetic acclimation (Yamashita et al.,
2000). Thus, B. javanica has high adaptability in the
Ogasawaras, especially in moist forests, necessitating
concerted management efforts for conservation of the
local ecosystems.
For this species, a pragmatic management plan
combining management interventions and a spatially
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explicit management plan has already been established
(Forestry and Forest Products Research Institute, 2010)
and management efforts according to the plan are
ongoing (Ogasawara Node, 2009). For management of
this species, interventions combining infusion of
herbicides for mature trees and removal of the entire plant
body for seedlings, are currently considered the most
effective eradication method (Forestry and Forest
Products Research Institute, 2010). Regarding herbicides,
Ito (2005) tested 10 major herbicide chemicals and found
that four of them, glyphosate-isopropylammonium,
glufosinate, a triclopyr formulation and diquat, were
effective at killing B. javanica individuals (Ito, 2005).
Among these effective chemicals, glyphosateisopropylammonium has been used for eradication of B.

Fig. 1 P
 ictures of Bischofia javanica in the Ogasawaras: (a) a
mature tree, (b) and (c) their seedlings.
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javanica because of its availability and persistence in
environment (Ito et al., 2009). However, applying
herbicides to small trees of less than 1 m height involves
difficulties. Additionally these small individuals,
including seedlings, can grow rapidly after canopy trees
die back (Yamashita et al., 2003) (Fig. 1b.c). Thus, the
management plan required that after application of
herbicides on large trees, practitioners remove small
individuals growing around the eradicated trees (Forestry
and Forest Products Research Institute, 2010).
Concerning a spatially explicit plan, Fukasawa et al.
(2009) estimated future expansion of B. javanica based
on its ecological characteristics on Haha-Jima Island,
which is most severely invaded by the species. They
predicted future expansion of the species’ distribution
range from the current one using simultaneous models of
habitat suitability and the dispersal process (Fukasawa et
al., 2009). This study provided information on which area
management efforts should be concentrated, e.g., B.
javanica could expand to forests that retain rich endemic
flora. This allows practitioners to prioritize their efforts,
concentrating their eradication efforts in certain areas
based on scientific evidence (Fukasawa et al., 2009).
However, neither eradication nor containment efforts for
this species have succeeded yet because B. javanica had
already dominated about 14% of Haha-Jima’s area
(approximately 280 ha) in 2003 (Fukasawa et al., 2009).
Thus the next challenge will be establishing more
effective intervention methods against this species.
Actually this effort is already underway and has provided
new knowledge on more effective eradication techniques
(Itou et al., 2014).
There is still one mystery regarding this species. B.
javanica has behaved as an alien invasive species only in
the Ogasawaras. The other two species, namely Leucaena
leucocephala and Casuarina equisetifolia, are known as
alien invasive species in other regions as well (Lowe et
al., 2000; Rodgers & Gamble, 2008), whereas B. javanica
is not. Actually the pest risk score based on the Hawaii
Pacific Weed Risk Assessment (HPWRA) of B. javanica
is not high enough to make it a concern (score 7)
compared to Leucaena leucocephala (score 10) and
Casuarina equisetifolia (score 21) (Hawaii-Pacific Weed
Risk Assessment, 2019). Elucidating the reason for that
will be another important challenge.
3.2 Leucaena leucocephala
Leucaena leucocephala L. (Fabaceae) (Fig. 2a) is an
evergreen shrub naturally distributed in South America,
which was introduced to Southeast Asia and the
Ogasawaras in the late 1800s (Kimura et al., 1984). After
forming dense monotypic thickets in disturbed areas (Fig.
2b), L. leucocephala prevents the germination of woody
species and understory herbaceous species (Hata et al.,
2010a). As a result, L. leucocephala promotes the invasion
and establishment of alien plants that have high invasive
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ability such as B. javanica (Yoshida & Oka, 2004). Given
such impacts on native ecosystems, L. leucocephala is
listed as one of the World’s 100 Worst Alien Invasive
Species (Lowe et al., 2000) and as a “caution needed
invasive species” by the Japanese Invasive Species Act
(Ministry of the Environment, Japan, 2019). Additionally
Osawa et al. (2016a) showed that eradication of feral
goats enhanced the expansion of L. leucocephala because
of the loss of grazing pressure from the goats (Osawa et
al., 2016a). Currently feral goats exist on Chichi-Jima
Island only but L. leucocephala is growing and expanding
its distribution range on almost all islands of the
Ogasawaras. Thus, continuing management efforts and
monitoring of L. leucocephala is required, especially on

Fig. 2 P
 ictures of Leucaena leucocephala L. in the Ogasawaras:
(a) mature tree, (b) monotypic forest of this species, (c)
forest that has recovered after eradication activities.

islands where the goats have been eradicated (Osawa et
al., 2016a).
No pragmatic management plan has been established
for this species yet but some key knowledge has already
been gained. As for practical management interventions,
the basic method is digging up and removing the entire
plant body (Ogasawara Node, 2016; 2017b). However,
this species can quickly recover from both its root and
propagules, i.e., seeds, so continued efforts are required
to prevent its recovery after removal. To prevent recovery
from its roots, infusion of herbicides is conducted using
the same chemical as for B. javanica, glyphosateisopropylammonium (Ogasawara Node, 2017b).
Although glyphosate-isopropylammonium is not as
effective against L. leucocephala as compared with B.
javanica, it is used because of its availability (Hayama,
2016).
This species can recover after eradication activities
mainly through its propagule supply (Hata et al., 2010a).
Osawa et al. (2019) provided an idea that might solve
that problem: a priority method, i.e., a spatially explicit
plan for effective management L. leucocephala in
Nakoudo-Jima Island, one of the Ogasawaras. In this
method, its distribution range is divided into four classes:
1) adequate propagule supply and habitat suitability, 2)
adequate propagule supply but limited habitat suitability,
3) limited propagule supply but adequate habitat
suitability, and 4) mid- to low-level propagule supply and
limited habitat suitability, but with categorization still in
progress in some cases. This classification is not only
useful for allocating management efforts, but also helps
avoid the recovery of this species from its propagule
supply. Osawa et al. (2019) proposed setting the order of
eradication according to this classification. In specific,
Osawa et al. (2019) proposed that Class 3 should be
given priority for eradication of the focal species because
that class is relatively less likely to be recolonized after a
single eradication effort due to the limited propagule
supply. Thus, eradicating these areas contributes to
suppression of the propagule supply in the other areas as
well. Class 2, which has limited habitat suitability but an
adequate propagule supply should take lowest priority,
because reinvasion after eradication may become less
likely after suppression of the propagule supply. Although
there are some challenges regarding applying that idea in
practice, such as reliability of estimating the propagule
supply and habitat suitability (Osawa et al., 2019), this
idea could contribute to establishment of an effective
spatially explicit plan for the management of L.
leucocephala.
Therefore, the first challenge toward the pragmatic
management of L. leucocephala is to establish a spatially
prioritized management plan for the target areas and
implement a combination of both management
interventions and the spatially explicit plan. The second
challenge is the same as for B. javanica, establishing a
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more effective eradication method for this species.
Effective chemicals capable of preventing recovery are
especially important.
3.3 Casuarina equisetifolia
Casuarina equisetifolia Forst. (Casuarinaceae) (Fig.
3a), native to Malaysia, southern Asia, Australia and the
Pacific islands, has been introduced to tropical and
subtropical islands, including those in the Caribbean, the
Mascarene, Galapagos and Hawaiian islands (Weber,
2017) and the Ogasawaras. This species is already widely
distributed in the Ogasawaras and has a negative
influence on the native ecosystem. For example, the
density and species richness of saplings of native woody
species in forests dominated by C. equisetifolia are much
lower than those in forests dominated by native species
(Hata et al., 2009). Additionally this species provides
large amounts of litter and accumulates a deep layer of
litter under its canopy (Hata et al., 2010b) (Fig. 3b,c).
This accumulation prevents the establishment and growth
of native trees (Hata et al., 2010c; Hata & Kachi, 2017)
and alters water and nitrogen release rates (Hata et al.,
2016; 2015; 2012). Thus, this species can alter
fundamental ecosystem properties as an autogenic
ecosystem engineer (Jones et al., 1994). Although there is
much research on the impacts of this species on
ecosystems, pragmatic management plans for this species
have yet to be established.
Currently, the basic method for eradicating this
species is infusion of a herbicide using same chemical as
for B. javanica and L. leucocephala, glyphosateisopropylammonium (Ogasawara Node, 2016; 2017b).
The effectiveness of this chemical and adequate quantity
have already been tested, showing that it is more effective
against C. equisetifolia than B. javanica (Fujinuma et al.,
2008). On the other hand, spatially explicit plans have yet
to be established based on the ecological characteristics
of this species. It is difficult to predict its distribution
range expansion, because this species is characterized by
anemochory, namely dispersal of seeds primarily by wind
(Batianoff et al., 2009), whereas B. javanica is dispersed
mainly by birds and L. leucocephala, mainly by gravity.
Oceanic islands, such as the Ogasawaras, suffer from
heavy wind, and are often affected by typhoons, so
predicting expansion of the distribution range of
anemochoric species is more difficult there than in inland
regions. Additionally anemochoric species can recover,
i.e., be re-introduced after eradication efforts, even from
long distances. This is difficult to prevent. Thus, the most
important challenge toward establishing a pragmatic
management plan for C. equisetifolia is establishing a
method to predict its dispersal for an effective spatially
explicit plan. A second challenge will be establishing a
method of removing the accumulated litter and aiding
recovery of the ground environment, such as by providing
nutrients and adjusting soil moisture. In recent years,

Fig. 3 P
 ictures of Casuarina equisetifolia in the Ogasawaras: (a)
mature tree, (b) accumulated litter under a forest dominated
by this species, (c) current situation of the forest floor in a
forest dominated by this species.

another possible way to overcome the accumulated litter
has been shown—planting a native species. Hata and
Kachi (2017) planted native trees Schima mertensiana
under a C. equisetifolia-dominated forest and found the
native trees could establish themselves (Hata & Kachi,
2017). Of course, to apply that planting method
effectively, a spatially explicit plan is also needed.

4. Conclusion and Perspectives
In this paper I have taken three cases of alien
invasive species, reviewed their current status and
proposed subsequent challenges for establishing
pragmatic management plans in the Ogasawara Islands.
Management strategies for invasive species should be
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based on the given circumstances and total costs required
(Grice et al., 2011). In the case of the Ogasawaras, it is
difficult to restrain tourism, which exacerbates biological
invasion, because tourism is an important industry.
Although there are many ways to prevent biological
invasion such as washing shoe soles before boarding the
ferryboat, many alien invasive species are already
naturalized. Thus we have to manage alien invasive
species for sustainable tourism to the degree that alien
invasive species can negatively influence the unique
ecosystems of the Ogasawaras.
The Ogasawaras have a scientific committee that can
discuss the direction of sustainable management of nature
in the Ogasawaras, including management of alien
invasive species. Thus, current management strategies for
these three species already have enough background to
have scientific knowledge available for use to some
degree. At the same time, however, scientific research
often requires a lot of time and resources. Thus,
sometimes science-based knowledge is not available for
use in the practical fields (Osawa & Ueno, 2017).
Nevertheless, scientific knowledge will be important in
the establishment of pragmatic management plans. The
management plans for the three alien invasive species
discussed here have been improved through both
scientific research and feedback from implementation.
This procedure could contribute to the establishment and
refinement of pragmatic management plans for other
alien invasive species. Glen et al. (2013) indicated that
eradication of invasive species is more feasible on islands
than on continents based on a global meta-analysis (Glen
et al., 2013). They emphasized the importance of benefits
for the local community to gain their support, engaging
them in management efforts (Glen et al., 2013).
Accumulating research while refining pragmatic
management plans and continuing management efforts
with public engagement could provide us the tools to
eliminate the threats to the unique ecosystems of the
Ogasawara Islands.
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Abstract
Soil profiles under natural forest vegetation on four islands of the Ogasawara Islands, Japan, were
compiled and evaluated based on chemical analysis to learn about the natural habitats of the past and
determine adequate management measures for conserving the respective ecosystems. The majority of the soils
could be characterized as high acidity (high exchangeable acidity, low pH(H2O) with low pH(KCl)), high
cation exchange capacity (CEC) and high proportions of exchangeable Mg over exchangeable Ca and K, and
those soils are in fairly early stages of weathering, differing from “laterite” and/or “laterite-like soils.”
Available P for plants in the soils is bimodal: very low or very high. The very high level of soil-available P
was caused by seabird activities in the past. The high proportion of exchangeable Mg would induce Ca and K
deficiency in plants, and this situation would have prevailed in the Ogasawara Islands. Available N for plants
in the surface horizons of the soils is generally high and does not limit the ecosystem productivity in many
cases of natural forest. Soil erosion would cause fatal effects on the ecosystem by removing the surface
horizons and exposing subsoil horizons with extremely high levels of soil acidity, high proportions of
exchangeable Mg and low levels of available P and N, with inappropriate permeability and aeration ability for
plant growth. Such subsoil horizons would provide very poor conditions for growing plants. Conserving soils
is essential and important to the recovery and restoration of the natural vegetation and ecosystems.
Key words :	available N for plants, available P for plants, cation exchange capacity (CEC), exchangeable
acidity, exchangeable Ca, exchangeable K, exchangeable Mg, soil erosion, soil profile

1. Introduction
The Ogasawara Islands are located about 1,000 km
south of Tokyo (Fig. 1). Because these islands have never
adjoined any continent since their uplifting (10 to 5
million years ago), many endemic species have evolved
there, just as on the Galapagos Islands (Toyoda, 2003).
The uniqueness of the indigenous ecosystems on the
Ogasawara Islands has been well acknowledged, although
intensive human activities, including the introduction of
alien species, have disturbed and damaged these
ecosystems severely (Nanyan, 2007). To recover the
indigenous ecosystems, understanding the indigenous
past nature of the environments is essential.
Soil characteristics are one of the most influential
environmental factors affecting the quality of ecosystems.
Most plants do not need organic nutrients for their growth
but they need to acquire many essential inorganic
nutrients from soils (Table 1). In addition, plants’
inorganic nutrient contents should be in appropriate
ranges for their healthy growth, otherwise they suffer
from disorders caused by deficiencies or excesses of
Global Environmental Research
23/2019: 029-036
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Fig. 1 M
 ap of the Ogasawara Islands (prepared from the Geospatial
Information Authority of Japan website: https://maps.gsi.
go.jp).

nutrients. The appropriate inorganic nutrient content of
plants varies depending primarily on the type of nutrient
©2019 AIRES
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Table 1 Average

concentrations of inorganic nutrients in plant
shoots that are sufficient for adequate growth*.
Element
Nitrogen
Potassium
Calcium
Magnesium
Phosphorus
Sulfur
Chlorine
Boron
Iron
Manganese
Zinc
Copper
Nickel
Molybdenum

Symbol
N
K
Ca
Mg
P
S
Cl
B
Fe
Mn
Zn
Cu
Ni
Mo

mmol / g ** mg / kg **
1000
250
125
80
60
30
3.0
2.0
2.0
1.0
0.30
0.10
0.001
0.001

100
20
100
50
20
6
0.1
0.1

% **

Relative
number
of atoms

1.5
1.0
0.5
0.2
0.2
0.1
-

1,000,000
250,000
125,000
80,000
60,000
30,000
3,000
2,000
2,000
1,000
300
100
1
1

*Cited from Marschner (1995). **Dry-weight basis.

(Table 1). Among them, the inorganic nutrients required
in the largest amounts from soils are nitrogen (N),
followed by potassium (K), calcium (Ca), magnesium
(Mg), phosphorous (P) and sulfur (S). These six inorganic
plant nutrients are referred to as macronutrients for
plants, along with carbon (C), hydrogen (H) and oxygen
(O), which are supplied from air and water.
In general, the amount of inorganic nutrients present
in soils is not a good estimate of the availability of those
nutrients in the soils. This is because inorganic plant
nutrients exist in various chemical forms in soils, and
their solubility in water, and therefore availability for
plants, depends on their chemical form. For example, the
amount of iron (Fe) present in soils is very large
(typically on a percent order, e.g., 0.026 g Fe/g soil;
Sparks, 2003), but the amount of available Fe in soils is
very low and it is often on the order of ppm (e.g., 0.00001
g Fe/g soil; Lindsay & Norvell, 1978), especially in
alkaline soils. The major part of Fe constitutes primary
minerals (e.g., magnetite, hornblende, pyroxene, mica)
and crystalline secondary minerals (e.g., hematite,
goethite) (Schwertmann & Taylor, 1989), which are low
in water solubility and availability for plants. Only poorly
crystalline Fe minerals (mainly ferrihydrite) and Fe
complexed with soil organic matter are available for
plants (Hiradate et al., 2007).
In addition to the chemical form of inorganic plant
nutrients present in soils, soil chemical properties also
affect plant nutrient availability. For example, the
solubility of Fe in water increases 1,000 times when soil
pH increases by 1 unit (Hiradate et al., 2007). The total
amount of negative charge developing on the soil surface
of a unit weight of soil, generally termed as cation
exchange capacity (CEC), is also an important factor
affecting the availability of plant cationic nutrients, such
K+, Ca2+ and Mg2+. The major part of available K+, Ca2+
and Mg2+ is present in soils as exchangeable cations

which are electrostatically retained on soil surfaces under
the influence of CEC. When K+, Ca2+ and Mg2+ are present
as components of crystalline solids with low water
solubility, their availabilities for plants would be lower
than those electrostatically retained on soil surfaces.
Therefore, soils with high CEC are generally regarded as
soils with a high potential for supplying plant cationic
nutrients.
As described above, the properties of soils,
especially the availability of inorganic plant nutrients and
soil chemical properties, are important factors for
determining plant productivity in ecosystems. It has also
been reported that the type of plant species and/or
vegetation established on soils is affected by soil
properties (Uchida et al., 2014). Conversely, the type of
plant species and/or vegetation can be controlled by
managing soil properties. Therefore, for the purpose of
conserving natural ecosystems, it is important to clarify
the properties of natural soils where natural vegetation
has long been preserved. Such soil properties would be a
possible goal in managing soils for conserving
ecosystems. Such information would also help clarify the
natural status of plant nutrients and material flows in the
past in that ecosystem.
Although the Ogasawara Islands have been listed as
an ecologically important area where the ecosystems
should be conserved and restored (Shimizu, 2003), the
soil properties are not well understood. In this article,
therefore, the soil properties of the Ogasawara Islands are
summarized, focusing especially on the state of inorganic
plant nutrients and soil chemical properties by referring
to published data with the addition of supplemental data
by the author. Such information would be useful for
understanding environments with plants growing in
natural ecosystems and finding adequate ways of
managing the ecosystems of the Ogasawara Islands.

2.	
Overview of the Soils of the Ogasawara
Islands
Fundamental field descriptions and chemical
properties of soil profiles from four of the Ogasawara
Islands (Chichi-Jima, Haha-Jima, Ani-Jima and NakoudoJima islands, Fig. 1) are listed in Tables 2 and 3. All of
these soil profiles were situated under natural forest
vegetation, implying that they hadn’t suffered significant
influences from recent soil disturbances such as erosion,
landslides and artificial modification of landforms.
The data in Tables 2 and 3 were summarized and
classified based on certain criteria for agricultural soils,
as shown in Table 4. The soils of the Ogasawara Islands
vary in their horizon compositions and chemical
properties, but the majority of the soils are characterized
by high acidity (high exchangeable acidity, low pH(H2O)
with low pH(KCl)), high CEC and high proportions of
exchangeable Mg over exchangeable Ca and K. These
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Table 2 F
 undamental field descripton and chemical analysis data of soil profiles from Chichi-Jima, Haha-Jima, Ani-Jima, and NakoudoJima islands, Ogasawara, Japan.
Pedon Number
(Locality and
code)
C1
(Chichi-Jima,
Shigure-yama 5,
2007)

C2
(Chichi-Jima,
Shigure-yama 9,
2007)

C3
(Chichi-Jima,
Higashidaira 3,
2007)

Horizon

Depth
(cm)

Field
Texturea

O
A1
A2
ABw
BwC1

+2-0
0-6
6-12
12-18
18-25

SiC
SiC
SiC
SiCL

BwC2

25-34

SiCL

C

34-50+

SiCL

O
A

+2-0
0-3

ABw1

HC

3-11

HC

ABw2

11-17

HC

Bt1
Bt2
Bt3

17-25
25-38
38-55

HC
HC
HC

Bt4

55+

HC

Soil Color

Vegetation Typeb T-Cc T-Nd
---(g / kg)---

10YR2/2
10YR2/2
10YR2/2
10YR2/2
10YR4/3 (90%)
5Y6/2 (10%)
5Y6/2 (80%)
10YR4/4 (20%)

Pinus-Schima
mesic forest

7.5YR3/3
10YR3/4 (50%)
2.5YR3/4 (50%)
2.5YR4/6 (50%)
10YR3/4 (50%)
2.5YR4/6
2.5YR4/6
2.5YR4/6
10R4/6 (95%)
2.5YR4/6 (5%)

Pinus-Schima
mesic forest

C/N

pH
e

f

g

H2O

KCl

NaF

Exchangeable
ECi
Acidityh
(dS/m)
(mmolc/kg)

77
56
47
39

4.8
3.6
2.9
2.3

16.0
15.6
15.8
17.4

6.8
6.6
5.9
5.0

6.1
5.6
4.4
3.8

7.7
7.7
7.7
7.8

0.0
0.1
1.7
27.6

378
293
238
250

27

1.4

19.2

4.6

3.6

7.9

65.1

249

18

1.0

18.8

4.4

3.6

8.0

63.2

260

56

3.4

16.6

6.8

5.7

7.8

0.4

173

20

1.6

12.5

5.7

4.2

7.8

2.1

95

14

1.3

10.7

5.2

4.0

8.0

3.8

125

14
13
11

1.3
1.1
1.0

10.9
11.6
11.3

4.7
4.6
4.5

3.7
3.6
3.6

8.2
8.5
8.7

28.5
63.7
83.1

150
117
119

9

0.8

12.3

4.4

3.6

8.9

121.6

128

O
+2-0
A
0-3
HC
7.5YR2/3
Distylium-Schima 128
7.6 17.0
6.6
5.2
7.7
0.7
225
ABw1
3-10
HC
7.5YR4/4
33
2.7 12.3
5.4
4.1
8.1
7.8
148
dry forest
ABw2
10-22
HC
10YR4/4
31
2.6 11.9
5.4
4.0
7.8
8.8
136
Bw1
22-30
HC
10YR4/6
26
2.4 10.8
5.2
3.7
8.7
28.9
185
Bw2
30+
HC
7.5YR4/4
12
1.1 11.1
5.2
3.9
9.0
14.7
188
O
+1-0
H1
A1
0-1
SiC
5YR2/2
Rhaphiolepis102
6.8 14.9
8.1
7.1
8.0
0.0
534
(Haha-Jima,
ABt1
1-8
HC
5YR3/2
26
6.7
4.9
7.7
0.9
111
Livistona
Higashi-yama 18,
ABt2
8-15
HC
5YR3/3
22
2.5
8.6
6.3
4.7
7.9
0.8
167
dry forest
2007)
ABt3
15-28
HC
5YR3/4
15
2.0
7.3
6.0
4.6
8.0
0.9
217
Bt1
28-40
HC
5YR4/6
12
1.3
9.5
5.8
4.4
8.2
1.0
202
Bt2
40-50+
HC
5YR4/4
11
1.3
8.6
6.0
4.5
8.3
0.7
163
O
+2-0
H2
A
0-5
HC
2.5YR3/2
Elaeocarpus67
5.4 12.5
5.9
4.3
8.7
2.5
213
(Haha-Jima,
ABw1
5-15
HC
2.5YR3/3
45
3.1 14.6
5.2
3.9
9.4
45.8
114
Ardisia
Sakaigatake 13,
ABw2
15-25
SiC
2.5YR3/3
34
1.9 18.3
4.5
3.6
9.5
97.9
147
mesic forest
2007)
ABw3
25-35
SiC
2.5YR3/3
30
1.7 17.9
4.4
3.5
9.4
110.3
122
ABw4
35-45
SiC
2.5YR3/3
29
1.7 16.8
4.3
3.5
9.3
126.7
142
ABw5
45-63
SiC
2.5YR4/4
24
1.4 16.9
4.1
3.4
9.5
173.9
152
O
+2-0
H3
ElaeocarpusA1
0-2
HC
5YR3/2
128
8.0 15.9
5.7
4.3
8.7
3.5
184
(Haha-Jima,
Ardisia
A2
2-17
SiC
5YR3/3
71
4.8 14.9
5.5
3.9
9.2
15.6
145
Chibusa-yama 6, 2007)
mesic forest
A3
17-38
SiC
5YR3/3
55
3.3 15.9
4.7
3.7
9.6
69.9
130
O
+2-0
A1
A
0-3
SiC
10YR1.7/1
Distylium-Schima 152 14.2 10.7
7.4
6.3
7.8
0.0
540
(Ani-Jima 1, 2007)
AB
3-11
HC
10YR3/3
71
6.3 11.2
7.1
5.8
7.9
0.5
264
dry forest
Bt1
11-22
HC
7.5YR3/3
32
3.6
8.9
7.0
5.2
8.0
0.4
162
Bt2
22-35
HC
7.5YR3/3
20
2.0 10.2
6.9
4.9
8.2
0.4
138
Bt3
35+
HC
7.5YR3/4
12
1.2
9.6
6.6
4.7
8.1
0.4
183
O
+1-0
A2
0-2
SiCL
7.5YR3/3
Distylium37
2.9 12.5
6.9
5.0
7.8
0.3
99
(Ani-Jima 2, 2007) ABw
Bw1
2-16
CL
7.5YR3/4
9
0.9 10.3
6.7
4.6
7.9
0.5
85
Planchonella
Bw2
16-27
L
7.5YR3/4
6
0.5 10.6
6.7
4.6
7.9
0.4
111
dry scrub
BwC
27+
L
7.5YR3/4
4
0.4 11.4
6.8
4.5
7.9
0.5
101
O
+3-0
A3
A
0-3
SiCL
10YR2/2
Distylium-Schima 282 16.3 17.3
5.4
4.2
7.1
4.2
280
(Ani-Jima 3, 2007)
Bw
3-7
SiC
10YR3/3
39
3.5 11.0
5.7
3.7
7.8
6.5
137
dry forest
R
7-14
SiC
10YR2/3
30
2.8 11.0
1.3
2Bt1
14-20
HC
10YR3/3
17
1.8
9.3
6.5
4.3
8.0
0.7
134
2Bt2
20-26
HC
10YR3/3
14
1.6
9.2
6.4
4.2
8.0
0.8
117
2Bt3
26-36
HC
10YR4/3
11
1.2
9.4
6.6
4.2
8.0
0.6
144
2R
36+
O
+1-0
N1
A
0-8
LiC
10YR3/3
Distylium-Schima
72
5.6 12.9
5.9
4.8
7.8
1.2
28
(Nakoudo-Jima 1,
ABt
8-18
LiC
2.5YR3/2
38
3.3 11.5
6.3
5.0
7.8
0.8
21
dry forest
2013)
Bt1
18-35
HC
2.5YR4/4
22
1.9 11.6
5.0
3.7
8.1
1.6
21
Bt2
35-54
HC
2.5YR4/6
15
1.2 12.4
4.5
3.5
8.1
5.3
40
Bt3
54-65
HC
2.5YR3/6
12
0.9 13.4
4.3
3.4
8.3
72.5
42
Bt4
65-90+
HC
2.5YR4/6
O
+1-0
N2
A
0-5
LiC
10YR2/3
Distylium-Schima
98
8.4 11.7
6.5
5.5
7.5
0.3
56
(Nakoudo-Jima 2,
Bw
5-20
LiC
10YR6/4
13
1.3 10.0
5.8
4.0
7.8
6.1
12
dry forest
2013)
Bt1
20-33
HC
7.5YR4/4
13
1.3 10.4
5.1
3.5
7.8
69.4
14
Bt2
33-49
HC
7.5YR4/4
17
1.6 10.5
4.9
3.4
7.7
112.3
15
Bt3
49-68
HC
7.5YR4/6
14
1.3 10.5
4.6
3.3
8.1
134.2
24
Bt4
68-75+
HC
7.5YR3/4
20
1.8 11.2
4.5
3.3
8.1
134.9
33
a: SiC: silty clay, SiCL: silty clay loam, LiC: light clay, HC: heavy clay, L: loam, CL: clay loam. b: classified based on Morita et al. (2010). c: Total C (oven-dry basis). d: Total N
(oven-dry basis). e: a mixed suspension of a soil sample and deionized water (soil : water = 2 : 5) was equilibrated for 24 hrs. and the pH value of the suspension was measured
using a glass electrode. f: a mixed suspension of a soil sample and 1 M KCl solution (soil : 1M KCl solution = 2 : 5) was equilibrated for 24 hrs. and the pH value of the
suspension was measured using a glass electrode. g: a 1 g of soil sample was mixed with 50 mL of saturated NaF (pH 7.0) and stirred continuously for 2 min, and then the pH of
the suspension was measured using a glass electrode. h: an 8 g of soil sample and 20 mL of 1 M KCl were mixed, shaken for 1 day, and filtered through a filter membrane, and the
extracted acid was determined by titration of the filtrate with 0.01 M NaOH using an auto titrator (air-dry basis). i: measured for a filtrate of a soil-deionized water mixture (2:5)
shaken for 1 day using an electrical conductivity meter (oven-dry basis).
For pedons C1, C2, C3, H1, H2, H3, A1, A2, and A3, the data were cited from Morita et al. (2010) with several corrections. For pedons N1 and N2, the, data were cited from
Hiradate et al. (2015) with several corrections.
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Table 3 Chemical analysis data of soil profiles from Chichi-Jima, Haha-Jima, Ani-Jima, and Nakoudo-Jima islands, Ogasawara, Japan.
Pedon Number
(Locality and
code)
C1
(Chichi-Jima,
Shigure-yama 5,
2007)

C2
(Chichi-Jima,
Shigure-yama 9,
2007)

C3
(Chichi-Jima,
Higashidaira 3,
2007)
H1
(Haha-Jima,
Higashi-yama 18,
2007)

H2
(Haha-Jima,
Sakaigatake 13,
2007)

H3
(Haha-Jima,
Chibusa-yama 6, 2007)
A1
(Ani-Jima 1, 2007)

A2
(Ani-Jima 2, 2007)

A3
(Ani-Jima 3, 2007)

N1
(Nakoudo-Jima 1,
2013)

N2
(Nakoudo-Jima 2,
2013)

Horizon

Depth
(cm)

O
A1
A2
ABw
BwC1
BwC2
C
O
A
ABw1
ABw2
Bt1
Bt2
Bt3
Bt4
O
A
ABw1
ABw2
Bw1
Bw2
O
A1
ABt1
ABt2
ABt3
Bt1
Bt2
O
A
ABw1
ABw2
ABw3
ABw4
ABw5
O
A1
A2
A3
O
A
AB
Bt1
Bt2
Bt3
O
ABw
Bw1
Bw2
BwC
O
A
Bw
R
2Bt1
2Bt2
2Bt3
2R
O
A
ABt
Bt1
Bt2
Bt3
Bt4
O
A
Bw
Bt1
Bt2
Bt3
Bt4

+2-0
0-6
6-12
12-18
18-25
25-34
34-50+
+2-0
0-3
3-11
11-17
17-25
25-38
38-55
55+
+2-0
0-3
3-10
10-22
22-30
30+
+1-0
0-1
1-8
8-15
15-28
28-40
40-50+
+2-0
0-5
5-15
15-25
25-35
35-45
45-63
+2-0
0-2
2-17
17-38
+2-0
0-3
3-11
11-22
22-35
35+
+1-0
0-2
2-16
16-27
27+
+3-0
0-3
3-7
7-14
14-20
20-26
26-36
36+
+1-0
0-8
8-18
18-35
35-54
54-65
65-90+
+1-0
0-5
5-20
20-33
33-49
49-68
68-75+

a

CEC

Exchangeable Cationb
Available P
Base
P Adsorption
Available
Ca
Mg
K
Na Total Ca/Mgc Mg/Kc Ca/Kc Saturationc Coefficientd Troug Pe Bray II Pf
Ng
(%)
(g P2O5 / kg) --(mg P2O5 / kg)-- (mg / kg)
-------------(cmolc / kg)-------------

47.4
37.4
31.8
29.3
27.4
19.3

21.8
13.9
8.5
4.7
2.5
0.9

17.9
12.9
10.4
7.7
3.8
1.7

0.7
0.6
0.8
0.8
0.7
0.4

2.1
1.7
1.6
1.6
1.4
1.0

42.5
29.2
21.2
14.9
8.3
3.9

1.2
1.1
0.8
0.6
0.7
0.5

24.1
20.1
13.5
9.5
5.4
4.5

29.4
21.6
11.0
5.8
3.6
2.3

89.6
78.0
66.7
50.9
30.5
20.4

0.9
1.0
0.9
0.9
0.9
0.8

49.2
34.8
24.6
19.6
16.6
6.9

41.1
36.5
31.9
35.4
42.5
19.9

379
296
207
117
66
41

30.0
18.6
17.5
21.1
24.4
27.3
31.6

12.1
5.9
4.2
3.2
1.8
0.8
0.4

8.9
7.2
5.1
5.0
4.0
3.2
3.3

1.0
0.6
0.3
0.3
0.2
0.2
0.3

1.0
0.8
0.7
0.8
0.8
0.8
0.7

23.0
14.4
10.3
9.2
6.8
5.0
4.7

1.4
0.8
0.8
0.7
0.4
0.3
0.1

8.8
11.9
15.0
19.4
17.1
14.7
11.2

12.0
9.8
12.3
12.7
7.7
3.7
1.4

76.8
77.2
59.0
43.9
27.7
18.1
14.8

1.1
0.9
0.9
1.0
1.1
1.1
1.3

9.7
3.5
1.5
5.0
2.5
1.4
3.5

3.6
2.8
1.8
2.0
1.6
1.6
2.9

183
48
27
16
16
15
12

66.3
45.7
57.1
83.7
87.3

22.6
6.8
5.3
8.6
9.7

22.1
19.8
23.5
47.1
58.3

1.5
1.1
1.0
0.9
0.7

2.4
1.5
1.5
2.5
2.8

48.6
29.3
31.3
59.2
71.4

1.0
0.3
0.2
0.2
0.2

14.4
17.2
22.7
51.3
85.0

14.7
6.0
5.1
9.4
14.1

73.3
64.1
54.9
70.7
81.9

1.4
1.6
1.6
1.8
1.9

13.0
1.3
5.2
1.4
4.9

3.3
1.3
1.1
0.6
0.0

469
49
43
31
18

73.1
47.6
44.7
46.1
38.0
34.9

40.6
15.6
16.1
13.6
11.9
10.4

30.4
18.0
18.6
18.9
17.1
16.5

3.6
1.4
1.1
0.8
0.7
0.5

3.5
1.5
1.4
1.5
1.8
1.7

78.1
36.5
37.3
34.8
31.4
29.2

1.3
0.9
0.9
0.7
0.7
0.6

8.5
12.6
16.6
22.4
25.9
33.7

11.4
10.9
14.4
16.0
18.1
21.3

106.7
76.6
83.4
75.5
82.7
83.6

1.6
1.3
1.4
1.4
1.4
1.3

69.8
26.0
16.2
8.1
5.9
2.4

31.3
7.1
5.6
3.3
2.2
2.9

529
92
74
35
21
43

60.0
58.0
53.9
53.2
51.3
51.8

14.7
6.7
2.4
1.6
1.2
1.0

11.6
4.6
1.9
1.3
1.2
1.0

1.1
0.2
0.1
0.1
0.1
0.1

2.6
1.4
1.0
0.6
0.7
0.7

30.0
12.9
5.4
3.6
3.1
2.8

1.3
1.4
1.2
1.2
1.0
1.0

11.0
24.9
17.2
12.4
10.5
8.8

13.9
35.9
21.4
14.8
10.6
8.4

50.0
22.2
10.1
6.8
6.1
5.4

1.7
1.8
1.8
1.7
1.7
1.7

471
984
1549
1798
1840
2043

1928
3494
6893
6957
7597
8513

332
119
64
69
53
40

64.0
47.9
45.7

14.0
7.6
1.6

12.4
6.8
2.2

2.2
0.7
0.3

2.0
1.4
0.7

30.6
16.5
4.8

1.1
1.1
0.7

5.7
9.2
7.4

6.4
10.2
5.4

47.9
34.4
10.5

1.6
1.6
1.7

569
685
1181

2537
3037
7035

598
267
128

97.9
89.4
89.0
87.0
90.2

49.3
36.6
33.5
31.8
32.2

52.6
48.5
51.3
52.7
52.5

3.5
2.2
1.5
1.0
0.8

4.1 109.5
3.9 91.2
3.4 89.8
3.4 88.9
3.9 89.4

0.9
0.8
0.7
0.6
0.6

15.1
22.1
35.3
51.4
64.9

14.1
16.7
23.1
31.1
39.8

111.9
102.0
100.8
102.2
99.1

1.9
2.0
1.9
2.0
2.0

41.5
15.9
6.2
5.8
2.1

10.3
3.7
1.3
0.6
0.0

869
389
125
60
28

79.2
80.7
84.4
84.6

28.2
27.3
30.3
30.8

31.5
47.7
53.8
52.8

2.6
1.1
0.8
0.6

3.9
1.9
2.0
2.4

66.2
78.0
87.0
86.6

0.9
0.6
0.6
0.6

12.1
43.2
67.8
86.5

10.8
24.7
38.2
50.5

83.7
96.7
103.1
102.4

1.7
1.9
2.0
2.0

5.8
1.2
3.2
3.4

1.3
0.3
0.4
0.0

142
27
16
12

91.2
65.9
89.4
91.0
88.5

23.9
7.4
16.8
16.2
14.6

29.7
27.5
70.3
70.3
66.7

3.5
1.4
1.9
1.7
3.2

3.8
4.6
3.8
3.6
5.3

60.8
41.0
92.7
91.8
89.7

0.8
0.3
0.2
0.2
0.2

8.6
19.8
37.5
40.9
21.0

6.9
5.3
8.9
9.4
4.6

66.7
62.2
103.7
100.9
101.4

0.7
1.4
1.6
1.6
1.5

109.7
15.7
10.9
7.5
5.2

35.6
2.8
1.5
6.9
2.4
1.9

1190
191
62
62
47

48.4
37.3
35.3
31.0
28.0
-

17.9
10.5
5.1
2.4
1.4
-

12.0
8.9
7.3
4.6
2.9
-

1.8
1.2
1.1
0.9
0.8
-

0.8
1.1
1.8
1.8
1.7
-

32.4
21.6
15.4
9.7
6.9
-

1.5
1.2
0.7
0.5
0.5
-

6.8
7.4
6.4
5.1
3.6
-

10.2
8.8
4.5
2.7
1.8
-

67.1
57.9
43.6
31.2
24.5
-

0.9
0.9
1.1
1.0
1.0
-

247
281
380
202
198
-

530
844
1285
666
580
-

230
122
47
22
14
-

53.1
36.9
51.7
49.9
51.5
48.7

23.1
7.7
6.5
4.3
2.9
2.3

18.2
10.9
10.5
6.9
6.2
5.5

3.4
1.9
2.0
1.5
1.3
1.3

1.3
1.7
2.3
1.8
1.9
2.0

46.1
22.2
21.3
14.6
12.4
11.1

1.3
0.7
0.6
0.6
0.5
0.4

5.3
5.6
5.3
4.6
4.8
4.2

6.7
4.0
3.3
2.9
2.3
1.8

86.7
60.3
41.1
29.2
24.0
22.8

1.0
1.1
1.4
1.4
1.5
1.5

148
272
365
358
158
89

229
1021
922
785
403
294

391
45
28
26
17
20

a:determined by the Schollenberger method (oven-dry basis). b: extracted with 1 M ammonium acetate (oven-dry basis). c: calculated based on charges of exchangeable cations. d:
phosphate adsorption from 2.5% ammonium phosphate at pH 7.0 was determined for a suspended mixture of soil and water with a ratio of 1 to 2 (w/w) (oven-dry basis). e: a soil
sample was extracted with 1 mM H2SO4 (pH 3.0) in a 0.3% (NH4)2SO4 solution with a soil:solution ratio of 1:200 (w/w) for 30 min, and the extracted phosphate ion was
determined photometrically (oven-dry basis). f: a soil sample was extracted with 30 mM NH4F in 10 mM HCl solution with a soil:solution ratio of 1:20 (w/w) for 1 min, and the
extracted phosphate ion was determined photometrically (oven-dry basis). g: a soil sample was extracted with 105°C of distilled water for 1 hr. in an autoclave with a soil:solution
ratio of 1:10 (w/w), the extracts were digested by the Kjeldahl method, and the resulting ammonium ion was determined by the distillation method (oven-dry basis).
For pedons C1, C2, C3, H1, H2, H3, A1, A2, and A3, the data of Bray II P were cited from Morita et al. (2010). For pedons N1 and N2, the data of Bray II P were cited from
Hiradate et al. (2015). Other chemical analysis data were measured in this study.
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Table 4 C
 hemical properties of soils on Chichi-Jima, Haha-Jima, Ani-Jima, and Nakoudo-Jima islands summarized and classified based
on some criteria for agricutural soils.

Pedon
Number

Soil
Colora

Total Cb

C1

Red

Medium

Medium

High

C2

Red

Low

Medium

C3

Yellow

Medium

Medium

H1

Red

Medium

H2

Red

Medium

H3

Red

A1

pH(NaF)c

Exchangeable
CECe
Acidityd

Exchangeable
Cation Ratio

P Adsorption
Coefficienth

Available P

Ca/Mgf

Mg/Kg

High

Low

Medium

Medium

Low

Low

High

High

High

Low

High

Medium

Low

Low

High

High

High

Low

High

High

Low

Low

High

Medium

Low

High

Low

High

Medium

Low

Low

High

High

High

High

High

High

High

High

Medium

High

High

High

Low

Medium

High

High

High

High

Yellow

Medium

Medium

Low

High

Low

High

High

Low

Low

High

A2

Yellow

Low

Medium

Low

High

Low

High

High

Low

Low

High

A3

Yellow

Medium

Medium

Medium

High

Low

High

High

Low

Low

High

N1

Red

Medium

Medium

High

High

Low

Medium

Medium

High

High

High

N2

Yellow

Low

Medium

High

High

Low

Medium

Medium

High

High

High

Medium Medium

Troug P i Bray II P j

Available Nk
(mg / kg)

a: judged mainly from the Munsell hue of B horizons (2.5YR and 5YR: red, 7.5YR and 10YR: yellow). b: judged mainly from the C content of B horizons
(low < 20 g/kg < medium < 50 g/kg < high). c: judged mainly from the pH(NaF) value of B horizons (low < 7.0 < medium < 9.0 < high). d: judged mainly
from the exchangeable acidity value of B horizons (low < 4 mmolc / kg < medium < 12 mmolc / kg < high). e: judged mainly from the CEC value of the B
horiozns (low < 10 cmolc / kg < medium < 20 cmolc / kg < high). f: judged mainly from the charge ratio of Ca/Mg of B horizons (low < 1 < medium < 6 <
high). g: judged mainly from the charge ratio of Mg/K of B horizons (low < 2 < medium < 12 < high). h: judged mainly from the P adsorption coefficient
value of B horizons (low < 0.3 g P2O5/kg < medium < 1.5 g P2O5/kg < high). i: judged mainly from the Troug P value of B horizons (low < 100 mg P2O5/kg
< medium < 300 mg P2O5/kg < high). j: judged mainly from the Bray II P value of B horizons (low < 200 mg P2O5/kg < medium < 500 mg P2O5/kg < high).
k: judged mainly from the available N value of A horizons (low < 50 mg N/kg < medium < 100 mg N/kg < high).

Fig. 2 Photograph of soil profiles of the Ogasawara Islands, Japan.

soil properties are derived from high clay content with
high CEC and high Mg content in the parent materials
(e.g., boninite: andesite with high Mg content). The clay
minerals with high CEC are generally rich in Si and at a

relatively early stage of weathering (Brady & Weil,
2008). It was also clarified that the P adsorption
coefficients are relatively high, classified as medium to
high in Table 4, which is indicative of active, young soils.
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All of these characteristics support the idea that these
soils are rather young and active.
The soils of the Ogasawara Islands have long been
termed as “laterite” or “laterite-like soils” because of
their reddish soil color. “Laterite” indicates soils that have
undergone severe weathering and are composed mostly
of Fe and Al oxides but poor in Si, and such soils are
generally characterized by reddish soil color. In fact,
some of the soil profiles in this article were also
characterized by reddish soil color (Fig. 2, Tables 2 and
4), but their chemical properties differed quite a bit from
“laterite” and were close to young soils. Therefore,
“laterite” and “laterite-like soils” are inappropriate terms
for representing the soils of the Ogasawara Islands.
Further studies should be conducted to clarify how we
can classify and name the Ogasawara soils.

3.	
P Status in the Soils of the Ogasawara
Islands
Soil P is often regarded as a key factor for regulating
ecosystem quality together with soil N (e.g., Townsend et
al., 2007). In soils, P should be dissolved in soil solution
as phosphate to be absorbed by plant roots (Hiradate et
al., 2007). In acidic soils, P generally exists as occluded
forms in Fe and Al (hydr)oxides and organic P (Hiradate
et al., 2007; Sims & Pierzynski, 2005; Walker & Syers,
1976), and neither of them is readily available to plants.
The soil P available to plants comprises only a part of
total soil P and can usually be evaluated with chemical
extraction methods such as the Troug and Bray II
methods.
Available P soil tests have been developed to clarify
soil P fertility levels for agricultural production. Their
recommendation criteria depend on soil type, plant
species, etc., and some of them are in the range of
between 100 and 300 mg P2O5/kg for Troug P and
between 200 and 500 mg P2O5/kg for Bray II P (Ministry
of Agriculture, Forestry and Fisheries, 2019). In the
present study, the available soil P ranges described above
were classified as “medium,” and lower and higher values
than the “medium” ranges were classified as “low” and
“high,” respectively (Table 4). The available P levels in
Ogasawara soils were bimodal: low or high (Tables 3 and
4). It has been postulated that very high levels of soil
available P were caused by seabird activities in the past,
although seabirds have not been nesting there (Morita et
al., 2010). Seabirds make burrows for nesting and
reproduction in soils. Such seabird activities would
transport large amounts of P from the oceanic ecosystem
into deeper horizons of the soils, resulting in extremely
large amounts of available P. In the soil profiles of the
Ogasawara Islands (Table 3), the higher level of available
soil P in the deeper horizons than in the A horizon is
evidence of the direct addition of P into the deeper
horizons, because the available soil P level is generally

highest in the A horizon in a soil profile (Sims &
Pierzynski, 2005) and the mobility of P in soils is
negligible (Hiradate et al., 2007). This phenomenon
strongly supports the seabird origin of the P in the deeper
horizons. In the soil horizons with high available P,
exchangeable acidity is also high (Tables 2 and 3; Morita
et al., 2010). This phenomenon can be explained by the
simultaneous addition of uric acid with P contained in the
feces of seabirds: the added uric acid is converted into
nitric acid, generating protons, resulting in lower soil pH
and higher exchangeable acidity. It has also been reported
that the soil horizons with extremely high levels of
available P are well mixed and soft, and this is also
evidence of the influence of seabird activities (Morita et
al., 2010).
As discussed above, the extremely high levels of
available P in the soils of the Ogasawara Islands was
caused by natural processes, not by human activities.
However, such natural processes adding P to the soils of
many of the Ogasawara Islands would currently be very
limited, because alien flesh-eating mammals such as rats
and cats have been introduced by human activity and
have prevented the seabirds from nesting in burrows or
on the ground, dispersing the seabirds (Kawakami &
Okochi, 2010). Land birds are not effective at boosting P
accumulation in soils because they only circulate P within
the terrestrial ecosystem, not bringing P from other
ecosystems. Therefore, it is essential to eradicate the
introduced flesh-eating mammals and restore the seabird
colonies, and then the natural P cycling would recover to
its former state. This would help restore the natural
vegetation and ecosystems.
It should be noted that the P-rich soil environment is
rather minor and P-poor environments prevail in the
Ogasawara Islands (Table 4; Morita et al., 2010). This
means that seabird nesting is restricted to specific
locations, not occurring evenly. Therefore, we can’t
eutrophicate all the soils of the Ogasawara Islands, and
we should consider adequate locations for seabird
nesting. Soil analysis would give effective information
for determining where we should help seabird colonies
recover.

4.	
Exchangeable Mg in the Soils of the
Ogasawara Islands
One of the most distinct characteristics of the
Ogasawara soils is the extremely high ratios of
exchangeable Mg over exchangeable Ca and
exchangeable K (Tables 3 and 4). Because plants absorb
Ca and K from soils antagonistically with Mg, low Ca/
Mg and high Mg/K ratios in soils induce Ca and K
deficiencies in plants, respectively.
The high exchangeable Mg soil environment has its
origin in Mg-rich parent materials, such as boninite (Mgrich andesite), and this is also evidence of the early stage
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of weathering. When the parent materials weather and
release Mg ions, the resulting Mg ions become
exchangeable Mg on the surfaces of negatively charged
soil particles. This exchangeable Mg, however, is
selectively leached out of the soils over exchangeable Ca
and K by the rain it receives. Therefore, the presence of
high concentrations of exchangeable Mg together with
low Ca/Mg and high Mg/K in soils is evidence of an
early stage of weathering.
Hiradate et al. (2018) investigated mineral nutrient
compositions of grass species growing on the Mg-rich
soils of Nakoudo-Jima Island (Fig. 1) and reported that
there are at least three possible mechanisms for adaptation
to the Mg-rich soil environments depending on the plant
species:
(1) suppression of Mg absorption from soils by plants
(2) 
regular growth even with Mg over-absorption by
plants
(3) higher Ca absorption from soils by plants
Likewise, it is possible that many endemic woody
plants of the Ogasawara Islands have evolved to adapt to
the high exchangeable Mg soil environments, because
such environments are widespread in the Ogasawara
Islands where Mg-rich parent materials prevail (Umino et
al., 2007). Therefore, to conserve natural vegetation and
ecosystems, it is important to understand the past soil
environments and set a goal of managing them referring
to information on past environments.

5.	Available N in the Soils of the Ogasawara
Islands
For plants, the amount of N acquired from soils is
the largest among the mineral nutrients, and the
importance of N for growing plants is well understood. It
is often said that either N or P regulates an ecosystem
(e.g., Townsend et al., 2007).
In soils, most N exists as a component of organic
matter with chemical fixation such as composing peptide
bonds (R1–C(=O)NH-R2) and amino groups (R-NH2). The
dominant forms of N absorbed by plant roots, however,
are nitrate ion (NO3-) and ammonium ions (NH4+).
Therefore, N conjugated in soil organic matter must be
transformed and mineralized into NO3- or NH4+ to be
absorbed by plants, and the transformation reactions are
mostly promoted by soil microbes. To evaluate soilavailable N for plants, total soil N content is generally not
appropriate, because only a part of total soil N can be
mineralized and made available for plants. Therefore, it is
necessary to determine the soil N fraction that can be
easily transformed by microbes into NO3- and NH4+ to
evaluate available N in soils.
In the surface horizons (A horizons) of the soils
under the natural forests of the Ogasawara Islands, the
available N levels were all high and met the criterion
recommended for agricultural soils of > 100 mg N/kg
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(Tables 3 and 4). This implies that N in the ecosystems of
the Ogasawara Islands is not deficient in many cases and
does not limit ecosystem productivity. It is still unclear,
however, whether such N-rich environments have
prevailed in past ecosystems in the Ogasawara Islands. It
would be valuable to clarify the available soil N status of
past Ogasawara ecosystems to establish goals for
environmental management.

6.	
Fatal Effects of Soil Erosion on the
Ecosystems of the Ogasawara Islands
On Nakoudo-Jima Island, severe soil erosion was
caused by feral goats (Government of Japan, 2010), but
even after the eradication of the feral goats in 1999, soil
erosion remains serious and plant biomass is very low in
some places, at least as of 2014 (Hiradate et al., 2015;
Hata et al., 2014a; 2014b). The reason for the slow
recovery of the vegetation has been attributed mainly to
changes in soil chemical properties caused by soil erosion
(Hata et al., 2019). Soil erosion removed the surface
horizon, resulting in exposure of subsoil horizons with
extremely high levels of soil exchangeable acidity and
very low soil pH(H2O) and pH(KCl) (Hiradate et al.,
2015).
As shown in Table 2, many deeper soil horizons
have high levels of exchangeable acidity with low soil
pH(H2O) and pH(KCl), together with low Ca/Mg and
high Mg/K charge ratios, and low levels of available P
and N. In addition, the water permeability and soil
aeration ability of these horizons is very poor, because
the low soil organic matter content indicated by low total
C and N contents (Table 2) and high clay content
indicated by the clay-rich field texture (Table 2) would
result in a highly packed soil structure with poor pore
volume (Brady & Weil, 2008). Such subsoil horizons are
very severe environments for plants to grow in. In
particular, in soils having exchangeable acidity higher
than 12 mmolc/kg, the growth of plant roots is inhibited
severely by the toxicity of Al ions (Hiradate et al., 2007;
Saigusa et al., 1980). In many cases of forest soils in the
Ogasawara Islands, the surface soil horizons show
exchangeable acidity low enough for plants to grow, but
if the surface horizons are removed and the sub-horizons
are exposed, the vegetation is damaged and plant
productivity is significantly decreased.
In the Ogasawara Islands, soil particles are easily
dispersed in water and transferred to the ocean because of
the high density of negative charges on the soil particles
as indicated by high CEC values (strong repulsion among
the soil particles is the cause of such dispersion). Soil
erosion accelerates when the vegetation has been lost and
heavy rain hits the soil surface with severe force. The
formation of clay from parent materials takes a very long
time, on the order of a millennium, so protection of soils
from erosion should be a high priority.
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7. Conclusions
Understanding and conserving soils is crucial to the
recovery of natural vegetation and ecosystems, because
soils play essential roles in ecosystems, such as supplying
inorganic plant nutrients, providing space for roots to
grow and regulating material flows. These soil functions
are affected by soil properties that can be quantitatively
determined through soil analysis. In the Ogasawara
Islands, such information can provide the key to
understanding the natural habitats of the past and
determining adequate management for the future of these
ecosystems.
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Abstract
Feral goats (Capra hircus), an invasive non-native ungulate, have naturalized on many of the world’s
oceanic islands. Overgrazing and trampling by feral goats often cause vegetation degradation and soil erosion,
resulting in loss of biodiversity and ecosystem functions on oceanic islands. For restoration and management
of the disturbed ecosystems, eradication and control of feral goats have been conducted on many islands.
Recovery of vegetation after goat eradication has occurred at some sites but not others. To explain reasons for
the lack of vegetation recovery even after goat eradication, I describe processes of changes in ecosystem
functions before and after eradication of feral goats on an island, Nakoudo-Jima, in a subtropical archipelago
in the northwestern Pacific Ocean. I focus on the relationships between vegetation states and soil chemical
properties with vegetation degradation and soil erosion. Loss of vegetation cover caused by overgrazing and
trampling by feral goats causes loss of surface soil, which can expose deeper soil horizons. The exposed soils
often have lower amounts of nutrients and extremely low pH on the island. Soil with fewer nutrients and
lower pH often limits plant growth, and can prevent recovery of vegetation even after goat eradication. In
addition, I explore the process of loss of ecosystem functions using a conceptual model based on the
relationships between ecosystem states and functions. According to this model, loss of functions occurs in two
steps. The first step is vegetation degradation and the second is soil erosion. Finally, I propose a new
framework for more flexible and practical restoration of island ecosystems disturbed by invasive mammals,
using the concept of a “novel ecosystem,” which should be one of the goals for disturbed ecosystems on
islands.
Key words :	invasive mammals, novel ecosystem, oceanic islands, soil chemical properties, soil erosion,
vegetation degradation

1. Feral Goats on Oceanic Islands
Feral goats (Capra hircus), one of the most invasive
mammals, have damaged many ecosystems, especially on
islands (Coblentz, 1978; Loope et al., 1988). Goats have
been introduced onto many islands, and have naturalized
in their new environments (Courchamp et al., 2003).
Native plant species on oceanic islands tend to be
vulnerable to disturbances by non-native herbivorous
mammals (e.g. goats, sheep, pigs, horses and donkeys)
because of lack of defensive traits such as thorns or
chemical toxicity (Carlquist, 1974). Therefore, introduction
and naturalization of goats onto islands often have large
impacts on native vegetation, resulting in loss of
Global Environmental Research
23/2019: 037-044
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biodiversity and ecosystem functions (Coblentz, 1978;
Shimizu, 2003). On islands, the native vegetation is often
severely degraded by overgrazing and trampling by feral
goats, which can cause extinction of native plants and
loss of habitats for native animals (Coblentz, 1978;
Leathwick et al., 1983; Loope et al., 1988; Hamann,
1993; Cox, 1999). In addition, vegetation degradation,
i.e. loss of vegetation cover, often results in serious loss
of ecosystem functions, such as through erosion of
surface soils (Loope et al., 1988; Hata et al., 2019).
“Ecosystem function” is a general term that includes
stocks of materials and fluxes of energy and matter
between organisms and the abiotic environments through
primary production of organic matter, food webs and
©2019 AIRES
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recycling to inorganic matter, which make sustainable
states possible for humans and all other organisms.
Feral goats have therefore been eradicated to
conserve endemic ecosystems and biodiversity on oceanic
islands (Campbell & Donlan, 2005). Native vegetation on
some oceanic islands recovers after the eradication of
goats (Hamann, 1975, 1979; Mueller-Dombois & Spatz,
1975; Loope & Scowcroft, 1985; Bullock et al., 2002;
Kessler, 2002; Shimizu, 2003), which would be related to
cessation of grazing and trampling by feral goats.
Recovery of native vegetation after goat eradication,
however, does not occur on other islands (e.g., Stone et
al., 1992; Courchamp et al., 2003; Hata et al., 2010a;
Weller et al., 2011).
Why does vegetation recover after goat eradication
at some sites but not at other sites? To answer that
question, I describe processes of changes in ecosystem
functions before and after eradication of feral goats on an
island, Nakoudo-Jima, in a subtropical archipelago in the
northwestern Pacific Ocean. In particular, I focus on the
relationships between vegetation states and soil chemical
properties (amounts of nutrients and pH) with vegetation
degradation, soil erosion before goat eradication and
vegetation recovery after eradication. In addition, I
explore the processes of loss of ecosystem functions due
to disturbances using a conceptual model based on
relationships between ecosystem states and functions.
Finally, I propose a new framework based on the “novel
ecosystem” concept for practical restoration of a native
ecosystem that has been disturbed by invasive species.

2. Location and History of Nakoudo-Jima
Nakoudo-Jima (27º37′–27º38′N, 142º10′–142º11′E,
1.37 km2 in area) is located in the Ogasawara (Bonin)
Islands (Fig. 1). It is likely that Nakoudo-Jima was
covered with forest dominated by native species prior to
the introduction of goats (Shimizu, 1993). Details of the
species composition of the forests in Nakoudo-Jima prior
to introduction of goats are unclear, but the forests
remaining after goat eradication would be similar to the
forests present before the introduction of goats (Shimizu,
1993). The native forests are dominated by Pisonia
umbellifera, Pandanus boninensis, Livistona chinensis,
Neisosperma nakaianum and Ardisia sieboldii (Shimizu,
1993).
Human settlement and the introduction, naturalization
and eradication of goats on Nakoudo-Jima have occurred
over approximately 100 years. It is assumed that people
introduced domestic goats for grazing from 1912
(Shimizu, 1993). All people left the island after 1945 but
the goats remained and became naturalized on NakoudoJima (Japan Wildlife Research Center, 1992). Feral goats
destroyed native vegetation, which led to about 90% of
the original forest transitioning into grassland and bare
ground (Japan Wildlife Research Center, 1992). The

Fig. 1 L
 ocation of Nakoudo-Jima in the Ogasawara (Bonin) Islands.

number of goats in 1991 was about 500 (317/km2) (Japan
Wildlife Research Center, 1992). All goats on the island
were eradicated between 1997 and 1999 (Japan Wildlife
Research Center, 2002).

3.	Vegetation Changes Before and After Goat
Eradication
Before the goats were eradicated, they had disturbed
the vegetation on Nakoudo-Jima, resulting in vegetation
degradation and soil erosion. Between 1978 and 1991,
areas of grassland and forest decreased and those of bare
ground increased (Fig. 2a, b). Shimizu (1993) suggested
that grazing on tree and shrub seedlings by the goats
prevented the regeneration of native forests after the
death of the canopy trees, causing the forests to transition
to grasslands. Thereafter, some of these grasslands were
lost due to continuous grazing and trampling, which
caused exposure of surface soils. At sites with bare
ground, vegetation cover was lost and surface soil was
exposed, which would result in erosion of the soil
(Fig. 3a). The eroded soil flowed into the sea (Fig. 3b),
which affected coastal communities such as coral and
fishes (Japan Wildlife Research Center, 2002).
Overall, vegetation recovery, especially grassland
vegetation, occurred after goat eradication (Fig. 3c).

Changes in Ecosystem Function after Goat Eradication

Fig. 2 S
patial distribution patterns of forests, grasslands, bare
ground and other terrain (e.g., cliffs or rock) on NakoudoJima in (a) 1978, (b) 1991 and (c) 2003 based on analyses
of aerial photographs in 1978 (1:10000, Geographical
Survey Institute), 1991 and 2003 (1:10000, Japanese
Ministry of the Environment). These figures were adapted
from Hata et al. (2010b).
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Fig. 3 E
 cosystem states on Nakoudo-Jima before and after goat
eradication. (a) Vegetation degradation and soil erosion
(photo from 2001), (b) Inner bay with inflow of eroded soil
(photo from 2001), (c) Grasslands that recovered after goat
eradication (photo from 2015), (d) Loss of surface soils
without vegetation cover after goat eradication (photo from
2016).
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Between 1991 and 2003, areas of grassland increased and
those of bare ground decreased (Fig. 2b, c), which would
be related to releases from disturbance by feral goats with
their eradication. Similar changes in vegetation were
detected between 2003 and 2012 (Osawa et al., 2016).
There are two types of grasslands there according to the
dominant grass species: non-native perennial grasses,
Paspalum scrobiculatum and P. dilatatum and a native
perennial grass, Zoysia tenuifolia (Hata et al., 2003; Hata
& Kachi, 2012).
There was substantial variation in the extent of
vegetation recovery after goat eradication within the
island, which was spatially heterogeneous (Fig. 2c). The
heterogeneity in vegetation states after the eradication
indicates that vegetation degraded by goat disturbances
does not always recover, even after goat eradication. At
the sites without vegetation recovery, the loss of surface
soil with erosion has continued for more than 15 years
after the eradication (Fig. 3d).

4.	Impacts of Vegetation Degradation and Soil
Erosion on Soil Chemical Properties and
Primary Production
Vegetation degradation and soil erosion with
disturbances by feral goats alters soil environments,
especially soil chemical properties (e.g., amounts of
organic matter, inorganic nutrients and pH), and the
altered soil chemical properties continue even after
eradication of the prevailing disturbance. Indeed, soil
chemical properties and primary production of herbaceous
vegetation on the island after goat eradication would be
related to the occurrence of vegetation degradation and
soil erosion before goat eradication (Hata et al., 2014a).
Significantly lower amounts of nutrients and higher
acidity in the surface soil were detected in 2010 at sites
with vegetation cover in 1991 (Hata et al., 2014b). This
means that soils with vegetation degradation and soil
erosion are highly acidic with low nutrient levels, even
after eradication.
The alteration of soil chemical properties would
result from the loss of surface soil due to erosion, which
is indirectly related to disturbance by feral goats through
vegetation degradation. Amounts of surface soil loss after
goat eradication were higher at sites with large areas of
bare ground in Nakoudo-Jima (i.e., small vegetation
cover) (Hata et al., 2019). This may result from a lack of
soil accumulation by overlying vegetation (Palacio et al.,
2014) and increased soil runoff from exposed ground due
to wind and rainfall (Ludwig et al., 2005). The loss of
surface soil can expose deeper soil horizons, which often
have extremely low nutrient levels and pH on the island
(Hiradate et al., 2015).
The alteration of soil chemical properties with soil
erosion can prevent establishment of herbaceous species.
This may contribute to lack of vegetation recovery even

after goat eradication. Along with nutrient deficiencies in
the subsoil at deeper soil horizons, lower pH in soil can
limit plant growth. For example, aluminum ion dissolves
from soil under lower pH conditions, and can limit plant
growth through aluminum toxicity (Hiradate et al., 2007).
Also, the dissolution of aluminum (Al3+) under lower pH
conditions typically immobilizes labile and inorganic
phosphorus in soils, rendering them unavailable for plants
(Bardgett, 2005). Such reductions in amounts of available
nutrients can limit plant growth after goat eradication.
Indeed, most herbaceous species on Nakoudo-Jima 15
years after goat eradication were absent at sites where
soil pH was low (Hata et al., 2019).

5.	Processes of Ecosystem Function Loss due to
Disturbance by Feral Goats
The lack of vegetation recovery even after goat
eradication detected on Nakoudo-Jima can be explained
by processes of ecosystem function loss related to
disturbance by feral goats and alteration of soil chemical
properties. According to a conceptual model by
Whisenant (1999), when an intact ecosystem transitions
to more degraded states with disturbance or stress and
crosses a barrier (threshold) between states, ecosystem
functions are reduced and lost (shifting to the left in
Fig. 4). The barrier may be crossed due to biotic or
abiotic factors, preventing the system from returning to a

Fig. 4 C
onceptual model representing processes of ecosystem
function loss (e.g., fluxes of matter and energy through
primary production and decomposition of organic matter)
with degradation of ecosystem state adapted from
Whisenant (1999). In the model, each hollow represents an
alternative ecosystem state, which is a resultant transition
towards a degraded state (moving to the left) due to the
disturbances. There are several barriers (or thresholds, two
in this case) to prevent degradation of the ecosystem state.
In the case of Nakoudo-Jima, both vegetation and soil
structure are intact in Stage 1, vegetation is absent but the
soil structure is intact in Stage 2, and both vegetation and
soil structure are absent. When vegetation becomes so
degraded it has difficulty recovering, the “ball” in the figure
crosses over “biotic barrier.” When soil erosion continues
and the soil functions in the ecosystem (e.g., support of
plant roots and supply of water and nutrients) is lost, the
“ball” crosses over “abiotic barrier.”
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less degraded state. Once the ecosystem state crosses a
threshold and transits to a degraded state, it is difficult to
return to it a less degraded state (shifting to the right in
Fig. 4) without management effort input (e.g., Hobbs &
Norton, 1996; Hobbs & Harris, 2001).
According to the conceptual model, processes of
ecosystem function loss on Nakoudo-Jima consist of two
steps. The first step is vegetation degradation and the
second is soil erosion. On the island, the biotic factors
that broke the biotic barrier were overgrazing and
trampling by feral goats, resulting in vegetation
degradation. This was an initial loss process affecting
ecosystem functions (from stage 1 to 2 in Fig. 4).
Thereafter, exposure of the surface soil due to vegetation
cover loss resulted in soil erosion, the abiotic factor that
broke the abiotic barrier. This was a secondary loss
process (from stage 2 to 3 in Fig. 4).
Restoration efforts and strategies for the degraded
ecosystems on the island would depend on the state of the
ecosystem. In the first step, vegetation degradation is
caused directly by disturbances by feral goats. In that
ecosystem state, there is loss of vegetation cover but not
soil erosion, suggesting that the soil environment as an
ecosystem function has been not degraded yet. Therefore,
it is likely that the ecosystem state can recover after goat
eradication if plant propagule pressure, e.g., amount of
seed dispersal, is sufficient. Conversely, soil erosion in
the second step is caused by exposure of surface soil and
soil runoff due to wind and rainfall. This process is not
directly related to disturbances by feral goats but
indirectly. Thus, restoration of ecosystems damaged by
soil erosion after goat eradication becomes difficult
because the soil environment has been lost. These
processes may occur in other island ecosystems. For
example, on Mediterranean islands, grazing by feral goats
has decreased the average plant height, above-ground
plant biomass and soil depth, while increasing the amount
of exposed bedrock, exerting a partial effect after goat
eradication (Gizicki et al., 2018). For ecosystem
restoration, it is necessary first to prevent further erosion
of the surface soil through anthropogenic efforts such
sandbag dams, which can keep ecosystems from crossing
the degradation threshold and winding up in a lower state
(Hata et al., 2019). In addition to preventing soil erosion,
it is necessary to facilitate plant establishment on eroded
soil via fertilizer application, seeding and transplanting.
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nesting results in inputs of nutrients into the soils through
the supply of deposited feces, egg shells and dead chicks
or adults, which can affect soil chemical properties (e.g.,
Anderson & Polis, 1999; Fukami et al., 2006; Morita et
al., 2010). Also, physical disturbances such as trampling,
scraping and burrowing for nesting can alter the soil and
vegetation structure (Roverts et al., 2007; Grant-Hoffman
et al., 2010; Aoyama, 2013).
Seabird nesting on many islands is prevented by
invasive mammals. In addition to predation of seabird
adults and eggs by invasive rats, foxes and cats (Drake et
al., 2011), physical disturbance by invasive ungulates
through overgrazing and trampling can prevent seabirds
from nesting (Coblentz, 1978; Gizicki et al., 2018).
Therefore, eradication of these mammals can restore the
ecosystem state, allowing nesting to recover (Fig. 5). In
fact, the numbers of seabird nests have increased since
the goat eradication (Japan Wildlife Research Center,
2012). This could have both positive and negative effects:
nesting can reduce the herbaceous vegetation biomass but
not affect vegetation cover. It can also increase the
amounts of soil nutrients, while reducing soil pH
(Aoyama, 2013).
The above-mentioned processes of ecosystem

6.	
Interrelationships among Multiple Events
Before and After Goat Eradication
In addition to vegetation degradation and soil
erosion, ecosystem functions on islands before and after
goat eradication could be affected by seabird nesting as
an “ecosystem engineer” through alteration of soil
environments and vegetation states (Smith et al., 2011).
Seabirds usually feed at sea and nest on land. Their

Fig. 5 S
 eabird nesting on Nakoudo-Jima after goat eradication. (a)
Brown booby, Sula leucogaster, nests on grassland
vegetation dominated by a native perennial, Zoysia
tenuifolia, (b) Wedge-tailed shearwater, Puffinus pacificus,
nests under soil (invisible in the photo), which disturb
above-ground vegetation.
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changes represented in this paper interact with each other
directly and indirectly, and these complex interactions
influence changes in ecosystem states (e.g., primary
production, soil chemical properties and species
composition) before and after goat eradication. Hata et al.
(2014b) comprehensively quantified the direct and
indirect interactions among multiple factors in NakoudoJima using their Structure Equation Model, a statistical
model. According to this statistical model (Fig. 6), there
have been multiple interrelationships among vegetation
states, soil environments and events before and after goat
eradication on this island (Hata et al., 2014b). The model
suggests that individual factors interact with each other
not only directly but also indirectly. For example,
vegetation degradation and consequent erosion of surface
soil before goat eradication can increase soil acidity (red
arrow 1 in Fig. 6), which can result in limitation of
primary production of herbaceous vegetation even after
goat eradication (red arrow 2 in Fig. 6). This means that
soil erosion can not only increase soil acidity but also
limit primary production indirectly via increased soil
acidity (blue arrow 3 in Fig. 6). Also, Sula leucogaster, a
dominant seabird species on the island, is more frequently
present on ridges than on slopes and is completely absent
from valleys (red arrow 4 in Fig. 6), and the presence of
seabird nesting is positively related to amounts of soil
nutrients, especially available phosphorus (red arrow 5 in
Fig. 6). This suggests that topography can indirectly

affect soil chemical properties through seabirds’ choice of
nesting sites (blue arrow 6 in Fig. 6).
This model suggests that vegetation degradation and
soil erosion before goat eradication strongly affect
multiple factors and their interrelationships and therefore
can shift the island ecosystem to alternative states that are
irreversible to the intact state before the goat disturbance.
The model also suggests that seabird nesting can affect
soil environments, which may help recovery from the
irreversible ecosystem states.

7.	Future Perspectives
Finally, I discuss restoration and management goals
for island ecosystems that have been disturbed by invasive
species and lost their functions. The ideal goal is an intact
ecosystem undisturbed by invasive species, which is
mainly composed of native species. This goal, however,
is not always practicable. For example, if extremely
severe disturbances result in decline or extinction of a
population of native species, the population will not
recover even after release from the disturbances. Also,
loss of ecosystem functions caused by disturbances such
as soil erosion on Nakoudo-Jima make it unfavorable for
survival and growth of plants. Therefore, the more prior
and practical goal of restoration and management on
highly disturbed islands such as Nakoudo-Jima should be
attaining sustainable ecosystem functions rather than the

Fig. 6 D
 irect and indirect relationships among vegetation states, soil chemical properties and events before and after goat eradication on
Nakoudo-Jima. The figures have been revised by results based on Structural Equation Modeling in Hata et al. (2014b).
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conservation of a certain native species or native
diversity.
Recently, quite a number of researchers studying
restoration and management of ecosystems have focused
on the concept of “novel ecosystems” as a goal. Hobbs et
al. (2013) defined a novel ecosystem as a system of
abiotic, biotic and social components (and their
interactions) that, by virtue of human influence, differ
from systems that prevailed historically, having a
tendency to self-organize and manifest novel qualities
without intensive human management. For restoration to
a novel ecosystem, it is more important to achieve an
intact ecosystem similar to the original in terms of
ecosystem functions rather than in terms of species
composition (Hallett et al., 2013). In other words, it is not
always necessary for a restored and managed target
ecosystem to be composed of native species if their
functions are similar to the native ones and sustainable.
This concept makes it possible to set more flexible and
practical goals for restoration and management of island
ecosystems.
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Abstract
Projects to restore ecosystems have been conducted in various regions. To assess the effects of these
projects, studies have been launched to predict changes in ecosystems by constructing mathematical models
to reproduce target ecosystems and performing computer simulations. When an entire ecosystem including
many species is the target, models using differential equations are often used to calculate population dynamics
of the species constituting the ecosystem. When interactions among species are reproduced, the types of
interactions are determined based on previous studies and experts’ opinions. Since it often happens that the
strength of interactions cannot be measured, multiple models with randomly determined strengths of
interactions are prepared to perform simulations to select a model that satisfies the requirements. After that,
simulations of eradication of invasive species are performed to predict the outcome. This is the general
procedure. A plurality of simulations has predicted that if there are multiple invasive species, eradicating these
species simultaneously will be effective for restoring the ecosystem efficiently. However, since simultaneous
eradication has a larger impact on ecosystems, monitoring must continue even after eradication and
appropriate measures taken. Furthermore, since the models are still in the course of development, a framework
is required to feed data obtained from monitoring into the models to improve them further.
Key words :	ecosystem change, eradication, invasive species, prediction, simulation

1. Introduction
Biological Invasion is one of the most serious
environmental problems. This is also true in the
Ogasawara Islands. On several of these islands, the
vegetation has been destroyed due to grazing damage by
feral goats. Large areas of bare ground have spread
(Fig. 1; Hata et al., 2007; Kachi, 2010). Therefore,
projects to restore the ecosystems, such as eradication of
invasive species, have been conducted in various regions
(in the Ogasawara Islands, eradication of feral goats is
complete except for on Chichi-Jima Island). One of the
most severe problems is that it is often impossible to
predict with ease places where effects will appear in an
ecosystem when invasive species are eradicated, because
multiple species interact within the ecosystem. Several
studies have pointed out that various problems may occur
after eradication (e.g., meso-predator release: Courchamp
et al., 1999; increase of another invasive species: Osawa
et al., 2015; negative impacts on native species via interspecific interactions: Ballari et al., 2016). Moreover, the
long-term effects of eradication are mostly unclear.
Accordingly, attempts to reproduce an ecosystem to be
managed on a computer and assess the effects through
Global Environmental Research
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Fig. 1 P
 hotograph of Nakoudo-Jima Island in the Ogasawara
Islands, taken in June 2012. Photographer: Katsuhiko Yoshida.

simulations to manipulate the ecosystem, such as
removals or additions of species, have been initiated to
check for unexpected harmful effects (Caut et al., 2007;
Raymond et al., 2011; Bode et al., 2015, 2017; Baker et
al., 2017, 2019; Yoshida et al., 2019). Such studies would
be useful especially for the Ogasawara Islands, because
©2019 AIRES
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unexpected harmful effects are not acceptable in
ecosystems on islands registered as a Natural World
Heritage site.
Although theoretical studies on removals or
additions of species have been conducted over many
years (Pimm, 1980; Zavaleta et al., 2001; Quince et al.,
2005), these previous studies have been conducted using
relatively simple hypothetical ecosystems because the
purpose was to understand the general and fundamental
behavior of ecosystems. In recent years, however, several
studies have tried to construct simulation models
reproducing real, complex ecosystems and to predict
changes after manipulation due to the necessity of
ecosystem management. In this paper, such trends in
recent years are reviewed and future directions are
discussed.

2. Basic Structure of Ecosystem Models
Many species interact with each other in any
ecosystem, being intertwined like a web. To construct an
ecosystem model, these interactions must be expressed
mathematically. Differential equation models, often using
Lotka–Volterra equations (Lotka, 1920 1922a 1922b,
1925; Volterra, 1926, 1928), have long been used for such
expressions. Many ecosystem models are based on these
equations (Caut et al., 2007; Raymond et al., 2011; Bode
et al., 2015, 2017; Baker et al., 2017, 2019; Yoshida et
al., 2019).
Ecosystems can be easily reproduced using a Lotka–
Volterra equation. The Lotka–Volterra equation is
presented in the following form:
dMi
= ri Mi + ∑ Nj=1 aijMi Mj,
dt

(1)

where Mi and Mj are the biomass (or the number of
individuals) of species i and j, respectively; ri is the
intrinsic growth rate of species i; N is the total number of
species within a system; and aij is the interaction
coefficient representing the strength of influence of
species j on species i. This equation is often used in this
form but there are many variations depending on the
target ecosystem for the purpose of study as described
below. When actually performing a calculation, the
equation is expressed in the form of a matrix of N rows
and N columns in a computer as shown below:

…
…
…
…

a11 a12…a1N
a21 a22…a2N

aN1 aN 2…aNN

Combinations of symmetric components allow easy
expression of various types of interactions observed in an
actual ecosystem (Table 1). For example, when aij is
positive and aji is negative, species i derives benefit from
species j but species j is damaged by species i; therefore,

Table 1 C
ombinations of positive and negative interaction
coefficients and types of interactions represented by them.

aij

aji

+

-

predator-prey

-

-

competiton

+

+

mutualism

+

0

commensalism

-

0

amensalism

0

0

no interaction

aij represents the strength of influence of species j on species i and aji
represents the converse. Various types of interactions observed in
ecosystems can be represented by combinations of positive and negative
values of aij and aji.

this combination represents a predator–prey relationship
in which species i preys on species j. The diagonal
component aii is the influence on itself, representing intraspecific competition.
The Lotka–Volterra equations have many variations
depending on the target ecosystem or the purpose.
Famous variations include Holling Type II, which takes
handling time when organisms eat their prey into
consideration, and Holling Type III, which introduces the
effect of increasing difficulty for predators to find their
prey or starting to search for other prey when the prey
population decreases (Holling, 1959, 1965). Carrying
capacity may be included in the equation, although not
included in equation (1) above, or the equation may
become complicated due to incorporation of various
parameters that reproduce detailed properties of species
to be handled such as proliferation of potential of
constituent species and preferences of predators for
certain prey. This tendency is particularly strong when an
ecosystem with a small number of species, such as a
system with three species, is considered (Caut et al.,
2007; Bode et al., 2015). However, in studies in which
ecosystems with many species are targeted, simple
Lotka–Volterra equations are often used (Raymond et al.,
2011; Baker et al., 2017, 2019; Bode et al., 2017). This is
because it is difficult to actually collect detailed data of
many species. Another reason is that the coexistence of
all species constituting a target ecosystem is relatively
easy to model using simple Lotka–Volterra equations.
Although the Holling Type II function is observed most
often in the real world (Begon & Mortimer, 1981), this
equation is not often used when considering ecosystems
with many species because it is extremely difficult to
reproduce the coexistence of multiple species when
simulations use the Holling Type II function (Yoshida,
unpublished data). If all the species constituting a target
ecosystem cannot coexist, such a model cannot be
regarded as a successful one.
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3. How to Reproduce Ecosystems
This section describes how to reproduce a target
ecosystem with a differential equation model, the most
common type used.
Procedures for reproducing an ecosystem are quite
common and proceed as follows (Fig. 2): (1) set the
species constituting the target ecosystem; (2) set the
properties of the constituent species; (3) set the
interactions; (4) calculate the population dynamics of
each species by performing provisional simulations; and
(5) select a model satisfying the requirements as a result
of the simulation. Item (1) is determined using previous
studies, literature and observations as references. Items
(2) and (3) are also determined in the same way as item
(1) using previous studies and literature data as
references, but many species that have not been
sufficiently studied are also included in an ecosystem
with a large number of species. Therefore, although not
published as papers, opinions of experts are often used as
references to determine these items (Caut et al., 2007;
Raymond et al., 2011; Bode et al., 2015, 2017; Baker et
al., 2017, 2019; Yoshida et al., 2019). The model of Bode
et al. (2017) was constructed with an emphasis
particularly on such opinions. Bode et al. (2017) held
workshops multiple times with the participation of not
only researchers from universities but also a wide variety
of experts including government officials, representatives
of non-governmental organizations (NGOs) and
environmental volunteers. They then summarized the
opinions from the experts to determine whether
interactions between species and interactions with
environmental elements such as the amount of rainfall
would have positive or negative effects on the respective
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species. Furthermore, Bode et al. (2017) also summarized
opinions concerning how environmental changes and
anthropogenic impacts influence interactions among
species and interactions with environmental elements,
and constructed a model to predict the effects on
ecosystems.
Opinions of experts, however, are often not
quantitative and sometimes information simply cannot be
obtained. In particular, it is extremely difficult to obtain
actual measurement values for the strength of interactions
between species. In such a case, a small number of
parameter sets that can reproduce the target ecosystems
well are selected from a larger number of parameter sets,
the values of which are randomly determined ((4) and (5)
in Fig. 2, Table 2). What is required first for selection of
the parameter set is that all species constituting the
Table 2 Detailed procedure of (5) in Fig. 2.
Literature

Raymond Bode
et al.
et al.
(2011)
(2015)

Bode
et al.
(2017)

Yoshida
et al.
(2019)

Total number of
parameter sets
examined

(*1)

2 million

1 billion

500 (*2)

Number of selected
parameter sets

1000

15000

10000

1

Additional criteria
of selection

suitable
Best fit
for experts’ to real
opinion
data

(*1): the total number of parameter sets examined is unknown. Raymond et
al. (2011) repeated a process of confirming stability of a system by
performing simulations giving the strength of interactions randomly until
1000 parameter sets that allowed stable coexistence of all the species were
found. (*2): for each parameter set, 200 simulations with different
interaction matrix were conducted.

Fig. 2 Procedure for reproducing a target ecosystem.
A model to reproduce an ecosystem is created by following the procedure described in this figure. Information
to be used in each step is shown in the dotted line frame. For details of procedure (5), see Table 2.
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ecosystem to be reproduced can coexist. This is common
to all studies
Several studies have adopted other criteria for
parameter selection. Bode et al. (2017) selected those that
showed behavior with respect to environmental changes
and anthropogenic disturbances as predicted by experts
who had participated in the workshops. Baker et al.
(2017) selected parameter sets that reproduced the
behavior observed in an ecosystem in Yellowstone
National Park after the introduction of wolves. Yoshida et
al. (2019) selected one parameter set with the highest
ability to reproduce the actual measured values of the
vegetation ratios on Nakoudo-Jima Island in the
Ogasawara Islands (Hata et al., 2007).

4. Types of Models
Although “model” is one word, models can be
divided into various types depending on the elements to
be emphasized when modeling. Masuda (1991)
mentioned three elements for constructing a model,
likening them to the three primary colors of light (red,
green and blue) (Fig. 3): realistic variables, global domain
and basic understanding. “Realistic variables” (R) show
correspondence to physical variables in the real world. A
model emphasizing this element will necessarily
introduce a process that works in the real world. “Global
domain” (G) means the model constructed is of an
autonomous world, i.e., not a cutaway part of a world (a
cutaway part does not move autonomously), and models
the target world in its entirety. “Basic understanding” (B)
means being able to explain the cause-and-effect
relationships in a model. This element may be restated as
being able to understand the model simply and clearly.
An ideal model would have these three elements but
is impossible to achieve. Therefore, two of these elements
are adopted for many models. A toy model adopts G and
B, and represents the entire world with a small number of
variables (processes). Ecosystem models that reproduce
multiple species by the Lotka–Volterra equation
(Raymond et al., 2011; Bode et al., 2017; Baker et al.,
2017, 2019) belong to this type. A process model adopts
B and R, and represents cause-and-effect relationships in
a cutaway portion of an ecosystem using realistic
variables. Models of Caut et al. (2007) and Bode et al.
(2015), which cut away a portion of a motif from within
an ecosystem and adopt a plurality of realistic variables,
belong to this type. A full model adopts R and G, and
represents the entire world by combining realistic
processes. This type of model has the advantage that it is
easily seen as realistic. A representative example of this
model is the global circulation model. Among the
ecosystem models introduced in this paper, only the
model of Yoshida et al. (2019) belongs to the full model
type. This model includes material circulation processes
such as decomposition processes of excrement, remains

Fig. 3 Classification of simulation models (after Masuda, 1991).
The models introduced in this study are classified according to the
categories of Masuda (1991). Numbers in parentheses correspond to each
model: (1) Caut et al. (2007), (2) Raymond et al. (2011), (3) Bode et al.
(2015), (4) Bode et al. (2017), (5) Baker et al. (2017), (6) Baker et al.
(2019) and (7) Yoshida et al. (2019). For other items, refer to the text.

and dead leaves; the detritus food chain; and plant growth
based on nutrient contents. It not only describes
interactions among organisms simply by the Lotka–
Volterra equation but also introduces many processes that
actually work in ecosystems, such as preferences for prey
based on characteristics of the constituent species,
changes in prey menus based on the optimum foraging
theory, and scrambling for places among plants or
seabirds.
Each model has disadvantages. The toy model is
necessarily an abstract model because of its structure.
Therefore, it makes comparison with reality difficult, and
consequently, it generally makes it difficult to gain a
broad understanding. The process model is suitable for
tracking modeled phenomena in a narrow range, but
cannot explain behavior outside this narrow range. The
full model is necessarily a complicated model, and so it
makes it difficult to understand the cause-and-effect
relationships of phenomena occurring within the model.
Furthermore, it also causes practical problems in that a
great amount of effort is required for its construction and
the amount of time required for simulation becomes
longer.

5.	Changes in Ecosystems after Eradication of
Invasive Species
This section introduces knowledge for eradication of
invasive species obtained from studies using the
ecosystem simulations introduced above.
As in the Ogasawara Islands, there are many known
cases of multiple invasive species. Thus, whether it would
be better to eradicate each of the species individually or
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multiple species simultaneously must be clarified.
Therefore, several simulation studies have targeted such
cases (Caut et al., 2007; Raymond et al., 2011; Bode et
al., 2015; Yoshida et al., 2019). A conclusion common to
these studies is that there is a greater restorative effect on
ecosystems when multiple invasive species are
simultaneously eradicated. If invasive species are
eradicated individually, there is a possibility that the
remaining species will become unconstrained and
increase in biomass, causing unnecessary disturbances to
the ecosystem (Raymond et al., 2011; Yoshida et al.,
2019). These results from simulations are also
corroborated by actual observations (Zavaleta et al.,
2001; Coomes et al., 2003; Johnson et al., 2007; Hoare et
al., 2007; Griffiths, 2011; Innes & Saunders, 2011; Glen
et al., 2013; Osawa et al., 2015).
However, since eradication of invasive species itself
is a disturbance to an ecosystem, the intensity of the
disturbance increases when multiple species are
eradicated at the same time. Therefore, it may become
difficult to predict the behavior of the ecosystem after
eradication. In an example by Yoshida et al. (2019), the
restorative effect on the ecosystem certainly became
larger when non-native goats and rats were eradicated
simultaneously from Nakoudo-Jima Island, but the
ecosystem entered a bi-stable state, that is, there was a
possibility of completely opposite results, in which the
whole island following eradication would change to
forest or grassland (Fig. 4). Furthermore, although rare, it
was also suggested that, in an ecosystem containing a
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large area of invasive white popinac (Leucaena
leucocephala), where the overall diversity level was low
and oligotrophication was advancing, the vegetation
could be destroyed as a consequence of simultaneous
eradication of goats and rats (Yoshida et al., 2019).
Therefore, monitoring should be continued, and the
ecosystem appropriately managed to prevent extreme
events.
It generally takes time, effort and money to eradicate
multiple species simultaneously, so this can be impossible
in some cases (Bode et al., 2015). In fact, on NakoudoJima Island, only goats have been eradicated, while rats
and white popinac have not yet been eradicated.
Furthermore, if the order of eradication is mistaken,
species to be conserved could be adversely affected
(Okochi, 2009). In such a case, it is necessary to
determine a schedule of the best order for eradication. For
example, Bode et al., (2015) showed that it was better to
eradicate the predator side first when the invasive species
were in a predator–prey relationship. However, a
phenomenon called meso-predator release (Courchamp et
al., 1999), in which a rapid increase in intermediate
predators caused by eradication of top predators causes
secondary damage to the ecosystem, may be assumed in
some cases; thus, careful responses are required according
to the circumstances of the target ecosystem. It is very
important in actual eradication projects to maximize the
effects of eradication and ecosystem restoration with a
limited budget, so this will be a main theme in modelling
studies.

Fig. 4 Frequency distribution contour map for combinations of grassland and forest areas.
The horizontal axes on the left and the right sides show the grassland (%) and forest (%) areas,
respectively. The frequency is indicated by the colors shown in the legend on the right side. The
distribution is concentrated in two places: an extremity where grassland accounts for less than 10%
and forest accounts for 90% or higher; and an extremity where grassland accounts for 90% or higher
and forest accounts for less than 10%.
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6. Future Directions
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Future prediction studies using ecosystem models
have just started. The models are not perfect yet and, in
some cases, the actual changes in ecosystems are not
consistent with the predictions. For example, Yoshida et
al. (2019) predicted that all of Nakoudo-Jima Island
would revert to forest when only goats were eradicated.
Although the forested area has increased, it is at a much
slower rate than predicted by the model and bare ground
still remains (Hata et al., 2019). Furthermore, the invasive
white popinac has been increasing. In this regard,
inhibition of seedling colonization due to soil erosion and
effects such as exposure of oligotrophic subsoil have
been indicated (Hata et al., 2019). These elements were
not included in the model used by Yoshida et al. (2019).
However, I never recommend adding processes and
parameters to models indiscriminately. It is not always
true that a correct model can be constructed by making a
complex model with the introduction of many realistic
processes (Iwasa, 1990). In a well-known example, the
behavior of a model became unstable and the accuracy of
its predictions was actually lower when the model was
made more complex (Ludwig & Walters, 1985). On the
other hand, models that are too simple sometimes
produce incorrect results (Matsuda, 1996). A good model
is one with the degree of complexity appropriate for the
purpose (Akçakaya et al., 1999). We should keep this in
mind.
Models are still being developed, so would be
desirable to construct a research system including a
positive feedback loop by which feedback of information
obtained from monitoring can be provided to models to
improve them and make their predictions more accurate
(Fig. 5). If a positive feedback loop like this can be
constructed, it will help us conserve ecosystems
effectively and be able to understand them better.
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Abstract
The Ogasawara Islands were registered as a Natural World Heritage in 2011. The land snails of the
Ogasawaras are an important group of organisms that guarantee their universal value as a World Heritage Site.
In particular, the uninhabited island of Ani-Jima has high genetic diversity and is of great importance for
conservation. In recent years, however, there has been noticeable damage to the land snails of Ani-Jima
caused by rats. The Ministry of the Environment has implemented a rodenticide aerial spraying project for rat
control since FY2009. The project failed, however, due to lack of communication with residents and lack of
trust. In this study, introducing strategies for measures against alien species and conservation of endemic
species by introducing an analysis of residents’ interests and proposals for procedures based on the findings of
the rat verification committee, in which the author has been involved as a chairperson. In projects with high
uncertainty, such as rat control, it is important to adopt not only the concept of adaptive management but also
an adaptive governance approach, which can be used to formulate a decision-making process for community
participation that fully takes into account the concerns of the local residents.
Key words :	adaptive governance, invasive species, public participation, risk communication

1. Introduction
The Ogasawara Islands were registered as a Natural
World Heritage site in 2011 as “the islands serve as an
outstanding example of the ongoing evolutionary
processes in oceanic island ecosystems,” as evidenced by
the high levels of endemism; speciation through adaptive
radiation; evolution of marine species into terrestrial
species; and their importance in the scientific study of
such processes.
Land snails are an important group of organisms that
guarantee universal value as a World Heritage site, and
the uninhabited islands, especially Ani-Jima, have high
biodiversity and high conservation importance. In recent
years, however, there has been notable damage to the
land snails of Ani-Jima caused by invasive rats (Rattus
rattus). To solve this issue, aerial spraying of rodenticide
has been carried out by the Ministry of the Environment.
However, in the aerial spraying of rodenticides conducted
in FY2014, there were too few numerical values related
to toxicity in the explanatory materials and indications of
insufficient consideration of environmental impacts at
local briefings before the project’s implementation. As a
result, distrust towards the project’s administration
became apparent and rodenticides in the planned Ani-Jima
Island project were abandoned. The Rat Countermeasures
Global Environmental Research
23/2019: 053-058
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Verification Committee was established in FY 2017 to
protect conservation targets, including land snails, by
discontinuing use of rodenticides and proposing ideal
countermeasures for rats with appropriate consideration
of the environment. The purpose of the Verification
Committee was to verify (1) the environmental impact of
the rodenticide spraying project carried out in FY2009,
and (2) the process leading to the cancellation of the
rodenticide spraying. As chairperson of the Rat
Countermeasures Verification Committee, the author
introduces in this paper what has been clarified by the Rat
Countermeasures Verification Committee to share what
was learned in the Ogasawaras.
The reason this great distrust occurred and the
project was postponed with urgency was that social
scientific approaches such as risk communication and
consensus building were not considered due to the
urgency to take natural scientific measures against the
threat. The problem of rat control in the Ogasawaras
shows the importance of paying sufficient attention to
public participation and risk communication regarding
alien species control. Below, based on the Rat
Countermeasures Verification Committee’s findings, I
introduce points regarding public participation and risk
communication that were clarified in the Ogasawaras’
case.
©2019 AIRES
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2. Towards Adaptive Governance
2.1 Public Participation
In addition, because biological interactions need to
be considered in natural resource management, an
“adaptive management” system should be established to
control island invasive species. However, to solve
problems more rationally, it is necessary to consider how
to establish not only an “adaptive management system,”
but also an “adaptive governance” system (Miyauchi et
al., 2014). This incorporates public participation and
consensus building processes. Before introducing the
case study, I examine why it is necessary to consider
public participation and risk communication in alien
species control. In the past, natural science approaches
have been regarded as important in nature restoration
projects, such as countermeasures for rats, but the
importance of consensus building with stakeholders,
including the residents living there has not been
considered a concern. Recently the importance of the
adapted governance concept in the natural science
approach has begun to be discussed (Brunner et al, 2005).
In policy decisions in the field of natural science, no
absolutely correct answers can be derived. So in the
process of policy decision making, the most appropriate
method is selected from various methods and then
implemented. For this choice to be accepted by society,
procedural fairness must be ensured by essential citizen
participation in a democratic society (Kitamura, 2002). It
could be said that in policy decisions, there are two
important functions: (1) justification and (2)
rationalization. The justification function serves to
legitimize decision-making for the policy through the
democratic process as required in a democratic society.
The rationalization function serves to make risk
management more efficient and rational in terms of the
environment and economy. It is expected that the
participation of the public at an early stage will clarify
interests and problems and at the same time, will bring
together a lot of knowledge and help in selecting the most
appropriate, rational method (Ruckelshous, 1985).
For public participation to be substantive, sufficient
amounts and quality of information and opportunities for
participation must be provided. To that end, it is necessary
to consider risk communication regarding what kind of
information is provided by what method, in addition to
constructing procedures for public participation.
2.2 Risk Communication
The traditional form of communication in the policy
decision-making process has been unilateral information
transmission. To switch from unilateral information
transmission to two-way communication, it is necessary
for the information sender to understand the receiver (the
person who is the target of communication). Information
on how the risk message is understood and accepted, and

what information the stakeholders really want to know is
provided, taking into account the differences between the
sender’s and receiver’s position and the risk perception
gap (Renn & Kastenholz, 2000). Lack of such efforts will
eventually lead to the distrust where, “We couldn’t get
the information we really wanted, only unnecessary
information.” In this case, not only does communication
become meaningless, but it can also create new sources
of distrust. It is important, to understand the regional
characteristics, culture and climate, to comprehend the
current situation and to grasp what kind of risks are
recognized and how they differ from those of
administration (Kikkawa, 1999). To promote appropriate
risk communication, building relationships of trust is
important. Elements that build relationships of trust
include the reliability of the outgoing messages, the
senders, the procedures and the organizations.

3.	Rat Countermeasures Verification
Committee Findings
3.1 Verification of Past Business
To clarify such matters as what residents are
concerned about regarding the Ministry of the
Environment’s rat countermeasures, the following
questions were asked: “Where is the cause of distrust?”
and “What kind of information is required?” We
conducted a survey and interviews with residents. As a
result, the biggest source of distrust for the residents was
that there were no clear answers to the following
questions: “Why was Diphacinone selected?” “Why was
aerial spraying chosen?” and “Is the implementation
proceeding without involvement of the islanders?” As
shown in Figs. 1 and 2, resident’s interests related to the
rat control project and ways they could be dealt with,
there was no scientific response to matters regarding the
lack of procedures to promote communication/
participation or to the islanders’ questions and concerns.
This was a problem of distrust toward scientific
verification, consideration of the characteristics of the
Ogasawara Islands and rats, and the necessity for and
implementation of comprehensive measures.
We considered keywords on how to deal with issues
that had been clarified in the verification process to
identify the cause of anxiety and distrust (Fig. 1), and
classified these keywords (Fig. 2).
①Anxiety and Distrust due to Issues with Communication
and Processes
・Diphacinone was selected as a rodenticide spray, and
there was insufficient explanation about the basis for
selecting this formulation;
・The reason for selecting an aerial spraying method was
not clearly communicated to the community;
・Concerns of residents who risked contact with
rodenticides were not properly considered (nor were
they consulted);

Invasive Alien Species Control and Public Participation

Fig. 1 Anxieties/interests related to the rat control project.
Source: Environmental Risk Verification Report on Ogasawara National Park Rats Control in 2015.

Fig. 2 Ways in which the anxieties/interests related to the rat control project could be handled.
Source: Environmental Risk Verification Report on Ogasawara National Park Rats Control in 2015.
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・The project’s administrative details were considered
only by the Ministry of the Environment (including the
public works budget and contractor selection process),
engendering distrust;
・Although there was a risk of re-invasion from
surrounding islands, no countermeasures were indicated.
In risk communication, as mentioned above, it is
necessary to provide information that responds to the
interests and concerns of the residents. It was also
confirmed that it is necessary to provide detailed
information according to age and gender, and secure
opportunities for participation. In addition, as a premise
for public participation and risk communication,
discussions were also held on how to provide information
to people who are not very interested in the conservation
of land snails. Study sessions for general countermeasures
were also held.
②Distrust of and Anxiety about Scientific Verification
There was insufficient verification of environmental
impacts such as residues and effects on other animals
(pre- and post-environmental impact monitoring was
insufficient). Insufficient consideration was given to
mitigating effects on other animals or the spillage of
rodenticides into the ocean.
Therefore, the Committee assessed the direct impact
of Diphacinone in soil and water runoff tests and on
various non-target species (seawater fish, freshwater
organisms, hermit crabs, freshwater turtles, several
arthropods, etc.) In addition, the Committee conducted
demonstration experiments such as analyzing the amount
accumulated in the body and further considered
secondary effects on predators, such as Buteo buteo
toyoshimai, endemic to the islands. As a result, potential
impacts on rare birds and animals were revealed that had
thus far been considered to be unaffected by
implementation of the project. Specifically, feral pigeons
(Columba livia), which are closely related to the redheaded wood pigeon (Columba janthina nitens), an
endengered endemic subspecies, showed higher sensitivity
to Diphacinone than had previously been assumed, and
there was also a risk of poisoning due to accidental
consumption of granules. Concerns about secondary
poisoning caused by rats that had eaten rodenticides were
also raised. Some worrisome issues with rodenticides
were also revealed, including indications that fish and
turtles could eat packets or granules that had spilled
offshore. Therefore, the following countermeasures were
taken: (1) precise post-mortem monitoring of rats and
environmental impacts from the spraying of rodenticides;
(2) measures to mitigate the impact on the natural
environment, non-target organisms and living environment
when spraying rodenticides; (3) review of the timing of
spraying from the viewpoint of balance between risks and
effects; (4) consideration of combinations of methods for
mitigating impacts and promoting technological
improvements; and (5) prevention of outflow to the ocean

as much as possible, and further investigation of the
effects on food organisms.
③Public Participation Process
To promote appropriate risk communication, it is
important to ensure opportunities for the public to
participate in decision-making. To ensure the reliability
of risk messages, in addition to the reliability of senders
and organizations, it is essential to ensure opportunities
for participation by ensuring procedural fairness.
Participation in the decision-making process can change
one-sided communication into two-way communication,
which can be expected both to reduce misunderstandings
in the communication process and to deepen mutual
understanding (National Research Council, 1989). There
is no doubt that early public participation is an important
factor in promoting proper risk management and
countermeasures to invasive species. For this reason, the
Committee proposed a decision process that embodied
the concept of an adaptive government that incorporates
public participation in addition to the adaptive
management approach of flexibly correcting problems
when they occur. The process was examined based on the
results of the above questionnaire, and the Committee
proposed a policy decision process that incorporated the
concept of adaptive governance (Figs. 3 and 4).
④Request for Resumption of Bait Station
Although it has become clear that the rat
countermeasure project of 2009 was conducted without
such considerations and insufficient environmental
consideration in general, it is impossible to predict how
the land snail crisis will unfold. In response to advice
from the Science Committee, the Verification Committee
requested the Ministry of the Environment to implement
an emergency response in August 2015 with reference to
the measures on Nishi-Jima Island, using a bait station.
As an emergency response in some important
conservation areas on Ani-Jima Island, measures to
reduce the damage caused by rats to land snails were
implemented.

4. Conclusions
To preserve the native nature of islands around the
world, including Japan, we have long fought against alien
species brought by humans (Wegmann et al., 2011).
Among them, rats are particularly difficult to eradicate,
and various methods such as rodenticides and traps have
been tried and tested. Each method has its own merits and
demerits, and it is not easy to select final methods
conclusively. It is also difficult to obtain the
understanding of residents about such selections. In
countermeasures to alien species such as those against
rats, the conventional administrative response emphasizes
ensuring the effectiveness of each countermeasure using
a natural scientific approach. However, this does not give
enough consideration to residents’ participation. The risk

Invasive Alien Species Control and Public Participation

Fig. 3 Flowchart of policy decision process proposed by the Rat Countermeasures Verification Committee.
Source: Environmental Risk Verification Report on Ogasawara National Park Rat Control in 2015.

Fig. 4 Process for improving risk communication with residents and other stakeholders.
Source: Environmental Risk Verification Report on Ogasawara National Park Rat Control in 2015.
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communication and decision-making process with
residents who are actually exposed to risks such as
contact with rodenticides has become more and more
important. To avoid the danger of the Ogasawara Islands
going from “world heritage to crisis heritage” (Yoshida,
2008), we need to reduce snail damage by reducing the
density of rats in important conservation areas for the
time being. To avoid extinction of natural heritages such
as snails, it is necessary to formulate strategies to control
alien species and conserve endemic species throughout
the Ogasawara Islands. To ensure effectiveness of
implementation, it is necessary to grasp the environmental
impact of implementing measures through monitoring,
implement mitigation measures as much as possible and
communicate risks to local residents, among other
measures. Countermeasures must also be implemented on
an ongoing basis, and it is imperative to incorporate
public understanding and participation on a continued
basis in the process (for example, in New Zealand where
eradication has been successful, subsequent re-entry by
invasive species has been prevented. A collaborative
project was undertaken with residents to accomplish this
(Project Island Song, 2019).
In Japan, natural heritage sites include not only the
Ogasawara Islands, but also Shiretoko, Shirakami-Sanchi
and Yakushima. As with the Ogasawara Islands, there
will be future discussion about risk communication with
residents and how to cooperate with residents to
implement continuous protective measures. Since this is
an issue that needs to be addressed, the Ogasawara rat
countermeasures, disseminated on the basis of matters
verified by the Verification Committee, are based on
conservation efforts at other World Heritage sites, risk
communication with residents and the ways in which
people participate. They will also provide suggestions. I
would like to thank everyone who has cooperated in our
verification over these many years and all of the people
concerned.
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Abstract
Biosphere reserves (BRs) and Natural World Heritage sites (NWHs) both include nature reserves. NWHs
are defined by UNESCO’s World Heritage Convention (WHC), while BRs are a UNESCO project. Therefore,
Member States need to protect the universal outstanding values of their NWHs in accordance with decisions
by the World Heritage Committee. In contrast, recommendations are provided regarding BRs at their
registration and every 10 years thereafter. The difference between the two is that World Heritage status helps
preserve value, and biosphere reserve status help to create it (UNESCO, 2011). For these purposes, an NWH
is a strict nature reserve while a BR is a model site for sustainable development. NWHs consist only of the
property surrounded by a buffer zone outside the NWH site, while BRs consist of core areas, buffer zones and
transition areas. The core areas are designed to protect nature and eliminate human activity. For BRs,
transition areas are as important as core areas. In the case of the Ogasawara Islands NWH, a regional liaison
committee was organized to promote smooth and appropriate protection and management of the natural
environment through close cooperation and coordination with governments, governmental agencies, islanders
and other interested parties. In addition, a wide range of expert advice is available from the Scientific Council
for Natural World Heritage in Ogasawara. In this way, participatory approaches are respected in Japan’s
Natural World Heritage sites.
Key words :	double-designation, nature reserve, participatory approach, top-down regulation, UNESCO
Both biosphere reserves (BRs) and Natural World
heritage sites (NWHs) are UNESCO (United Nations
Education and Science Organization) projects. The
former was inaugurated in 1976 and the latter, in 1972.
Both include nature reserves to protect primeval nature.
As of September 2019, there were 701 BRs in 124
countries, including 21 transboundary sites, and 213
NWHs and 39 mixed (natural and cultural) world heritage
sites worldwide.
There are a few differences between BRs and
NWHs. (1) NWHs are defined by the World Heritage
Convention (WHC), while BRs are defined by
UNESCO’s Man and the Biosphere (MAB) Program.
Therefore, parties to the WHC need to protect the
universal outstanding values (OUV) of the NWHs in
accordance with the decisions of the World Heritage
Committee. In contrast, the MAB International
Coordinating Council (ICC) gives recommendations to
parties in a BR when the BR is designated or when a
periodic review is submitted every 10 years. MAB-ICC
membership is determined at the UNESCO General
Assembly.
The difference between the two is explained clearly
Global Environmental Research
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by Irina Bokova, former UNESCO Secretary General:
While World Heritage helps to preserve values, Biosphere
Reserves are helping to create them (UNESCO, 2011).
For these purposes, NWHs are strict nature reserves,
while BRs are model sites for sustainable development.
NWHs consist only of the property surrounded by a
buffer zone outside the NWH site. In contrast, BRs
consist of core areas, buffer zones and transition areas.
The core areas are established to protect primeval nature
and eliminate human activity. To protect the primeval
nature of core areas, buffer zones are set around the core
area. Transition areas are set up to enhance the sustainable
use of natural resources. Figure 1 shows NWH and BR
zoning on Jeju Island, Republic of Korea. The core area
of the Jeju BR almost overlaps with the Jeju NWH site.
In the case of Ogasawara, the Management Plan of
Ogasawara Islands NWH defines a management area
surrounding the NWH core area (Fig. 2).
BRs are not solely nature reserves, but also models
for society to follow in achieving sustainable development
(Sakai & Matsuda, 2018). The transition areas are as
important as the BR core areas.
NWHs are governed by the State party, which must
©2019 AIRES
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Fig. 1 Zoning of Jeju BR and Jeju Volcanic Island and Lava Tubes NWH (Ko, 2013).

comply with all decisions of the World Heritage
Committee under the World Heritage Convention.
According to the World Heritage Convention, the
WH Committee calls on Member States to comply with
the decisions of the World Heritage Committee. In the
case of Ogasawara Islands NWH, a regional liaison
committee has been organized to promote smooth and
appropriate protection and management of the natural
environment through close cooperation and coordination
with the government and administrative agencies, island
residents and other stakeholders. In addition, a wide
range of expert advice is available from the Scientific
Council for Ogasawara Islands Natural World Heritage.
Participatory approaches are sufficiently respected at
Japan’s Natural World Heritage sites. A Scientific Council
for an NWH was first organized in Shiretoko and played
an important role in consensus building among
stakeholders during the inscription process (Matsuda et
al., 2019). Since then, a Scientific Committee for each
NWH has been organized, including previously existing
NWHs.
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Abstract
The Ogasawara Islands provide interesting examples of ways in which a linguistic ecosystem develops.
The natural sciences offer tools, concepts and terminology to help us make sense of an ever-evolving island
language. This paper, focuses on processes through which such a linguistic ecosystem expands, and proposes
the specific categories of naming, coinage and conceptualization. It also examines ways in which island
language can be managed, as other resources are, for the benefit of the islanders.
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1. Aim of this paper
In this paper, I examine the language situation of the
Ogasawara Islands from the perspective of this special
issue, entitled Sustainable Management of Oceanic Island
Ecosystems: Lessons from a Natural World Heritage Site,
the Ogasawara Islands. The keywords sustainability,
management and ecosystems may also be applied to
language.
From the “Sustainability” aspect, one could discuss
whether or not the local words and phrases grouped
together under the name “Ogasawara kotoba” are being
passed down to younger generation speakers (i.e.,
whether the local language variety is being “sustained” or
not). Such sustainability questions are outlined in the
final two chapters of Long (2007) and expanded in the
last five chapters of Long (2018), so I will not rehash
those discussions here.
This paper will focus first on the ways in which the
linguistic and cultural “ecosystem” of Ogasawara has
formed the local language variety, and second on how
local linguistic resources are being used, i.e., the
“management” of those resources. Since the object of
study is linguistics rather than the biological sciences, my
discussion will necessarily take liberties in the analogies
made with natural science terms. From the standpoint that
an “ecosystem” is one in which organisms are born and
die and over the long term evolve to fit their environment,
I will look at the genesis of new linguistic forms on
Ogasawara. I propose categorizing this linguistic processes
as naming, coinage and conceptualization.
Global Environmental Research
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I must clarify at this point that my usage of some
terms in this paper will diverge from established usages
in linguistics. Firstly, I should point out that the term
“language management” already exists as a field of
sociolinguistics advanced by Jiří V. Neustupný (see for
example Neustupný, 2012) and others, with its own
academic association, the Society of Language
Management (https://lmtjapan.wordpress.com/). Secondly,
other linguists, namely Peter Mühlhäusler, have written
entire volumes outlining the new discipline of “Linguistic
Ecology” (Mühlhäusler, 1996) and academic
organizations exist to explore this field as well (The
International Ecolinguistics Association, 2019). My
observations below, however, using the terms
“management” and “ecosystem” apply to the linguistic
situation of Ogasawara based on two decades of linguistic
fieldwork there, and are not based on the frameworks of
these two disciplines.
As one initial step towards understanding an
ecosystem, biologists identify and catalog species. One
step in understanding a linguistic system is to identify
individual words and catalog them into a lexicon. Other
contrasts can be drawn between biology and linguistics.
Researchers in the former have a keen interest in labels,
but largely as a meta-analytical means towards the ends
of understanding species. For linguists, this labeling itself
is an object of research. Biologists label (name) a new
species by themselves according to the pre-ordained
system of classification (biosystematics, i.e., taxonomics)
when a researcher discovers it; linguists analyze (in
addition to things like grammar and pronunciation) the
©2019 AIRES
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labels (vocabulary) which develop social processes
within a linguistic community and reflect folk
taxonomies. In the next section, I will propose three
processes (sub-categories) by which the Ogasawara
linguistic system has been expanded: naming, coinage,
and conceptualization.

2. Naming
“Naming” is simply the process under which a thing
acquires a label. In linguistic terms, when naming occurs,
our island lexicon expands by one additional word. In a
natural ecosystem, we could imagine the number of
species increasing, for example, from 781 to 782 through
the introduction of an invasive species or through the
slow processes of evolution. In linguistic terms, we could
think of our island lexicon (dictionary) increasing from
781 to 782 entry words. “Naming” is only one of a
handful of processes which give birth to new words and
thus expand a linguistic system.
Some examples of “naming” occur through the
borrowing of words from another language. One example
of this is biide-biide, the name of an endemic species of
‘coral tree’ Erythrina boninensis. The word derives from
the Hawaiian wili-wili or vili-vili (E. sandwicensis), the
name of a similar species endemic to those islands. When
the first European (including American) and Pacific
Islander settlers came to Ogasawara in 1830, only the
latter group had a possible name for this tree.
Some other examples of “naming” also make use of
preexistent words but combine them into new
combinations. On Ogasawara, we see this process in the
terms shimazushi and nanyō-odori. Shimazushi is the
name given to a unique variety of sushi developed on the
islands, in which sashimi (usually wahoo fish) is soaked
in soy sauce and flavored with mustard (rather than
wasabi as in mainland Japan). Nanyō-odori refers to a
kind of dancing which developed in Micronesia and had
no previous name in Japanese.

3. Naming and Coinage
Some instances of naming occur through, not just the
compounding of pre-existent words, but also through the
creation of new words, i.e., “coinage.” As seen in Fig. 1,

some words fit into both categories.
One Ogasawara word which fits the definition of
both naming and coinage is guriin pepe, the name of a
local bioluminescent mushroom (Mycena chlorohos).
Guriin pepe are tiny and white, growing wild in the
island’s jungles and glowing faintly green at night. They
are well known even among Ogasawara’s tourists. Guriin
pepe is one of those rare cases in language history where
we can point to the exact individual who named a thing
(for details of this and others etymologies, see Long &
Hashimoto, 2005).
Another such term is akapoppo, coined as a
nickname for an endemic bird (‘redheaded wood pigeon’
Columba janthina nitens). This critically endangered
bird’s official name is akagashira-karasubato, so a more
easily memorable term was needed for increasing public
awareness. This is another case where we know the
coiner’s identity The name was created by the Institute of
Boninology’s Hajime Suzuki.
It is not only biological organisms which need and
acquire labels. High schools and colleges in Japan hold
yearly school festivals and Ogasawara High School’s is
called the Biide Sai. Biide is a shortening of biide-biide,
combined with sai, the word for ‘festival.’
Of course, few coinages are truly 100% new. The
first elements of the compound words guriin pepe and
akapoppo are the Japanese color terms for ‘green’ and
‘red.’ The name akapoppo is reminiscent of akakokko
(‘Izu thrush’ Turdus celaenops), a different species found
on the neighboring Izu Islands and the naming reflects
onomatopoeic associations with “hato” as in Japanese
children’s song, “Poppoppo, hato poppo.”
One word which has no obvious antecedents is kaka,
a term coined around 1987 to refer to a newly created
percussion instrument (a hollowed out log used as a
drum). The term seems to be onomatopoeic, i.e.,
representing the sound of tapping a log.
In some cases the details of the naming process have
yet to be uncovered. The Ogasawara Islands were not
inhabited by humans until 1830, so their history is less
than 200 years. Just the same, 190 years is plenty of time
when it comes to forgetting who named things. The bird
names wirowiro ‘petrel’ Pterodroma hypoleuca and kiikii
‘rock thrush’ Monticola solitaries, as well as the shellfish
umpōshi ‘cowry’ Mauritia mauritiana were bestowed so

Fig. 1 Word creation through naming, coinage and conceptualization.
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long ago that no one remembers why, how, when or
where these names came about.
One word formed from parts of pre-existent words is
gyosan, a type of sandal worn by almost all residents of
Ogasawara. Their design is different from the beach
sandals worn on mainland Japan. They have become so
iconic as part of the Ogasawara brand that even when
sold in mainland Tokyo or in Okinawa they are marketed
as Ogasawara gyosan. The word is a blend of gyogyō
(fishing) and sandaru (sandal).
Although this term is similar to the compound words
shima zushi and nanyō-odori discussed above, gyosan
combines only parts of words (bound morphemes) rather
than whole words (independent morphemes) as in those
cases. What this means is that a person who had never
heard the former terms could nonetheless figure out the
meaning. Any Japanese knows what the four words sushi,
shima, odori and nanyō mean. On the other hand, the
words gyo and san do not exist on their own. For this
reason, shima zushi and nanyō-odori are not regarded as
coinage, but gyosan is.

4. Coinage Only
The common trait in the “naming” processes
examined here is that all the names came into being in
response to the questions “What do you call that food?,”
“What do you call that dance?,” etc.
There are however, cases of coinage which do not fit
these notions of naming. These are shown in the middle
of Fig. 1. The term on Ogasawara corresponding to the
reflexive first person plural pronoun ‘ourselves’ is jibura.
It would be jibun-tachi in Standard Japanese. An island
term for ‘clothing’ is kirui, which probably comes from a
blend of kirumono and irui. At any rate neither of these
words would have been in a dictionary. These are
coinages based on their constructions, but the former
term is just a pronoun and the latter is just a generic word
for clothing. In the sense that nobody would look at
clothes and ask “what do you call those?”, the words can
not be said to have been created through the process of
naming.

5. Conceptualization
Look again at Fig. 1 and notice the term
“conceptualization.” I shall explain what this term means
and how it differs from the other two.
On Ogasawara, if you say tobikomi, any person
familiar with the island will have a concrete and fairly
precise idea of exactly what you are talking about. The
same can be said for the term miokuri. If you were to
look these terms up in a dictionary, tobikomi would be
translated as something like “jump into” and miokuri
would be rendered as something like ‘see (someone) off.’
Both are noun (nominal) forms of verbs (tobikomu,
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miokuru). When I say that these terms have been
“conceptualized,” that means that on Ogasawara these
terms are no longer just general terms for ‘jump into’ and
‘see someone off,’ but have more specific and concrete
connotations. On Ogasawara, tobikomi is the term used
for islanders jumping into the sea from boats or from a
pier as a sendoff for the ship which weekly carries seven
hundred passengers, mostly tourists, back to the main
islands of Japan. It could also mean “to jump into the
ocean when the ship is not leaving,” but this is not the
principal connotation understood on the islands. It could
also mean to jump into the swimming pool at the local
elementary school, but this is not the main connotation on
the islands. A quick photo search on the internet (of these
terms in general, not of their usage on Ogasawara) is all
that is needed to back up my claim. Searching for
tobikomi, one finds many photos of swimmers jumping
into pools, many of these in high diving competitions.
There are several photos of non-humans acting out
tobikomi, namely polar bears, dogs and seabirds. And yes,
there are also many photos of people jumping into the
ocean, from cliffs, from kayaks or diving boats,
sometimes in just swim suits, sometimes with snorkeling
or scuba gear. But none of these tobikomi divers are doing
this action for the purpose of sending off tourists leaving
their islands. On Ogasawara, yes, the term tobikomi could
point to the actions in any of these images. It could in
theory, but it does not in everyday life. On Ogasawara, if
you ask someone if they did tobikomi, the first thing
which pops into their minds is a person jumping into the
sea while waving to 700 passengers departing on the
weekly ship. This is an example of “conceptualization,”
or rather this is an example of how a couple of general
terms have undergone a specific conceptualization on
Ogasawara. Another aspect of this conceptualization is
that the terms now occupy a semantic place different
from what used to be their fellow terms. For example, on
mainland Japan tobikomi has no more special significance
that similar bodily actions such as tobihane (jumping up
into the air), or tobiori (jumping in the sense of falling, as
with suicides), or tobiagari (jumping up, as a sleeping
person awaken by an earthquake). On Ogasawara,
however, tobikomi no longer belongs on the same general
level as these nominal verbs. It has become “a thing,” in
the sense that Americans would say tobikomi? Has that
become a thing now?” Becoming “a thing”; this is what I
mean by “conceptualization.”
Incidentally, I recently purchased a topical pictorial
dictionary of another island language. This was the
Hawaiian language and even though it is called a
dictionary, it is not organized in alphabetical order as
most dictionaries are, but according to themes. There is a
page with pictures of food and the names of those foods
written under them. Another page is family relations,
another is for clothing, things in the house, hunting and
fishing, etc. One page is for sporting activities. Alongside
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soccer, baseball, basketball, etc. this dictionary gives the
term ka lele with a picture of a boy jumping off a bridge
into the sea (Housman, 2012).
I checked the similar, but much more extensive,
Oxford-Duden Pictorial English-Japanese Dictionary. It
is also a topical illustrated dictionary organized on the
same principles but it has 28,000 objects in 384 fields
covering 864 pages compared to the 1,000 words in 34
fields covering 67 pages of the Hawaiian picture
dictionary, and no such picture or word is given there.
The closest things in the English-Japanese Dictionary
index are the terms high jump and long jump listing on
the “Athletics (Track and Field)” page. The Japanese
index guides us to tobikomi terms on the swimming page
but all are pool terms translated as ‘highboard diving,’
‘competitive diving,’ etc. In Hawaii, ‘jumping off into’ is
“a thing,” it is conceptualized to a further extent than in
mainstream English language varieties.
Miokuri refers to the action of islands giving the
weekly ship a sendoff. This can be done standing on the
pier and waving to departing tourists lined up at the
railing on the decks. It might also be waving to the ship
from one of the six or eight smaller scuba diving or whale
watching boats which run alongside the ship for fifteen
minutes as it navigates its way out of the harbor and
heads into the open sea for its 24 hour journey back to
Japan. A mainland Japanese person might think the term
miokuri could also apply to a B & B owner giving a ride
to departing guests to the dock, but driving away without
waving them off; for an Ogasawaran simply driving
someone to the dock would not qualify as miokuri. The
way in which expressions like tobikomi and miokuri,
which are vague in mainland Japan, have come to
describe more specific phenomena in Ogasawara is
shown in Fig. 2.
Not all examples of conceptualization are abstract
objects. The term wentoru ‘young green sea turtle’
Chelonia mydas is also an example of conceptualization.
The term refers not just to a sea turtle of any age, but one
in young adulthood. This is being differentiated from fullgrown turtles in a similar way that puppy, kitten, colt and

calf are different concepts from dog, cat, horse and cow.
If we think of naming as developing in response to
the question “what do you call that?”, we could think of
conceptualization as something of the opposite.
Conceptualization would ellicit the reaction “Wow, you
have a special word just for that?”

6. Branding
The term “branding” is from the world of advertising
and different scholastic disciplines use the term in
different ways. I will use it here to mean not simply that a
certain word has strong associations with Ogasawara, but
rather that these associations have become so strong that
when people hear the word it triggers thoughts of
Ogasawara. In other words, not only do people think of
the word when they hear Ogasawara, but they think of
Ogasawara upon hearing the word.
In this sense one could say that “Broadway
musicals” have become a brand for Manhattan, or that
“safari” has become a brand for the sub-Saharan Africa
region. I would claim then that guriin pepe has achieved
branding for Ogasawara. The reader may think “but most
people in Japan have never heard of guriin pepe” or “most
people in the world have never heard of Ogasawara,” but
such comments would be missing the point. That is, when
people hear guriin pepe if they have heard the term and
do associate it with any place, that place will be
Ogasawara rather than Okinawa or Hachijo or Saipan.
Another example of branding is nanyō-odori, discussed
at length in a paper by Junko Konishi in this special issue.
One can think of “branding” as the association of a
name (word) with a specific product. Tamana is the name
of a bakery on Chichi-Jima, and in the sense that the term
is the name of a business, we can think of this usage as a
kind of branding. When we consider that islanders say
things like “Tamana no kashipan wo katte kita yo” (I
bought Tamana’s pastries for us) we see that the use of
tamana as the name of this bakery can be considered
branding.
One way we can distinguish between “naming” and

Fig. 2 Processes of “conceptualization” in Ogasawara.
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“branding” is that the former is the “primary” usage of a
term, while the latter is a “secondary” usage. What does
this mean in everyday language usage? On Ogasawara
there are bioluminescent mushrooms called “guriin
pepe.” There is also a restaurant with this name. “Guriin
pepe” is actually the name of the mushroom; this is
primary usage. The restaurant, on the other hand is named
after the mushroom, a fact that is clear by the usage of
pictorial mushroom design on the restaurant’s sign. Cases
such as this in which a restaurant is named after a fungus
are “secondary” usages of a term, and can be thought of a
kind of branding.
Shops and products whose names use island words
(including place names) may be considered cases of
branding. There is a restaurant named Heart Rock, using
the name of a cliff at the southern end of Chichi-Jima
with a red, heart-shaped rock face. On Haha-Jima, there
is an inn called Anna Biichi from a place name evolved
from Anya Biichi and thought to originally derive from
the English “Onion Beach.” Also on Haha-Jima is a Villa
Kobunoki, which takes its name from an endemic species
of tree (Elaeocarpus photiniifolius).
Recently the village of Ogasawara has started the
“Ogasawara Brand.” The campaign posters for
“Ogasawara Brand” show various products made on the
island which are marketed to tourists (passion fruit jam,
honey, dyed cloth, laser carved wood products from the
invasive bishop wood tree Bischofia javanica, etc.). There
is branding involved here. Branding in this sense is the
process through which the village wants to create the
impression in the minds of tourist consumers that a
certain passion fruit juice has more value because it is
Ogasawara passion fruit juice and not just any old passion
fruit juice.
Product branding is the attempt to associate a
product with value in the minds of consumers through the
use of names or symbols. Marketers say “There are a lot
of colas out there, but we want consumers to think of
Pepsi brand cola.” In the same way, one can think “There
are a lot of honeys out there, we want potential buyers to
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think of Ogasawara honey.” Marketing experts are trying
to create an impression of value in the consumers mind.
They need a mental tie up with the product. One way they
do this is through product names, and names are
language, the object of study in linguistics. Just as
Ogasawara uses island things as tourism resources,
Ogasawara can also use island words to illicit reactions in
people’s minds. This is the use of words for branding.
“This isn’t just any old beach, it’s Kopepe,” “This isn’t
just any old mushroom, it’s a Guriin Pepe.” “This is not
just any old bird, it’s an Akapoppo.” “This is not just any
old sandal, it’s a Gyosan.” The local language is not being
branded; it is being used as a tool to accomplish the
branding. As I have attempted to illustrate in Fig. 3,
language is being used as the glue to link the product to
the impression of value.

7. Linguistic Resource Management
One of the implications of being designated a World
Heritage Site is that the human community must
appropriately manage their resources but balance this
against local residents’ need to sustain their economic
standard of living. This balance is sought through means
such as eco-tourism. In other papers, I have referred to
situations wherein local residents try to manage their
cultural resources to support their economic stability
while at the same time trying to avoid damaging those
cultural resources as “cultural eco-tourism.” Language
can be used as a cultural eco-tourism resource if the
linguistic resources are managed properly so as not to
cheapen their value.
For example, the Ogasawara expression mata miru
yo has been used on the tanktop shirts made by the island
hula group in Ogasawara. Since the group chose to print
this island phrase on their shirts rather than wearing shirts
with nothing printed, we can say that the island language
variety was tapped as a linguistic resource to add value
(if not economic, then emotional) to the shirts.
Linguistics has a centuries old legacy of benefiting

Fig. 3 Branding: Using words as a glue to link products and perceptions of value.
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from biological concepts and terminologies (linguistic
genealogy, glottochronology, the founders principle, etc.).
An anonymous reader has pointed out possible analogies
which could be drawn between, on the one hand,
biosystematics and the linguistic processes of naming and
coinage, and, on the other hand, between biology’s
concept of ecosystems and the linguistics processes of
conceptualization. This reader has pointed out that it is
the linguistic changes brought about by conceptualization
which more closely reflect the social environment of the
island. Such stimulating observations indicate directions
for future contemplation.
Let us recall for a moment that the title of this
volume is Sustainable Management of Oceanic Island
Ecosystems: Lessons from a Natural World Heritage Site,
the Ogasawara Islands. While the concept of “sustainable
management” does not directly apply to language in that
words (unlike trees and fish) do not disappear just
because we overuse them, nonetheless we can find some
helpful metaphorical applications of the term
“management.” “Management” is the “planned usage of
resources,” so in the future we must surely consider the
management (planned usage) of Ogasawara’s linguistic
resources as well.
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Abstract
The relatively short history of the Ogasawara Islands enables us to trace the transmission of songs,
dances and musical instruments. Among those from various places, folk songs brought from Hachijo Island,
four other songs with Japanese lyrics, Nanyo-odori dances and their accompaniment songs from Micronesia
took root and came to be identified as Ogasawaran, especially after their designation as an intangible cultural
asset of the Tokyo Metropolitan area in 1987. In addition, foreign materials such as a slit drum called kaka,
hula and steelpan were introduced and developed under the Ogasawara brand.
Key words :	kaka, Nanyo-odori, Ogasawara-daiko, Ogasawaran bon dance, Ogasawaran folk songs,
Ogasawaran hula, steelpan

1.	Aquapelagic Songs and Dances
(1830s–1870s)
The songs and dances of Ogasawara (Bonin) are
“aquapelagic assemblages,” i.e., possessing fluid,
changeable and “watery” qualities (Hayward, 2012). In
1830, the first twenty-five settlers arriving from Hawai’i
can only be supposed to have brought western and Pacific
folk songs, dances and/or musical instruments for their
own diversion to Chichi-Jima Island. Since then,
temporary visitors and settlers from various places have
landed (Robertson, 1876; Long, 2007) with their own
music and later, recordings. Although there are no records
of these initial repertoires, one nursery song is a possible
example. “Tauchine [tautine]” is a traditional baby
rearing chant with a few-note melody pattern, thought to
be Chamorro in origin. Females chant this, while
rhythmically shaking a baby’s limbs (Long & Hashimoto,
2005).

2.	Settler Wave from Hachijo Island
(1870s–1944)
The Japanese government adopted an immigration
policy that boosted the number of Japanese settlers
gradually, starting from 1877 (Ishihara, 2007). The
majority were poor farmers from Hachijo Island. They
brought their impromptu song genres called “shome
bushi” and “taiko bushi.” Shome is a call without any
specific meaning, bushi is a type of song, and taiko is a
large drum. They were performed in the Ogasawara
Islands at both private and public occasions such as at
parties and the bon dance festival.
Global Environmental Research
23/2019: 069-072
printed in Japan

“Shome bushi” declined in popularity and its usage
as an accompaniment for the bon dance has disappeared.
On the other hand, the drumming practice called Hachijodaiko in which two drummers beat both sides of the drum
simultaneously with a different rhythmic pattern has been
incorporated into Ogasawara-daiko practice. The “taiko
bushi” also survive as “taiko uta.”

3.	Introduction of Micronesian Marching
Dance (late 1920s–1944)
From 1914 to 1944, Ogasawara flourished as a
staging port to the Japanese mandate of Micronesia. In
Micronesia, where first Western and then Japanese
culture were being brought in, the “marching dance,”
which is characterized by marching movements and a
dance leader shouting words such as “lep, rai, lep, rai”
(originating from the English “left, right”), was popular.
This might have been created by the Marshallese who
were inspired by the military drills of the German troops
(Nagaoka & Konishi 2007). This dance form rapidly
spread to the Eastern, Central and Western Caroline
Islands and to Carolinians in the Mariana Islands (Fig. 1).
Ogasawaran individuals picked up the Carolinian
marching dance and the accompanying songs of the
Mariana Islands after the middle of the 1920s. One
Chichi-Jima disseminator was the Western descendant
Josiah Gonzales (1899–1935). He worked at the Nanyo
Kohatsu Kabushiki Gaisha company in Saipan and finally
returned to the Ogasawaras around 1934. The dance
materials he brought are currently called “Urame,”
“Uwadoro,” “Gidai” and “Aftairan,” Melodies of the
former three dance songs are composed in a major scale
©2019 AIRES
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Fig. 1 Possible diffusion of the marching dance.
( ) : a local name of marching dance, if any.

with regular beats (2/4), with the ending sounding like a
calling. The original form of “Aftairan” is thought to
have been a command as with western military drills,
“March along.”
The “Yoakemae,” another current form of dance
material whose lyrics are written in imperfect Japanese,
came later (Danki, 1982). This song is popular with the
Palauans, but they say the composer/writer was a
Chuukese phosphate mining laborer in Angaur Island
prior to the Pacific War.

4.	Four Micronesian Songs Written in Japanese
(1950s)
Immediately before the Second World War, the entire
population of Ogasawara was relocated to mainland
Japan. In 1946, only the western descendants were
permitted to return to Chichi-Jima Island under the rule
of the U.S. Forces (1945–1968). Islanders’ contact with
Micronesians continued. In the 1950s, Able Savory
(1928–2003) learned “Oyadono tameni,” “Parao no gochome” and “Remon bayashi” from a Palauan in Saipan.
These lyrics were written in imperfect Japanese as with
the “Yoakemae.” During and soon after the Japanese
period, Micronesians wrote songs in their common
language, Japanese, to express the hopeless longing of
love.
“Oyadono tameni [Because of his parents (?)],” is
said to be a lament song written by a Chuukese. “Parao

no go-chome,” which was originally called “Koror no
go-chome [place name]” is a love song from a young
Chuukese man to a Palauan girl. “Remon bayashi [Lemon
trees],” which was originally called “Lemongrass,” is a
Pohnpeian woman’s lament to her Japanese fiancé who
never came back to her island. They had promised to
marry (kabobo, in Pohnpeian) after the war when there
would be peace. In contrast to the sad stories in the lyrics
of these songs, major scales are used for the melodies
(Konishi, 2012).
Another song, “Marukibune,” formerly called
“Angauru ko-uta” was transmitted to Ogasawara from
Angaur Island in the 1950s (Kitaguni, 2002). The original
version might be “Koi no marukibune” written by Yutaka
Kadota (1907–1975) (recorded by Teichiku, 1937).
Though its origin is unknown, this song had been popular
in Angaur Island and seems to have been reimported to
the Ogasawara islands.

5.	Resumption of Performance and Designation
as an Intangible Cultural Asset (1968–1980s)
Soon after the reversion of the Ogasawara Islands to
Japan in 1968, Masayuki Asanuma (1911–1992) who had
learned the marching dance from Josiah Gonzales started
to teach it to Japanese public servants and returnees for
entertainment. In 1981, the marching dance, then called
“dojin odori [indigenous dance],” which sounded
discriminatory, was renamed Nanyo-odori (Dance of the
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South Pacific), and the Nanyo-odori Hozonkai (Society
for Preservation of Nanyo-odori) was established (Fig. 1).
In 1987, the dance songs were recognized as
“Ogasawaran folk songs (transmitted from the south)”
and designated as an intangible cultural asset of Tokyo
Metropolitan area (below, ICATM). “Chichi-Jima shome
bushi,” “Haha-Jima shome bushi” and “Iwo-To shome
bushi” (transmitted from Japan) and “Oyadono tameni,”
“Parao no go-chome,” “Remon bayashi” and
“Marukibune” (regarded as being composed in
Ogasawara, but in fact, brought from Micronesia) were
also designated as ICATM (Tokyo Metropolitan
Government, 1987).

6.	Developing and Branding Songs and Dances
(late 1980s–2019)
Since 1968, the village and Tokyo Metropolitan
Government have promoted the development of special
regional products. Riding this wave, Nanyo-odori and the
four Micronesia-originated songs have become
emblematic of Ogasawaran culture. The slit drum called
kaka was developed as a local musical instrument and
exhibited at the “Furusato tokyo no kankouten (Tokyo
Hometowns Exhibition)” in 1988, in conjunction with the
20th Anniversary of the Reversion of the Ogasawara
Islands (below, ARO). This provided the first opportunity
for kaka players to perform with Nanyo-odori dancers.
Hula, which was introduced to the islands in 1997 by
a single individual, has become a “folk entertainment”
among Ogasawarans. Almost three hundred performers,

Fig. 2 Nanyo-odori (2007) courtesy of Nanyo-odori.
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among a total islander population of 2,000, participate in
the annual Hula ‘Ohana performances. Ogasawaran hula
has an original repertoire accompanied by local songs.
Several drum groups such as Hasshoryu-daiko,
Ogasawara taiko dokokai, Bonin-bayashi and Taiko-kai
identify their performances as Ogasawaran. Hasshoryudaiko shows a consciousness of the original Hachijodaiko. Bonin bayashi’s original repertoire is a mixture of
Hachijo-daiko and Edo matsuri bayashi [old Tokyo
festival music]. They also perform as accompaniment to
the Ogasawara-branded bon dance festival and attract
young tourists.
The steelpan orchestra is yet another item under the
Ogasawara brand. With financial support from the village
government, Mighty Jamma, the “UK’s No. 1 Steelpan
soloist champion” and Breakfast Band were invited for
the commemorative festival of the 30th ARO in 1998. In
2003, the village purchased musical instruments, and the
Bonin steel orchestra was organized to perform at the
opening concert of the 35th ARO. Subsequently, another
group, Loco Pan, was organized.
In this way, various elements have been assembled
in the Ogasawara Islands and developed as Ogasawarabranded songs, dances and musical instruments. They
contribute to attract newcomers and tourists.
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Abstract
During the past twenty years several surveys have been conducted on the freshwater and brackish-water
macroinvertebrates of the Ogasawara Islands. As a result, several species of macroinvertebrates have been
described as new species endemic to these islands. Subsequent investigation has shown that some of these
endemic species are on the verge of extinction. Consequently, the species are treated as threatened or
endangered species in the Red List by the Ministry of the Environment, Japan.
Key words : brackish-water, endemic species, freshwater, macroinvertebrates, oceanic islands

1. Introduction
The Ogasawara Islands are known as oceanic islands
that consist of small islands such as Chichi-Jima and
Haha-Jima. During the past twenty years several surveys
were conducted on the freshwater and brackish-water
macroinvertebrates of the Ogasawara Islands by several
research groups. As a result, macroinvertebrates species
such as a caridean shrimp, mitten crab, isopod and
caddisflies were described as new species endemic to
these islands (Komai et al., 2006; Ito et al., 2011;
Nunomura & Satake, 2006; Satake & Cai, 2005; Satake
et al., 2005). Subsequent investigation showed that some
of these endemic species were on the verge of extinction.
At present, some of these species are treated as threatened
or endangered species in the Red List of the Ministry of
the Environment, Japan.

2. Fauna Identified
2.1 Aquatic Insects
The distribution of EPT (typical aquatic insect fauna
of the three orders Ephemeroptera, Plecoptera and
Trichoptera) among oceanic islands is extremely rare
anywhere in the world. In the Ogasawara Islands, aquatic
insects of the orders Ephemeroptera and Plecoptera seem
to be absent. However, it has been confirmed that two
species of Trichoptera or caddisflies inhabit streams of
the Ogasawara Islands. One species of the genus Goera
that inhabits only the headwaters of Chichi-Jima was
described as a new species, Goera ogasawaraensis,
Global Environmental Research
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endemic to the Ogasawara Islands (Satake et al., 2005).
Another caddisfly species of the genus Hydroptila was
confirmed in the rivers of Chichi-Jima and Haha-Jima,
and was also described as a new species, Hydroptila
ogasawaraensis, endemic to these islands (Ito et al.,
2011).
Regarding the other aquatic insect orders, several
studies were also conducted on the freshwaters of the
Ogasawara Islands.
Recently, a new species of aquatic coleoptera of the
genus Ochthebius was described as a new species. This
record is the first from the family Hydraenidae in the
Ogasawara Islands. This coleopteran species usually found
in sheeting freshwaters, but after a drought in 2018–2019
the area of sheeting freshwater was markedly reduced
(Yoshitomi et al., 2019).
As for dipterans, chironomid fauna have been
studied on Chichi-Jima and Haha-Jima during the last
twenty years. A total of 17 species have been recorded,
among which Dicrotendipes yaeyamanus, Glyptotendipes
tokunagai and Tanytarsus magnihamatus were new to
those islands. The chironomid fauna of these islands
differ markedly from those of the Japanese mainland, and
some species seem to be endemic to the islands, but as
other species also occupy the Northern Marianas, further
studies are needed to clarify the endemism of this group
of insects (Ueno & Satake, 2009).
2.2 Crustaceans
Decapod crustaceans are typical fauna of the
freshwater and brackish-water habitats of the Ogasawara
©2019 AIRES
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Islands.
As for freshwater and brackish-water shrimps, nine
species from three families have been confirmed, of
which there are three species of the family Palaemonidae,
and five species of the family Atyidae. In addition, one
species of the genus Metabetaeus has been discovered in
an anchialine pool, but its taxonomic position is still
uncertain. At present, two species of shrimps are regarded
as endemic species to the Ogasawara Islands: Palaemon
ogasawaraensis, which lives only in the brackish waters
of Chichi-Jima (Kato & Takeda, 1981), and one species
of the genus Paratya inhabiting the upstream stretches of
some streams on Chichi-Jima and Haha-Jima, which has
been described as Paratya boninensis (Satake & Cai,
2005). As for this species, compared with its congener
shrimps living in Japan and neighboring countries, the
body size is smaller, and the egg size is larger. At present,
these two endemic shrimp species are regarded as
endangered or threatened species by the Ministry of the
Environment, Japan and are at risk of extinction due to
habitat degradation, drought, etc. in their remaining
habitat.
One species of mitten crab has been described as a
new species endemic to the Ogasawara Islands (Komai et
al., 2006). Distribution patterns and life cycles of this
mitten crab were revealed by Kobayashi and Satake
(2009). Kobayashi and Satake (2017) compared
morphological differences and growth patterns between
this mitten crab and its congener, Eriocheir japonica, and
concluded that the mean carapace width of this island
species is 1.6 times larger than that of mainland species.
In addition to this mitten crab, a sesarmid crab and a
fiddler crab have also been described as new species
endemic to the Ogasawara Islands (Komai & Ng, 2013;
Shi et al., 2013). These three endemic crab species are
regarded as endangered, threatened or vulnerable species
by the Ministry of the Environment, Japan.
An endemic species has also been found from the
Isopoda. One species of the genus Gnorimosphaeroma,
which was collected from the upper reaches of a stream
on Haha-Jima, was described as a new species (Nunomura
& Satake, 2006). A new species of the genus Ligia was
collected from steep streams on Chichi-Jima and AniJima (Nunomura et al., 2011). These two isopod species
are regarded as species endemic to the Ogasawara Islands.
As the habitat of these species is extremely unstable,
these species seem to be at risk of extinction.
2.3 Gastropods
Although Stenomelania boninensis is known as a
thiarid snail endemic to the Ogasawara Islands, an alien
thiarid snail, Melanoides tuberculata was recorded from
Chichi-Jima in 2005. Melanoides tuberculata was
originally widely distributed from tropical to subtropical
regions, such as East to South Asia, the Middle East and
Northeast Africa, but has become an invasive alien

Fig. 1 A
 n ovigerous female of the freshwater shrimp, Paratya
boninensis, endemic to the Bonin Islands.

species in North America, South America, New Zealand,
Europe and elsewhere, undergoing parthenogenetic
reproduction. It is causing problems such as replacement
of native gastropods. In the case of the Ogasawara
Islands, there is a possibility of it replacing the endemic
species Stenomelania boninensis through competition, so
measures to reduce its effects are being sought (Sasaki et
al, 2009; Satake et al., 2006).

3. Conclusions
In recent years, the extinction of various species and
local populations has been reported occurring in the
terrestrial habitats of the Ogasawara Islands. Freshwater
and brackish-water endemic species are also at the risk of
extinction possibly due to stream renovations, droughts
and invasions of alien species (Sasaki et al., 2009; Satake
& Ueno, 2012). Protective measures and management
plans are needed to conserve these species in the
Ogasawara Islands, otherwise these endemic species may
go extinct one after another.
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Abstract
Minami-Iwo-To is a small, isolated member of the Volcano Islands, part of the Ogasawaras. It is a rare
example of an island that has maintained a complete original ecosystem without human disturbances or
invasive alien species owing to its severe topographical conditions. The most significant feature of MinamiIwo-To is that tens of thousands of seabirds breed there. Seabirds fulfill various ecosystem functions—they
disperse seeds, add soil nutrients via their excrement and physically alter habitats. As an ecosystem with
seabirds, Minami-Iwo-To can serve as a model for nature restoration programs in the Ogasawara Islands.
Key words : alien invasive species, conservation, ecological function, seabirds, Volcano Islands

1. The Value of Minami-Iwo-To
Minami-Iwo-To is a small, isolated member of the
Volcano Islands, which are part of the Ogasawara Islands
of southern Japan. It is a subtropical oceanic island with
an area of approximately 3.54 km2, a diameter of
approximately 1 km, and a maximum elevation of 916 m
(Fig. 1). The island’s topography is steep and surrounded
by high cliffs and it has no freshwater rivers or ponds.
The greatest asset of Minami-Iwo-To is its original
ecosystem, which has yet to be disturbed by human
activities. Because of its topography, it has never been
inhabited by humans, and few alien species have invaded
it. One of the barriers to anthropogenic disturbance is its
isolation: the nearest island on which people and various
alien species can be found, Iwo-To, is 60 km away.
The Ogasawara Islands are an oceanic chain
composed of the Bonin Islands (Muko-Jima, Chichi-Jima,
and Haha-Jima islands), the Volcano Islands, and three
smaller, remote islands. Modern human settlement began
in 1830, and as many as 14 of the islands have been
inhabited in the past (Chiba et al., 2007). Feral goats
(Capra hircus), cats (Felis catus), and rodents have been
introduced to at least 20, 8 and 29 of the islands,
respectively, and these species have had a major impact
on the native ecosystems (Kawakami, 2019). Alien
plants, such as Casuarina equisetifolia and Leucaena
leucocephala, have also spread widely on the uninhabited
islands, threatening native ecosystems (Kawakami,
2008).
To restore these ecosystems, Japan’s Ministry of the
Environment, Forestry Agency and Tokyo Metropolitan
Global Environmental Research
23/2019: 077-081
printed in Japan

Government have conducted invasive alien species
eradication programs. Feral goats, cats, pigs (Sus scrofa),
and bullfrogs (Lithobates catesbeianus) on the
uninhabited islands have already been exterminated, and
ecosystem recovery is expected (Kawakami, 2008; 2019).
While the elimination of invasive species has been
successful, the target ecosystem characteristics are
unclear in such restoration programs because the natural
state of ecosystems prior to human disturbance was not
well documented.
As previously mentioned, Minami-Iwo-To features
an original, pre-disturbance ecosystem. Various species

Fig. 1 A
 ppearance of Minami-Iwo-To as seen from the south.
Black arrow, coastal collapse area on the southeast; white
arrow, valley with survey route. (Photo by Kazuto
Kawakami, 23 June 2017.)
©2019 AIRES
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are endemic to the Ogasawara Islands, original
evolutionary processes have been preserved and
conservation of their biodiversity is a worthy goal.
Minami-Iwo-To Island offers a rare example of desirable
target conditions for natural restoration programs.
The Bonin Islands are old Eocene islands, but the
Volcano Islands date only to the late Pleistocene
(Kawakami, 2019). The disparate geological histories
mean that the biota of the Volcano Islands differs from
that of the other islands. The Volcano Islands comprise
three islands: Kita-Iwo-To, Iwo-To, and Minami-Iwo-To.
Since humans settled on Kita-Iwo-To and Iwo-To, the
ecosystems of those islands have been disturbed and
many extinctions have been reported. For example,
Japanese bush-warblers (Cettia diphone) and oriental
greenfinches (Chloris sinica) can no longer be found on
the two islands (The Ornithological Society of Japan,
2012). Minami-Iwo-To therefore has a role to play in
maintaining the biota of the Volcano Islands.

2.	Research Expedition and Measures against
Alien Species Invasions
Surveys of Minami-Iwo-To have been limited by its
steep topography. Thus far, only four surveys that
included mountaintop areas have been conducted, in
1936, 1982, 2007 and 2017 (Suzuki et al., 2018b).
Minami-Iwo-To has been designated a Wilderness Area
by the Ministry of the Environment and a natural
monument by the Agency for Cultural Affairs. Landing
on the island is strictly regulated to prevent disturbance
of the ecosystem. Academic research is conducted only
once every 10 years.
The most recent survey in 2017 examined
vegetation, vascular plants, fungi, mammals, birds,
arthropods, reptiles, large soil animals, crustaceans, land
snails, corals and intertidal shellfish (Suzuki et al.,
2018b). Geological surveys were conducted in 2007
(Nakano, 2008). Professional climbers, divers and a
doctor were included in previous surveys to ensure
participant safety.
In the 2007 and 2017 surveys, strict quarantines
were observed to avoid introducing alien organisms and
contaminating the ecosystem (Kaga & Sasaki, 2018).
New clothes and survey equipment were used as much as
possible. If new products could not be prepared, the gear
was cleaned as much as possible by refrigeration,
washing with ethanol and visual cleaning. Baggage was
packed at Chichi-Jima, the departure point. To prevent
small seeds and animals from joining the research
expeditions, the baggage was packed in a clean fumigated
room during daylight hours to avoid contamination by
insects attracted to artificial light. Survey members
performed wet landings, approaching the coast in an
inflatable boat and swimming before landing. This was
done not only to accommodate the topography but also to

ensure that investigator luggage was washed with
seawater. The investigators transported all excrement to
Chichi-Jima as a further measure to minimize
disturbance. As a precaution, they refrained from eating
seed-containing fruit for a week before the survey.
Because bringing organisms from Minami-Iwo-To to
Chichi-Jima could disrupt Chichi-Jima’s biota, the
returned baggage was frozen to prevent animals from
escaping. Equipment that could not be frozen was washed
with ethanol and visually checked. Although a few plant
seeds, spiders, ants, rove beetles and land snails were
detected in the equipment from the pre- and post-survey
quarantines in 2017 (Kaga & Sasaki, 2018), the
quarantine procedures proved useful.

3. Biota of Minami-Iwo-To
The island is surrounded by cliffs of up to 300 m in
height, and coastal vegetation is limited to the
southeastern and southwestern collapsed areas. Cloud
forests dominated by Machilus kobu and Cyathea
tuyamae are common above 500 m above sea level
(Shumiya et al., 2018). Forests composed of Elaeocarpus
zollingeri var. pachycarpus and Boninia grisea
predominate at approximately 300 m above sea level, and
Melia azedarach and Planchonella obovata are dominant
in the low-attitude forests (Shumiya et al., 2018).
Landslides are common, and various transitional stages,
such as herbaceous communities and shrubs, can be seen
at post-landslide sites.
A total of 135 vascular plants have been confirmed,
including 44 ferns, 64 dicotyledonous plants, and 27
monocotyledonous plants (Takayama et al., 2018). In the
2017 survey, an endangered orchid, Liparis hostifolia,
which had not been reported since 1938 and was thought
to be extinct, was reported (Takayama et al., 2018). No
mammal is known to inhabit the island except for Bonin
flying foxes (Pteropus pselaphon). The species is
nocturnal on other islands but is known to be active
during the day on Minami-Iwo-To (Suzuki et al., 2018a),
possibly because the lack of available food on the island
may extend food search time. Six land birds and nine
seabirds breed on this island, with the number of breeding
seabird species being the largest in the Ogasawara Islands
(Kawakami et al., 2018). Two reptiles, Cryptoblepharus
nigropunctatus and Perochirus ateles, have been reported
(Kawakami & Murakami, 2018). The former is widely
distributed in the Ogasawara Islands, while the latter
exists only in Minami-Iwo-To in Japan. To date, 184
species of insects have been identified, including endemic
species, such as Temnothorax mekirai and Satozo
minamiiwoensis (Mori et al., 2018). Six species belong to
large terrestrial isopod and decapod crustaceans (Sasaki
et al., 2018). Geograpus grayi has been confirmed in all
areas, including the summit at 916 m above sea level.
Fourteen land snail species have been detected and
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Lamellidea sp. is possibly a new species endemic to this
island (Wada & Chiba, 2018).
The Volcano Islands are geographically close to the
Bonin Islands and they share many Ogasawara endemic
species. Examples include plants (such as Pandanus
boninensis and Ficus boninsimae), Bonin flying foxes,
Bannerman’s shearwater (Puffinus bannermani), and
others. Although related species are distributed in the
Bonin Islands, in some species, the most closely related
group is found on the Izu Islands and mainland Japan to
the north. This includes plants, such as Eurya japonica
and Melastoma candidum var. alessandrense, as well as
brown-eared bulbuls (Hypsipetes amaurotis) (Sugita et
al., 2016). In the case of the land snail Vertigo kodamai,
its origin is presumed to be Hokkaido, 2000 km north of
the island (Nekola et al., 2018). Because island organisms
often face reduced mobility (Carlquist, 1974), related
species that have evolved in the Bonin Islands may not be
able to migrate to the Volcano Islands, and distant
populations may populate.

4. Seabird-driven Ecosystem
Numerous seabirds breed throughout Minami-IwoTo. Nine species of seabirds breed there, with tens of
thousands of breeding pairs reported. Heavier, middleweight and lighter seabirds breed on the coast, at middle
elevations and around the summit, respectively (Fig. 2;
Kawakami et al., 2018). Because weight tends to
correspond directly with competitiveness, larger species
should be distributed at low elevations where it is easy to
approach the sea. Conversely, because less energy is
required flying to a highland area, the cost of breeding at
a high altitude might be lower for smaller species. Lightweight Bulwer’s petrels (Bulweria bulwerii) likely breed
at low elevations because they can avoid competing with
the other burrow-nesting petrels by nesting on the ground
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at the coast.
To estimate breeding environment preferences, the
locations of seabird nests were recorded along the coast
and climbing routes in June 2017 (Kawakami et al.,
2018). Figure 3 shows a heat map of where the nests of
seabirds are concentrated, overlaid on a vegetation map
(Biodiversity Center, Ministry of the Environment, 2014).
On the coast, seabird nesting was concentrated in the
southeast, the lower part of a collapsed area with a shrub
forest (Fig. 1). Nesting density was low in an area with
high cliffs and no vegetation. In mountainous areas,
nesting density was high at middle elevations, which
were covered by well-developed M. kobu forest. Low
nesting density was reported in collapsed areas, bushes
and shrubs. Large numbers of burrow-nesting seabirds,
such as Bonin petrels (Pterodroma hypoleuca) and
Matsudaira’s storm petrels (Oceanodroma matsudairae),
breed on Minami-Iwo-To. Forests with thick soils are
considered suitable environments for seabirds that nest
underground.
Most pelagic seabirds can fly hundreds of kilometers
a day, forage on fish and plankton in the sea and breed on
land. This unique combination of behaviors means that
seabirds perform various ecological functions. On
oceanic islands, seed dispersal by birds plays an
important role in flora formation (Carlquist, 1974; Price
& Wagner, 2018). In the Ogasawara Islands, seabirds
have been shown to be effective adhesive seed dispersers
(Aoyama et al., 2012). Seabirds supply nutrients, such as
nitrogen and phosphorus, from the sea to the land through
excrement, although plant growth can be suppressed by
trampling and burrowing (Ellis, 2005). Recently, certain
species of Lepidoptera have been found in the nests of
petrels in the Ogasawara Islands, which can provide
preferable habitats and food resources (Nasu et al., 2014).
Because seabirds breed in large colonies containing
numerous individuals, their role in ecosystem

Fig. 2 R
 elationship between seabird body weight and elevation of nesting areas. Brown, area
with relative high-density colonies; peach, area with relative low-density colonies; white,
area without colonies.
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Fig. 3 H
 eat map of seabird nesting overlaid on a vegetation map. Black, circular buffer around each nest with 100 m radius; white, high
density nesting area estimated by kernel density estimation; thick black line, approximate surveyed area; arrow, coastal collapse area
with shrub forest; pink, M. kobu forest; green, bush and shrub forests; light green; grassland; grey, bare ground.

maintenance is thought to be critical. This appears to be
the case on Minami-Iwo-To. Forest floor vegetation is
poor, likely due to disturbance associated with petrels.
Seabirds with seeds attached to their feathers have been
found to include boobies, tropicbirds and petrels
(Kawakami et al., 2018). Terrestrial crabs can be found at
the top of the mountain, and flies occur at high densities,
likely because decomposers thrive in the presence of
large numbers of seabird corpses and spit production
(Mori et al., 2018; Sasaki et al., 2018).
However, seabirds can easily be pushed to extinction
due to the effects of alien species, such as goats, cats and
rodents. Islands disturbed by humans tend to have fewer
species of seabirds (Chiba et al., 2007). On the
Ogasawara Islands, the distribution of seabirds prior to
human settlement is poorly understood, but it is
reasonable to assume that most of the islands once
maintained large seabird colonies. For example, soil with
a high concentration of plant-available phosphate acid
was detected in a forest on Haha-Jima (Morita et al.,
2010), which is thought to be evidence of a seabird
colony. The results of the surveys on Minami-Iwo-To

imply that seabirds once played essential roles in the
ecosystems of the Ogasawara Islands.

5. Conservation Implications
Invasions of exotic herbs, such as Cenchrus
echinatus and Bidens alba, were recently recorded on
Minami-Iwo-To (Takayama et al., 2018). They are
epizoochory plants that were likely transported to the
island by seabirds. In 2016, a tagged booby from
Minami-Jima in the Chichi-Jima Islands was found on
the coast of Minami-Iwo-To, suggesting seabird
migration among islands (Kawakami et al., 2018). In
addition, migratory birds can carry alien species from
neighboring islands. Iwo-To, the nearest island, is home
to alien plants, such as Lantana camara and Ficus
microcarpa. To prevent floral invasions of Minami-IwoTo, it will be necessary to control alien plants on the other
islands.
Minami-Iwo-To experiences frequent landslides and
associated environmental changes due to its steep
topography (Shumiya et al., 2018). This can affect the
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distribution and viability of plant and animal populations
(e.g., Mori et al., 2018). The populations of species on
Minami-Iwo-To are essential for maintaining the
biodiversity of the Volcano Islands, as well as that of the
island itself. This is because various species have become
extinct on the other members of the Volcano Islands due
to anthropogenic disturbance. Monitoring changes in
biota and distribution is necessary for biodiversity
conservation. Additionally, restoration of the ecosystem
in Kita-Iwo-To would contribute to the protection of
Minami-Iwo-To species, because the islands share similar
environments and various species are found on both of
them. Because the Kita-Iwo-To ecosystem has been
strongly damaged by an invasion of black rats (Rattus
rattus), the species should be eradicated.
Surveys of Minami-Iwo-To were conducted in June
1982, 2007 and 2017. June was chosen due to calm sea
conditions in that season. The same trail was used each
time for the mountain surveys, because it was the easiest
route to the island’s summit (Fig. 1). No information is
therefore available on island conditions during other
seasons or in other areas. In the future, it will be
necessary to conduct surveys in different seasons and
along different routes to obtain a better picture of the
biota of Minami-Iwo-To.
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