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Foreword

This publication has been produced to convenient3000, for endorsement. Thus the RISS will serve as
combine related documents on invasive species antool for guiding the RISP and SPREP member
the Pacific islands for ease of reference. The pubeuntrieswho wish to use it in deciding priorities
lication contains a series of technical reviews dbr in-country projects. The scope of the technical
landand freshwater invasive species, non-technicedviews has been limited to the South Pacific, includ-
summary of the same together with an account wfg the territorial waters of the 22 Pacific SPREP
legislation about invasive species, and the patlmember countries and territories. However, the del-
ways by which tese species gain access to courgates to the strategy workshop felt that the strategy
tries. Also included is a draft regional strategy fowas relevant to all Pacific islands and its usefulness
invasive species. should not be considered restricted to only the South
The invasive species reviews were based on de%ﬁc'f'c'
research using available literature and personal coifhe review and draft strategy were restricted to ter-
munications. Inevitably there will be omissions in theestrial invasive species and freshwater habitats, and
reviews, but at least they may serve as a start for a-those invasive species which pose threats to con-
tional managers and policy makers in their decisioservation values of native species and their habitats.
making. The scope of the reviews and the proce$his is because invasive species in other habitats
leading to the creation of the draft regional strategiguch as the ocean) have been largely catered for
were planned in collaboration with the [IUCN Invain the RACPOL Strategy and Workplan (produced
sive Species Specialist Group and noted regionay SPREP’s Pacific Ocean Pollution Prevention
experts in invasive species. Programme). Also, invasive species which threaten
man health and agriculture, and other economic
terests,have already received extensive funding
nd mention in technical reports. By contrast, inva-

After the technical reviews had been completed, th
were summarised in a paper (including sections J

legislation and ‘pathways’) which was circulated t& . . . . .
SPREP member countries together with an invit ive species which threaten native species and their

tion to participate in a workshop to draft a region abitats have historically received little attention or

strategy to mitigate the threat from invasive specieé’.ndd,'[ﬂg';guss. the ft(;]cug of thefge teqhnlcal rgwevy;
This draft strategy is here presented verbatim frof'® the 'S On IN€ ISSUE oTINvasive Species wi
the workshop (except for format editing and the cof€spPect to the conservation of terrestrial and fresh-

rection of some typographical errors). water native species and their habitats.

The draft strategy also meets SPREP’s obligatiOI:@e programmes W_h'Ch p?'d the gonsqltants w'ho
undertook the technical reviews of invasive species

to its governing body—the SPREP Meeting—dur:

ing its tenth meeting in Apia, 1998, which require(',{q the South Pacific, the' Workshqp which generated
the Regional Invasive Species Programme (RISP) ¥ Praft Regional Inva3|ve'SpeC|e's Strategy, and the
produce a Regional Invasive Species Strategy (R smor(; (ij Prqgrarsnme_Offlcer A\]:lfagng g o?hser(\ala-

through a regional workshop. The draft strategy WiH nand Invasive Species, were funded by the ov-

be submitted to the 11th SPREP Meeting in Guarﬁ,mments of New Zealand and Australia.

Tamari’i Tutangata

Director
South Pacific Regional Environment Programme
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Draft Invasive Species Strategy for the
Pacific Islands Region

Written by delegates ! to the Regional Invasive Species Workshop, Nadi, Fiji, 1999
Compiled by Greg Sherley 2, Susan Timmins !, and Sarah Lowe *!

!Contact details may be found in Annex Il

2Contact for further information on the published version: PO Box 240, Apia, Samoa.
Ph: +685 21-929. Fax: +685 20-231. Email: greg@sprep.org.ws

1. Introduction
Pacific island countries are particularly vulnerable ,[Ehe workshop restricted |t§elf to INVasIve Species
. . . ; Issues related to conservation of native biodiversity
the effects of invasive speciédter habitat destruc- .
: e . . on land and freshwater habitats, to the SPREP mem-
tion or modification, invasive species are responsi- . .
) A er countries, and to the development of strategic re-
ble for more species extinctions than any other cause.
. . : sponses. The strategy has been produced exactly as
Further, the rate of extinction of native species has. .
ritten by the workshop except for some formatting

been higher on islands than anywhere else in twﬁd editing of this section and the acknowledgements.

world. Invasive species have also degraded native ) ) j ]
ecosystems. The strategy will be used immediately for implement-

Mitigat f the effects of i . . bi ing the Regional Invasive Species Programme (and
d'l |ga.;or.1 Ob ? € e(é's Ot |(;1va3|'ve slrlae(,res ON Dl%iher programmes administered by SPREP). It will

IVersity 1S best coordinated regionally. In reSPONSKq, e yseful for other invasive species initiatives in
to this need, the New Zealand government funded

, : Pacific region, or indeed, for other regions in the
Invasive Species Programme to be managed rld, especially those mainly composed of islands.
SPREP for three years, starting from September 1998,
with the intention of extending funding for anothe?, |nvasive species issues in the
three years after 2001. One of the objectives of this Pacific
programme (agreed to by SPREP member countries o o
during the SPREP Meeting in 1998) was to develop’€ following is a summary of the generic issues
a strategy for invasive species for use by all couff"derpinning the invasive species problems in the

tries and relevant agencies in the region. Thus trﬁécific region. They are described in greater 'detail
strategy is intended for use until 2004. in Annex 1. Fundamental to these problems in the

i i . Pacific island countries is the shortage and inac-
To facilitate the production of the strategy, a region@bggipjity of scientific information on basic biology
workshop was held 26 September—1 October 199§ 5ssessment of risks and management of invasive

in Nadi, Fiji, funded mainly by AusAID, with some ghacies. A related problem is the lack of awareness
extra support from the United States Government.dh, the impacts of invasive species on biodiversity.
aimed to draw together the pressing invasive speciggere are insufficient networking mechanisms estab-
issues being experienced in South Pacific countrigghed for the dissemination of information to the
and to derive strategic solutions. relevant decision-makers and government officials.
All SPREP member countries and territories and nofoordination and collaboration within the region on
government organisations working in the Pacific ani#leé management of invasive species threats to bio-
with a known interest in invasive species were irfliversity is not yet well developed.

vited to send a delegate to the regional workshopxisting legislation, regulations and cross-sectoral
Prior to the workshop, several technical reviewpolicies in Pacific island countries and territories do
were commissioned to describe the status of tewot fully address the impact of invasive species on
restrial and freshwater invasive species in theiodiversity. Enforcement of these legislative instru-
South PacificThe reviews, which were restrictedments is sometimes inadequate.

to those invasive species threatening the conseriérere is a shortage of technically trained personnel
tion of native species and natural ecosystems, wenePacific island countries and there are inadequate
compiled into a summary issues and options papgyarantine and risk assessment facilities. There is in-
which was circulated to all workshop delegates arsdifficient funding for training of personnel, estab-
appears in this publication. lishment of infrastructure, development of risk as-

1



Invasive species in the Pacific

sessment procedures, and management and researelas, especially their inter-island transfer within
on invasive species. one country.

. . . Promote awareness of the inter-island transfer prob-
3. Strategic directions lem by education programmes in identification, es-

3.1 Aim of the regional strategy tablishing networks (national and regional), and early

To promote the efforts of Pacific island countries ang@Mng databases. _ _
territories in protecting and maintaining the rich anfPevelop awareness of the dangers of accidental in-
fragile natural heritage of the Pacific islands fronfroduction of invasive species to biodiversity. For

the impacts of invasive species through cooperatig&ample by the movement of machines and in par-
efforts to: ticular the inter-island transfer of pests, especially

« Develop and maintain an effective, coordinatefom invaded areas to new or pest-free areas. The
network of information and technical expertise.eStab“Shme”t of an effective communication network

« Prevent the introduction of new invasive s ecieand a manual of existing and potential invasive spe-
_ oo ) P _ 2ies may assist with identification, behaviour, where
* Reduce the impact of existing invasive speciesiq |ook, how to exclude, eradicate and control them.

* Raise awareness. Further communication of the problem can be
» Build the capacity required to manage the threatghieved by networking, international linkages, na-
posed by invasive species. tional working groups, regional expert groups, and

3.2 Components of the regional an early-warming database.

Strategy Strategy 3: Infrastructure

Strategy 1: Information At the national and regional level, develop ongoing
training programmes in the areas of species identifi-

S_trengthen both basic and applied research on IN&ion, field detection, guarantine inspections, moni-

e‘1rigld workers.

countries and territories. Emphasise prevention an | ional ional facilit
early detection, and evaluation of exotic species thBEVeloP and upgrade regional and national facilities

are present or are potential problems. Establish |O®Lgch as reference collections and specialised facili-

term monitoring of high-risk native areas for incurl’es for border control.

sions of recognised invasive species. Promote and strengthen initiatives that facilitate the
se and sharing of existing regional facilities by gov-
rnment agencies in-country and between countries
.g. South Pacific Regional Herbarium, Bishop
useum collections, quarantine facilities).

Strengthen linkages between Pacific island countrié
and scientific institutions, sources of technical an
research assistance or other bodies of informati
Share information regionally through the establish-
ment of mutually accessible databases and web sit8trategy 4: Protocols

Develop a regional clearinghouse for information oRevelop and strengthen protocols and procedures —
invasive species that is easily accessible, perhaasticularly:

through a web-based information system. » Develop and strengthen procedures to process
applications for species introduction to assess their
Strategy 2: Awareness potential impact on native species or ecosystems.
Raise pub'lic awareness of invasive species threat§ top o mote the use of existing protocols for pest risk

conservation. assessment, modified to accommodate Pacific is-
Work with economic interests (operating in agricul- land countries and territories, before pests are in-
ture, aquaculture, forestry, horticulture, public health, troduced into a country.

shipping, military, some biocontrol operations, ané Develop early-warning and response systems for
genetically modified organisms technology) to raise invasive species.

their awareness of risks to biodiversity of invasive pevelop guidelines for pest management that con-
species. Represent invasive species issues at regionakider the full biological and conservation conse-

and national meetings, and with funding organisa- quences of control or eradication operations, in-
tions in order to increase awareness. cluding restoration.

Develop awareness of the accidental movement Collaborate with other organisations to develop
of invasive species into new relatively pest-free appropriate policies to address the potential con-

2



Draft invasive species strategy

servation/environmental risks of genetically modiStrategy 7: Linkages

fied organisms. Establish and maintain a network among Pacific is-
Strategy 5: Legislation land countries and territories and organisations that
ri]tpproves communication, cooperation and informa-

Survey existing environmental and other releva hari d that T the effecti f
legislation in each Pacific island country to deten*—Ion sharing, and that maximises e etflectiveness o

mine its adequacy for protecting biodiversity fro nvasive species work in the Pacific. Specific actions
the threats of invasive species. Develop model le _clude.tdtlavetlof?-megt of common standards pf btpr-
islation which includes provision for mitigating thes ercontrol, stait €éxchange programmes, nomination

threats and which makes use of principles develop%an inyasive species ppsition within appropriate or-
for invasive species by other organisations (such ggnlsatlonds, and _estalbllshmtent of national working
IUCN) and countries. Produce country-specific re(.grou_pS an a.rgglo.na .exper grqup.

ommendations for modifying or developing new legRRegional participation is needed in the development

islation which adequately regulates the following: Of international standards and programmes that gov-
« importation of all living organisms ern the movement of invasive species in commerce

(e.g. Convention on Biological Diversity, Interna-

« surveillance for new incursions, ) . . .
« risk analvsis of import aoplications tional Plant Protection Convention, World Animal
y P PP ' Health Organization, and others).

» assessment of environmental risks prior to intro-
duction of genetically modified organisms, 4. Concluding comments
» guarantine procedures,

The workshop confirmed the need for a regional in-
» export of pests,

vasive species strategy as a platform for obtaining

« movements of species between islands, funds for in-country projects. The country issues
» control or eradication of invasive species, have been successfully tabled for those countries that
* monitoring. participated (see Annex 1). The regional invasive

S , : species strategy may now be used as a vehicle to:
trategy 6: Funding (1) seek funds from international a [ d do-

_ _ gencies and do

Develop long-term external funding mechanisms thily, countries, (2) reinforce and guide national
will ensure Pacific island countries are able to Usiodiversity management plans (such as the National

dertake work for the management of threats frogjqgjversity Strategic Action Plans), (3) complement
Invasive species. other regional invasive species programmes, espe-

Make representation to government leaders to irgially the United States of America’s Invasive Spe-
prove long-term funding to address the pressing isies Management Plan, and (4) guide the Regional
sues of invasive species of conservation concerniifvasive Species Programme administered by the

the region. Demonstrate the extent of the invasi®outh Pacific Regional Environment Programme in
species problem in the region, cast in economic cogifiting its annual workplans.

benefit terms and the necessity of taking action. Sgjqly, the workshop identified at least one regional
cure support for invasive species issues among logalheric need: a marine regional invasive species strat-
communities (including village councils) as well a%gy and implementation plan which, together with
at national, regional and political levels (e.g. Soutthq terrestrial regional species plan, may include

Pacific Forum). In order to make these representgajands habitats such as intertidal zones (e.g. man-
tions for more funding, determine and develop a 'Grove forests and estuaries).

gional resource of materials, in easy-to-read language,
that identifies the magnitude of the invasive speciés, Acknowledgementg

problems in the region. Needed information 'n(.:IUdeTthanks are due to the foresight of the countries fund-
the area of natural ecosystems degraded by mvasms the workshop: Australia, New Zealand, and the

species, thelr conservation impact, and the CONSGhited States of America. Particular thanks must go

quences of not taking action. to Susan Timmins and Sarah Lowe (New Zealand
Maximise funding self-sufficiency by promoting full pepartment of Conservation and IUCN, respectively)
participation of local communities in project developand to their employers. Gaye Harford (Xpand Man-
ment, management and implementation to ensurggement Nz Ltd) expertly facilitated the workshop,
long-term local commitment. and Ruta Tupua-Couper (SPREP) managed the ad-
Promote invasive species as a criterion in nationahinistration.

regional, and international disaster management

plans.



Invasive species in the Pacific

. Information

Lack of information on the basic biology (includ-

ing distribution) of many invasive species and of
the best control methods — particularly biological
control methods. Part of this lack of information
includes a lack of accessibility and coordination
of information within the region and outside the
region.

Lack of monitoring of high-risk areas for inva-e
sive species (vulnerable sites).

. Public awareness
Lack of understanding, from the public, politi-

Annex 1. List of invasive species issues developed at the workshop

adequate checks). Lack of collaboration in some
instances (between different agencies/countries)
and inefficient use of limited resources in some
Pacific island countries and territories. No proto-
col to ensure detection/assessment of organisms/
commodities being brought into a country, includ-
ing illegally, and lack of emphasis on (recogni-
tion of) conservation threats at quarantine.

No protocols to determine the priorities for eradi-
cation and control.

Lack of early detection and evaluation action on
new pest incursions may lead to bigger problems
later

cians, and other sectors, of the major threats posed '

by pests to conservation assets. This results ifi a

lack of public commitment for both biodiversity
protection and management of invasive pests. *

Competition with conservation interests from ag-
riculture, aquaculture, forestry, horticulture, some
biocontrol operations, public health consideras
tions, traditional practices, shipping, military and
genetically modified organisms technology.

Accidental introduction of invasive species: by

Lack of appropriate processes to implement
legislation.

Inter-island movement of pests is not controlled
due to a lack of protocols and regulations.

No control of the export of pests.

Lack of knowledge or planning for the full bio-
logical and conservation consequences of control
operations.

Poorly defined or no standards of phytosanitary

movement of machines, boats and materials from measures, or pest risk analysis.

pest-invaded areas to pest-free areas, tramp
animals, and smuggling operations.

. Lack of infrastructure
Lack (quality and quantity) of technically trained,

personnel on the ground, and of species identifi-

cation, field detection, quarantine inspections.,

control operations, monitoring, and research. Lack

of mechanisms for transfer of information to field
workers.

e'g.SLegislation

Absence of, or inadequate or ineffective legisla-
tion to protect conservation values.

Lack of legislation that regulates exports and im-
ports against the risks of invasive species.

Not enough enforcement of legislation, for vari-
ous reasons.

6. Inadequate funding

Inadequate facilities to house confiscated species, Lack of funding for technical work such as re-
fumigate, and implement adequate border control search on control methods, taxonomy (identifi-
(amongst other things), but no support for upgrad- cation), impact of invasive species, survey work,
ing some regional facilities and thus these facili- monitoring, eradication or control.

ties do not reach their full potential. « Inadequate distribution of funding siphoned off
by other activities (other than invasive species)

. Protocols / O _
Lack of a system to warn of impending threats. W'th_m the country or by other cogntrles.
o Projects dependent on outside sources of

Lack of adequate pest risk assessment procedure

which is accurate and can cope with all variables. funding. _ .
Intractable problem of inability to predict inva-" Poor mechanisms to ensure adequate and timely

siveness (risk assessment) of new species, includ-gﬂgg]ﬁ];esgcgea;?ﬁ; ?r?\'/r:;'l(\j/ '2% Vé'i?e;he timing
ing genetically modified organisms, at the bor- y _ P '
der, or as a target for eradication or for control.* NOt enough funding for resources and personnel

Inadequate quarantine procedures, which are too or the mechanism in place for these people to

cumbersome, and are not fully implemented (in- :g:\g{%ﬁ'es to maximise the benefits for con-
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7. Linkages e Too little cooperation between quarantine offic-

- Pacific island countries and territories and regional ©rs and the public.
organisations do not yet share enough informa- Difficulties cooperating across international bor-
tion or consult with each other, e.g. sharing infor- ders due to disputes and differing conservation
mation and making agreements to set common values.
standards for border control.

Annex 2. List of participants at the Regional Invasive Species Work-
shop, Nadi, Fiji, 26 September—1 October 1999

American Samoa Federated States of Micronesia

Peter Craig, Ecologist, National Park of AmericatEstephan Santiago, Dept of Economic Affairs, PO
Samoa, Pago Pago, American Samoa 96799.  Box PS12, Palikir, Pohnpei FM 96941, Federated
Phone: (684) 633 7082 Fax: (684) 633 7085  states of Micronesia.

Email: peter_craig@nps.gov Phone: (691) 320 2620 Fax: (691) 320 5854
Manu Tuiono’ula, Forest Health Coordinator, PO Bokmail: fsmrd@mail.fm

6997, Pago Pago, American Samoa 96799. French Polynesia

Phone: (684) 699 1394 Fax: (684) 699 4595/5011 o _
Email: mtuiono@ Yahoo.com Jean-Yves Meyer, Research Scientist, Délégation a

la Recherche, BP 20981, Papeete, Tabhiti.
Phone: (689) 460 089  Fax: (689) 433 400
Paul TrUShe”, Senior POIle Ofﬁcer, MUItiIateraIEma”: Jean_YveS.Meyer@services_gov_pf or

Team/Policy & International Division, AQIS, Dept jean-Yves.Meyer@polynesie.gov.pf
of Agriculture, Fisheries, Forestry, GPO Box 858

Australia

Canberra ACT 2601, Australia. Guam

Phone: (612) 6272 3255 Fax: (612) 6272 3307 Robert D. Anderson, Chief, Division of Aquatic and
Email: paul.trushell@agis.gov.au Wildlife Resources, 192 Dairy Road, Mangilao,
Cook Islands Guam 96923.

Mark Brown, Secretary of Agriculture, Ministry of EQ)?‘n(E:“;:?(f;%Z%%?gSS/ 56E’ rr?giigbgdg;e@gr:isnei)v y
Agriculture, PO Box 96, Rarotonga, Cook Islands.” ~ . -gov.g
Phone: (682) 28711 Fax: (682) 21881 Hawaii - USA

Email: cimoa@oyster.net.ck Julie S. Denslow, Team Leader, Ecology Non-Indig-

Fiji enous Plant Species Team, USDA Forest Service,
Marika Tuiwawa, Curator, South Pacific Regionalnstitute of Pacific Islands Forestry, Hilo, Hawaii
Herbarium, University of the South Pacific, Box96720, USA.

1168, Suva, Fiji. Phone: (808) 933 8121 Fax: (808) 933 8120
Phone: (679) 212 874  Fax: (679) 300 373 Email: jdenslow/psw_ipif@fs.fed.us
Email: Tuiwawa_M@usp.ac.fj Lucius G. Eldredge, Bishop Museum, 1525 Bernice

Kesaia Tabunakawai, People & Plant Officer, WWISt, Honolulu, Hawaii 96817, USA.

South Pacific Program, Private Mail Bag, GPO, Suv&hone: (808) 848 4139 Fax: (808) 847 8252
Fiji. Email: psa@bishop.bishop.hawaii.org

Phone: (679) 315533  Fax: (679) 315 410
Email: ktabunakawai@wwfpacific.com.fj

Phil Shearman, World Wide Fund for Nature Sout
Pacific, Private Mail Bag, GPO, Suva, Fiji.
Phone: (679) 315533  Fax: (679) 315 410 Phone: (683) 4032 Fax: (683) 4079

Email: shearma@ozemail.com.au . . .
Email: mfn.agriculture@mail.gov.nu
Cedric Schuster, World Wide Fund for Nature South

Pacific, Private Mail Bag, GPO, Suva, Fiji.
Phone: (679) 315533  Fax: (679) 315 410
Email: cschuster@wwfpacific.com.fj

Niue

Eolin Etuata, Quarantine Officer, Department of Ag-
riculture, Forestry & Fisheries, PO Box 74,
Fonuakula, Alofi, Niue.
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New Zealand Solomon Islands

Sean Goddard, Senior Policy Analyst, Departmedbhn Rockson Pita, CASO — Arnavon Marine Con-
of Conservation, PO Box 10-420, Wellington, Nevwservation Area, Department of Forests, Environment

Zealand. & Conservation, PO Box G24, Honiara, Solomon
Phone: (644) 471 3096 Fax: (644) 471 3130 Islands.
Email: sgoddard@doc.govt.nz Phone: (677) 25 848/27084 Fax: (677) 21 245

Susan Timmins, Scientist, Science & Research Un'r:r,ma”' amca@welkam.solomon.com.sb

Department of Conservation, Wellington, New Zeadnited States of America

land. . . .

Richard Orr, Animal & Plant Health Services, USDA
Phone: (644) 471 3234 Fax: (644) 4713279 apLy5 ppp, 4700 River Road Unit 117, Riverdale,
Email: stimmins@doc.govt.nz MD 20737, USA.
Sarah Lowe, IUCN Invasive Species Specialidthone: (301) 734 8939 Fax: (301) 734 5899
Group, School of Environmental & Marine Sciencedzmail: richard.l.orr@usda.gov
University of Auckland (Tamaki Campus) Private‘J
Bag 92-019, Auckland, New Zealand.
Phone: (649) 373 7599 ext: 6814 Fax: (649) 373 70
Email: s.lowe@auckland.ac.nz

ames C. Space, Program Manager, Pacific Islands

cosystems at Risk Project, Institute of Pacific Is-
ds Forestry, USDA Forest Service, 11007 E. Re-

gal Dr., Sun Lakes, AZ 85248-7919, USA.

Gaye Harford, Professional Facilitator, XPANDPhone: (480) 802 6573 Fax: (480) 802 5203

Management, Auckland, New Zealand. Email: jspace@netvalue.net or

Phone: (649) 522 5001 Fax: (649) 522 5025 jim_space@rocketmail.com

Email: gaye@xpand.nzl.com Vanuatu

Donna Kalfatak, NBSAP Project Coordinator, Envi-
Estanislao C. Villagomez, Director of Agriculture,ronment Unit, PMB 063, Port Vila, Vanuatu.
Division of Agriculture, Department of Lands & Phone: (678) 25302 Fax: (678) 23565
Natural Resources, Caller Box 10007, Saipan, MPmail: environ@vanuatu.com.vu or

96950. environment@vanuatu.gov.vu

Phone: (670) 256 3317/18/19 SPREP Secretariat

Fax: (670) 256 7154/322 2633 . .
Email: stanvill@gtepacifica.net PO Box 240, Vaitele, Apia, Samoa.

Papua New Guinea Phone: (685) 21929 Fax: (685) 20231

Email: .0rg.
John A. Aruga, Manager, Office of Environment & mail: sprep@sprep.org.ws

Conservation, PO Box 6601, Boroko NCD, Papu&reg Sherley, Programme Officer (Avifauna Conser-

Northern Mariana Islands

New Guinea. vation and Invasive Species)

Phone: (675) 325 0195 Fax: (675) 325 0182  Email: greg@sprep.org.ws

Email: asomake@datec.com.pg Ruta Tupua-Couper, SPBCP Secretary
Samoa Email: rutat@sprep.org.ws

Afele Faiilagi, Biodiversity Officer, Division of En-
vironment & Conservation, Dept of Lands, Surveys
& Environment, Private Mail Bag, Apia, Samoa.
Phone: (685) 23358/23800 Fax: (685) 23176
Email: envdlse@samoa.ws



Towards a regional invasive species strategy for the
South Pacific: issues and options

Greg Sherley * and Sarah Lowe 2

Programme Officer, Avifauna Conservation and Invasive Species, SPREP, PO Box 240, Apia, Samoa

2Invasive Species Specialist Group, IUCN, University of Auckland (Tamaki Campus),
Private Bag 92-019, Auckland, New Zealand

1. Introduction suring acceptance by Pacific island countries when

The purpose of this paper was to assist workshbt s being implemented, (2) avoiding ad-hoc actions,

participants from the SPREP member countri€ d (3) gaining the maximum efficiency for the lim-

whose task was to create a regional strategy for im)ge_d resources available. The objective of the Regional

sive species in the South Pacific. The paper uses ngpl\{aswe Specles Sirategy s that In-country projects

technical language to provide a summary of the st ill bring benefits to countries. It is the intention of

tus of invasive species in the South Pacific Regio € Regional Invasive Species Programmeiadm

This summary is compiled from the technical revievv%i?ref:| by SPREP that the strate(ggveloip(.ed atthe
which follow in this publication, adi workshop) be adhered to in decisions where

funding is required. We would hogeat other agen-
The technical reviews were commissioned by SPRERes such as those representinggbmmments of
but planned and designed by an ad-hoc workirgrance and the United States of Americzuld also
group,which included the Invasive Species Specialigionsider the RISS in their decisiomaking.

Group (ISSG) of the Species Survival Commission qjh . ts of a strat includ tral
the International Union for Conservation of Nature . € main components ot a strategy Include a centra

(IUCN). This partnership is consistent with Resolyd!M OF statement of purpose, listing the actions to be
aken towards achieving a set of desired outcomes.

tion 15 of the Sixth Pacific Conference on Natur% th f the RISS it i ted that
Conservation and Protected Areas, which specifica:‘{r € purposes of he 't 1S suggested that a

charges IUCN and SPREP to undertake such wo actical time frame for making significant progress
would be five years from 2000. This will approxi-

The terrestrial invasive species technical reviews degiately match the funding period of the current inva-
with the following subject areas: vertebrates; plantsive species programme administered by SPREP. The
insects; molluscs (snails and bivalves); and frogesst of the strategy is basically a set of generic ac-
toads and other animal species which invade fresfions which are required to redress identified inva-
water systems. Little published information is availsive species issues within the region. Specific time
able on the paths invasive species take to enter cofnames may be set for actions, and there may be some
tries, and the types of invasive species legislatigrioritisation of implementation. Each of the actions
which exist in the South Pacific. We attempt to prowill, in some way, partly satisfy the overall aim of
vide brief summaries of these areas, and have aitbe strategy, and collectively they should meet its
summarised the main findings from each technicaverall aim.

review so that their conclusions may be easily un-

derstood. 3. Technical summaries
: B . This section summarises the main biological infor-
2. What is a _strategy for the mation presented in the technical papers which fol-
South Pacific? low. We describe the current level of knowledge about

The termstrategyis a military one but has a usage iflifferent groups of invasive species in the region, and

business or politics as “a plan of action or policy”t.he important points which need to be understood in

Implicit in our interpretation oftrategyis a state- Order to create a regional strategy to reduce their
ment of “how to achieve a declared end point”. Areat.

strategy which applies to an area the size of the South

Pacific will necessarily be general. The main ber?-1 Vertebrates

efits in having an agreed strategy which has beé&ie impact of large vertebrates on Pacific island eco-
designed by Pacific island delegates include: (1) egystems has been dramatic. Ecosystems have been
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wholly changed by the importation of animals sucpalms) and preying on coconut crabs (which had been
as pigs, cattle, and goats for food, or mongooses fayntrolling giant African snails). As the monitors died
control of other pests such as rats. While many peaoff, the toads increased in number and were eaten by
ple may culturally or economically value an animapigs, cats and dogs, which were then also poisoned.
such as the pig, it is important to understand the dew4thout these predators, rat numbers increased—the
astating ecological, and thus often long-term culturadyiginal problem—and the snails began to scavenge
social, and economic effects they have. on the cat and dog carcasses (Lever 1994). It is obvi-
qus that the consequences of the monitor lizard in-
roduction were much more far-reaching than any-
éody had anticipated.

Cattle, goats and pigs are ecologically very destru
tive in their habits. They will eat tree seedlings, s
slowing or even halting the replacement of fores
canopies, and reducing native plant diversity. Goa#sfurther example of species interactions is provided
are present on at least nine island groups within thg the Macquarie parakeet. This bird had managed
SPREP region. Wherever they are present in derisesurvive for many years on subantarctic Macqaurie
populations, they may cause great destruction to vdgkand in the presence of cats, but was made extinct
etation and landscapes (often through the ensuing swilly after the colonisation of the island by rabbits.
erosion), resulting in total habitat losfiis may for- Rabbits provided enough food to enable the cat popu-
ests be changed into grasslands, as has happela¢idn to increase in numbers, and thus to prey on
on Isabela Island (Galapagos), or be made momere birds too.

vulnerable to further invasion by weeds, or 10 C¥arious endemic ground-dwelling birds live on many
clone qlamage. In such cases, a goat eradlca“mhe remote islands, and these, as well as ground-
operatl_on could help preserve the integrity of ﬂesting seabirds, are often especially vulnerable to
whole island ecosystem. introduced mammals including pigs, cats and dogs,
Perhaps the worst of the larger vertebrates is the pad may be driven to extinction by them. The three
Pigs eat and uproot tree seedlings, and break ompecies of rats in the region—Norway, Pacific and
tree-fern trunks, looking for starch. Rooting also preship rats—also all prey on seabirds to varying de-
vides gaps for invasive weed seeds to become estglees. The Norway rat preys on eggs, young, and
lished, and pigs facilitate this process by eating, asdmetimes adults of ducks, wading birds and seabirds.

then spreading in their droppings, seeds such as UBYH the Pacific ratand ship rat consume a wide range

(particularIyPsidiumspecies).Afurtherconsequenc%f prey, including many invertebrate and plant items

of the uprooting and yvalloyving habit of pigs is thes ch as earthworms, centipedes, larvae of some but-
appearance of holes in which water may settle, agrﬂies and moths, ants, beetles, weevils, cicadas,

where mosquitoes (possibly carrying avian malari ails, spiders, lizards and birds, plus fleshy fruit and

may breed. Such gross habitat disturbance des”%fﬁerseeds, flowers, stems, and roots. They may also

the habitats of populations of large native inverte- ;
rey on the eggs and young of forest birds.
brates such as earthworms and snails. In additij)n, y 99 y g

pigs eat their eggs, juvenile growth stages or adultsis well known that rats and other vertebrates can
Pigs are recorded digging seabirds from their buswim between islands, though it is not completely
rows, and eating eggs, chicks and adults. They dafiear what distances different species can cover un-

age crops and tree p|antations, and may Spread d:'@f different conditions. A nineteenth century attempt
ease to other animals. to save a threatened bird species by translocation to

. an offshore island is known to have failed because of
Many O.f the_zse SPecies become_ part of more compl% choice of an island too close to an infested area:
ecological interactions, a_nd failure to nqtlce or ung o flightless ground parrot of New Zealand (kakapo
SIersFand th?se t\as led, in the past, to mter'Spe_CbEF%trigops habroptiluswas taken in the late 1800s
chain rgactlons_ of problems. _An examp!e of th'.sto Resolution Island, but stoats were later able to colo-
was the mtroductlon_ of monitor lizards to Mlcrone3|%ise from the nearby mainland. The parrot was lost
after World War I, in an attempt to control F)acmcfrom that island and later became extinct on the main-

and ship rats; but the monitors were d'“r’?a" the "45hd (although it survived—just—on Stewart Island).
nocturnal, so the two never met. The monitors, whic

were seeking food, ate local chickens. To avoid thidfchaeological remains from islands show past dis-
cane toads were brought in to provide an alternatifidbutions of birds which no longer survive. On

food source for the monitors. The toads’ poison kille4itutaki, for example, Steadman (1991) records: “six
many of them, by which time it was discovered tharchaeological sites up to 1000 years old...have
the monitors had been both controlling the grubs gfelded bones of 15 species of birds, five of which
rhinoceros beetles (that had been damaging coconatlonger occur on the island...Of these, only (two)
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survive anywhere in the Cook Islands today”. Manrace of the Pacific spot-billed duck in the Mariana
mals found there currently include the Pacific ratslands, so that each of these endemic forms has been
dog and pig. Recent archaeological work on Fifhreatened or replaced. There have been no studies
(Worthy et al. 1999) also revealed many species thaftcompetition between native birds and introduced
have become extinct since human colonisation:myna birds or red-vented bulbuls, although it is be-
crocodilian, tortoise, frog and iguana, as well aslaeved that interactions must occur. However, there
giant pigeon and giant megapode, the latter bo#ne records of common mynas eating the eggs of
flightless. wedge-tailed shearwaters, and the eggs and chicks
cg_landbirds in New Zealand, as well as being preda-

The brown tree snake is a species that is widely re f the Tahitian fi her. Th b
ognised as having caused ecological devastation tgﬁso the Taitian flycatcher. The greatest numbers

Guam. Introduced to that island by mistake in th® Introduced birds occur in Hawail (47), the Society

late 1940s, historical evidence of its slow sprealaIands (12), and the Fijian islands (11).

across the island was gained from records of the

gradual absence of bird species from the fores®:2 Plants

Eventually it was discovered that the snake hddvasive plants may have the following effects on
caused the extinction of 9 of 11 of Guam’s origindhe native flora and communities (including the
native forest bird species, by preying on eggs, negirocesses which occur in thentecreased domi-
lings and adults. The brown tree snake also caugence of native species; decreased overall species
power outages, and has occasionally been found Wighness (of native plants and those other native plants
ing infant humans. Whilst it was previously though&nd animals that depend on them); fewer vertical
to be a specialist predator, research has shown tti@ts of plants (canopy, sub-canopy, etc); lower range
the snake is actually more of a generalist. It is no@f biodiversity over areas; competition with native
known to take small mammals and lizards as well &ecies; displacement of native species; changes to
birds, and on Guam is thought to have caused tREOcesses such as water table levels, fire regimes, soil
extinction of three species of skink and two speciéilality and nutrient cycling.

of gecko. This flexibility in its diet has no doubt asgome phenomena in the plant world are not well un-
sisted in its ability to spread rapidly. These snakeferstood—such as the ability of naturalised exotic
can travel between islands concealed in aircraifants to establish in their new country without at
undercarriages and in containers. Individuals ha¥gst compromising conservation values, but then
already been seen in Spain, Texas (USA) and Hghanging their behaviour over a short period of time
waii. Itis imperative that vessels arriving to any statgnd becoming pest species. Thus caution should be
from Guam, or from countries of the snake’s nativgbserved in considering species for importation: if a
range (northern Australia, the Solomon Islands @pecies is a problem in one country, it is likely to
Papua New Guinea), be thoroughly checked evepgcome a problem in another. This is true of any spe-
time for snakes. cies but is especially well known in plants. Risk

Mongooses are currently distributed only through l:iLEnaIysis methods exist to reduce the risk of plant im-

dH ii, where they h id h finfl ) :
and Hiawall, Where tey have a wice sphere otin ests. On the other hand, introduced plant species

ence: they eat the young of the endangered HawBES . .
. ) . W]hICh are not pests in one country may in fact turn
ian crow, as well as eggs and incubating females o

. ut to be so in another — probably because the envi-
the Nene goose. They also attack hawkesbil turtirjgnmental conditions in the new location are more

hatchlings and ground-dwelling birds, and spread ﬂi’gvourable
seeds of strawberry guava. '

ortation, given that many may, in future, become

. _ _ Some of the key weed species which have been iden-
There is no doubt about the serious impact that caf

. Yied as aggressive invasive species in many South
rats, pigs, mongooses and brown tree snakes havq;%{&iﬁc countries include:
the wildlife of any island they reach. Little appears ) . . .
to be known, however, about the effects of speciés trees and shrubs: acacias, African tulip tree
' ' (Spathodep wild tamarind (or lead) tree

hasthe h k shrew. e T
such as the house mouse, cane toad, and musk shrew, (Leucaeny, guava specie®gidiun), Miconia

Little is known either about introduced birds. The  (velvet tree), red sandalwood tree
greatest threats they pose to native birds seem to be (Adenanther® Koster's curse ¢lidemia),
hybridisation, competition for food or nest sites, or ~ Lantana giant sensitive planMimos3;
introduction of disease. The mallard duck is known  yines: mile-a-minuteMikania), passion-fruit
to have hybrldlsed with the grey duck in New Zea- Speciesl?assiﬂora’ Merremia

land, the Hawaiian duck in Hawaii, and an endemic
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e grasses: elephant gras¥ennisetury as aphids and white-flies, may act as vectors of
Paspalum viruses and mycoplasma-like organisms (microscopic

«  aquatic plants: water hyacintBi¢hhornig. sub-cellular life forms which may become pathogenic

) ) in a plant’s cell) which may cause even more dam-
Many others exist, but the above species are cons&b—e than the insect itself.
ered to be significant threats to conservation values
in at least three, and often many more, Pacific isla%ts

countries.
Ants present one of the greatest threats to many na-

An important distinction between types of invasivgive species (not just other insects or bugs), and their
plants needs to be made. Some may only be signififfects on native communities have been relatively
cant in areas which are already modified, and wiljie|l-documented. The pest ant species meet many
not be important in, for example, continuous nativgf the classic characteristics of successful colonising
forest. Others may be a problem in both modifiegest species: they are adaptable, generalist feeders,
and unmodified habitat (disturbance may simply agolerant of widely varying environmental conditions,
celerate the rate of COIOnisation). This broad COI%d are aggressive colonisers. The eco|ogica| S|gn|f|_
nising capability is partly due to their more aggrescance of this group is that they prey on almost any
sive nature and capability to actively invade. other insect or “bug” and may also prey on birds and

Before control or eradication operations can begifther large animals. Thus they may affect whole com-
technical information is required about the ecologfpunities at once, and may dramatically and irrevers-
of the weed. For example, burning may not be a gly change these through their ability to cause many
sirable method of control because many plants aReal extinctions. It is worth noting too, that the re-
fire adapted. Thus they may actually be given gRoval of whole groups of insects and other “bug”
advantage over native species that are not fire adapf@gcies will probably cause flow-on effects in the
Other considerations that relate to the ecology of tif@mmunity to remaining species which would nor-
species may be quite subtle. For example, some pg@IIy depend on them, e.g. native birds. Ants also
plants in a locality may be only of one sex, so theff€d on the sugary secretions from bugs feeding on
removal will be permanent (unless the species h@§ody plant species, and so may protect these in-
the ability to reproduce without seeds) because thei@Cts from their natural predators, allowing them to

is unlikely to be a seed bank from which they caffach unusually high densities on the plants, which
recolonise. may then become stressed and die. In other words,

the whole structure of the native habitat may be

3.3 Insects and other hard-bodied bugs affected.

There is little information on the impacts of invasivesome of the ant species have biological characteris-
insects and similar animals, but it is certain that theigs which make them particularly easy to acciden-
have been invading since humans began colonisily introduce to new islands, where they may be-
islands, and it seems likely that their impacts on n§ome established. The species are tiny, and difficult
tive species have been dramatic. The impacts of harf@-intercept at quarantine, especially if officers are
ful insects are difficult to assess, partly because thetgt forewarned of the characteristics of ants and how
is very incomplete knowledge of which species 0d0 find them in, or on, materials entering the country.
cur naturally in various countries. Thus it is hard t&0ome of the pest species, unlike other ants, have many
link the presence of introduced insect species wiffHeens to a “super-nest’, any one of which may be

any decline in native species, or other effects sucht@nsported to start up new colonies. Some of these
habitat changes. pest ant species are not territorial but tolerate ants
from different nests, so they may reach extremely

The types of insects that are most likely to beconj%;h densities and have a major impact on native
her

pests are the predators (those that feed on other acies.
mals), although those that feed on plants, or use ot
animals or plants as a host or for shelter, can al$6e problem of ant range expansion is compounded
greatly affect conservation values. The most likelpecause some people have a mistaken belief that these
types of insects to colonise a new island are thoset species can be used in agriculture for biological
which are adaptable, and species which do not nemntrol of pest insects which are attacking commer-
essarily need males and females for reproduction. Tti@l crops. In some parts of the world, local people
most favourable situation for invasion is one wheractively spread ant species, hoping to take advan-
suitable host plants or animals and matching cliage of their aggressive biological characteristics to
matic conditions already exist. Some insects, such
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remove all the pestinsects in the area. There has b&érsquitoes

little or no scientific study on the effectiveness ofertain mosquitoes may transmit the one-celled
this method, but there is more than enough evidenggyanism which causes avian malafihis disease

to show the undesirable effects on native ecosystegin cause the extinction of bird species, as has
that result from ants being imported into a region. happened on Hawaii. The most likely way that bird

The following species present a grave threat to coffidlaria may arrive in a country is through the intro-
servation values because they will invade native coffluction of non-native birds (such as cage birds or
munities and affect many or all of the animals an@ets) infected with the disease.

plants in that community: big-hegded ant; Iongflegb,[her groups of insects

ged or crazy ant; Argentine ant; fire aBglenopsis ) )
papuana glaber ant; little fire antWasmannia The be_etle group is one c_)f the most diverse Orqlers
auropunctaty This last-named species may be on@f (mainly) terrestrial animals in the World_. This
of the biggest threats to the conservation of nath©UP, and also moths/butterflies, scale insects,
communities because of its aggressive behaviour, pBtealybugs, aphids and white-flies, are extremely

vasive effects on all sectors of the community, argccessful invaders. Many of these groups have the
ease of spread to new islands. biological characteristics of the ants, and many spe-

_ _ cies in these groups are known as serious pests, but
Pest ant species are known to have a widespread @ great majority of documented cases have been

tribution in the Pacific. However, given the lack ohegts of agriculture. Little is known about their im-

specialised survey and identification expertise avaﬂ)'acts on native habitats and species but it is certain

able, the distribution is almost certainly greater thajp ¢ they present a grave threat. For example, the
currently reported. For any strategy against ants, th@jan gypsy moth threatens all forests (exotic as well
essential points to consider are that: (1) no individugl 1 a4ve) in temperate countries through the effects
species has colonised all island groups, and the{gyq |55 feeding in huge densities on the leaves of

fore itis well worthvyhne protect!ng the remaininNgyees. Overall, the interception of exotic beetles and
islands from further invasions, given the severe im-

t th . ts h r " ths or butterflies is essential to prevent their hav-
pact these insects have on native communities, & (gan impact on native habitat.
(2) the rate the ant species are spreading to new Is-
land groups is extremely fast and is therefore pre- .

group y P'% 4 Land snails

senting a serious threat to native biodiversity.

The snail fauna on many Pacific islands is being de-
Wasps stroyed very quickly by invasive snalils, resulting in
Wasps belong to the same large group of insectsass of diversity between and within island groups.
ants, and hence share many of their biological chdantroduced land snails may be extremely efficient
acteristics and present much the same problemgredators, causing the relatively rapid extinction of
native species and habitats. Some wasp species ergtive land snail species, while other introduced land
ate queens which lie hidden in dark shelters until tlmails may be extremely efficient at feeding on plants
next nest-making season. At this time they may fineghd may destroy the native habitat. In general, the
hideaways on packing cases or containers and theréfyasive species also have exceptionally fast rates of
effectively introduce themselves to a new islandeproduction, often faster than the native species of
Wasps are very efficient predators and colonisers; &sail they prey on. Many of the native snail species
they can fly further than ants, they probably are abiow and reproduce at extremely slow rates, so the
to colonise faster. depredations of the introduced snails will mean a long

Two main groups of wasps present threats to consBgriod is required to allow recovery. Other invasive

vation values: th¥espulaandPolistesgroupsBoth land snails may cause reduction in numbers of na-
form colonies called “nests”, but the former grouyVe Species because they live in high population den-
creates much larger nests than the laftee sting Sities, and so force competition for resources. It is
of these wasps is usually extremely painful to peopftot often realised how devastating the effect of such
and therefore the wasps present a public nuisarR@ivity by such small species can be.

problem. InNew Zealand thé/espulawasp can The high islands appear to harbour the highest diver-
occur in such high densities in the forest areas gfy of native land snails (as well as other small na-
plentiful honeydew where they feed that they eXe animals such as insects) and are therefore at great-
clude peopleVespulawasps may be controlled by g risk from the effects of introduced snail species.

poisoning techniques, although itis much more coslygyever, there are major gaps in knowledge of the
effective, as with all pest species, to keep them ouistribution of introduced land snails, including in
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the following countries: Palau, Fiji, Tonga, Solomorstock (introducing a new food species into a water-
Islands, Society Islands (French Polynesia), somewy), the aquarium trade, the control of pest species,
Samoa, New Caledonia and Papua New Guinea. and accidental introductions.

The giant African land snail has been considered totroduced fish may have the following impacts:
be a threat to agriculture and a nuisance. It has alsodification of habitat (such as removal of key plant
been implicated in the transmission of a form of merspecies and lowering of water quality); introduction
ingitis. This has prompted the introduction of at leastf parasites, pathogens and diseases; changes in the
two species in various countries to reduce its nuravailability of food for native fish species; hybridi-
bers: a predatory snail (called the “rosy wolf snail’sation with native fish species; and forced change in
Euglandina rosepand a flatwormPlatydemus the distribution of native fish species. Nine fish spe-
monokwari There has been poor documentation afies have been introduced into four or more territo-
the success or otherwise of these introduced spes and three species, namely the Mozambique
cies in controlling the giant African snail, and therélapia, mosquito fish and guppy, into 10 or more ter-
are cases where they have been introduced despiteries in the South Pacific. The tilapia has been in-
the lack of prior testing to ensure that they woulttoduced to control mosquitoes and weeds, and as a
attack only the giant African landsnail and not nabait fish, but has become a pest in most instances.
tive species. Reductions in the numbers of native fish and bird
%pecies have been linked to its introduction. Similar

Agricultural i h [ ifi h
gricultural practices have been identified as t ffects have been observed with other fish groups,

cause of entry for other invasive species of snaif§, ludi : hich | ith th
moved for example in soil adhering to the rootstock C'10NY GUPPIES, WhICh are popuiar wi €
uarium industry. Aquarium and aquaculture spe-

of horticultural products. One species of freshwatél? introduced into the wild likelv to h had
shail carries a parasite of cattle, the liver fluke. Thi s Introduced Into the wild are likely to have ha

tempts officials to try to control snail numbers usin @ same impacts, such as destruction of populations

predatory species, but these introductions do not f native species.

strict their prey to the snail carrying the fluke, andlative frogs and toads are virtually non-existent east

therefore place native species at risk. of the Melanesian islands. The most widespread in-

att[oduced species is the cane toad, usually intended
_control pest insects of agriculture. Little or no ro-

provement” on locally available hunting stocks, angqust scientific evidence exists to show that the toads

(2) itis an ill-advised, or sometimes illegal, attemp‘:t"fr.e a‘tmé"?‘”y g:or;;[rolllngl\pl)est ép&_:Cles, \évher?ﬁst Stﬁ'e.n'
to remedy a previous such introduction of food spé'—IC studies In Fapua ew uinea show that their

cies which has turned disastrous, such as the preﬁ%{@ducuon there has been more disastrous than ben-
tors to control the giant African snail. Species hav%'c'al' thgly hfvedbecom(;: a ntélsance and har\]/e been
also been introduced by the aquarium trade. All ifeSPONsibie for dog, cal, and even some human,

troductions for commercial reasons have resulted ﬂ?aths. Native snakes taking the toad are probably

escapees establishing populations in the wild. Pro%l-SO at risk from poisoning.

ably between 100 and 200 non-native species of laAdother introduction, tree frogs from the Caribbean,
snail have been introduced to islands around the Rapotentially disastrous because of the frogs’ preda-
cific. However, a lack of information on the ecologytory impacts on native insect species and competi-
of many invasive species of land snail means it ts/e interactions with birds.

difficult to predict which islands are at risk and therez o4t five species of freshwater crayfish or prawn-

fore where to focus consgrvagon efforts. Fo'r MUCkke species have been introduced to Pacific island
the same reason, the eradication of pest snail Spegies

. . : ) shwater systems. These include the giant
is probably technically impossible at present exceR)iaIaysian prawn and the giant freshwater prawn
perhaps on a small scale. Prevention of entry, rat '

. ) hich have both been introduced for aguaculture.
than I'ater control, is the most l.mportant means Yhese and other species may escape into freshwater
stopping the spread of pest snalls. habitats or establish there through deliberate intro-

i i ductions, and are known to carry diseases and para-

3.5 Invasive freshwater fish, toads, sites which are foreign to the native species and po-
frogs, and crayfish tentially devastating. They may also be voracious

The reasons for fish being introduced includepredators on native freshwater fauna such as snails.

aquJacullturek( farming anhaq‘L‘J_atlc SPeCIes f,f)rfxpl?jgecause there are relatively few (compared to conti-
or local markets), sport, the “improvement” of wild o) islands or continents) freshwater or brackish

Deliberate introduction usually happens for two re
sons: (1) a species is seen as a beneficial food or “i
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habitats in the Pacific islands, a premium is placggl1 Intentional introductions

on their conservation. Many pest species have gained widespread distribu-

. . tion in a country due to the planned and coordinated
4. Legislation efforts of people—often officials—introducing one
No systematic review exists of all SPREP Pacific isspecies for the control of another pest species. This
land country legislation which focuses on invasiveractice is referred to as “biocontrol”. For example,
species. Two projects which at least partly addreize cane toad was introduced in Fiji to control insect
this are under way, but at the time of writing no repests which were thought to occur in sugar cane
sults were available. However, twenty-one countridields. The problem is that the species introduced may
were surveyed to determine whether they had legisrey instead on native or non-pest species and itself
lation which specifically dealt with preventing thebecome a pest, as has in fact occurred in Fiji with
introduction of alien species—whether or not thatane toads. Plants, too, are widely used and distrib-
species was a potential threat to conservation, huted by humans. Many trees used for plantation for-
man health or economic interests such as agricultuesstry (e.g. eucalypts, acacias) or for soil stabilisation
There was no information available for nine COUI’(—e_g_ some grasses) become invasive. In New Zea-
tries. Of the remaining 12, all had legislation whicliand, for example, about three-quarters of the weeds
dealt with the quarantine of new organisms beingf concern to conservation were brought in for horti-
brought into the country. Most of these seemed to @itural uses. Occasionally a species is planted with
focused on species which might affect agriculturahe best of intentions, such as the creation of wildlife
interests. The Cook Islands had one statute whigpitat: unique mudflat habitat has been destroyed
dealt specifically with containers and the specigjn Rodrigues Island (Indian Ocean) by the planting
threat they pose as vehicles for invasive species. of mangrove trees for wildlife, in areas where the

A review of environmental legislation of the Cookmangrove did not naturally occur.

Islands, Federated States of Micronesia, Kingdom ﬁf]ported species (such as prawns and fish) which
Tonga, Republic of the Marshall Islands, and Solgyre intended as new food “products” may become
mon Islands (Boer 1996) includes descriptions Ofests because they inevitably escape or are released
legislation covering wildlife, natural areas, agriculintg native habitat, perhaps when the introduction
ture and forestry, and fisheries. Hence, this legislgacomes uneconomic and the venture is abandoned.
tion nominally dealt with invasive species affectingsome of these profit-driven introductions have been
conservation values. Almost none of the legislatiog, ;4 by government employees who have by-passed

from these countries which addressed wildlife ang, 4| approval channels in an attempt to ease the
its habitat included regulations dealing with invasive;plishment of commercial ventures

species which might threaten these values. Invasive

species were dealt with in the legislation for agriculllegal imports may include protected species in con-
ture and forestry, and fisheries (mainly marine), arigvention of the Convention on International Trade
thus ignore natural areas and conservation valuéd.Endangered Species of Wild Flora and Fauna
Interestingly, of the recommendations made in th&€ITES). These species may not be rare (although
report on the form new legislation should take, norsill protected in their home country), but nonethe-
included upgrading the statutes dealing with invdess will be successful at colonising a new country
sive species — let alone mention of invasive speciggd will become pests. This risk relates to the fact
which threaten native wildlife and its habitat. Excepthat most captive animals at some stage end up being
tions to the lack of legislation banning importingeleased into the wild. It is a common human reac-
wildlife except under permit included Yap and Kosration to want to “release” an unwanted pet into the

(both dealing with parrots). wild rather than have it killed. What are border offi-
cials to do with intercepted rare or protected species?

5. Pathways: how invasive species To kill them would be to reduce the population still
get to new localities further. To sell them would mean that smugglers may

. ) ) ) . . be able to buy them for a small fee and continue
This section describes how exotic species gain en@?ﬁuggling. To keep them in captivity for the rest of

into new islands or countries. The information hag,.ir lives is expensive and perhaps inhumane. To
been drawn from the technical reviews for the varkypatriate them is usually unthinkable—where exactly
ous major groups of animals and plants, from digq they come from, and have they been exposed to
cussions with quarantine officers and law enforcgysease on the way? To release them is to risk intro-
ment officers, and from personal experience. ducing any disease they might be carrying.
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Genetically modified organisms (GMOs) may also  locations where invasive species can gain ac-
be invasive species in the wild or may become inva-  cess to them.

sive species (for example, if genetically modified pokg) Horticultural imports such as seed (without a
len fertilises related local plants). Thus rigorous risk - pyrity test), root crops (which may contain soil

assessment procedures (such as are used by Australia) residue and its associated organisms), and live
need to be carried out before such species or their pjant material (which might harbour invasive

seeds are imported. One of the issues associated with species on or inside the material, or be a weed
GMOs is whether the importer or the exporter should  species itself).

carry out risk assessments on the likelihood of of-

ganism escape, hybridisation, and establishment(ir?
the wild. Two considerations in resolving this issue
are the high cost (and who should carry it while re-
taining scientific rigour) of scientifically assessing
what the risks are, and of the availability of required
technical expertise, especially in developing coun-
tries.

Many countries are entering into free-trade
agreements which may involve effectively
“dropping their guard” against the risks of im-
porting invasive species. Thus each new agree-
ment needs to be professionally and critically
reviewed to check that no extra risk of invasive
species is involved.

5.3 Negligence and other factors

5.2 Unintentional introductions by _ o _ _
humans Despite existing regulations (such as quarantine), en-
forcement may not be implemented, perhaps through

Unintentional introductions are avoidable if Standﬁegligence, ighorance, or a lack of facilities to carry

ard operating procedures are followed. Cases Whejfg; the tasks required. Proper enforcement of exist-
f[he development _of a procedure is vitally |mportaqhg legislation is often enough to block a pathway
include the following: previously open to invasive species. Current train-
(1) Military use (naval and aerial) of islands for exing of quarantine officers is generally not extensive
ercises and the inadvertent importation of alieenough to include invasive species that threaten con-
species. This is aggravated by the military’servation values; it is mostly limited to pests which
often assumed *“right” to “go anywhere at anyhreaten agricultural, forestry, fishery or human health
time” regardless of the risks, in this case, tQalues. Though overlap occurs, training programmes
native fauna. need to recognise the inter-relatedness of these fields,
(2) Discharge to local waterways of ships’ ballasand to accord importance to conservation values in
water containing new species which are ofteteir own right.
aggressive invaders. Standard operating require-
ments, such as ballast discharge in blue watefs4 Biological dispersal, or self-
may reduce this risk. introduction of species

(3) Importation of timber chip and timber (espePlants and animals have evolved highly sophisticated
cially if the bark is present), bringing in insectsneans of dispersal and will, of their own accord,
and disease organisms. Such imports should @)lonise new habitat and islands once humans have
be subject to regular checks for the presence lo¢lped by taking them to a new country or island
disease and (b) never be complete with bargroup.

WT]'Ch acts as an excellent shelter for insects afjth, 4 ctions of new or even existing species of ani-
ot er Spec_'e_s" _ _ _ ~ malsto islands or countries may, unwittingly, involve
(4) Tourist activities, which may introduce invasivehe introduction of associated parasites or disease

species to pristine islands. These introductionsiganisms. The problem is reduced with proper quar-
may be from tour guides not checking visitorsantine procedures.

boots and equipment, or yachts making unau-

thorised visits, and from either type of visitorjbIany invasive species may be spread by native or
’ exotic animals. An example is the bulbul (itself an

{r?glg?e;ﬁffebjies% ?]ds;andard practices for VISIti-nvasive species), which will feed on fruits of inva-
i " ] _sive plants and spread the seeds through its drop-
(5) Packaging and containers which may carry insings. Similarly, pigs will spread seeds this way, and
vasive species. The organisms may occupy the the same time will accelerate the spread of inva-
goods, packaging, or container itself at the pokjye plants by changing the conditions in an area
of origin or en route, especially if the goodsiyrough pugging and rooting of the ground. Brows-

packaging, or container are left to “stand” iNng species such as goats and cattle have the same
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effect by removing the native species from near thedffectively as possible at borders, and to ask in gen-
ground, allowing unpalatable weed species to coleral: how is it best to monitor an island or island group

nise the area. for newly introduced species, and who has responsi-
bility for reporting and dealing with such incursions?
6. Issues arising from this review Border control officers need to know what kind of
of invasive species organisms they are looking for, how they might be-
have and where they may be hidden. But at the same
6.1 Information time they must continue to search for any new or-

Because of the nature of the Pacific islands regi@&nisms not previously known as invasive species.
(i.e. huge area, scattered island groups), there #& many incoming goods should be checked as re-
problems with the gathering of information and witfgources allow. In addition, the wider region would
communication. The vast ocean distances betweke@nefit if individual nations inspected their exports
small island nations mean that frequent visits fdrefore dispatch. In summary, there should be a dedi-
monitoring purposes are not practical. Remote islan@gted team, specifically monitoring border entry sites
are less well known biologically, while the biggerand looking for founder populations. In island na-
more populated islands are usually better known, §6ns, itis also important to monitor inter-island traf-
information is unevenly spread between islands. fic. An IUCN Environmental Policy and Law paper

To be able to predict and warn of possible new s gbserves of one government department within the
o op S orp PBacific region: “The plant and animal quarantine sec-
cies invasions, basic information is needed abOH(t)n of the Division is poorly staffed, and under-
lecshetz);?begt?/v Zgn\,\ilsr,]l:l:: dflzn:;é\?gf t\é\lirs]l(i:r?foprarg e:quipped. Inter-island movement of goods is rela-
y ' ’ %ively unfettered. Quarantine regulations are little

tion is generally lacking. There are not many anal){g own and rarely used. Enforcement is infrequent.”

_ses of shipping pattgrns and contamer routeing, .n?]'oer 1996). Better information will begin to solve
ing sources, destinations, and trans-shipment statiohs,

. soime of these problems.
Such work, plus an analysis of success rates of spe-
cies interceptions (including data on what is beings well as border surveillance, it is useful to have a
sent to whom and from where) for mail and custoni¥etwork of people alert for any new records of spe-
at air and seaports, would be very useful. After mogies. If there are no conservation workers or field
invasive species information has been collected, caafficers regularly “covering” an area, there may be
should also be taken to store and disseminate it gHdes, tour leaders, or dive operators who could at
cessibly, so that managers and decision-makers daast be asked (and educated) to watch for out-of-
make optimum use of it. Dissemination of informathe-ordinary animals or plants, and perhaps even to
tion could be achieved using databases such as fegform a monitoring role.

Pacific Island Ecosystems at Risk database (ttpgfycation of the public, land managers, politicians

www.hear.org/pier/) or the ISSG/GISP Global Invaz,g gecision-makers should aim to demonstrate the

sive .Specie_s Database and Early Warning Syst&ge of biodiversity, and the implications of its loss
(http://www.issg.org) although it needs to be borng, o gh invasive species. One important question is:
in mind that not all island countries have ready agyhat are the best methoudsthin the Pacific cul-

cess to the internet. tural context for education of the general public or
Technically, communication is often a problem: telspecialists (e.g. quarantine officers)? Such education
ephone lines may be of poor quality with perhapshould be strongly focused on the conservation as-
only one line serving a whole organisation. Culturpects of invasive species, not solely the agricultural/
ally, many people prefer to communicate directlgconomic or human health aspects. National media
with people they know, face to face, rather thamay help with this, as have the newspapers in Tahiti,
with strangers by letter or telephone i effort in reporting abouMiconia, known locally as the

to improve conservation information and techniquegreen cancer”. Tahiti’s Ministry of Health and the
within the Pacific, it is the local people who carmilitary have helped, with their efforts to clear some
provide the understanding of how to link conserareas of this pervasive tree, which now covers wind-

vation practice and culture, in order to improve theard Tahiti.

status of threatened species, or restore partially dF’o‘day, we believe we recognise the problems that
stroyed ecosystems. introduced species can cause, and yet there remain
National borders are an obvious place to start tfi@any cases, perhaps still due to ignorance or insuffi-
search for newly arriving species. Each nation neegignt scientific knowledge, where seemingly harm-
to consider whether its resources are being usedfakdecisions are taken. To confound matters, poor
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technical information may be given to biologicak priority for conservation. It is also important to
control practitioners. The predatory rosy wolf snaitarry out “baseline surveys” and monitoring, in
was introduced on the basis of “technical advice” torder to anticipate possible damage from newly
control the giant African snail, which is a crop pestrrivedspecies.

No proper screening process had been followed (ev&n
though such protocols existed) to ensure that the i .
troduced snail attacked only the intended prey. Ro tes fqr restorat_lon should be attempted, _nam_ely
wolf snails, though much smaller than the giant Al 0se W't_h a relative absen(_:g of pests, or with bio-
fican snails, do prey on them. However, for Wha{pglcally important communities pf flora or fauna..
ever reason, they made a much better living preyirld'€S€ islands then need surveying for pest species
on native and endemic snails, including families sudi'd their impacts (especially on islands of over five
as the Partulid tree snails (of Moorea and Tahitifl€ctares), and a priority-setting system should be de-
which are now either locally extinct or very threatyel‘)ped Wh'ICh permlts |dent|f|cat|_on of target islands
ened Similarly, “technical advice” has been given byf©" restoration projects and funding.

“reputable” sources about the flatwolPtatydemus New “early detection” methods (intercepting pest
monokwari After introduction as a biocontrol agent,species at low densities) are required so that founder
it was found to consume native snails. The result pbpulations can be efficiently detected and destroyed,
this poor information has been widespread lossesafd so that the monitoring of invasive species during
many species of snails, a number of which were geentrol and eradication operations is possible. Some
netically unique to separate valleys. of the most devastating groups of organisms for which
there should be a special watch are ants, wasps, the
Rrown tree snake, ratdjiconia calvescensand
ikania micrantha

mpiling an inventory of islands which are candi-

These cases of bad practice include (1) taking gui
ance from projects which are poorly reported, or i
which the technical information was incomplete oM
never gathered; (2) farmers or landowners taking@ther research topics which would greatly aid this
upon themselves to introduce species for their owtiork include:

ends, regardless of any regulations which might e>(<i)
ist to prevent such actions; (3) simply ignoring pre*
vious bad experiences with the same introductions
despite contrary advice.

design of suitable bait types (distributed in
weatherproof bait stations) for use in the trop-
ics against rats;

new techniques for border control officers for
the detection of new invasive species which may
threaten conservation values;

Intelligence gathering related to illegal practices suc,(%)
as smuggling is required. Western Pacific rim coun-
tries and Pacific island countries already have coop-

erative joint security committees. Invasive specig$)
should be placed on their agenda as a legitimate na-
tional security issue. Similarly, the issues (as de-

scribed above) for GMOs need urgent consideration,

to keep pace with dramatically increasing commer-

cial pressures to develop and use GMOs and their
products.

risk assessment of species proposed for impor-
tation using models such as exist in Australia
and New Zealand. Emphasis should be placed
on assessing their risk to conservation values
rather than to economic interests and human
health. If current risk assessment methods are
inadequate for this purpose, new methods need

to be designed.
6.2 Research

Before policy can be set, there is a great need 83 Policy, Legislation, Advocacy

background knowledge and basic research. Whidhvasive species are known to threaten human health,
species are “native” in a country? In order to answeconomic values and conservation values, all of
this gquestion, there is a need for palaeoecologicahich are inter-related. Until now, there has tended
studies (to discover which species were living at cete be least recognition of the huge impact of invasive
tain times), and biosystematic studies of locally ospecies on natural flora and fauna. Future policy and
curring native taxa. legislation should reflect the extra need to protect

. : conservation values.
Once there is good local knowledge of native spe-

cies distribution, decisions can be more easily madi€gislation is required in most cases to demonstrate
about where the remaining populations of native ¢he seriousness of the need to prevent invasive spe-

endemic taxa exist, so that these areas can be métgs that harm conservation values, and to effect
change. Once legislation exists, there is a serious need
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for resources (e.g. enforcement officers, isolatiof2) new road construction during logging;
facilities, searph equipment) for its |mp_Iementat|_o 3) slash and burn practices.

Enforcement is the cornerstone of this legislation; _ _
legal statutes are useless if compliance mechanisAds of these may accelerate the spread of invasive
do not exist. species. Protocols are also needed for inter-island

ipping, to counter rat invasions, and should cover
riables such as bait stations, emergency supplies
bait, contingency plans upon discovery of rodents,

T S
When such legislation is drafted, local people ar\ﬁ
customary landowners need to be convinced of t%«fe

unqu[Jel?f[ehss and |mpor';?ndcebof tthr(]ew Izcaltfnv'm'?r'eight inspection, education of passengers depart-
ment. €y are consuited about how best to mo Hg on inter-island travel, etc. This work should be

tor for mvasn{e species, and to work within local Cusdeveloped by motivated and knowledgeable people.
tom, the project stands the greatest chance of suc-

cess, and the least expense will be required for efe risks of transferral of invasive speamthin is-

forcement. land-groups must be reduced by procedures designed
to stop their spread. In Hawaii, for example, there
6.4 Trade are some very harmful invasive plants which are

I1§>resent on some islands, but thankfully absent from

As trade volumes increase within the region, and to(:t'hers. A lot of time and money could be saved by

commodities traded become increasingly “western:-, . . ;
o s . taking a little care to exclude these plants and yet, in
ised”, people within the region are exposed to a

i i - _deneral, the benefits of inter-island quarantine are not
greater choice and quantity of imported goods. With ’ ! ' : qu '

) . recognised.
a larger volume of materials being moved, and new

levels of consumption involving more packaging, thEest monitoring stations should be established at air
likelihood of transporting new species is heightenednd sea ports using methods which will intercept tar-
With it comes the risk of destruction of the local engeted “high risk” species. For example, pheromone
vironment (not only from pest species but also froffaps would catch and indicate the presence of Asian
non-perishable waste). Traffic between islands in agypsy moth and other similar species, and pitfall traps
chipelagos is increasing, but there is little or no regvould catch ants. Permanent rat poison stations
ognition of the individuality of islands—some mayshould be established first at key ports from which
be free of rodents or a particular invasive plant, evéagular inter-island ferry services leave for rat-free
though these species occur elsewhere in the islastinds, and secondly at the destination islands.

group. The value of excluding an invasive plant frofpole pest-free islands, or island groups, should have
an as yet pest-free island is great. reporting and contingency plans designed for them.
Dumping of the increased amounts of waste pro@ne national contact position (person) should be
ucts in landfills also provides extra colonisation site®ade responsible for liaison with outside groups and
and food for pioneer plants and animals such as raggn be “primed” to look out for new arrivals of pest
If these dumps lie next to harbour areas, as is oftépecies. As an extension to this, it would be helpful
the case, this presents a prime opportunity for tlikein situ personnel or positions could be identified,
spread of species such as rats, which can be so @ad those people given responsibility for actively
structive to fauna and flora. setting up new initiatives to counter invasive spe-
With the growth in affluence of many of the World’sc?es' Such people .COUId also identify key natiye SPe-
nations, pursuits such as the keeping of aquaria aﬂgs—the ones which are threatened by_lnvaswe spe-
cles—and ensure that these are monitored so that

unusual pets have become more popular, and trade .~ . . . . !
aseline” information on their populations is col-

in tropical fish and invertebrates has also increasq , . L
e . ; etted over the years, enabling any decline in num-
Aquaculture facilities and the farming of aquatic or;

: . . . . bers to be noticed.
ganisms is becoming more widespread. It is not true
that such species, imported for captive use, will aln an attempt to reduce the risk of within-country

ways remain captive. Inevitably, some escape asgread of invasive species and other problems, it

find their way into streams or the ocean. would be valuable to identify and set up possible
“model projects” on islands which are recognised as
6.5 Solutions having high conservation values. These projects can

Protocols need to be developed, explained, and dR&rVe to test methods, educate others, and act as a
tributed for use during activities such as: resource to promote the value of invasive species

projects. For the sake of maximum efficiency, as

(1) building construction (where the cleaning of M3mnany projects as possible should be integrated, so
chinery between sites is of great importance);
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that work and resources are not duplicated, but aries presents a radically different scenario from that
shared. Other conservation programmes, as well @iseradication. The decision to undertake long-term
guarantine and general education programmes, cogfehtrol of an invasive species should not be taken
have invasive species messages integrated into thdightly. On a remote island or atoll which is rarely

As indicated earlier, it is important to note that thgerwc_ed by shipping it may be unafforda_lble or un-
. ) ... Sustainable. Thus control involves a continued com-

dh ds to be tackled usi holisti Y%itment, and access to funding. It raises the poten-
and hence needs fo be tackied Using a NOTSHC apy of risks to non-target species, through the use of

proach. Economic and human health ISSUes are PAfSadcast poison baits, for example, and, because of
of the problem, and should be dealt with, but withy,;s o yironmental exposure, also leads to the possi-

out neglecting the serious impacts on native Specifigy, of resistance to toxins building up in invasive
and ecosystems. The problem has grown rapidly 8Secies.

trade and transport have become so fast and global,

but resources to deal with the problem have not déLconclusion, as mentioned earlier in this paper, pre-
veloped as quickly. vention is the most important practice, followed by

o o . eradication, and then control. Once a species is es-
If a new species is showing invasive or harmful eiablished and doing damage, its removal is mostly
fects, a decision must be made about whether eragyy gifficult, expensive, and time-consuming; and

cation is possible. It is important to note the technjsyally also has some cost to the environment.
cal differences between eradication and control.

Eradication may be defined as the permanent removal Acknowledgements

of all individuals of a species with little or no risk of hank S Timmi Rob Cowie. Wil
re-invasion. An eradication programme may takQurt anks to Susan Timmins, Ro owie, WIico
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moved from an island after they have just experE.III ibility f d S
enced a harsh season with little food. At this time' '€SPONS! llity for accuracy and any opinions ex-

they will be most willing to consume poison baitspressed.
Weather is also important. If rains are expected for
certain season, that may be precisely the wrong tinge References

to use poisons which can be broken down quickEoer, B.W. (ed.) 1996 Environmental law in the South
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Land vertebrates as invasive species on islands
served by the South Pacific Regional Environment
Programme
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Abstract mals. These are goats, pigs, cattle, cats, dogs, three
OIs_pecies of rats, and mice. Some other introductions
%iéher capable or potentially capable of serious nega-

o . . L ive impacts are at present restricted to a few islands.
significant invasive species’ on islands of the Sou

- .. . -These are rabbits, brown tree snakes, mongooses,
Pacific and Hawaii, supplementing our own experi- .
. . . musk shrews and cane toads, all of which could be
ence with that of other workers. The biological char- - :
read further by human activity. These 14 alien ver-

acteristics of each of these invasives are outlined t0- . . e
ebrates are referred to in this report as “significant

gether with what is known of their impacts on native vasive species”. The report outlines the biological

) . ]
p!ants and animals. The _most widespread gre goac? aracteristics of each, their distribution among is-
pigs, cattle, cats, dogs, mice, and three species of rRs

; ) ) .lands of the SPREP region, and what is known of
Island groups are listed in alphabetical order witfj .~ . .
. . . eir impacts on native plants and animals of these
summary comments on their habitats, status with re- -
) . . lands. We stress, however, that this list of 14 spe-
spect to damage by these invasives, and potential RN
. cies is based on what we know at present and does
restoration where known. ; . :
not mean that other species not covered in detail are
More information is needed on the impacts ofiecessarily insignificant in their effects. If New Zea-
invasives on indigenous species and habitats so thaid had been reviewed, for example, sheep would
priorities can be decided for controlling or eradicathave been included as a significant invasive species;
ing those posing the most serious threats. Preventifignkeys are very significant in the Galapagos Islands;
the further spread of invasive vertebrates and keesnd both Hawaii and New Zealand have suffered sig-
ing relatively unmodified islands free of invasivesificant conservation losses from deer. Effects of in-
are discussed. Island governments need to prote@elduced birds on the native plants and animals of
islands from further invasions for reasons of ecdslands in the Region are still not clarified.

nomic interest and human health as well as maip- L : : .
- . o nformation in this report is derived largely from
taining conservation values. A specific recommen-

dation is made for establishing an effective strate jparching the literature but is supplemented by di-

. . g ct communication with other workers in this field
that will reduce or prevent further establishment o . . L
as well as the experience of the writers. Detailed in-

invasive animalsSuggestions are made for restorinq rmation is lacking for some of the invasive spe-
particular islands; searches should be made to identé s discussed, particularly musk shrews, cane toads
tho_se isla_n ds_ where it appears feasible_ to_ restore ag]ndj introduceoi birds. Information for thé islands is ’
maintain indigenous vegetation and wildlife. also uneven in detail. The checklist of islands pub-

. lished by Douglas (1969) has been invaluable but
1. Introduction y Douglas (1969) )

' _ _ ' the naming of some islands remains unclear and some
This review of the invasive land vertebrates presept the island areas she quoted are incorrect. We have
on islands of the South Pacific Regional Enviromot listed islands where we have no information on
ment Programme (SPREP) region is part of a larggfyasive species.

:‘f\gix dotf:r;[zsel?3\1:§3/§aﬂ32::e?ndNigzgjégﬁtegasW? are sure that many of the information gaps in the

. . SETy- o iSland section of this report can be filled by either
cles OT mammals, blrd_s, reptules and amphibians ha?:’Smmunication with knowledgeable residents or
been introduced to this region. through visits by an informed person. In the time
Some of these have become widespread and exerwdilable, we have not been able to find what we re-

serious negative impacts on native plants and amgjard as adequate information for several groups of

This report reviews available information on the a
verse effects of 14 alien vertebrates considered to
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islands: Caroline Is, Chesterfield Is, D'Entrecasteaudauna Loa volcano, Hawaii, than sheep browsing.
Reefs (northwest of New Caledonia, not to be cornson visited Tinian Island, Northern Mariana Is-
fused with the D’Entrecasteaux Islands of eastetands, in 1742 and attributed the island’s park-like
New Guinea), Gambier Is, Loyalty Is, Marquesas Iscenery to overgrazing by cattle (Walter and Robins
Marshall Is, New Caledonia, Palau Is, Santa Cruz 15974). In New Caledonia, Barrau (1981) considered
Solomon Is, Tonga, Tuamotu archipelago, Tuvalthat open-range cattle grazing had destroyed much
and Vanuatu. New Guinea and its surrounding island§the pre-colonial landscape in which savanna wood-
are more difficult and may require communicatiotands had been present.

with a larger group of people, if not a field study, to

obtain a more complete picture. Prevention/control
Island der F h rol th had ell maintained fences can give adequate protection
slands under French control may not have had Syfa, ., cawie to areas of native woody vegetation. Dogs

ficient attention because French is not our first Iar}ind shooting are a standard method of control
guage. '

Question marks alongside dog, cat, pig, or mouSgment rgsgarchers and controlhexperts

indicate that these animals are likely to be presentP- Bell. Wildlife Management International, PO Box 14-492,
the island group and are likely to be free-ranging or ~ ‘/ellington. New Zealand.

feral. But we have not been able to find written con-

firmation of this belief. 2.2 Feral goat ( Capra hircus )

We were asked to include Hawaii as a source of egharacteristics
amples although these islands are outside the SPI%J_EePr
region. Impacts of invasive animals have been mofe,
extensively studied in Hawaii than elsewhere in tht%
Pacific.

al goats on Pacific islands are derived from do-
stic goats (originally native to Asia), introduced
an island for their milk or released as potential
food for people marooned by shipwrecks. Goats usu-
P . . ally move in groups that can build to large herds as
2. Egology of Slgmflcant Invasive their numbers increase. Home ranges, i.e. the areas

animals searched for food, can vary from 100 m to 20 km in

width. Males are bearded and have a strong smell

2.1 Cattle (Bos taurus ) during the breeding season. They do not defend ter-
Characteristics and spread in the Pacific ritories and wander more widely than females (Rudge
Cattle of various breeds (originally native to Asial990). Studies in New Zealand show year-round
have been introduced to a number of islands in tlgeeding; a population recovering after control was
Pacific as the basis for a meat industry. They are p&ble to double in about two years (Rudge and Smit
ticularly important in Hawaii and New Caledonia.  1978).

Grasslands, scrub and forest are all used extensively

Impacts on conservation values X - X
Oi/goats as feeding areas. Goats particularly like open

Unless well contained by adequate fences, cat

ander into native veetation wherever suitable foci €25 in which to rest or sun themselves, but at night,
W T Ive vegetation W verstl in bad weather, they may seek shelter under rocky
is available. If unchecked this can result in the for-

) . . outcrops or other places where they can keep their
”?a“on of feral herds roaming W'.I.d through extenfur dry. In Hawaii, goats are present on all main is-
sive areas of country. In Hawaii, feral cattle ar

. . ands from low to high altitudes, where they destro
present in remote forests, subalpine scrub and on? g y y

accessible lava flows (Tomich 1969). Scott et al. (i tgir;?ggllc)ommumtles in both dry and wet zones
Stone 1984) regarded domestic and feral cattle as the '
“single most destructive agent to Hawaiian ecosySpread in the Pacific

tems, particularly to koa forests”. Regeneration Ggrg| goats have become established on at least 9 is-
young koa gQcacia koa trees is completely sup- 5nq groups within the SPREP region.
pressed in some forests of Hawaii (Baldwin and

Fagerlund 1943). Cattle grazing was considered bmpacts on conservation values

be a primary factor in the decline of an endemic l&soats have been recognised as “the single most de-
guminous vine Yicia menziesji on the island of structive herbivore” introduced to the islands of the
Hawaii (Warshauer and Jacobi 1982). Snowcraitorld (King 1985). By eating young trees in a forest
(1983) found that cattle browsing was more destruthey prevent the replacement of adult trees that form
tive to mammaneSophora chrysophyl)dorests on the forest canopy. In extreme cases, such as on
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Isabela Island in the Galapagos group, a mosaic $pread in the Pacific

low forest and an open woodland has been replacegys have been introduced to the great majority of
by grassland and depleted woodland or other kind @fand groups in the Pacific. Their spread began with
non-forest vegetation, within a 10-year period (Ryolonisation of these islands by Polynesian and
Cruz, pers. comm.). Goats were present on CuVigficronesian peoples and continued with Spanish
Island, east of Auckland, New Zealand, between 19%@ttlement in the 7century and the subsequent in-
and 1960, when they were eradicated. A 36-yef{jx of other European peoples. However, pigs in-
study of forest recovery since the eradication showg@duced by early seafarers have often been displaced
that more than two-thirds of the tree and shrub spgy domestic pigs that have gone wild. Absence of
cies present had been reduced by goats, some to M@iyords of pigs on a particular island should not be
low numbers. At least six other plant species on thgken to mean they are not present; pigs are some-

island had probably been eliminated by goaifmes considered too commonplace to be remarked
(Atkinson, in prep.). In addition, early collections inypon,
dicate that at least six plant species became extinct
on the island as a result of the goats. Goat impactslgfpacts on conservation values
this kind have affected many other islands througianderson and Stone (1993) regarded feral pigs as
out the world, although they are seldom propercurrently the most pervasive and disruptive alien
documented. influence on the unique native forests of the Hawai-
. ian Islands”. Pigs damage forests by eating or up-
Prevention/control rooting tree seedlings as well as other plants with
Goats are eXtremer difficult to exclude from an areaalatab|e |eaves or stemsi including ferns and some
with fencing. They can be controlled effectively bysrchids (Kirk 1896). They break open tree-fern trunks
hunting with dogs, or shooting from the air, but thgy searching for starch (Griffin 1977). Savidge (1984)
operation must be planned carefully to ensure thaicords damage to understoreys in the limestone for-
conservation values most at risk from goats are pregsts of Guam. A secondary but very significant im-
tected. Removal of goats can lead to rapid recovgiyct results from their consumption of the fruit of
of suppressed vegetation on an island (Coblendggme species of invasive weed such as guava (par-
1978) Feral goatS have been eradicated from 16 Nﬁ%larly Ps|d|um Spp), the seeds pass through the
Zealand islands (Parkes 1990), the largest of Whiqut and into droppings, thus spreading those weeds
is Raoul Island (2938 ha) in the Kermadec group. far more rapidly. Pig damage to vegetation was re-
corded on Tinian Island, Northern Mariana Islands,
Curren.t researchgrs and control ex.perts as far back as 1742 (Walter and Robins 1974). Pigs
Dr I. Atkinson, Epologmal Research Associates of NZ, PO BoxI im t on large native invertebrates. such as
48-147, Silverstream, Upper Hutt 6430, New Zealand. also pac g . !
B.D.Bell, Wildlife Management International, PO Box 14-492 €arthworms and landsnails (e.g. Meads et al. 1984)
Wellington, New Zealand. by destroying their habitat, and eating their eggs, ju-
J.P.Parkes, Landcare Research Ltd., PO Box 69, Lincoln, Ngugnile growth stages, or adults. However, as with
Zealand. . - plants, these impacts have seldom been quantified
Dr B.E. Coblentz, Dept. of Fisheries and Wildlife, Oregon Stat . e
University, Corvallis, Oregon 97331, USA. and no such studies on Pacific islands are known to
us. Pigs are very effective predators of both surface-

2.3 Pig (Sus scrofa ) and burrow-nesting seabirds. On subantarctic Auck-
' o land Island, south of New Zealand, pigs dig petrels
Characteristics from their burrows to eat them (Rudge 1976) and

Pigs (originally native to Europe), are large omnivosimilarly in the Galapagos Islands on the equator,
rous mammals with powerful bodies and coarse haipjgs dig out and consume dark-rumped petrels
coats. Their thick necks, wedge-shaped heads aftferodroma phaeopygidrom their burrows (Coul-
mobile snouts enable them to root up the ground whig et al. 1985 and I. Atkinson, pers. obs.). On Christ-
feeding. They lack the multiple stomachs found if@s Island, Pacific Ocean, pigs eat eggs, nestlings
ruminants such as cattle and goats. In New Zealafigd @dults of sooty ternSterna fuscafa Moors and
they breed throughout the year, with a litter size gitkinson (1984) concluded that pigs probably also

6-10 piglets, but usually only half this number sur€at the €ggs and young of other surface-nesting

vive. They reach breeding age at between 10 and S'%ZgiL:g?estljjggu?nsearl:Eaiit(rn?lsissel\;ci?ri:jgs and boobies, but

months (Wodzicki 1950). Pigs are normally socidt

animals but adult boars over 18 months old are ifa addition to their impact on native wildlife and na-

variably solitary (Mcllroy 1990). tive plant/animal communities, pigs adversely affect
agricultural crops, including sugar cane. They also
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damage planted forests by digging up young tre@ian Island, Northern Mariana Islands, feral and
and eating their roots (Mcllroy 1990). They have thdomestic dogs have been present since the mid-1700s
potential to spread diseases to other animals, bdwviles et al. 1990).

domestic and native, and are reputed to facilitate ,

attacks on trees by the dieback disease caused BYPacts on conservation values

the fungusPhytophthora cinnamom(Auld and It is important to recognise that, even though there

Tisdell 1986). may be no truly feral dogs on an island, an uncon-
. trolled domestic dog can wreak havoc among ground
Prevention/control birds. In New Zealand, during study of kiwi in a

Pigs are very mobile animals and their home rangblerthland forest, the loss of 13 out of 23 kiwi fitted
are not fixed in locality. Under stress they may diswith transmitters was found to be a result of preda-
perse considerable distances. In Australia, feral pigen by a German shepherd dog. It was estimated that
have been recorded moving 20 km in 48 hours whéhis single dog alone had killed 500 out of 900 birds,
suffering from food shortage (Auld and Tisdell 1986)although this estimate was considered to be possibly
This mobility can mean that it is uneconomic for agonservative (Taborsky 1988). Seabirds are included
individual landowner or controlling agency to conamong the prey taken by dogs. In Hawaii, Sincock
trol a pig population because animals destroyed asid Swedberg (1969) found Newell's shearwaters
soon replaced by pigs moving in from adjacent progPuffinus puffinus newel)iiwere subject to preda-
erties. In New Zealand, pigs have been eradicatgdn by dogs. Tomkins (1985) records dogs killing
from Kapiti Island (1970 ha) and Great Mercurygdult dark-rumped petrelB{erodroma phaeopygjia
Island (1860 ha) as well as many smaller islandgn several islands in the Galapagos group. Remains
Standard methods of control are hunting with dogsf hoobies and shearwaters were found in the stom-

and poisoning with compound 1080. In Hawaii, snagchs and droppings of dogs on Isla Isabela, Galapagos
ing has been used to control pigs within 600—80&oup, by Barnett (1982).

km? fenced exclosures located in remote areas of rain

forest in the Haleakala National Park, MauPrevention/control

(Anderson and Stone 1993). Feral packs of dogs can be hunted and shot. Control
ggf domestic dogs is dependent on their owners know-
519 what native birds and other native animals are at
gk from dogs on the island where they live.

Many people place a high cultural/food value on pi
so that removing them from designated areas m
not be acceptable without a clear presentation afl
discussion of the benefits. Snaring would also Nt rent researchers and control experts
always be an acceptable method of control.

We know of no-one who is actively researching the impact of

Current researchers and control experts uncontrolled domestic dogs or feral dogs on native wildlife.

B.D. Bell, Wildlife Management International Ltd, PO Box 14-

492, Wellington, New Zealand. 2.5 House cat ( Felis catus )

Characteristics

2.4 Dog (Canis familiaris ) Members of the cat family feed mainly on vertebrates
Characteristics such as small mammals and birds. House cats live in

Dogs taken to Pacific islands by the early PolynesiafsVe"y Wide range of habitats if food is available.
may have been about the size of a small collie, b{if€y aré less dependent on water than many other
shorter in the leg (Anderson 1990). They have lo ammals introduced to Pacific islands because of
since been replaced by or crossed with various bredf§ €xtent to which they obtain moisture from their
from Europe. Dogs can range through a wide varief?Od- The sizes of home ranges used by cats in search-

of habitats, whether open country or thick forest. ing for food vary enormously, depending on the
kind of habitat (Fitzgerald and Karl 1986). In good

Spread in the Pacific conditions cats may have two to three litters per
Dogs have been taken to most inhabited islandsyear, with a most common litter size of 4 kittens
the Pacific but the extent to which they have becongEitzgerald 1990).

feral on forested islands is unclear. R. Hay (pers. , "

comm. 1999), for example, saw little evidence thatPread in the Pacific

dogs on Niue were penetrating the forest to any grddany ships of the ¥8and 19 centuries were in-
degree, but this may have been because of the shi@&gied with rats and so carried cats to control them.
pinnacles and cracks in the limestone substrate. €@nsidering also the extent to which cats are valued
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as pets it is not surprising that they are possibly nav6 Pacific rat ( Rattus exulans )
present in all of the island groups considered in thEharacteristics
report. Within an island group, however, many unin-

habited islands are still free of cats. Pacific rats are the smallest of the three rats closely
associated with humans. Body weights are usually
Impacts on conservation values between 60 and 80 g, but occasionally heavier. The

Worldwide, cats prey on petrels, shearwaters affidr is brown and tail length is only slightly longer or
prions including seabirds as large as the black petglorter than the combined head and body length. A
(Procellaria parkinsonji (Imber 1975, 1. Atkinson, useful feature distinguishing them from other rats is
pers. obs.). They also prey extensively on landbirdée dark outer edge of the upper side of the hind foot
particularly those that nest or feed on or near to ttgar the ankle, the remainder of the foot being pale.
ground. The only study of foods eaten by cats di New Zealand on Tiritiri Island, litter size is usu-
islands in the SPREP region appears to be thatally between 4 and 9 with an average of 3 litters per
Kirkpatrick and Rauzon (1986) on Howland andear (Moller and Craig 1986). The density of these
Jarvis Islands, both of which lie close to the equatdits on an island is very dependent on the presence
Here cats were having a significant impact on sugf cats, or other rodents, particularly mice (Taylor
face-nesting seabirds by killing young and adult bird975). Pacific rats can live in a wide range of habi-
and occasionally taking eggs as well. In New Ze&ats including grassland, scrub and forest. They are
land their diet includes rabbits, rats, mice, bird@ble to climb trees easily where at least some of their
skinks and geckos as well as larger insects and sfsieding is done, but are not good swimmers.
ders. On islands, birds are likely to be the most im: . .
read in the Pacific
portant food because the number of small mammats - o _ _ _
is often limited. Cats lived for over 40 years on Herd2acific rats originated in the Indo-Malaysian region
kopare Island (28 hay), east of Stewart Island, wheyéere they are still present. They have subsequently
they fed mainly on seabirds but eliminated 6 speci@§€n spread by people to numerous islands in the
of landbird (Fitzgerald and Veitch 1985). Cats arBacific, particularly by Polynesians and Micro-
known to have eliminated saddlebadRbilesturnus Nesians. Pacific rats may have been present in the
carunculatu3 from both Cuvier Island (170 ha) angMariana Islands for at least 3500 years, introduced

Little Barrier Island (3083 ha) last century. by the Chamorro people (Spoehr 1957). There is no
evidence to suggest that this rat is native to any of
Prevention/control the islands included in this study, as implied by Case

Routine inspection of cargoes and luggage shou(@996: 73). There appear to be no island groups that
provide adequate protection against cats reaching\&@ire reached by the Polynesians that did not receive
island where they are not already present. Cats daattus exulangAtkinson 1985). However, a number
be controlled by live-trapping, shooting, or killed withof islands within groups, particularly those uninhab-
Victor ‘soft-catch’ leghold traps baited with tinnedited, are still free of it. There is some evidence to
catfood or fish (Veitch 1985, Innes et al. 1999). Cagtiggest that the decline Bf exulansn mainland
were eradicated from Baker Island (145 ha) in tHdew Zealand during the T@entury was a result of
Line group in 1964 following which the large colo-competitive exclusion by mice (Taylor 1975).

nies of sooty ternsSterna fuscatpand lesser .
frigatebirds Fegata arie), which had been greatly Impact on cor]servatlon values _

reduced by the cats, re-established (Forsell 1983}10ugh considered by early naturalists a *harmless
Cats have been eradicated from quite large islany§getarian”, this rat is harmless to neither animals
both forested, such as Little Barrier Island (VeitcROr Plants. Pacific rats eat a wide range of foods in-
1985), New Zealand, and those lacking forest, suéipding earthworms, centipedes, larvae of some but-
as Marion Island (29 000 ha) in the Indian Oceaft€rflies and moths, ants, beetles, weevils, cicadas,
Four methods were used to kill cats on Marion Islan@nails, spiders, lizards and birds. They also eat fleshy
the viral disease feline panleucopaenia, shooting, caffélit and other seeds, flowers, stems, leaves, roots

traps and gin traps (Bloomer and Bester 1992). and other plant parts. These facts do not in them-
selves prove that survival of the animal or plant spe-
Current researchers and control experts cies affected will necessarily be reduced significantly.

Dr B.M. Fitzgerald, Ecological Research Associates of Nz, PBlowever, many studies have shown that this is some-
Box 48-147, Silverstream, Upper Hutt 6430, New Zealandimes the case. Particular examples are the detrimen-
B.D. Bell, Wildlife Management International Ltd, PO Box 14'ta| effects on burrowing petrels, described for Ha-

492, Wellington, New Zealand. ..
C.R. Veitch. 48 ,v?anse Rd, Papakura, New Zealand. waii and New Zealand (Woodward 1972, Imber 1975)
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and on red-tailed tropicbirdPlaethon rubricauda elaborate burrow systems. They are by far the best
(Fleet 1972). In the Leeward Islands of Hawaii, Fleetwimmers of the three rat species, sometimes diving
and Woodward have shown that predation on seabitfds shellfish and other food in the intertidal zone.
only becomes significant after storms have reducétbwever, they may be more dependent on fresh wa-
the fruiting of food plants. Fatal attacks by Pacifiter than are the other rat species.
rats on adult Laysan albatrosses (Kepler 1967) ap- , »
pear likely to be associated with the same factog.pread in the Pacific
Many species of lizard in New Zealand have bediorway rats do not appear to have reached the Pa-
reduced in numbers, sometimes becoming |oca|{3'kﬁc islands until the 1®century and even now have
extinct, as a result of predation by this rat (Whitaketot established on all inhabited islands in the Pacific
1973, Towns 1991). On Henderson Island, Pitcaiff\tkinson 1985). Their distribution is thus more re-
group, Brook (1995) recorded intense predation tg;ricted than that of the other two rats, although they
R. exulan®n newly hatched Murphy’s and Kermade@re almost invariably present where there is any sub-
petrel chicks. A recent study (Campbell and Atkinsogtantial human habitation.
1999) shows that in New Zealard, exulanshas ,

Impacts on conservation values

adversely affected the recruitment of at least 5 spe- , ,
cies of coastal tree, some of which are now rare. NOrway rats are omnivorous and eat a wide range of

plant and animal foods. They prey on the eggs, young,
Prevention/control and sometimes adults of ground birds such as rails,

Pacific rats have been eradicated from islands of leddcks and wading birds (e.g. Pye and Bonner 1980,
than a hectare in size, up to the size of Kapiti islar@rown 1949). Ducks, in particularly, appear to be

(1970 ha), near Wellington, New Zealand (Empsofiiore vulnerable to Norway rats than to other species
and Miskelly 1999). These authors discuss the riskgf, rat. Norway rats also eat seabirds and their eggs,
costs and benefits of using brodifacoum to eradicafecluding storm petrels, diving petrels, prions,

rats. Compound 1080 has not proved effective agaigtearwaters, tropicbirds, gulls, and terns (Moors and
this rat, but they are susceptible to anticoagulent pditkinson 1984). Itis probable that they have caused

sons such as brodifacoum and bromodialone. catastrophic declines in the numbers of ground-nest-
ing birds on some islands, such as Campbell Island,

Current researchers and control experts New Zealand, but no particular case has been prop-

Dr I. Atkinson, Ecological Research Associates of NZ, PO Boerly documented.
48-147, Silverstream, Upper Hutt 6430, New Zealand.
D.J. Campbell, Ecological Research Associates of NZ, PO B&revention/control

48-147, Silverstream, Upper Hutt 6430, New Zealand. f . in thei
Dr D.R. Towns, Department of Conservation, Auckland Regioné\lorway rats are more wary ot new items in their ter-

Conservancy, Private Bag 68908, Newton, Auckland. fitories, such as traps, poison-bait tunnels, than ei-
I. McFadden, Department of Conservation, PO Box 10-42¢her of the other two rat species. “Second-genera-

Wellington, New Zealand. _ tion” anticoagulant poisons have been used very ef-
B.D.B\(/a\lll, Wlldllfe Management International, PO Box 14'492Tectively against this rat, for example, the eradica-

ellington, New Zealand. . -
tion of Norway rats from Kapiti Island (1970 ha),

New Zealand, in 1997 (Empson and Miskelly). The
largest island from which Norway rats have been
Characteristics eradicated is, to date, Langara Island (Queen Char-
Also known as the brown rat, and originally fromlotte Islands, British Columbia), 3105 hectares in area.
Mongolia, Norway rats are the largest of the thre€he eradication campaign fBr norvegicusvas be-
rats that have been dispersed by humans to the Ban (after preparation and trials) in July 1995 and
cific islands. Their body weight is most commonlythe island was declared free of rats in May 1997 (Kai-
between 200 and 300 g, but weights up to 450 g (as€r et al. 1997).

rarely grgater) are not unusual. Their fur (?o_lour i"fhe undesirable consequences of any ongoing use
brown with grey colours on the belly. The tail is sig- f such poisons should always be considered: pri-

nificantly shorter than the combined head and bo‘%ary or secondary poisoning of non-target species

length, and they have a uniformly grey upper side we are aiming to protect, secondary poisoning of other
the hind foot. Litter size in New Zealand averages glop ' yp g

6-8, but published information is sparse (Moor\s/g[aer?éztfoptﬁzts ;L;g:]at)s Ctites’r:tnsd development of re-
1990). Although they do climb tree trunks and P y '
branches to some extent, they are not agile climbetgrrent researchers and control experts

in the manner (_)f ship rats. Charac.terlstlcally'they ne'|§t|—| Taylor, c/- Landcare Research Ltd., Private Bag 6, Nelson,
below ground in burrows, sometimes forming quite  New Zealand.
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. McFadden, Department of Conservation, PO Box 10-42§o Pacific rats in the extent of their spread, having
Wellington, New Zealand. established on at least 28 groups of islands.

2.8 Ship rat ( Rattus rattus ) Impacts on conservation values

Characteristics Like the other_ two species of rat included'here, ship
This rat was originally native to India and is als rats are omnivorous and capable of eating a wide
! W 'ginaly v : ! ?ange of plant and animal foods. These include na-

known as the black rat or roof rat. Ship rats are ratht?\;e snails, beetles, spiders, moths, stick insects and

larger than Pacific rats, with body weights betwee@lcadas and the fruit of many different plants (Innes

120 and 160 g although occasionally exceedi
.. £990). They also prey on the eggs and young of for-
200 g. They may be grey-brown on the back Wltest birds, a behaviour long suspected in New Zea-

either a similarly coloured or creamish-white be”yrand but only proved beyond doubt comparatively

or they may be black all over. These three d's.tm%cently through use of video cameras at night (Innes
colour forms can be found in rats of the same litte al. 1999). In the recovery programme for the en-

they ?“e hot, as .W.as once thought, three different s angered Rarotonga flycatcher or kaker@drharea
szc;oe Sa Tlh € ta,:'rll IS alwsys;nutfrhhlonhgeét?armtth € he.&%nidiata), Robertson et al.(1994) identified ship rats
and body length combined. € NING 100t 1S UNlyo ihe most important predator affecting the breed-

formly coloured over the whole foot and usually dark; g success of this bird. Several cases are known

h
Litter size is 3—10, averaging 5-8 (Innes 1990), wit'h . . : .
the breeding season in New Zealand restricted to twhere predation on seabirds can be reliably attrib

September to Aoril period. Ship rat id utéd to ship rats. These include sooty terns in the
SEPLEMDET 10 ApM period. Ship rals are widespre eychelles Islands (Feare 1979), Bonin petrels in
in forest and woodlands as well as being able to li

in and around buildings. There is nothing to suppor. awaii (Grant et al. 1981), Galapagos dark-rumped

. petrels in the Galapagos Islands (Harris 1970), and
the statement by Pemetta and Watling (1978) th\% ite-tailed tropicbirds in Bermuda (Gross 1912).

ship rats “are restricted in their distribution to a close
association with humans”; these authors appear nidie ship rat is the rat most frequently identified with
to have trapped for rodents in native forest. Ship raggtastrophic declines of birds on islands. The best
are extremely agile climbers, usually nest in bunché@cumented examples in the Pacific region are Mid-
of leaves and twigs built in trees well above grounday |. in the Leeward Is of Hawaii (Johnson 1945,
level, and spend more time searching for food in trédsher and Baldwin 1946), Lord Howe Island

crowns than either of the other two introduced rat§Hindwood 1940, Recher and Clark 1974) and Big
South Cape Island, New Zealand (Atkinson and Bell

The work of Yosida (1980) and his co-workers hagg73) There are undoubtedly other examples of such
shown that there are two formsRf rattusthat dif-  jacjines on islands which, if noticed at the time, were
fer in chromosome number. The Asian form has 4g.,er documented. Atkinson (1977) brought together
chromosomes and is present in SE Asia and JapgRcymstantial evidence suggesting that ship rats,
The more w!desprea_d Oceanic form has 38 ch_romr%tther than disease, were responsible for the decline
somes and is the ship rat of Europe, the Mediterrgs many species of Hawaiian native birds during the
nean region, America, Australia and New Zealandgn century. There are few indications of rat-induced
Present indications are that it is the Oceanic forgkclines in native birds on islands nearer the equator
that has reached islands in the South Pacific, but sn(gmtude 15°N to 20°S). This zone coincides with the
ies are needed to confirm this. The Asian form hafstribution of native land crabs, animals that also
probably reached some islands north of the equatgfey on birds and their eggs. The long co-existence
e.g. the Caroline Islands: on the basis of colour vatietween land crabs and some island birds may have
ation in rats on Ponape and Koror Islands, describasgkulted in the development of behaviours among the
by Johnson (1962) @Rattus rattus mansoriusve pirds that gives them a degree of protection against
suspect that these rats may be the Asian forR. of rats. Atkinson (1985) suggested that this might be
rattus. the reason why rat-induced catastrophes are less ap-
parent within the equatorial zone, but this hypoth-

Sp.read n j[he Pacific o _ esis has never been tested.
Ship rats first reached the Pacific islands with early

European navigators in the " @entury but appar- Prevention/control

ently established on only a few islands. The majéSecond-generation” anticoagulant poisons are used
spread of this rat did not take place until after 1850idely for ship rat control, but possible consequences

(Atkinson 1985). Among all the invasive animalf any ongoing control should always be considered.

covered in this report, ship rats are now second onljnese consequences include primary or secondary
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poisoning of species we are aiming to protect or othkarvae of two species of moth, and two species of
non-target species, secondary poisoning of other vepider following eradication of mice from Allports
tebrate pests such as cats, and development of red@and (16 ha), Cook Strait, New Zealand. After mice
ance to these poisons by ship rats. Eradicationswére eradicated from Mana Island (217 ha), New
ship rats have so far only been attempted on smzkaland, the endangered McGregor’s skink
islands (Veitch and Bell 1990) and it is not knowr{Cyclodina macgregoyiincreased significantly and
whether their tree-climbing habits will make eradimore Cook Strait giant wetalB€inacrida rugoss a

cation more difficult. large flightless grasshopper, were caught in lizard
traps (Newman 1994). On subantarctic Antipodes
Current researchers and control experts Island (2025 ha), SE of New Zealand, M.J. Imber (in

Dr J. INnnesZ, Le}nd(cjare Research, Private Bag 3127, HamiltqmOors and Atkinson 1984), found mice to be eating
ew Zealand. - -
Dr |. Atkinson, Ecological Research Associates of NZ, PO Box 995 of gr_ey_baCked storm petl’@ﬁi(l’.odla nere'%
48-147, Silverstream, Upper Hutt 6430, New Zealand. @lthough it is not known whether this was having a

I. McFadden, Department of Conservation, PO Box 10-42@ignificant effect on the petrel population.
Wellington, New Zealand. '
G. McCormack, Cook Islands Natural Heritage Project, PrimPrevention/control

Minister's Department, Rarotonga, Cook Islands. In the wild, mice can be controlled with anti-coagu-

RH. Tﬁg"vﬁr’zgﬁaLnﬂfdm Research NZ, Private Bag 6, NelsoInalnt poisons such as brodifacoum. In New Zealand,
mice have been eradicated from a few islands, most
2.9 House mouse ( Mus musculus ) notably Mana Island (217 ha), for which details are
o given by Hook and Todd (1992), and Enderby Island
Characteristics (710 ha) in the Auckland Islands group.

This well-known animal, which probably originated
in Asia or Africa, is now among the most widesprealf!'"ent researchers and control experts
of all mammals, a result of its close association withr B.M. Fitzgerald, Ecological Research Associates of NZ, PO

humans and the relative ease with which it can be Ecr’]’é 48-147, Silverstream, Upper Hutt 6430, New Zea-

_spread _in cargogApgrt from their occupation.of build- | pcFadden, Department of Conservation, PO Box 10-420,
ings, mice can live in a wide range of environments,  Wellington, New Zealand.

from grassland to forest. In Hawaii they are abundaBt E.C. Murphy, Department of Conservation, Auckland Re-

over a wide range of habitats from sea level to 3920 m gﬁga:\lionzg’lzagy’ Private Bag 68-908, Newton, Auck-
. . . W .

(Tomich 1969, van Riper and van Riper 1982). '

Mice can be sexually mature at 8 weeks. Litter siz2. 10 Rabbit ( Oryctolagus cuniculus )
varies between 2 and 12 but the commonest litter siz .

are 5and 6. In more temperate climates mouse nuﬁﬁaraeterlstlcs

bers fluctuate seasonally, but individual mice rareligabbits are small herbivorous mammals weighing
live longer than 18 months in the wild (Murphy and®€tween 1 and 2 kg. Like rats and mice, they have a

Pickard 1990). pair of sharp cutting teeth that grow continuously
' B throughout life. Their droppings, when produced at
Spread in the Pacific night, are fibrous pellets. However, during the day

Mice have probably reached all inhabited islands #fhe droppings are soft and are eaten, thus allowing
the Pacific as well as some uninhabited islands. Thélre animal to extract the maximum value from its
spread into the Pacific did not begin until the arrivdbod. A female rabbit can produce up to 50 young in

of Europeans. one year, but where rainfall is erratic, as on many
_ islands, breeding is restricted to periods following
Impacts on conservation values rain. Young rabbits grow rapidly and can start breed-

The impact of feral house mice on native plants andg between 3 and 4 months of age (Gibb and
animals has probably been underestimated on Paciiglliams 1990).

islands through lack of studies and attention to Iarg.JE{rabbits thrive best where rainfalls are less than

pest a’?'ma's: Mice eat a variety of seeds_, fungi, 1000 mm and where the vegetation is short, prefer-
sects (including beetles and moth caterpillars), spi; :

. : ably grazed. Although usually an animal of open
ders and other small animals. Lizards and sometimes

X ountry, in New Zealand rabbits have survived in low
eggs of small birds are also taken. In a recent stu . .
; . N mbers on a few forested islands where the forest is
Fitzgerald et al. (in press) demonstrated significa

. . . ow and not very dense.
increases in the numbers of four species of beetTe, y
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Spread in the Pacific of rabbits is an inefficient method of control but un-

Two thousand years ago rabbits were confined e poisoning it does not kill predators of rabbits
Spain and Portugal but they have since been spreéat§h as cats. In New Zealand, poisoning has most
by people to many parts of the world. Sailing Shipgften been carried out with compound 1080 added to
of the 18 and 19 centuries sometimes carried livecarrots or oats and spread from the air. In 1998, a
rabbits for food. If put ashore for shipwrecked pedtirus, rabbit haemorrhagic disease (RHD, formerly
ple they usually died out, but they persisted on sorfélled RCD), was introduced to the country illegally.
islands to cause great damage to native vegetatidhSome areas it has killed many rabbits, but whether
especially on islands of low rainfall. Rabbits havé Will continue to be effective in the long-term is
reached at least five of the island groups consideré@ubtful. Myxomatosis, a contagious and often le-
in this study. Their worldwide distribution is giventhal disease specific to rabbits is sometimes suggested

by Flux and Fullager (1983). for rabbit control. This not only requires flea or mos-
_ quito vectors but causes considerable suffering to the
Impacts on conservation values animals affected. Furthermore, eradication by such

Rabbits reached Laysan Island in the Hawaiian groaeans is unlikely. We would not recommend use of
at the beginning of the 2G@entury. Between 1903 either RHD or myxomatosis on Pacific islands. On
and 1923 (when they were eradicated) rabbits appamall islands, acute poisons such as phosphorus,
ently eliminated 26 species of plants, a rate of losyanide, strychnine and compound 1080 are all likely
exceeding one species per year (Christophersen dadill non-target species. Second-generation anti-
Caum 1931). A subsequent visit by Lamoureausoagulant poisons such as brodifacoum have been
(1963) indicates that not all of these species becamged successfully against rabbits although precautions
extinct on Laysan Island; presumably regeneratic@e often necessary to protect non-target species (Flux
from seed had been possible. Prior to their eradick®93). Flux (1993) examined the relative effective-
tion, rabbits were the only introduced mammal oness of various methods of rabbit control using a sam-
Phillip Island in the Norfolk Island group. There theple of 607 islands distributed throughout the world.
average rate of extinction of plant species betweéte found that more islands had been cleared of rab-
1830 and 1977 was approximately one species evdiijs by traditional methods of trapping, shooting, and
10 years (Fullager 1978). Extensive soil erosion frgpoisoning than by introduced predators, competitors,
quently follows the loss of plant cover that resultsr disease.

from browsing by rabbits, as was the case with bof, it have been eradicated from a number of

th_ese islands. Thus, apart from the plant Iosse_:s, raands including Enderby Island (710 ha) in the
bits often destroy the habitat of many small animalg, kiand Islands group, Phillip Island (190 ha) in
Rabbits can also become additional food for animal§a Norfolk Island group and Round Island (151

such as cats, enabling these predators to increase tngsr’ Mauritius. Both the Enderby Island and Round
numbers and thus eat more native animals, includipg,,q campaigns used brodifacoum as Talon 20P®
lizards and birds. This is an example of a ﬂOW'O_Baits. Merton (1987) gives details of the Round

effect, where the introduction of one problem anigand gperation including bait preference and accept-
mal results in an increase of another invasive Speci&Sce trials, and tolerance of reptiles to the anti-
already established. Such an effect is believed to Pgagulant p;oison used

the reason why the parakeet of Macquarie Island, in

the subantarctic ocean NE of the Ross Dependen@yrrent researchers and control experts

became extinct following the introduction of rabbitspr J.E.C. Flux, Ecological Research Associates of NZ, PO
The bird had managed to survive in the presence of Box 48-147, Silverstream, Upper Hutt 6430, New Zea-

cats on the island for many years previous to the ar- 'and. _
rival of rabbits (-|-ay|0r 1979) I. McFadden, Department of Conservation, PO Box 10-420,

Wellington, New Zealand.
B.D. Bell, Wildlife Management International, PO Box 14-492,

Prevention/control Wellington, New Zealand.

Accidental introduction of rabbits to an island is un-

likely. They are relatively easy to detect in cargo a2,11 Small Indian mongoose

baggage and strict surveillance at ports of entry will (Herpestes javanicus )

prevent most attempts to introduce this animal. o

Where rabbits are present with other grazing animafsharacteristics

removal of the latter will often result in the growthThe small Indian mongoose is an agile light brown-
of rank vegetation unsuitable for rabbits; this can beh-grey animal with short legs, small rounded ears,
used as a method of partial rabbit control. Shootirand an adult length (including the 26 cm bushy tail)
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of about 65 cm. It was introduced to many islands irevention/control

the West Indies from 1872 onwards with the intenon the island of St John, US Virgin Islands, Coblentz
tion Of COI’]tI‘O"ing rats in Sugar-Cal’le fleldS In l88%nd Coblentz (1985) trapped mongooses using 15 x
it was introduced to several of the larger Hawaiiaps x 45 cm live traps and fresh bait. They concluded
islands for the same reason. They are agile animghat where eradication of mMongooses is Not possi-
and are known for their attacks on chickens as wejje, protection of vulnerable insular species can be
as native animals. Mongooses can live in both dgthjeved with intensive localised trapping. Live traps
and wet conditions including forest, scrub, grasslange also used to capture mongooses and avoid loss of
and gardens. non-target species in Haleakala National Park, Ha-
waii (C. Hodges, pers. comm. 1999). We are not

Spread in the Pacific .
_ aware of any attempts to eradicate mongooses.
In the SPREP region, the mongoose appears to be

restricted to Fiji, where it was introduced in 1883Current researchers and control experts
again with the expectation that they would contratathieen Hodges, Wildlife Biologist, Haleakala National Park,

rats in sugar-cane fields. PO Box 369, Makawao, Hawaii 96768.
Tom Telfer, Wildlife Biologist, Division of Forestry and Wild-
Impacts on conservation values life, 3060 Eiwa St, RM 306, Lihue, Hawaii 96766.

. Tonnie Casey, 101 Aupuni St, # 227, Hilo, Hawaii 96718.
Mongooses are generally solitary and hunt small ani-

mals by day. They have been seen to climb trees in .
Hawaii, and remains of forest birds have been four?d12 Musk shrew ( Suncus murinus )

in their gut contents. The frequency and thus the siGharacteristics

nificance of this behaviour has yet to be assessed (fpis animal, also known as the house shrew, is a na-
Hodges, pers. comm. 1999). In addition to birds, theye of NE Africa, SE Asia, the Philippines and In-

prey on all kinds of terrestrial vertebrates as well gfpnesia. It is small, secretive and mouse-like with a
a wide variety of invertebrates: moths, grasshoppefgng pointed nose. They are generally solitary and
beetles, wasps, flies and spiders (Baldwin etal. 1932aye a high metabolic rate necessitating frequent

Seaman and Randall 1962, Gorman 1975,) but th&ding. Foods include a wide range of invertebrates,
extent of this impact has not been measured. On SORif they scavenge for other foods.

islands they have had a major effect on native shakes

and diurnal lizards, i.e. those feeding during the dagpread in the Pacific

time. Case and Bolger (1991) compared lizard abultusk shrews are common in villages and farmyards
dance on a number of Pacific islands with and withhroughout the warmer parts of eastern Asia and on
out mongooses and found a nearly 100-fold redumgrany of the islands fringing that coast (Johnson
tion of lizards where mongooses were present. In th€62). Within the SPREP region, they appear to have
Virgin Islands, in the Caribbean, mongooses causeden recorded only from Guam, Palau, and the North-
the near-extinction of the ground-nesting quail dovern Mariana Islands. They were first detected on
(Geotrygon mystacgéNellis and Everard 1983) andGuam in 1953 and had spread over most of the is-
in the Virgin Islands National Park, a study by Smalland within three years (Peterson 1956).

(1982) showed that 23% of the eggs and hatchlin?s .

of hawkesbill turtlesEretmochely@mbricatg) were  [MPacts on conservation values

destroyed by mongooses. In Hawaii, mongooses dykisk shrews are omnivorous, taking mainly insects,
known to eat the young of the endangered Hawaii&it also take carrion. They are reported to have killed
crow (Giffen 1983 in Stone 1984) and both eggs ardmall birds in captivity (Barbehenn 1962, Lance
incubating females of the nene goose (Banko 1984)976), and are likely to eat skinks (Barbehenn 1974).
Wherever mongooses have come in contact witR Searching for underground prey they can excavate
the endangered Hawaiian dark-rumped petr@P'eS using their pointed nose. No studies of the im-
(Pterodroma phaeopygjahey have eliminated it pact of musk shrews on native fauna and flora are
(Baldwin et al. 1952). On Viti Levu in Fiji, there is known to us. Barbehenn (1962) considered that

circumstantial evidence for implicating mongoose&/'€Ws were potential predators of mice and young

in the decline of several species of ground-dwellinbats'
bil’dS (Pemetta and Wat“ng 1978) Prevention/control

Mongooses are also implicated in the spread of stra&edium monofluoroacetate (compound 1080) was
berry guava and other alien plants by eating fruit antsed unsuccessfully against musk shrews in an at-
thus dispersing seeds (Baldwin et al. 1952). tempt to eradicate them from the small island of
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llse’Aigrette, Mauritius, in 1988. One of us helpedietector dogs are also being used in the Northern
with this attempt; the shrews showed no interest Mariana Islands (Perry 1998). The Global Invasive

the paste bait used. Species Programme is fostering cooperative effort
among experts in Guam, Australia, Hawaii and main-
Current researchers and control experts land USA in an effort to combat this pest. In 1995
None known to us. the brown tree snake was listed by the US Depart-
ment of Agriculture as “among the top three pests
2.13 Brown tree snake requiring control and eradication.”

(Boiga irregularis )
ch o Current researchers and control experts
aracteristics ) Dr Joan Whittier, Centre for Conservation Biology, University
The brown tree snake is slender, nocturnal, commonly of Queensland, St Lucia, Queensland 4072, Australia.
0.9-1.2 min |ength, and is secretive and arboreﬁ.’ Perry, Ohio State University, PO Box 8255, MOU-3, Dededo,
hunting for food at all levels within a forest (Fritts ~ ©4am 96912.

1988, McCoid 1991). ]
) 2.14 Cane toad ( Bufo marinus )

Spread in the Pacific

_ _ _ ) Characteristics
This snake, native to Australia, Indonesia, New., . .

. ) his large toad produces glandular secretions that are
Guinea and the Solomon Islands, was accidental

introduced to Guam, Mariana Islands, in the Iar@()lsonous to some animals. In Fiji, viable populations

1940s. It has now spread to a further 10 central a%thls species are restricted to the flatter coastal ar-

South Pacific islands including Wake Island (beforeas' Pemetta and Watling (1978) suggest that this may

1955), Saipan, Tinian, Rota, Kwajalein and Pohnpef bec_ause this toad has a free_-5W|mm|ng tadpole
(Bech 1995). Stage liable to be swept away during the flash floods

characteristic of montane areas. Nevertheless, large
Impacts on conservation values adult cane toads are present in lowland forests.

native bird fauna was made by Savidge (1987) a

A comprehensive study of this snake’s impact on&,read in the Pacific
'i;?e cane toad is native to Mexico and Central

her co-workers (Savidge et al. 1992) on the island . . A
Guam. She concluded that, between 1963 and 19§genca but has been introduced to Hawaii, Fiji,

. . moa, Guam, the Northern Marianas, and the
predation of eggs, nestlings and adults resulted . .

. 29 . aroline and Solomon Islands groups. These intro-
declines or extinctions of 10 of the 11 species of na- . . .

) . . uctions were made as early attempts to use biologi-

tive forest bird previously present. Brown tree snakes . .

. Cal control against various beetle pests of sugar cane,

also eat small mammals and lizards. On Guam, can-

sumption of these foods allowed the snake to reach 2 and other cash crops (Hinkley 1962).
high population densities thus increasing their immpacts on conservation values

pacton birds. Juvenile tree snakes prey predominanfye maior items of diet are insects, including grass-
on lizards and this effect has resulted in the extinge, a5 - caterpillars, and ants, together with mili-
tion on Guam of three species of skink and two SIC’Eédes and landsnails (Hinkley 1962). Hinkley con-
cies of gecko (T.H. F”t,ts in Case and Bolger 1991_ idered that cane toads would eat “almost any terres-
The cultural, economic and health effects of thig;a| animay, although more likely to consume those
snake, as well as secondary effects on Guam's faulig;ye at ground level during the night. Toads have
and flora, are discussed by McCoid (1991). been implicated in the decline of populations of moni-
Prevention/control tor lizards in Guam (Jackson 1962, Dryden 1965).

Tree snakes can hide easily in ships moving betwepﬁmett'.3l and Wat'ling (1.978) consider that the toads
islands, but the principal way they are currently beg-o not interact with native frogs because they use
. S . A different habitats; the frogs are either along stream
ing dispersed to islands is in aircraft cargoes. Seb’énks or in the foliage of dense forest. Villadolid
eral tree snakes have been detected at Honolulu %r }

. . . 956) found rats and mice in stomachs of toads in
port in recent years. Preventing their further spre

T . e Philippine Islands. Hinkley concluded that this
depends on maintaining very strict cargo checks - . ., .
oad is “economically neutral” because it consumes

boats and searches at airpaitsli times An effec- both “harmful” and “beneficial” invertebrates. No

tive control method is not yet available. Efforts are . :
. e . proper studies of the effects of cane toads on native
being made to develop artificial attractants, whil
auna appear to have been made.

snake barriers have been used in some situations, an
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Prevention/control TABLE 1: Numbers of introduced bird species

The CSIRO Division of Wildlife and Ecology was established on islands or island groups in
. .- e . the SPREP region.
assessing the pathogenicity and specificity of viruses

(D

against toads in 1994. Island/ No. of Reference
island gp species
Current researchers and control experts
. . Cook Is 3 Case (1996)
Alex Hyatt/Brian Green, CSIRO Animal Health Laboratory, ...
. - Fijian Is 11 Pernetta and
Geelong, Victoria, Australia. Watling (1978)
. Guam 7 Case (1996)
2.15 Introduced birds Hawaii 47 Case (1996)
The numbers of introduced birds that have establisheldenderson 1., 0 Case (1996)

on islands in the Pacific can be compared in Table|1. Pitcairn group

The Hawaiian Islands are quite exceptional with rg--"€ 1S L Long (1981)
spect to both attempted and successful introductio 1%/.';2?3?3‘35 's i fj:e ((11;):;5))
The red jungle fowlGallus gallug was spread widely New Bri'tain L 1 Long (1981)
on Pacific islands by Polynesians, but is apparenll;&ew Caledonia 6 Case (1996)
the only bird introduced by pre-European people. | new Guinea (PNG 1 Case (1996)
The most widespread bird introduced to the SPREP 2nd Indonesia)

region in European times is the common myneﬁz:g:rfl g E::ge((llggf))
(Acridotheres tristi¥’, native to India and south-east Rotuma. ('Fiji) 1 Case (1996)
Asia. Itis now established in islands of the Fiji, Cook, <1104 3 Case (1996)
Tubuai, Society, Marquesas, Solomon and New C ISOciety Is 12 Case (1996)
edonia groups, Samoa and possibly Vanuatu (Levetsiomon Is 4 Long (1981)
1987). R. Hay (pers. comm.) reports that this spefongan Is 3 Long (1981)
cies reached Wallis Island for the first time in 1999, Vvanuatu 4 Long (1981)

suggesting that common mynas are still spreading.

Jungle mynasA. fuscuy’, also native to India and _ _ o
south-east Asia, are established in Fiji and sambye birds have no resistance; predation on native birds
(Long 1981), and have apparently colonised Tond¥ €2ting adults, young or eggs. Occasionally they
in the early 1980s without human assistance (Rink&2Y hybridise with a native bird to which they are
1986). On Upolu Island, Samoa, Gill (1999) has r(_’r_e_zlated and changfa both thg appearance of the native
corded that jungle mynas are apparently being (gird and the way in whlc_h_lt Ilyes._ The best_d_ocu-
placed by common mynas, the latter species haviﬁbented example of hybridisation in the Pacific re-
been first recorded in Samoa in 1988 (Beichle 198gJon concerns mallard duckarias platyrhynchgs

Both species are perceived as problems, at least {€ir hyPridisation with grey ducka(superciliosa
commercial crops. in New Zealand (Rhymer et al. 1994), Hawaiian

_ _ ~ducks A. wyvilliang in Hawaii (Griffin et al. 1989),
Two other introduced birds are moderately widesng an endemic race of the Pacific spot-billed duck
spread on islands in the region. The red-vented bullgil hoecilorhynchgsn the Mariana Islands (Riechel

(Pycnonotus cafgy native to the Indian sub-conti- ang Lemke 1994) have either threatened or replaced
nent, is established in Fiji, Tonga and possibly Tahifizch of these endemic forms.

(Lever 1987) and Samoa; the common waxbill ) ) ]
(Estrilda astrild) is in New Caledonia and the socj-Pernetta and Watling (1978) considered the question

ety Islands (Long 1981). The bulbul is seen as a pgf food competition between introduced and native
tential problem for some native birds, particulari:rds in Fiji. They pointed to the separation of native

the Tahiti flycatcher (R. Hay, pers. comm.) where irds from those introduced that results from the al-
the waxbill is not. most exclusive use of native forest by non-predatory

native landbirds. This separation led them to con-

Potential effects of birds introduced to an island insjyde that interspecific competition was relatively
clude: effects on native birds, or other animalg,nimportant in the majority of cases.

through competition for the same foods or for nest

sites; introduction of diseases against which the nEoWever, no in-depth studies of possible negative
interactions between introduced birds and native ani-

* Pernetta and Watling (1978) appear to have interchanged _mals (m_CIUdmg b.lrdS) appear to have been made on
the scientific names of common (Indian) mynas with jungle islands in the region. There can be no doubt that such
mynas in one table (p. 240). interactions sometimes occur.
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Byrd (1979) records significant predation by comRapa

mon mynas on the eggs of wedge-tailed shearwateskn? (8.5 sq. mi.). High volcanic, 633 m (2077"), no
(Puffinus pacificuy in Hawaii. Heather and reef. Stunted flora. Grassland. Temperate and moist.
Robertson (1996) record common mynas eating egggrious cultivation.

and chicks of landbirds in New Zealand. Mynas areCattle, ?sheep (C. Blanvillain pers. comm. 1999).
present in the habitat of kakerdPiqmarea dimidiata  “Feral goats and horses” (Douglas 1969). Pacific rat
on Rarotonga, but a study of this bird’s breeding su(R.H. Taylor, letter 1982), ship rat (A.C. Ziegler pers.
cess (Saul et al. 1998) found no evidence of mynasmm. 1973).

causing nesting failures. .
Rimatara

The possibility that common mynas and red-venteg ; |4 (7 sq. mi.). Low, 95 m (315", volcanic and el-
bulbuls cause some native birds to abandon their nésfged reef limestone (makatea). Fringing reef. Taro,
(Gaze 1998), at least in intermediate secondapy¥nanas and citrus cultivation.

forest or forest margin environments, should h?:eral rats and goats (?)” (Douglas 1969).
investigated.

There are other examples of introduced birds havirg ™ ' . .
1.1 kmi (12 sqg. mi.). High volcanic, 369 m (1300, also

negative effects on native species. The New Cale . U

nian crow Corvus moneduloidgsvas introduced to some elevatepl reef limestone (ma"ate"’?) Wh'Ch IS Wc.’Oded'
. . . Most endemic forest burnt, taro cultivation, vanilla,

Mare in the Loyalty Islands, where it caused con5|%ffee_

erable losses of pigeons by killing their young an; y .

eggs (Delacour 1966). In Palau, the endangered Roqc: ra_l g(l)ats and cattle etc. (Doug_las 1969). 'Ship

Island palm Galubia palauensijsis attacked by the rlagé?i%g)r pers. comm. 1973). Indian myna (Lever

introduced sulphur-crested cockatoBacatua ' '

galerita) which chews through and topples the crowmypuai

shaft (Owen 1978). On Tetiaroa Island, Tahitigg o ks (19 sg. mi.). High volcanic, 399 m (1309'), bar-

Thibault (1976) records the introduced harr@ir{ rier reef with islets. Lower slopes densely wooded, higher

cus aeruginosus = C. approximgnss preying on slopes grasslands and fern. Very fertile — taro, copra,

white terns. There are probably more examples eitc. grown.

ther unrecorded or unknown to us. “Feral goats, pigs, cattle, horses” (Douglas 1969).
Pacific rat (R.H. Taylor, letter 1982), possibly other
3. Islands rat species (Aitken 1930). Indian myna (Lever 1987:

This section is arranged alphabetically, by and withi99).

each island group. Islands are included if we haygy dog, Pacific rat, chickens, said to have been

information on invasive species present. Geographigesent before Europeans (Aitken 1930).
details of islands are from Douglas (1969), unless

otherwise stated. A summary of significant invasiveittlé copra produced due to lack of attention to the
animals is given in Table 2. trees and to damage by rats (Aitken 1930).

Opportunities for island restoration

Austral Islands and Rapz_a/Tubual “Interesting vegetation on makatea (elevated reef
Islands (French Polynesia) limestone), a possible site for conservation” on
(Five plus two islands in group) 650 louth of Tahiti. Rurutu Island (Douglas 1969: 358).

Significant invasive land vertebrates Baker and Howland Is (USA)
Cattle, goat, pig, dog, Pacific rat, ship rat, rabbi%.T islands
Indian myna (Lever 1987: 499, following Holyoak wo islands in group)

and Thibault 1984) Baker

Also: Horse, Sheep_ 1.7 k,md (0.65 sq. m|) Atoll with one island, no Iagoon,
' fringing reef. Sparse rainfall. Worked for guano late last

Raivavae century. Occupied by US before and during war, until at-

20.7 kmd (8 sg. mi.). High volcanic, 463 m (1434"), withtacked by Japanese in 1942 (Douglas 1969). Nearly swept
barrier reef and reef islets. Tree covered, coffee and copgéean of vegetation during WWII — used heavily by US

cultivation. troops (King 1973).
“Feral goats, pigs, cattle, horses and rats” (Dougl&significant invasive land vertebrates
1969). Pacific rat (R.H. Taylor, letter 1982). Cat, Norway rat. No other rats (King 1973).
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Table 2: Distribution of significant invasive animals by island group.

kY
I
7 o |
ARENREAHEERE
e S|%|=|E|E|IE
2. HEERREHEHEEE
HEEREIEHEEIRERHEEE
Islands ololalalo|a|w|z|S|z|S|S|a|Oo|E|8 @
Austral Is and Rapa (French Polynesia)| + | + | + | + + + +
Baker and Howland (USA) + +
Caroline Is (USA, Fed. St. Micron.) +lH |+ ||+ |||+ ]+ +
Chesterfield Is (French)
Cook s (NZ) |+ |+ |+ [+ ]|+ ]|+ ]+ +
D'Entrecasteaux Reefs (French)
Fiji |+ | H|H| |||+ + + |+ |+ ]|+
Gambier Is (Fench Polynesia) plpl|+ +
Gilbert Is (Kiribati) pl+|+]|+]+
Guam (USA) + 4+ |+ |+ |+ ][+ ]|+ +|+|+
Hawaii (USA) |+ |+ |+ +|H ||+ +]+ + +
Line/Equatorial Is (Kiribati) fl+]+]+]+]+ +
Loyalty Is (French) plp|p|+|+|+]|+
Marquesas (French Polynesia) +l+|+|p|+|+]|+]|+ +
Marshall Is plp|p|+|+|+]|+
Nauru plp|p|+]|+ +
New Caledonia (French) |+ |+ |+ ||+ +]+ +
Papua New Guinea plpl+|+]|+]|+]|+
Niue (NZ) plp|p|+]|+]|+
Northern Mariana Is |+ |+ |+ |+ +]|+]+ +|?2|+
Ocean/Banaba (Kiribati) +
Palau Is ++|+ + |+ |+ ]|+ + +
Phoenix Is (Kiribati) +|+ |+ | +[+]|+]|? +
Pitcairn Is (UK) + | f + |+ +|f
Rennell and Bellona (Solomon Is) +
Rotuma (Fiji) ++ |+ |+ +]+
Samoa (W:Indep.; E: USA) + 4+ |+ |+ |+ + +|(?]|+]|+
Santa Cruz Is (Solomon Is) + + |+
Society Is (French Polynesia) |+ |+ |+ [+ +]|+]+ + ?
Solomon Is +|p|+]|+]|+ + + |+
Tokelau Is (NZ) + |+ |+ +
Tonga + |+ |+ |+ |+ |+ +]|+ + | +
Tuamotu (French Polynesia) pl+|+|+|+]|+]|+ +
Tuvalu (Ellice) (UK) f p +l+ [+ +]|+ f
Vanuatu, incl. Banks, Torres + + |+ |+ ]|+ +
Wake Is (USA) ++ |+ ?
Wallis and Futuna (French) + +|+|?2]? +

+ currently existing, p probably existing, ? possibly existing, f formerly existing

Norway rat — introduced pre-1887. Present in cortue to the presence of large voracious Norway rats
siderable numbers: “had evidently cleared out the. “(Bryan 1942). The rats subsist on eggs and small
small native rats, found in hordes on most of thigirds, terns, and noddies (Hague 1862, Bryan 1942).
Central Pacific Islands; and no doubt accounted fE{

the comparative absence of sea birds” (Ellis 193 ggé;”ﬁ“fggﬁf::g{%? gr;igﬁ (l;:,f 2(;43;53;3\2213
26). “Bird life [is] ... much less abundant on Baker ) Pop

than on other similar islands in the Central Pacifié,emoved by the Pacific Ocean Biological Survey
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Program (POBSP). There has been a spectacular@aroline Islands (Federated States of
covery of the seabird population since removal ®flicronesia - USA)

cats (Forsell 1982). However, King (1973) report
that in 1966 after a visit by the US military, at leas
two cats reappeared on the island. It is uncle&obertson (1877: 48, 53) commented in relation to

0 islands in group)

whether cats are present today. the Yap group: “Pigs are plentiful, and there is also a
kind of half domesticated fowl which can be pro-
Howland cured cheaply. Deer and goats are seen, but the na-

Also called Worth |. after Captain Worth of the whaleshigives do not protect them, as they destroy their plan-
Oenq when he found the island in 1922. Then namegtions.... The number of rats on these islands is al-
after the lookout who first saw the island from the New, gt beyond belief, and they are so tame that when
Bedford whalefsabella in 1842 (Ellis 1936). Polynesian o o 16 are eating they come and sit round them
remains on the island (Emory 1934). An airstrip and llghtWaiting for any morsels that fall. The houses are
house were built, intended for use by Amelia Earhart (King iit without sides. bei I ) fed. and th
1973: 100). uilt without sides, being merely roofed, and the sup-

1.9 knf (0.73 sq. mi.). Atoll with one island, no Iagoonports are carefully smoothed down to prevent the rats

Dry. Worked for guano late last century. Occupied b?“mb'ng up and eating the p,r,OVIS'OnS which are
US before and during war, until attacked by Japanese fioreéd away on shelves above”.

1942 (Douglas 1969). Little sign of human OCCUDancéignificant invasive land vertebrates
(King 1973: 100). ) -
Cattle, goat, pig, dog, cat, Pacific rat, Norway rat,

Significant invasive land vertebrates ship rat, mouse, cane toad.

Cat (King 1973), Pacific rat (Douglas 1969, Haguzlso_ Micronesian deerRusa mariannj[?now
1862). ' '

_ called Rusa de€ervus timorens]sRattus tanezumi
The Pacific ratR. exulanshas been so numerous agrlannery 1995), monitor lizard (Johnson 1962: 37),

to cause distress to persons living on the island (Brygsd junglefow! Gallus gallug (Buden 1996).
1942). Ellis (1936: 24) reports that it is the worst

place in their experience for the Pacific rat. Native%/ri;mg .ofPthe east C:rg!lne Ilslaans,klncIudllggz
occasionally had soles of feet eaten by them while? 1NPe€l (Ponape) and Pingelap, Jackson ( )

asleep. “Round the labourers’ quarters at dusk R ates: E?mf\?\}il;alr?s’V(\:/ar?brio\’/v?)?%C\/\i‘;ss?iér“slfeirtg\ﬁd
ground was literally alive with them” (Ellis 1936: 24).Slnce contac € veste

lished in 1529; and some have found their way into
Hague (1862) spent several months there betweg forest and become feral. The several breeds of
1859 and 1861. He noted that rats were about @gtle and goats present are not common, and none is
numerous as the birds, and were very small, hardifal. Horses were introduced at one time but did not
larger than a mouse. He caught over 100 per nigdiirvive. Dogs were introduced by the Micronesians.
for many nights, and over 3300 were killed by a few.. The monitor lizard aranus indicupintroduced

men in one day. in the hope that it would control rats, became estab-

Cats were introduced by colonists, extirpated p§shed, and is reported to have been common and
POBSP in 1964, reappeared in 1966 after a visit wdespread for some Flme. However, it is now rela-
the US Military (King 1973). Thus, the present poput-"’e|y scarce and restrl_cted to a few areas on Ponape.
lation of house cats was introduced in 1966, and mU€XErcises no conspicuous control on the rats but
have had greatimpact on rat numbers, for Kirkpatridktmages domestic chickens.... The giant t@add

and Rauzon (1986: 73,74) state: “Mammals oth&parinug, native to Mexico and Central America, has
than cats were not observed during cat collection d¢€n @ highly successful introduction on many is-
tivities on Howland Island”, and no rat remains werl&nds across the Pacific ... and is present on Ponape

found in cat stomachs. in all areas except reef islets. ... its introduction is
said to have been made in the hope of controlling the
Opportunities for island restoration monitor lizard. The monitor is reported to have de-

“Baker has excellent potential as a seabird colorfinéd on Guam following the introduction of the
but it is kept nearly devoid of birds by the presend®ad, and it may have declined on Ponape also ...
of at least two cats” (King 1973: 100). Archaeological study by Steadman and Intoh (1994)

Howland “would quickly become among the mossuggests that around nine seabirds and three landbirds
significant colonies in the central pacific if the catgre extinct on Fais Island, Yap State.

were removed and the island were given protection

from disturbance” (King 1973: 100).
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Ant sources give rats as the reason for extinction of the
1.8 knd (0.7 sg. mi.). Atoll with several small islets. VisKusaie starlingAplonissp.): “A handsome, glossy
ited for copra collection. black starling ... is thought to have been extermi-
Pig, dog, cat, Pacific rat, ship rat (Marshall 196Mated by rats that came ashore on Kusaie from whal-
Johnson 1962, Buden 1996a). ing ships in the 1century (Austin 1961). “Two

_ species, a rail and a starling, were extirpated from
Also: Red junglefowl Gallus gallug (Buden 1996a). ;saje Island between 1828 and 1880. Both were

“| saw rats frequently ... on nearly every island [isconfined to thatisland ...” (Greenway 1967).
let?] from Nikalap Aru westward to Pamuk, but nongysaje crake and Kusaie starling both extinct 1828
on Wolouna and Pasa, which apparently are the onfying 1981).

rodent-free islands” (see Buden 1996a: 33 for more
detail). Lamotrek/Nomatik

Probably feral cats (Buden 1996a: 33). 1 kn? (0.:?8 sg. mi.) Atoll with three islt?ts.
_ _ _ Mouse, introduced pre-1931 (Koroia 1934).
“l observed about 30 semiferal pigs on Nikalap Aru

..." (Buden 1996a: 34). Mokil
faluk 1.3 km (0.5 sg. mi.) Atoll with three main islets, densely
Ifalu populated.

1.5 kni (0.57 sq. mi.). Atoll with 3 islets. Falarik and Pacific rat (Johnson 1962, Marshall 1962)
Falalap are inhabited, Ella not. ' '

Pacific rat. Another species of rat? (see Burrows aMprtiock
Spiro 1953). Pacific rat (R.H. Taylor, letter 1982).

Also: Monitor lizard. Namoluk

Bates and Abbott (1958) comment: “... of the aniPigs, dogs, cats, Pacific rat, ship rat (Marshall 1975).

mals on Ella, the rats made the strongest IMPressiiats occur in great abundance on the three largest
onme. ....The rat;, once one st_arted to notice theg'lets, ... Trapping efforts in 1971 gave credence to
were everywhere, in overwhelming numbers. Thegg.,| siories claiming Lukan Islet to be rat-free”
rats ... are one of the great plagues everywhere i, shall 1975). Rats are present on Umap Islet —
Polynesia and Micronesia. They were present QRyssibly all ship rat. On the main atoll both Pacific

Falarik and Falalap ... but the numbers on Ella welg; g ship rat are present (Marshall 1975).
really fantastic.”

The Japanese introduced monitor lizards to Ifaluk t%mIUK

help control rats, but monitors were not establishéi® K™ (0-2 sa. mi.). Atoll with ring of small islets.
on Ella at the time of Bates and Abbott's (1958) visiShip rat (Marshall 1962, Johnson 1962).
They comment that after seeing Ella: “I was ready 9akin

believe that they [monitor lizards] might be responsi-

ble for the relative scarcity of rats on the main islands].”k'ﬁ (0.42 sq. mi.). Atoll with atleast 5 islets.

Pig, dog, cat, Pacific rat (Buden 1996b)

Kapingamarangi Also: Monitor lizard, red junglefowl®allus gallug
1.3 kn (0.5 sg. mi.). Atoll with 33 islets. 3 largest i”hab(Buden 1996b).

ited by Polynesian population. « the island teral cat id g
o ...the islanders say feral cats are widespread...
Cat. Pacific rat - present but uncommon on th y P

i 1 1 46).
densely populated islets of Toutou and Wema Whe“e_Uden 996b: 46) . .
cats are said to be keeping them under contrdf!gs ... are common on the larger islands, being

(Niering 1956). absent only from the Tomwena group and the tiny
scrub-covered islets on the eastern end of the atoll.
Kusaie/Kosrae They are allowed to roam free over the islands,
110 knd (42.33 sg. mi.). High volcanic, 628 m (2061")and Isaw two swimming across the channel between
reef. Inhabited and coastal plain cultivated. Karot (an uninhabited island) and Osetik” (Buden

Pacific rat, ship rat (Marshall 1962). Shipirato- 1996b: 47).
duced pre-1931? (Koroia 1934). ,
Pingelap

Also: Rattus tanezun{Flannery 1995). 1.7 knd (0.66 sg. mi.). Atoll with 2 islands and one islet.

“When the Japanese took over the islands, a periBﬂ”_S‘_aly populated.
of extreme exploitation began” (Mayr 1945a). Many’acific rat (Marshall 1962, Johnson 1962).
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Ponape/Pohnpei vessel to visit “surveyed the island and prepared a map
Very high numbers of whalers visited the island betwedh 1939".

1824 and 1860, mostly from America. In 1858, 50-60obtal area: < 1000 ha. Coral. Largest islet is Longue I.,
whaleships were visiting Ponape each year (Hezel 197@nd was the only one visited by Cohic: “a narrow tongue
334 knd (129 sqg. mi.). High volcanic, 791 m (2595'), ree®f sand, approximately 1800 m long and 130 m wide...”
islets and lagoon islets. Lowland cultivated. These islands “are at the junction of several
Pacific rat, Norway rat (introduced pre-1932), shipiogeographic regions, Australian, New Caledonian
rat (introduced pre-1932), mouse (introduced pré&nd New-Hebridean”. (See Cohic (1959) for a sur-

1932) (Koroia 1934, Marshall 1962, Johnson 1962prisingly extensive survey of flora and fauna, con-

Also: Rattus tanezuniFlannery 1995). sidering the duration of the visit.)

Significant invasive land vertebrates
None.

Truk (Moen)
19 knt (7.25 sg. mi.). High volcanic, 370 m (1215").
Admin. centre. Douglas (1969) recommends protectioiThe land fauna of Longue Island is very small. There

of savanna areas. are no mammals, amphibians or land reptiles. The
Pacific rat, ship rat (introduced pre-1932), mousew groups represented are birds, turtles — which

(Koroia 1934, Marshall 1962, Johnson 1962). Muskkome on land to lay eggs, sea snakes, a few Arach-
shrew (introduced pre-1967) (Barbehenn 1974: 4G)ida and insects” (Cohic 1959: 4).

Also: Rattus tanezuniFlannery 1995). Opportunities for island restoration

Ulithi Removal of the extraordinary botanical introductions
4.7 knd (1.8 sq. mi.). Atoll with 40 islets in 4 main groupsmade during Cohic's 1957 visit: “During our short

Is the largest atoll (but not island) in the Carolines. Usedlisit to Longue Island, a few plants were introduced
by US during WWII. by the Service d'Agriculture of New Caledonia.

Pacific rat (probably) (Lessa 1961), ship rat (introf hese were: coconutraucaria columnarigForst.)

duced pre-1931) (Koroia 1934, Marshall 1962). Hook., Sesbania grandiflor®ers. and-eucaena

| L.) Benth.” (Cohic 1959: 4).
Also: Rattus tanezun{Flannery 1995). glauca(L.) Benth.” (Cohic )

Wolea/Woleai

4.5 kni (1.75 sq. mi.). Atoll with 21 islets. Cook Islands (New Zealand)

Pacific rat (Koroia 1934). (15 islands in two groups - Southern and Northern)
Yap Total area: 241 k(93 sg. mi.). Southern Cook Islands —

A . . , volcanic, and Northern Cook Islands — atolls. Fruit grow-
56.2 k i (21.68 sq. m|.)._ Volcanic, 176 m (579), reef-mg: citrus, bananas, pineapples, etc.; also copra.
Much disturbed and cultivated.

Pig, Pacific rat, Norway rat (introduced pre-1947)>ignificant invasive land vertebrates
ship rat (introduced pre-1931) (Koroia 1934Goat, pig, dog, cat, Pacific rat, ship rat, Norway rat,
Hartmann 1947). Mouse (introduced pre-1931). mouse. Indian myna.

Pigs reported as only significant invasives on Manuae
(E.K. Saul, pers. comm. 1999).

“Rats (species unknown) were believed by Mr Tama
&hd Mr Turer to be a problem to a greater or lesser
extent to the copra crops on Penrhyn, Manihiki,
) Rakahanga, Pukapuka, Nassau, Aitutaki, Mitiaro and
Chesterfield Islands (France) possibly Atiu. Mangos on Aitutaki, Atiu, Mauke and
(11 islets) Rarotonga and pineapples on Atiu and Mangaia were

Cohic (1959) reports a 4-hour visit made to these islanddSO stated to be troubled by rodents” (Daniel 1978).

in 1957, commenting: “There was a complete lack of it a6 hird species introduced. At least 10 bird spe-
formation on these islands, so it was obvious that a vis|

would be fruitful ” des extinct (Case 1996: 71).
The islands are situated halfway between Australia ardéddian myna present on: Aitutaki, Atiu, Mangaia,
New Caledonia, “completely uninhabited and isolatedManuae and islets of Manuae and Auotu, Mauke,

from shipping routes, and avoided as a danger to navig®arotonga (Lever 1987: 499, following Holyoak and
tion” (Cohic 1959: 1). Cohic believes that the last Frenchrhibault 1984).

Opportunities for island restoration
Possibly one of the islets of Kapingamarangi.

Wolouna and Pasa [?islets of Ant] are apparently r
dent-free (see Buden 1996a:33).
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Southern Cook Islands Mangaia, and made war on the native rat, 30 of these
were found dead under the floor of a room; fhe

Discovered by Bligh in thBounty, 1789. Effective con- Fnorlvgee%clgS,:/:t?ues\:re;;;ggy;;all\aﬂrti;\i%gi;;I(,iﬁ(z:t.asellr?()j.
tact began with arrival of first missionaries in October e

1821. Two whaling ships wrecked in 1847. Party of ngIcCarthy 1964).

US Marines and 400 negroes present from 1942 to 194ats feed on “cocoa-nuts, bananas, arrow-root,
(Stoddart 1975). candlenuts, and papas apples” (Gill 1876: 317). Pine-
18 kni (7 sg. mi., 4461 acres). Main island volcanic, 13@apples troubled by rodents (Daniel 1978).

m (450", including 13 reef islets. Large lagoon. Fertile,
Citrus, banana, cocunuts, tomatoes grown.

?Cat, Pacific rat, Norway rat, ship rat, mouse.
dian myna (Lever 1987: 499).

Introduction time/spread - Skeletal materialRof
exulansandMus musculusollected from the island
by Marples in 1956, but i®. norvegicusrR. rattus
(Marples 1955). In 196&. exulans, R. norvegicus
andR. rattugrapped on island (Alicata and McCarthyManuae (Hervey)

Aitutaki/Aitutake

'On the island of Mangaia ... only 2 species of land
bird exist today; | have found fossil evidence of 8
Irléxtinct species” (Steadman and Zousmer 1988), in-
cluding 2 species of flightless rail (Steadman 1987).

Rats trapped, singed baked and eaten. A common
expression when speaking of anything delicious: “It
is as sweet as a rat” (Williams 1839).

1964). Discovered by Cook in 1773.

Rats a problem to copra crop, mangoes also troubledn? (2.3 sq. mi., 1524 acres). Atoll with twin islets.

by rodents (Daniel 1978). Closed lagoon, almost totally covered by coconut plan-
tation.

“Six archaeological sites up to 1000 years old on.

Aitutaki ... have yielded bones of 15 species of bird '?,) I?I\a/lts presentl(spetmestu_n knownl). gn\% FF;aC'f'C
five of which no longer occur on the island ... of anuae — almost certairfy exulans (W.R.

these, only [two] survive anywhere in the Cook Is-SykeS’ letter, 1982). Indian myna - also present on

lands today” (Steadman 1991). Mammals found iﬁglets of Manuae and Auotu (Lever 1987: 499).
clude Pacific rat, dog, pig (Steadman 1991: 328). Pigs reported as significant invasives on Manuae

Pauline McCaoll (pers. comm.) says this is the onlgﬁ'K' Saul, pers. comm. 1999).

island where lorikeet (the nun bird) breeds. Mauke
Atiu Discovered by the Rev. John Williams in 1823.
Discovered by Cook in 1777. 18 kni (7.1 sq. mi., 4552 acres). Low volcanic, 30 m (100",

: . surrounded by ring of makatea (elevated reef limestone),
28 ki (10.9 sq. mi., 6654 acres). Central volcanic pla'ﬁwampy zone between volcanics and limestone. Fringing

teau, 91 m (3007, surrounded by mile wide makatea (ereef. Well wooded. Citrus fruit, peanuts grown.

evated reef limestone). Fringing reef. Citrus fruit, coffee. . i .
. . Cat, pig, goat, dog (all introduced 1823-25). Pacific
Rats present (species unknown). Indian myna (L%—lt only? Indian myna (Lever 1987: 499)
ver 1987: 499). I y: y ' ' o )

. Bloxam (1925) saw many rats “running about the
Mangoes and pineapples troubled by rodents (Da\w/bods” i$1 dayl)ight. Was Zzstimated tha’?on Mauke,

el 1978). “80 per cent of the coconuts are lost through rat dam-
Mangaia age” (lyengar and Menon 1957). Pauline McColl
Discovered by Cook in 1777. (pers. comm. 1985) just returned from a visit to

51.8 krA (20 sq. mi.) (Merfin 1991: 131). Low volcanic, iauke —“locals say only the small rat is there”.

Swamps. Intensive cultivation. Main settlement oA starling Aplonis mavornataand fruit dove
makatea (elevated reef limestone), pineapple growing @tilinopus rarotongensisf. goodwinj collected by
volcanic areas. Bloxam in 1925, presumably now extinct (Olson
?Cat, Pacific rat, ship rat (Alicata and McCarthyL986).

1964). Indian myna (Lever 1987: 499). Mitiaro

No dogs or pigs in pre-European times (Heyerdabb (g 6 sq. mi., 5500 acres). Low volcanic core, sur-
1952). rounded by lake and swamp complex. Small amount of
One Norway rat arrived 1852, and was trapped: cultivated land.

“In many of the islands the indigenous breed has beBRIS Present, probably Pacific rat (W.R. Sykes, letter

exterminated by the imported rat. In 1852 a solitarjy982)-
male R. norvegicusgot ashore from a wreck atRats a problem to copra crop (Daniel 1978).
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Palmerston 5 knt (2.0 sg. mi., 1344 acres). Atoll with lagoon islets.

Discovered by Cook in 1774. Palmerston is 434 km (2Ftgarl shell and copra.
miles) from Rarotonga, intermediate in postion betweePCat, Pacific rat, Norway rat.

the “northern ar_1d southern” Cooks. ] Norway rats reached Manihiki c. 1850-1885. “Nor-
2.59 ki (1 sq. mi., 500 acres). Atoll with lagoon and & 5y, rats Jately introduced to Manihiki by wrecked

islets. Well wooded with some native vegetation. COp@dna ing vessels (Gill 1885: 163)
production? pping : .

Pacific rat? (Observed by Anderson in 1777/ats aproblem to copra crop (Daniel 1978).
(Beaglehole, no date: 851). Nassau

Rarotonga Discovered by Sampson in tNassau1835, although it
Fletcher Christian called there witBounty mutineers in may have been known to earlier whalers (Bryan 1942).

1789. They are credited with its discovery. No other shigskn (0.45 sg. mi., 300 acres). Atoll without lagoon, flat.
called until 1813 or 1814 (D.L. Stoddart 1975). Owned by Pukapuka people, inhabited almost continu-

67 kn% (25.8 sq. mi., 16 602 acres). High volcanic, 643 r%usly from Pukapuka, copra.growmg.

(2110, with at least 7 central summits. Fringing low-?Cat. Rats present (species unknown).
land, with inner swampy ring. Cloud forest above 400 pgts g problem to copra crop (Daniel 1978).
(proposed Te Manga Nature Reserve of 118 ha - 80% of

cloud forest). Fringing reef. Main settlement coastalPenryn (Tongareva)

tropical fruit growing. Administration centre for Cook piscovered by Lever in 1778. Island almost depopulated
Islands. by Peruvian slavers in 1864, who took 1000 men, women
Pig, ?dog, cat, Pacific rat, Norway rat, ship rat, moused children (Smith 1889). WW!II airstrip (Douglas 1969).

(Robertson et al. 1994). Indian myna (Lever 198746 knt (6.2 sq. mi.) (King 1973: 97). Large atoll with

499). many islets. Coconut groves. Copra growing.
All three rats trapped on Rarotonga in 1963 (AlicatRig, dog, cat, Pacific rat (numerous in 1965) (Clapp
and McCarthy 1964). 1977).

Williams (1839) writing of Rarotonga in about 1827-in 1853 the natives “had never seen an animal larger
28 states that rats were exceedingly numerous; “whean a very small rat, that lives principally in the co-
never sat down to a meal without having two or mom@onut trees ...” (Lamont 1867, in Clapp 1977: 2).

persons to keep them off the tqble”. Rats deStrOYeéomments by Ward (1967) and Lamont (1867) sug-
a pair of bellows and also a pair of shoes belonganast that the pigs may have been introduced to

to the missionaries. They complained to the aumo"l’ongareva in 1835 from the ship-wrecked vessel
ties, who organised an extermination Campaig@hatharﬁ (Clapp 1977: 2).

against the rats: “After school, man, woman, and child )

armed themselves with suitable weapons, and cofR@ts a problem to copra crop (Daniel 1978).
menced their direful opera_ltions. Basketg were ma_%kapuka

of coconut leaves, about five or six feet in length, i
which to deposit the bod_les of the slain, an(_j in abo er 1595 (Beaglehole and Beaglehole 1938).
an hour, no less than thirty of these were filled. B tkrﬁ 20 mi. 1250 acn Atoll with 3 ar ¢
notwithstanding this destruction, there did not ap- (2.0 sq. mi., acres). Ato groups o

. R -~ lets. Main islet inhabited, oth d for plantations.
pear the slightest diminution...” (Williams 1839). g’oepfa b::;rl]zegr'onwﬁ]ée Others used for plantations

Cats were iptroduqed by early missionaries.. Thqyig’ Pacific ra{Beaglehole and Beaglehole 1938)
were useful in keeping down the abundant native rat.

When the rats became scarce, the cats took to fp@ts a problem to copra crop (Daniel 1978).
birds and exterminated several species (Gill 188Rakahanga

127). Discovered by the Spanish explorer Quiros in 1606.
Williams (1839) brought both pigs and cats to the knt (1.55 sq. mi., 1000 acres). Atoll, small lagoon with
island (in 1827-28) and considered that the pigs wektets. Coconuts.

more effective than the cats in destroying the rats pcific rat (Gill 1885, Bryan 1942).

E#'[scovered by the Spanish explorer Mendana during or

Northern Cook Islands Rats a problem to copra crop (Daniel 1978).

Manihiki Suwarrow (Suvarov)
Discovered by Patrickson in 1822. Early"1® whaling Discovered by Lazarev in 1814, who reported islets with
port of call (Douglas 1969). no sign of inhabitants, but overrun with crabs, rats and

large flocks of birds (Bryan 1942).
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40 hectares (100 acres). Atoll with 25 islets on reef. Unimpact on native flora and fauna, and some informa-
inhabited. Some wet atoll forest, otherwise coconuts. tion on extinctions, see Pernetta and Watling (1978).
Feral chickens and pigs on main island (Douglal__\s’atS

1969).
) ) It appears thaR. rattushad not reached Fiji by 1840,
Pacific rat (Neale 1966). but mice were present (Cassin 1858).

“Mrs. Thievery” (a cat), ?temporarily on SUWarrowyijiams (1974) states th&. exulanss clearly the

catching rats (Neale 1966). most widespread species of rat in FiR. rattusis
Opportunities for island restoration fairly widespread on the main island®. norvegicus

Suwarrow Atoll was considered as ‘Atoll for Sci_appears to be a relatively unimportant rat in Fiji's

ence’ candidate. It was a Bird Sanctuary (informal’.gsIral environment.
occupied in the past by T. Neale, authoAnfisland Following Pernetta and Watling (1978):

to Oneself1966 (Douglas 1969). R. exulansaboriginal, all islands, abundant, all habitats

R. norvegicus19 century, main islands, common, agric., ur-
ban, stHburban, coastal
D'Entrecasteaux Reefs (France) R. rattus,19  century, main islands, locally abundant, agric.,

Discovered 1793 by the French explorer, D'Entrecasteauy. mupslzcigltﬁéfgﬁ‘h'C‘ggsj’;)’lscizul_r:a?' \C/;’r?j;all_evu (ocally abun-

130 km (80 miles) northwest of New Caledonia. (A group  dant, urban, suburban, agricultural

of the same name is situated at the east end of New

Guinea.) Total area: 64.8 hectares (160 acres). FourThe more recently introduced rats and mice have

atolls, the largest is Huon. Uninhabited. no apparent effect on the distribution of the

Significant invasive land vertebrates prehistorically introduceBattus exulangs all three

species may be found in the same habitats. There is

some indication that the Norway rat is more abun-

Opportunities for island restoration dant in suburban situations than the other two spe-

Unknown. cies... that the black rat may preferentially inhabit
plantations and coconut palm crowns ... and that these
species are restricted in their distribution to a close

Fiji association with humans ...” (Pernetta and Watling
1978: 233).

In the Lau group, wherR. rattusis absent, the “Vir-

The Fiji Islands were first sighted by Tasman in 1643, byt
: : ual absence of rat-damaged coconuts on Matuku and
nothing more was seen or heard of them until the 1775=

1800 period. A sandalwood trade existed between 18 .fkeba supported ... trapping rgsults as it was estab-
and 1810, by which time the sandalwood thickets had &ghed thaR. rattuswas responsible for most of the

been cut. A United States Exploring Expedition surveyémage in mature coconut groves” (Williams 1974).

practically all the coasts of the principal islands in 1840|n 1933, in a detailed study of rat damage on copra
Port facilities became available at Suva c. 1880. Prior t%rops it’was commented: “The extent of the damage

that the main port was Levuka on Ovalau. Levuka wa

the earliest European settlement on Fiji and at one tim(ione by rats varies considerably in different locali-

the capital (Derrick 1951). ties” (Paine 1934: 26). “Rat damage to coconuts in

Total land area: 18 272 kh§7055 sqg. mi.), mostly in two Fii h"_a‘s’ in the past been greatly underestimated, O_r
major islands (Viti Levu, Vanua Levu). The group is glse '_t has become very much more severg .than it
mixture of high volcanic and smaller limestone island$Vas five or more years ago” .... “on Taveuni, it ap-
High mountains of main islands (1200+ m) create #€ars likely that at present rats are destroying some-
rainshadow to the west (Pernetta and Watling 1978). thing like one-third of the total potential copra crop
at various stages in its preparation” (Paine 1934: 33)

No information found.

(c. 190 islands in group)

Significant invasive land vertebrates

Cattle, goat, pig, dog, cat, Pacific rat, ship rat, No@ther domestic animals
way rat, mouse, mongoose, cane toad, Indian myriRomestic animals such as horses and cattle are also
jungle myna, red-vented bulbul. widespread throughout the islands and may roam in

. a relatively unrestricted manner over the unfenced
Also: Fallow deer, horse, red deer, sheep, chickens y

. rasslands of the dry and intermediate zones. In a
ducks, geese, turkeys (Pemetta and Watling 1978gumber of localities in the intermediate zone of Viti

For extensive, detailed information on species in-evu and Kadavu, feral goats are found in small num-
troduced to Fiji, their distribution within Fiji, their bers. These animals are also found on various islands,
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such as Goat Island in the Yasawas, and Namara Tétomson (1889) explored the island during 1884:
land in the Kadavu group. Although European in‘Of domestic animals, there is the pig, the goat, the
troductions of dogs and cats have resulted in thelpg, and the cat...”

widespread distribution throughout the islands, n@jjjliams (1974) trapped botR. exulansand R.
feral populations of these animals are known @5

present. European breeds of domestic pigs and sheep

are maintained under agricultural conditions, as ak@keba (Lau group)

large numbers of fowl, ducks, geese, and turkeySbuth-east of Vanua Levu.

(Pernetta and Watling 1978: 229). Pacific rat. Norway rat (introduced 1875-19007?)
Mongooses Williams (1974) trappe®. exulans

Mongoosesvere introduced in 1883 to control rats\orway rat trapped on Lakeba — the only one of the
in sugar cane (Gorman 1975a, in Pernetta and Watlipgu group where this species was found. “ ...Vil-
1978: 229). Mongooses are present only on Viti LeMdge elders thought that it migrated from ships that

and Vanua Levu (Pernetta and Watling 1978: 228)ere wrecked late in the #%entury” (Williams
“...Itis possible to state conclusively that the bandegg74)_

rail, Rallus phillopensis sooty rail, Porzana

tabuensiswhite-browed railPoliolimnas cinereys Laucala

and purple swampheRorphyrio porphyrig were Laucala is immediately east of Taveuni.

all common on Viti Levu in the last century. Thes®acific rat, ship rat. Williams (1974) trapp&d
now survive in any numbers only on islands that asxulansandR. rattus

free of the mongoose” (Pernetta and Watling 1978:

229-230). Matuku
Matuku is east of the Kadavu group.
Introduced birds Pacific rat.

reater detail in Pernetta and Watling 1978
@ g ) Williams (1974) trappe®. exulanonly.

Indian myna(Acridotheres tristiy - introduced c.
1890, present and common on the main islands. Moala

. . Moala is east of the Kadavu group. Volcanic, 8 peaks
Jungle myngAcridotheres fuscys- introduced c. over 1000, rugged. Forest. Fringing reef. Copra and

1890, present and common on the main islands, §%nana cultivation.

cept Taveuni. Pacific rat, ship rat.

Red-vented bulbulPycnonotus caf¢r introduced Williams (1974) trappe®. exulangindR. rattus
c. 1900, common on Viti Levu, Ovalau, Wakaya,
present but rare on Bega and Taveuni. Ovalau

Ovalau is off the north-east coast of Viti Levu. Levuka on

Extinct fauna ) . Ovalau was the earliest European settlement on Fiji and
Recent archaeological work on Viti Levu (Worthy et one time the capital (c. 1840) (Derrick 1951: 7). In

al. 1999) reveals many extinct species of bird ang3s “missionaries and their wives and families arrived
reptile. They describe an unexpectedly rich pitfally way of Tonga” (Derrick 1951).

fauna from V|t| Levu that inC|UdeS a CI’OCOdi|ian, a/ok:aniC, rugged, fert"e’ forest. Pineapp|e, copra, coco-
tortoise, a giant frog, a giant iguana like that of theut, sugar cultivation. Much timber felled.

Galapagos Islands giant flightless megapode, andnorway rat (introduced pre-1876), ship rat (intro-

a giant flightless pigeon. duced pre-1876). Red-vented bulbul (common)
Bega (Pernetta and Watling 1978).
Just south of Viti Levu. Moseley (1944 (1879): 266) observed that “the black

Pacific rat. Williams (1974) caugRt exulansonly.  "at and the Norway rat are abundant here.”
Red-vented bulbul (rare) (Pernetta and Watling 1978), o ni

Kadavu Volcanic, 914 m (3000"), steep slopes, crater lake, forest
nd a rich bird fauna. Cultivation of cotton, coffee,

A large island south of Viti Levu. Used for some years ( festock. Ravilevu National Park, mountain area with

1870-80) “for the trans-shipment of passengers, malil

and cargo for New Zealand and the islands” (DerriclJnixed forest.
1951:4). ?Pig, ?dog, ?cat, Pacific rat, Norway rat, ship rat,
Goat, pig, dog, cat, Pacific rat, ship rat. mouse (Williams 1974). Indian myna (common), red-

vented bulbul (rare) (Pernetta and Watling 1978).
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Mongooses absent, mdre norvegicupresent than as “locally abundantM. musculuss “locally abun-
on Viti Levu or Vanua Levu (J. M. Williams, pers.dant”.

comm.). Gorman (1975b) provides data on the habitat distri-
Greatest concentration &. norvegicuswas in a bution of introduced birds on Viti Levu.

“plantation habitat ... on Waitavala Estate, Taveurfhe Viti Levu rail (Nesoclopeus poecilopteiuse-

... R. exulans, R. ratttendMus musculusvere also came extinct during the “last 100 years” — 1845-1945
trapped in the same area indicating that the relativgiylayr 1945a).

simple habitat of a well maintained mature coconut

plantation is capable of supporting four rodent sp&@cata (Lau Group)

cies” (Williams 1974). Yacata is between Taveuni and Vanua Balavu.

Pacific rat.
Vanua Balavu

Vanua Balavu is east of Taveuni. Williams (1974) trappe®. exulanonly.

Pacific rat, ship rat. Yasawa Group — Nauya Lailai, Naukacuvu,
Williams (1974) trappe®. exulansandR. rattus Yasawa L , ,

Nauya Lailai — site of shipwreck in ®L8entury.
Vanua Levu Following Williams (1974):

American whaler, th&aun wrecked in August 1830. I .
i ) ) Nauya Lailai R. exulans, R. rattus, R. norvegicus
Volcanic, amalgamation of several islands, up to 835 Myaukacuvu R. exulans only
(2740'), wet forest, arid plains. Coconut plantations.  vasawa  R. exulans only
Cattle, pig, dog, cat, Pacific rat, Norway rat, ship rat,
mouse, mongoose, cane toad, Indian myna, jundlher islands in the group were not trapped.

myna (both common) (Pernetta and Watling 1978). . ) .
Opportunities for island restoration

Williams (letter, 1982): “Within Fiji | do not know

of any islands which are altogether rat free. How-

ever, there are 320 in the group, counting all the tiny

Vatulele dots along the reefs, so clearly some of the very small
ones will not have rats — but they support very little

ﬁglse either. | visited and trapped 17 of the inhabited
islands and found at leaRt exulan®n them all ....

Pernetta and Watling (1978) recandrvegicusas
“common’”, rattusas “locally abundant®xulansas
“abundant” andVl. musculuss “locally abundant”.

Vatulele is immediately south of Viti Levu.
Limestone, wedge of honeycombed land, vertical cli

f.
se i | trappedR. rattus on eight of the smaller islands —
acific rat. andR. norvegicusn only three.”
Williams (1974) trappe®. exulanonly. Lakeba may be the only island in the Lau Group
Viti Levu which hasR. norvegicugWilliams 1973).

Age (via C14) of the oldest known Lapita pottery site dR@ine (1934), writing of Kanacea (in the northern Lau
Viti Levu is 1590 BC(100) (Green 1979). Port facilities group), stated: “Itis interesting to record here, in com-
opened at Suva in about 1880-81 (Derrick 1951). parison with Nabavatu, that on Kanacea, an island
Volcanic, 1323 m (4341"), Mountain backbone causingnly twelve miles distant, there are no rats. The
rainforests and rainshadow. Savannas. present manager of this estate has energetically
Cattle, goat, pig, dog, cat, Pacific rat, Norway rfjuarded against the landing of rats from ships call-
(pre-1876), ship rat (pre-1876), mouse, mongoos89 at Kgna}cea, anq on at least one occasion, suc-
cane toad, Indian myna, jungle myna (both commoﬁ)?eded. |n.|ntercep.t|ng would-be colonies brought
(Pernetta and Watling 1978). Red-vented bulb@Shore inside packing cases”.

(common) (Pernetta and Watling 1978).

The journal of Henry Thurston (1924: 396) describGambier (Mangareva) Islands

ing a journey through the interior of Viti Levu in 1865’(French Polynesia)
mentions natives killing a “wild cat”. Also mentioned y

are wandering pigs and a domesticated dog. (11 islands in group)
Moseley (1944 (1879): 280) recorded that “Black rateven volcanic islands, and three low coral atolls.
and Norway rat are abundant at Viti, Fiji...” Significant invasive land vertebrates:

Pernetta and Watling (1978) recdRd exulansas ?Dog and cat (“probably”, C. Blanvillain, pers.
“abundant”,R. norvegicusas “common”R. rattus comm. 1999). Pacific rat, rabbit.

40



Atkinson and Atkinson: Land vertebrates as invasive species

Rab.bl.ts have b.eer.] |nFr9duced t.o Manu.l .- a VOI'Summary of rat species on Gilbert Is
canic island which is visited for bird hunting (Doug-
las 1969, J.E.C. Flux pers. comm.). Makin (Pitt 1.) R. exulans
Butaritari (Taritari) R. exulans,
Mangareva (Touching 1.) R. rattus (1940—49)
Mangareva was inhabited before thé"I®ntury  Maraki (Matthew I.) R. exulans
(Douglas 1969). Abaiang (Apaing) R. exulans,
) ) ) (Charlotte 1.) R. rattus (1940-49)
13 knt (5 sqg. mi.). The largest island of the group. High tarawa (Cook 1.) R. exulans, R. rattus (1940—
volcanic, 441 m (1447"). Cultivation of coffee, bananas 49) “numerous” (Smith 1968)
and vegetables. Maiana (Hall 1.) R. exulans
Pacific rat. Kuria (Woodle I.) R. exulans
. Apamama (Hopper I.) R. exulans
Buck (1938) stated that rats were present in such larg&anuka (Henderville 1)~ R. exulans
numbers that methods were adopted to protect foosonuti (Sydenham 1.) R. exulans
from them. Taputuea (Drummond I.) R. exulans
Mangareva kingfisher, extinct 1841 (King 1981). Zﬁ%gﬁ?&;gg 1) g: 35;222
Opportunities for island restoration ?;;Z;O: (gfgﬁe"r)l_) g: gﬂg:i
Consider rabbit eradication from the presumablyArorai (Hurd 1.) R. exulans

uninhabited Manui I.

and an expanding human population” (Bourne in
Morris 1964).

Tarawa atoll: “In common with other Pacific terri-
tories, increasing rat damage in recent years is a mat-
Nukunau discovered by Admiral Byron in 1765. Visiteter of considerable concern.” But*“... damage to the
next by Europeans in 1788. About 1827 the neighbouteconut crop appears to be of little economic impor-
hood of the Gilbert group became a favourite fishingtance on islands where only the Polynesian rat is

Gilbert Islands (Kiribati)
(16 islands in group)

ground for ships engaged in sperm-whale fishing. Wilkggown to be present.” “...evidence to date suggests
e?‘Psd'_“O”_ sur_veyeddthi 'Sk"_”dsl In d1841' Now part @fi5t the establishment of [the ship rat] occurred dur-
Kiribati, with Line and Phoenix Islands. ing World War II” (Smith 1968).

Total area: 295 kif(114 sg. mi.). All atolls, all inhabited,

coconut plantations over most of the islands. Droughéé/””ams_ (letter _1982): Norvegicushas not be_en
COMMON. trapped in the Gilbert Islands — even at the main port

N : : of Betio in Tarawa.”
Significant invasive land vertebrates

2Pig, dog, cat, Pacific rat (Woodford 1895), ship rdpPPortunities for island restoration
(J.M. Williams, letter 1982). Possibly eradicate ship rats from some of the 3 (fol-
éﬁ)wing Williams, letter 1982) or 4 (following Smith

“On some islands [in the Marshall and Gilbert grou
! group 968) islands in the group on which they are present.

feral dogs and cats exist” Amerson (1969).

In 1841, Peale (in Poesch 1961) described Pitt Is-
land (now Makin 1.) with the words “Rats were runGuam (USA)

ning in all directions.” Discovered by Magellan in 1521 (he called it Ladrones).

“The arrival ofR. rattusin the Gilbert and Ellice Is- SPain took possession in 1565. Became a provisioning
lands ... mostly occurred during the 1940s. .... Aqortfor the next century for Spanish galleons. First Span-

. : . 1Sh missions in 1668, a Spanish colonial outpost for the
present ship rats_ occupy iny three islands in }.(mbarﬁext 200 years. Ceded to FL)JSA in 1898 after tﬁe Spanish—
— Tarawa, Butaritari, Abalang — but a,l” the 16 inhabz o ican war. May have been inhabited by a long-
ited islands are occupied IR exulans(Williams, forgotten people as long as 5000 years ago.
letter 1982). Smith (1968) states that ship rats ha

. : ﬁl kni (209 sq. mi.). Raised limestone, weathered
reached four islands in the group, but does not St anics 393 m (1290'). Forest. Savanna. US Naval
which. ’ ' ' '

Base.
Island.s have alwayg had “a poorer gwfaunathan S,,0r§fgnificant invasive land vertebrates
of their dependencies such as Christmas Island” bui N ]

“seabirds in particular have been further reduced A9 dog; cat, Pacific rat, Norway rat, ship rat, mouse,

recent years by rats and other introduced predat6?é‘skk shrew, cane toad (Jackson 1962), brown tree
snake.

41



Invasive species in the Pacific

Also: Micronesian deerRusa mariana[?same as Always was less numerous thRnrattusand never
rusa dee€ervus timorensi€G. Nugent, pers. comm. found in isolated populations (Crabb and Emik 1946).
2000)] (Johnson 1962: 37, Flannery 199%attus Ship rat

tanezumiFlannery 1995), monitor lizards (Savidge .
1987 6651). y ) ( g Common all over Guam (Crabb and Emik 1946).

) o ) Several observations of “swarms on coast” (e.g. de
Guam has become a major shipping and air tra"lelleycinet 1824).

hub for the western Pacific. Its vulnerability to in-
creasing introductions of alien species is shown Byorway rat
records of 17 species of introduced amphibians afitfroduced by late 50s (Barbehenn 1974).

reptiles, 15 of which have been recorded since Worjgis noteworthy that Baker (1946) commented: “On
War 1. Nine species of introduced amphibian angsyam, where this animaR[ norvegicusdoes not
reptile are now established on Guam, including thg:cur, there was less commerce before the war and
brown tree snake (McCoid 1993). ships usually anchored offshore. Now that docks are

Baker (1946) describes in detail the impact of wdtresent on Guam and shipping has increased, there
on Guam, including the probable extinction of thé greater chance for this pest to be introduced”.

Marianas mallardAnas oustaleji Musk shrew (Suncus murinu

Brown tree snake Boiga irregu|aris) Barbehenn (1974) prOVideS an excellent discussion

Greenway writing before the impact of the brow®f the invasion of Guam by the musk shrew. It was
tree snake (1967: 79) noted: “The remarkable factfist “discovered on Guam in May 1953 ... spread
that no species or subspecies is known to have baas facilitated by the transportation of goods. Colo-
totally extirpated in spite of permanent habitationgization of the island was essentially complete by
by Europeans for almost 300 years”. More recent|9c,958 ... with every conceivable habitat being OCCu-

Case (1996: 71) commented: “7 bird species intr@¢ied.... the major food of the shrew on Guam con-
duced, at least 7 native bird species extinct”. sists of invertebrates but it is capable of feeding on

any small vertebrate. Ground-dwelling skinks are a
The brown tree snake wds..probably transported likely target ... At 6.2/acreSuncuswas the most

to Guam as a passive stowaway in military cargo b undant species.” Mice may have declined in
the late 1940s or early 1950s” (Savidge 1987: 66%Umber since the eétablishment of the musk shrew.
By 1982 had colonised whole island (Savidge 1987: '
663). Its habitat is forest and small fields, but it iBarbehenn (1974: 48-59) comments that the musk

uncommon in savanna (Savidge 1987: 665). shrew, commonly regarded “as a commensal (‘do-
mestic’) species”, has had an unpredictable effect in

Seven bird species have become extinct since browp . . ,
. icronesia, becoming an “instant success” across all
tree snakes were introduced. (One wetland specl[es

. : : . rrestrial habitats.

last seen in 1970, six forest species last seen in earty ' '

to mid-1980s.) “The remaining forest avifauna is exMicronesian megapode extinct or nearly so (Doug-
tremely rare” (Savidge 1987: 661). The brown trel@s 1969).

snake preys on eggs, nestlings, and adult blrg)spportunities for island restoration

(Savidge 1987: 662), and also reptiles and inverte- i )
brates. The snake has “few competitors and no sigi€ Vegetation of Guam is so altered that only a
illed botanist can tell which plants are indigenous

nificant predators” on Guam (Savidge 1987: 666Y. 4 which itroduced
McCoid (1991) discusses possible secondary (8Pd Which are introduced.
“flow-on”) effects of its introduction on Guam.

Natural areas at risk— The surrounding small is- qawaiian Islands (USA)
lands in the Mariana group, and probably all oth
tropical Pacific islands (excepting those of Australi
Indonesia, New Guinea and the Solomon Island&tal area: c. 13 558 kif5235 sq. mi.) (Case 1996: 71).
where the brown tree snake is native). The risk §ignificant invasive land vertebrates

greatest on islands with direct air or sea links to Gua@attle goat, pig, dog

Z&l islands in group)

. cat, Pacific rat, Norway rat
Cocos Island (2.5 km south of Guam) is a "naturgyntroduced 1825-35), ship rat (introduced c. 1870—

exclusion experiment” ... rats present, monitors angh possibly as early as 1840) (Atkinson 1977),
snakes absent (Savidge 1987: 660, 664). mouse, rabbit, mongoose.

Pacific rat Indian myna, red-vented bulbul (Lever 1987).
Irregularly distributed all over the island, but more

numerous in cultivated or formerly cultivated land.
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Also: Horse, sheep, mouflon, axis deer, mule deage” (King 1973:74). “The Polynesian rat ... popu-
donkey, pronghorn, rock wallabyPétrogale lation on Kure fluctuates widely from season to sea-
pencillatg, Indian buffalo Bubalus bubalis son (2077 rats per acre). Kepler (1967) reports this

Palaeontological work by Olson and James suggeé?% preys on [several seabirds]"

that: “Some 50 per cent of the original bird speciggidway Islands

were lost in prehistoric times, while the much publig kn# (3.1 sq. mi.). 2 main islands (Sand and Eastern), 21

cized extinctions in historic times involved only soméslets. US Naval Station since 1903. Has had “continu-

15 per cent of the original species”. Reasons for preds humaroccupancy since 1903 and is the most al-

historic extinctions will include habitat destructiontered of the Northwestern Hawaiian Chain” (King

introduction of predators, and hunting for food and®73: 92-93).

plumage (Boag 1983). ?Dog, Pacific rat, ship rat (Sand I. and Eastern I.),
ouse (Sand I. and Eastern 1.) (Tomich 1986). In-

g:an myna (Lever 1987).

Hawaiian brown rail, extinct 1864, Hawaiian spot%%%) (Formerly donkey on Eastern 1.) (Tomich

ted rail, extinct 1893 (King 1981). _ .

_ o . No native mammals. According to Johnson (1945)
See Tomich (1986) for distribution (historic andy,q eariest introduction was mice. Ship rats were first
present) of introduced animals, and detailed case St'r'gborted in March 1943. “In August 1943, even

ies of impacts and control methods of each (SUMMgyogh rats were not common, it was noted that there

rised in Table 3). was a reduction in numbers of the small flightless
Laysan rail... As rats have increased in numbers they
have entirely destroyed the Laysan rail and the
Laysan finch. They have nearly exterminated canar-
Kure Atoll ies and doubtless affected other bird species on the
0.85 knd (0.33 sg. mi.). Wildlife sanctuary. islands” (Johnson 1945). The last Laysan rail was

“Dogs have been kept as pets intermittently, and@st seen in November 1943 (Munro 1945).
pig, scheduled as the prime attraction at a feast, algthe Laysan finch was considerably more abundant
became a pet, but these have not caused undue dgfan the rail. Its disappearance followed that of the

Cassin (1858 — US Exploring Expedition) recorde
mice as present.

Northwestern Hawaiian Chain
(from west to east)

Table 3: Distribution of wild or feral populations of mammals on Hawaiian islands.
Modified after Tomich (1986).

Eastern (Midway)

Hawai'i
Molokini
Kaho'olawe
Lana'i
Moloka'i
Ford
Manana
Popoi'a
Mokumanu
Mokuolo'e
Mokoli'i
Moku'auia
Kaua'i
Ni'ihau
Lehua
Ka'ula
Nihoa

Tern
Laysan
Lisianski
Sand (Midway)
Green (Kure)

Cattle
Goat

Pig

Dog

Cat
Pacific rat
Ship rat*
Norway rat
Mouse**
Rabbit f
Mongoose

—

x

x| [x > |x |x [x [x |x
x [x |x [x [x |x [x |x |=| Maui
x
x> [x [x [x [x |=]|—=
x| [x > |x |x [x [x |x
x [x |x [x |x |x [x|x|=| Oahu
x| [x > |x |x [x [x |x
o o |x o |x
=}
x
x

= |X [X |X

x
x
x
x

Horse
Donkey
Sheep
Mouflon
Pronghorn
Axis deer X X | x| x
Mule deer X
W ater buffalo f
W allaby X
Guinea pig f

X X [X |
—

x

x currently existing, p probably existing, f formerly existing
* Also found on Kaohikaipu (near O‘ahu). **Also known from Kekepa and Kapapa (near O‘ahu).
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rail, and was likewise abrupt.... The canary populéag animals both in form and colour.... Man-o-war
tion in 1943 was about 500" ... but by October 1944jrds catch them, and young found dead on nest of
only 2 canaries appeared to be left. “There are med-footed booby (Dill and Bryan 1912).

records or reports of signs of disease among thesgiy and Fullager (1992: 172) quote Watson’s (1961)
birds, in connection with their decrease and disagggcription of the removal of rabbits: “In 1911 a scien-
pearance” (Munro 1945). tific expedition found Rabbits extremely abundant
Rats are said to have come ashore with practicaliynd recommended their removal before the vegeta-
every cargo of food or soap (Johnson 1945). Shipn was severely damaged. Four men shot 5000 rab-

rats known to prey on Bonin petrel eggs (Grant et dlits in 2 months in 1912-13, but could not eliminate
1981). them. In 1923 the island was ‘a barren waste of sand

“ . . . ) with a few stunted trees’, only four of 26 plant spe-
Eg:ats gre forr]blfddenson (I;/Il_dlvvay %ng 19.7?' 9?2'cies could be found, and three land birds had died

0gs brought rom sand1s etto astern_ Islet: %ut. A few hundred rabbits remained and these were
the purpose of running them through the incubating)ieq. By 1936 the island was re-covered with veg-
albatrosses” (King 1973: 93). etation.” See also Lamoureux (1963: 22): The “mem-
Indian myna “first recorded on Kure and Midwaybers of the Tanager Expedition ... exterminated the
Atolls in 1974; on the latter, they had increased t@bbits and planted several kinds of seeds and
several hundred by mid-1980” (Lever 1987: 498). cuttings” in 1923.

Tomich (1986) states that “vegetation of both islands
_ _ _ [Laysan and Lisianski] has made a remarkable re-
0.36 km (0.14 sq. mi.). Uninhabited. covery”, quoting Lamoureux (1963) regarding
“No rats occur there in spite of military activity” ... Laysan: “Not only are many of the original species
“Rabbits were introduced in the early 1920s but wesdill present, but the structure of the vegetation ap-
extirpated within three years” (King 1973: 92). Opears similar to that described before the island was
as Tomich (1986: 35) states, rabbits were introduc@@vastated by rabbits”.

prior to 1916, and exterminated in 1928. Pigs “allowed to roam over the island” and “were
found foraging on an abundant ‘yamB@erhavig”

_ _ (Tomich 1986: 121). Guinea pigs, also introduced
175 hectares (432 acres). Atoll with one island on exteB—y M. Schlemmer, [were] rather abundant at one place

sive reef platform. on the south end of the island (Dill and Bryan 1912).
No introduced predators. (Formerly rabbits.)

Pearl and Hermes Atoll

Lisianski

“Formerly 5 endemic birds incl. rail, honeyeater and
Flux and Fullager (1992: 172-173) describe debatearbler: all now extinct...” (Douglas 1969).

about the fate of rabbits on Lisianski: “Domestic ,

rabbits introduced from Laysan after 1903 had gérench Frigate Shoéls

stroyed the vegetation by 1913, when only a few [\2-44 kM (0.17 sq. mi.).

ing but many dead rabbits were seen. In 1923 onlgrn islet — dogs, (formerly pigs and cats) (King
bleached and weathered bones were found, and ##/3: 91).

vegetation was starting to return (Watson 1961RIi
Tomich (1986) suggests that the population on )
Lisianski, having had less control than that on Laysa?r,65 knf (0.25 sq. mi.).

ate all the vegetation and starved sooner. AccordingJ© introduced predators” (King 1973: 90).
to Clapp and Wirtz (1975), Munter removed the las{, i3 |siand

seven rabbits in March 1915 and none have been s
since.”

hoa

(5%]4 km (0.21 sg. mi.). Avifauna typical of northwestern
chain.

Laysan A “rat of unknown species” (King 1973: 94).

4 knt (1.56 sg. mi.) (King 1973). Atoll with one island .
and central saline lagoon. Hawal'i

No introduced predators. (Formerly rabbits, guine®0 458 km(4038 sq. mi.). High volcanic, to 4214 m
pig, and pig.) (13 825"), with two volcanic cones, one active.

Rabbits introduced by M. Schlemmer, the forme€attle, goat, pig, dog, cat, Pacific rat, Norway rat,
manager of the guano company about 1903. Domehip rat, mouse, mongoose. Indian myna (Lever
tic rabbits, Belgian hares, and English hares. The ral£87).

bits have crossed and produced many strange-logiso: Donkey, sheep, mouflon, (formerly horse).
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Kaua'i “Few studies have been made on the process of
1432 kré (533 sg. mi.). High volcanic, 1598 m (5243'). change in flora and lands under the pressure of cat-
Cattle, goat, pig, dog, cat, Pacific rat, Norway ra{!e“'”

ship rat, mouse. Indian myna (Lever 1987). Goat (Tomich 1986: 150—156)

Also: Mule deer, (formerly horse and donkey).  “Goats are now present and at least sparsely distrib-
uted on all main islands except Ni‘ihau and Lana'i.

Maui Populations not under satisfactory control exist on
1888 kmi (729 sq. mi.). High volcanic, to 3055 m (10 023")limited areas of Kaua'i, Maui, Hawai'i, Kaho‘olawe,
with crater-like summit. and perhaps Moloka‘i.”

Goat, pig, dog, cat, Pacific rat, Norway rat, ship raGoats first reached Hawai‘i in 1778 on Cook’s first
mouse, mongoose. Indian myna (Lever 1987).  voyage, though these were killed in a later dispute.

Also: Axis deer (formerly cattle and horse). Itis thought that further goats were left in Hawai i
on Cook’s second voyage in 1778—-79 (when Cook
Moloka'i himself was killed), for by 1793 goats were well

676 kni (261 sq. mi.). High volcanic, to 1515 m (4970').known in Hawa'i. By 1850 goats were abundant and

Cattle, goat, pig, dog, cat, Pacific rat, Norway ra¥,\"dely distributed in the wild.

ship rat, mouse, mongoose. Indian myna (Levéroats “were, and are, significant as a factor in forest
1987). and range deterioration [and] the extinction of some

specialized plant forms” and “may be an important

Also: Axis deer (formerly donkey and water bUﬁalo)factor in the ecology of the Hawaiian goose ...

O‘ahu Fencing of “manageable units of land” has been a
. . : . key element in its control, as well as “drives and fi-
1575 km (608 sq. ,m")' ngh volcanic, range rising tontal clearing of stragglers with the aid of especially
over 914 m (3000". Intensive population/developmen o . .

schooled dogs”, imported with a trainer from New

including Honolulu, the state's capital and tourist centre; . , . o
Zealand. “Radio-collared goats” can be used to join

Goat, pig, dog, cat, F:ag!ﬂc rat, Norwzy rat, S(;"S rI?)B hers and reveal their location. In parks where fire-
mouse, mongoose. Indian myna, red-vented buldil,q e forbidden, “substantial reductions” in goat

(Lever 1987). numbers have been made “after initiation of bow
Also: Wallaby, axis deer (formerly cattle). hunting”.

Red-vented bulbul - introduced (?deliberately rjg (Tomich 1986: 120-126)

but may be confined to residential areas (Lever 198f3ior islands, and briefly also on Laysan. They are
316). found now only on Ni‘ihau, Kaua'i, O‘ahu, Moloka'i,

Case studies of significant invasives Maui, and Hawai'.

Cattle (Tomich 1986: 140—150) Pigs of Asian ancestry were introduced to Hawai'i

Feral cattle historically abundant on Kaua'i, O‘ahut,)y Polyn_e3|abns. dC00k remKarkefJ_I _thaltg;mgll f?(rml of
Moloka'i, Maui, and Hawai'i, also ranging freely onP'g Was in abundance on kauatin - L00Kalso

Lana‘i. Now present only on Kaua'i, Moloka, andProught English pigs to Hawai'i on his first voyage

Hawaif, “in generally inaccessible forest or lava re@nd this has been followed by many other importa-

gions”. tions.

Cattle first brought to Hawaii in 1793, by CaptainFéral pigs have long been distributed in the upland
George Vancouver, who “was greatly dedicated fgrests and pastures of the six larger islands ... ex-

Cook’s cause of stocking the islands with variougept on Maui” where they were more localised. Ha-
domestic animals”. waii has “the largest, most widely distributed

d)opulations”. “The old Polynesian type ... has been

Wild-type cattle intentionally re-released into the wil o
as late as 1969, for the purpose of photography aﬁgsorbed or replaced by stocks of European origin”.

hunting for “safari type expeditions” on the slope§eral pigs continue to provide a “substantial source
of Mauna Loa — have “thrived” and are still presentf food” and are regularly hunted.

in mid-eighties. “Watersheds, forests, and range are damaged when

“It is most unfortunate that sample areas of nativsigs root excessively ....” On Hawai‘i, with the con-
flora could not have been protected by fences, froffol of feral goats and the elimination of feral sheep
the earliest times.” from certain habitats, the feral pig “has emerged as
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the most prominent agent of ecological perturbatiofy,.. is presumed to have come to Hawaii with early
of wet forests in particular”. [Polynesian] colonizers ... the islands have been oc-

“...research on control and management of pigs is%lfp'ed from possibly as early as the second century”.

an exciting level. Programs appear now to be lim-.- IS characteristically a lowland rodent ... becomes

ited only by available funds and manpower”. most numerous in sugar cane fields and abandoned
_ pineapple fields, but does well in adjacent wooded
Dog (Tomich 1986: 88-93) or grassy gulch and waste areas. It is usually uncom-

“Dogs in Hawaii have two histories, the first dealingnon in native or planted forests, and is often absent
with stocks that accompanied Polynesian culture tiom them at elevations above 2,500 feet”.

the islands, and the second resulting from introduB-aciﬁC rats are known to prey on the Laysan alba-

tion of mixed or selected breeds of dogs from OV&loss: “the rats literally eat the birds alive as they sit

the World_.... In Hawaii dogs were ke_pjt as pets, fo|anasswely on their nests”. Also described as a “se-
food, as items of barter, and for sacrifice, and were ” . . .

. . p; rious predator” on burrow-nesting species of seabird.
prominent in sorcery and folklore.

Feral dogs were able to establish following the e%%t#qilre:ugf th”e Polynesian rat after 1969 have been
tablishment of feral herds of sheep and other domes-

tic animals. “Feral dogs attack not only sheep arghip rat (Tomich 1986: 37—40)

cattle, but also wild pigs, feral goats, the axis deefFound on each of the eight main islands, also on
and flightless geese.... [The dog is] a negative factBiord, Kaohikaipu, Mokuolo‘e, Mokoli‘i, and

in management of the Hawaiian goose.” Feral doggoku‘auia (all near O‘ahu), and Sand and Eastern
are “identified increasingly as predators” of coloniaislands at Midway; may be the rat of Lehua, and pos-

sea birds. sibly occurs on other small islands and islets.”

There have been no specific studies of local feral dégobably reached Hawaii in the 1870-1890 period.

populations. “... is adapted especially to wooded gulches, sugar

Cat (Tomich 1986: 101-105) cane fields, and dry, wet, or even extremely wet for-

“...generally agreed to have been present in Haw&#ts. ... is locally common at lower and middle el-
since the early days of European contact...” Thefvations, and is found sparsely distributed at higher
are reports of cats being “common” in Lana‘i andltitudes ...”

O‘ahu forests in 1892. “... has been noted specifically as a predator on na-

“Feral cats are most common at the lower and miaye birds” ... Is held reSponSibIe for the extinction

dle elevations, but also go high into the rugged mouff the Laysan rail, and the extirpation of a popula-
tains.” tion of the Laysan finch. Many reports of bird pre-

“ . . dation.
Feral cats are notorious for their actual or allege

predation on birds”. The cat has excellently adapt@dbrway rat (Tomich 1986: 40—41)
to living in the wild. “Recorded from Kaua'i, O‘ahu, Moloka'i, Lana'i,

“The feral cat remains the same enigma it was i\gaui, and Hawai'i. May occur on the few smaller
years ago. | know of no major publications on itislands where permanent human settlements are
presence in Hawaii. More than ever, this species del€Sent; known also from Ford Island in Pearl
mands attention if we are to understand its place ffrbor.”

local ecosystems. It is increasingly suspect as an. sometimes locally common in and about low-
important predator of Newell's shearwater ... a threakland sugar cane fields... also middle elevation planted
ened bird ... and may have destroyed up to 80 pdorests ... Extreme known elevation is 5,800 feet
cent of one colony nesting there...”

“We are fortunate that researchers have taken the fgs,se (Tomich 1986: 45-50)

ral cat seriously in several sectors of the world ..."sEound on all major islands, except that specific
Pacific rat (Tomich 1986: 42—45) record is lacking for Ni‘ihau. Known also from Mid-
way islands and Ka‘ula, Mokuolo‘e, Manana,

“Found on Kaua'i, O‘ahu, Moloka'i, Lana'i, Maui, .
Kekepa, and Kapapa (islets near O‘ahu).”

Kaho'olawe, and Hawai‘i. May occur on Ni‘ihau, _ e _ )
but is not specifically reported from there. InhabitsThe house mouse is now ubiquitous in Hawaii and
also Kure Atoll (at the northwestern end of the chainjay occupy in numbers even more ecological niches

Popoi‘a and Mokumanu (near O‘ahu), and Kau‘ulfhan doesRattus rattus.. it exists not only as a
(off Ni‘ihau).” commensal, but also as a highly adapted wild spe-

cies. Dense populations occur regularly in sugar cane
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and pineapple fields and are found also in lower glrabbits were present on these islands according to
evation wet forests. Extremely wet forests and ug-omich 1986). Tomich suggests that removal of rab-
land swamps, however, may be shunned entirehbits from the larger island, Lehua, may be “advis-
Has been seen live at up to 12 400 feet. able” due to remnants of significant native vegeta-

“Populations of mice reaching plague proportiongon- quevgr, he comments that this “is likely to be
irrupt sporadically during late summer and fall ...” impossible with means that can be reasonably found

to do it”.
Rabb't. (TOT“'Ch 1986: 30_3.7) _ Consider eradication of feral cattle: “A strong pro-
There is evidence that rabbits were brought in Soaﬁam should be activated for eliminating these ani-
after European s.ettlemer?j[. The Pattern of earl_y rafKals from public lands, and cattlemen should support
bit managem'ent in Hawaii, was "to turn the”ammalgny reasonable program proposed for the elimina-
outon small islands to fend for themselves”. tion of their own feral herds” (Tomich 1986: 148-150).
Presently surviving only on Manana and Lehua.

“Eradication of feral rabbits ... has been advocated

by omithologists and others interested in the welfatdn€/Equatorial Islands
of nesting sea birds...” (Kiribati and USA)

Mongoose (Tomich 1986: 93—-101) (¢. 11 islands in group)

“Occurs on O‘ahu, Moloka'i, Maui, and Hawai'i; Kingman Reef, Palmyra, and Jarvis, remain US territo-
widespread and firmly established throughout thesies, and are not part of Kiribati.

four islands.” Also on Ford Island in Pearl Harboumll but one island in group discovered between 1777 and

Mongooses live from sea level, to the upper limit of82° (Krauss 1970).

vegetation near 10 000 feet on Hawai'i. Significant invasive land vertebrates
“Greatest concentrations are in beach and lowlamig, dog, cat, Pacific rat, ship rat, mouse. (Formerly
areas...” goat.) Indian myna (Lever 1987: 499, following

“A central question for Hawaii is whether the monHolyoak and Thibault 1984).
goose is a negative factor in relation to birds, both, jiine
native and introduced, and whether it is of positivg8 knd (1.45 sq. mi.). Atoll with 24 reef islets. Once

value in rodent control. This animal is thoroughly .. by Polynesians — small settlement i d&n-

omnivorous ... Specific cases of bird predation art%ry_ Phosphate workings in 1872-95. Coconut planta-
reported ..." tions —abandoned in 1943, after prolonged drought (King
“Local control ... by poisoning and trapping ... is al973: 96).

relatively simple matter ... Eradication ... would béPacific rat. King (1973: 96) suggests that “Polynesian
a formidable task ...” rats are uncommon and may be restricted to one islet

Indian myna (notes from Lever 1987: 497-498) in the atoll”

Indian myna “reported to be abundant in Honolulghristmas
in 1879 .. was introduced to (or colonized) the othg§jscovered by Cook on 24 December 1777. WWII garri-

main islands around 1883". Colonised Kure angbn from Nz and USA. Nuclear weapons tests by British
Midway Atolls in 1974. and Americans 1956-62. Garrison departed in 1967.

s “... most common ... in the vicinity of human habiilbertese population. No indigenous population.

tation ... [but occurs] up to at least 8,000 feet (2,46t$1.37 ki (124.08 sq. mi.). Atoll with large flat island
m)...” and almost landlocked lagoon. Fringing reef. Semi-arid.

. . Coconut plantations.
There is debate over whether Indian myna has a Slﬂs- o
ig, ?dog, cat, Pacific rat, mouse.

nificant effect on native birds. May be a significant
predator of the eggs of the wedge-tailed shearwatéarge numbers of feral cats” (King 1973: 95). “The
(Byrd 1979), as 23 per cent of eggs were destroyeg@sser FrigatebirdRregata arie) population on

by mynas in a study area. Has been the cause of ra@itristmas has declined as a direct result of cat pre-
spread of introduceldantanaspecies, by seed, until dation, and may be eliminated entirely in the next
this has become an agricultural nuisance. few years” (King 1973: 96).

Opportunities for island restoration Only R. exulanspresent (J. Clark, pers. comm. c.
988). It would appear that King (1973) and Nelson

922: 239) were mistaken in suggesting that ship rats
re present on Christmas island.

Consider rabbit eradication from islands on whic
rabbits are still presentWe believe rabbits may have
been recently eliminated from Lehua and Manan®
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Rougier (1925: 869) mentions tame birds. It is n@&9 kn# (11.25 sg. mi.). Atoll with central enclosed saline
clear whether he refers to boobies or birds in gel#goon with evaporites, fringing reef. Rainfall very vari-
eral: “You can touch with your own hands any bir@me- Unused and unoccupied since guano working ceased
on Christmas Island.” Also comments that: “Eggs ar8 1927.

spread all over the ground, as these biterha Feral pigs, cats and goats (Douglas 1969) [goats now
pulginosd do not make nests.” He states that as @ne?]. Pacific rat.

visitor "You have not seen ... rats ... although Yoisoats introduced in 1860s (Emory 1934). Cats stil
have seen legions of mice” (Rougier 1925: 870). present in 1986 (Kirkpatrick and Rauzon 1986).
numerous” in 1866—69 (Dixon 1878). Reports that
Polynesian remains (Emory 1934). Discovered by Ca%?tznhigize)(termmatéa' exulang(Emory 1934,
tain Fanning of théBetsy (USA) in 1798. y )-

32 kni (12.4 sq. mi.). Atoll with almost enclosed lagoonP OBSP killed a herd of five pigs in 1964, and one
encircled by almost continuous islands, fringing reefast pig died in 1967 or 1968. Five cats were seen in

Gilbertese population (King 1973: 96). Coconut plantal967, indicative of a very small population. The pigs
tions. were evidently responsible for the moderate num-
Pig, dog, cat, ship rat (introduced pre_1924jyers of most species of seabirds” (King 1973: 96).
(Williams, letter 1982). Palmyra

“Dogs, cats, and pigs are present under domesti¢g Polynesian remains (Emory 1934).

tion” (King 1973: 95). 1.3 knt (0.5 sg. mi.). Atoll with 50 islets around lagoon
Chandler (1931) “In Fanning Island .... [a] great deagomplex on platform reef. Plantations. In US airforce
of damage is done by rats which seldom or nevége until 1961. “Uninhabited and privately owned” (King
come to ground and no satisfactory method of dedi?73: 95)-

Fanning

ing with them has yet been found.” Ship rat. Indian myna (Lever 1987: 499).

The Christmas Island warbler appears to have be&s of 1966 it had no dogs or cats, but black rats

extirpated (King 1973: 95). were fairly common”. ... “Black rats have been ob-
_ served in the Sooty Tern colony preying on eggs”

Jarvis (King 1973: 95, 98).

No Polynesian remains (Emory 1934). Said to have been - .
discovered by captain of tl#iza Francisn 1821 (Bryan %ryan (1942) visited Palmyra in 1938 and makes no

1942). Guano mined in M@arly 20" century. mention of rats, but comments “It is to be hoped that
4.5 kni (1.75 sq. mi.).Atoll with one island, no lagoon, tEe constrll.lf)tlon of a r(ljava_l alr_f_baseIWIII n?t g_estroy
narrow reef. Arid, “desert-like climate” (Rauzon 1985: 3).t e natural beauty and scientific values of this, one

No trees. Uninhabited (Kirpatrick and Rauzon 1986: 72).0f the most interesting atolls under the American

Cat, rats formerly present (species unknown), ?rﬂgg '
rats now, mouse (pre-1924) (Bryan 1942). Starbuck

Cats introduced as early as 1885, but may not haVe Polynesir_;m remai'ns. Frequent shipwrecks due to strong
survived. Cats re-introduced c. 1938, with settlefi"ent and inconspicuous nature of island.

(King 1973, Rauzon 1982). Predation on seabirdd kni (8.1 sq. m|) Atoll with one i;land,_enclosed shal-

reduced avifauna to 4 breeding species. Sooty tefA¥ 'agoons, fringing reef. Uninhabited since 1920. Co-

(Sterna fuscafpand boobies have been the majo?onuts failed. Guano workings in lateM&ntury.

food source (Rauzon 1982) (see Kirkpatrick angat, Pacific rat (King 1973, Kirkpatrick and Rauzon

Rauzon 1986 for more detail). One bird eaten per ch¢86).

per day, total of 24 000 birds killed per year (RauzofCats ... in large numbers ... prey heavily on the

1983). Efforts to eliminate cats in 1982—-83 succeskrge Sooty Tern colony (estimated at 2,500,000
ful (Kirkpatrick and Rauzon 1986). birds); about 1,000 adult birds per night were killed

No rats observed in 1979 by Kirkpatrick and Rauzo[ﬁy cats during POBSP visits.” In 1968, “scattered

(1986: 73). However, house mice present (Kirkpatricwings and bodies, and piles of bodies were frequently
and R.auzé)n 1986) ' noted” around the edges of the sooty tern colony.

Petrels were evidently present once but are no longer
Malden (King 1973: 96). Cats still present (Kirkpatrick and

Pre-European Polynesian population. Used for nucleaR@uzon 1986).
weapons testing in 1962.
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Vostok Ouvea

Discovered by a Russian expedition in 1820. 130 knd (50.2 sg. mi.). Coconut plantations, remnants of
0.3 kmi (0.1 sg. mi.). Atoll with one reef islet. Total floranative forest (Robinet et al. 1998: 229).

of 3 species, including magnificent forestRionia ?Pjg, ?2dog, ?cat, Pacific rat (Alicata (1963) trapped

grandis Undisturbed since 1943. Worked for guano ang exulany mouse (Robinet et al. 1998: 229).
copra in late 19 century.

Pacific rat — “abundant” King (1973: 97). Pacific rat predation on eggs and nestlings of endan-
gered Ouvea parake&ynymphicus cornutjs‘an
Washington endemic subspecies already threatened with extinc-

Discovered by Captain Fanning of tietsy (USA) in tion by habitat loss and capture by local peoples for
1798. Polynesian remains. Settled by Europeans sindte pet market” (Robinet et al. 1998: 223).
1860-70 (Emory 1934).

7.5 knt (2.9 sq. mi.). Atoll with one island and centraIOpportunltles for |sland.restorat|'on )
freshwater lake, fringing reef. Wet, with two importantslands too large to consider eradication of rats as a

bogs. Coconut plantations. Some canals cut through b8@ssibility in the next decade, but “even a low inten-
areas, though protection of bogs recommended (Dougla8y” rat control programme on Ouvea “may mark-

1969). Gilbertese population (King 1973: 95). edly assist the paqueets (Robinet et al. 1998: 231).
Pig, dog, cat, ship rat (introduced pre-1938) (Brya\NC parakeets on Lifou.)
1942).

“Cats, dogs and pigs are kept by the Gilbertese, aRfhrquesas Islands (French Polynesia)
feral cats are abundant” (King 1973: 95). . :
(14 islands in group)

Opportunities for island restoration High volcanic islands without barrier reefs, three
“Elimination of the remaining cats would make Jarvigltitudinal vegetation zones, the highest (1500'-2000')
among the most important seabird islands of the Cefoss forest’. These islands “share with Hawaii a dry

tral Pacific” (King 1973: 96, see also Rauzon 1985§(adewind landscape of arid lower slopes and moist high
’ interiors...” But the islands are subject to severe droughts

Consider removingr. rattusfrom Palmyra “one of _ |asting 3-5 years (Decker 1992: 1-2).
the most intersting atolls under the American flag

(Bryan 1942), which apparently has never been colg-'gnmcant |n\{a5|ve land vertet?r.ates
nised byR. exulans Cattle, goat, pig, ?dog, cat, Pacific rat, Norway rat,

. ) ] ship rat. Indian myna (Lever 1987).
Vostok - “a relatively unaltered, but simple |slandAI . Donkev. h o
ecosystem” (King 1973). so: Donkey, horse, sheep.

No dogs were present in pre-European times

Loyalty Islands (France) (Heyerdahl 1952).
(13 islands in group) Five introduced bird species, at least nine native bird

species extinct (Case 1996: 71).
Situated 100 km northeast of New Caledonia. Coral at-

olls. Tropical, tempered by trade winds. Eiao
52 knt (20 sg. mi.). High volcanic.

Significant invasive land vertebrates G _ o C. Blanvillai
Pacific rat, ship rat, Norway rat (Revilliod 1913),1551;') Pig. cat, sheep (C. Blanvillain, pers. comm.

mouse (Robinet et al. 1998: 229). ] )
“Feral sheep, pigs ... have apparently devastated is-

Lifou land vegetation” (Douglas 1969).
1150 ki (444 sq. mi.). Dense, mainly undisturbed rain«_ Ejao, with its several springs, is a barren gullied
forest (Robinet et al. 1998: 229). desert of rock and orange clay. Only scraps of the

?Pig, ?dog, ?cat, Pacific rat, Norway rat, ship ré&rmer Eiao forest remain, inaccessible to the feral
(Alicata (1963) trapped all three rats in 1962), moussheep that run freely over the island ... starving, and
(Robinet et al. 1998: 229). preyed upon by feral swine” (Decker 1975).
Norway rats “present in Lifou but apparently do nolt_.atu Hiva

occur in the forest” (Robinet et al. 1998: 229). 77.7 knk (30 sq. mi.). High, 3670' (1118 m), volcanic,
Mare wet.
622 kni (240 sq. mi.). Elevated atoll, old reef. Cattle, dog, Pacific rat, ship rat (C. Blanvillain, pers.

Pacific rat (R.H. Taylor, letter 1982), ship racomm. 1999).
(Revilliod 1913).
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Hiva Oa an intact ecosystem productively functioning in the
240.9 kra (93 sq. mi.). High, 4130, volcanic, wet, rug-harsh central Pacific climate...” (Decker 1975).

ged. 3 _ o Eiao — consider removal of sheep and pigs (if still
Cattle, dog, Pacific rat, ship rat (C. Blanvillain, perspresent). Some replenishment of species may be pos-

comm. 1999). Indian myna (Lever 1987). sible from the nearby Hatutaa.
Also: Great horned owBubo virginianu}- “fairly  “Scientifically, the Marquesan biota is the most ne-
abundant” (Lever 1987: 291). glected in Polynesia ... every biological collecting

16 Indian mynas were introduced around 1918, afepedition to this archipelago yields important nov-
“had increased within 3 years to an estimated 1,008lties ..." (Decker 1975).

the species is today very common in coastal regiofgohotani, once cleared of sheep and possibly cats,
and occurs in lesser numbers at higher altitudesyiould be an excellent site for introduction of most

They have not reached Tahuata, only 3 km away (LRtarquesas endemics” (Seitre and Seitre 1992: 221).
ver 1987: 499-500).

Motane/Mohotani Marshall Island
15.5 ki (6 sq. mi.). High, dry, with an “interesting flora”. a_S a S.a >
9()34 islands in group)

Goat, cat, sheep (C. Blanvillain, pers. comm. 199
Has been reduced to “barren waste throudfdhtislands uninhabited (King 1973: 100). The Marshall

overarazina by feral sheep” (Doualas 1969). slands are in two chains: the Ralik chain to the west and
9 gby P ( 9 ) the Ratak chain to the east. Almost all the uninhabited

Nuku Hiva islands are devoted to coconut culture. Taongi (Pokak)
336.7 ki (130 s@. mi.). High, 3890 (1185 m), volcanic@nd Bikar are too dry to sustain the harvest of coconuts.
wet. Both are important seabird islands (King 1973). Nuclear

Cattle, dog, Pacific rat, ship rat (C. Blanvillain, persv.ve&lloons tests conducted on Eniwetok and Bikini.

comm. 1999). Significant invasive land vertebrates

Ua Huka Pig, dog, cat, Pacific rat, ship rat, Norway rat

77.7 km (30 sg. mi.). High volcanic. Fossil studies b);Spenneman 1997), mouse.

Steadman and Zousmer (1988) suggest that “at least £950: Monitor  lizards Varanus indicu}
bird species had been hunted to extinction by the tift&Pennemann 1997), Brahminy blind snake

Europeans arrived 200 years ago”l (Ramhotyphlos brahmil)EQ.Spennemann 1997: 8)
Sheep (C. Blanvillain, pers. comm. 1999). Amerson (1969) states: “On some islands [in the

Marshall and Gilbert groups] feral dogs and cats
Uapou exist.”

103.6 km (40 sq. mi.). High volcanic.

See Spennemann (1997: 7) for table of: “The occur-
Feral donkeys present (Douglas 1969).

rence ofVaranus indicusnd the distribution of ro-
Opportunities for island restoration dent species on the atolls of the Marshall Islands.”

Consider eradication programmes for islands witlh summary:Rattus exulanss present on the great
large browsing mammals — sheep, pigs, donkeymajority of islandsR. rattusis present on nine is-
etc... lands (Arno, Eneen-Kio, Enewetak, Jaluit, Kwajalein,

“Three seldom-visited, but extremely interesting, isMajuro, Maloelap, Mili, Wotje).R. norvegicuss
lands in the northwestern Marquesas group ... apEesent on two islands (Jaluit, Majuro), and mice on
among several uninhabited French Polynesian islanii§€€ islands (Enewetak, Jaluit, Majuro).

that were assigned protection status in 1971 ... Th’ﬁhe data in hand suggest that the pre-W0r|d War 1
islands are remarkable for the contrasts between the@y. population of the Marshall Islands comprised nei-
Eiao, the largest, is severely damaged by feral livgherR. rattusor R. norvegicuswith the possible ex-

stock and erosion. lle de Sable is a tiny sand cay up@éption of Jaluit and Majuro Atolls...” (Spennemann
the only extensive coral-reef formation in thei997: 5).

Marquesas. Hatutaa (Hatutu on many charts) is a prj
tine terrestrial ecosystem — the only sizeable one le " .
undisturbed in the central Pacific dry zone.... Pral\-’Omen (Spennemann 1997: 4).
tected from livestock introduction by its lack of per- The rat problem on some bases reached such pro-
ennial water, Hatutaa teems with bird life and is richiportions thavaranus indicugmonitor lizards] were
vegetated.... The rarity of type and biological Sigl_ntroduced to prey upon the rats. Instead, according

nificance of Hatutaa cannot be overemphasised. Itt%local Marshallese informants, the reptiles predated
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on the chickens as well as other birdlife'Majuro

(Spennemann 1997: 9). 9 kn? (3.5 sq. mi.). Atoll with 60 islets, coconut plan-
tations.

Pacific rat, Norway rat (Spennemann 1997: 7), ship

Antore

Pacific rat (R. H. Taylor, letter 1982). rat (pre-1932), mouse (Marshall 1962, Johnson
Arno 1962).

13 knt (5 sg. mi.). Atoll with 100 islets, coconut plantaAlso: Monitor lizard (Spennemann 1997: 9).

tions.

Odia

Pacific rat, ship rat (introduced 1942-45). - )
Pacific rat (Waite 1897b).

Marshall (1955) foundR. rattusonly in certain sites,
and reported that “Only in these three spots are gretaka
coconuts eaten by rats, and the Arnnese stated thatific rat (R. H. Taylor, letter 1982).
large rats and opened coconuts had been found there
only since the period of Japanese control of the atolRongi (Pokak)
...The species was evidently just gaining a foothol8l2 kn (1.25 sq. mi.). Atoll with 13-14 islets, dry, stony,
on the atoll in 1950.” Discussir®yexulans he says uninhabited, landing difficult.
“Fresh ripe coconut meat from fallen nuts seems fegcific rat (Spennemann 1997: 7).
be the favourite food of this rat”. Mice were not .
present on the island. Wotze (Wotje)

_ 8.2 kni (3.16 sg. mi.). Atoll with 56 islets, much destruc-
Bikar tive bombing. “... possible remnant population of large
0.5 kni (0.2 sg. mi.). Atoll with 3 reef islets, dry, visitedMlicronesian pigeon” (Douglas 1969).

for fishing and birds). Cat, Pacific rat (Spenneman 1997: 5), ship rat (intro-
Pacific rat (R. H. Taylor, letter 1982). duced pre-1932) (Koroia 1934).
Bikini Cats released “to act as vermin control” prior to 1830

7.3 knd (2.82 sq. mi.). Now reduced in area by nucleafSP€nnemann 1997:5).
weapons tests? Atoll with numerous islets. Populatiopyiqpach

moved to Rogerik, then to Kili, atomic testing, radiatio g
damage. ). “Cultural deposits” on Bikini atoll have beenrl]:’aCIfIC rat (R. H. Taylor, letter 1982).

radiocarbon dated “to perhaps greater than 3000 yearbpportunities for island restoration

B.P.... “ (Streck 1990). Marshall h ditionall dered T _
e arshallese “have traditionally considered Taongi,
Pacific rat (R. H. Taylor, letter 1982). ; : . -

( y ) Bikar, Jemo, and islets of Taka and Jaluit as bird
Eniwetok/Enewetak sanctuaries, on which the taking of birds and eggs for
5.8 knt (2.25 sq. mi.). Atoll with 30 islets, populationfood is restricted but not prohibited” (King 1973: 100).
moved to Ujelang in 1947, used for nuclear weapons
testing.

Cat (King 1973: 101), Pacific rat, ship (atroduced Nauru

c. 1951) (Jackson 1969), mouse “reputedly present kng (8.5 sq. mi.). Raised limestone, 65 m (213",
(Spenneman 1997: 2). with narrow coastal terrace and fringing reef. Most of

Also: Monitor lizard {aranus indicusintroduced island’s surface mined for phosphate deposits. Much
to prey on rats, is known to prey on birdlife -0f labour force Gilbertese or Chinese. Military opera-

Amerson 1969, Spennemann 1997: 9), Brahmiri{Pns 1942-45.

blind snake IRathtyphlos brahmil)a“secretive, S|gn|f|cant invasive |and Vertebrates

nocturnal and earthburrowing” and said to be “harms,. = ., 5 o . )
less” (Spennemann 1997: 8), mF(’)lg:e 2dogs, ?cats, Pacific rat, ship(pa¢-1979),

Pacific rats may have been exterminated by the thermg;,. o . . Cw
nuclear explosions. Extensive trapping on the isle iliams (1979) visited the island in 1979: “Two

) Species of rat, the ship or roof (Rattus rattusand
shows that onlR. rattuss now present (Jackson 1969)”'?e Polynesian raR(attl?Js equaE)SNere trapp}; d A

Jaluit third species (the Norway or common rat) that is also
3.6 ki (1.4 sg. mi.). Atoll with 80 reef islets, ailmost confound on some Pacific islands does not appear to be
tinuous land rim. on Nauru, however the house moubst$ muscu-

Pacific rat, Norway rat (Spennemann 1997: 7), sthS) was trapped...”

rat (introduced pre-1932), mouse (introduced prédsland was originally vegetated. “Because of the con-
1932) (Koroia 1934). siderable destruction by guano diggers and by mili-
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tary operations during the years 1942-1945, a re8ik introduced bird species, and at least 14 extinct
warbler @Acrocephalus luscinia rehgehas been bird species (Case 1996: 71). The New Caledonian
thought to be in danger. Much vegetation remains @il (Tricholimnas silvestrisbecame extinct during
Nauru, however, and although it is a very small birghe 1ast 100 years (1845-1945) (Mayr 1945a). A
population, it has apparently survived” (Greenwagiam megapodeSylviornis neocaledonideextinct
1967). for at least 3000 years (may have disappeared shortly
R. rattus “is the most commmon [rat] on Nauru andafter human colonisation) (Green c. 1985).

causing the most damage” (Williams 1979). ) . .
g ge” ( ) Predation on native birds

Opportunities for island restoration Warner (1948) mentions several introduced species
This island has been greatly depleted by phosphaie predators of a native bird called the kagu
mining. We do not know what opportunities remaifiRhynochetos jubatiis‘Escaped pigs and the intro-
for restoring island habitats. duced rats are ... causing heavy damage to the kagu
A Nauru Rehabilitation Corporation has been set ugs the present time. They not only kill the birds but
at Aiwo recently, but it is not yet known what plansiso destroy its food supply of land snails and large
it has to restore native vegetation and bird life (Garthworms.... | often found snail shells in rat run-
Gregory, pers. comm. 2000). ways and burrow entrances and scattered about in
other odd places. Many of these had been gnawed in
typical rat fashion.... The pig and rat may also take
New Caledonia (France) young birds and eggs ... Cats and dogs roam the
(One main island and c. 26 small islets) mountains and undoubtedly take a heavy toll of the
adults and young and of the single eggs.... | spoke
Total area: 16 912 kin(Case 1996: 71). Two parallel \ith some people who had eaten birds [kagu] killed
ridges, to 1hG76(rjn (‘;50(.)')’ Sedf'me%t]ary’ cpnt_mlen;cja! ro:gﬁy their dogs on deer and pig hunting trips....The
metamorphosed. Barrier reef. “The main island is . : .
kilometres long and forty to fifty kilometres wide.... rug%ambar deer (introduced) may have an increasingly

ged ranges, ... uninhabited except along some river V&g_etrlmental effect on the kagu by the destruction of

leys. Most people live on the lowland coastal plain, mudPVer but dgring 1945 itwas not common e”°“9h in
of which has been cleared for grazing or altered by plari® mountain forests of southern New Caledonia to

tations” (Stokes 1980: 81). be of importance. Cattle grazing has had no appreci-

“New Caledonia may harbour the most neglected is@bIe effect to date.”

land avifauna close to Australia. Its landbirds included Rattus norvegicusras not common in most of the
eighteen endemic species, of which four are ifgpitat of the kagu but was taken occasionally far
monotypic genera ... and one is in a monotypic family, 1, hyman habitation. Where lumbering and min-
" (Stokes 1980: 86). ing camps were in use, it was present, however, of-
Significant invasive land vertebrates ten in considerable numbers.... The three subspecies

Cattle, goat, pig, dog, cat, Pacific rat, ship rat (intrdf the black rat, found to be common to abundant
duced pre-1913), Norway rat (introduced pre-1944§round the abandoned camps, along forest streams,
mouse (pre-1913) (Revilliod 1913, Marshall 19625teep banks and in rotting logs and hollow trees”
Alicata 1963). Indian myna (Lever 1987). (Warner 1948).

Also: Donkey, house sparrow (Stokes 1980). " Thus these factors: (1) decimation by man through
trapping and hunting (now prohibited); (2) predation

Barrau (1981) discusses the role of cattle in the CreQy rats, cats, dogs and pigs: and (3) destruction of
tion of tt‘e extensive present-day savanna. He CoRfisyra| habitat of both the kagu and its food supply
New Caledonia had been based on a myth: that gf hastening the extermination of this endemic spe-
natural pasture. The gardened savanna landscapec@ds” (Warner 1948).

the Melanesians gavg_the settlers the false 'MPI'¥=tinct avifauna includes: New Caledonian lorikeet
sion of a lush and nutritious resource ... Very qu'Ckl)(extinct 1860), New Caledonian owlet frogmouth
due to selective grazing by the cattle, the savanigqinct 1880), New Caledonian wood rail (extinct
ecosystem became more biotically specialized.” 1904), Isle of Pines solitaire (extinct 1934) (King
Of the c. 26 small islets, most haReexulanssome 1981).

are rat-free, and one hRs rattus(B. D. Bell, pers.
comm. 1999).

No pre-European dogs (Heyerdahl 1952).

Opportunities for island restoration

Investigate the c. 26 small islets (see comment on rat
distribution by B. D. Bell, pers. comm. 1999).
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Niue (NZ) the larger pigeons of the Marianas and of the Palau
Discovered by Cook in 1774. Islands were on the verge of extinction at that time,
259 knd (100 sq. mi.). 67 m (220" raised coral plateaf'S WEre the Micronesian incubator bird, the Marianas

with terraced margins, deeply weathered. Much wooddjghtingale reed Waibler, the Marianas mallard and
with thickets of secondary growth. No surface watethe Palau gray duck” (Mayr 1945a).

Settlement mainly on coast, interior uninhabited (segaker (1946) describes in detail the impact of war
Douglas 1969 for details). Banana, copra, etc. cultivate¢y, the Mariana Is.

Significant invasive land vertebrates Aguijan

?Pig, ?dog, ?cat, Pacific rat, ship rat (intro. 19063 3 (2.8 sq. mi.). Steep cliffs to north.

1925), Norway rat (R. Hay, pers. comm. 1399). Goat, pig (both feral) (Douglas 1969). Uninhabited,
Mice have reached the island but have not been ablet supports c. 1500 feral goats, and is occasionally
to establish (K. A. Wodzicki, pers. comm. 1975). visited by goat hunters, and pig hunters. Australian
pine introduced as windbreaks and massive pineap-
n|?Ie and sugarcane plantations — by Japanese. Goats
terminated much of the original vegetation in early
40s (DiSalvatore 1981).

“The introduction of the roof or ship raRéttus

rattus) to Niue during the first quarter of the prese
century and its successful spread to practically ai
habitats could have had a profound effect, particU-
larly on all tree-nesting birds” (Wodzicki 1971).  Anatahan

“Fourteen species of birds, including an extinct spg2-4 km (12.5 sq. mi.).  Extinct dissected cone, 788 m
cies each o6allirallus andNycticorax and an ex- (2285)- Has had military use.

tirpated megapodd\/{egapodius pritchard)i were Goat. The number of goatS on this uninhabited is-
found. This increases the number of taxa known f&nd is “staggering” (Sablan 1976).

the Niue faunato 15 resident species, but faunas frg{g an

surrounding islands indicate this is almost certainIX

an underestimate of original diversity (Worthy et al 8 knt (18.7 sq. mi.). Cluster of active volcanoes, 570 m
1998: 177) 9 Y y (1869", linked by lava and ash. Some coconut planta-

tions.
Opportunities for island restoration ?Cat, ship rat, Norway rat (Corwin et al. 1957).

Possibility of protection of native vegetation in‘The two varieties of rat are especially abundant in
rougher areas not suitable for cultivation (Douglae vicinity of farms and settlements” (Corwin et al.

1969). 1957: 109).
Rota
Northern Mariana Is 85 kn# (33 sg. mi.). Raised limestone terraces on extinct

volcano, 1612'. Some market gardening.

?Pig, ?cat, Pacific rat, ship rat (introduced pre-1932)
The Northern Mariana Islands are a “Commonwealth and\arshall 1962). Musk shrew (established by 1966)
Political Union” of the United States. Saipan is the ad(Barbehenn 1974). Cane toad (Steadman 1992).

ministrative centre.
Also: Rattus tanezunfFlannery 1995).

(14 islands in group)

Significant invasive land vertebrates

Cattle, goat, pig, dog, cat, Pacific rat, Norway ra?,"’“pan . _ _ o
ship rat, mouse, musk shrew, brown tree snake (protf- km (47 sqg. mi.). High volcanic, 474 m (1554), with

ably present on Saipan), cane toad. ra|§ed limestone terrac'e's. Some coconuts.
?Pig, ?dog, ?cat, Pacific rat, Norway rat (has occurred

Also: sambar deer, Micronesian deiRuga marianp - o Sainan since the late 1800s, Kuroda 1938 in Wiles
[?same as rusa de€ervus timorensigG. Nugent, et 5| 1990: 174), ship rat (introduced pre-1931),
pers. comm. 2000)] (Johnson 1962: 37, Flannepqoyse (introduced pre-1931) (all recorded by
1995),Rattus tanezungFlannery 1995). Marshall 1962). Musk shrew (discovered on Saipan

“When the Japanese took over the islands, a perittdl 962, probably introduced mid-1960 ) (Barbehenn
of extreme exploitation began. On Saipan and Tiniah974). Cane toad (McCoid 1993). Brown tree snake?

for example, most of the indigenous forest was cffcCoid (1993) considered that Saipan had an “in-
pient population” of brown tree snakes.

down to make place for sugar plantations and witht
went the native bird life.... the Marianas cardinaflso: Rattus tanezun{Flannery 1995).
honeyeaters had already been badly decimated whgsker (1946: 210) suggests the “large amount of Japa-

William Coultas visited the islands in 1931. Most ofiese shipping in the prewar days” is probably the
53



Invasive species in the Pacific

reason for the presence of the Norway rat on Saipahe spread of certain introduced plants around the

Enders (1949 in Wiles et al. 1990: 173) found thisland ... habitat degradation has probably resulted
Pacific rat to be the least common of the three rit Population declines of fruit bats and frugivorous
species. birds, such as Mariana fruit doveBt{linopus

_ roseicapillg), and white-throated ground-doves
Sariguan (Gallicolumba xanthonuna The reproductive suc-
4.9kni (1.9 sq. mi.). Extinct volcanic cone, 549 m (1800'kess of Micronesian megapodddeggapodius
Lower slopes cultivated, and coconuts planted. laperousg may have declined in areas where nest-
Goat, rat (species unknown). ing sites were trampled and soils were compacted by
Large populations of rats and wild goats — describexttle ...(Wiles et al. 1990: 177).

as a poor candidate for preservation status, becausgya|goatsinhabited the slopes and cliffs along the

many native species and habitats have been disturefhiheastern coast of Tinian in the early 1900s, with
or destroyed (Anon. 1985). the population estimated at a few hundred to 500
Tinian animals ... a feral herd of unknown size still occurs

102 krd (39.25 sq. mi.). Raised limestone, 170 m (5574 the extensive tract of coastal forest at Kastiyu”
small central lake. Disused and overgrown plantation§Wiles et al. 1990: 177).

of sugarcane, vegetgbles and pineapples. Some markghian held a large population of fergigs between
gardening, and farming of beef cattle. the 1700s and early 1900s ... During the early 1900s
Cattle, goat, pig, dog, cat, Pacific rat, ship rat (intro-. an estimated population of several thousand ani-
duced pre-1932), mouse (Marshall 1962). Musiqals. The approximate date that feral pigs were ex-
shrew (probably arrived on Tinian in mid-1960s, na§rpated from the island is unknown”. Wiles et al.
reported until 1974) (Wiles et al. 1990: 170). Cang990: 175) found “no indications of feral pigs”.

toad (McCoid 1993). ) . .

, _ The “presence of feral and domegtagson Tinian
Also: Horse (Wiles etal. 1990: 178attus tanezumi \yas noted by many authors between the mid-1700s
(Flannery 1995). (Formerly Philippine de€ervus 4 early 1900s...” Domestic dogs common, free-

marianug (Wiles et al. 1990: 175). ranging dogs present (Wiles et al. 1990: 174).

See Wilgs etal. (1990) fora comp'rehen.sive acc.ou(evt:ltswere first mentioned on Tinian in the mid-1800s.
Qf the hlstory and present status (|nqlud|ng dlStI’IbuSma” numbers of domestic and free-ranging cats
tion and habitat) of mammals on Tinian: occurred on the island in 1900...” Present sightings

Tinian has experienced “...extensive grazing by inndicate “that a feral population still occurs on the
troduced ungulates during the last 300-400 years. jsland” (Wiles et al. 1990: 174).

(Wiles et al. 1_990: 167). o ) The Pacific rat was “presumably ... introduced to
Cattle “were introduced to Tinian early in the pethe Mariana Islands by the Chamorros, who have
riod of Spanish colonial rule, and were left to roanhnapited the archipelago for at least 3,500 years...”

the island freely in a feral state. [Anson, in 1742papped in the past by Marshall in 1945, no Pacific
estimated that] several thousand to at least 10,00f}s were found by Wiles et al. (1990: 172).

H ” h
animals were present...” By the early"entury ggip rats “likely reached Tinian aboard European

numbers had declined to between several hundred "™ . . X
and several thousand, and in 1952 the last feral ¢ Nipping traffic sometime between the 1600s and

on Tinian was killed. However, Wiles et al. (1990'\%05' [They] appear to be distributed throughout

) y he island ... in all types of habitats except native
176) report that domestic cattle are Commoi'orest...” (Wiles et al. 1990: 173).

throughout Tinian and probably number about 4,000-
5,000 animals ... [These are] routinely pastured in Bhe Norway rat was “not captured” by Wiles et al.
variety of habitats ... particularly open fields,(1990: 174). It may not be present.

tangantangan forest, and secondary vegetation. Théyuse mice‘seem to be uncommon on Tinian ...”
also fed and rested in native forest and strand ve@nly one was trapped by Wiles et al. (1990: 173).

etation...” Musk shrewswere “observed islandwide ... com-
“Heavy grazing, browsing, and trampling by cattlénon in most habitats” (Wiles et al. 1990: 170).
have probably eliminated or lowered the abundan@pportunities for island restoration
of some species of indigenous plants, reduced " o

understory vegetation, lowered plant diversity in nd=Cnsider removal of goats (if still present) from
tive forests, and increased soil erosion an%guuan and Anatahan.

compaction.... Cattle have probably also enhancddie vegetation of some islands (e.g. Guam and
Saipan) is so altered that only a skilled botanist can
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tell which plants are indigenous and which are intrand cats are found, but as the native names for them
duced. are corrupted Spanish words, they were most prob-
Anon. (1985) states that in November 1985, foigbly introduced by vessels from Manila which came
uninhabited islands in the Commonwealth of thto trade here formerly” (Robertson 1877, visited Palau
Northern Mariana Islands (Uracas (Farallon dislands in 1875).

Pajaros), Asuncion, Guguan, Maug) were set asiggur introduced bird species, no known extinct bird
for purposes of conservation and preservation.  gpecies (Case 1996: 71).

By 1931 “most of the larger pigeons of the Marianas
and of the Palau Islands were on the verge of extinc-
i ) _ tion ... [as was] the Palau gray duck. The Palau race
Discovered by an American, Captain Jered Gardner, iBf the Nicobar pigeon and the Palau ground dove
1801. (Gallicolumba canifronsare likewise in a precari-
6.5 kn# (2.5 sg. mi.). Raised limestone, 81 m (265), withys position.... restricted to a few of the smaller is-
fringing reef. Most of island mined for phosphate. lands in the southern Palau group” (Mayr 1945a).

Ocean/Banaba Island (Kiribati)

Significant invasive land vertebrates

i . Angaur
Ship rat (introduced pre-1970).

8.4 kni (3.25 sq. mi.). Limestone, 61 m (200", reef, no
“La présence du rat noir se confirme également swater.
L'fle Ocean, ou se trouvent les mines de phosphate.Mouse present by 1963 (Barbehenn 1974).
(Smith 1970).
Babeldaob

_Rats “appeared at dusk in. Swarms, so that by MOEY7 knd (153.3 sg. mi.). Old volcanic, 122 m (400", reefs,
ing the sand was laced with their tracks” (Wetmorgije.

1925). Pacific rat, Norway rat, ship rat (introduced pre 1931)
Opportunities for island restoration (Koroia 1934, Marshall 1962, Barbehenn 1974), cane

This island has been extensively modified by phog—)ad (McCoid 1993).
phate mining. We do not know what opportunitiedlso: Rattus nitidus (introduced pre-1949)

remain for restoring island habitats. (Barbehenn 1974: 48).
Norway rats living a feral existence (Barbehenn 1974
48).

Palau (Belau) Islands
Kayangel

(11 islands in group)
1.7 knd (2/3 sg. mi.). Atoll with 4 islets.

Discovered by Spah'Sh about 1543. Pacific rat, ship rat (Marshall 1962).
440 kni (170 sq. mi.) (Case 1996: 71). Large group of

many close islands, volcanic and limestone. Much digoror
turbed. Largest island Babelthuap. 9.3 kni (3.6 sg. mi.). Volcanic and limestone, pre-WWiII

S|gn|f|cant invasive land vertebrates Japanese town of 20 000, bombed Completely in WWII,

. . . but partly rebuilt as admin. centre (Douglas 1969).
Goat, pig, dog, cat, Pacific rat, Norway rat, ship rat party (Doug )

mouse, musk shrew (Wiles and Conry 1990). canecific rat, Norway rat (introduced pre-1931), ship
toad (McCoid 1993). rat (introduced pre-1931), mouse (Koroia 1934,

Marshall 1962).
Also: R. nitidis (Barbehenn 1974), long-tailed )

macaqueNlacaca fascicularis Peliliul

One observation of a musk shrew on Koror in 19632.7 kmi (4.9 sg. mi.). Limestone, reefs, phosphate worked
but “no subsequent observations ...this may haveid 20" century.

been a sterile introduction” (Barbehenn 1974).  Rattus nitidus(introduced pre-1945) (Barbehenn
Wiles and Conry (1990: 62) commented: “... ratd974: 48).

were so numerous on Ulong and Euidelchol, two .«Mmost of us have probably seen pictures of Peliliul
limestone islands in southern Palau, that observaggand in the Palau group, taken right after we had
could see several animals within minutes of goingyaded this island. Hardly a tree was left on the is-
ashore on each island”. land that was not torn to shreds, if one can judge
“Pigs and goats, introduced by H.M. ships many yeafiom these photographs. There is a species of white-
ago, are plentiful in most parts of the group.... Dogaye on Peliliul (formerly considered even a separate
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genus), which occurs nowhere else in the world tharl}aunal checklist of introduced species in
on Peliliul. It is doomed to world extinction, if its Papua New Guinea by island, condensed
habitat on Peliliul is destroyed. | wonder whether itfrom Flannery (1995: 409-423). (Compiled
survived this ordeal” (Mayr 1945a). by Alexandra Szalay, 1994.)

Opportunities for island restoration Bat — R. exulans, R. praetor (pi)

Ngerukewid Is (‘Seventy islands’, 2.59 kifl sq.  Bougainville — Phalanger orientalis (northern common
mi.), is a group of limestone islets, with undercutcuscus), pig, R. exulans, R. praetor, R. rattus
shores). “Uninhabited and protected formerly by anBuka — Phalanger orientalis, pig, R. exulans, R.

cient taboos”, part of proposed national park (Dougraetr, R. rattus
las 1969). Conflict group - R. exulans

Duke of York — pig, R. exulans
Wiles and Conry (1990: 41) lament that although therergusson - pig, R. exulans

Ngerukewid Islands Wildlife Preserve (NIWP) “was garove — R. exulans

established in 1956 to protect a segment of Palau’goodenough - pig, R. exulans

rich marine and terrestrial natural resources ... MOr&arkar — pig

than 30 years later, the preserve remains the onliiriwina (Trobriand) - pig, R. exulans
officially designated protected area set aside for narong — R. exulans

ture conservation in the Caroline Islands”. The mostuf — Spilocuscus kraemeri (Admiralty cuscus)
important role of the reserve is to restrict hunting. manam - R. exulans

Although rodents and shrews have been introducelfia"as — Echymipera kalubu (common echymipera),
ig, Spilocuscus kraemeri, R. exulans, R. praetor,

to the Palau islands, both rodents and shrews “a;% rattus

pear to be absent from the NIWP ... with no animalS,, shan Bennett Islands
captured during a combined total of 144 trap nightsio.o
... (Wiles and Conry 1990: 62).

— R. exulans
— Phalanger orientalis, R. exulans
Misima — pig, R. exulans

Mussau — Spilocuscus maculatus (common spotted
cuscus), R. exulans

Papua New Guinea New Britian — pig, R. exulans, R. praetor (pi), R. rattus

(? islands in group) New Ireland — Thylogale browni (Northern Pademelon
- a wallaby), Phalanger orientalis, Spilocuscus
maculatus, pig, R. exulans, R praetor

Ninigo — Spilocuscus kraemeri (pi)

Nissan (Green) — pig, Phalanger orientalis, R. exulans,
R. rattus, R. praetor (pi)

Normanby - pig, R. exulans
Significant invasive land vertebrates Rossel (Yela) — R. exulans
Pig, dog, cat, Pacific rat, ship rat (Flannery 1995). Sideia —R. exulans, R. rattus
Sudest — R. exulans
Tolokiwa — R. exulans

Ulu — R. rattus
Native rats include at least 3 specieRaftusDwyer  mpoi — Dendroiagus matschiei (Huon tree-kangaroo),
1975). Thylogale browni (pi), R. exulans

R. exulangoccurs in grasslands and adjoining dis- Woodlark — pig, R. exulans

turbed habitats from sea level to altitudes over

2500 m” (in D 1978 221). “To date th . pi = prehistorically introduced
m” (in Dwyer ’ )- “To date there s noNote: “Some near-ubiquitous introduced species such

suggestion thaR. exulanss a pest species in the as sus scrofa (pig) or Rattus exulans (Pacific rat) are
New Guinea Highlands, though rats are reported agbsent from several island listings. This absence

damaging cacao, coconut and root crops oﬁeflects only the lack of a record for such species in the
' existing literature or in validated accounts to which the

Bougainville (Dyvyer 1_978: 24_6)- (See DWY_er (;978: author had access during the writing of this book”
242-243) for discussion of diet Bf exulansn this  (Szalay 1994, in Flannery 1995: 410).

area.)

Dwyer (1978: 221, 246) suggests numberdgRof slaughtered by several neighbouring clans in connec-
exulans'may follow a 3- or 4-year cycle linked to ation with important ritual ceremonies”. Dwyer (1978:
culturally determined cycle in the domestic pig popu46—247) also suggests that “activity of pigs near and
lation”. Thatis —as pig numbers increa®eexulans in houses presumably leads to interference with, and
decreases until pig herds are killed: “synchronousgome predation upoR, exulans Pigs therefore may
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Eastern part of main island, together with numerous is-
lands to the north and east of it. (The western part is Irian
Jaya, a province of Indonesia.) The total main island is
said to be the world’s largest tropical island, with a total
area of 808 000 kt{Case 1996: 71).

Also: Rattus praetoi(Flannery 1995), and others -
see checklist below.
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reduce the impact d®. exulansgn and around gar- but said it did not inhabit dense jungles far from habi-
dens and living quarters,” ... and cautions that as pigtions. The ship rat was introduced soon after US
husbandry changes, “for reasons of health and Hgrces arrived on the island in 1943.

giene” or due to “a growing human populatiét,

exulanscould easily be released from controls for™iSsan (Green 1)
merly exercised by pigs”. Coral island.

Archaeological work (in Dwyer 1978) shows tRat Pig, rat (species unknown). Hartert (1926) observed

exulansonly appears in uppermost horizons of sité§'at “Pigs have run wild, and rats are numerous”..

investigated. Or_1e site covered the last _1000 yeargpportunities for island restoration
R. exulanonly in the top level. “Certainly many
authors have suggested tiiatexulanshas gained

entry to New Guinea and the highlands in cons
guence of human impact .... | conclude that the local

diversity of small terrestrial rodents in rain forests . C

densely populated areas of the New Guinea highlaﬁ%goemx Islands  (Kiribati)
was higher in the past than it is today and that redué&ight islands in group)

tion has been a consequence of habitat disturbanggie phoenix islands lie in the geographic center of the
by men and pigs producing a smaller, less continpacific Ocean ...” (Fosberg and Stoddart 1994: 1). All

ous area of rainforest and simplification of grounélands are low-lying coral atolls. The islands were leased
cover”. Dwyer found that the short grass communie the Pacific Islands Company in 1894 for coconut plant-
ties (which are created and sustained by humans) siij§- (Nelson 1922). “The group is at present uninhabited

We do not know what opportunities for restoration
fay remain on small islands.

port onlyR. exulans ... Climatic conditions are marginal for human settlement”
. ... All the islands are dry, with great fluctuations in an-
Eastern islands nual rainfall and periods of severe drought (Fosberg and

The islands off the eastern top of Papua New Guin8gddart 1994: 4).
wh_u_:h_haveR. exulansare Misima, Trobriand Significant invasive land vertebrates
(Kiriwina), Rossel (Yela), Tagula, Fergusson,

Goodenough (R.H. Taylor, letter 1982). Goat, pig, dpg, cat, Pacific rat, ship rat, possibly
Norway rat (introduced 1828-1840) present or for-
New lreland merly present on Gardner (Bryan 1942), rabbit.

In New Ireland (Bismark Archipelago), at least 50 _
species of birds represented by 241 bird bones frdhF0: Sheep (Laxton 1952: 143).
five late Pleistocene and Holocene sites (Steadmgpnie

et al. 1999: 2563). “... at least 12 (petrel, hawkyiseoyered and named by Emment in 1823. Never in-
megapode, quail, four rails, cockatoo, two owls, anghpited and “one of the few dry central Pacific islands

crow) are not part of the 'current avifauna and haygt to have been mined for guano” (King 1973: 99).

not been recorded previously from New Ireland; yn¢ (0.1 sq. mi.). Atoll with one island and shallow
Larger samples of bones undoubtedly would indisrackish lagoon. Fringing reef. Uninhabited and no
cate more extirpated species and refine the chrongigns of human settlement. Almost inaccessible, very
ogy of extinction. Humans have lived on New Iredifficult landing.

land for ca. 35,000 years, whereas most of the idepacific rat (King 1973).

tified bones are 15,000 to 6,000 years old...”

“Species of mammals brought to New Ireland b§ant°n
humans appear at sites only after 19,000 B.P Thddscovered and reported by various American whalers

- il and British warships and nam&hntorafter a New Bed-
are phalangersP(r)aIanger orlentaI|§Spllocuscus ford whaler which was wrecked there in 1854. (Also called
maculatu$, wallabies Thylogale brunij, rats Rattus

. - Mary, Mary Balcout, and Swallow.)

praetor, Rattus exulahspigs... and dogs ..., of whlch9 KT (3.5 Y. Atoll with | ded bv b
only Phalanger orientalishas been recorded from (3.5 5g. mi.). Atoll with lagoon surrounded by bro-

. N . n rim of land. Worked for guano in late"l&entury.
the Pleistocene strata” (Steadman et al. 1999: 256%1% for US military purposes during and after WWII,

Bougainville and as a stopover refuelling point by Pan American Air-
?Pig, ?dog, ?cat, Pacific rat, ship rat (introduced 194#)es. Reinhabited by about 200 US Air Force personnel
(Johnson 1946). in"1969, “now an essential part of a new US missile test-
_ ing system...About 40 percent of the land area of the is-
Also: Rattus preato(Johnson 1946). land is covered by man-made structures” (King 1973: 98).

Johnson (1946) observed the Pacifidivéig in na-  Feral cats and dogs (King 1973). Pacific rat (Bryan 1942).
tive villages and readily adapting to life in camps,
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Enderbury repulsive, these were particularly active and could
Discovered in 1823. climb to places that would be inaccessible to the rat
6 kn? (2.3 sg. mi.). Atoll with one large island, with-Of our cities. Each night some would be at work nois-
out lagoon except for shallow remnants in centre. Nidy endeavouring to get at the provisions kept under
satisfactory anchorage. Guano worked in"1@&n- our bunks, often scampering over us and making
tury. Communications activity but largely uninhab-themselves generally objectionable.”

ited (King 1973: 98).

Cat, ?Pacific rat — “The rat population is said to blgI.cKean .

large” (Bryan 1942). Discovered by Wilkes in 1840.

0.5 knd (0.2 sg. mi.). Atoll with one islet and central land-

“... afew feral cats _Sti” are present” — descgndgngcked lagoon, fringing reef. Guano worked in laté& 19
of pets brought during an attempt at colonisatioRenyry.

from 1938 t0 1940 (King 1973: 98). According to King (1973: 99) McKean “has no in-

Gardner (Nikumaroro) troduced predators” and little sign of human activity.

Captain Coffin — an English captain with an Americanppgenix
°W“‘?d ship, th&angesis credited with ha_V|r_1g found th_e “One ship,Phoenix under command of Captain Moore,
atoll in 1828 (Bryan 1942). (Also called Kimins or Kem|n§N s in this region in 1794” (Bryan 1942). *No prehis-
Island.) There is evidence that Amelia Earhart's Lockhe ¢ 9 y ' P

Electra crashed (or ditched) beside this island in 193 oric ruins have been found.

She may have got ashore but died of dehydration, beiflg? kn1(0.2 sq. mi.). Atoll with one island and freshwater
unable to contact the outside world. The island receiveRPE"s in centre, fringing reef. \Worked for guano in late
0.17 inches of rain in 1938 (NZ National Radio 1992). 19" century, uninhabited since (King 1973: 99).

4 kn? (1.6 sg. mi.). Atoll with two islets almost enclosingNO .. rats were noted” (Bryan 1942). Rabbits.

lagoon. Fringing reef. “In 1924, white, yellow and brown ex-domestic rab-

Coconut groves. Dry. Settled in 1937 from Gilbert anlits were fairly numerous” (Bryan 1942). These were
Ellice but settlement failed in 1955 due to drought released at the time of guano working (1859-1871)
in'habitants were evacuated in 1963 (Douglas 196?Douglas 1969). Rabbits (estimates vary from 100
King 1973). to 1000 — “evidently kept in check by periodic har-

?Dog, ?cat, Pacific rat, possibly Norway rat (introyesting, along with some seabirds, by the crews of
duced 1828-1840) present or formerly present (Bryajopra boats that service the Line Islands” (King 1973:
1942). 99). The rabbits “...appeared to be sharing their bur-

“Possible feral domestic animals” (Douglas 1969J°WS with the petrels and shearwaters and one had to

Gilbertese left behind cats, dogs and chickens (KinrjeP carefully to avoid crushing rabbits and birds
1973). wherever one went. They were in very poor condi-

_ ' _ tion and, although when chased they would be off
Wilkes (1845 in Bryan 1942) observed: “Birds Wergke a rocket for a hundred yards or so, they soon
numerous on the island, and very tame; the tropigave a despairing squeak and lay still with their ears

birds so much so ... Besides birds, a large rat ..pack, ready to be captured.... | am told that rabbits
presumably the Norway rat, but this has since disapever drink, certainly those at Phoenix could not have,
peared” [?]. for though we dug six wells down to 12 feet we found

Hull (Orona) nothing but salt water” (Maude and Maude 1952).

3.8 ki (1.5 sq. mi.). Atoll with lagoon and 24 islets form-Sydney

ing broken rim. Polynesian ruins. Coconut plantationspiscovered by Captain Emment in 1823.

1938 settlement from Gilbert and Ellice failed in 1955

due to drought — inhabitants evacuated in 1963. UninAi‘4 kn (1.7 5. mi.). Atoll with enclosed saline lagoon,

. : completely landlocked, one island, fringing reef. Possi-
habited (-Douglas 1969, King 1973). ) ) bly some Polynesian ruins. Worked for guano in late 19
“Feral pigs, dogs, cats etc.” left behind by Gilbertesgntury by J.7. Arundel and Co. Settled from Gilbert and
(Douglas 1969). Pacific rat (Peale 1848, Bryanlllice in 1937-1955 but settlement abandoned due to
1942). drought.

Ellis (1936) writing about an 1887 visit, describe§eral pigs (Bryan 1942). Cat, dog, Pacific rat, ship
the “immense numbers of rats, particularly about tHat (introduced 1885) (Ellis 1936, King 1973).

camp ... A species of native rat, somewhat smalleDne dog seen in 1968 may be the last on the island”
in size than the common one and certainly not §&ing 1973: 99).

Arundel (1890) writes: “On moonlight nights | have
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often seen hundreds of rats gathered together, and. of those introduced, only the Pacific rat ... and
much disturbed running to and fro ... We have freperhaps the house mouse ... survive today”
guently caught 100 a night in tubs made into traps ({Steadman and Olson 1985: 6191).

our store, and | ha_ve nev_er \."s'ted an |sI§1nd ho_W_ev‘e(E‘oats were first taken to Henderson from Pitcairn
small or barren, without finding these animals I|V|ngn 1843, but through inadvertence were not landed
upon it. before the vessel left ... Three were, however, re-
The Lorenzowas wrecked in 1884/85 and ship ratéeased during the visit of the Whitney Expedition in

got ashore (Ellis 1936). 1923 ... but had disappeared by the time of the

Peale (in Poesch 1961), visiting the island in lSMangarevan Expedition in 193Rigs were landed

states: “... not a single land bird was seen by us, but " 1912, but of these there is no subsequent
great numbers of rats.” r

ecord. Mice are mentioned as being numerous at
the north landing ... [in 1909] but are not other-

Opportunities for island restoration wise recordedThe only numerous introduced mam-
Several of these islands are bird sanctuaries (88! IS the Polynesian rat. [It was] found ... there in
Douglas 1969). 1819. Bank mentioned it as numerous at the north

landing in 1909 ...” (Fosberg et al. 1983: 18-19).
Enderbury — largely uninhabited — “the most impor-

tant green sea turtle breeding island in the south ce287 €xcavations on Henderson Island, when com-
tral Pacific’ (King 1973: 99). bined with earlier excavations, “show that the resi-

o _ - dent avifauna of Henderson Island has lost two to
Bimie - “the island has great value because itis neaflye species of seabirds and three species of landbirds
in an undisturbed state” (King 1973: 99). [pigeons] since the arrival of humans more than 800

McKean — “has no introduced predators” and littl¥ears ago” (Schubel and Steadman 1989).
sign of human activity (King (1973: 99). No introduced bird species (Case 1996: 71).

Consider removing rabbits from Phoenix, if they arg .

ill present.
still present 0.6 kn# (0.25 sg. mi.). Low coral atoll with typical atoll

vegetation. Some coconuts planted, visited occasionally
by Pitcairn islanders. Largely undisturbed.

Pitcairn Group (UK) Pacific rat (Williams 1960, Pearce 1994).

(Four islands in group) Pitcairn

Significant invasive land vertebrates Discovered by Cartaret in 1767. Had been inhabited by
G Pacifi = v i Polynesians. Settled in 1780 Bgunty mutineers. The

oat_, cat, Pacific rat, mouse. (Formerly pig angommunity moved to Norfolk I. in 1856, but some returned
rabbit.) to Pitcairn in 1858. Pitcairn “makes a welcome pausing
Duci place for the great crowded passenger liners and for the
ucie . y

] . freighters that pass on the average weekly” (Moverly

0.8 knd (0.3 sg. mi.). Low coral atoll with lagoon. Partly 1953 65).
WOO(_j(_ed' Rem.ot'e and rarely visited. 486 hectares (1200 acres). High volcanic, 304 m (1000").
Pacific rat (Williams 1960). Rich deep soil. 80 in. rain p.a. Temp. 65-82°F. Luxuri-
ant evergreen vegetation. Small farming community with

Henderson .
cultivated areas.

Polynesian settlement from as early as 700 AD. “...in- oD .
creasingly occupied for c. 500 years from 1000 ADr):eraI goats (Douglas 1969). ?Pigs. Dogs - domesti-

(Vickery 1994). “Discovered by European voyagers iﬁated? (Moverly 1953), cats, fowls?

1606, at which time it had no human inhabitants’pacific rat - currently being eradicated, though a first

(Steadman and Olson 1985: 6191). eradication attempt has failed. No other rats present

37 knt (14.3 sq. mi.) (Case 1996:71). Elevated coral a{B. D. Bell, pers. comm. 1999). Mouse (introduced

oll, 30 m. (100"), with fringing reef, undercut precipitous;_ 1942) (Moverly 1953).

cliffs, flat top with deeply pitted surface, no running wa-

ter. Densely wooded including many endemic tree spdRats are very common... They attack citrus fruit at

cies. Visited by Pitcairn islanders for wood. Otherwisall stages; they eat the seeds both before and during

not altered by humans. Relatively inaccessible. germination, they destroy the blossoms, and they eat

Pacific rat (Pearce 1994). ?Mouse. the fruit on the trees before it ripens. Orange trees
are unpruned and grow straight up to a great height
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in the scrubby jungle, but only a metal collar rounth addition, “action [is] needed to ensure that [Pa-
the trunk can discourage the rats. Mice are increasfic rats] were not joined by modern rats from pass-
ing. They came in packing materials about six yeaitsg cruise ships and yachts.” In the opinion of Mr
ago. Despite the very real threat of these rodentsli@pburn, a consultant for the British Government:
the orange industry the inhabitants most stupidly hutfithe brown rat ... would probably Kill the island's
with dogs and shoot even the most domesticatedinfligenous Henderson warbler, Henderson lorikeet,
cats.... There is a large flock of goats roaming théenderson rail — a wading bird — and Henderson fruit
islands ... They are individually marked and ownedove” (Nuttall 1994).

and are the main supply of meat.... Goats and fow&n Henderson: “All of the land birds are considered

are '_[he gardener's worst enemies here, because fe[%cée endemic ... about 33% of the species of insects
INg 15 glmost_ unknown” (Moverly 195_3' 64). Serl'and gastropods thus far collected are endemic”
ous soil erosion follows the deforestation caused %teadman and Olson 1985: 6191)

the goats (Moverly 1953: 65)
. . With Henderson in mind, Steadman and Olson (1985:
Only one land bird present (Moverly 1953). *No eX'6191) note: “Certain endangered species, SE,ICh as

tinct forms are known, though, judging from th ucula galeata might effectively be preserved by

present avifauna of Henderson, it is likely that therr%introduction to abandoned islands that they occu-
were once other resident land-birds on Pitcairn th }

h . _ ad before human intervention.”

ave been exterminated as a result of settlement; an

place-names and traditions indicate that all the padildlife Management International (from New Zea-
rels breeding on the other islands in the groups &#d) currently have a contract to eradicate the Pa-
well as two, perhaps even three, speciesutdand cific rat from Pitcairn (B. D. Bell, pers. comm. 1999).
the greater frigate bird once bred there, but have since

been eaten out of existence” (Williams 1960).

Survival of several species of petrel is “severeliRennell and Bellona (Solomon Is)
threatened by predation from the introduced Pacifi@o islands)
rat” (Vickery 1994).

Rennell
Opportunities for island restoration 825 kit (318.5 sq. mi.) (Wolff 1969). 91 m (300) raised
Ducie and/or Henderson? Douglas remarks that thesell, with cliffs and central depression with lake. Honey-
are not adequately studied. combed limestone surface with Pandanus scrub.

o . . Polynesian population — occupied for at least fiea-
Pitcairn? Some reafforestation begun in 1964 (Dougies (J. Diamond, pers. comm. 1982).

las 1969). Oeno? N . .
Significant invasive land vertebrates

Hend,erson IS _descrlbed by Vlcke_ry .(1994) as thSacific rat. No other rats or other introduced land
world’s only raised coral atoll that is virtually intact,
gnfammals (Wolff 1969).

and supports a suite of endemic plants and animal
It has been designated a World Heritage Site. Pitcaifnormerly goat, pig, dog.)

islanders visit Henderson to cut trees for carving,iq to have been no dogs, cats, or pigs present in
especially miro Thespesia populnga“They are 1959 pigs were introduced by missionaries in 1934
unlikely to agree to any conservation measures thgt; \vere all killed and eaten by natives. Danish ex-
do not provide them some beneflt_s and thus, one kﬁ¥dition of 1951 found a few dogs but no pigs or
aspect of the management plan is the developmess on western end of island. British expedition in
of miro as a sustainable resource” (Vickery 1994).1953 found cats, dogs (3), and a small herd of goats
Petrels breed on Henderson and rats are prevaléittHatuna village at eastern end (Bradley 1955 in Hill
but eradicating rats has been considered “impracfi956).

cal given its size, [around] 37 square kilometresgennelf Island grey teal, extinct 1959 (King 1981).
(Pearce 1994). The next best option has been sug-

gested to be eradicating the rats from Oeno “a nearBgllona

coral island that covers just 65 hectares ... and trust.6 km (8.3 sq. mi.) (Wolff 1969). 76 m (250" raised
that the birds have the wit to utilise it,” (Pearce 1994toll with honeycombed limestone surface.

Others suggest that “eventually” rats may be eradé'lgnificant invasive land vertebrates

cated from Henderson itself (Nuttall 1994). . .
Pacific rat. No other rats or introduced land mam-

mals (Wolff 1969).
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Opportunities for island restoration description of flora and fauna from the Wilkes expedition,

“Rennell is the world’s largest raised atoll. No trad® 1840

ers of other nations brought ship rats or house cal®tal area: 3150 k(1216 sq. mi.) (Case 1996: 71).
The result has been that the bird fauna has not b@é_}’noa (former|y Western Samoa): Up0|u (Capita| at
disturbed appreciably. Of the 33 land and freshxpia): Savai'i

water forms known to nest on the island, 19 (57%&|30: Apolima, Manono.

are to be found nowhere else. The Australian Gov- _

ernment has made great efforts to keep the island d@N¥@erican Samoa: Tutuila (Pago Pago); Manua group:
its fauna inviolate. As a result of this action, as weliau, Ofu, Olosega, Rose

as its good luck and freedom from predators, the birddso: Aunu’u, Swains I.

are as nearly in their natural state as any in the worlg’i’gnificant invasive land vertebrates

(Hamlin 1931 in Greenway 1967). . N _ .
] o . Pig, dog, cat, Pacific rat, ship rat, Norway rat (King
Cliffs may have been sufficient to exclude beachingg73. 98). Cane toad (Grant 1996), red-vented

_by boats_... and hence protect island from predatB[“buL jungle myna (Lever 1987: 504), possibly In-
introduction (J. Diamond, pers. comm. 1982). dian myna (Lever 1987: 499, 504).
Wolff (1969), visiting the islands in 1965, foundc g «

_ have become wild in great numbers, and prove
Rattus exulando be the only introduced land

most destructive to many kinds of birds” (Stair 1897).

mammal.
Three bird species introduced, at least two bird spe-
cies extinct (Case 1996: 71). See King (1973: 98) for
some extinction details. Samoan wood rail, extinct

Rotuma (Fiji) 1873 (King 1981).

(One island)

Politically part of Fiji but separated by 450 km (Zuy et al >amoa

1988). Aleipata Islands

43 knt (17 sqg. mi.) (Zuy et al. 1988). 256 m (840°) volrgyr small islands- Nu'utele, Nu'ulua, Namu’a, and

canic, fringing reef. Upper slopes wooded, some SwamFFsanuatapu — at eastern end of Upolu, highly eroded
Yemains of tuff cones (Whistler 1983: 228).

A . . On Nu'utele “The feral pigs present...” (Whistler
Significant invasive land vertebrates 1083: 230).

Cattle, goat, pig, dog, cat, Pacific rat, ?other rat spe- _
cies. On Namu’a “A small herd of feral goats (possibly

_ _oncl1y five individuals)...” (Whistler 1983: 230).

Cattle, horses, pigs, goats, dogs and cats, describe _

as “domestic” by Zuy et al. (1988). On Faunuatapu, there are no goats or pigs present
o (Whistler 1983: 232).

“The rat, Rattus exulansis widespread from the

houses of the coast to the gardens and plantationsSefai’i

the central plateau.... it is likely tHat rattusand/or 1821 km (703 sg. mi.). Volcanic dome, 1858 m (6096'),

R. norvegicusre also present” (Zuy et al. 1988). still active. Some fringing reef. Cultivated for coconuts.

. . Timber extraction from rainforest.
One bird species introduced. None known to be ex-

fruit and cotton cultivation.

tinct (Case 1996: 71). Wild cattle, wild pigs, dog, cat, Pacific rat (K. A.
Wodzicki, pers. comm.). Red-vented bulbul (Lever

Opportunities for island restoration 1987: 318).

Unknown. The Savai'i rail Pareudiastes pacificus probably

flightless) became extinct during the last 100 years
(1845-1945) (Mayr 1945a). “The Samoan rail is also
believed to have been exterminated within a few years

Samoan Islands of rats escaping from visiting whalers” (Roots 1976).

(W: Independent, E: USA)
(11 islands in group, W: 4, E: 7.) Upolu
R. L. Stevenson (in Derrick 1951) describes the effect of a

Discovered 1721-22 by Roggereen (Dutch), who did ngf;rricane which wrecked 12 out of 13 ships in Apia har-
land. First missionary landed on Savai'i in 1830. Firstyour, in 1889.
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1114 km (430 sg. mi.). High volcanic, 1100 m (3608),1973: 98). Possibly Indian myna, though it is uncer-
backbone ridge with string of old volcanic cones. Somgin whether this has established. (Lever 1987: 499).

fringing reef. Banana and copra cultivation. “The black rat s found on Tutuil q b ¢
Pacific rat, Norway rat (introduced 1762-1923), shiB € blackratis found on futulia, and may be presen
n some of the others as well. Polynesian rats have

rat (introduced 1841-1923). Jungle myna (Lever

. . een observed on all islands of this group” (i.e. all
1987: 504), possibly Indian myna (Lever 1987: 49 . ) .
504), red-vented bulbul (Lever 1987: 318). Seven islands of American Samoa). ... “The Mao or

Giant HoneyeateQymnomyza samoenysims been

All three rat species caught in Apia in 1924-2%xtirpated from Tutuila, although it still can be found
(Buxton and Hopkins 1927). occasionally in Western Samoa. The sooty rail
(Porzana titabuensj)drom Tau has not been seen in

The Samoan wood raiP@reudiastes pacificjigs _
fecent years ..." (King 1973).

thought to have been “extirpated by imported ra
and cats, which are thought to have been intmduc@bportunities for island restoration
by whaling ships. ...Whitmee, 1974, was of the opin-

ion that it occurred on Upolo also” (Greenway 1967)?‘5‘”10a _
he Aleipata Islands [are these close enough for rats

_ to swim?] Uninhabited? Dense vegetation: “...dis-
American Samoa tinct from the main islands (Upolu and Savai'i in both
Writing of American Samoa, King (1973: 98) statedtheir flora and their vegetation (Whistler 1983: 241).

“The black rat is found on Tutuila, and may be preseBtouglas (1969) recommends: Protection of some
on some of the others as well. Polynesian rats haygs ot ynper slopes of cone on Savaii, to safeguard
been observed on all islands of this group.” endemics and interesting colonisation of lava flows.
“The dense interiors of Tutuila and Tau are visiteBrotection of upper slopes of Mt Tofua, on Upolu.
by Samoans only rarely on hunting forays after wild

. ) American Samoa

igs” (King 1973: 98). .
pigs™ (King ) King (1973: 98) commented: “There are no legally
Rose Atoll recognised nature sanctuaries in American Samoa”.

7000 nd (1.8 acres). Low coral atoll with two reef islets.1,tila and Tau have densely vegetated, uninhabited
Many seabirds. interiors. “A recently discovered colony of three and
Pacific rat - probably (Sachet 1954). possibly four procellariid species [petrels and
shearwaters] in the mountains of Tau, attests to the

Swains lsland latively unaltered nature of the interior of this i
. . . relatively unaltered nature of the interior of this is-
Part of Tokelau islands until annexed by USA in 1925. land” (R. Crossin, pers. comm., King 1973: 98).

2.59 knd (1 sg. mi.). Atoll with freshwater lagoon. Coco-

nut, banana and taro cultivation. Tokelau labour. Likewise, Douglas (1969) recommends: Protection
Pig, dog, cat (King 1973: 98). Pacific rat of mountain sites to safeguard endemic species, on
Y T ' Tutuila.

“Polynesian ratsKattus exulansare plentiful and . .
are particularly numerous in and on the piles of c&X0S€ atoll —i&. exulanshe only introduced preda-

conut husks left after copra-harvesting operationéor? ...has forest, and substantial seabird populations.
(Clapp 1968) In the opinion of King (1973: 98), Rose “should be

~__ qgiven legal status as a sanctuary”.
Coulter (1941) reported that before poisoning it was

estimated that 20% of the coconut crop was dam-

aged by rats. Santa Cruz Is (Solomon Is)
In the opinion of King (1973: 98), this island “Would(14 islands total)

be of little value as a sanctuary”.
y The Santa Cruz group (incl. Swallow (Tuwo), Tikopia, Mi-

Tutuila tre, Cherry, Duff) is largely volcanic. Vanikoro is a re-
135 km (52 sq. mi.). Volcanic, 653 m (2141'), with chairf:‘_am volca_mo, with a fringing reef and difficult Iand_ing.
of mountains for 25 miles, fringing reef in southeastNakula is an active volcano, 671 m (2200Y), with a
Densely wooded (Douglas 1969). Coconut cultivation.2r"en summit. Swallow (with mixed Polynesian/

AP ) e . . Melanesiamopulation) is made up of ten islands - frag-
Wild pigs” (King 1973: 98). Pacific rat, ship rat (in- ments of a raised atoll. Tikopia (Polynesian and much

troduced 1865-1973), Norway rat (introduced pregydied by anthropologists) is volcanic, 1235', with cra-
19247) (S. Anderson, letter 1978) (Flannery 1995k lake and fringing reef. Cherry (Anuta) island has a
Mouse (Brenchley 1873). Red-vented bulbul (Kingeef and difficult landing. Mitre (Fatutaka) is steep and
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rocky with no vegetation. The Duff or Wilson islands (for role, with the roof raRattus rattudeing the most

in total) are volcanic. dangerous.”
Significant invasive land vertebrates Rattus rattusis “the main danger” tov/ini lories.
Pig, Pacific rat, ship rat. “Although Vini andRattuscoexist on some islands,

it is probably only a temporary phenomenon. Rats
' _ proliferate in the lowlands where birds soon disap-
Colonised 2000 years ago (see Kirch and Yen 1983kar, the remaining population being driven to higher
Pacific rat. (Formerly pig and dog, and also formerigltitudes (as has happened in Ua Pou). While this
Rattus praetaj abitat is not optimal for rats they do invade it as

o , , their numbers increase and force the birds to extinc-
“The occurrence dR. praetoris interesting, as it rep- jgn” (Seitre and Seitre 1992: 219).

resents the easternmost penetration of this originaﬂll%{ _
New Guinean species. Its remains are not presenfiycatchers are abundant only whBwtus rattuss
the lowest levels of the site, and it has not been r@2sent (Seitre and Seitre 1992: 220).

corded from the island in historic times, suggestimghe Pacific rat “can be a significant predator” for the
that it may now be extinct there. Both pigs and dogruamotu sandpipeProsobonia cancellatawhich
were rare or extinct by the early historic period, alhas an extremely limited range on a few atoll islets

though their remains are abundant in early prehignotus)” (see Seitre and Seitre 1992: 219).
toric levels” (Flannery 1995: 41).

Tikopia

“Feral cats contributed to the extinction of many spe-
Opportunities for island restoration cies and they may be the direct cause of extirpation
of ground dove&allicolumbaspp. on many islands
(Seitre and Seitre 1992: 217)

Twelve bird species introduced, at least 12 bird spe-

Society Islands (French Polynesia) cies extinct (Case 1996: 71).

(14 islands in group) Indian myna pr_esent_ on: Bell_ingshausen, Huahine,
. _ . Moorea, Mopelia, Raiatea, Scilly (Fenuaura), Tahaa,

Total area: 1550 kf(599 sq. mi.) (Case 1996: 71).  yaniti (details in Lever 1987: 499, from Holyoak and

Significant invasive land vertebrates Thibault 1984).

Cattle, goat, pig, dog, cat, Pacific rat, Norway ragqa Bora (Pora-Pora)

ship rat, mouse, Indian myna, red-vented bulbul ; . . . .
probably established (Lever 1987: 318). 37.6 kmi(14.5 sg. mi.). High volcanic, 579 m (1936").

Reef islands. ‘Rest and recreation’ centre for US
Also: donkey, harrier (R. Hay, pers. comm. 1999).armed forces in WWII.

Unknown.

Seitre and Seitre (1992: 215) provide a summary Bcific rat (Wallace and Rosen 1965), ship rat (intro-

the situation. All the endemic birds in French Polyeduced pre-1920) (S. Anderson, letter 1978).

nesia are considered threatened or endangered (15

species and 40 subspecies). Polynesians brought Witfghine

ans introduced goats, sheep, cattle, horses, rabigEarly as AD 780): “...bones of.... dog, chicken, and rat

and domestic cats, as well as, unintentionally. rodfs'e present. The absence of pig bones should be noted
tsRatt ttush ’ R t'; . ’d ..." (Emory 1979: 202). Visited by Cook in 1773, and

ratsRattus rattusbrown ratsRattus norvegicuand .1 by him ‘Huaheine’.

house micé&lus musculusVarious birds came much

later.... introductions of European pests could ha f8 knt (30 sg. mi.). Twin islands, Huahine Nui and
p P \ﬁuahine Iti, volcanic, to 456 m (1497"). Two lakes.

been earlier than is generally believed and could b d fowl” (Doualas 1969). Pacifi
partly explain why at least five native species werx,fera pigs and fowl” (Douglas ). Pacific rat

never seen again after Cook’s passage, although t }_ggllace and Rosen 1965). Indian myna (Lever 1987:
had survived 1000 years of Polynesian presenc%. )-
Only one species, the Marquesas fruit detinopus  veetia (Mehetia)

mercierii, has become eXti_nCt duripg the twentietlpiigh volcanic to 433 m (1427"), with reef, but no lagoon.
century, but many other bird species have sufferg eral goats and pigs” (Douglas 1969). “Land over

range reductions and their current status is very poo %0 recommended for some dedree of protection”
known.... As well as hunting and habitat destruc g P

tion, it appears that introduced predators play a mg?ouglas 1969).
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Moorea Sparrman (1953) visited Tahiti with Cook in 1773:
Visited by Cook in 1773 and called by him ‘Eimeo’. AlséThe pig and the dog, which are eaten as food, are
later called Duke of York Island. the only quadrupeds, except for an unconscionable

132 knd (51 sqg. mi.). High volcanic, 1121 m (3975"). Reefumber of rats which, despite being a great pest, must

Pacific rat (R.H. Taylor, letter 1982), Norway rat (in"€Vertheless be regarded as a public benefaction,
troduced pre-1922), ship rat (introduced pre-1928jnce the natives do not gather up their fruit and veg-

(S. Anderson, letter 1978). Indian myna (Lever 19g¢table refuse which they strew about; the rats by de-
499). vouring it thus prevent the air from becoming infected

_ by the putrid odours emanating therefrom.”
In 1841: “The woods swarmed with rats [presum-

ably the Pacific rat], which came out many at a tim@0in (1932) suggests the Pacific rat has been driven
when the natives commenced opening cocoa nuts figt by the ship rat.
us” (Peale in Poesch 1961). Tahiti parakeet, extinct 1844, Tahiti red-billed rail,

Rats may be a contributing factor in the decline ﬁXtht 1925 (King 1981).

Partula land snails on Moorea (and other islandsOpportunities for island restoration

although their main predator Euglandina an in-  «ganid action to eradicate introduced predators, cou-
troduced carnivorous snail (see Tudge 1992).  peq with translocations, would be the most effec-
tive way to ensure the survival of the remaining bird
species” (Seitre and Seitre 1992:; 215).

Raiatea

Visited by Cook in 1773 and called by him ‘Uliatea’.

“Source island for New Zealand Maori population” ?

(Douglas 1969).

High volcanic to 1033 m (3389"). Reef.

Pacific rat (Wallace and Rosen 1965). Indian myn-g'e capital of the Solomons is Honiara on Guadalcanal.

(Lever 1987: 499). “The longest islands (Malaita and Isabel) are about 110

. ] ) miles in length, with an area of some 1,600 to 1,700 square

We also noticed that rats, which are such a bane fffles[4144 to 4403 k), the largest (Guadalcanal) cov-

Otaheite [Tahiti] that at night the natives wrap uprs 2,500 square mild6475 krf]...” (Lever 1937).

their feet to prevent them being bitten, were much. ... . .
‘lagnlflcant invasive land vertebrates

scarcer here, although we could not observe that t

(Sparrman 1953). Efford, pers. comm. 1978), mouse. Cane toad (Le-

ver 1945). Indian myna (Lever 1987: 500).
Also: Rattus preator(Johnson 1946)Phalanger

Solomon Islands

Raiatea parakeet, extinct 1774 (King 1981).

Scilly (Fenuaura) orientalis (northern common cuscus) (Flannery
Atoll. 1995).

Pacific rat (R.H. Taylor, letter 1982). Indian myn&The value of a wife, amongst these islands, is gen-
(Lever 1987: 499). erally estimated at about three pigs, which, when a

man is able to get them, entitle him to the hand of a

Tahaa , , , dusky beauty” (Markham 1872).
98.4 kmi (38 sg. mi.). High volcanic, 579 m (1936"). i . i
Within same barrier reef as Raiatea |. One bird species known to be introduced, at least

Pacific rat (Wallace and Rosen 1965). Indian myni¥/0 bird species extinct (Case 1996: 71).
(Lever 1987: 499). Indian mynas present on: Guadalcanal, Russel, and

Tahit the Olu Malau (Three Sisters) (Lever 1987: 500).
anit

Visited by Cook in 1773 and called by him ‘Otaheite’. Guadalcanal

1000 ki (386 sg. mi.). High volcanic to 2237 m (7339')Pig, ?dog, cat, Pacific rat, ship rat (introduced pre-
Reef. Wet. 1920), mouse (Rowe 1967), (J. Schonewald, letter,
“Feral cattle ... goats and pigs” (Douglas 1969)1979). Indian myna (Lever 1987: 500).

Pacific rat (Peale 1848), Norway rat (introduced préAlso: Phalanger orientalis(Northern common
1921), ship rat (introduced pre-1921) (S. Andersofuscus) (Flannery 1995).

letter 1978). Indian myna (Lever 1987: 499), redF"ossibl Rattus preatofRowe 1967
vented bulbul — probably established (Lever 1987: y P ( )-
318). (Specimens oR. rattuscollected from Guadalcanal,

in 1920 and 1921, according to J. Schonewald, let-
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ter, 1979. Thus Rowe (1967) is incorrect in his suffokelau Islands (NZ)

position thaRR. rattusarrived during WWIL.)

Malaita

(Three islands in group)
Total area 1012 hectares (2500 acres). Group of 3 atolls,

Pig, Pacific rat, ship rat (introduced 1945-59) (Row@W, with seasonal rain.

1967).

Significant invasive land vertebrates

Also: Phalanger orientalis(northern common Pig, dog, cat, Pacific rat.

cuscus) (Flannery 1995).

“All [islands] have populations of Polynesian rats

“Serious damage by rats to cocoa pods ... Circurand, at times, dogs” (Kirkpatrick 1966b in King
stantial evidence suggests that damage to crops f0873: 97).

lowed the introduction oR. rattus probably when
units of the labour corps and surplus war equipmen
were shipped from Guadacanal after the war” (Rowe

1967).

San Cristobal
Pig, Pacific rat, ship rat (Flannery 1995).

Also: Phalanger orientalis(northern common

cuscus) (Flannery 1995).

The San Cristobal raigdithornis silvestriswas still

extant in 1944-45 (Mayr 1945a).

Opportunities for island restoration
Unknown.

Faunal checklist of introduced species in the
Solomon Is by island, condensed from
Flannery (1995: 409-423). (Compiled by
Alexandra Szalay, 1994.)

Choiseul — Phalanger orientalis (northern common
cuscus), pig, R. exulans, R. praetor

Florida — R. rattus

Guadalcanal — Phalanger orientalis, cat, pig, R.
exulans, R. praetor, R. rattus

Malaita — pig, Phalanger orientalis, R. exulans, R.
rattus

Mono — Phalanger orientalis

Nendd — pig, R. exulans

New Georgia — Phalanger orientalis, pig, R. exulans
Ontong - R. exulans

Russell Is — Phalanger orientalis, R. exulans, R. rattus
San Cristobal — Phalanger orientalis, pig, R. exulans,
R. rattus

Santa Isabel — Phalanger orientalis, pig, R. exulans, R.

rattus

Shortland Is — R. exulans

Sikopo — R. exulans

Tomotu Neo — R. rattus

Uki Ni Masi — R. exulans

Vella Lavella — Phalanger orientalis, R. rattus

Note: “Some near-ubiquitous introduced species such
as Sus scrofa (Pig) or Rattus exulans (Pacific Rat) are
absent from several island listings. This absence
reflects only the lack of a record for such species in the
existing literature or in validated accounts to which the
author had access during the writing of this book”
(Szalay 1994, in Flannery 1995: 410).

n Atafu, like on the two other islands of Nukunonu
and Fakaofo, Polynesian raiafttus exularpsdam-

age only green coconuts on the palms ... these nuts,
upon being gnawed by rats fall to the ground and
disintegrate” (Wodzicki 1973: 44).

Atafu
223 hectares (550 acres). 42 reef islets.

?Cat (Kirkpatrick 1966), Pacific rat (Wodzicki 1972),
?Norway rat.

An unconfirmed report (in 1982) thRt norvegicus
had reached Atafu during the previous two or three
years (K. Wodzicki, pers. comm.).

Fakaofo

263 hectares (650 acres). 61 reef islets. Dense popula-
tion, copra growing.

?Cat (Kirkpatrick 1966), Pacific rat (Wodzicki 1972).

Nukunono
546 hectares (1350 acres). 24 reef islets.
?Cat (Kirkpatrick 1966), Pacific rat (Wodzicki 1972).

Opportunities for island restoration

Fakaofo “is undoubtedly the most valuable islet in
the group” from the point of view of breeding seabirds
(King 1973: 97).

“R. exulanss the only rodent present on Nukunono
atoll” (Wodzicki 1972).

Greenway (1967) writes: “No endemic species are
to be found on them and no populations are known
to have been extirpated. They [the Tokelau islands]
have had little contact with European or American
civilization”.

Tongan Islands
(75 islands in group)

Discovered in 1616 by two Dutch navigators, Schouten
and Lemaire, who visited Niuatoputapu and Niuafoou.
Tasman visited 'Eua, Tongatapu, Nomuka (which he
named Middleburgh, Amsterdam, Rotterdam respectively)
in 1643. Sallis visited Niuatoputapu in 1767. Cook visited
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several islands on his second voyage (1773-74) and spkate

three months in the islands on his third voyage in 17715 5 km (6 sq. mi.). High volcanic, 518 m (1700"), cliffs.

The mutiny on thBountytook place somewhere betweerperiodically visited for fishing and collecting copra.

Nomuka and Tofua (in the Ha’'apai group), in 1789. Many,

other ships called. Mission activities from 1822 to 1890.WIId pigs” (Douglas 1969). Ship rat (introduced

Troops stationed during WWII. pre-1978) (W.R. Sykes, letters 1979/80).

Total area: 670.8 kin(259 sqg. mi.). Scattered group ofTongatapu

volcanic and limestone islands. Three main island groupss7 ki (99.24 sq. mi.). Raised limestone, 82 m (270"

Tongatapu group: e.g. Tongatapu, 'Eua lake complex in centre of island. Cliffoound. Reefs and

Ha’apai group: low-lying coral formations, e.g. Nomuka,'SI€tS-

Tofua Goat, pig, dog, rabbit, Pacific rat, Norway rat, ship

Vava'u group: high and mountainous, e.g. Uta Vava'fat (Brenchley 1873: 134, Twibell 1973, D. R.
Hunga Stoddart 1975). Red-vented bulbul (Lever 1987: 317).

Outlying islands: e.g. Niuatoputapu, Tafahi, Niuafo’ou Heyerdahl (1952) comments that no pre-European

Significant invasive land vertebrates dogs were present, although their name was known.

Pig, dog, cat, Pacific rat, ship rat, Norway rat, mousBrenchley (1873: 134) comments that there are “no
rabbit (on Tongatapu). Jungle myna (Rinke 1986)1digenous mammals”, but that rats and rabbits had
Red-vented bulbul (Lever 1987: 318). been “imported”. As he considered the Pacific rat
indigenous, it seems likely that one of the other rat
species had reached Tongatapu by 1865.

Twibell (1973) trappe®. norvegicus, R. rattus, R.qyine|| (1973) discusses varying damage to food
exulans on five islands, but no mice were caughtCrOIOS by the three rat species.

observed or reported, contrary to other reports (e.qg.

Carter et al. 1945). Opportunities for island restoration

Also: Horse.

The arrival dates for the Norway rat, and the ship rifnknown.

“are not known, but are believed to be ... since the

increase of regular shipping trade and the construtdamotu Islands (French Polynesia)
tion of wharves” (Twibell 1973). (76 islands in group)

Martin (1818: 267—71) describes hunting of rats, prerhe Tuamotu Islands together with the Society, Rapa,
sumably the Pacific rat, with bows and arrows, byustral, Gambier (Mangareva), and Marquesas Islands
chiefs. are administered from one centre — the town of Papeete,

. . . Tabhiti.
The jungle myna has “recently colonised the island’ 2

of Niuafo'ou, apparently without human assistanc otal area: 855 k(330 sq. mi.) (Case 1996: 72). All are

and may compete with the loriegifi australig for ow coral islands except Makatea. Hot and wet, within
may p . hurricane belt, water scarce. Thin soils. French nuclear
nesting sites...” (Rinke 1986).

tests on Fangataufa, Mururoa. Base for French nuclear
Red-vented bulbul present on Niuafo'ou (releaseteapons test programme in Pacific on Anaa atoll.

1928-29), 'Eua and Tongatapu (Lever 1987: 317).gjgnificant invasive land vertebrates

?Pig, dog, cat, Pacific rat, Norway rat, ship rat, mouse

Eua (Cassin 1958). Indian myna (Lever 1987: 499).
87.8 ki (33.9 sg. mi.). Volcanic, 329 m (1078").

Pacific rat (Gill 1987). Red-vented bulbul (Leverral,, (Douglas 1969)

1987: 317).
) i i No pigs in pre-European times (Heyerdahl 1952).
“Protection of some sites recommended in order to

safeguard some remaining native vegetation includwo bird species introduced, none known to be ex-
ing most of interesting Tongan species” (Douglaénct (Case 1996: 72).

“Introduced dogs, cats and rats, also poultry, all fe-

1969). Indian myna present on Hao and Mururoa (Lever
Hunga 1987: 499).

4.8 ki (1.85 sg. mi.). 75 m (245"), sheer cliff coastline Ahunui, Aratika

Pacific rat (Martin 1818 in Waite 1897). Pacific rat (R.H. Taylor, letter 1982).
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Beechey (1968: 222 (1831)), visited the island iaxtinctions between the 1@nd 20 centuries may
1826: “In their huts we found calabashes of watdre due in part to the “introduction of a predator (e.qg.
suspended to the roof, mats, baskets, and every thiRattussp.)”.

calculated for a sea-voyage; and not far fromthema

plentiful store of fish, raised about four feet abov[ﬁ\:'UkUtIIOIIOI

the ground, out of the reach of the rats, which We!’;‘ékrﬁ (2.9 sg. mi.), volcanic, ‘_‘one of the tiniest low-lying
very numerous”. islands of the Tuamotu archipelago” (Salvat and Salvat

1992: 1).
Disappointment Is Pacific rat (R.H. Taylor, letter 1982).
Pacific rat (Peale 1848, R.H. Taylor, letter 1982). «\, cats, dogs, pigs or other mammals are found in

Fakarava (Fakareva) the atoll and the past land-owner, Mr. Madec, was
very sensitive to the natural ecosystem of the islands

N _ remaining vigilant about introduction®attus
Pacific rat, Norway rat, ship rat (Dumbleton 1955)eyylansis present.” No introduced birds are present

Dumbleton (1955) commented: “... the species réSalvat and Salvat 1992: 6, 5).
sponsible for the damage are said t&Rlb#us rattus Rangiroa

.- R. norvegicuss present in at least some Vi”ageSAtoll with 241 islands, reef. Coconut plantations, pearl

It is stated that where only the PolynesiaRattus fishery, airstrip ' ' P P
exulangs present, no damage is done to coconuts. ﬁ R

is believed that rats destroy 50% of the coconut crégfl: Pacific rat.

on Fakarava, and in some localities 75%-100% obn Rangiroa ... it seems that cats are present on
the crop is destroyed”. most of the motu, but there are some remote ones
which are predator-free (excdpt exulansand this

is where the densest populations of bristle-thighed
curlew occur and where ground doves and lorikeets
have hung on” (R. Hay, pers. comm. 1999).

Dog, ?Pacific rat (Lucett 1851: 247). Indian myna

(Lever 1987: 499). Raraka

Pacific rat (R.H. Taylor, letter 1982).
“They have no quadrupeds, save a few wretched dogs ( y )

which they keep for eating, and a small species of Reéroia
which infects the islands in myriads” (Lucett 18519 kn# (3.5 sq. mi.). Atoll with many islets around lagoon.

247). Dog, cat, Pacific rat, ship rat (introduced c. 1855—
Hiti 75) (Morrison 1954).

Pacific rat (R.H. Taylor, letter 1982). “According to the people of Raroia, this grey Rt [
rattug appeared on Raroia Atoll only after the de-

Atoll with islets.

Hao

Airstrip built for use in French nuclear weapons test pro
gramme. Coconut plantations.

Kakarawa .
- velopment of the commercial copra trade about a
Pacific rat (R.H. Taylor, letter 1982). century ago” (Morrison 1954).
Maria and Menihi Morrison (1954) characteris&s exulanss having
Pacific rat (R.H. Taylor, letter 1982). “no fear of man” and living on seeds and fruit, while
R. rattusis “larger and greyer” and “secretive, run-
Makatea ning away to hide when found at night”, and feeding

Mined for phosphate in early 2@entury. Is a shipping on the coconut both green on the tree and ripe on the
port at Temao, “where are great storage warehouses, angtound.

where launches and boats are drawn up when not in use. )
Itis to Temao that passengers and freight come by powEhe rats are most uncommon around the villages
launches from steamers lying out in deep waterbecause of cats and dogs (Morrison 1954).

(Wilder 1934). The ship rat has completely replaced the Pacific rat

28 knt (10.8 sg. mi.). Raised atoll 111 m (230", cliffon those islets of Raroia atoll where it is present
fringing reef. Phosphates once worked with labour forcgviorrison 1954).

imported from Austral Is, who have since returned. ) ) )
On islands not inhabited by rats, geck@eliyra

oceanica)are apparently abundant on the tree trunks,
Thibault and Guyot (1987) in their study of changelsut where rats are present they are only found high
in the avifauna of Makatea, suggest that somg on the underside of leaves (Morrison 1954).
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Taenga, Tepotu, and Tureia Only 3 islands in the group have the ship rat —
Pacific rat (R.H. Taylor, letter 1982). Funafuti, Nanumea, and Nukulaelae. “The first two
. were colonised during World War Il [1940-45]...”
Tikehau (3.M. Williams, letter 1982).

Inhabited.
unafuti

Cat, Pacific rat, Norway rat (Intes and Caillart 1994).
. _ ) Admin. centre for Ellice group was/is? Vaiaku on Funafuti.
Some domestic cats returned to the wild were se 8 km (1.1 sq. mi.). Atoll with 30 islets, central swamp.

wandering in coconut plantations and marshes” (Inte)'s

and Caillart 1994: 10). Dog, cat, _Pacific r_at, Norway rat (introduced 1850-
1896), ship rat (introduced 1940-1945) (J.M.
Opportunities for island restoration Williams, letter 1982, Smith 1968). Mouse (Hedley

“Most of the atolls are poorly known but it is appar1896).

ent that, until recently at IeaSt, some such as Maturg'ogs at one time were domesticatecL but were exter-
Vavao, Marutea-Sud, and Niau have been free of c@f$nated by orders of the ‘Turimen’, who used to
and European rats. However, this is mostly assumprrch round the villages at night to see that every-

and/or the Tuamotu sandpiper on those islands” (Qkem away (Hedley 1896).

R. Hay, pers. comm. 1999). _
“Before the advent of Europeans and the introduc-

Individual motu of Rangiroa? See comment by Ko of the cat, the natives were much plagued by
Hay about this atoll. swarms of the Pacific rat. From time to time when
the pest grew beyond endurance, it was the custom
for the king to order everyone to bring in a set number
Tuvalu Islands (Ellice Is) (UK) e.g. 100 rats” (Hedley 1896).

(Nine islands in group) “Cats have long been introduced ... and have proved

“Mendana possibly sighted the group in 1568. Captain service in destroying the brown rat [probably the
de Peyster in thRebeccas believed to be the first Euro- Norway rat] formerly a great pest to the islands. The
pean to visit the largest atoll, Funafuti, ... [in] 1819” European rat [probably the ship rat] and mouse have
(Rodgers 1985). In 1896 Funafuti became the centre effected an uninvited entrance to the village and have
world attention because it was selected as a site on whighyltiplied fast” (Hedley 1896).

to sink a deep bore, “in order to test Darwin's theory con-

cerning the formation of coral islands” (Rodgers 1985)Nanumea

Total area: 28.5 ki (11 sq. mi.). All inhabited by 3.9 kni (1.5 sg. mi.). Atoll with 2 islets.

Polynesian population. Population suffered fronpacific rat, ship rat (introduced 1940—45) (J.M.
‘blackbirding’ [slave trading in 1850-1875 with se- \yjijliams. letter 1982).

vere reduction imumbers (Douglas 1969).
Nukulaelae

Significant invasive land vertebrates L8 KN (0.7 O atoll with 14 sl osed
?Pig, cat, Pacific rat (all islands in group), Norway' (0.7'5q. mi.). Atoll wit Islets on enclose

) : - agoon.
rat, ship rat (Smith 1969) (J.M. Williams, letter 1982), ~ __ . . :
Mouse. (Formerly cattle, and mongoose.) Pacific rat, ship rat (introduced 1922) (J.M. Williams,

letter 1982).
“...no assessment of the effect of the remarkable he

r . . . .
of cattle on Niulakita appears to have ever been man'e ship rat “colonized Nukulaelae Island in the

the last of which was killed and eaten but a sho'r?tl_“‘?e group following a 1922 ship wreck” (J.M.
time ago” (Rodgers 1985). Williams, letter 1982). Also of interest is that mon-

o gooses were introduced about 1950 (from Fiji) in an
“In Tuvalu only three of the nine islands hd&Rattus attempt to control rats, but they died out.

rattus Funafuti, Nanumea and Nukulaelae. The first

two were colonised during World War Il and the latOpportunities for island restoration
ter in 1922.... As in Kiribati all Tuvaluan atolls areynknown.

occupied byR. exulandut the densities vary greatly

on the different islets around atolls and between at-

olls. Rainfall and the nature of the substrate and

ground vegetation under palms have a major effect”

(J.M. Williams, letter 1982).

68



Atkinson and Atkinson: Land vertebrates as invasive species

Vanuatu (including Banks and Five bird species introduced, no known extinct birds
Torres Islands) (Case 1996: 72).

(35 islands in Vanuatu group, ten islands in BanKkadian myna present on some islands (Mayr 1945b,

group, five islands in Torres group.) in Lever 1987: 500).

Lapita pottery site dated at 1300 + 70 BC. Discovered bXneityum/Anatom/Anaton

Quiros in 1606. Visited by Bougainville in 1768. Charte . . . .
by Cook in 1774, who stayed in the New Hebrides, as tk§1e9/3'6 km (40 sq. mi.). Volcanic, 850 m (2788). Fertile.

were known, for about six weeks. Pacific rat, Shlp rat, mouse (BrenChley 1873: 199,
Total area: 12 000 kA(4633 sq. mi.) (Case 1996: 72). Medway and Marshall 1975).

Significant invasive land vertebrates Banks Islands
Pig, Pacific rat, ship rat, Norway rat, mouse. IndiafNone is individually called Banks, main ones are
myna (Lever 1987: 500). Gaua and Vanua Lava.)

Sparrman (1953) observed “The only quadrupeddmost all are volcanic islands.
they have are a few hogs and a number of troubleacific rat (Tate 1935).

some rats, against which they have to dig deep ditchgg,,5 _ Eroded volcano, 700 m (2300), crater lake, hot
round their sugar plantations”. springs.

No dogs in pre-European times (Heyerdahl 1952) Pacific rat (Baker 1929).

“Rattus rattusas not been recorded on Erromang&gate

c.urr.ently the least dens_ely populated by men (_)f th&7 knd (300 sq. mi.). Volcanic overlain with limestone,
six islands. Elsewhere it has been taken principaliyp2 m (2303").
in plantations or gardens, habitats in which this r@d.ific rat, Norway rat, ship rat (introduced pre-

abounds on other Pacific islands R. norvegicus 1923), mouse (Medway and Marshall 1975, M.
andMus musculuare more sporadic in distribution| it ,Ietter 1979). '

in the New Hebrides, but equally restricted to areas

of human habitation or disturbance ... The occuErromanga (Eromanga)

rence ofR. norvegicusat the high, isolated settle-854.7 km (330 sg. mi.). Volcanic to 914 m (3000"), with
ment of Nokovula (1100 m) on Santo was unexpectedised coral terraces. Formerly noted for sandalwood.
The rat most frequently taken in our traps Was Pacific rat (Medway and Marshall 1975).

exulans It was the only rat occurring on all islands

sampled, and the only rat found in all habitats, irf=SPiritu Santo

cluding urban housing (British compound 3885 km (1500 sq. mi.). Limestone plateau and volcanic
Luganville), gardens, plantations, secondary busﬁl,ountains'to 1829 m.(6000').West coast precipitous. East
natural sea-shore vegetation (at Ipotak, Erromangf@st: chain of coral islets.

and climax forest far from native settlement (for inPacific rat, Norway rat, ship rat (Alicata 1963,
stance, the kauri forest at Nuangkau, Erromangdytedway and Marshall 1975).

(Medway and Marshall 1975). Malekula

“The pig ... was probably brought to the islands by165.5 krt(450 sq. mi.). Recent limestone, and volcanic
the natives when first they came to them. They ate 891 m (2925").

mentioned by Captain Cook ... In addition to thacific rat, ship rat (Medway and Marshall 1975).
domesticated ones, many are feral. In certain of the

islands, notably Espiritu Santo and Gaua, quite a lar@na

proportion of the domesticated pigs (and of the wil@88.5 kri (150 sq. mi.). Active volcano, 970 m (3420,
ones also, according to native report) are intersexugith limestone fringe.

having external organs varying from almost the fePacific rat, ship rat (introduced post-1865) (Brenchley
male to nearly the male condition, and more or led873: 213, Medway and Marshall 1975).
ill-developed male internal organs. They constitute

a new type of mamalian intersexuality ... Nowherd'"es Islands

in the world is any mammalian intersex so abundarfYone is individually called Torres, main ones are
.... These monstrosities play a large part in the sbliu, Tegua, Lo, and Toga.)

cial life of the natives, being of especial importancg| islands are of raised limestone.

in chief-making ceremonies ...” (Baker 1929). Pacific rat (R.H. Taylor, letter 1982).
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Hiu - Three limestone terraces rising to 375 m (1230"),‘Following Typhoon Sarah on 15 September 1967

some reef. rat populations exploded. ‘All fresh eggs disappeared
Pacific rat (Tate 1935). within 24 hours and on two occasions | actually saw
. _ . rats dragging eggs away while the adult bird stood
Opportunities for island restoration “helplessly” watching. We watched several rats
Unknown. chewing on young birds’...” (R. Schreiber, Pacific

Ocean Biological Survey Program unpublished
fieldnotes, in King 1973: 101).

Wake Islands/Eneen-Kio (USA) Wake Island rail, extinct 1945 (King 1981).

Roughly 2000 km east of the Marianas. Visited by Japa- N _ )

nese poachers in early 2@entury. US naval and air es- Opportunities for island restoration

tablishment in 1939—41- Attac_ked dur|r?g WWIL. According to Douglas (1969), there is a bird sanctu-
7.4 knt (2.85 sg. mi.). Atoll with three islets, connectedyry for boobies, frigate birds and terns at far end of

by bridges. No original vegetation remaining. Scrub (se@/ilkes Island (one of the three reef islets).
Douglas 1969 for details). Devastated by military use

and civilian occupation. Airstrip/airport terminal still used

(in 1969) by Federal Aviation Agency, for stopover an .
refuelling. Coastguard station, cable station. “...pres?NaIIIS and Futuna Is (France)
ently about 1400 US civilian and military personnel or{Three islands in group)

Wake” (King 1973: 101).
Alofi

Slgnlflca..r.]t InvaS|ye Ian.d vertebrates _ Total area 30 kih(11.4 sg. mi.). High volcanic, 366 m
Cat, Pacific rat, ship rat (introduced 1923-1951, Kin@ 200'). Well wooded. Sporadic timber extraction. Not
1973). Brown tree snake? — has reached Wake, Ipgtmanently settled?

unclear whether it has established. ?Pig, ?Pacific rat only, ?Norway rat (King 1973).

“The three islets of this atoll are connected by bridge,g,utun a

Feral cats, black and Polynesian rats occur on all thr .

islets. An endemic railRallus wakens)sbecame utuna and Alofi = Horn Islands.)
extinct during World War II. There are eight breed65 kni (24.7 sq. mi.). High volcanic 762 m (2500").
ing seabird species; seven more bred in the recérteply dissected with many streams, fringing reef.
past but have been extirpated (King 1973: 101)Vell wooded valleys, fernbreaks, some grassland, and
Bryan (1942) states that the rail, which was more-omontane forest.

less flightless, and stood eight or nine inches high, . i i
“was the only native land bird, and was by far the'gnificantinvasive land vertebrates

most interesting species”. “Rats prey heavily ofPigs are common...” (Burrows 1938: 216). Cat, Pa-
Sooty Terns” (King 1973: 101). cific rat, ?ship rat (King 1973). Norway rat (Flannery

: . : 1995).
The ship rat was introduced to Wake “during the Japa- )
nese occupation” in WWII (Dec 1941-Sept 1945)vallis (Uvea)

. “with devastating effects on birdlife (Fosbergys airbase in WwiII. Considerable emigration of popu-
1959, in Spennemann 1997: 8). lation to New Caledonia.

Several sources describe an explosion of rat@® knt(23.1sg. mi.). Low volcanic, 146 m (479'). Rela-

“ soon the Americans were driven near to madnebikely flat with no running water. Barrier reef with 22 reef

by the countless hordes of rats”, writes an anon slets. Warm and humid. Coconut plantations (in 1969,

mous source in 1941, describing how rat-catch nfested with rhinoceros beetle). Breadfruit, bananas and

etrr% ical fruit cultivation.
poisoned the rats, hermit crabs ate the rats and diedl?

then seabirds ate the crabs and died. Slgnlflcant invasive land vertebrates

“Pigs are common...” (Burrows 1938: 216). Pacific

“Following the establishment of the Pan American : k :
Airways station on Wake and the creation of opeft ?Shiprat, ?Norway rat (King 1973). Indian myna

rubbish tips, Polynesian rats were to become aplagTJgrSt reported 1999 (R. Hay, pers. comm. 1999).
of major proportions and eventually were the foc“@pportunities for island restoration
of several eradication campaigns” (Spennemar}{]ofi

1997: 5). — if still uninhabited, may be worth investi-

gating.
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4. Discussion 4.2 Information gaps

4.1 Human impact As c_an pe see_n from this report, we know _the general
_ _ _ _distribution of introduced mammals and birds across
The impact of introduced plants and animals on igs|gng groups, and we know something of the risks

land ecosystems in the Pacific has been enormoys.y nose to native plants and animaWithin an

Why is it that the native plants and animals, particys|ang group, however, there is often very little avail-
larly birds, of isolated islands appear to be more Vulye information on the distribution of these mam-
nerable to introduced mammals than is the case Wifll, s and birds. There is need for trained observers
native plants and animals of continents? The ey \jsit each island within a group, beginning with
dence available suggests that it is because islagflnds greater than 5 hectares in area, to ascertain

plants and animals have evolved in environmen{&,ich introductions of mammals and birds have al-
where, apart from bats, land mammals have ney,

, _ fdady happened.

been present. Thus island birds have not developed

behaviours which give them some protection again&t900d example of this basic inventory work is the

mammalian predators, although they may be able $§dy by Buden (1996) of the introduced reptiles,
evade bird predators such as hawks and owls. I®P%ds, and mammals present on Ant Atoll in the

parallel manner, the plants of isolated islands ha$eroline Islands. Such work lays the basis for more
not developed mechanical deterrents, such as Spi,fggr,nprehensive studies of whole island groups, of
or chemical deterrents in their leaves, that would pr¥thich the work in Fiji by Pernetta and Watling (1978)

tect them against mammalian herbivores. is an excellent example.

However, when considering how much has been [d§fowing which introduced animals are present on
through our introductions of alien plants and animal§2ch island is a necessary starting point. Sometimes,
we must also acknowledge the more direct impadi§WeVver, it is possible to go beyond this point and
of humans: overkill by hunting; burning and |Oggingjocument the historical sequence in which each in-
of native vegetation and other habitat destruction; a¥gder arrived, as, for example, in the study of Tinian

our widespread use of many substances that have géland, Mariana group, by Wiles et al. (1990). The
luted air, water and soils. great value of having such a chronology is that it

) o . may provide clearer insights into the causes of par-
The impact of humans and their introduced anlma{ﬁ

d plant island back i [tlar impacts as well as revealing information about
and piants on islands goes back many Centuries apfh . tions between different species of invasive
sometimes thousands of years. Whenever fossil

osits extending into pre-human times are uncovere Jimal. In passing, it should be mentioned that Wiles
b g h et al. (1990) make a useful distinction between “do-

on an island, we find that a number of interestin S W . .
: , : . mestic” and “free-ranging” individuals of an invad-
animals formerly present (particularly birds) have dis- : ) .
species. Dogs and pigs, for example, can quickly

appeared since humans arrived. These losses i ; q fic to f ina behavi ¢
never described in writing at the time. But this is als® aro1|ge_ rom ?‘m(’eIZII':‘: 0 _rie-ranglng € _IaV|our,bo
frequently the case with losses of fauna and oth§}S detriment of wildlite, without necessarily estab-

changes that followed European contact. It is noU?hmg feral populations. One or two |nd|y|dual anl-'
mals can have effects out of all proportion to their

often difficult to determine whether a particular na- o X
tive species disappeared as a direct result of hurdd#MPers (as, for example, the loss of kiwi to a single

action (for example, the introduction of guns for hun@09 in New Zealand—see Section 2.4 on ‘Dog’).
ing) or whether it was an effect of newly introducedhere are areas on some islands where legal protec-
animals, such as rats or pigs. tion is given to safeguard habitats or threatened spe-

Notwithstanding the urge that many of us have to gcéiles. These need to be inventoried with respect to

rid of these invasive species, it is not realistic to thinfd€!" legal status/ownership and the conservation
that everyone will share this view. Animals such a@!ues they are intended to protddeally, whole

pigs will always be valued for food; others such #5'2nd groups need to be inventoried in this way
mongooses may still be seen as useful for rat cont that remaining candidates for protection can be

even though it is very doubtful that such ‘control’ iddentified.

effective. Still others will be valued for ethical orA third major information gap is that of identifying
religious reasons. Thus, in considering and plannirggeas of remaining habitat (with legal status), that,
control or eradication for a particular introduced aniwith some management, are likely to be suitable for
mal, it is necessary to understand these various viepmdtecting threatened species, be they plants or ani-
and accommodate them in any plan that is producedals. “Suitability”, of course, may be dependent on
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the removal of certain introduced animals and thRossible ways in which impacts can occur have been
raises the question of which animals need to be catiscussed under “Introduced birds” (Section 2.15).

trolled or eradicated if the habitat in question is tBehavioural studies of both species of myna, and
provide effective protection for particular threatenefulbuls, are needed in habitats where they are likely

species. to interact with native birds. Questions relating to
their feeding, nesting and aggressive behaviour need
4.3 Research needs to be answered, from which it should be possible to

Most studies of the impact of invasive animals oflétermine whether these birds pose any significant
native plants and animals have been made in codhteat to the breeding success of native birds.

tries outside the area considered here. In spite Afiditional questions remain. What are the effects of
this, there is quite sufficient information availablgungle fowl on ground-feeding birds and reptiles
from islands both inside and outside the SPREP mgrough food competition? Many other introduced
gion to demonstrate how damaging some of theb@ds appear to feed mainly in agricultural crops, but
animals can be. All three of the rat species discussasl with introduced mammals, more information is
are detrimental to wildlife although little is knownneeded on the total range of foods taken by each of
about their impact on seeds and seedlings of natitreese birds as well as effects that may follow.

trees in the Pacific. Nor is there any doubt about the. iing priorities for control of different invasive
serious impact that cats (domestic and wild), MORzammals requires knowledge of their impacts. This
gooses and brown tree snakes will have on the wild- 4t easy because the most obvious effects are not
life of any island they reach. Most of the informationy\yays the most serious. Furthermore, if stomach
relating to the detrimental effects of pigs in the Pgpalyses are used to determine what a particular
cific comes from Hawai‘i. Some further studies ar@redator is eating, a low incidence of a threatened
needed on islands in the SPREP region as a basisdgécies in the stomach contents of a predator does
making island people more aware of the need for gfot mean there is no problem. If the threatened spe-
fective containment of these animals. There is alsqies is rare, it is unlikely to contribute a large part of
need for more data on the incidence of domestic attek predator’s diet; arehy predation can be critical
wild dogs in native forests and the impact they maj the threatened species is already reduced to low
be having on native wildlife on islands of the regiomumbers. Decisions on control priorities should be
Little appears to be known of the impact cane toatigsed on the maximum amount of impact informa-
have on native animals. Two small animals wher#on that can be gathered. In this connection, any ar-
there appears to be no information from South Pehaeological or palaeo-ecological studies that are
cific islands are the house mouse and the musk shréikely to extend our understanding of past impacts of
So far as browsing animals are concerned, it is cldanmans and their introduced animals should be en-
that goats, rabbits, and cattle, where they are presergduraged and supported in every way possible.

are all extremely damaging both to plants and t

; lWlith respect to the question of how to maintain rela-
structure of habitats. b q

tively unmodified islands free of invasive mammals,
The value of analytical studies of the impacts of paitis necessary to measure the distances that animals
ticular invasive species cannot be over-estimated.giych as rats, mongooses, tree snakes or cane toads
good example is the analysis of factors potentialiyan swim. Data relating to the distances that rats may
responsible for the decline of the Guam bird faungwim is given by Jackson and Strecker (1962) and
(Savidge 1987, Savidge et al. 1992), which clearlgpennemann and Rapp (1989). More extensive tri-

identified brown tree snakes as the primary factogs involving a wider range of sea conditions and all
But every invasive animal that reaches an island, jR,ee rat species, are needed.

addition to its primary impact, also exerts secondary
effects, sometimes referred to as “indirect effects” @.4 Priorities for control or eradication
“flow-on effects”. McCoid’s (1991) discussion of the of invasive vertebrates

secondary effects of brown tree snakes in Gua'ﬂs indicated above, decisions on control priorities

though preliminary in nature, underlines the _need ust be based on knowledge of the impacts of inva-
understand much more about these effects if we are . . oo . .
) : : .Sive species present. A starting point is to identify
to achieve a comprehensive understanding of the im- . : : : )
. : . exactly what is at risk. Is it a particular native plant
pacts of invasive species. ) . :
or animal species, a group of these species, or per-
We presently have very little idea of what the Curl’el']ﬁaps a whole community of plants and animals? Can

impact of birds introduced to Pacific islands may bg: he demonstrated that introduced mammals are
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mainly responsible for the problem or are other faceliable judgements reached. It should always be re-
tors involved such as overhunting, fires or other kindeembered that every eradication programme pro-
of habitat disturbance? vides an opportunity to measure recovery of native
If it is clear that introduced animals are the majo?lants and animals and thus better understand the

factor, then which species is having the greatest é[F-]paCt of the animal eradicated.

fect? An invasive species can have a major impdoetails of successful eradications of animals from
on one island and be unimportant on another. Sublew Zealand islands up to 1990 are given by Veitch
differences can even be found on the same islarahd Bell (1990).

Pigs, for example, may be having a relatively minor .

effect on either the plants or the landbirds presenth® Preventing the further spread of

an area of forest. But in another part of the island,iNvasive animals to islands in the

where there is a seabird colony, predation of the SPREP region

seabirds by pigs may be taking the colony to extinéAany island groups already have all the widespread
tion. In other instances, a predator may learn to tapeoblem mammals characteristic of Pacific islands:
a certain kind of prey in one part of an island but nafattle, goats, pigs, cats, dogs, three species of rats
in another. This appears to be the case in the exaamd mice. But this is not the case on many individual
ple of ship rats preying on the eggs of the Bonin paslands within a group. It is essential to prevent the
rels on Midway Atoll (Grant et al. 1981). Further{urther spread of invasive animals within an island
more, the impact of an introduced animal can bgroup as well as between groups. Islands of particu-
modified by the combination of other introducedarly high conservation value should be identified and,
animals present. wherever possible, given extra protection. Any is-

Programmes for control or eradication of any invslf’md that is completely free of invasive mammals

sive species are likely to be expensive. They must BQOUId be given the highest priority for protection.

justified in terms of the expected conservation gaiRreventing this spread depends partly on identifying
Thus it must be clear that the animal to be controllédde pathways by which invasive animals are most
or eradicated is indeed placing particular conservlkely to reach an island. Cattle, goats, pigs, rabbits,
tion values at risk. cats, dogs and mongooses are purposely, rather than
o . : : accidentally, taken to islands in boats or aircraft. Thus
Eradlcatlop of some shecies of Invaswe.mammal checking and quarantine system, vigilantly applied
often feasible on smaller islands even if presently, ), times, could be expected to largely prevent the
impractical on large islands. Parkes (1990) has idefither spread of many of these animals to islands
tified four conditions that must be met for a SUCCESey have not so far reached. But such a system would
ful eradication. All individuals of the animal to bepqt prevent further spread altogether. There is an es-
eradicated must be put at risk; there must be no chargftial educational task of explaining the environ-

of recolonisation from another source; the rate glental costs of releasing any of these animals on to

which the animals are killed must exceed the rate@fands where they are not already present.
which the population is increasing; and those attempt- . , .
ing the task must believe it is possible. He also col?NéSs special precautions are taken, the remaining
cluded that short intensive campaigns concentrati yasive a”'“_“a's are liable to be gpread.ac_:mdentally
on one pest animal are the most effective, and tht taddltlonal islands in food supplies, building mate-

- . rlals or other cargoes carried by boats or aircraft.
eradication campaigns must be funded separat ¥ . :
ese animals are rats, mice and shrews, and brown

from those requiring sustained control. If the targ tee snakes. The boats can vary in size from large

anir_ngl is to be killed faster thr_:m it can replace itseldcean-going ships to small ‘run-abouts’, but the great-
sufﬁuent money must be ava_llable tp fund the CaMLst risk from invasive animals carried by boats is at
paign on a scale that will achieve this end. the time the vessel is tied to a wharf or on a slipway,
These requirements for success in eradication praris anchored close inshore. Construction of wharves
grammes raise the question of how to judge whethegipable of holding ocean-going ships is an almost
a proposed eradication attempt is possible. Managertain pathway by whiclRattus rattusand R.

ers should always attempt to measure the effort, coatsrvegicuscan colonise a previously uninfested is-
and results of either eradication or control proand. Atkinson (1977) gives examples of this in
grammes so that their experience can be combingdwai‘i, and Spennemann (1997) demonstrates the
with that from programmes elsewhere and thus mosame pathway on the atolls of the Marshall Islands.
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Regular quarantine searches are already made for tfi#¢ contingency plandor the rapid elimination of
shakes at airports receiving direct flights from Guam  these potential invaders before they have time
where the snake is established. Any island within the  to establish (Atkinson 1996).

SPREP region whose airport is visited by civil 0rEverybody knows of occasions when warnings about

mllltgry aircraft that ha_lve passgd through Gu_am, a_’EHe need to protect certain conservation values have
pos&bly those countries tO,Wh'Ch the snake is nat%%en passed unnoticed if not ignored. There must be
(Australia, Papua New Guinea and the Solomon | “continuing effort by SPREP to assess these warn-

lands), is vuInerabee to invasion. Imp_roved cor_ltrq gs for validity and urgency, incorporate them in
of tree snakes at airports on source islands will rSFotection plans when appropriate, and make people

duce this risk. The use of dogs trained to detect snaléeesnera"y more aware of measures necessary to pro-
at airports receiving flights from Guam, or other isfect conservation values

lands with snakes, will further reduce the risk.

Precautions against rats and mice, which are apf:8 1Sland restoration
cable also to shrews, are identified and listed dyrotectionis always essential to achieve conserva-
Moors et al. (1992). These precautions include estdi®n goals. But many island ecosystems are so seri-
lishing a legal bsis for excluding rodents from islands,ously damaged, with respect to the condition of na-
preparing rodent contingency plans and destructi¢ive habitats and losses of animal or plant species,
kits for dealing with invasives, rat-proofiradl boxes that effective conservation cannot be achieved by
and crates destined for rodent-vulnerable islandgrotecting what is left. Increasingly, there is a need
packing cargoes and stores in rodent-proof contaifr islandrestorationprogrammes in which at least
ers, re-checking cargo and stores for rodent sign diite most aggressive invasive species have to be re-
ing unloading, and placing permanent rodent-poisgnoved. This paves the way for re-planting pro-
stations on wharves and within a radius of abogrammes in circumstances where natural regenera-
200 m of the wharf. Poison-bait stations should ald®n is unlikely to repair the damage at a sufficiently
be carried by boats moving between rodent-infestéast rate. It may also open possibilities for replacing
and rodent-free islands. animal (or plant) species that were formerly present,
.rzgzwell as reinstating some physical conditions of an
o rlier peri .g. water-table regimes. The aim of
bulk foodstuffs for humans or stock, or building sup; er pe OO.I’ €9 ate talp € regimes. fhe-am o
: . .this kind of historical/ecological restoration is to re-
plies that are not packaged in rodent-proof contalg- ) . . :
. .build a plant/animal community that functions more
ers. Nevertheless, the contents of any container It e .
. I ? it did before modification by humans and their
ported to an island cannot be assumed to be free.Q .
S . : n*troduced plants and animals.
rodents, shrews or injurious reptiles and insects, |
precautions were not taken to exclude such animdlge first need is to identify and list those islands, or
during the loading of the container. parts of larger islands, where there is already some
: _ rotection of the native plants and animals and the
We must be aware at all times of the possibility thi " b . )
ommunities they form. Some islands may be unin-

ot.her species of rodent, snake or unrglatgd vertebr' Ctgbited and free from all other introduced mammals.
with no previous track record of negative impact, wil

become established with serious consequences epending on their present condition they may be

or . . "
. . ) worth restoring to an earlier condition or they ma
island plants and animals. Thus a protective strate g y may
is needed for each island group. Such a strat

Warrant only continuing protection. Opportunities for
should include:

C®toration vary greatly between island groups.
(i) alist of themost likely invaderdrom other is- There are several island groups with large numbers
land groups or from continents, particularI)Pf islands. These include Fiji, Caroline Is, Cook Is,

those that pose risks to health, commercial crogd@riana Is, Marshall Is, New Caledonia, New
or conservation values: Guinea, Solomon Is, Tonga, Tuamotu Is, and Vanuatu.

A search for islands suitable as restoration sites should

(i) measures fopreventingthese potential invad- e yndertaken within each of these island groups.
ers from establishing; these should include

agreements with other countries concerning thEnere are a number of islands scattered through the
importation of goods; Pacific that should be assessed as possible candidates

. . for programmes of active restoration. Baker and
(iify means for theearly detectiorof these potential Howjland Islands are recognised for their large seabird
invaders; colonies. Both islands have been troubled by cats in
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the past. Itis unclear whether these have been eliménsequently may be seriously dated. Restorative
nated on Baker but they are still present on Howlamdanagement is not necessarily always expensive but
(King 1973, Rauzon 1986). In the Cook Islandsach proposal must be weighed against the conser-
Suwarrow Atoll is considered to be of great interestation benefits expected. Selecting the most appro-
scientifically (Douglas 1969), and on Mangaia, Merpriate islands for restorative action in each island
lin (1991) stated that the plant life on the elevategioup must be based on knowledge of all the options
coral is “still largely dominated by native species.available in each group.

In the Line Island group, Caroline Atoll (Kepler etThe potential value to restoration projects of long-

al. 1994), and _Jarw_s_ and Vostok 'S'?”ds (King 1_9 7%}stance translocations of bird species, that have been
have all been identified as outstanding for seablrdtﬁ)rSt from one island but survive on another. has been
terrestrial habitat reasons. Permanent protection ’

: : . dinted out by Atkinson (1989). Strategies are needed
Caroline, Vostok and Flint Islands was being nego hat will disperse populations of vulnerable species

ated in 1994 (Kepler and Kepler 1994). to a greater number of islands. Long-distance trans-
In the Mariana Islands some of the uninhabited i$acation is also a means of restoring lost components
lands have been protected since 1985 and these méyisland ecosystems. Archaeological work by
be candidates for restoration (Anon. 1985). In th&teadman and Olson (1985), for example, revealed
Marquesas group, the island of Hatutaa appearsttat Henderson Island, Pitcairn group, formerly had
be largely unmodified and could be used as a modekpecies of large pigeon. This was closely allied to
for restoring the neighbouring Eiao Island, severelfe ‘Marquesas’ pigeoi{icula galeaty which now
damaged by sheep and pigs (Decker 1975). In tharvives only on Nuku Hiva in the Marquesas Is-
Palau group, the Ngerukewid Islands have been iddands, 2000 km northwest of Henderson Island. It
tified as of special conservation interest (Wiles anthay be that Henderson is a suitable site for the trans-
Conry 1990). In the Phoenix group, Bernie Islantbcation of the endangered Marquesas pigeon.

was described by King (1973) as “nearly in an un=

: , _ _ anklin and Steadman (1991) provide a detailed
dlst'urbed state”, and Enderbury Island is the site H{ethodology, involving habitat mapping, to facili-
an important green turtle colony.

tate such translocations on mainland America, which
There are three uninhabited islands in the Pitcaimay have applicability to the Pacific

group (Henderson, Ducie and Oeno). The Pacific rat

is present on all three but there is potential for sonte Recommendations

restoration if this rat can be eradicated on any One?ﬁese recommendations have been written in re-

tlh9e954e) islands (Steadman and Olsen 1985, V'Ckesrxonse to the needs of SPREP member countries and

territories, but apply to other islands in the Pacific.
In Samoa, the Aleipata Islands are considered to & recommend that:

substantially undisturbed although they may Have . .
y g y may 1. Allisland governments should interact and es-

exulans(A. Whistler, letter, 1984). Rose Atoll tablish Hocti irat ‘ tect island
(American Samoa), wheiR. exulangs present, is ablish an efiective strategy 1o protect islands
within their jurisdiction from further entry and

another island that may have restoration potential _ : _ _ _
(King 1973). In the Society Islands, Mohotani is a e_st_a_bllshment of invasive animals. This respon-
possible candidate for restoration (Seitre and Seitre  Sibility of governments needs to be taken up for
1992: 221), and the same appears to be the case for réasons of economic interest (risks to commer-
Rangiroa in the Tuamotu group (R. Hay, pers. comm.  cial crops, human health, etc.) and conserva-
1999). Alofi Island, unlike the neighbouring Wallis ~ tion interest. The necessary steps in an effec-
and Futuna Islands, seems not to be permanently in- tive protection strategy for each island group
habited and may therefore be worthy of assessment are:

for restoration. () listing likely invaders that can be expected,;
In the south-western Pacific, Rennell and Bellona (i) devgloping means for preve_ntir_19 th_ese po-
Islands, Solomon group, have long been recognised tential invaders from establishing, includ-

as of very high conservation value (see Hamlin 1931 Ing appropriate import agreements with

in Greenway 1967, Wolff 1969). other countries;

(iii) developing methods of early detection for
each of these invaders by setting up a re-
porting system with a wide range of co-
operators: commercial companies, con-

The islands discussed above as possible candidates
for restoration have been listed on the basis of very
scanty information, much of which is historical and
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servation authorities, local NGOs and pri9.
vate individuals (see Westbrooks 1998);

(iv) developing plans for eliminating these in-
vaders before they have time to establish
(Atkinson 1996).

All reserves where legal protection is given to
safeguard habitats or particular species should
be listed, together with their legal status/own-

ership and the conservation values they are i1

tended to protect. Island groups where the ex-
isting reserves do not include the range of habi-
tats and native species present in the grou
should be identified.

Systematic surveys of all islands (beginning
with those greater than 5 hectares in area) should
be made in each island group to find out which
introduced mammals and other vertebrate spe-
cies are present, where this information is not
adequately known.

A formal system of reserves in the SPREP re-
gion should be established that initially recog-
nises three categories:

() islands free of all introduced mammals,

(i) islands free of major mammalian predators
(i.e. rats, cats, dogs, pigs and mongoose
that are of a size where itis feasible to erad
cate all mammalian herbivores,

(iii) other reserves of conservation value.

10.

.

Behavioural studies of interactions between in-
troduced birds and native plants and animals
(vertebrate and invertebrate) should be encour-
aged and supported.

Archaeological and palaeo-ecological studies
that are likely to increase our understanding of
the impact of humans and their introduced ani-
mals should be encouraged and supported.

Comprehensive tests should be made to ascer-
tain the distances to which rats, mongooses, tree
snakes, cane toads, and pigs can swim.

Additional specific research needs identified in
this study include:

() historical studies to ascertain the sequence
and approximate dates of establishment of
each invasive animal on a particular island;

(i) analysis of secondary effects of invasive
species so that more comprehensive under-
standing of their impacts is achieved,;

(iii) impact studies of animals such as macaque
monkeys and monitor lizards, introduced
to Pacific islands, even though they may
not at present be seen as serious invasive
species.
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Preliminary review of the invasive plants in the Pacific
islands (SPREP Member Countries)

Jean-Yves Meyer
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Abstract Résumé

This report lists and characterises more than 30 aliea rapport fait la liste et caractérise plus de 30 espéces
invasive plant species that are considered by loGadgetales introduites envahissantes qui sont
and academic experts to have become serious threqasidérées par des experts locaux et académiques
to the native habitats of the Pacific islands. SPRER .o &tant devenues des menaces sérieuses pour

me”.‘ber countries except for th_ose considered to % milieux naturels des fles du Pacifique. Quelques
continents or large continental islands and those fqr

\ o : . ays membres du programme régional océanien de
which too little information was available have bee environnement (PROE) ont été étudiées. Parmi les
reviewed. Among the most significant invasive tax :

found in most of these islands are the tred@X0Ns envahissants les plus significatifs dans la
Adenanthera pavonind_eucaena leucocephala plupart des fles é'Fudiées figurent les arbres
Psidiumspp. P. cattleianumand P. guajava, Adgnanthera pavonlna_gucaena Ieucocgphala
Spathodea campanulagadSyzygiunspp.(mainly Psidium spp. . cattleianumet P. guajava,

S. cuminndS. jambo} the thorny shrubsantana Spathodea campanulatat Syzygium spp.
camara, Mimosa invissndRubus spp(mainly R.  (principalemens. cuminetS. jamboj les arbustes
moluccanusndR. rosifoliug; the ornamental shrubs épineuxLantana camaraMimosa invisaet Rubus
Clerodendrunspp. and erect herbledychiunspp.; spp. (principalemerR. moluccanustR. rosifoliug;

the climbing vinesMerremia peltata,Mikania les arbustes ornementaGierodendrunspp. et les
micranthg andPassifloraspp.; the grass@&anicum grandes herbacédsedychiumspp.;les lianes
spp. . maximunandP. repeng Paspalumspp. (€s-  grimpantesvlikania micranthaMerremia peltataet
peciallyP. conjugaturjy andPennisetunspp. (mainly - passifloraspp.; les graminé@anicumspp.(P. maxi-

P. polystachyoandP. purpureunjy the creeping herb i met . repeny Paspalumspp. (en particulieP.
Wedelia (Sphagneticola) trilobatand the aquatic conjugatun) et Pennisetunspp. (principalemerf.

plantEichhorniacrassipesSpecial attention is given polystachyoretP. purpureun)t I'herbacée rampante

to alien plant species which are able to penetreﬁﬁ?

montane rainforests in several islands, such as t eedella (Sphagneticola) trilobateet |a plante

aquatiqueEichhornia crassipes.Une attention
rF]Pgrticuliére est portée aux plantes capable de pénétrer

and which have not been introduced to the other P§S foréts humides de montagne dans plusieurs fles
cific islands yet. These includzastilloa elastican  cOMme les arbustéslidemia hirtaet Cestrumspp.,

the SamoasCordia alliodorain Vanuatu Miconia ainsi gu’aux espéces particulierement aggressives

calvescenin French Polynesia and Hawailyrica ~ trouvées dans une ou quelques fles et qui n'ont pas
fayain Hawaii,Piper aduncunin Fiji, andTimonius €ncore été introduites dans les autres iles du Pacifique.

timon in Palau. Among the 30 and more potentidElles incluesCastilloa elasticaaux Tles Samoas
invasive plants in the Pacific islands, sometimes I&>ordia alliodoraau VanuatulMiconiacalvescengn
cally naturalised but not widespread yet, arPolynésie francaise et a Hawailyrica fayaa Ha-
Cryptostegia grandifloraChrysobalanus icaco, Cin- waii, Piper aduncuma Fidji, etTimonius timora
chona pubescens, Cinnamomgpp, Ligustrumspp,  Palau. Parmi plus de 30 plantes envahissantes
Solanum mauritianungndThunbergia grandiflora, potentielles dans les fles du Pacifique, parfois
which are known to be serious invaders in other igmturalisées localement mais pas encore largement
lands (Galapagos, Mascarenes, May(_)tte, New Z_%‘pandues, figurenCryptostegia grandiflora
land, St_ Helen_a, Seychelles_,) or t_roplcal Countr'eéhrysobalanus icaco, Cinnamomspp, Cinchona
(Australia, Florida, South Africa, Singapore). pubescens, Ligustruspp, Thunbergia grandifiora,
etSolanum mauritianungui sont connues pour étre
des envahisseurs dans d’'autres fles (Galapagos,

shrubsClidemia hirtaandCestrumspp.,and to very
aggressive species found only in one or a few isla

Manuscript received December 1999
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Mascareignes, Mayotte, Nouvelle-Zélande, Saboration of local and/or academic experts consulted
Hélene, Seychelles) ou pays tropicaux (Afrique dior this review was essential, as it was not possible

Sud, Australie, Floride, Singapour). to visit each island country in the time available. Al-
though most of these experts are not invasive plant
Foreword specialists, taxonomists or botanists but rather

With 22 SPREP member countries formed by segthnobotanists, biogeographers, foresters, conserva-
eral hundreds of islands, scattered on the largest océigRists or naturalists with good field experience, their
on Earth, grouped in three different ethnological aréPntribution was highly valuabl&he lists presented
biogeographical regions (Melanesia, Micronesia arftere are of course not exhaustive nor definitive.
Polynesia), conducting this review was not an eadjey may serve as a technical information docu-
task. The difficulty of a plant-related review in thement and an indispensable working tool for fur-
Pacific Islands is enhanced by the extraordinary diher research studies and management plans in
versity of types of island or group of islands (see e.gacific island countries.

Nunn 1994; Mueller-Dombois and Fosberg 1998): o

some are oceanic, others are semi-continental or cdnl Définitions

tinental; some are disposed in linear groups, othergis review deals with invasive plants (or plant in-
are clustered, or isolated; some are atolls and loxders), as defined by the five following criteria in
limestone islands, other are raised atolls (elevatétk scientific literature (seeg.McDonald et al. 1989;
limestone islands, or makatea islands), or high vaGronk and Fuller 1995; Pysek 1995): (1) they are
canic islands with rugged relief and great heterogalien (or non-native, or non-indigenous, or exotic)
neity of ecological conditions. Indeed, it is scientifispecies; (2introducedintentionally or accidentally,
cally accepted that invasion processes and successasally by humans (sometimes by wind, water, birds,
are not only related to the life-history traits of thenammals) in an area where they have never occurred
invader (“its agressiveness”) but also to the nature @dr evolved) before; (aturalised(or established)

the invaded habitat, including its native biota (“itgn that area, which means that they are able to repro-

susceptibility to invasion”). duce sexually or vegetatively without human assist-
) ance (or capable to build self-sustaining populations);
1. Introduction (4) they areexpanding their distributionand/orin-

This review is the first compiling botanical and ecocreasing their abundancg?5) they areccurring in
logical data on the current invasive plant species fratural (or native, or primary, or undisturbeahd

the Pacific islands (SPREP member countries). Tis¢mi-natural habitat{restored habitats and second-
data presented here are based on existing publisi®y habitats, or partially disturbed areas such as for-
literature, on recent personal communications of I&st trails, gaps and edges); and, last but not least, (6)
cal and academic experts, and on personal obserikey are showingignificant ecological impactsof-

tions conducted during the last few years in sonien irreversible.

Pacific iglands du.r.ing field trips (especially.on Frenf?'?hese ecological changes could be on the composi-
Polynesia, Hawaii, Cook Islands, Pohnpei, and Fijiion the structure or the ecosystem processes:
Numerous reviews have been conductedeedsn , i creased dominance (formation of monotypic

the Pacific islands (see e.g. Whistler 1983, 1995; stands),
Waterhouse 1997; Swarbrick 1997), but none of them . .

deals with invasive plants in natural ecosystems. Al- decreased overall species richness,
though lists of invasive plants in some Pacificislands ~decreased structural diversity,

or groups of islands have been drawn up in pastor decreased spatial heterogeneity,
present research and management studies (e.g. Stne competition with native species,

et al. 1992 in Hawaii; Meyer 1998 in French Poly:
nesia; Space and Falanruw 1999 in Micronesia; Owen
1997 in New Zealand), the knowledge of invasive
plants in the great majority of the other islands in the
region is sparse if not completely non-existent. Thus,
the main aim of this review was to set up preliminary
lists of the dominant, moderate and potential plant
invaders in the Pacific islands supplemented by avail-
able botanical and ecological data. The voluntary col-

replacement (or displacement) of native plant
and animal species leading to extirpation (loss
of one or several populations) or even extinc-
tion (loss of all populations),

change in the ecosystem-level processes: altera-
tion of the water or fire regime, changes in the
light quantity and quality, changes in the nutri-
ent cycling pattern, removal of food sources.
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1.2 Important remarks 2. Method

In this review we consider that native (0rindigen0u%ltogether 16 Pacific islands or groups of islands
species which show an increase in their distributicfmong the 22 SPREP member countries have been
and/or their abundance during primary succession &lirveyed in this review. Hawaii, a State of the USA,
secondary succession (following natural or man-ifghich is one of the four developed nations that are
duced disturbances) are not considered as plant flembers of SPREP (along with Australia, France,
vaders but as aggressieglonisers and New Zealand), has been included, as it consti-
Alien species which are not naturalised (most gatdtes an exemplary case for the occurrence and im-
den ornamental, food plants and tree crops), or whiplact of invasive plants in an island ecosystem of the
are naturalised but not increasing their distributioRacific region.

and/or abundance (sub-spontaneous plantsuch  papua New Guinea, the Solomon Islands, and New
as garden escapes and some cultivated plants) arezgdland, which are also SPREP members, have not
considered to be invaders but could be potential (Been included, as they are considered as continent or
incipient) invaders if they are known to be invasivgarge continental islands. Because of their large size

in other tropical countries or islands. Indeed, if a plagind high biodiversity, they certainly deserve their own
species has a history of successes in invading speatment.

cific areas, it is more likely to invade other suitableBecause of the lack of available published data and
areas. - _ to the impossibility of contacting academic/local ex-
Although it is difficult to generalise and make preperts, the atolls and table reefs of Kiribati (Micro-
dictions on the invasiveness of a plant species, thgsia), the Marshall Islands (Micronesia), Tokelau

following natural history life traits (or biological char-(polynesia), and Tuvalu (Melanesia) have not been
acteristics) are found in many aggressive invadersonsidered in this review.

* rapid growth rate, Political boundaries are used in this review rather
than the affiliation to the three main biogeographical
regions (Melanesia, Micronesia and Polynesia). The
*  high reproductive capacity, islands are cited by alphabetical order of the coun-

. effective dispersal (e.g. fleshy fruits disperseHy/nation name: Cook Islands (Polynesia), Federated

by frugivorous birds, winged seeds disperseﬁtates of Micronesia (Micronesia), Fiji (Melanesia),
French Polynesia (Polynesia), Guam (Micronesia),

« early sexual maturity,

by wind), . : : :
_ Nauru (Micronesia), New Caledonia (Melanesia),
* large soil seed bank, Niue (Polynesia), Northern Mariana Islands (Micro-
« long seed persistence in soil, nesia), Palau (Micronesia), Pitcairn (Polynesia),

Samoas (American Samoa and Samoa) (Polynesia),

tplerance to.a wide range of'ecological Cor‘O"Tonga (Polynesia), Vanuatu (Melanesia), Wallis and
tions, especially for germination and growth. Futuna (Polynesia)

A “good invader” can display all these characterisfhree categories of invaders have been qualitatively
tics or only a few of them. (and subjectively) defined:

Weeds(or ruderals) which thrive only in disturbed
human-made (or unnatural, or human-transformed,
or anthropogenic) habitats such as roadsides, dwell-
ings, waste places, village periphery, trails, pastures,
agricultural or forested areas, are not included in this
review, except when they show a tendency to invade
semi-natural and natural habitats. Some invasive themoderate, Minvaders are those considered

plants can also be weeds, and some weeds can in- t0 be of secondary importance at present, al-
vade natural habitats. though some of them could become dominant

in the future;

thedominant, D,(or majo) invaders are those
considered to be the most important threat to
biodiversity because they are very widespread
and/or they form dense stands, causing severe
impacts on native biota;

Popular terms such gdant pests, noxious plants,

harmful plant speciesire not used in this review, as»  the potential invaders are naturalised alien

they can be applied to both weeds and invasive plants. plants which are not considered as invaders yet,
but are known to be highly invasive elsewhere
and/or are showing signs of extension (species
which are in an early stage of invasion).
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Habitat (or vegetation, or plant community) type anthontane bogs have not been considered in this re-
elevation range is given when this information isiew, as they occur above 2500 m elevation and are
available, as well as some relevant locations (a pdound only in Hawaii and New Zealand. Fernlands
ticular island or archipelago for Pacific countriegand grasslands are usually found on disturbed dry or
composed of several islands or several archipelagosesic slopes (human or natural disturbances).

or a specific conservation area). Habit is defined when needed (aquatic plants are
Habitat description varies according to various aueoted, floating or emergent in aquatic situations —
thors and to the islands considered (see e.g. Baileydtlands, lakes and rivers; terrestrial plants are spe-
al. 1991; Dahl 1980; Schmid 1989). The classificazies rooted in soil). Life (or growth) forms are:

tion system commonly defines vegetation types 1 herbs, defined as plants with little or no woody
terms of physiognomy (structure and stature of the  growth; among the herbs, we have distinguished
vegetation: grassland v. shrubland v. forest); species ferns (Pteridophytes) from grasses (Gramineae),
composition (emphasising the dominant species, e.9. and sedges (Cyperaceae) — erect or tall herbs
aMetrosiderodorest); topographic position (upland (ferns, grasses, or sedges) are above 1 min height;
v. lowland, leeward v. windward, volcanic v. calcars  shrubs are woody plants with several stems,
eous soils); and climatic conditions (dry v. mesic V. ysually shorter than trees;

wet). In addition, classes can be identified by thg
degree of human disturbance from completely altered jor trunk; small trees are less than 10 m tall
areas to partially disturbed natural vegetation. and large trees above 10 m tall; we have also
The main vegetation units used in this review are based distinguished palms (Palmae) and tree
on the most recent book on the vegetation of the Pa- ferns (Cyatheaceae);

cific islands by Mueller-Dombois and Fosberg (1998)  vines are woody or non woody plants which

treesare woody plants with generally one ma-

. coastalor strand, or littoralyegetation, can not stand free by themselves;

*  mangroveorest, * succulentsire xerophytic plants with fleshy or

e lowland dry forest, succulent stems (Agavaceae, Crassulaceae,
e inland mesic (or mesophytic, or moifyest, Cactaceae).

* upland wefor rain) forest, and As the scientific name of a genus or plant species

« montane cloud foregbr mossy forest, or elfin may change, the most common synonym is indicated
forest) which can be viewed as biodiversityn brackets. The genus and family names are chosen
hotspots and refugia for endemic species.  according to Mabberley (199For instance, the bo-

The cloud forests, in addition to their biodiversit);[anlcal genus Palmae is used rather than Areqaceae,

value, are the princ,ipal watersheds of Pacific high oc(é\'-0 mpositae rather than Asteraceqe_, Leguminosae
! . . _rather than Fabaceae and Caesalpiniaceae.

anic islands. For botlnése reasons, their protection _

conservation and active management should be giv'gﬁe common names are the English names commonly

a very high priority within the Pacific region (Mer-USed worldwide (see e.g. Mabberley 1997), rather

lin and Juvic 1995). Subalpine and alpine forests, afeg" local (island) names.

3. Results

Cook Islands

Preliminary list of invasive plants

Scientific name (Family name) Common name(s) Habit/ Habitat (and Locations)
Life form

Dominant invaders

Ardisia elliptica (humilis) (Myrsinaceae) Shoebutton ardisia shrub Lowland (Rarotonga)

Cardiospermum grandiflorum (Sapindaceae) Balloon vine, Heartseed vine Inland (Rarotonga)

Cecropia obtusifolia (Cecropiaceae) Trumpet tree tree Inland forest (Rarotonga)

Cestrum nocturnum (Solanaceae) Night cestrum, Night- shrub Lowland (Rarotonga)
blooming jasmine

Hedychium coronarium (Zingiberaceae) White ginger erect herb  Inland (Rarotonga)

Lantana camara (Verbenaceae) Lantana thorny shrub (Rarotonga)

Leucaena leucocephala (Leguminosae) Wild tamarind, Lead tree small tree  (Rarotonga)

Merremia peltata (Convolvulaceae) Merremia vine (Rarotonga)
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Scientific name (Family name) Common name(s) Habit/ Habitat (and Locations)
Life form

Dominant invaders

Mikania micrantha (Compositae) Mile-a-minute vine (Rarotonga)

Passiflora rubra (Passifloraceae) Red passionfruit vine

Psidium cattleianum (Myrtaceae) Strawberry/Chinese guava tree Inland forest (Rarotonga)

Spathodea campanulata (Bignoniaceae) African tulip tree large tree  (Rarotonga)

Moderate invaders

Cinnamomum verum (zeylanicum) Cinnamon tree tree Inland forest (Rarotonga)
(Lauraceae)

Coffea arabica (Rubiaceae) Arabica coffee small tree  (Rarotonga)

Eichhornia crassipes (Pontederiaceae) Water hyacinth aquatic herb (Rarotonga)

Flacourtia rukam (Flacourtiaceae)

Paraserianthes (Albizia) falcataria
(Leguminosae)

Paspalum conjugatum (Gramineae)

Passiflora maliformis (Passifloraceae)

Psidium guajava (Myrtaceae)

Solanum mauritianum (Solanaceae)

Syzygium (Eugenia) cumini (Myrtaceae)

Syzygium (Eugenia) jambos (Myrtaceae)

Tecoma stans (Bignoniaceae)

Indian/Governor’s plum
Molucca albizia

T-grass, Sour paspalum
Hard-shelled passionfruit
Common guava

Wild tobacco,

Java plum, Jambolan
Rose apple
Woolly nightshade

Yellow bells, Yellow elder

tree
large tree

grass
vine
tree
shrub

large tree
tree

small tree

Inland forest (Rarotonga)
(Rarotonga)

(Rarotonga)
(Rarotonga)
(Rarotonga, Mangaia)
(Rarotonga)

Inland forest (Rarotonga)
(Rarotonga)

(Rarotonga)

Potential invaders

Acacia farnesiana (Leguminosae)

Clerodendrum chinense (philippinum)
(Verbenaceae)

Eugenia uniflora (Myrtaceae)

Hedychium flavescens (Zingiberaceae)

Fucraea foetida (Agavaceae)

Jacobinia carnea (Acanthaceae)

Melia azedarach (Meliaceae)

Odontonema tubiforme (strictum)
(Acanthaceae)

Passiflora quadrangularis (Passifloraceae)
Sanchezia speciosa (nobilis) (Acanthaceae)

Schefflera (Brassaia) actinophylla
(Araliaceae)
*Schinus molle (Anacardiaceae)

Ellington’s curse, Cassie

Honolulu rose, Glory bower

Surinam cherry

Yellow ginger

Mauritian hemp

Pink plume-flower

China berry, Pride of India
Fire spike, Cardinal flower

Giant granadilla
Sanchezia
Octopus/Umbrella tree

Pepper tree, California
pepper

thorny shrub (Rarotonga)

shrub

small tree
erect herb
succulent
shrub

tree

shrub

vine
shrub

tree

tree

(Rarotonga)

(Rarotonga)
(Rarotonga)
Lowland (Rarotonga)
Lowland (Rarotonga)
(Rarotonga)
Lowland (Rarotonga)

(Rarotonga)
Lowland (Rarotonga)
(Rarotonga)

(Rarotonga)

* present according to literature (Wilder 1931) but not verified by local expert (pers. comm. 9 June 1999)

Main references

Philipson, W.R. 1971. Floristics of Rarotongaulletin of

Cheeseman, T.F. 1903. The flora of Rarotonga, the chief the Royal Society of New Zeala#id49-54.

island of the Cook Grouffransactions Linnaean So- Wilder, G.P. 1931. Flora of Rarotondzernice P. Bishop

ciety London, Botanical Seri@¢6): 216—313.
McCormack, G.; Kinzle, J. 199Rarotonga’s Mountain

Tracks and Plants. A Field Guid€ook Island Natu-

ral Heritage Project, Rarotonga.

Merlin, M.D. 1985. Woody vegetation in the upland re-
gion of Rarotonga, Cook IslandPacific Science Dr Mark Merlin, Professor, Biology Program, University
of Hawaii at Manoa , Dean Hall, Room 2, Honolulu,

39(1): 81-99.

Museum Bulletin 86

Merlin, M.D. 1991. Woody vegetation on the raised Hawaii 96822.

coral limestone of Mangaia, Southern Cook Island&dward Saul, Technical Adviser, Takitumu Conservation

Pacific Sciencel5(2): 131-151.
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Gerald McCormack, Director, Cook Islands Natural Her-
itage Project, PO Box 781, Rarotonga, Cook Islands.
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Federated States of Micronesia

Preliminary list of invasive plants

Scientific name (Family name) Common name(s) Habit/ Habitat (and Locations)
Life form

Dominant invaders

Adenanthera pavonina (Leguminosae) Red bead tree, tree Secondary + primary forest
Red sandalwood (Pohnpei, Kosrae, Yap)
Chromolaena (Eupatorium) odorata Siam weed, triffid weed herb (Kosrae, Pohnpei, Yap)
(Compositae)
Clerodendrum paniculatum (Verbenaceae) Pagoda flower shrub (Pohnpei, Yap)
Clerodendrum quadriloculare (Verbenaceae) Bronze-leaved clerodendrum shrub (Pohnpei)
Eichhornia crassipes (Pontederiaceae) Water hyacinth aquatic herb Wetlands (Pohnpei)
Elaeis guineensis (Palmae) African oil palm tree (Pohnpei)
Imperata cylindrica (Gramineae) Cogon/Cotton grass grass (Yap)
Ischaemum polystachyum var. chordatum grass Grassland (Pohnpei, Yap)
(Gramineae)
Lantana camara (Verbenaceae) Lantana thorny shrub (Kosrae, Pohnpei, Yap)
Leucaena leucocephala (Leguminosae) Wild tamarind, Lead tree small tree  (Kosrae, Pohnpei, Yap)
Merremia peltata (Convolvulaceae) Merremia vine (Kosrae, Pohnpei, Yap)
Mimosa invisa (Leguminosae) Giant sensitive plant, thorny shrub (Pohnpei, Yap)
Spiny mimosa
Paspalum conjugatum (Gramineae) T-grass, Sour paspalum grass (Kosrae, Pohnpei, Yap)
Paspalum distichum (Gramineae) grass (Kosrae, Pohnpei, Yap)
Paraserianthes (Albizia) falcataria Molucca albizia large tree  (Pohnpei, Yap)
(Leguminosae)
Pennisetum purpureum (Gramineae) Elephant grass, Napier grass grass (Kosrae, Yap)
Rubus moluccanus (Rosaceae) Wild raspberry, spiny shrub (Kosrae)
Molucca bramble
Wedelia (Sphagneticola) trilobata Wedelia, Singapore daisy  herb (Kosrae, Pohnpei, Yap)
(Compositae)

Moderate invaders

Albizia lebbeck (Leguminosae) Siris tree, Indian siris large tree  (Pohnpei, Yap,)

Hedychium coronarium (Zingiberaceae) White ginger erectherb  (Pohnpei, Kosrae, Yap)

Pangium edule (Flacourtiaceae) - large tree  Secondary forest
(Pohnpei, Yap)

Passiflora foetida (Passifloraceae) Stinking passionflower vine Secondary forest
(Pohnpei, Yap)

Schefflera (Brassaia) actinophylla Octopus/Umbrella tree tree (Pohnpei)

(Araliaceae)
Stachytarpheta jamaicensis (Verbenaceae) Jamaica vervain herb (Pohnpei, Kosrae,Yap)
Stachytarpheta urticifolia (Verbenaceae) Blue rat’s tail, herb (Yap)

Dark blue snake weed

Potential invaders

Acacia auriculiformis (Leguminosae) tree (Kosrae, Pohnpei, Yap)
Acacia confusa (Leguminosae) tree (Pohnpei, Yap)
Antigonon leptotus (Polygonaceae) Mexican creeper, vine (Pohnpei, Yap)
Chain of love
Cedrela odorata (Meliaceae) Mexican/West Indies cedar tree (Yap)
Cinnamomum verum (zeylanicum) Cinnamon tree tree (Pohnpei)
(Lauraceae)
Clitoria ternatea (Leguminosae) Butterfly pea, Blue pea vine (Pohnpei)
Coccinea grandis (Cucurbitaceae) Ivy gourd, Scarlet gourd vine (Pohnpei)
Costus sericeus (speciosus) (Zingiberaceae) Crape ginger, Malay ginger herb (Kosrae, Pohnpei, Yap)
Melaleuca quinquenervia (leucadendra) Paperbark tree (Pohnpei, Yap)
(Myrtaceae)
Psidium cattleianum (Myrtaceae) Strawberry/Chinese guava smalltree  (Pohnpei)
Spathodea campanulata (Bignoniaceae) African tulip tree large tree  (Pohnpei)
Syzygium (Eugenia) jambos (Myrtaceae) Rose apple tree (Pohnpei)
Tecoma stans (Bignoniaceae) Yellow elder, Yellow bells small tree  (Pohnpei)
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Kain In Acn KosraePlants and Environments of gjj| Raynor, The Nature Conservancy, Pohnpei Field Of-

Kosrae East-West Center, Honolulu. fice, PO Box 216, Kolonia, Pohnpei, FSM 96941, Fed-
Merlin, M.; Juvik, J. 1996. Ira me Neeniier non Chuuk. grated States of Micronesia.

Plants and their Environment in Chukast-West jim Space, Project Manager, Pacific Island Ecosystem at

Center/National Park Service, USDA, University of Rijsk Project (PIER), 11007 E. Regal Dr., Sun Lakes,

Hawai. Arizona 85248-7919, USA.

Fiji

Preliminary list of invasive plants

Scientific name (Family name) Common name(s) Habit/ Habitat
Life form (and Locations)

Dominant invaders

Annona glabra (Annonaceae) Pond/Alligator apple small tree Mangrove
*Clidemia hirta (Melastomataceae) Koster’s curse shrub Mesic/Wet
*Eichhornia crassipes (Pontederiaceae) Water hyacinth aquatic herb Wetlands
Hydrilla verticillata (Hydrocharitaceae) aquatic herb Wetlands
*[ antana camara (Verbenaceae) Lantana thorny shrub Dry/Mesic
Leucaena leucocephala (Leguminosae) Wild tamarind, Lead tree small tree Dry 0-800 m
Merremia peltata (Convolvulaceae) Merremia vine Dry/Mesic
Mikania micrantha (Compositae) Mile-a-minute vine Dry/Mesic 0-800 m
Pennisetum polystachyon (Gramineae) Mission grass grass 0-400 m
Piper aduncum (Piperaceae) - shrub 0-1000 m
Rubus moluccanus (Rosaceae) Wild raspberry spiny shrub  Mesic/Wet
Spathodea campanulata (Bignoniaceae) African tulip tree large tree Mesic
Wedelia (Sphagneticola) trilobata Wedelia, Singapore daisy herb Dry/Mesic
(Compositae)

Moderate invaders

Albizia (Samanea) saman (Leguminosae)  Rain tree, Monkey pod large tree Dry

Arundo donax (Gramineae) Giant reed tall grass Dry/Mesic

Chrysobalanus icaco (Chrysobalanaceae) Coco plum, Icaco shrub Mangrove

Citharexylum spinosum (Verbenaceae) Fiddlewood tree

Clerodendrum chinense (philippinum) Honolulu rose shrub 0-900 m
(Verbenaceae)
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Invasive species in the Pacific

Scientific name (Family name) Common name(s) Habit/ Habitat
Life form (and Locations)

Moderate invaders

Cyperus rotundus (Cyperaceae) Nut-grass, Coco grass sedge

Hedychium coronarium (Zingiberaceae) White ginger erect herb Mesic/Wet
Hedychium flavescens (Zingiberaceae) Yellow ginger erect herb Mesic/Wet
Kyllinga polyphylla (Cyperaceae) Navua sedge sedge Mesic/Wet
Mimosa invisa (Leguminosae) Giant sensitive plant, Spiny mimosa thorny shrub Dry/Mesic
*Opuntia vulgaris (Cactaceae) Prickly pear succulent Dry
Passiflora foetida (Passifloraceae) Stinking passionflower vine Mesic
**Psidium guajava (Myrtaceae) Common guava tree Dry/Mesic
*Solanum torvum (Solanaceae) Prickly solanum herb 0-900 m
Stachytarpheta urticifolia (Verbenaceae) Blue rat’s tail, Dark blue snakeweed herb 0-850 m
*Urena lobata (Malvaceae) Hibiscus bur herb Mesic/Wet
Zizyphus mauritiana (Rhamnaceae) Indian jujube thorny tree  Dry

Potential invaders

Acacia farnesiana (Leguminosae) Ellington’s curse, Cassie shrub
Agave sisalana (Agavaceae) Sisal hemp, Sisal, succulent
Bahama hemp
Allamanda cathartica (Apocynaceae) Allamanda vine
Antigonon leptotus (Polygonaceae) Mexican creeper, vine
Chain of love
Ardisia crispa (Myrsinaceae) Australian holly shrub
Calliandra surinamensis (Leguminosae) - tree
Clerodendrum paniculatum (Verbenaceae) Pagoda flower shrub
Coccinia grandis (Cucurbitaceae) Ivy gourd vine
Costus sericeus (speciosus) (Zingiberaceae) Cape ginger herb
Cryptostegia grandiflora (Asclepiadaceae) Rubber vine vine
Dissotis rotundifolia (Melastomataceae) - herb
Hemigraphis alternatus (Acanthaceae) - herb
Lonicera japonica (Caprifoliaceae) Japanese honeysuckle vine
Melia azedarach (Meliaceae) Pride of India, China berry, tree
Persian lilac
Merremia tuberosa (Convolvulaceae) - vine
Odontonema tubiforme (strictum) Fire spike, Cardinal flower shrub
(Acanthaceae)
Pseuderanthemum bicolor (Acanthaceae) - shrub
Psidium cattleianum (Myrtaceae) Strawberry/Chinese guava tree
Thunbergia grandiflora (Acanthaceae) Bengal trumpet, Blue trumpet vine vine
Sanchezia nobilis (speciosa) (Acanthaceae) Sanchezia shrub
Schefflera (Brassaia) actinophylla Octopus/Umbrella tree tree
(Araliaceae)
Tithonia diversifolia (Compositae) Mexican sunflower, Tree marigold shrub

* declared a noxious weed (Mune and Parham 1956)
** in the process of being taken off the list of noxious weeds, according to local expert (pers. comm. 17 June 1999)

Main references Smith, A.C. 1979-1996. Flora Vitiensis Nova.New
Flora of Fiji. National Tropical Garden, Lawai, Ha-

Anon. 1998. Botanical Diversity in Fiji. Contribution to .
walii. (6 volumes.)

the Development of a Biodiversity Strategy and Ac- ]

tion Plan for Fiji. (Unpublished report of technicalAcademic/local experts consulted

group.) Dr Randolph R. Thaman, Professor of Pacific Islands Bio-
Hassal, D.C. 1980. Studies on Fijian vegetation highland geography, Department of Geography, University of

forest and stream-bank formations near Wainisavulevu the South Pacific, PO Box 1168, Suva, Fiji.

Creek, Viti Levu.South Pacific Journal of Natural Marika Tuiwava, Curator, South Pacific Regional Her-

Sciencel: 26-44. barium, University of the South Pacific, PO Box 1168,
Mune, T.L.; Parham, J.W. 1956. The declared noxious Suva, Fiji.

weeds of Fiji and their controDepartment of Agri- Dr Dick Watling, Principal, Environmental Consultants

culture, Fiji, Bulletin 48 (Third edn) Fiji, PO Box 2041, Suva, Fiji.
Parham, J.W. 1958. The weeds of Bjgpartment of Ag- Dick Phillips, Gardener, Hon. Research Associate, Uni-
riculture, Fiji, Bulletin 35 versity of the South Pacific, PO Box 1168, Suva, Fiji.
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Meyer: Invasive plants in Pacific islands

French Polynesia

Preliminary list of invasive plants

Scientific name (Family name) Common name(s) Habit/ Habitat (and Locations)
Life form

Dominant invaders

*Acacia farnesiana (Leguminosae) Ellington’s curse, Cassie thorny shrub Dry (Marquesas islands)
*Ardisia elliptica (humilis) (Myrsinaceae) Shoebutton ardisia shrub Mesic 10-300 m
*Cecropia peltata (Cecropiaceae) Trumpet tree tree Mesic 100-600 m
*L antana camara (Verbenaceae) Lantana thorny shrub Dry/Mesic 0-1500 m
*L eucaena leucocephala (Leguminosae) Wild tamarind, Lead tree tree Dry 0-300 m
*Miconia calvescens (magnifica) Miconia, Velvet tree tree Wet 10-1300 m
(Melastomataceae) (Society Islands)
*Melinis minutiflora (Gramineae) Melinis, Molasses grass grass Dry/Mesic—Wet 0—1600 m
Merremia peltata (Convolvulaceae) Merremia vine Mesic 0-500 m
Mimosa invisa (Leguminosae) Giant sensitive plant, shrub Dry/Mesic 0—600 m
Spiny mimosa (Society Islands)
Paraserianthes (Albizia) falcataria Molluca albizia tree Mesic—-Wet 0-700 m
(Leguminosae)
*Psidium cattleianum (Myrtaceae) Strawberry/Chinese guava tree Mesic—Wet 10—-900 m
Psidium guajava (Myrtaceae) Common guava tree Dry/Mesic 10-500 m
(Marquesas Islands)
*Rubus rosifolius (Rosaceae) Thimbleberry, spiny shrub  Wet 50-2200 m
Roseleaf raspberry
*Spathodea campanulata (Bignoniaceae)  African tulip tree tree Mesic—Wet 100-1200 m
*Syzygium (Eugenia) cumini (Myrtaceae)  Java plum, Jambolan large tree  Mesic—Wet 0—1200 m
*Syzygium (Eugenia) jambos (Myrtaceae) Rose apple tree Mesic—Wet 0-1000 m
*Tecoma stans (Bignoniaceae) Yellow bells, Yellow elder small tree  Dry/Mesic 100-1500 m

Moderate invaders

Annona glabra (Annonaceae) Pond apple, Alligator apple small tree  Wet lowlands
(Raiatea, Tahaa)
Casuarina equisetifolia (Casuarinaceae) Ironwood tree, Australian pine tree Dry lowlands
(Fangataufa)
Cestrum nocturnum (Solanaceae) Night-blooming jasmine, shrub Wet (Tahiti)
Night cestrum
Chrysobalanus icaco (Chrysobalanaceae) Coco plum, Icaco shrub Dry/Mesic (Raiatea,
Fatu Hiva)
Coffea arabica (Rubiaceae) Arabica coffee small tree  Mesic/Wet
Cyperus rotundus (Cyperaceae) Nutgrass, Coco grass sedge Mesic/Wet
Dissotis rotundifolia (Melastomataceae) - herb Mesic/Wet
Eichhornia crassipes (Pontederiaceae) Water hyacinth aquatic herb Wetlands
Ficus microcarpa (Moraceae) Chinese banyan, Indian laurel tree Dry/Mesic
(Society Islands)
Flemingia strobilifera (Leguminosae) - shrub Mesic (Nuku Hiva, Raiatea)
Kalanchoe pinnata (Crassulaceae) Air plant, Mexican love plant  succulent  Mesic uplands (Rurutu)
Melia azedarach (Meliaceae) China berry, Pride of India tree Mesic (Mangareva)
Paspalum conjugatum (Gramineae) T-grass, Sour paspalum grass Mesic
Passiflora foetida (Passifloraceae) Stinking passionflower, vine Dry/Mesic
Love-in-a-mist
Passiflora laurifolia (Passifloraceae) Yellow granadilla vine
Pinus caribaea (Pinaceae) Caribbean/Bahamas pitch, tree Dry/Mesic
Slash pine
Pluchea carolinensis (symphytifolia) Sourbush shrub Dry (Tuamotu Islands)
(Compositae)
Rhodomyrtus tomentosa (Myrtaceae) Rose myrtle, shrub Mesic/Wet (Raiatea)
Downy rose myrtle
Rhizophora stylosa (Rhyzophoraceae) - tree Wetlands (Society)
Stachytarpheta urticifolia (Verbenaceae) Blue rat’s tail, herb Mesic/Wet 10-700 m
Dark blue snakeweed
Syzygium floribundum (Myrtaceae) - tree Mesic (Moorea)
Triplaris weigeltiana (Polygonaceae) - tree Mesic (Tahiti)
Wedelia (Sphagneticola) trilobata Wedelia, Singapore daisy herb 0-1300 m
(Compositae)
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Invasive species in the Pacific

Scientific name (Family name) Common name(s) Habit/ Habitat
Life form (and Locations)

Potential invaders

Agave sisalana (Agavaceae) Sisal hemp, Sisal, Bahama hemp succulent (Rurutu)
Antigonon leptotus (Polygonaceae) Mexican creeper, Chain of love vine
Caesalpinia decapetala (sepiaria) Mauritius thorn, Cat'’s claw, thorny shrub
(Leguminosae) Mysore thorn
Castilloa elastica (Moraceae) Panama rubber tree large tree (Moorea)
Chrysophyllum oliviforme (Sapotaceae) Satin leaf tree small tree (Tahiti)
Cinnamomum verum (zeylanicum) Cinnamon tree tree
(Lauraceae)
Cinchona pubescens (succirubra) (Rubiaceae) Quinine tree tree (Tahiti)
Citharexylum spinosum (Verbenaceae) Fiddlewood tree
Clerodendrum paniculatum (Verbenaceae) Pagoda flower shrub (Tahiti)
Fucraea foetida (Agavaceae) Mauritian hemp succulent (Rurutu)
Grevillea robusta (Proteaceae) Silky oak, Silver oak tree (Rurutu)
Hedychium coronarium (Zingiberaceae) White ginger erect herb
Hedychium flavescens (Zingiberaceae) Yellow ginger erect herb (Tahiti)
Heterocentron subtriplinervium Pearl flower shrub (Tahiti)
(Melastomataceae)
Licuala grandis (Palmae) Fan palm, Vanuatu fan palm palm (Raiatea)
Ochna kirkii (Ochnaceae) Mickey mouse plant shrub (Raiatea)
Ochroma pyramidale (lagopus) (Bombacaceae) Balsa, Corkwood tree (Tahiti, Fatu Hiva)
Odontonema tubiforme (strictum) (Acanthaceae) Fire spike, Cardinal flower shrub (Tahiti)
Pueraria lobata (Leguminosae) Kudzu vine (Raiatea)
Sanchezia speciosa (nobilis) (Acanthaceae) Sanchezia shrub (Tahiti)
Schefflera (Brassaia) actinophylla (Araliaceae) Octopus/Umbrella tree tree (Tahiti, Raiatea)
Schinus terebinthifolius (Anacardiaceae) Brazilian pepper tree, Christmas berry tree (Tahiti)
Setaria palmifolia (Gramineae) Palmgrass grass (Tahiti)
Sphaeropteris (Cyathea) cooperi (Cyatheaceae) Australian tree fern tree fern (Tahiti)
Syncarpia glomulifera (laurifolia) (Myrtaceae) Turpentine wood tree (Tahiti)
Thunbergia grandiflora (Acanthaceae) Bengal trumpet, Blue trumpet vine vine (Tahiti)
Tithonia diversifolia (Compositae) Mexican sunflower, Tree marigold shrub (Nuku Hiva, Tubuai)
Tradescantia (Zebrina) pendula Wandering Jew herb Mesic (Tahiti)

(Commelinaceae)

* legally declared a threat to biodiversity in French Polynesia (Meyer 1998)

Main references

Florence, J.: Guérin, M.; Reboul, J.-L. 1983. Les haturelles a Hawai'i et en Polynésie francaise: une
mauvaises herbes de la Polynésie francaise. (Unpub- €tude de cas. Rapport d'étude post-doctdiediegation

lished report.) a la Recherche, Tahiti. (Unpublished report.)
Florence, J. 1997Flore de la Polynésie francaise. Vol- Meyer, J.-Y. 1998. Managing alien plant invasions in
ume 1 Editions de TORSTOM, Paris. French Polynesia, a first stefdiensN°8: 11.

Fosberg, F.R. 1992. Vegetation of the Society IslaPas. Academic/local experts consulted

cific Scienced6: 232—-250.
Meyer, J.-Y.; Florence, J. 1996. Tahiti's native flora enl-Dr Jacques'FIorence, A[Itenne .IRD (ex' ORSTQM)'
Laboratoire de Phanérogamie, Muséum national

dangered by the invasion bficonia calvescenC d’Histoire naturelle, 16 rue Buffon, 75005 Paris.

(;\;Igl_a?sé%mataceaeyournal of Biogeography3(6): Dr Jean-Yves Meyer, Délégation & la Recherche, Ministére

de la Santé et de la Recherche, BP 20981 Papeete,

Meyer, J.-Y. 1998. Mécanismes et gestion des invasions Tahiti, French Polynesia.

biologiques par des plantes introduites dans des foréts

Guam

Preliminary list of invasive plants

Scientific name (Family name) Common name(s) Habit/ Habitat
Life form

Dominant invaders

Adenanthera pavonina (Leguminosae) Red bead tree, Red sandalwood tree
Antigonon leptotus (Polygonaceae) Mexican creeper, Chain of love vine
Chromolaena (Eupatorium) odorata (Compositae) Siam weed, triffid weed herb
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Meyer: Invasive plants in Pacific islands

Scientific name (Family name) Common name(s) Habit/ Habitat
Life form
Dominant invaders
Coccinia grandis (Cucurbitaceae) Ivy/Scarlet gourd vine Dry/Mesic

Eichhornia crassipes (Pontederiaceae)

Water hyacinth

aquatic herb Wetlands

Ischaemum rugosum (Gramineae) - grass
Lantana camara (Verbenaceae) Lantana thorny shrub
Leucaena leucocephala (Leguminosae) Wild tamarind, Lead tree small tree
Mikania micrantha (Compositae) Mile-a-minute vine
Mimosa invisa (Leguminosae) Giant sensitive plant, Spiny mimosa  thorny shrub
Panicum maximum (Gramineae) Guinea grass grass
Paspalum conjugatum (Gramineae) T-grass, Sour paspalum grass

Passiflora foetida (Passifloraceae)

Stinking passionflower, Love-in-a-mist vine

Pennisetum polystachyon (Gramineae) Mission grass grass
Pennisetum purpureum (Gramineae) Elephant grass, Napier grass grass
Sorghum halepense (Gramineae) Johnson grass grass
Moderate invaders

Albizia lebbeck (Leguminosae) Siris tree, Indian siris large tree
Bauhinia monandra (Leguminosae) Orchid tree tree
Ceiba pentadra (Bombacaceae) Kapok tree
Cestrum diurnum (Solanaceae) Day cestrum, China inkberry shrub Sec. forests
Ficus microcarpa (Moraceae) Chinese banyan, Indian laurel large tree
Melaleuca quinquenervia (leucadendra) (Myrtaceae) Paperbark tree
Paraserianthes (Albizia) falcataria (Leguminosae) Molucca albizia large tree
Spathodea campanulata (Bignoniaceae) African Tulip tree large tree
Tecoma stans (Bignoniaceae) Yellow bells, Yellow elder small tree
Wedelia (Sphagneticola) trilobata (Compositae) Wedelia, Singapore daisy herb
Potential invaders

Clerodendrum quadriloculare (Verbenaceae) Bronze-leaved clerodendrum shrub
Flemingia stobilifera (Leguminosae) - shrub
Melinis minutiflora (Gramineae) Molasses grass, Melinis grass

Muntingia calabura (Tiliaceae)
Pennisetum setaceum (Gramineae)

Jamaican cherry, Panama cherry tree
Fountain grass grass

Main references meeting of Pacific Island Committee Council of West-

Lee, M.A.B. 1974. Distribution of native and invader plan €™ Stat.es Foresters,.Majur_o, Marshall Islands.
species on the island of GuaBiotropica 6(3): 158— Wiles, GJ _AgL_Jon, C.F.; Dauvis, GW 1995. The status
164. and distribution of endangered animals and plants in

McConnell, J.; Muniappan, R. 1991. Introduced ornamen- Northe.rn GuamMicronesicazg(1): 31-49.
tal plants that have become weeds on Guaricademic/local experts consulted

Micronesica Suppl3 : 47-49. ~ DrRangaswamy N. Muniappan, Professor Emeritus, Col-
Moore, P.H.; McMakin, P.D. 197®lants of GuamUni- lege of Agriculture & Life Science, University of

versity of Guam, Cooperative Extension Service, Col-  Gyam, 303 University Drive, Mangiloa, Guam 96923.
lege of Agriculture & Life Science. (E. L. Gomoll, ed.) 5jm Space, Project Manager, Pacific Island Ecosystem at

Space, J.; Falanruw, M.C. 1999. Observations on inva- Risk Project (PIER), 11007 E. Regal Dr., Sun Lakes,
sive plant species in Micronesia. Ms prepared for Arizona 85248-7919, USA.

Hawaii

Preliminary list of invasive plants

Scientific name (Family name) Common name(s) Habit/ Habitat

Life form  (and Locations)
Dominant invaders
**Andropogon virginicus (Gramineae) Broom sedge grass Mesic 0-1600 m

Mesic/Wet
Mesic/Wet

**Ardisia elliptica (humilis) (Myrsinaceae)
**Clidemia hirta (Melastomataceae)
**Coccinia grandis (Cucurbitaceae)

Shoebutton ardisia, Duck’s eye shrub
Koster’s curse shrub
Ivy gourd, Scarlet-fruited gourd  vine
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Invasive species in the Pacific

Scientific name (Family name) Common name(s) Habit/ Habitat
Life form  (and Locations)
Dominant invaders
Hedychium coronarium (Zingiberaceae) White ginger erectherb  Wet
Hedychium gardnerianum (Zingiberaceae) Kabhili ginger erectherb  Wet
Holcus lanatus (Gramineae) Common velvet grass grass Mesic/Wet 1300—-2000 m
Lantana camara (Verbenaceae) Lantana thorny shrub Dry/Mesic
Leucaena leucocephala (Leguminosae) Wild tamarind, Lead tree tree Dry/Mesic 0-700 m
Melinis minutiflora (Gramineae) Melinis, Molasses grass grass Dry/Mesic/Wet 0—1500 m
**Miconia calvescens (magnifica) Miconia, Velvet tree tree Mesic/Wet
(Melastomataceae)
**Myrica faya (Myricaceae) Firetree, Fayatree small tree  Mesic/Wet 300-1700 m
**Passiflora mollissima (Passifloraceae) Banana passionfruit, Banana poka vine Mesic
*Pennisetum clandestinum (Gramineae) Kikuyu grass grass Dry/Mesic 500—-2000 m
**Pennisetum setaceum (Gramineae) Fountain grass grass Dry
Pinus radiata (Pinaceae) Monterey pine tree
Psidium cattleianum (Myrtaceae) Strawberry guava tree Mesic/Wet 150-1300 m
*Rhodomyrtus tomentosa (Myrtaceae) Rose myrtle, Downy rosemyrtle  shrub Mesic 500—-600 m
**Rubus argutus (penetrans) (Rosaceae)  Florida prickly blackberry spiny shrub Mesic/Wet 600-2000 m
**Rubus ellipticus (Rosaceae) Yellow Himalayan raspberry spiny shrub 700-1700 m
Schinus terebinthifolius (Anacardiaceae) Brazilian pepper, Christmas berry smalltree  Mesic
Schizachyrium condensatum Bush beardgrass grass
(Andropogon glomeratus) (Gramineae)
**Tibouchina herbacea (Melastomataceae) Cane tibouchina shrub Mesic/Wet 100-1600 m
Moderate invaders
Acacia farnesiana (Leguminosae) Ellington’s curse, Cassie shrub Dry 0-1000 m
**Acacia mearnsii (Leguminosae) Black wattle large tree  Mesic 600-1700 m
Acacia melanoxylon (Leguminosae) Blackwood acacia tree
Agave sisalana (Agavaceae) Sisal hemp succulent
Angiopteris evecta (Marattiaceae) King's fern erect fern Mesic/Wet
Anthoxanthum odoratum (Gramineae) Sweet vernal grass, Spring grass grass Mesic/Dry 1500-3000
**Bocconia frutescens (Papaveraceae) Bocconia, Plume poppy shrub Dry 300—-1000 m
Bromus tectorum (Gramineae) Downy chess grass
Carex ovalis (Cyperaceae) sedge
Casuarina equisetifolia (Casuarinaceae) Common ironwood, tree Coastal Dry 0-500 m
Australian pine
Cecropia obtusifolia (Cecropiaceae) Trumpet tree tree
Chionanthes (Linocieria) intermedia (Oleaceae) Russian olive tree
Chrysophyllum oliviforme (Sapotaceae) Damson plum tree
Cinnamomum burmanii (Lauraceae) Padang cassia tree
Cinnamomum camphora (Lauraceae) Camphor tree tree
Citharexylum caudatum (Verbenaceae) Juniper berry small tree
Citharexylum, spinosum (Verbenaceae) Fiddlewood tree
Clerodendrum japonicum (Verbenaceae) Glorybower shrub
**Cortaderia jubata (Gramineae) Andean pampas grass tall grass
Corynocarpus laevigatus (Corynocarpaceae) New Zealand laurel, Karaka nut tree
Eucalyptus globosus (Myrtaceae) Blue gum tree
Ficus microcarpa (Moraceae) Chinese banyan, Indian laurel large tree 0-700 m
Fuchsia magellanica (Onagraceae) tree
Hedychium flavescens (Zingiberaceae) Yellow ginger erectherb  Wet 0-1700 m
Heterocentron subtriplinervium Pearl flower shrub
(Melastomataceae)
Hiptage benghalensis (Malpighiaceae) Hiptage vine
Holcus lanatus (Gramineae) Velvet grass, Creeping soft grass grass
Glycine wightii (Leguminosae) - vine
**Grevillea banksii (Proteaceae) Bank’s grevillea tree
Grevillea robusta (Proteaceae) Silver oak, Silky oak large tree
Juncus polyanthemos (Juncaceae)
Kalanchoe pinnata (Crassulaceae) Air plant, Mexican love plant succulent  Dry/Mesic
Kyllinga brevifolia (Cyperaceae) sedge
Leptospermum scoparium (Myrtaceae) New Zealand tea, Manuka tree
*Melaleuca quinquenervia (leucadendra) Paperbark tree Wet 100-1000 m

(Myrtaceae)
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Meyer: Invasive plants in Pacific islands

Scientific name (Family name) Common name(s) Habit/ Habitat
Life form  (and Locations)

Moderate invaders
*Melastoma candidum (malabathricum) Indian rhododendron shrub Dry 0-700 m

(Melastomataceae)
Melia azedarach (Meliaceae) Pride of India large tree Dry 0—700 m
Melochia umbellata (Sterculiaceae) Gunpowder tree small tree
**Montanoa hibiscifolia (Compositae) Tree daisy herb Dry/Mesic
Opuntia ficus-indica (Cactaceae) Prickly pear cactus succulent
Paederia foetida (Rubiaceae) - vine
Panicum maximum (Gramineae) Guinea grass grass Dry 0-1200 m
Paraserianthes (Albizia) falcataria Molucca albizia large tree  Dry/Mesic 0-1500 m

(Leguminosae)
Paspalum conjugatum (Gramineae) T-grass, Sour paspalum grass Wet 0-2000 m
Passiflora ligularis (Passifloraceae) Sweet granadilla vine
Pennisetum purpureum (Gramineae) Elephant grass grass
Phyllostachys nigra (Gramineae) Black bamboo bamboo
Phormium tenax (Phormiaceae) New Zealand flax, Bush flax erect herb
Pinus caribaea (Pinaceae) Slash pine, Caribbean/ tree

Bahamas pitch pine

Pinus patula (Pinaceae) Mexican weeping pine tree
Pinus pinaster (Pinaceae) Cluster/Maritime pine tree 1600-2200 m
Pithecellobium dulce (Leguminosae) Madras thorn, Manila tamarind  tree Dry 0-300 m
Pluchea indica (Compositae) Indian fleabane shrub
Pluchea odorata (Compositae) Sourbush shrub Dry 0-1000 m
*Prosopis pallida (Leguminosae) Mesquite tree Dry 0-700 m
Psidium guajava (Myrtaceae) Common guava tree Dry 0-500 m
Pueraria lobata (Leguminosae) Kudzu vine
Rhynchelytrum repens (Gramineae) Natal grass grass
Rhynchospora caduca (Cyperaceae) sedge
Rhizophora mangle (Rhyzophoraceae) Red mangrove shrub wetland
Rubus glaucus (Rosaceae) Raspberry spiny shrub
**Rubus sieboldii (Rosaceae) Molucca raspberry spiny shrub (Kaua'i)
**Rubus niveus (nivalis) (Rosaceae) Hill/Mysore raspberry spiny shrub
Rubus rosifolius (Rosaceae) Thimbleberry spiny shrub
Sacciolepis indica (Gramineae) Glenwood grass grass
Schefflera (Brassaia) actinophylla (Araliaceae) Octopus/Umbrella tree tree Wet 0-1000 m
Senecio mikanioides (Compositae) German ivy vine Wet 800—2000 m
Setaria palmifolia (Gramineae) Palmgrass tall grass Wet 300—-2000 m
Spathodea campanulata (Bignoniaceae) African tulip tree large tree  Wet 0-1000 m
Sphaeropteris (Cyathea) cooperi (Cyatheaceae) Australian tree fern tree fern Wet
Syzygium cumini (Myrtaceae) Java plum, Jambolan large tree  Dry/Mesic/Wet 0700 m
Syzygium jambos (Myrtaceae) Rose apple tree Wet 0-500 m
Tagetes minuta (Compositae) Strinking Roger herb
Thunbergia grandiflora (Acanthaceae) Bengal trumpet, Blue trumpet vine  vine
**Tibouchina urvilleana (Melastomataceae) Glorybush shrub Wet 200-1700 m
**Ulex europaeus (Leguminosae) Gorse thorny shrub Mesic 200-2100 m
Potential invaders
Acacia confusa (Leguminosae) Formosan koa tree Dry/Mesic 0—700 m
Acacia decurrens (Leguminosae) Blackwell tree
Acca (Feijoa) sellowiana (Myrtaceae) Pineapple guava tree
Agave americana (Agavaceae) Century plant succulent
Ardisia crispa (Myrsinaceae) shrub
Arthrostemma latifolia (Melastomataceae)
Arundo donax (Gramineae) Giant reed tall grass
Bruguiera gymnorrhiza (Rhizophoraceae)  Oriental mangrove tree wetland
Buddleia madagascariensis (Buddleiaceae) Butterfly bush, Smoke bush shrub
Castilloa elastica (Moraceae) Panama/Mexican rubber tree large tree
Casuarina glauca (Casuarinaceae) Swamp oak, Saltmarsh ironwood tree
Caesalpinia decapetala (sepiaria) Mauritius thorn, Cat’s claw, shrub

(Leguminosae) Mysore thorn
Cestrum diurnum (Solanaceae) Day cestrum, China inkberry shrub
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Scientific name (Family name) Common name(s) Habit/ Habitat
Life form  (and Locations)

Potential invaders

Cestrum nocturnum (Solanaceae) Night cestrum, shrub
Night blooming jasmine
Cinchona pubescens (succirubra) (Rubiaceae) Quinine tree tree
Cinnamomum verum (zeylanicum) (Lauraceae) Cinnamon tree tree
Cryptostegia grandiflora (Asclepiadaceae) Rubber vine vine
Dissotis rotundifolia (Melastomataceae) herb
Flemingia strobilifera (Leguminosae) shrub
Fraxinus uhdei (Oleaceae) Mexican ash large tree 1000-2000 m
Fucraea foetida (Agavaceae) Mauritian hemp succulent  Dry/Mesic
Heliocarpus popayanensis (Tiliaceae) large tree
Leptospermum scoparium (Myrtaceae) New Zealand tea small tree  300-700 m
Ligustrum spp. (Oleaceae) small tree
Lonicera japonica (Caprifoliaceae) Japanese honeysuckle vine
**Medinilla venosa (Melastomataceae)
Melia azedarach (Meliaceae) China berry, Pride of India tree
Merremia tuberosa (Convolvulaceae) Woodrose vine
Ochna kirkii (Ochnaceae) Mickey mouse plant shrub
Odontonema tubiforme (strictum) Fire spike shrub (C’ahu)
(Acanthaceae)
Olea europea var. africana (Oleaceae) Russian olive
**Oxyspora paniculata (Melastomataceae) shrub (O'ahu)
Passiflora laurifolia (Passifloraceae) Yellow granadilla vine
Passiflora suberosa (Passifloraceae) vine Dry 0-600 m
**Pjttosporum undulatum (Pittosporaceae) Victorian box tree
Ricinus communis (Euphorbiaceae) Castor bean shrub Dry 0—-1200 m
*Salvinia molesta (Salviniaceae) Salvinia, Water fern, Kariba weed aquatic fern Wetlands
Sporobolus africanus (Gramineae) Parramatta grass, Rattail grass grass
Toona ciliata (Cedrela toona) (Meliaceae)  Australian red cedar large tree  25-600 m
Trema orientalis (UImaceae) Charcoal tree tree
Wedelia (Sphagneticola) trilobata (Compositae) Wedelia, Singapore daisy herb

* on the Federal Noxious Weed List (USA).
** Noxious Weeds for Eradication or Control purposes by the Hawaii Department of Agriculture, 1992.

Main references National Park.University of Hawaii Cooperative

Lorence, D.H.; Flynn, T.W.; Wagner, W.L. 1995. Contri- National Park Resource Studies Unit Technical

bution to the flora of Hawaii. 11l. New additions, range_I_ Report%réllggl S . q ) |
extension, and rediscoveries of flowering plants.un,'son’ ‘] ' s trategies and Successes In control-
ling alien plants in an Hawaiian National Park. Pp.

Bishop Museum Occasional Papédik. g _ - Hof :
Loope, L.L. 1992. Preventing establishment of new alien 353-376n Center, T.D.; Doren, R.F.; Hofstetter, R.L.;

species in Haleakala National Park and the island of Myers, R.L.; Whiteaker, L.D. (eds) Proceedings of the

Maui, Hawaii.George Wright Forun®(1): 20-31. Sym;msium on/ Exotic Pist PIan_Tsach_nica: R.epo'rt
Medeiros, A.C.; Loope, L.L.. Hobdy, R.W. 1995, Con- NPS/NREVER/NRTR-91/06, University of Miami

servation of cloud forests in Maui County (Maui,
Moloka’i, and Lana’i), Hawaiian island$én Hamil- Academic/local experts consulted
ton, L.S.; Juvik, J.0.; Scatena, F.N. (ed®pical Dr David H. Lorence, Senior Botanist, National Tropical
Montane Cloud ForesSpringer Verlag. Botanical Garden, 3530 Papalina Road, Kalaheo,
Smith, C.W. 1985. Impact of alien plants in Hawai‘i's na-  Kaua®i, Hawaii 96741.
tive biota. Pp. 180-250 Stone, C.P.; Scott, J.M. (eds) Arthur C. Medeiros; Charles Chimera, USGS-BRD,
Hawai‘i's Terrestrial Ecosystems Preservation and Haleakala National Park Field Station, PO Box 369
ManagementUniversity of Hawaii Cooperative Na- Makawao, Maui, Hawaii.
tional Park Resource Studies Unit, Honolulu. Dr Clifford Smith, Professor Emeritus, Department of
Smith, C.W. 1990. Weed management in Hawaii's national Botany, Cooperative National Park Research Studies
parksMonographs in Systematic Botany Missouri Bo-  Unit, University of Hawaii at Manoa, 3190 Maile Way,
tanical Gardens32: 233-234. St John 409, Honolulu, Hawaii.
Tunison, J.T. et al. 1992. The distribution of selected
localized alien plant species in Hawaii Volcanoes
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Nauru

Preliminary list of invasive plants

Scientific name (Family name)

Common name(s)

Habit/ Habitat

Life form (and Locations)

Dominant invaders

Adenanthera pavonina (Leguminosae) Red bead tree, Red sandalwood small tree

Lantana camara (Verbenaceae) Lantana thorny shrub
Leucaena leucocephala (Leguminosae) Wild tamarind, Lead tree small tree

Psidium guajava (Myrtaceae) Common guava tree

Moderate invaders

Annona muricata (Annonaceae) Soursop, Prickly custard apple shrub

Annona squamosa (Annonaceae) Sweetsop, Custard apple shrub

Casuarina equisetifolia (Casuarinaceae) Ironwood tree, Australian pine tree

Muntingia calabura (Tiliaceae) Jamaican cherry, Panama cherry tree

Pluchea sp. (Compositae) - shrub

Stachytarpheta urticifolia (Verbenaceae) Blue rat’s tail, Dark blue snakeweed shrub

Wedelia (Sphagneticola) trilobata (Compositae) Wedelia, Singapore daisy herb

Potential invaders

Acacia farnesiana (Leguminosae) Ellington’s curse, Cassie shrub roads
Luffa acutangula (Cucurbitaceae) Sinqua melon vine

Tecoma stans (Bignoniaceae) Yellow bells, Yellow elder small tree gardens
Thunbergia alata (Acanthaceae) Black-eyed Susan vine gardens
Turnera ulmifolia (Turneraceae) herb gardens

Main references turbance and displacemeiacific Sciencel6(2):
Manner, H.l.; Thaman, R.R.; Hassal, D.C. 1984. Phos- 128-158.
phate-mining induced vegetation changes on Nauru
Island.Ecology65(5): 1454—1465 . Academic/local experts consulted
Manner, H.l.; Thaman, R.R. 1985. Plant succession aftgf Har|ey |. Manner, Professor of Geography, Co||ege of
phosphate mining on NaurAustralian Geographer Arts and Science, University of Guam, 303
16(3): 185-195. Dr Randolph R. Thaman, Professor of Pacific Islands Bio-
Thaman, R.R. 1992. Vegetation of Nauru and the Gilbert geography, Department of Geography, University of
Islands: case studies of poverty, degradation, dis- the South Pacific, PO Box 1168, Suva, Fiji.

New Caledonia

Preliminary list of invasive plants

Habitat
(and Locations)

Scientific name (Family name) Common name(s) Habit/

Life form

Dominant invaders

Heteropogon contortus (Gramineae) grass drylands, savannas
Lantana camara (Verbenaceae) Lantana thorny shrub dry forests, savannas
Leucaena leucocephala (Leguminosae)  Wild tamarind, Lead tree small tree dry forests

Mimosa invisa (Leguminosae) Giant sensitive plant, Spiny mimosa thorny shrub secondary

Ocimum gratissimum (Labiatae) Wild basil herb coastal, wetlands
Psidium guajava (Myrtaceae) Common guava small tree dry forests, savannas
Salvinia molesta (Salviniaceae) Salvinia, Water fern, Kariba weed aquatic fern rivers and wetlands

(Koumac)
Moderate invaders
Acacia farnesiana (Leguminosae) Ellington’s curse shrub
Acanthocereus pentagonus (Cactaceae) succulent (Boulouparis)
Albizia lebbeck (Leguminosae) Siris tree, Indian siris tree
Aristolochia elegans (Aristolochiaceae) vine
Arundo donax (Gramineae) Giant reed tall grass
Caesalpinia decapetala (sepiaria) Mauritius thorn, Cat’s claw, shrub degraded forest
(Leguminosae) Mysore thorn
Cirsium vulgare (Compositae) Spear thistle, Bull thistle herb (Cote Ouest)
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Scientific name (Family name) Common name(s) Habit/ Habitat
Life form (and Locations)

Moderate invaders

Cryptostegia grandiflora (Asclepiadaceae) Rubber vine vine (Voh, Gatope)
Doxantha (MacFadyena) unguis-cati dry forests (Yahoué)
(Bignoniaceae)

Eichhornia crassipes (Pontederiaceae) = Water-hyacinth aquatic herb

Flemingia strobilifera (Leguminosae) shrub

Fucraea foetida (Amaryllidaceae) Mauritian hemp, Sisal rosette

Ipomoea cairica (Convolvulaceae) vine forest edges,

secondary scrub

Jatropha gossipifolia (Euphorbiaceae) shrub

Melinis minutiflora (Gramineae) Melinis, Molasses grass grass fernlands

Opuntia spp. (Cactaceae) Prickly pear succulent coastal forests

Panicum maximum (Gramineae) Guinea grass grass

Parthenium hysterophorus (Compositae) herb

Paspalum urvillei (Gramineae) Vasey grass grass up to 1000 m elev.

Passiflora foetida (Passifloraceae) Stinking passionflower, Love-in-a-mist  vine dry forests, coastal

Passiflora suberosa (Passifloraceae) vine dry forests

Pennisetum purpureum (Gramineae) Elephant grass, Napier grass grass wetlands

Pennisetum setaceum (Gramineae) Fountain grass grass

Rubus rosifolius (Rosaceae) Thimbleberry, Roseleaf raspberry  spiny shrub forestry trails, gaps

Schinus terebinthifolius (Anacardiaceae) Brazilian pepper, Christmas berry small tree coastal (iles
Loyauté)

Solanum mauritianum (Solanaceae) Wild tobacco, Woolly nightshade shrub forestry trails, edges

Solanum torvum (Solanaceae) Prickly solanum shrub coastal, secondary

Tecoma stans (Bignoniaceae) Yellow bells, Yellow elder small tree dry forests

Potential invaders

Acacia nilotica (Leguminosae) tree

Asclepias physocarpa (Asclepiadaceae) shrub

Cedrela odorata (Meliaceae) West Indies cedar tree

Clerodendrum speciosum (Verbenaceae) shrub

Flemingia strobilifera (Leguminosae) shrub

Hydrilla verticillata (Hydrocharitaceae) aquatic herb

Miconia calvescens (Melastomataceae) Miconia, Velvet tree tree

Pinus caribaea (Pinaceae) Slash pine tree

Caribbean/Bahamas pitch pine,
Tithonia diversifolia (Compositae) Mexican sunflower, Tree marigold shrub
Turnera ulmifolia (Turneraceae) herb gardens (Thio)
Main references McKee, H.S. 1985. Les plantes introduites et cultivées en

Barreau, J.; Devambez, L. 1957. Quelques remarques Nouvelle-CalédonieFlore de la Nouvelle-Calédonie

inattendues de I'acclimatation en Nouvelle-Calédonie, et dépendances, vol. _hors-séﬂe159.
Terre et Vied: 324-334. Morat, Ph.; Jaffre, T.; Veillon, J.-M. 1999. Menaces sur

Bouchet, P.: Jaffre, T. Veillon, J.-M. 1995. Plant extinc- les taxons rares et endémiques de Nouvelle-Calédonie.
tion in New Caledonia: protection of sclerophyll for- Pp. 129—144n Lesouef, J.-Y. (ed.) Les plantes
est urgently needeBiodiversity and Conservatict menacees de France,_Actes_(,jU, colloqge de Brest, 15-
415-428. 17 octobre 1997Bulletin Sociéte Botanique Centre-

Gargominy, O.; Bouchet, P.; Pascal, M.; Jaffre, T.; Ouest, Nouvelle Sériluméro Spécial 19
Tourneur, J.-C. 1996. Conséquences des introductioAsademic/local experts consulted
d’espéces animales et végétales sur la biodiversité gpTanguy Jaffré, Centre IRD (ex ORSTOM) de Nouméa,
Nouvelle-CalédonieRevue d’Ecologie (Terre et Vie)  pp A5 Nouméa, New Caledonia.

51: 375-402. Dr Michel Hoff, IRD (ex ORSTOM), Service du

Hoff, M.; Brisse, H.; Grandjouan, G. 1983. La végétation patriomoine Naturel, Institut d’Ecologie et de Gestion
rudérale et anthropique de la Nouvelle-Calédonie et ge |a Biodiversité, Muséum national d’Histoire
des lles Loyauté (Pacifique Sudfolloques  naturelle, 57 rue Cuvier, F-75231 Paris Cedex 05,
phytosociologiques, XlI, Végétations nitrophiles  gErance.

Bailleul: 179-248.
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Niue

Preliminary list of invasive plants

Scientific name (Family name) Common name(s) Habit/ Habitat
Life form (and Locations)

Moderate invaders
Adenanthera pavonina (Leguminosae) Red bead tree, Red sandalwood tree secondary forest
Clerodendrum chinense (philippinum) Honolulu rose shrub

(Verbenaceae)
Fucraea foetida (Agavaceae) Mauritian hemp succulent
Lantana camara (Verbenaceae) Lantana thorny shrub
Leucaena leucocephala (Leguminosae)  Wild tamarind, Lead tree small tree
Mikania micrantha (Compositae) Mile-a-minute herb
Mimosa invisa (Leguminosae) Giant sensitive plant, Spiny mimosa thorny shrub
Pennisetum purpureum (Gramineae) Elephant grass grass
Psidium guajava (Myrtaceae) Common guava tree secondary forest

Sorghum halepense (Gramineae) Johnson grass grass

Stachytarpheta urticifolia (Verbenaceae) Blue rat’s tail, Dark blue snakeweed herb

Moderate invaders

Albizia (Samanea) saman (Leguminosae) Rain tree, Monkeypod, Saman tree  tree

Antigonon leptotus (Polygonaceae) Mexican creeper, Chain of love vine

Cassia mimosoides (leschenaultiana) tree
(Leguminosae)

Panicum maximum (Gramineae) Guinea grass grass

Spathodea campanulata (Bignoniaceae) African tulip tree large tree

Thunbergia fragrans (Acanthaceae) vine

Potential invaders

Acacia farnesiana (Leguminosae) Ellington’s curse, Cassie shrub

Clidemia hirta (Melastomataceae) Koster’s curse shrub

Pinus caribaea (Pinaceae) Slash pine tree

Caribbean/Bahamas pitch pine
Tecoma stans (Bignoniaceae) Yellow bells, Yellow elder small tree
Wedelia (Sphagneticola) trilobata Wedelia, Singapore daisy herb

(Compositae)

Main references

Sykes, W.R. 1970. Contribution to the Flora of NiNew
Zealand Department of Scientific and Industrial Re-
search Bulletin 200Government Printer, Wellington. )

Waterhouse, D.F. 199The major invertebrate pests and#c@demic/local experts consulted
weeds of agriculture and plantation forestry in the

Southern and Western Pacifidustralian Centre for
International Agriculture Research (ACIAR), Can-
berra.

Northern Mariana Islands

Preliminary list of invasive plants

Scientific name (Family name) Common name(s) Habit/ Habitat (and Locations)
Life form

Dominant invaders

Acacia confusa (Leguminosae) Formosan koa tree (Saipan, Tinian)

Albizia lebbeck (Leguminosae) Siris tree, Indian siris large tree  secondary forest (Saipan)

Coccinia grandis (Cucurbitaceae) Ivy/Scarlet gourd vine (Saipan)

Lantana camara (Verbenaceae) Lantana thorny shrub (Saipan, Tinian)

Leucaena leucocephala (Leguminosae) Wild tamarind, Lead tree small tree  (Saipan)

Pennisetum polystachyon (Gramineae) Mission grass grass

Pennisetum purpureum (Gramineae) Elephant/Napier grass grass

Stizolobium (Mucuna) pruriens (Leguminosae) Cow itch, velvet bean vine forest edges (Saipan)
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Scientific name (Family name) Common name(s) Habit/ Habitat (and Locations)
Life form

Moderate invaders

Cestrum diurnum (Solanaceae) Day cestrum, shrub forest edges
Day-blooming jasmine
Chromolaena (Eupatorium) odorata Siam weed, triffid weed herb
(Compositae)
Passiflora suberosa (Passifloraceae) vine (Tinian)
Psidium guajava (Myrtaceae) Common guava small tree
Mimosa invisa (Leguminosae) Giant sensitive plant, thorny shrub

Spiny mimosa

Potential invaders

Annona reticulata (Annonaceae) Custard/Sugar apple, tree
Bullock’s heart
Imperata cylindrica (Gramineae) Cogon/Cotton grass grass (Saipan, Tinian)
Melochia villossissima (Sterculiaceae) shrub forest edges
Muntingia calabura (Tiliaceae) Jamaican cherry, tree open fields, forest edges
Panama cherry
Pithecellobium dulce (Leguminosae) Madras thorne, thorny tree
Manila tamarind
Spathodea campanulata (Bignoniaceae) African tulip tree large tree
Triphasia trifolia (Rutaceae) Limeberry, Orange berry thorny shrub
Main references Space, J.; Falanruw, M.C. 1999. Observations on inva-
Craig, R.J. 1993. Regeneration of native Mariana island SIve plant Species in M|crone§|a. Ms prepared for
forest in disturbed habitatdlicronesica26(2): 99— meeting of Pacific Island Qommlttee Council of West-
108. ern States Foresters, Majuro, Marshall Islands.

Raulerson, L.; Reinhart, A. 1989. Vegetation of Ameri-, .
can Memorial Park, Saipan, Mariana Islandisiver- Academic/local experts consulted
sity of Hawaii CooperativiNational Park Re- Jim Space, Project Manager, Pacific Island Ecosystem at
source Studies Unit TechnicRleport 70 Risk Project (PIER), 11007 E. Regal Dr., Sun Lakes,
Raulerson, L.; Reinhart, A. 1991. Trees and shrubs of the Arizona 85248-7919, USA.
Northern Mariana Islands. Coastal Ressources MaRstanislao C. Villagomez, Director of Agriculture, Divi-
agement, Office of the Governor, Commonwealth of Sion of Agriculture, Department of Land & Natural
the Northern Mariana Islands, Saipan. Resources, Caller Box 10007, Saipan, MP 96950.

Palau

Preliminary list of invasive plants

Scientific name (Family name) Common name(s) Habit/ Habitat
Life form (and Locations)

Dominant invaders

Adenanthera pavonina (Leguminosae) Red bead tree, Red sandalwood tree
Chromolaena (Eupatorium) odorata Siam weed, triffid weed herb
(Compositae)
Clerodendrum paniculatum (Verbenaceae) Pagoda flower shrub
Lantana camara (Verbenaceae) Lantana thorny shrub
Leucaena leucocephala (Leguminosae)  Wild tamarind, Lead tree small tree
Melinis minutiflora (Gramineae) Molasses grass grass
Merremia peltata (Convolvulaceae) Merremia vine (Palau)
Mimosa invisa (Leguminosae) Giant sensitive plant, Spiny mimosa thorny shrub
Panicum repens (Graminaeae) Torpedo grass grass
Paspalum conjugatum (Gramineae) T-grass, Sour paspalum grass
Pennisetum polystachyon (Gramineae) Mission grass grass
Pennisetum purpureum (Gramineae) Elephant grass grass
Psidium cattleianum (Myrtaceae) Strawberry/Chinese guava small tree (Koror)
Timonius timon (Rubiaceae) Liberal tree (Peleliu, Anguar)
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Scientific name (Family name) Common name(s) Habit/ Habitat
Life form (and Locations)

Dominant invaders
Wedelia (Sphagneticola) trilobata Wedelia, Singapore daisy herb
(Compositae)

Moderate invaders

Kalanchoe pinnata (Crassulaceae) Air plant, Mexican love plant succulent
Passiflora foetida (Passifloraceae) Stinking passionflowwer vine secondary
Pluchea indica (Compositae) Indian fleabane shrub (Peleliu, Anguar)
Paraserianthes (Albizia) falcataria Molucca albizia large tree

(Leguminosae)
Psidium guajava (Myrtaceae) Common guava small tree (Palau)

Stachytarpheta urticifolia (Verbenaceae) Blue rat’s tail, Dark blue snakeweed herb

Potential invaders
Acacia auriculiformis (Leguminosae)
Acacia confusa (Leguminosae)

Antigonon leptotus (Polygonaceae) Mexican creeper, Chain of love vine
Cinnamomum verum (zeylanicum) Cinnamon tree tree
(Lauraceae)
Clerodendrum quadriloculare Bronze-leaved clerodendrum shrub
(Verbenaceae)
Clidemia hirta (Melastomataceae) Koster’s curse shrub (Babeldaob)
Clitoria ternatea (Leguminosae) Butterfly pea, Blue pea vine
Ficus microcarpa (Moraceae) Chinese banyan, Indian laurel large tree
Hedychium coronarium (Zingiberaceae)  White ginger erect herb
Imperata cylindrica (Gramineae) Cogon/Cotton grass grass
Syzygium (Eugenia) cumini (Myrtaceae) Java plum, Jambolan large tree
Syzygium(Eugenia) jambos (Myrtaceae) Rose apple tree
Main references lands. A guide to the lowland flora of the Pacific Is-

Canfield, J.E. 1981. Palau: diversity and status of the na- lands Isle Botanica, Honolulu.

tive vegetation of a unique Pacific island eCOSySten;bxcademic/Iocal experts consulted

Newsletter of the Hawaiian Botanical Socie:

14-20. Dr Tim Flynn; Dr David H. Lorence, National Tropical
Space, J.; Falanruw, M.C. 1999. Observations on inva- Botanical Garden, 3530 Papalina Road, Kalaheo,

sive plant species in Micronesia. Ms prepared for Kaua'i, Hawaii 96741, USA.

meeting of Pacific Island Committee Council of WestJim Space, Project Manager, Pacific Island Ecosystem at

ern States Foresters, Majuro, Marshall Islands. Risk Project (PIER), 11007 E. Regal Dr., Sun Lakes,
Whistler, W.A. 1995Wayside Plants of the Pacific Is- Arizona 85248-7919, USA.

Pitcairn Islands

Preliminary list of invasive plants

Scientific name (Family name) Common name(s) Habit/ Habitat (and Locations)
Life form

Dominant invaders

Canna indica (Cannaceae) Canna lily, Indian shot  herb secondary forest gaps (Pitcairn)
Lantana camara (Verbenaceae) Lantana thorny shrub forest, fernland (Pitcairn, Oeno)
Psidium guajava (Myrtaceae) Common guava tree secondary scrub

Syzygium (Eugenia) jambos (Myrtaceae) Rose apple tree forest (Pitcairn)

Sorghum sudanense (Gramineae) Sudan grass tall grass grassland, fernland (Pitcairn)

Moderate invaders

Aleurites moluccana (Euphorbiaceae) Candelnut oil tree tree

Eugenia uniflora (Myrtaceae) Surinam cherry gardens (Pitcairn)

Leucaena leucocephala (Leguminosae)  Wild tamarind, Lead tree small tree gardens

Crinum asiaticum (Liliaceae) - tall herb cliff and steep slopes (Pitcairn)
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Scientific name (Family name) Common name(s) Habit/ Habitat (and Locations)
Life form

Moderate invaders

Paspalum conjugatum (Gramineae) T-grass, Sour paspalum grass secondary scrub (Pitcairn)
Passiflora maliformis (Passifloraceae) Hard-shelled passionfruit vine forest edges (Pitcairn)
Psidium cattleianum (Myrtaceae) Strawberry/Chinese guava small tree (Pitcairn)

Potential invaders

Carpobrotus edulis (Aizoaceae) Pigface succulent cliffs (Pitcairn)
Ipomoea indica (Convolvulaceae) - vine (Pitcairn)
*Lonicera japonica (Caprifoliaceae) Japanese honeysuckle vine gardens (Pitcairn)
Persea americana (Lauraceae) Avocado tree secondary forest (Pitcairn)
Lablab purpureus (Dolichos lablab) Lablab, Hyacinth bean  vine (Pitcairn)
(Leguminosae)
Passiflora laurifolia (Passifloraceae) Yellow granadilla vine (Pitcairn)

*tending to escape, but not fully naturalised (Florence et al. 1995: 102)

Main references tions Royal Society of New Zealand, Botaxi4):

Binggeli, P.; Starmer, J. 1997. Pitcairn Islafd&nsN°6:2. 175-194.

Binggeli, P. 1997. Pitcairn Island. Poster presented at tiéldren, S.; Florence, J.; Chepstow-Lusty, A.J. 1995. Rare
4th International Conference on Invasive Plants, and endemic vascular plants of the Pitcairn Islands,
Berlin. South-Central Pacific Ocean: a conservation appraisal.

Fosberg, F.R.; Sachet, M.-H.; Stoddart, D.R. 1983. Biological Conservatior74: 83-98.

Henderson island (Southeastern Polynesia): summary .
of current knowledgeAtoll Research Bulletine272.  Academic/local experts consulted
The Smithsonian Institution, Washington DC. Dr Pierre Binggeli, ABCS, University of Ulster, Coleraine

Florence, J.; Waldren, S.; Chepstow-Lusty, A.J. 1995. The BT52 1SA, Northern Ireland.

flora of Pitcairn Islands: a revieBiological Journal Dr Jacques Florence, Antenne IRD (ex ORSTOM),

of the Linnean Socief6: 79-119. Laboratoire de Phanérogamie, Muséum national
St John, H.; Philipson, W.R. 1962. An account of the flora d’Histoire naturelle, 16 rue Buffon, 75005 Paris,
of Henderson Island, South Pacific Oce@ransac- France.

Samoa and American Samoa

Preliminary list of invasive plants

Scientific name (Family name) Common name(s) Habit/ Habitat
Life form (and Locations)

Dominant invaders

Albizia chinensis (Leguminosae) - large tree
Castilla elastica (Moraceae) Panama/Mexican rubber tree tree
Cestrum nocturnum (Solanaceae) Night-blooming jasmine, Night cestrum  shrub
*Clerodendrum chinense (philippinum) Honolulu rose, Glory bower shrub
(Verbenaceae)
Clidemia hirta (Melastomataceae) Koster’s curse shrub
Funtumia elastica (Apocynaceae) African rubber tree tree (Samoa)
Ischaemum timorense (Gramineae) - grass
*Mimosa invisa (Leguminosae) Giant sensitive plant, Spiny mimosa thorny shrub
Mikania micrantha (Compositae) Mile-a-minute vine
Paspalum conjugatum (Gramineae) T-grass, Sour paspalum grass
Passiflora laurifolia (Passifloraceae) Yellow granadilla vine

Moderate invaders

Adenanthera pavonina (Leguminosae) Red bead tree, Red sandalwood tree

Albizia (Samanea) saman (Leguminosae) Rain-tree, Monkey pod, Saman tree large tree

Cinnamomum verum (zeylanicum) Cinnamon tree tree
(Lauraceae)

*[ antana camara (Verbenaceae) Lantana thorny shrub

Leucaena leucocephala (Leguminosae)  Wild tamarind, Lead tree small tree
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Common name(s) Habit/ Habitat
Life form (and Locations)

Scientific name (Family name)

Moderate invaders

*Opuntia vulgaris (Cactaceae) Prickly pear succulent
Passiflora foetida (Passifloraceae) Stinking passionfruit, Love-in-the mist vine
Psidium guajava (Myrtaceae) Common guava small tree
Spathodea campanulata (Bignoniaceae) African tulip tree large tree

Stachytarpheta urticifolia (Verbenaceae) Blue rat’s tail, Dark blue snakeweed herb

Thunbergia alata (Acanthaceae) Black-eyed Susan vine
Potential invaders
Alpinia purpurata (Zingiberaceae) Red ginger herb
Arundo donax (Gramineae) Giant reed tall grass
**Bauhinia monandra (Leguminosae) Bauhinia tree
**Cestrum diurnum (Solanaceae) Day cestrum, China inkberry shrub
Plectranthus (Coleus) amboinicus (Labiatae) - herb
Fucraea gigantea (Agavaceae) Cuban hemp succulent
Hedychium flavescens (Zingiberaceae)  Yellow ginger erect herb
Paraserianthes (Albizia) falcataria Molucca albizia large tree
(Leguminosae)
Psidium cattleianum (littorale) (Myrtaceae) Strawberry guava small tree
Solanum torvum (Solanaceae) Prickly solanum shrub (Samoa)
Syzygium (Eugenia) jambos (Myrtaceae) Rose apple tree

* proclaimed a noxious weed (Parham 1972)
** growing as an escape according to literature (Parham1972) but not verified by local/academic expert (pers.
comm. 27 May 1999)

Main references Parham, B.E.V. 1972. Plants of Samoa. A guide to their
Amerson. A.B. Jr.- Whistler. WA.: Schwaner. T.D. 1982. ocal and scientific names with authorities; with notes
In Banks, R.C. (ed.) Wildlife and Wildlife Habitat of ~ O their uses, domestic, traditional and econolge

American Samoa. . Environment and Ecology. Fish Zealand Department of Scientific and Industrial Re-

and Wildlife Service, US Department of the Interior, S€arch, Wellington. _ _

Washington, DC. Whistler, W.A. 1978. Vegetation of the montane region
Amerson, A.B. Jr.; Whistler, W.A.; Schwaner, T.D. 1982, Of Sava'i, Western Samo&acific Science32(1):

In Banks, R.C. (ed.) Wildlife and Wildlife Habitat of  /9—94. _

American Samoa. II. Accounts of flora and faukigh  YVhistler, W.A. 1980. The vegetation of Eastern Samoa.

and Wildlife Service, US Department of the Interior, Allertonia2(2): 45-190.
Washington, DC. Whistler, W.A. 1994. Botanical inventory of the proposed

Christophersen, E. 1935 (1971). Flowering plants of Sa- 1utuila and Ofu units of the National Park of Ameri-
moa. |.Bernice P. Bishop Museum Bullefii8. Kraus can SamodJniversity of Hawaii Cooperative National
Reprint Co., New York. Park Research Studies Unit, Technical Repart

Christophersen, E. 1938 (1971). Flowering plants of s¥/histler, W.A. 1998. Weeds of SamddiensN°7: 8-9.

moa._II.Bernlce P. Bishop Museum Bulletif4. Kraus Academic/local experts consulted
Reprint Co., New York.

Henson’ B. (ed) 1994. Western Samoa. National En\P_r W. Arthur WhiStler, Isle BOtanica, Botanical Consult-
ronment and Deve|opment Management Strategies_ ants and Book PubliSheI‘S, 500 UniVerSity AVe., #1601,

SPREP/UNDP. Honolulu, Hawaii 96826, USA.

Tonga

Preliminary list of invasive plants

Common name(s) Habit/ Habitat
Life form (and Locations)

Scientific name (Family name)

Dominant invaders

Lantana camara (Verbenaceae)
Leucaena leucocephala (Leguminosae)
Mikania micrantha (Compositae)
Panicum maximum (Gramineae)

Lantana

Wild tamarind, Lead tree
Mile-a-minute

Guinea grass

thorny shrub grassland
small tree

vine

grass (Tongatapu)
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Scientific name (Family name) Common name(s) Habit/ Habitat
Life form (and Locations)
Dominant invaders
Paspalum conjugatum (Gramineae) T-grass, Sour paspalum grass secondary forest
Psidium guajava (Myrtaceae) Common guava tree
Tradescantia (Rhoeo) discolor Boat lily herb coastal forest
(spathacea) (Commelinaceae)
Moderate invaders
Adenanthera pavonina (Leguminosae) Red beadtree, Red sandalwood small tree secondary + primary
forest (Eua, Vava'u,
Tongatapu)
Cyperus rotundus (Cyperaceae) Nut-grass, Coco grass sedge
Indigofera suffruticosa (Leguminosae) - shrub
Senna (Cassia) tora (Leguminosae) Foetid cassia, Peanut weed shrub
Sorghum sudanense (Gramineae) Sudan grass grass

Stachytarpheta urticifolia (Verbenaceae) Blue rat’s tail, Dark blue snakeweed herb

Tecoma stans (Bignoniaceae) Yellow bells, Yellow elder small tree

Wedelia (Sphagneticola) trilobata Wedelia, Singapore daisy herb
(Compositae)

Potential invaders

Canna indica (Cannaceae) Canna lily, Indian shot herb

Clerodendrum buchananii var. fallax Pagoda flower shrub
(Verbenaceae)

Clerodendrum chinense (philippinum) Honolulu rose, Glory bower shrub
(Verbenaceae)

Melinis minutiflora (Gramineae) Molasses grass grass

Main references

Drake, D.R.; Whistler, W.A.; Motley, T.J.; Imada, C.T.

Whistler, W.A. 1992. Vegetation of Samoa and Tonga.

Pacific Sciencel6(2): 159-178.

1996. Rain forest vegetation of 'Eua Island, KingdonYuncker, T.G. 1959. Plants of Tonggulletin Bernice P.

of Tonga.New Zealand Journal of Botardd: 65-77.

Bishop Museur220: 1-283.

Franklin, J.; Drake, D.R.; Bolick L.A.; Smith D.S.; Mot- Academic/local experts consulted

ley, T.J. 1999. Rain forest composition and patterns
secondary succession in the Vava'u island Grou
Tonga.Journal of Vegetation Sciend®: 51-64.

gr Donald R. Drake, School of Biological Sciences, Vic-
P> toria University of Wellington, PO Box 600, Welling-
ton, New Zealand.

Sykes, W.R. 1981. The vegetation of Late, Tongarofessor Janet Franklin, Department of Geography, Mail

Code 4493, San Diego State University, 5500

Waterhouse, D.F. 1997. The major invertebrate pests and Campanile Drive, San Diego, CA 92182-4493, USA.
weeds of agriculture and plantation forestry in th&®r Randolph R. Thaman, Professor of Pacific Islands Bio-
Southern and Western Pacific. Australian Centre for In- geography, Department of Geography, University of

Allertonia 2(6) : 323-353.

ternational Agriculture Research (ACIAR), Canberra.

Vanuatu

Preliminary list of invasive plants

the South Pacific, PO Box 1168, Suva, Fiji.

Scientific name (Family name) Common name(s) Habit/ Habitat
Life form (and Locations)
Dominant invaders
Cordia alliodora (Boraginaceae) Ecuador laurel, Salmwood tree
Eichhornia crassipes (Pontederiaceae)  Water hyacinth aquatic herb
Heteropogon contortus (Gramineae) grass
Imperata cylindrica (Gramineae) Cogon/Cotton grass grass
Lantana camara (Verbenaceae) Lantana thorny shrub
Leucaena leucocephala (Leguminosae)  Wild tamarind, Lead tree small tree
Merremia peltata (Convolvulaceae) Merremia vine forest margins
Mikania micrantha (Compositae) Mile-a-minute vine forest margins
Panicum maximum (Gramineae) Guinea grass grass
Paspalum conjugatum (Gramineae) T-grass, Sour paspalum grass

Salvinia molesta (Salviniaceae)

Salvinia, Water fern, Kariba weed

aquatic fern

106



Meyer: Invasive plants in Pacific islands

Scientific name (Family name) Common name(s) Habit/ Habitat
Life form (and Locations)

Moderate invaders

Acacia farnesiana (Leguminosae) Ellington’s curse, Cassie shrub

Fucraea foetida (Agavaceae) Mauritian hemp succulent dry lowlands
Psidium guajava (Myrtaceae) Common guava tree

Senna (Cassia) tora (Leguminosae) Foetid cassia, Peanut weed tree

Spathodea campanulata (Bignoniaceae) African tulip tree large tree

Tithonia diversifolia (Compositae) Mexican sunflower, Tree marigold herb

Potential invaders
Clidemia hirta (Melastomataceae) Koster’s curse shrub

Main references lands.Philosophical Transactions of the Royal Soci-

Schmid, M. 1978. The Melanesia forest ecosystems (New €t Of LondonSeries B, 255259-270.
Caledonia, New Hebrides, Fiji islands and Solomog .
islands). Pp. 654—688 Tropical Forest Ecosystems cademic/local experts consulted
UNESCO, Paris. Sam Chanel, Herbarium curator, Department of Forestry,
Terry, P.J. 1982. Appraisal of weed problems in the Re- PMB 064, Vanuatu.
public ofVanuatu 28 February—14 March, 1982. ARM@r Matthew J. D. Cock, Weed Biological Control Pro-
Weed Research Organization, Internal Report n°149. gramme Leader, CABI Bioscience, Silwood Park,

Tolfts, A. 1997.Cordia alliodora the best laid plans... ~ Buckhurst Road, Ascot, Berks SL5 7TA, UK.
Aliens6: 12-13. Dr Maurice Schmid, Laboratoire de Phanérogamie,
Waterhouse, D.F.; Norris, K.R. 19%iological Control Muséum national d’Histoire naturelle, 16 rue Buffon,

Pacific ProspectsAustralian Centre for International ~ 75005 Paris, France.
Agricultural Research, Inkata Press, Melbourne.  Dr John Terry, Head, Tropical Weeds Unit, Long Ashton
Whitmore, T.C. 1969. The vegetation of the Solomon Is- Research Station, Bristol BS41 9AF, UK.

Wallis and Futuna

Preliminary list of invasive plants

Scientific name (Family name) Common name(s) Habit/ Habitat (and Locations)
Life form

Dominant invaders

Clidemia hirta (Melastomataceae) Koster’s curse shrub dense forest
Melinis minutiflora (Gramineae) Molasses grass grass fernlands
Merremia peltata (Convolvulaceae) Merremia vine forest edge
Mikania micrantha (Compositae) Mile-a-minute vine secondary forest

Moderate invaders
Leucaena leucocephala (Leguminosae)  Wild tamarind, Lead tree small tree secondary vegetation

Paspalum conjugatum (Gramineae) T-grass, Sour paspalum grass wetland

Passiflora foetida (Passifloraceae) Stinking passionflower, vine secondary forest
Love-in-a-mist

Spathodea campanulata (Bignoniaceae) African tulip tree large tree

Potential invaders

*Cestrum nocturnum (Solanaceae) Night cestrum, Night- shrub secondary forest, lowland dense
blooming jasmine forest (in Futuna only)

Jatropha curcas (Euphorbiaceae) Purging nut lowland dense forest

Lantana camara (Verbenaceae) Lantana thorny shrub gardens, secondary vegetation

Paraserianthes (Albizia) falcataria Molucca albizia tree

(Leguminosae)

Paspalum orbiculare (Gramineae) - grass grasslands and wetlands

Physalis angulata (minima) (Solanaceae) Wild cape-gooseberry  herb gardens, secondary vegetation

Psidium guajava (Myrtaceae) Common guava tree small tree lowlands

Sorghum halepense (Gramineae) Johnson grass grass roadsides (in Wallis only)

Stachytarpheta urticifolia (Verbenaceae) Blue rat’s tail, shrub secondary vegetation

Dark blue snakeweed

* In the literature (Morat and Veillon 1985), but not verified by local experts (pers.comm. 30 June 1999).
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Main references Southern and Western Pacific. Australian Centre for
Hoff, M.; Brisse, H. 1990. Contribution & I'étude des Ntérnational Agriculture Research (ACIAR), Can-

groupements végétaux des lles Wallis et FutDoau- berra. )
ment phytosociologique, N.Sql. XII. Academic/local experts consulted

veégetation et a la flore du Territoire de Walllis et Futuna.  yyea, Wallis & Futuna.

Rapport de missions botaniques effectuées dans g Mmichel Hoff, IRD (ex ORSTOM), Service du
territoire en 1981-198Zentre ORSTOM de Nouméa.  patriomoine Naturel, Institut d’Ecologie et de Gestion

Morat, P.; Veillon, J.-M. 1985. Contribution & Ia_ de la Biodiversité, Muséum national d’Histoire
connaissance de la végétation et de la flore de Wallis natyrelle, 57 rue Cuvier, F-75231 Paris Cedex 05,

et Futuna.Bulletin Muséum national d’ Histoire France.

naturelle, Paris, 4e sér,, 7, section B, Adanspnf8:  Atloto Malau, Service Territorial de I'Economie Rurale,

259-329. o B.P. 19 Mata’Utu, 98600 Uvea, Wallis & Futuna.
Waterhouse, D.F. 1997. The major invertebrate pests apgino Vanai, Service Territorial de I'Environnement, B.P.

weeds of agriculture and plantation forestry in the ogg4 Mata’Utu, 98600 Uvea, Wallis & Futuna.

4. DISCUSSION

4.1 Dominant plant invaders in most of
the Pacific islands

Among the most significant dominant invasive taxamong the dominant invasive taxa which are found
which are found in most of the islands studied (domin some Pacific islands only (not bold in Table 1),
nant in at least 3 island groups>[3, and dominant Clidemia hirtais known to be highly invasive in the
plus moderate in at least 7 islands, D W, shown Mascarenes and widely naturalised in Malaysia;
in bold in Table 1) are the tregsdenanthera Tecoma stanis considered as a noxious plant spe-
pavonina Leucaena leucocephalBsidiumspp. £, cies in South AfricaMelinis minutiflorais invasive
cattleianum and P. guajavg, Spathodea , the Galapagos and the Ascension Islands; and

campanulataandSyzygiumspp.(mainly S. cumini - argisia ellipticais an aggressive invader in the
andsS. jamboy the thorny shrubkantana camara, Mascarenes and the Seychelles.

Mimosa invisa and Rubus spp(mainly R.

moluccanuandR. rosifoliug, the ornamental shrubs 4.2 Dominant plant invaders in a few
Clerodendrunspp., and the erect hetdsdychium
spp.; the climbing vineBlerremia peltataMikania _ o ,
micranthaandPassifloraspp.; the grasséanicum Special attention is drawn to very aggressive plant
spp. P. maximunandP. repeny Paspalunspp. (es- species found only in one or a few islands (D €M
peciallyP. conjugaturjy andPenniseturspp. (mainly 2) and which have not been introduced to the other
P. polystachyoandP. purpureun) the creeping herb Pacific islands yet (or are at least not naturalised).
Wedelia (Sphagneticola) trilobatand the aquatic They includeCardiospermum grandiflorurm the
plantEichhornia crassipesOther significant aggres- Cook islandsCastilloa elastican the Samoag;or-

sive species found in most of the islands studied (@a alliodora in Vanuatu,Miconia calvescensn

< 3 and D + M> 7) include the tree8lbizia spp. French Polynesia and Hawalilyrica fayain Ha-
(especiallyA. lebbeck the shrubsStachytarpheta waii, Piper aduncunin Fiji, Timonius timorin Palau

spp. 6. urticifoliaandS. jamaicensjs and the trees (Table 2).Miconia calvescensalso called the “pur-
Acaciaspp. (especiallA. farnesian (These spe- ple plague” in Hawaii or the “green cancer” in Ta-
cies are also shown in bold in Table 1.) hiti, a tree native to tropical America and introduced
Most, if not all, of these species are known to be ifS &n ornamental, is now considered to be “py far
vasive in other tropical island or countries (Aga- the most effective and destructive competitor of all
cia farnesianain Australia and the West Indies;native and established wet forest plants” in the Pa-
Hedychiumspp., in the Mascarenes, New Zealanéific islands (Mueller-Dombois and Fosberg 1998:
and South AfricaClidemia hirtaand Syzygium 412)and “the worst of all exotic escapees” (Whittaker
jambosin the Mascarenes and the Seychelled998: 244). Other island-restricted invasive species
Passifloramollissimain New Zealand and Southsuch asAntigonon leptotusn Guam,Elaeis
Africa; Pennisetunpurpureumin Galapagos, Haiti guineensisn PohnpeiKalanchoe pinnatan Palau,

and South AfricaPennisetum clandestinumNew or Ocimum gratissimunare found in other Pacific
Zealand and South Afric&sidium cattleianunin  islands where they are planted as garden ornamentals
the Mascarenes and New Zealand). or are sparingly naturalised.

Pacific islands
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Table 1. List and classification of the 33 most significant invasive taxa in most Pacific islands

studied.*

Scientific name (Family name) D M D+M
Lantana camara (Verbenaceae) 14 1 15
Leucaena leucocephala (Leguminosae) 13 3 16
Pennisetum spp . (P. clandestinum, P. polystachyon, P. purpureum,

P. setaceum) (Gramineae) 11 2 13
Psidium spp. (P. guajava + P. cattleianum) (Myrtaceae) 6+4 5+1 16
Mikania micrantha (Compositae) 8 0 8
Paspalum spp . (P. conjugatum, P. distichum, P. urvillej)  (Gramineae) 7 6 13
Mimosa invisa (Leguminosae) 7 2 9
Merremia peltata (Convolvulaceae) 7 0 7
Adenanthera pavonina (Leguminosae) 5 2 7
Clerodendrum spp . (C. chinense, C. japonicum, C. paniculatum,

C. quadriloculare) (Verbenaceae) 5 2 7
Passiflora spp . (P. foetida, P. laurifolia, P. ligularis, P. mollissima, P. quadrangularis,

P. rubra) (Passifloraceae) 4 10 14
Rubus spp. (R. argutus, R. ellipticus, R. glaucus, R. moluccanus, R. nivalis,

R. rosifolius) (Rosaceae) 4 6 10
Syzygium spp. (S. cumini, S. floribundum, S. jambos)  (Myrtaceae) 4 4 8
Panicum spp. (P. maximum + P. repens) (Gramineae) 3+1 3+0 7
Eichhornia crassipes (Pontederiaceae) 4 3 7
Paraserianthes (Albizia) falcataria (Leguminosae) 4 2 6
Clidemia hirta (Melastomataceae) 4 0 4
Acacia spp. (A. confusa, A. farnesiana, A. mearnsii, A. melanoxylon,

A. spirorbis) (Leguminosae) 3 5 8
Spathodea campanulata (Bignoniaceae) 3 5 8
Hedychium spp . (H. coronarium, H. flavescens, H. gardnerianum)  (Zingiberaceae) 3 4 7
Wedelia (Sphagneticola) trilobata (Compositae) 3 4 7
Melinis minutiflora (Gramineae) 3 2 5
Sorghum spp. (S. halepense + S. sudanense) (Gramineae) 2+1 1+1 5
Chromolaena (Eupatorium) odorata (Compositae) 3 1 4
Ardisia elliptica (humilis) (Myrsinaceae) 3 0 3
Ischaemum spp. (I. polystachyum var. chordatum, I. timorense) (Gramineae) 3 0 3
Albizia spp. (A. chinensis, A. lebbeck, A. saman) (Leguminosae) 2 6 8
Cestrum spp. (C. diurnum + C. nocturnum) (Solanaceae) 2+0 2+1 5
Cecropia spp. (C. obtusifolia, C. peltata) (Cecropiaceae) 2 1 3
Coccinia grandis (Cucurbitaceae) 2 1 3
Imperata cylindrica (Gramineae) 2 0 2
Tecoma stans (Bignoniaceae) 1 4 5
Stachytarpheta spp. (S. urticifolia + S. jamaicensis) 1+0 7+1 9

*By order of the number of island countries where the plant is considered to be dominant, D, followed by the total

number of island countries where the plant is considered to be dominant and moderate, D + M > 2.

4.3 Potential invasive plants in
Pacific islands

Ligustrumspp, the ornamental shruBanchezia

Among the 30 and more potential invasive plants ispeciosathe wild tobacc&olanum mauritianunand
the Pacific islands (i.e. known to be highly invasivéhe Bengal trumpet vinghunbergia grandiflora

elsewhere), sometimes locally naturalised but not yEhese are known to be serious invaders in other tropi-
perceived to be widespread and dominant (Table 8al islands (Galapagos, Mascarenes, Mayotte, Sey-
are the rubber vin€ryptostegia grandiflorathe chelles, St Helena) or tropical countries (Australia,
coco-plumChrysobalanus icacahe quininetree Florida, South Africa, Singapore). All of them have
Cinchona pubescensthe cinnamon tree beenintroduced intentionally to many Pacific islands
Cinnamomum verum (zeylanicunthe privets and should be closely watched.
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Table 2. Other significant dominant invasive plants found in some Pacific islands only (D + M <2)

Scientific name (Family name) SPREP island countries where Other tropical countries
species is considered to be or islands where considered
dominant (+ moderate) to be an aggressive invader

Andropogon virginicus (Gramineae) Hawaii

Annona glabra (Annonaceae) Fiji (+French Polynesia) Cape York (Australia)

Antigonon leptotus (Polygonaceae) Guam Australia, Galapagos,

Mayotte (Indian Ocean)

Canna indica (Cannaceae) Pitcairn Islands

Cardiospermum grandiflorum (Sapindaceae) Cook Islands Queensland (Australia)

Castilloa elastica (Moraceae) Samoa

Cordia alliodora (Boraginaceae) Vanuatu

Elaeis guineensis (Palmae) Pohnpei

Funtumia elastica (Apocynaceae) Samoa

Heteropogon contortus (Gramineae) New Caledonia, Vanuatu

Hydrilla verticillata (Hydrocharitaceae) Fiji Florida (USA)

Kalanchoe pinnata (Crassulaceae) Palau (+ French Polynesia, Hawaii)  Galapagos

Miconia calvescens (Melastomataceae) French Polynesia, Hawaii

Myrica faya (Myricaceae) Hawaii

Ocimum gratissimum (Labiatae) New Caledonia (+ French Polynesia)

Piper aduncum (Piperaceae) Fiji

Rhodomyrtus tomentosa (Myrtaceae) Hawaii (+ French Polynesia) Florida (USA)

Salvinia molesta (Salviniaceae) New Caledonia, Vanuatu Queensland (Australia),

South Africa
Schinus terebinthifolius (Anacardiaceae) Hawaii Florida (USA), Mascarenes

(Indian Ocean), S. Africa
Tibouchina herbacea (Melastomataceae)  Hawaii
Timonius timon (Rubiaceae) Palau

Tradescantia (Rhoeo) discolor Tonga Florida (USA)
(Commelinaceae)

4.4 Types of habitats susceptible to Extreme environments such as alpine gold zone and
. . coastal dry and salted zones are considered as less
Invasion susceptible to invasion. However, some alien plants,

All the vegetation types in the Pacific Islands arguch agCasuarinaspp. orPlucheaspp. have been

susceptible to invasion (Table 4). Most of the domidocumented to colonise atolls and low corallous is-

nant invasive plants listed previously are found imnds. Likewise, although exotic species generally
secondary vegetation, mainly in the dry lowlands (€.@o not have the capacity to grow on ultrabasic soils

Lantana camara, Leucaena leucocephala, Psidiufgchmid 1989), in New Caledonia the introduced

guajavg and the mesic habitats (eAdenanthera pinus caribaeas one of the few species which is

pavonina Spathodea campanulgtaThe creeping aple to colonise these soils, even where the native

vinesMerremia peltataandMikania micranthaand  yegetation has not been destroyed (Morat et al. 1999).

the thorny shruMimosa diplotrichgorefer disturbed

habitats and openings, but they can also invade fof Bio-ecological characteristics of

est gaps and margins. invasive plants

Less-disturbed natural habitats with high ecologiciost of the successful plant invaders produce fleshy
importance and conservation values are also profigits (berries or drupes), actively dispersed by ani-
to invasion (e.g. the mangrove forests are threatenggjs, mainly frugivorous birds, pigs and rats (e.g.
by Annona glabran Fiji, the cloudforests of Tahiti ardisia elliptica, Clidemiahirta, Lantana camara,

by Miconia calvescenandRubus rosifolius Taxa Miconia calvescens, Passiflora mollissinoa
that are able to penetrate the native montane foreigidium cattleianuiy other aggressive alien plants
such asCestrumspp, Clidemia hirta Passiflora haye spiny or sticky dry fruits (e.ylimosa invisj
mollissimg Psidium cattleianumRubusspp,  dispersed by animals on hairs, on people’s clothing
Syzygiunspp.or the grasMelinis minutiflorashould  and with vehicles, or by wind-dispersed seeds (e.g.

be of highest concern for prevention and managepathodea campanulata, Tecoma stans, Mikania
ment plans.
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Table 3. Other potential aggressive invaders in the Pacific islands

Scientific name (Family name) Tropical countries where Pacific island countries
considered to be an where a Potential or a
aggressive invader Moderate invasive plant

Agave sisalana (Agavaceae) South Africa Fiji, French Polynesia, Hawaii

Arundo donax (Gramineae) New Zealand Fiji, Hawaii, New Caledonia,

Samoas
Caesalpinia decapetala (sepiaria) S. Africa, East Africa, New Zealand Fiji, French Polynesia, Hawaii,
(Leguminosae) New Caledonia

Casuarina glauca (Casuarinaceae) Florida (USA), New Zealand Hawaii

Cedrela odorata (Meliaceae) Galapagos Hawaii, New Caledonia, Yap

Cinnamomum camphora (Lauraceae)  Florida, Queensland (Australia),

South Africa Hawaii

Cinnamomum verum (zeylanicum) Mayotte (Indian Ocean), Seychelles  Cook Is, Pohnpei (FSM), Hawaii,
(Lauraceae) Samoas

Cortaderia jubata (Gramineae) California, New Zealand, South Africa Hawaii

Cryptostegia grandiflora Cape York (Australia) Fiji, Hawaii, New Caledonia
(Asclepiadaceae)

Chrysobalanus icaco Seychelles Fiji, French Polynesia
(Chrysobalanaceae)

Cinchona pubescens (succirubra) Galapagos, St Helena French Polynesia, Hawaii
(Rubiaceae)

Ficus microcarpa (Moraceae) Florida (USA) French Polynesia, Guam,

Hawaii, Palau

Fuchsia magellanica (Oenotheraceae) La Réunion (Mascarenes) Hawaii

Grevillea robusta (Proteaceae) South Africa French Polynesia, Hawaii

Hiptage benghalensis (Malpighiaceae) Mascarenes Hawaii

Ligustrum spp. (Oleaceae) Australia, Florida, Mascarenes,

New Zealand, South Africa Hawaii

Lonicera japonica (Caprifoliaceae) Florida, Juan Fernandez Islands, Hawaii, Fiji, Pitcairn Islands
New Zealand, Queensland (Australia)

Melaleuca quinquenervia (Myrtaceae)  Florida FSM, Guam, Hawaii

Melia azedarach (Meliaceae) Florida, South Africa French Polynesia, Hawaii

Ochna kirkii (Ochnaceae) Seychelles French Polynesia, Hawaii

Paederia foetida (Rubiaceae) Florida, New Zealand Hawaii

Pittosporum undulatum (Pittosporaceae) Jamaica, New Zealand, South Africa Hawaii

Pueraria lobata (Leguminosae) South Africa French Polynesia, Hawaii

Sanchezia speciosa (nobilis) Queensland (Australia) Fiji, French Polynesia

(Acanthaceae)
Schefflera actinophylla (Araliaceae) Florida (USA) French Polynesia, Hawaii,
Pohnpei (FSM)

Senecio mikanioides (Compositae) Chile, New Zealand Hawaii

Setaria palmifolia (Gramineae) New Zealand French Polynesia, Hawaii

Solanum mauritianum (Solanaceae) Mascarenes, New Zealand, S. Africa Cook Islands, New Caledonia

Thunbergia grandiflora (Acanthaceae) Florida, Queensland, Singapore Fiji, French Polynesia, Hawaii

Tithonia diversifolia (Compositae) Cape York (Australia), South Africa Fiji, French Polynesia,

New Caledonia, Vanuatu

Toonia ciliata (Cedrela toona) South Africa Hawaii

(Meliaceae)

Ulex europaeus (Leguminosae) California, La Réunion (Mascarenes), Hawaii
New Zealand, South Africa

Zizyphus mauritiana (Rhamnaceae) Cape York (Australia) Fiji
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Table 4. Classification of some significant invasive plants by habitat (or vegetation types)

Scientific name (Family name) Coastal Man- Dry Mesic Wet Cloud
grove lowland inland upland  forests

Adenanthera pavonina (Leguminosae) X X

Annona glabra (Annonaceae) X X

Ardisia elliptica (Myrsinaceae) X

Casuarina equisetifolia (Casuarinaceae) X

Chrysobalanus icaco (Chrysobalanaceae) X X

Clidemia hirta (Melastomataceae) X X X
Fucraea foetida (Agavaceae) X

Hedychium gardnerianum. (Zingiberaceae) X X X
Kalanchoe pinnata (Crassulaceae) X
Lantana camara (Verbenaceae) X
Leucaena leucocephala (Leguminosae) X
Melinis minutiflora (Gramineae)

Merremia peltata (Convolvulaceae) X
Miconia calvescens (Melastomataceae)

Mikania micrantha (Compositae)

Mimosa invisa (Leguminosae) X
Paraserianthes falcataria (Leguminosae) X
Passiflora mollissima (Passifloraceae) X X
Psidium cattleianum (Myrtaceae) X X
Psidium guajava (Myrtaceae) X

Rubus moluccanus (Rosaceae) X X
Rubus rosifolius (Rosaceae) X X
Piper aduncum (Piperaceae)

Spathodea campanulata (Bignoniaceae) X
Syzygium cumini (Myrtaceae) X
Syzygium jambos (Myrtaceae)

Wedelia (Sphagneticola) trilobata (Compositae) X X X

X X
x

X X X X X X
x
x

X X X X

micranthg. Some have a large and long-lived soiParaserianthes falcataria or Albizia lebbeate com-
seed bank (e.gMiconia calvescensSchinus monly used as shade plants, for reforestation or wind-
terebinthifoliug which allows them to persist and re-breaks.

generate over long periods. Other are pioneers or early

successional plants with rapid growth and prolifid.7 Impacts of invasive plants

reproduction (e.gCecropiaspp, Mimosa inviseor  njast of the dominant plant invaders mentioned here
Chromolaena odorafa Reproductive system of in- ¢, monospecific stands (dense canopy covers,

vasive plants could be sexual and/or vegetativg,ickets, or mats) which exclude nearly all other plant
Wedelia (Sphagneticola) trilobatadClerodendrum  ¢acies by preventing or suppressing their recruit-

chinenseuse only asexual means to spread, a ent, growth, or reproduction. Taxa suckGasvillea
Tibouchinaspp. can spread vegetatively from olqq,psta Psidium cattleianumSchinus terebin-
canes layering along the ground. thifolius andSyzygiunspp. are suspected to produce

. . allelopathic substanceé&ndropogon virginicus,
4.6 Means of introduction Melinis minutifloraand Pennisetum setaceuare
Introduction of plant invaders could be accidental gryrophytic grasses, i.e. they are fire-adapted species
intentional. Many dominant invasive species havihnat quickly re-establish after a fire. Their tendency
been introduced as garden ornamentals becauseaaform dense mats of dead matter results in increas-
their showy flowers or leaves, such &stigonon ing runoff and accelerated erosidwyrica fayais a
leptotusin Guam,Miconia calvesceng Tahiti and nitrogen-fixing plant, which increases nitrogen in-
Hawaii, Hedychiumspp. andClerodendrum puts and alters the soil nutrient status, thus facilitat-
quadrilocularein many islandspthers were intro- ing the spread of other alien species.
duced as a food source, suctCagcinia grandisn
Hawaii and Saipan; as timber, suchPasusspp.; as 4.8 Role of disturbance
fodder, such ad/elinis minutiflorg as pasture spe-
cies, such aBanicumspp, Paspalunspp, Sorghum
spp.; or as ground cover, such adedelia
(Sphagneticola) trilobatar Dissotis rotundifolia.
Legume trees such dsucaena leucocephala,
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Most of the plant invader’s success depends on dis-
turbed environments. Cyclone or flood damage can
enable exotics to gain an immediate foothold, thus
accelerating invasion rates. For example, on
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Rarotonga (Cook Islands), the spread o$warbrick (1997) distinguished the “weeds in Na-
Cardiospermum grandiflorurwas triggered by the tional Parks”, defined as areas primarily used for the
hurricane Sally in 1986 (E. Saul, pers. comm.). Physhaintenance or conservation of natural vegetation:
cal disturbance due to fire promotes success and éxdisiaspp, Cardiospermum grandiflorum, Cestrum
tension of pyrophytic grasses (see abdveilawaii, nocturnum, Clerodendrum philippinum, Clidemia
wild pigs Sus scrofahave been identified as beinghirta, Merremia peltata, Mikania micrantha,
the most important influence on alien plant invasioRaspalum conjugatum, Passiflora laurifolia, P.
in rainforests by disturbing the soil and dispersingnaliformis, P. rubra, Psidium cattleianum (littorale),
seeds of alien plant species (suchPssdium Rubus moluccanus, Schinus terebinthifolius,
cattleianunor Passiflora mollissimpa However, even Spathodea campanulata, Syzygium cujratiin-
natural communities that are protected from large digluded in the present review. The other species cited
turbances can be vulnerable to invasion. Some aliei Swarbrick Elephantopus mollis, Hippobroma
plants, such aSchinus terebintifoliusSpathodea longiflora, Leucas decemdentata, Struchium
campanulata, Miconia calvescems Psidium Sparganophorum, Coleus (Plectranthus) scuttel-
cattleianum have the ability to invade natural habiJorioides andBegonia semperflorens cultoruraje

tats without any apparent disturbances. typical weeds.

5. Conclusions 5.3 Potential conflict of interests

5.1 Objectivity v. subjectivity of this Several invasive plants are introduced intentionally
review and currently used as a food source (Egccinia

. . . . randis, Passifloraspp.) or in forestry and
Because of the scarcity of published information oggroforestry (e.Adenanthera pavoninheucaena

|r_1vadS|ve plants in th_(; P da(l:)mcl |sla|n ds,dmost dOf th_e bﬁ“'éucocephalaF’araserianthes falcataria, Castilloa
Sic data were provided by local and academic eéTastica Thaman and Whistler 1996), thus creating

perts: Although the classmcgt;o_n used in this reV'Q\%(jnflicts of interests between users and conservation-
(dominant/moderate/potential) is based on PETSONgis Grevillea robustaandPinus caribaeafor ex-

assessments of the degree of importance of invas r?lples, used extensively in reforestation programmes

plants (‘invasiveness”), it nevertheless contains gl y,any pacific islands, have naturalised and show a
evant quantitative elements. Moreover, most of t'l%ndency to expand.

information presented in this review comes from di-

rect and current field observations. 5.4 Growing importance of plant

invasions in Pacific islands

5.2 Comparison with previous studies T )
Except for the well-studied island cases of Hawaii

Whistler (1995) documented 170 weeds found %hd New Zealand (and more recently of French Poly-

highly disturbed habitats in Hawaii, Samoa, Tong{ﬁ sia), alien plant species were considered to be mi-

Tah.'t" Guam and Belau (Pglauz. The listalso mCIU.derQEr components of the flora and fauna and generally
14 introduced plant species “which penetrate in

wral tems” such@erodend hi ot an important threat to native ecosystems in other
natural ecosystems - suc rodendrum Chinense, o vific islands. With the recent and rapid increase of
Clidemia hirta, Ficus microcarpa, Lantana camar

a .
) L . . . . movement of people and transportation of goods be-
Mltrtr;qsa mwze;), Plthecelézobblum dz{l?_e, PSS'gi'rl:n}ween islands and the nearests continents, between
cattelanumandi. guajava, RUDUS FOSIOIIUS, SCINUSs o g iojang countries, and among archipelagos and

terebinthifolius, Sche_fflera act_inophylla, Sp.athOde%lands in the same country in recent decades, many
campanula’;a, Syzygium cumiall included in the introduced plants have become established and natu-
present review. ralised in native habitats, especially ornamental and
Waterhouse (1997) listed for the Pacific islands: thferestry plantings. New potentially invasive plants
major weeds of agriculture, which inclu@gperus are still being introduced and cultivated. There is now
rotundus, Lantana camara, Mimosa invisa, Mikania growing concern that plant invaders offer real and
micrantha, Stachytarphetapp.; and the “major potential threats to survival of the remaining native
weeds of plantation forests”, which inclu@eccinia plants and habitats in the Pacific islands (see e.g.
grandis, Antigonon leptotus, Leucaena leucocephal@mith 1995; Mueller-Dombois and Fosberg 1998).
Merremia peltata, Miconia calvescens, Mimos& his review has clearly shown the magnitude of in-
diplotricha, Solanumspp, Cordia alliodora, vasion by alien plants in the Pacific Islands, and the
Spathodea campanulatall of these species are partnecessity to build inventories of plant invaders, their
of the present review, as they are also found in natstatus and their distribution, as an integral part of pre-
ral and semi-natural environments. vention, education, and management plans.
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Arthropod pests of conservation significance in the
Pacific: A preliminary assessment of selected groups

Gordon M. Nishida and Neal L. Evenhuis
Pacific Biological Survey, Bishop Museum, 1525 Bernice St, Honolulu, Hawaii 96817-2704, USA

Abstract oceanic havens have become easy targets for inva-

Arthropod species are by far the most numerous iﬁ\l';/e pest organisms in the last half of this century.

vasive organisms on islands, but those of conserv thropods are by far the largest group (in numbers)

tion significance in the Pacific, except for Hawaif% organisms that mva_de |slan9Is each year, €.9. an
timated 20 per year in Hawaii—of which four are

and the Galapagos, are not well documented. ARES

may pose the greatest arthropod threat to conser\ggpSidered pests (Beardsley 1979). Therefore, a re-

tion in the Pacific, by predation, direct competitionVIeW of existing knowledge of arthropod pests in the

and creating favourable conditions for other invasiveacific is a necessary preliminary to larger, more com-
biota. Information is given on some of the potentiall rehensive surveys and detailed reviews of the fauna.

most damaging: bigheaded ar®heidole his study only scratches the surface of the amount

megacephalalong-legged or crazy aAnoplolepis of research that will be necessary to provide adequate
longipes Argentine antinepithema humildittle fire knowledge to deal with the alien arthropod pests that
ant Wasmannia auropunctatand others. Vespid threaten native ecosystems throughout the Pacific.

wasps pose another critical threat; an outline is givettthropods of conservation significance in the Pa-
of the yellowjacket waspespula pensylvanicae-  cific, except for Hawaii and the Galapagos, are not
corded only from Hawaii in the Pacific, but with sewell documented. A critical problem is the incom-
rious potential for invading other Pacific islandplete basic knowledge of the existing flora and fauna,
groups. The other significant pests discussed here gigking impacts difficult to assess. In addition, many
the black twig borer beetlkylosandrus compactus pacific nations lack adequate resources to recognise
the coconut rhinoceros beeBeyctes rhinocergsand  the problem or potential problem, identify the cul-
the avian malaria mosquitGulex quinquefasciatus pyits, and mount an intervention programmeme if nec-
A preliminary bibliography for ants in the Pacific isessary. There is no single compilation of the Pacific

appended. Island arthropod fauna. Very few works deal with
) the arthropod fauna of the region as a whole (e.g.
1. Overview Curran 1945); most have dealt with arthropods on:

The invasion of oceanic islands by non-native arthr¢a) a regional basis, e.g. serial works sucimsects
pods has most likely been an ongoing phenomenehSamod1927-1935)insects of Micronesigl 951~
since the first human travelled from one place to sg¥esent);insects of Hawai(1960-1992) or single
tle another. The damage done to natural environmemterks such as Kami and Miller (1998) or Nishida
by cattle, pigs, goats and other large mammals is §E997), or (b) a taxonomic basis (e.g. Evenhuis 1989).

a scale easily apparent to the human eye. Perhapsdpliy selected groups of terrestrial arthropods are dealt
this reason, the effects of their introductions are Wellith here as a first step toward a necessary and more
doqumented. The effects of the_ introduction of NONsomprehensive study. The selected groups included
native arthropods are less obvious and have gengfa ants, the avian malaria mosquito, the yellowjacket
ally been poorly understood and poorly documente@asp the black twig borer, and the coconut rhinoc-
Nonetheless, the impacts of arthropods on the nains peetle. Each of these groups of insects does have
ral environment are great and deserve the same Sclfias had a deleterious effect on the environment in
of investigation as exists for their larger cousins. the areas in which they have invaded, has a realised

Given the amount of non-commercial and conRr potential impact on conservation of native biota,

mercial traffic among Pacific islands, these formeind for the most part, active control programmemes
are in progress to attempt to eradicate them from these

areas. By dealing with selected groups in this way, it

Hawaii Biological Survey Contribution No. 1999- 012 was felt that we could better gauge the resources
Pacific Biological Survey Contribution No. 2000-006 needed for a more inclusive effort.
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The literature concerning pest arthropods is volumhile most arthropod pests have historically been
nous and widely scattered and we can in ho way donsidered as such from the standpoint of their eco-
justice to a successful study of the entire group, apmic impact on agriculture, some are also major
even subsets of it, such as the top 10 percent of ntlareats to conservation of native elements of various
jor pest arthropods in the Pacific area, in this precosystems. Some agriculturally important arthropod
liminary review.Much of the pest literature is for pests will not pose any direct significant problem to

economic pests, and that body of literature musttive biota (for exampl&actrocerafruit flies that

be consulted to glean conservation informatiorattack fruit crops and cause significant economic
since detailed and definitive works on the direadamage to fruits would not pose a significant threat
effects on native ecosystems are few, although iif-they were to also attack native fruits since their

creasingecently. action does not kill or reduce the reproductive effec-
tiveness of the host). However, other agricultural pests
1.1 Origins of the fauna can and do pose a serious threat to native plants, for

Zimmerman (1942) hypothesised the origins of th%xamplex_ylosandrus compactu_$1e black tree borer
native insect fauna of the eastern Pacific, Gresslﬁ?etle'Th's has had a deleterlous effe_z_ct on coffee
(1982) discussed the biogeography of Pacifif€eS and other Rubiaceae in Hawaii, but appar-
Coleoptera, and Evenhuis (1982) discussed the dﬁﬂtly IS not specn‘_lc to just coffee trees. S_urveys
tribution and origin of Oceanic Bombyliidae, bulhave_shown that it can attack over 100 o_hfferent
none considered the origins of non-indigenous sp pecies of mostly woody plants in 44 different
cies. In fact, most studies of the Pacific island a @mllles (Hara and Beardsley 1979), some of these
thropod fauna have not dealt with origins of alie@€iNg rare or endangered.
species. o ] _ ]

ith the vast majority of studies of alien s ecie:é'3 Characteristics of invasive species
AS Wit Jory P owarth (1985) provides a concise assessment of the

in the Pacific, Hawaii has been the primary “resear 0 that f ful coloni
station”. Beardsley (1979) summarised the study yordres that are necessary 1or successiut colonisa-

120 accidental insect introductions into Hawaii fronIIIon of islands by introduced species. Genetic pre-

1937 to 1976 and concluded that 36% originated froﬁaptatlon to exploit resources in the new land is a

the west (i.e. Asia): 52% from the east; and 12% fro sic requirement. Climatic, seasonal, and other en-

undetermined sources. Virtually all accidentally in\_/lronmental cues must be present, as must proper

troduced pests to Hawaii were introduced via conhlosts and other natural resources. The chances of both

mercial traffic. Without reference to other island stud'éei(.eS (.)f ? SPecies bfmg presenttﬁt E[hﬁ time O;: Coolﬁ.m'
ies, it is assumed that the origins of arthropods acélgo'lon |?how n m(?[_s cases, Sr? a bert;naphro tie ;
dentally introduced into other Pacific island fauna@'d Parthenogenetc species have a better chance o

are most likely also correlated with shipping and aﬁOI?mSat'on trtman ott;e_r _spec_:lzg._govxlleve;rbg:ﬁwd fe-
traffic into these areas. males, or nests containing individuals of both sexes

can be and have been easily introduced.

1.2 Types of pest arthropods

) . 1.4 Greatest threats
The major groups of arthropods that are cons@erz\d h h dth
threats to conservation efforts include chiefly th hts may pose the greatest arthropod threat to con-

predators and parasites, and these are the group§%1vation in the Pacific. The formation of large, non-

organisms that we deal with in this review. The terff@MPelitive, multi-queen colonies, coupled with the

“parasite” is used here in a broad definition (for ex@Cility to hitchhike readily, highly aggressive preda-

ample, boring [e.g. beetles] or piercing [e.g. sap-suciQrY behaviour, protection of pests on plants, and feyv
ing] insects can be considered parasitic on the ho@iions for control, make ants one of the most formi-
in which they feed or bore holes for the nests of theff2ble pests in the Pacific. Ants have been implicated
eggs and young). Their impacts on the native biot3 the_ elimination of I'owland na'gve myertebrates

can be disastrous. There is no telling the exact numt$B€rkins 1913), aquatic and semiaquatic arthropods
of native species of insects and other small invertgdardy 1979, Moore and Gagne 1982), and snails
brates that have been extirpated from lowland aregolem 1976), and the death or exclusion of verte-
of Hawaii solely because of the effects of the bigerates (Haines et al. 1994, Swaney 1994). Vespid
headed antPheidole megacephal®erkins (1907) Wasps pose another critical threat. In Hawaii,

laments the extirpation of the native fauna of Myellowjacket wasps are systematically “cleansing”

Tantalus just above Honolulu in just 10 years becaugeeas they have invaded, indiscriminately preying on
of the introduction of this ant. many types of arthropods to feed their colonies.

116



Nishida and Evenhuis: Arthropod pests of conservation significance

Vespids and ants are critical threats, especially tentification of organisms, attempts to control, abate,
native species existing in small populations occupwr eliminate them may prove costly and fruitless.

ing limited areas. Additionally, enhanced quarantine should be a pri-

Plant-feeding species such as leafhoppers, scales, araty consideration for all Pacific islands, and public
aphids are another threat. The results of their feedirducation should be implemented on each island to
often attract ants and degrade photosynthetic caatgment any control work or preventative measures
bilities of plants. Another potential threat is the inbeing done by resource managers and quarantine
discriminate release of parasites and predators &aff.

biocontrol purposes in commercial crops leading tR

: : s each species may have a different and often un-
unforeseen effects in native forests.

predictable impact on an ecosystem, and consider-
The accidental, usually unobserved, and random riag the ease with which species are translocated to-
ture of arthropod introductions makes it difficult today, perhaps a useful approach may be to provide an
predict areas of greatest threat. In general, the islaindentory of species presently known from each is-
groups with the greatest traffic with outside aredand group. This will allow the tracking of new in-
remain at greatest risk. Traffic in this sense includésoductions. A preliminary list is available for ants,
not only commercial and military transport, but conbut an exhaustive search has not yet been completed
veyances such as privately owned small planes and the names have not been fully verified. The foun-
boats. Locations to which agricultural or horticul-dation for this is compilation of the literature, and a
tural plants or commodities are imported are at ifpreliminary list is presented in Annex 1.

creased risk of introduction as are areas importing

(or exporting) equipment and materials for constru@. Beetles (Coleoptera)

tion. An active pet trade makes some areas more

prone to introductions. Areas actively exporting ag2.1 Black twig borer

ricultural products also increase the risk, as large,eyriric nave: Xylosandrus compactyEichhoff).
scale farming often is susc_eptlb_le to pests and ag&mily: Scolytidae.

result more prone to use biological control agents.

Most pests are associated with human disturbanédSTRIBUTION

and those islands with the greatest remaining natuS®PREP area: American Samoa, Fiji, Papua New
areas at lower elevation and adjacent to areas un@gfinea, Solomon Islands.

cultivation are at risk. N : :
Other areas: Hawaiian Islands, tropical Africa, south-

ern India, Indonesia, Japan, Malaysia, Mauritius, Sey-

1.5 Needs for the future chelles, Sri Lanka, southeastern USA, Vietham.
Loope and Medeiros (1995) provide a list of three

points that are necessary for proper understanditiSCUssIoN

management, and control of invasive species afthe black twig borerXylosandrus compactus
conservation of natural ecosystems. Though they gichhoff), belongs to the tribe Xyleborini of the fam-
written for Hawaii, the principles are valid for mosily Scolytidae, which contains species of beetles
of the tropical Pacific. Continuing research is needeghlled ambrosia beetles. The ambrosia fungus is the

to: primary food for the beetle’s development and is the
«  understand the biology and impacts of invasivedusal agent in the infection and resultant weaken-
species, ing or killing of the host plant that the beetle infests.

Al[‘nbrosia beetles are serious pests of forest trees and,

0S )

to a lesser extent, shade and fruit trees (Clausen
1978a). Most ambrosia beetles attack primarily weak
or unhealthy plants; however, the black twig borer is

To this list we must add and emphasise the need f@riown to attack healthy plants as well, which makes

«  foundational biosystematic research on the inta potentially very serious pest to native forest trees
troduced and native arthropods, as well as other plants.

. baseline surveys and monitoring programmeBhe black twig borer was first collected in 1931 on
to anticipate introductions and pre-empt incipithe island of O‘ahu from elderberry imported from
ent populations. Singapore (Samuelson 1981), but not reported in the

Any systematic study is an essential first step towartferature until it was collected again on O‘ahu in 1961

any conservation programmeme. Without propdPavis 1963) where it was found attacking pink

* provide the tools needed to manage the m
destructive invasive species,

«  provide tools for ecological restoration,
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tecoma Tabebuia pentaphylldL.) Hemsl.). It has damage, wherever it has become established in the
since spread to all the other main islands (Hawdiiopics, to native palm trees and natRendanus

Dept. Agrlc. 1975; Samgelson 1981) and the “S_t (f{iithought to be native to southern India, Sri Lanka,
hosts includes 108 species of shrubs and trees in

o ) ) yanmar, Thailand, the Malay peninsula,
families (Hara and Beardsley 1979) including SOMEsuthernmost China including Hong Kong, the Phil-
considered rare or endangered. '

ippines, Taiwan, the Ryukyus, and Indonesian Ar-
The fungus and plant symptoms chipelago as far east as Ambon Island (Leefmans,

The fungus associated with the black twig borer i#884). It has been introduced into Samoa, Wallis and
Hawaii isFusarium solan{Mart.) Synd. and Hans. Futuna, New Britain, New Ireland, Palau, Tonga,
It is the Only food foerlosandrus Compactus Guam, COOk ISIandS, and F|J| (Gl’eSSitt 1953, H|”
throughout its life cycle and its pathogenicity on thé983), primarily as a result of the increased sea traf-
host plants has been confirmed (Hara and Beardsfé§during World War Il. Swan (1974) lists its distri-
1979). When infected, the plant exhibits necrosis ®ution among Pacific Islands (and years of introduc-
the leaves and stems extending from the entrance hbR1s in parentheses) as Western Samoa (1910);
made by the beetle distally to the terminal of thKeppel Island (1921); Wallis and Futuna (1931);

branch. Palau (1942); New Guinea (1942); Tonga (1953); Fiji
(1953); and Tokelau (1963). Though there are natu-
Control programmes ral factors that keep the beetle under control in its

Davis and Krauss (1967) list the introduction intgative range, its introduction into insular habitats
Hawaii of three parasitesChaetospila frater without these natural control factors allows it to re-
(Girault), Dendrosoter enervatudarsh, and produce quickly and spread to become a serious pest.
Ecphylussp.] for control of the black twig borer; and

Davis and Chong (1970) list the additional introducI he beetle

tion of Dendrosoter protuberar@ees). There have The larvae of this scarab beetle develop in dead palm
been no results on the outcomes of any of the§&Nks, logs, and stumps. However, the adults cause
liberations. Hill (1983) comments on the lack of sudhe damage by boring into the crowns of mature palms
cess of the application of cultural methods in sund often killing them. Gressitt (1953) reports that
pressing ambrosia beetles as a whole, but said tfpintroductions of the beetle into insular situations
sprays of dieldrin, with added surfactant and som&4Cch as Palau both the adults and larvae have been
times with Bordeaux mixture, has given adequaf€Ported to survive by host-shifting onRandanus
levels of control in the tropics. Unsuccessful intro2ftr the host palm food resource had been depleted.
ductions for control of ambrosia beetles include thES 1S évidence of the potential danger to native

predacious clerid beeflhanasimus formicariug.,) ~Palms andPandanusirom the ravages of this pest
from England into Sri Lanka in 1908 (Clauserpeetle elsewhere in the Pacific. In Gressitt's (1953)
1978a) report, he lists over 45 species of monocot plants

(many of which are native species) that the beetle
has been reported to infest, including over 30 spe-

2.2 Coconut rhinoceros beetle cies of palms.

ScienTIFIC NAME: Oryctes rhinoceroglinnaeus).

Family: Scarabaeidae. Control programmes
After World War Il, the Insect Control Committee

for Micronesia (ICCM) was established through the
SPREP area: American Samoa, Fiji, Palau (contr@luspices of the National Academy of Science and
led in 1980s), Papua New Guinea, Samoa, Tokelgilans were made for control efforts of the beetle
Tonga, Wallis and Futuna. (Anon. 1947). Subsequent reports follow the progress
_ : .of this control programme (Anon. 1948a, 1948b,
I?\Z}Zr ?r:zii'ez?;g&%e:hl\’ﬂg; r;ggd'ggi?;g]nergﬁﬂ"i_349' 1950, 1951, 1952, 1953). Parasites i_ntroduced
T P ’ ’ Rrom 1947 to 1950 for control of the beetle included
pines, Taiwan, Thailand, Vietnam. the waspsScolia ruficornisfrom east Africa and
DiscussioN Scolia patricialisvar.plebejafrom Malaya. By 1952,

. . surveys failed to recover any wasps, and palms con-
The coconut rhinoceros beetferyctes rhinoceros .
vy tinued to be attacked by the beetle.

(Linnaeus), is one of the most serious pests of the
coconut palm. Though, for the most part, cocondwan (1974) summarises the results of control of the
palms are considered agricultural crops, this beetheetle in the Pacific using predators, parasites, and
is included in this review because of its record ofarious pathogens. The most promising of the ones

DIsSTRIBUTION
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listed appear to be the paraSmlia ruficornigHy-  dium relictum capistranoa®ussell is the parasite
menoptera: Scoliidae) and the vifebabdionvirus found in infected Hawaiian birds. Sporozoites are the
oryctes Other predators or parasites in the list woulshfectious stage of thelasmodiunprotozoan para-
have to undergo specificity trials before they couldite and are transmitted to a vertebrate host through
be confirmed as safe for introduction to other Pacifislood feeding by a mosquito. The disease to the host
Islands and without the danger of damage to nois caused by the parasite protozoan attacking red
target native organisms. blood cells to continue its development. Fully devel-
Clausen (1978b) gives a summary of control attemp??ed erythrocytic schizonts cause rupturlng of the
in Fiji, Samoa, Palau, New Guinea, New Britain, an d blood ce_IIs to release merozoites (to continue the
lood cycle in the host) and gametocytes (capable of

Vanuatu. In almost all caseScolia ruficorniswas . itiat | devel Lif i ted b
released, but only up to 30 per cent parasitisation wigiating sexual development IHingested by a maos-

achieved in Samoa, and other areas had significan‘ﬂ Ito). Itis the merozoites with accompanying tox-
less SUCCess. ins that cause the chills and fever of malaria.

Hill (1983) summarises recommended methods di€ mosquito

cultural control (planting methods, general area cleahl€ transmitting agent of avian malaria is the mos-
ing and burning of potential host substrata) and stat@4ito. The most prevalent mosquito transmitting
that chemical control can be attained with sprays 8¥ian malaria in Hawaii i€ulex quinquefasciatys

various chemicals including diazinon or carbaryl. though a number of other mosquitoes have been
found to harbour the parasite in experiments (sum-

3. Flies (Diptera) mary of previous work in Hewitt 1940 ulex

. . o guinquefasciatusmative to North America, is found

3.1 Avian malaria mosqu!to, throughout the tropics and subtropics, including vir-
southern house mosquito tually all the island groups under SPREP as well as

SciEnTIFic NAME: Culex quinquefasciatuSay. Hawaii.

Family: Culicidae. Avian malaria itself has not yet been recorded from

DISTRIBUTION native birds on any island group in the Pacific ex-

SPREP area: American Samoa, Cook Is, Federa®&pt Hawaii, but this may only be a reflection of the
States of Micronesia, Fiji, French Polynesia (Austrdfict that not many rigorous epidemiological surveys
Is, Marquesas, Society Is, Tuamoto Archipe|ago§9 find Plasmodium relictum Capistranoamf other
Guam, Hawaiian Islands, Kiribati, Marshall Islandsdisease vectors for avian malaria have been conducted
Nauru, New Ca|ed0nia, Niue, Northern Marianaén the Pacific outside of Hawaii. The Ol’lly research
Palau, Papua New Guinea, Samoa, Solomon Islang8own that has surveyed other islands in the Pacific
Tokelau, Tonga, Tuvalu, Vanuatu, Wallis and Futun#Qr avian malaria is by Savidge (1985) [Guam] and
Other areas: Widespread throughout the tropics, suBieadman etal. (1990) [Cook Islands], and there were

tropics, and warm temperate regions of the world no findings of the parasite. Avian malaria is currently
’ not an active threat to conservation on any other is-

Discussion land group except Hawaii. However, itis included in
Avian malaria has been postulated as one of the ledblis preliminary survey because of the high potential
ing causes of the reduction and even extinction &r the disease to spread to other Pacific islands
some of Hawai'i’s forest birds (Warner 1968; Varthrough normal commercial traffic lanes (be it ship-
Riper 1991). The disease has been found in roughding or air traffic). One of the most prevalent meth-
8% of the birds tested in Hawaiian experiments (e.gds by which the disease is spread is through the in-
Van Riper et al1982). Researchers have also coriroduction of infected non-native birds.

cluded that native birds were more susceptible
acquiring the disease than introduced birds and h

a significantly poorer survival rate than introduced,,. . . . ) i
species (Van Riper et al. 1982; Atkinson et al. 199 Himatione sanguingzhaving the highest percent

. . L . ; age of infected individuals in surveys (e.g. Van Riper
This fact has serious implications for native bird fauet al. 1982, 1986: Van Riper and Van Riper 1985).

nas elsewhere in the Pacific where the mosquito agq . . . .
. , her native species recorded in that study as being
the disease parasite may occur. . . . . o
infected with avian malaria include i‘iwVgstiaria
The parasite coccineg, amakihi Loxops vireny, ‘elepaio
Several species of the filarial paradtlasmodium (Chasiempis sandwicengjsoma‘o Myadestes
are the causal organism for avian maldflasmo- obscuru$, Hawaiian creepet.pxops maculaaand

¥R Hawaii, avian malaria has been reported from a
griety of native bird species, with the ‘apapane
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akiapola‘au Hemignathus munrp[the lastis on the soft plant food items such as roots, pigs will often
US Fish and Wildlife Endangered Species List]. Scottll tree ferns and eat the soft cambium, leaving
et al (1986) add a few more endangered native speeugh-like depressions that fill with rainwater. Pigs
cies to the list of Hawaiian birds found to be infectedlso create wallows in which standing water can at-
with avian malaria: Townsend’s (Newell’s)tract mosquitoes for long enough for them to fully
shearwateruffinus newel)i and the Hawaiian crow develop. Mosquitoes have been found in greater
(Corvus hawaiiens)sMassey et al. (1996) conductedabundance in these pig-infested areas than elsewhere.
further observations on the characteristics of thEhus, excluding pigs from conservation areas or
Hawaiian crow after it had become infected witleradicating them from forested areas will reduce the
Plasmodium relictum capistranoaéan Riper et al. number of potential mosquito breeding areas and thus
(1982) showed that introduced species had a substdre number of mosquitoes that could potentially
tially better survival rate after being infected thaspread avian malaria or other insect-borne diseases
native Hawaiian birds (100% v. 42%). to native animals.

In Guam, studies were conducted in the 1980€ W.
(Savidge 1985) to determine the causes of the pré- asps

cipitous decline of bird populations there. Neither (Hymenoptera: Vespidae)

Plasmodium relictum capistranoaer any other

avian malarial parasite was found in any of the birds 1 Yellowjacket wasp

sampled, yet the vectdZulex quinquefasciatusc-  Scientiric nave: Vespula pensylvanicéSaussure).
curs on the island. Savidge concluded that the maiymjly: Vespidae.

causes of the decline in bird populations were the

brown tree snakeBpiga irregulari§ and collisions D'STRIBUTION

with cars, but did not rule out the possibility thaSPREP area: Not yet recorded.

Plasmodiurmmight be in the mosquito populations, ..

although at such low levels as to not have beé?]ther_ areas: Hawaiian Islands, throughout North
detected. America.

In the Cook Islands, Steadman et al. (1990) surveyB§CUSSIoN

nine indigenous species of birds with negative rérhough not yet recorded from any Pacific island other
sults for the presence of protozoan pathogens. Nekan the Hawaiian Islands, we include a discussion
ertheless, they point out that precautions should sigf \espula pensylvanidsecause of its notorious hab-
be taken to prohibit the introduction of potentiallyits in Hawaii and potential for invading other Pacific
infected non-indigenous birds or mosquitoes into thgland groups. We recommend that frequent and rig-
Cooks or any other Polynesian island because of thgus monitoring at all places of entry (ports and air-

hlgh potential for native birds to be fataIIy VU|ner-p0rts) be done on all islands so as to prevent the un-
able to the consequences of the disease should thgyhted entry of this wasp.

become infected. i ) )
Yellowjackets are predators, feeding on a wide range

Control programmes of arthropod taxa, with great potential for negative
There are no active control programmes for the abatmpact on the native fauna in insular habitats. This is
ment of avian malaria. Attempts to control mosquiespecially troublesome in Hawaii, which compared
toes in general have been implemented in Hawaig mainland areas whekespulaoccur, has a high
but have not met with success. degree of endemism for arthropods that, for the most

Mosquitoes that harbour the causal organism of aviRg't: have evolved without anti-predator defence
malaria are container breeders (immatures can Bgchanisms selected for elsewhere (Gagne and
found in both natural and artificial containers). Thé&hristensen 1985).

only effective procedure to reduce populations ofpe yellowjacket wasp is native to North America.
mosquitoes is to reqluce 'Fhe number of p(_)tential Wh-and other members of the genespulzhave natu-

ter catchment containers in the area in which the mqgy gistributions that are primarily north temperate.
quitoes are known to breed. Climate is a major constraint on its reproductive be-
One way to reduce potential mosquito populatiortzaviour; cold weather depletes normal food supplies,
in Hawaiian forests and elsewhere is to reduce thesulting in a reduction of colony individuals during
number of pigs. In Hawaii, the introduction of pigsold winter months. However, in Hawaii with its
into forest areas has increased the number of potevarmer year-round climate, colonies appear to en-
tial breeding areas for mosquitoes. In foraging fdarge during warm winter months causing popula-
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tion explosions in areas it has invaded (up to 3G&cts. Most of the beneficial aspects of alien ant spe-
sorties per minute have been observed at some ne$¢s appear to occur in cultivated areas. However,
[Gambino 1991]). Compton and Robertson (1991) point out that the
presence dPheidole megacephataduces seed pre-
ation and increases the number of pollinators in figs.
%ocumentation on effects of ants in native ecosys-
fems in the Pacific has been slow in arriving, but re-
cent research has revealed a number of problems and

of stinging. However, Williams (1927), misiden- tential probl Th . tential probl i
tifying it asV. occidentaliswas prescient to note thatPOteNtal probiems. 1he major potentia’ probiem an
species for conservation are discussed below.

“This fierce insect will probably be of no benefit to
the endemic fauna”. However, it was not until an ag- )

gressive race of this species was reported from tRel Bigheaded ant

island of Hawai'i in 1977 (Asquith 1995) that its al-ScienTiFic NaME: Pheidole megacephal(&abricius).
most simultaneous population explosion and resuffamily: Formicidae

ant mtenswe predatqry hgblts began to have reP®isrriBuTION

cussions on the native invertebrate populations.

Gambino and Loope (1992) provide a detailed adhis ant is Afrotropical in origin and seems to be
count of surveys done over a ten-year period in Hlrcumtropical in distribution (Wilson and Taylor
waii Volcanoes National Park (Hawai‘i Island)1967), althoughitis also found in heated greenhouses
(1984-1990) and Haleakala National Park (Maull temperate areas (Bernard 1968). In the Pacific, it
(1981-1990) and identified 24 arthropod prey itemf3@s been reported from the Hawaiian Islands, Line
at least to genus, of which 14 (58%) were endemiglands, Society Islands, Cook Islands, Austral Is-
taxa (including some taxa that are currently consi¢gnds, Gambier Islands, Marquesas Islands, Fiji,
ered as Species of Concern by the US Fish and wiMarshall Islands, and Guam, but is likely to be widely

Vespula pensylvaniaaas first reported from Hawalii
in 1919 (on Kaua'i) and subsequently on O'ahu i
the 1930s where all reports were primarily about
being a nuisance to humans, with concurrent repo

life Service). distributed throughout the Pacific. This species was
first reported from Hawai'‘i in 1879 (Smith 1879),
Control programmes but was probably established some time before that,

Almost as soon as the 1977 population was discoys Blackburn and Kirby (1880) noted that it was al-
ered, nest eradication and/or control programmesady quite common.

were initiated on various islands in Hawaii to attempt
to control the yellowjacket. The toxicant bendiocarl;
used for nest eradication, is not registered in the US?erkins (1913) documented the loss of native spe-
for use in agricultural situations, so its implementazcies in Hawaii as a direct result of predation by the
tion had to be outside of agricultural fields. Changigheaded ant. He specifically reported beetles and
(1988) discusses the use of toxic baiting in the comoths being affected, but included all arthropod
trol of yellowjackets. His results showed that the mogroups in his assessment. Zimmerman (1948) re-
effective combination of bait and chemical toxicanported the elimination of most endemic species in
was 0.5% microencapsulated diazinon mixed witthe bigheaded ant’s range.megacephalaas also
canned Figaro brand tuna cat food. Amidinobeen implicated in the exclusion of native spiders
hydrazone in a similar bait mix was also effectivgGillespie and Reimer 1993).

but less so than than diazinon mix. Dispenser COIOH{ Hawaii the bigheaded ant is primarily restricted to

for th_e b_alt also pr0\_/ed critical, the pre_ferred COIOU&]ry and mesic lowland areas although it may occa-
of bait dispenser being translucent white.

sionally be found up to 1220 m altitude (Reimer 1994,

Wetterer 1998, Wetterer et al. 1998). It is the domi-

5. Ants o nant ant in many areas, although other aggressive ants
(Hymenoptera: Formicidae) such ad.inepithema humileAnoplolepis longipes

The best-documented ant conservation problems!fiidomyrmex glaber Solenopsis geminataand

the Pacific are mostly from the Hawaiian Islands arfdheidole fervensiave displaced it in less suitable

the Galapagos. Most of the conservation pests listégvironments (Reimer 1994).

below are exclusionary; they occupy an aream addition to the negative effects of general preda-
outcompete any native ants, prey on native fauna@n on the native fauna, the big-headed ant feeds on
exclude them from the area. They affect plants e honeydew of scale insects and other homopterans,
harvesting seeds, pruning foliage and encouragiigcreasing their rates of survival by protecting them
the increase in populations of some sap-sucking ifrom parasites and predators (Jahn and Beardsley

ISCUSSION
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1994), and possibly by removing waste materiahe death of the native species and not the alien spe-
(Rohrbach et al. 1988). This behaviour may fosteies. Gillespie and Reimer suggested the exclusion
the depredation of native host plants by increasiraf native spiders in lowland areas occupied/y

the parasite load and by increasing growth of sookyngipes

moulds on leaf surfaces, disrupting photosynthesi§‘he long-legged ant is considered beneficial for ag-

Large-scale programmes to control this species fitultural purposes, often preying on agricultural pest
non-cultivated areas appear not to have been apecies and reducing their numbers. At the same time,
tempted in Hawaii. Su et al. (1980) in searching fat can be a household nuisance (Haines et al. 1994).
an alternative to the mirex baits withdrawn for enviHaines et al. (1994) reported that, in addition to their
ronmental concerns, found that AC-217,300 was gbredation of arthropods and similar to the big-headed
fective in controlling the bigheaded ant in pineapplant, A. longipesaffects plants by removing soil from
fields. McEwen et al. (1979) and Reimer et al. (1991pots and tending coccid populations and greatly en-
reviewed chemical controls f&. megacephalan hancing their populations, increasing sooty mould

Hawali'i. growth.

The long-legged ant may also exclude vertebrates.
5.2 Long-legged ant, crazy ant In the Seychelles, Haines et al. (1994) noted that the
ScienTIFic NAME: Anoplolepis longipeglerdon). ants killed newly hatched chickens and newly born
Family: Formicidae. domestic animals and forced older animals to leave

Long-legged ant is the common name for this spg?-e area. !n Tonga. Iongipes_has_ been shown o
cies in the list of common names published by tHﬂI_I hatch_lmgs of an endemlq blrdu(egapopllus
Entomological Society of America (ESA) (Bosikprltchardu) (Swaney 1994). This ant and similar ag-

1997), but crazy ant is in wide use in the Pacific. IAT€SSIVE species could potentially be a problem for
the ESA list,Paratrechina longicorniss called the native vertebrates throughout the Pacific, as even
crazy ant shakes and lizards were affected.

In the Solomon Islands, Greenslade (1971) noted that
_ o _ species diversity decreased whereserongipes
After many years of interception in quarantide, populations flourished. Though Greenslade was re-

longipeswas discovered established in Hawaii Oferring to coconut plantations, the observation should
O‘ahu in 1952. Wilson and Taylor (1967) list Africag|so hold true for native forests.

as the source area. This ant has been spread through- _ _ _ _
out the world by human activity. Wilson and Taylorp(‘Jn educational programme coupled with toxic baits
(1967) gave its distribution as the Old World tropicé’,"edre used n the Seyéche_zllles ;0 c?nﬂ&ollonglpes

and called it the dominant ant in disturbed habitats fif’ preventits spread to Islands of greater conserva-

Melanesia and Micronesia. More specifically, in thgon_ S|gn|f|c_ance, t_hose with higher populatlons of
Pacific, it has been reported from Guam KosraBative species (Haines etal. 1994). Partial success of

Marshall, Kiribati, Tuvalu, Wallis and Futuna, ggthe programme ensued, but full eradication failed for

moa, Fiji, Cook, Tokelau, Ellice, Austral, Tuamotu2 variety of reasons. However, populationshof

Gambier, Marquesas, and Solomon Islands, in ad(llq_ngipesde;clined,_pe_rhaps_ as a result of nat_ural_fac-
tion to Hawaii, and is likely to be found on othef©rs associated with invasion by a new species (inva-
Pacific islands sion, slow increase in numbers, explosive growth,

high densities, decline in densities) (Simmonds and
Discussion Greathead 1977). Lewis et al. (1976) reviewed ear-

This ant is usually found from sea level to 800 m ifer efforts using chemical controls in the Seychelles.
the Hawaiian Islands, but has been collected as high

as 1220 m altitude (Reimer 1994, Wetterer 19989.3 Argentine ant

Hardy (1979) first noted the effect of the long-ScientiFic name: Linepithema humiléMayr).

legged ant on formerly common native insects ipamily: Formicidae

riparian habitats. Beardsley (1980) confirmed th
threat to endemic arthropod fauna. Moore and Gag
(1982) implicatedA. longipesas one of the causesThe Argentine ant is a tramp species that is so far
for the depletion of the native lowland damselflyeported in the Pacific only from Hawaii. This spe-
fauna. Gillespie and Reimer (1993) demonstrated thaes is apparently native to Brazil and Argentina, and
confrontations betweer\. longipes(and P. has a worldwide distribution, mostly in the 30°-36°
megacephalpand native or alien spiders resulted imatitude belts of the Northern and Southern hemi-
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spheres (Fluker and Beardsley 1970, Lieberburg thie Galapagos in 1972 (Silberglied 1972), New Cal-
al. 1975). edoniain 1972 (Fabres and Brown 1978), Wallis and
Futuna (Passera 1994); and Wetterer (1998) adds the
Solomon Islands. More recently, it has been found in
The Argentine ant was intercepted in quarantine mamji (personal comm. J.K. Wetterer to J. Wright and
times before it finally became established in Hawag. Sherley) and Vanuatu (Rapp 1999). In addition,
in 1940 (Zimmerman 1941). At first, these ants wengis ant may have just been found in Hawaii (N.
observed eliminating other ant species. Wilson argeimer, personal comm.). The sudden increase of
Taylor (1967) stated that humileexcluded other sightings may be attributable to the work of Wetterer
larger ant species, includifheidole megacephala and others who have done much to increase the aware-
and Majer (1994) confirms this. However, Reimepess of the threat of this species. Wetterer considers
(1994) states thdt. humilehas been displaced bythis ant to be “perhaps the greatest threat in the Pa-
other ant species, suchrRisnegacephalm Hawaii, cific”. Much of the work documenting the problems
and is now limited to the cooler higher altitudes frordaused by this species is from the Galapagos. Though
900 to 2800 m. Medeiros et al. (1986) reported thRe Galapagos is not part of SPREP, those references

Argentine ant in two slowly expanding populationgre included here for background information and
at Haleakala on Maui, at altitudes of 2000-2260 far use by SPREP members.
and 2740-2830 m.

Medeiros et al. (1986) suggestedumilenegatively . -
affected endemic organisms, particularly grounos-mlth (1965) indicated thaV. auropunctatprefers

dwelling or ground-nesting native moths and beegyltivated areas and buildings, but _this was in tem-
Cole et al. (1992) discussed the effects of the ArgeR€rate and urban eastern USA. Silberglieb (1972)
tine ant on the invertebrate fauna at higher altitud&&"y Pointed out the potential conservation problems
and concluded that the ant locally reduced thwith W. auropunctatas it replaced indigenous ant

abundance of many endemic species, including dauna, attacked other terrestrial insects and inverte-
thropods and snails, and could negatively affect tts@tes, and tended a variety of honeydew secreting
pollination of native plants. They also mentioned thd#S€cts. Lubin (1984) documented the exclusionary
spiders were negatively affected, although Gillespfehaviour oWasmannizand found that it reduced

and Reimer (1993) noted that native spiders c§P€cies diversity, reduced overall abundance of fly-

existed withL. humilebetween 300 m and 1500 ming and arboricolous insects, and eliminated
altitude. populations of arachnidgvasmannias also known

_ for its painful stings (Spencer 1941, Silberglieb 1972).
Bartlett (1961) showed that, in the absence of Ag|a et al. (1982) quantified the dietwasmannia

gentine ants, certain parasitic Species suppressgdy showed that prey included eight orders of in-
populations of scale insects, indicating that Arge%’ects, chilopods, arachnids, crustaceans (mainly

tine an'gs may also quter increases in scale ins §6pods), gastropods, annelids, and seeds and other
populations to the detriment of the host plant and 'fﬁant parts

surrounding environment.

Discussion

Discussion

. . In the Solomon Islands, it is considered partially ben-
Majer (1994a) suggests that the exclusivitylof eficial because of its ability to control the coconut

_humﬂeoffgrs a potential control mgchanlgm by IV utfall bug,Amblypelta cocophag# coconuts and
ing selective advantage to competing native species

Krushelnycky and Reimer (1996) reviewed the e{;ocoa (GPPIS 1999apr30). In New Caledonia the ant
iInduces severe outbreaks of the coffee berry borer,
forts of ant control at Haleakala. Use of Maxforc . . . .
. TR ypothenemus hampéirough interfering with para-
baits has been effective in trials to control the Aréitisation of the pest (GPPIS 1999apr30)
gentine ant at Haleakala (Reimer 1999). P P '

More recently, informal information suggests tat
5.4 Little fire ant auropunctataseverely affects vertebrates, both do-
mestic and native species (J.K. Wetterer to E. van
Gelder in response to a query about the effedt¥. of
auropunctata April 1999). According to Wetterer,
DisTRIBUTION the ants attack vertebrates, including giant tortoises
The little fire ant is a native of tropical America. Itin the Galapagos, attacking eyes and cloacas and
was first found in the Pacific over 35 years ago, botentially rendering them infertile. The little fire ant
within the last few years has been rapidly expandir@so reportedly eats the hatchlings of the Galapagos
its range W. auropunctatavas first reported from tortoises (Hayashi 1999). In New Caledonia and the

SciENTIFIC NAME: Wasmannia auropunctai@oger).
Family: Formicidae
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Solomon Islands, local reports indicate that dogs aaad Reimer 1993) did not implicate them as exclud-
blinded by the ant’'s venom (Wetterer to van Geldeing native species of spiders, their presence may have
Hayashi 1999). an unobserved effect, such as predation of eggs or

Spencer (1941) reviewed control measures agairlgﬁvae as demonstrated by Nafus (1993).

W. auropunctatan citrus groves. Abedrabbo (1994)Other ants may also be problems though not docu-
reviewed control efforts in the Galapagos using commented, especially if inserted into previously antless
mercial formulations in chemical baits. Heraty (1994island ecosystems or if more aggressive species in-
offers a potential method of control, suggesting thaade and disrupt the ecosystem. Some ants are po-
host-specific eucharitid wasps of the ge@uasema tential problems, but their impact is unknown.
might provide biological control diVasmanniaand Wetterer (1998) suggests that colonisation by more

Solenopsis cold-tolerant ants such dheidole bourbonica,
Cardiocondyla venustujaandLinepithema humile
5.5 Other ants poses a general threat to the remaining native enclaves

Hawaii. The following two species are potential
feats to native ecosystems, though their actual im-
pact has not yet been confirmed.

The following ant species are treated together as th
were cited as conservation problems as a group,

individually.

Fire ant [An.t wiFh.out a common narr.le]

ScienTiFic NaMe: Solenopsis geminatéabricius). Scientific nameSolenopsis papuaramery

Family: Formicidae Gillespie and Reimer (1993) found a significant in-

verse relationship between the abundancé&.of
_ _ papuanaand native spiders in Hawaii. Although ex-
ScienTiFic NaME: Monomorium floricola(Jerdon).  ~usion was not shown as in the casePbeidole

[Ants without common names]

Family: Formicidae megacephalandAnoplolepis longipeshey suggest
SciENTIFIC NAME: Tapinoma minuturiviayr. this species may be the most serious threat to native
Family: Formicidae Hawaiian arthropods. They suggest the present co-
ScienTiFic NaME: Technomyrmex albipgg. Smith).  existence of ant and spiders is due to the recent inva-
Family: Formicidae sion ofS. papuandfirst reported asolenopsisp.

i ._"b” by Huddleston and Fluker 1969). The basis for
Nafus (1993) presented evidence that the ants “Stﬁ‘% threat is that this ant has successfully invaded

above were significant factors in reducing pOpUIatior}?ative and disturbed wet forests, areas that retain the
of native butterflies on Guam. The most importar]Jiigjhest level of endemism in Ha’waii

species attacking eggs wéi@nomorium floricola,
Solenopsis gemingtandTapinoma minutumThe  Glaber ant

most commonly observed predators attacking bugcientific nameOchetellus glabetMayr)
terfly larvae wereT. minutum, S. geminatand

Technomyrmex albipes Though not included in Gillespie and Reimer’s (1993)

_ _ study, another ant that may bear careful observation
According to Wilson and Taylor (1967),is Ochetellus glaberThis ant was first reported in
Monomorium floricolas one of the most widespreadi 978 in Hawaii and is aggressively invading areas

of all pantropical ant species and probably originatqgrme”y occupied by other species of ants.
from tropical Asia. It occurs virtually on all island

groups in the Pacn‘lcSo_Ienop_ss geminata simi- 3.6 Tramp species of ants
larly widespread, but is native to the tropics an ] o

warmer parts of temperate New World. It prefers dridylost of the ants listed above exhibit similar charac-
habitats Tapinoma minutunis tiny, inconspicuous eristics that categorise them as “tramp” species
and often overlooked. It may be indigenous to théiolldobler and Wilson 1990, Passera 1994). Tramp

Southwest Pacific and has been recorded from SSecies are attracted to perturbed environments and
moa, Micronesia, tropical Australia, New Guineathus are often associated with human activities. They

Solomon lIslands, and Fiji as well as Hawaiiare unicolonial or show the absence of aggressive
Technomyrmex albipds probably the most wide- behaviour to individuals of the same species from

spread member of the genus, ranging from India thfferent nests. They are polygynous where nests have
eastern Australia and throughout the Pacific includnultiple queens and the queens do not exhibit domi-
ing Polynesia, Melanesia and Micronesia. These spent behaviour. Their colonies tend to expand by bud-
cies are all present in Hawaii, and although receding rather than by nuptial flights and aerial disper-

studies on impacts of their presence (e.g. Gillespsal. These ants are particularly aggressive to other
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species of ants. Tramp species also tend to be smaie8 Summary (ants)

in size (<1.5 to 3.5 mm in worker length). Brandagany tramp species of ants are found throughout
and Paiva (1994) include opportunistic with regarghch of the Pacific. Some of these were introduced
to nest sites and omnivorous as additional charactgs-p4cific islands very early. As many of the lowland
istics of tramp species. Jourdan (1997) suggests {&,systems are quite disrupted, the damage, if any,
rapid spread of tramp species suchsmannia qone by these species perhaps cannot be established.
auropunctatanay_be pa_rtlyar_esult of paucity of anfeq, example, when first observed in Hawai,
species and ant-filled niches in the Pacific. megacephalavas considered beneficial as it was

Ants attracted to perturbed environments are mofeund in sugar cane fields and was observed feeding
likely to become hitchhikers on machinery and plan@1 many pest species (e.g. Perkins 1907). Perkins
associated with humans and from areas where haias completing an inventory of the arthropod spe-
tat modification is commonly practised, such asies of Hawaii at the time he noted the absence of
farms, nurseries, greenhouses and the like. The |d@itive beetles, moths and other groups in areas occu-
of intraspecific aggression, multiple queens, and bugied byP. megacephal@nd began documenting the
ding permit the establishment of large numbers @Fedation on native species. Other areas of the Pa-
individuals in a single area, maximising foraging efcific other than the Galapagos did not have the com-
ficiency. bination of baseline inventory and field observation

at the time of invasion by the pest species of ants,

'I_'he traits listed for tramp species also haye ImIDI'C%'nd the effects of the invading species are probably
tions for control measures. For example, in Hawalij

Reimer (1994) states the Argentine ant occupies ”rhjpknown.

ited areas in Haleakala National Park and suggest®&rhaps one of the greatest threats to Pacific conser-

could be eliminated or contained with an appropriation isWasmannia auropunctatavhich is spread-

ate bait. Colonies multiplying by budding rather thaifg rapidly. Though much of the previous evidence

aerial dispersal could be more easily eliminated bef their impact was anecdotal, a substantial number

cause of the restricted area of occupation. Howevéf, reports on the negative consequences of their in-

the budding also makes it more difficult to determintoduction to Pacific islands are beginning to emerge.

whether the entire colony has been eliminated. The damage to native ecosystems from this species
is likely to be considerable.

5.7 Methods of ant control In Hawaii, except fot.inepithima humilewhich is
Chemicals, particularly those used in conjunctiofound as high as 3000 m, most of the environmental
with baits, seem to be the most effective method @epredations caused by ants have been at lower el-
control established unwanted species at this ting¥ations. This would suggest that intact lowland eco-
(Lewis et al. 1976, Abedrabbo 1994, Reimer 1999ystems with high diversity of native species would

Apart f h ¢ ies. few biological ‘ Ze most at risk. However, Wetterer (1998) states that
pgr rom other ant species, few !0 ogical contro} s continue to spread in the Hawaiian Islands, and
options exist. Predators such as antlions and ant-fe a

) i “1€Cftes unpublished data indicating tRaimegacephala
ing vertebrates such as anteaters have either mlnlqgafound as high as the saddle area between Mauna
impact on the large populations or are inappropriajg,, and Mauna Loa, up to 2020 m in altitude. Though
to in_trodgce. Relat'ively little is knpwn about pathoioopulations of most ant species have not deeply pen-
genic microorganisms and fungi (Holldobler andyaeq native forest at higher altitudes, the situations
Wilson 1990). Parasitoids have been a major meafi§sed by inepithima humiland possiblBolenopsis

of controlling plant pests such as scales, aphids, aﬁ‘&puanashould serve as warnings about the poten-
caterpillars, but have not been widely used for ag) threats posed by ants to native flora and fauna at
control. Holldobler and Wilson (1990) did not eversyen the higher elevations and in wet forests. Others
include a section on ant parasitoids in their comprezye pointed out that ants can exclude vertebrates.
hensive treatment of ants. Recently, however, SomEgy example, Wetterer et al. (1998) suggest that ants
effortis being made to identify and assess the impagfther than avian malaria at upper elevations on the
of ant parasitoids such as eucharitid wasps (Hergifand of Hawai‘i may be responsible for the exclu-
1994) and phorid flies (Disney 1994, Morrison andjon of the endangered palilaokioides bailleu.
Gilbert 1998). Ants are also predators of other invertebrates includ-

Effective quarantine measures, continuous monitdfld Snails, and invertebrate biodiversity must be con-
ing, and immediate response upon finding newly e§ldered also when assessing ant invasions.

tablished ant species may be more effective than atarticular care should be taken in introducing ants as
tempting to eradicate established species. biological control agents, and Majer (1994b) cautions
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against such an approach. Zenner-Polania (1994) Micronesia (ICCM)Annual Report of the Pacific Sci-
documents the effects on the native ant fauna of in- ence Board7: 21-28.

troducingParatrechina fulvgMayr) into Colombia, Asquith, A. __19_95. Alien species and the extinction crisis
and many authors discuss the exclusion of native spe-°f Hawai's invertebratesindangered Species Update

) >S 12(6); 6-11.
cies of ants by aggressive invaders. Atkinson, C.T., K.L. Woods, R.J. Dusek, L.S. Sileo K.W.

A review of the information cited above indicates |ko. 1995. Wildlife disease and conservation in Ha-
that much more information must be gathered to un- waii: pathogenicity of avian malari@kasmodium
derstand the true impact of ants on native ecosys- relictum) in experimentally infected I'iwi\(estiaria
tems, especially considering the uniqueness of Pa- €0cCinea. Parasitology 111, Suppl.: S59-S69.
cific floras and faunas. Their actual impact may n&artlett, B.R. 1961. The mfluence of ants upon parasites,
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. e logical Society of Americé4: 543-551.
toring of Pacific island ecosystems has not usual|§'eardsley Jr, J.W. 1979. New immigrant insects in Ha-
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impact, whether positive or negative, and the extent d'Europe occidentale et septentrionaf@une de
. I'Europe et du Bassin méditerranéadilasson et Cie,
of the impact are usually poorly known.

Paris. 411 pp.
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Annex 1.
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Non-indigenous land and freshwater molluscs in the
islands of the Pacific: conservation impacts and threats

Robert H. Cowie
Department of Natural Sciences, Bishop Museum, 1525 Bernice St, Honolulu, Hawaii 96817-2704, USA

Abstract grammes, often using highly non-specific predators

The non-marine mollusc fauna of the Pacific islanoasnd parasites that then threaten native species. Fresh-

. . ) . wiater bivalves are not common in the Pacific, but
is being homogenised. The once immense levels OT .

native species diversity, with high single island otr € introduced Asian clartCorbicula fluminegposes
P Y g 9 a serious threat should it become more widely dis-

archipelago endemism, are declining dramatically. o .
. . . r’lauted. Many other non-indigenous species have
and these native/endemic faunas are being repla%ie

. . been recorded in the Pacific but very little is known
by a much smaller number of widespread tropica : .
) . . . bout their ecology and impacts. All of them have
tramps”, that is, those species that are most readi

transoorted by humans. These introduced speciedMe impact on native ecosystems. Their impacts and
b y ' b spread are facilitated by other factors related to hu-

include some that were distributed accidentally b an activity that also have direct impacts on the na-

Pacific islanders before European exploration of tt}e . o
e B e Ive species. Because so little is known about these
Pacific; some of these are “cryptogenic”. However

the majority are modern introductions. It is dn‘flcultSloeCIeS .an.d the!r distributions are only sppttlly re
: . N . . corded, it is difficult to make firm evaluations of

to identify definitively the species presenting the | .” . . .
. . . . which islands/archipelagos are at most risk and on
greatest immediate future risk to conservation. How-, .~ . .
which islands conservation efforts should be focused.

ever, notable among the terrestrial introductions a . .
. . . : . owever, a number of tentative suggestions can be
the giant African snailAchatina fulicg and the A
. . . made. High islands are of more concern than atolls.
predatory snails (e.dzuglandina roseaGonaxis . . .
. S0 . ; Major gaps in knowledge include Belau (Palau), Fiji,
kibweziensisG. quadrilateralig that have been de- )
) . . . Tonga, and the Solomon Islands. These archipelagos
liberately introduced in ill-conceived attempts to con-, .
. . . ) ... _deserve further survey work and/or documentation
trol it. The giant African snail probably modifies

native habitat and enters into competition with nao-f diversity from earlier museum collections. In ad-

. L . . dition, for various reasons, cases can be made for
tive species; the predatory snails attack native s

cies and have been heavily implicated in their erjt((e-xusmg attention on parts of French Polynesia (no-

L L : tably the Society Islands), parts of the Samoan is-
tinction. More insidious impacts are due to the var|- . : .

: - . ands, New Caledonia, and Papua New Guinea. Eradi-
ous species of Subulinidae (eSubulina octona

Paropeas achatinaceymliopeas gracilg that of- cation of already established species is probably im-

) . . epossible, except on a very small scale. Prevention of
ten achieve extreme abundance in native ecosyst % ; . .
urther spread and of new introductions (e.g. via en-

and probably 'out-compete native SPEcies. More rﬁénced strict quarantine measures) should be the main
cent introductions are often associated with the hor-

ticultural trade (e.g. the tentatively identifiedapproaCh' Increased public education is essential to
S e the success of these efforts.

Ovachlamys fulgensnd their impacts are difficult

to assess, although they may rapidly achieve high .

abundance. Among the freshwater species, applé Introduction

snails (notablyPomacea canaliculajgose serious This report focuses on the alien non-marine gastro-

threats to aquatic ecosystems through potential hapRds (snails and slugs) and bivalves in the area cov-

tat modification and competition with native speciegred by the South Pacific Regional Environment Pro-

Lymnaeid freshwater snails (e.fossaria viridiy ~gramme (SPREP), plus the Hawaiian Islands, but

pose a threat, not only through competition with n&xcluding Australia and New Zealand. It is difficult

tive species, but because, as carriers of liver flukds, identify definitively the species presenting the

they tempt officials to initiate biological control pro-greatestimmediate future risk to conservation. How-
ever, the report focuses on a small number of promi-

Hawaii Biological Survey Contribution No. 1999-010 Nent species, assessing their overall distribution and
Pacific Biological Survey Contribution No. 2000-005 realised or potential environmental impacts. These
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species are likely to include the species exhibitingriginated. In contrast, land snails are very poor

the greatest conservation threat. Other introducedspersers. And because the terrain of many Pacific
species and details of their distributions in the regiaslands is often heavily dissected by ravines and gul-
are listed in Annex 1. The report begins with an ovelies resulting from erosion, small populations can

view of the native non-marine mollusc fauna becaugecome readily isolated, increasing the chance of
it is this immensely diverse and unique fauna thapeciation and thereby leading to the extremely high
may be most heavily impacted by predation by artiversities and high levels of single island endemism
competition with the alien species, and because itdeen on many islands.

o_nly_ within the_ (_:ontext of the immense natlye .d'ver"l'he native snail faunas of Pacific islands are derived
sity in the Pacific that a sense of the potential imp

) . ) ) a%m rare long-distance dispersal, including island-
of introduced species can truly be obtained. This nﬁbpping, over ocean, followed lny situ evolution-

tive fauna has already declined dramatically on so ?y radiation (Cowie 1996a, 1996b). Probably wind

islands/archipelagos and is being replaced by a rgéﬁd attachment to birds havé been the primary mecha-

tively_small number of introduced tropical “tramps”nismS of dispersal, which would explain the gener-

(Cowie 1998a, b; Solem 1964). ally smaller size of species of more remote islands,

T . as discussed at greater length by Cowie (1996a). Only

2. The mdlgenous non-marine extremely rare successful establishment of a colo-
mollusc fauna niser has been necessary.

The following statement of Clench and Turner (1962 here is no single compilation of overall numbers of
specifically referring to the land snail species of Neysacific island land and freshwater snail species. A
Guinea (Rpua New Guinea and Irian Jay@nains nymper of lists are available for various island groups,
true both for there and for most of the island groups @hme recent, others over 100 years old. The more
the Pacific: recent lists are probably more comprehensive, but
“Difficulties in understanding many species still exall suffer from the problems that there are many un-
ist. Many of the species were inadequately describdghown and undescribed species and that many other
often without figures, and others with incorrect lospecies have been described and named as different
cality data. Confusion about certain species will natgpecies more than once.

rally exist for many years to come . . ." Nevertheless, using what literature is available, it is

Many species undoubtedly await discovery and/grossible to arrive at some rough estimates of diver-
description, so that any compilation of numbers dfity. Recent rigorous treatment of the Hawaiian fauna
species is probably an underestimate. On the oti{@owie et al. 1995) lists 763 native land snail spe-
hand many also may have been described and nansess, of which all but four or fewer are endemic to
more than once as different species, so that any cailme archipelago. A similar work (Cowie 1998c) treat-
pilation will overestimate real numbers. Even thing the Samoan (American Samoa and what was for-
most recent and rigorous treatments (e.g. Cowie merly Western Samoa, now Samoa) fauna lists 94
al. 1995; Cowie 1998c) are undoubtedly inaccuratetive land snail species, with about two-thirds of
because of these two factors. them endemic. The Pitcairn group has been carefully
The land snail faunas of the Pacific islands are gefiudied (Preece 1995, 1998) and harbours about 30
erally much more diverse than the freshwater faung8tive species. The numbers of species on each of
(Cowie 1996a). For instance, the Hawaiian Island8€ Society Islands were given by Peake (1981), and
have about 750 native land snail species but orf§?der an assumption of 90% single island endemism,
seven truly freshwater species (perhaps about 2d§fd to an estimate of the total fauna of the group of
brackish-water species are included) (Cowie et #Pout 160 species. The tiny island of Rapa in the
1995; Cowie 1996b). The reasons for this are twéiustral archipelago (French Polynesia) harbours 98
fold. First, there is relatively little permanent freshhative species (Solem 1983). In the Northern Mariana
water habitat on Pacific islands. There are few larg@@nds, the fauna of Rota has been carefully surveyed
lakes and rivers, and many of the streams flow onjd at least 39 native species recorded (Bauman
intermittently after rain. Second, many of the fresh1996), and the islands north of Saipan have been in-
water species are diadromous; the adults live in tNestigated by Kurozumi (1994), who recorded at least
streams but the larvae pass out into the ocean, oAy native species.

returning to the streams to settle. Thus there is a gregther jsland groups, even those for which there are
likelihood that these larvae are spread widely by cUfgis or compilations, remain less well known. For

rents, not only to different streams but also to diffefxsiance, the fauna of Vanuatu has been treated in
ent islands and archipelagos from those where they
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detail by Solem (1959), who recorded around 13@g 33 from the Bismarck archipelago) is the most
species, but certain islands in the group remain veegmprehensive work, but certainly covers the fauna
poorly investigated and this number is certainly mcompletely. Haynes’ (1988a) list, covering only the
serious underestimate (Cowie 1996a). Other islamkritidae, is similar. McMichael's (1956) statement
groups are even less well known. About 110 specitdsat:
have 'been listed in the fauna of New Caledonia (F.r‘f’“‘}ﬁew Guinea remains virtually an unexplored terri-
1957; Solem 1961), but Solem etal. (1984) and T"“E%Zy as far as this group of mollusks [freshwater
and Clarke (1983) considered the real number to - "

. . ssels] is concerned
300-400. It is beyond the scope of this report to at-
tempt an accurate compilation of numbers from tH@mains true not only for mussels but also to a large
W|de|y Spread taxonomic literature. However, usingXtent for the whole freshwater molluscan fauna. It
these numbers above as a guide, and given the sxnot possible to estimate the total number of spe-
tremely high levels of endemism among Pacific iscies in the fauna, nor to make any useful statements
land land snails, an estimate, excluding New Guine@pout their distributions.
of around 4000 native species seems not unreason-

able, although essentially a guess. 2.2 Extinction
_ The unique native land snail faunas of the islands of
2.1 Papua New Guinea the Pacific are disappearing rapidly (e.g. Bauman

Because of the rather different nature of New Guind®96; Cowie 1992; Solem 1990). Many species are
(Papua New Guinea and Irian Jaya), as compared¥@W extinct or severely threatened, and often con-
the other islands of the region, New Guinea is di§ned to high-altitude refugia. Destruction of habitat
cussed separately. The non-marine mollusc fauna(®€ginning with prehistoric Polynesian colonisation;
New Guinea remains inadequately known, and it B&9. Preece 1998) for agricultural and urban devel-
not possible to give a precise estimate of numbers@®ment is an important cause of this decline, as is
species (Cowie 1993). As a broad generalisation, m@gedification of habitat by the replacement of native
species are probably endemic to New Guinea. Sorkant species suitable for the snails with alien plants
are endemic to certain islands or island groups. 0N which the native snail species cannot survive. Rats
introduced by PolynesianRé#ttus exulansand Eu-
n??peans Rattus rattus Rattus norvegicyshave a

“Papua” includes 198 species but it is not clear whi eg\?/})/. impact on native snails (e.g. Hadfield et al.
of the offshore islands are included. Rensch (1934,

1937) listed 157 land snail species in the Bismardk particularly important cause of the demise of the
archipelago. Van Benthem Jutting’s (1963a, 196#ative snails has been the deliberate introduction of
1965) monographs of Irian Jaya, the most compréarnivorous snails, most notaliyiglandina rosea
hensive works for New Guinea, indicate 481 speciek ill-conceived attempts to control another intro-

group land molluscan taxa (mostly full species). Thiduced snail, the giant African snaichatina fulica
figure is still probably an underestimate. Populations ofA. fulica have not been reduced by

. i . the carnivorous snails (Christensen 1984; Civeyrel
During the first half of the twentieth century MaNYand Simberloff 1996) but native snail populations

new taxa were discovered in New Gu_lnea, but Mal¥ve been devastated (Clarke et al. 1984; Hadfield
areas remain unexplored malacologically and neyyge. 114 dfield and Miller 1989; Hadfield et al. 1993;

taxa continue to be found. Past collecting effort h"ﬁadfield and Mountain 1981: Murray et al. 1988). A
probably been biased towards the larger and m &wer and very serious threat is the introduction of

colourful species and to accessible (especial h extremely voracious predatory flatworm,

coastal) areas. With this in mind, it is not unreaso'l}"latydemus manokwarie.g. Hopper and Smith

able to suggest that the native land molluscan fau%gz)_ Reports that it can contethatina fulicare-

numbers_ well over 1000 SPECIEs, with perhaps Cloﬁ?ain correlative, and the individuals promoting its
to 1000 in Papua New Guinea alone.

use as a biological control agent either consider it
For the fresh- and brackish water fauna, van Benthdrarmless to native snail species (incorrect) or simply
Jutting’s (1963b) work, listing 165 species-group taxdo not care about native species (Muniappan 1983,
of gastropods and bivalves, stands out as the ma8i87, 1990; Muniappan et al. 1986). In the Pacific
comprehensive treatment of the New Guinea faunalands regiofPP. manokwarhas been reported from

For Papua New Guinea, Starmuhlner’s (1976) monGuam, and Saipan, Tinian, Rota and Aguijan in the
graph, including 47 fresh water gastropods (includNorthern Marianas, from Koror and Ulong in Belau

Various compilations are available, but none is co
prehensive. Iredale’s (1941) list for the land snails
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(Palau), and from O‘ahu in the Hawaiian Islandslands, Tuamoto archipelago, Swains in the Samoan
(Eldredge 19944a, 1995). Much of the “evidence” thajroup, etc. Raised coral limestone islands (e.g.
these predators can control population&ofulica Henderson, Makatea) have sometimes been recog-
is based on a poor understanding of ecological prinised as a third category (e.g. Harry 1966). Argu-
ciples.That the predators wipreyonA. fulicais ably, these distinctions are false (Cowie 1996a), be-
not evidence that they caontrol its populations; cause the low islands are formed gradually from high
other factors (e.g. food) may be limiting, even taslands as they erode and sink. Raised limestone is-
the extent that heavy predation has no effect dands are the result of sea level fluctuations and/or
numbers of the extremely fecund and rapidly rdectonic uplifting superimposed on this continuum.
producingA. fulica Nevertheless, the distinction has practical value, be-

Introduction, both deliberate and not, of non-indigE2USe the snail faunas of the high islands are charac-

enous snails and slugs is continuing throughout t}geérlstlcally Very dlffer_ent fr_om the fa_unas Of. atolls,
with the faunas of raised limestone islands interme-

islands of the tropical Pacific (e.g. Cowie 1997, o . .
! P! ific (.9 WI ate. High islands are characterised by high levels

1998c, 1998d; Gargominy et al. 1996; Hopper an di 't d endemism: low islands harb ;
Smith 1992) and to a greater or lesser extent through- IVersity and endemism, fow 1S1ands harbour 1ew
and snail species, most of which are widely distrib-

out the world (e.g. Cowie 1999; Griffiths et al. 1993).t d (i t th hh Giviti This i
Indigenous species are perishing primarily througltine (in part through human activities). This is rea-

predation and habitat modification, and perhaps co onable: IQW islands will frequently have been inun-
petition, and being replaced by a relatively sma ated during recent geological history as sea level

number of mostly synanthropic, disturbance-tolerah?>¢ and f_eII; they may also haye been inundated as a
species (Cowie 1998a, 1998b). The terrestri sult of tldal_waves and hurricanes (Harry 1966).
molluscan fauna of the Pacific islands is being ho-he land snail fauna would have certainly been de-

mogenised, just as is predicted for the entire Worldsgroyed n the first case and probably also in the sec-
biota (McKinney 1997). ond. Such islands would then only be expected to

harbour those species that are most readily transported

Freshwater molluscan faunas are suffering similgyy birds or the wind, or more recently by humans—
fates. As discussed above, on Pacific islands th&jgn-indigenous “tramp” species.

are generally far fewer freshwater mollusc species

than terrestrial species; many of these freshwater sge-Qverview of the non-indigenous
cies exhibit diadromous life-cycles; levels of ende- .

mism are much lower than in the terrestrial faunas non-marine mollusc fauna
(Cowie 1996b). Nevertheless, these freshwater faligeneral, and with a number of notable exceptions,
nas are threatened, and for the same reasons astiggnonindigenous snails of Pacific islands have been
terrestrial faunas. For instance, in the Hawaiian Igoorly studied. In the past, the fantastic and spec-
lands there are now more non-indigenous than itecular diversity of the native faunas attracted scien-
digenous freshwater species (Cowie et al. 1998sts, who tended to consider the non-native species
Cowie 1997); and the same carnivorous snail thaninteresting and therefore did not collect them,
has been the major scourge of the terrestrial fauniacord them, or study them to any great extent. This
Euglandina roseawill even go under water in searchis beginning to change as the native species disap-

of its prey (Kinzie 1992). pear and concern is increasing with regard to the ac-
tual and potential impacts of non-native species.

3. The faunas of high islands and Nevertheless, there remains a very sparse and scat-
atolls tered literature on the alien species, with the excep-

e i . tion of the giant African snailAchatina fulica and
Most Pacific islands arose from volcanism: either h?ﬁe predatory snaktuglandina rosea

spot volcanism (Clague 1996) leading to chains of

islands, such as the Hawaiian Islands; or island af&€ most thorough accounts of the alien non-marine
volcanism (Polhemus 1996), also often leading ®@nail faunas of Pacific archipelagos are Cowie’s

chains (e.g. the Mariana Islands). Other islands a£997) catalogue and bibliography of the Hawaiian

of continental origin (e.g. New Caledonia). Amongpecies, with the information therein analysed and
the volcanic islands of the Pacific, a major distincdiscussed further by Cowie (1998a), and his com-
tion has been made between two main classes ofliaed native and non-native catalogue of the Samoan
lands: high volcanic islands such as the main Hawdauna (Cowie 1998c). Cowie (1998a) reported 81

ian, Samoan and Society Islands, Pitcairn and Rajg@ecies introduced to the Hawaiian Islands, with 33
and low coral atolls such as the Marshall Islands, Lirobably established. In Samoa, he listed 23 intro-
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duced species (Cowie 1998c), 16 of which are al§de features that characterise the successful intro-
recorded in the Hawaiian Islands. New introductionduced species, and especially those that become in-
are continuing in both Hawaii (Cowie 1998d, 1999Yasive, generally include the readiness with which
and Samoa (Cowie and Cook 1999). For New Cahey are accidentally transported, rapid reproduction
edonia, Gargominy et al. (1996), updating Solemnd high fecundity, and generalist food and habitat
(1964), listed 24 introduced land snail species. @&quirements. These features mean that they are able
these, 13 (and probably more, given probable mig out-compete many of the native species, which
identifications) are also present in Hawaii. Preedeave evolved and speciated in the absence of such
(1995) listed the small fauna of the Pitcairn Islandsjgorous competition. The native species have also
including 10 probable introduced species (but séequently evolved in the absence of heavy preda-
Preece 1998). No explicit list of alien snails has beg¢ion. Many native species (e.g. the partulid and
published for any other archipelago; records are scathatinelline tree snails) grow and reproduce ex-
tered through the literature. tremely slowly (Cowie 1992). It will therefore take a
ang time for populations of such species to recover

These introduced species come from all over t ; . . .
world (Cowie 1998a). A small number were transtom & single predation episode that destroys a sig-
fficant portion of the population. This means that

ported inadvertently by Pacific island people as the) i . iall | ble t
colonised previously uninhabited archipelagos. Thei‘. ©S€ NALVE Species are especialy viinerable fo pre-

were mostly species originating within the Pacifiﬁat'qn by the introduced predatory snails (e.g.
and were generally small lowland species. It is ofte adfield et al. 1993).

difficult to be sure whether these widely distributedt has been suggested (Harry 1966) that alien snails
Pacific island species really have been distributed biend to remain in an environment highly modified
humans or whether they are in fact native; only aby man, and do not, through their own natural abil-
chaeological evidence can resolve the question (eity, invade the more natural surrounding areas.” This
Preece 1998). Such species have been termed “crgfatement would suggest that there is no need to be
togenic” (of hidden origin) by Carlton (1996). Fol-concerned about alien snails because they will not
lowing European discovery of the islands, and sullvade native ecosystems. This is simply not true.
seqguent US involvement, more species began to ber example, the spreadidiglandina rose¢hrough-
introduced, mostly from around the Pacific rim. Without the islands to which it has been introduced is well
increasing worldwide commerce and air travel, nedocumented (e.g. Clarke et al. 1984; Hadfield 1986;
species began to appear from further afield, a sigladfield et al. 1993; Murray et al. 1988); alien
nificant number now being inadvertently distributegubulinids are probably the commonest land snails
via the international horticultural trade (Cowie, 1999)n almost pristine native forest in American Samoa

In addition to these accidental introductions, a si%,gOWIe and Cook 1999); and the freshwater snail

nificant number (mostly larger snails) have been i >omacea canaliculates spreading rapidly into non-

troduced deliberately. There is a continuing desire r@ncultural aquatic environments in the Hawailan

introduce snails as human food resources, both as 3lﬁnds (Lach and Cowie 1999).

inexpensive protein source for local consumption aridtroductions continue, and at an increasing rate.
for the gourmet restaurant trade (including exportinless they cause a serious problem to agriculture
Terrestrial species (e.glelix aspersa—Gargominy or human health, they often do not get documented.
et al. 1996) and freshwater species (Bgmacea Alien species that cause less obvious environmental
canaliculata—Cowie 1995a) have been introducear conservation problems are frequently ignored.
for these reasons. Most of these introductions res@ecords of the presence of introduced species usu-
from illegal smuggling, which is extremely difficult ally depend to a great extent on casual or incidental
to prevent completely. Additional aquatic speciesollecting. For these reasons, many introductions
have been distributed via the aquarium trade, evamdoubtedly remain unrecorded, especially in remote
tually ending up in native aquatic ecosystems. Hovand unsurveyed archipelagos. Therefore, this report
ever, the most well-known examples of deliberatis necessarily incomplete in terms of giving a true
introduction are the introduction éfchatina fulica picture of the Pacific distributions of many of the
for food, medicinal, and ornamental purposes, foklien non-marine molluscs. Furthermore, because
lowed by the introduction of predatory snails (moginost of the introduced slugs and snails and their en-
notablyEuglandina rosegbut also a number of oth- vironmental impacts have been hardly studied at all,
ers) in poorly conceived and unsuccessful attempige do not know which species have become or may
to control it (see below for more details). yet become serious conservation problems. In fact,
all alien species have some environmental impact,
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simply because they become part of a pre-existimgher nonindigenous snail species recorded in the
ecosystem and by being incorporated into this ecoegion.

system they l_Jy definition contribl_Jte to i_ts dynamicsrhe sequence of species treated here in detail argu-
Theref_ore,_ this report tgnqls to be mcluswe_rather th%%ly reflects their significance as conservation threats.
excluswe_ in terms of listing the more serious pro The order in which archipelagos and islands are listed
lem species. follows Motteler (1986), as does spelling of island
As discussed above, many of the alien snails and slugames, including the use of diacriticals. The date of
are more or less cosmopolitan “tramps” (Solerfirst introduction to an island or archipelago is given
1964). The alien snail/slug faunas of most islandgknown, with the citation from which that informa-
and archipelagos in the Pacific contain a subset tidn was derived.

this suite of species. The faunas of atolls may be en-

tirely composed of such species. The total number bt 1 Terrestrial species

alien non-marine snails and slugs established in tP

Pacific is probably at present only 100-200, with pe -SM”‘Y ACHATINIDAE

haps only a handful of non-native bivalves. Yet, il\chatina fulica (Bowdich, 1822) —
terms of biomass, they almost certainly outweighthe  the giant African snail

estimated 4000 or so native species. This balance willis species has been introduced widely, both delib-
almost certainly continue to tip in favour of the a“e'%rately (e.g. for food—Clarke et al. 1984) and acci-

species. dentally. Characteristically, its populations may re-
_ main relatively low and more or less innocuous for
4.1 New Guinea some time, then explode dramatically with the snails

Following the format adopted above, New Guinea Becoming both agricultural and garden pests as well

here treated separately. Because of its size and #@sea public nuisance. As with many invasive species,

remoteness of much of its interior, many of Newowever, their populations subsequently decline to a

Guinea’s native species are probably surviving, anaw level (e.g. Eldredge 1988), for reasons that are

there may be large areas into which no alien speciest understood, although disease has been strongly
(or at least very few) have penetrated. Lowland aguggested (Mead 1979; Waterhouse and Norris 1987;
eas, however, have undoubtedly been invaded, prébewie 1992).

ably by the same suite of alien species as are presgyt

) = reaching such enormous numbers and invading
elsewhere in the Pacific.

native ecosystems they pose a serious conservation
. . icul problem. Not only may they eat native plants, modi-
5. SpeC|es presenting particular fying habitat, but they probably also out-compete

threats native snails (e.g. Tillier 1992).

Because the suite of alien species present in eachfagwever, the more insidious conservation problem
chipelago is likely to contain many species in comhey cause is that they tempt agricultural officials to
mon, the following basic species by island treatmefitiate a number of putative biological control meas-
is formulated around species rather than archipelgres. The most well publicised of these measures is
gos, to avoid repetition. As suggested above, thefige introduction of predatory snails, most notably
are probably only 100-200 alien non-marine moEuglandina rosedsee below). The first attempts at
lusc species in the Pacific region. It is not the interuch biological control were made in Hawaii. Fif-
tion of this report to give details of all of them. Inteen carnivorous species were deliberately introduced
stead, the report focuses on a small number of sgg€owie 1998a). Of these, nine did not become estab-
cies that have received greatest publicity and/or whitished; the fate of three is unknown but they are cer-
seem particularly abundant where they have be&inly not common and do not appear to be causing
recorded and/or appear to have especially invasiserious problems. However, three have become es-
potential. Again, as indicated above, it is not posdiablished and are discussed belBwglandina rosea

ble definitively to determine which species presefgonaxis kibweziensis. quadrilateralis There is

the most serious conservation threats in the immedlio scientific evidence that the predatory snails are
ate future; the following list of species is therefore He reason for the decline in numbersAoffulica
very subjective treatment. For each species, a list(ighristensen 1984).

given of the islands from which it has been recordedimilar ill-conceived attempts at biological control
with the date of introduction (or first record) on thainvolving Euglandina rosean particular have been
island if known. Annex 1 gives minimal details ofimplemented in French Polynesia, American Samoa,
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Guam, and a number of other places in the Pacifltamoto Archipelago: Moruroa - 1978 (Mead 1979); Hao
and Indian Oceans (Griffiths et al. 1993) (see belowl978 (Mead 1979); Apataki - (Pointier and Blanc 1984).

underEuglandina rosep Samoa

In addition to the deliberate introduction of predabpolu - 1990 (Cowie 1998c).

tory snails, the predatory flatwormlatydemus .

manokwarihas also been introduced, although as yé{?g{éc_a{]g?? ?c]:?)?vie 1998¢): Ta(Eldredge 1988, Cowie
less widely (Eldredge 1994a, 1995). It is reporte 98c). ’ g '
that this flatworm can indeed cause populations of

Achatina fulicato decline (Muniappan 1983, 1987 Wallis and Futuna

1990; Muniappan et al. 1986; Waterhouse and NorN¥llis Islands - (Anon. 1998a).

1987), but the evidence is only correlative, not coq.—uvalu

vmcmgly gausatlye. Howevgr, the flatworm ha§ alsgaitupu - 1996 (Anon. 1996a, b; eradicated).
been implicated in the decline of native species on

Guam (Hopper and Smith 1992). It has been seenNiew Caledonia

Hawai'‘i (Eldredge 1994a, 1995) but as yet does ndP72 (Gargominy et al. 1996; Mead 1979).
appear to be presentin large numbers (M.G. Hadfiek%lnuatu

unpublished observations). Efate - 1967 (Mead 1979); Espiritu Santo - (Mead 1979).
It cannot be stressed enough that these introductiogﬁ
. . . . . olomon Islands
of putative biological control agents agaifAshatina Anon. 1999)
fulica are extremely dangerous from the perspecti\Se ' '
of the conservation of native snail species. And iRapua New Guinea
any case, there is no good evidence that they can fme-1945 (Mead 1961; Dun 1967).

deed controA. fulicapopulations. Port Moresby - early 1960s (Mead 1979); Lae - 1976-
Achatina fulicacontinues to spread; for instance 977 (Mead 1979); Madang - before 1972 (Mead 1979);
was first reported on Upolu (Samoa) in 1990 and ﬁougain\_/ilk_a - 1970 (Mead 1979); Bismarck Archipelago

Kosrae (Federated States of Micronesia) in 1998\eW Britain, New lreland) - pre-1945 (Mead 1961);

Some islands remain free of it, for instance Ofu anam Island - (Lambert 1974).

(American Samoa), yet seriously at risk. Once estaRtarshall Islands

lished on one island of an archipelago, the risk &fwajelein - (Anon. 1996a, 1998a).

local dispersal to other islands in the group is ver ) )
high (Waterhouse and Norris 1987). Probably, pegedergted States of Micronesia
ple still seeA. fulicaas a potential food source. An osrae: 1996 (Anon. 1998a).

effort has been made to promote it as a food resoufehnpei: 1938 (Mead 1961, 1979; Smith 1993b).

on Upolu, collecting the snails for food being seefiryk - (Mead 1979; Smith 1993c): Dublon - pre-1940
as a method of controlling them. However, promofMead 1961); Moen, Romonum - pre-1945 (Mead 1961);
ing a pest, for whatever seemingly positive reasooman, Fefan - 1948 (Mead 1961).

seems fundamentally counterproductive as it will
probably encourage the further deliberate spread
the snails around the island. It seems axiomatic t oror) - 1939 (Mead 1961): Ngerekebesang

a pes't species should not b_e promoted. In_ additi rakabesan), Ngemelachel (Malakal) - pre-1950 (Lange
A. fulicaappears to be readily transported inadverigsg): Ulebsechel (Auluptagel), Ngeruktabel (Urukthapel)
ently from island to island. - 1949 (Mead 1961); Beliliou (Peleliu) - pre-1946 (Lange
1950); Ngeaur (Angaur) - pre-1950 (Lange 1950).

?Iau (Palau)
beldaob - 1938 (Mead 1961; Cowie et al. 1996); Oreor

Hawaiian Islands
Kaua'i - 1958 (Mead 1961); O‘ahu - 1936 (Mead 1961)Guam

Moloka'i - 1963 (Mead 1979); Maui - 1936 (Mead 1961);1943 (Bauman 1996; Mead 1961; Eldredge 1988).
Lana'i- 1963-1972 (Mead 1979; possibly not established);

Hawai'i - 1958 (Mead 1961). Northern Mariana Islands
_ Rota, Tinian, Saipan - 1936-38 (Mead 1961; Bauman
French Polynesia 1996); Aguijan - pre-1939 (Mead 1961); Pagan - 1939

Marquesas Islands: Nuku Hiva, Hiva Oa - before 1984ead 1961).
(Pointier and Blanc 1984).

Society Islands: Tahiti - 1967 (Mead 1979); Moorea,
Huahine, Raiatea, Tahaa, Bora-Bora - after 1967 but be-
fore 1978 (Clarke et al. 1984; Mead 1979).
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FAMILY SPIRAXIDAE others. The World Conservation Union (IUCN) has

Euglandina rosea(Férussac, 1821) — formally condemned the deliberate introduction of

the cannibal snail, the rosy wolf snail E. roseaand other carnivorous snails (Anon. 1989).
’ So, with the continuing spread Athatina fulica

This species is the most widely introduced of thgye threat posed by the continued introductiog.of
numerous species that have been used in attemptgiQais serious.

control populations oAchatina fulica(Griffiths et

al. 1993; Mead 1961, 1979). According to Meadilawaiian Islands

(1979), the earliest introductions Bf roseain the Kaua'i - 1958; O'ahu - 1955 (Cowie 1997; Mead 1961);

Pacific were to Papua New Guinea, but it was tH\goloka‘i - (Griffiths et al. 1993); Maui, Hawai'i - 1958

efforts of the Hawaii Department of Agriculture thafMéad 1961).

spurred greatly increased interest in using this Spgiripati

cies as a biological control agent. Officials in Ha¢waterhouse and Norris 1987).

walii strenuously argued that fulicapopulations de- _

clined because of predation Byroseae.g. Nishida French Polynesia -

and Napompeth 1975) and willingly advised Othe§ocua.ty_ls_lands: Tahiti - 1974 (.Grlfnths etal. 1993; Mead

nations withA. fulica problems to follow their lead 1979; T|!I|er_apd Clarke 1983); Moorea - 1977 (Clarke et
. . . al. 1984; Griffiths et al. 1993).

and introducee. rosea However, there is no rigor-

ous scientific evidence thit roseaeffectively con- American Samoa

trols A. fulica populations (Christensen 1984). It is1980 (Waterhouse and Norris 1987; Cowie 1998c).

now widely recognised that tide fulicapopulations

declined for other reasons (Claideal. 1984; Cowie . ] R

1992; Mead 1961, 1979) but thatroseahas been a é?;ijfgg;‘_rgom'”y etal. 1996; Mead 1979; Tillier and

major scourge of vulnerable native snail populations,

perhaps to the extent of the extinction of a largéanuatu

number of endemic species (Cowie 1992; HadfieltP73 (Mead 1979).

1986; Murray et al. 1988). The most widely publigfate - (Waterhouse and Norris 1987).

cised impacts have been on the slow-reproducing

endemic tree snails (Partulidae and Achatinellinaejolomon Islands

Statements thd&. roseais entirely ground-dwelling (Waterhouse and Norris 1987).

are not true; it is frequently seen in trees.

New Caledonia

Papua New Guinea

One crucial piece of evidence that tells us that 1952-1961 (Dun 1967; Mead 1979; Waterhouse and
roseais not the cause of the decline An fulica Norris 1987; failed to establish).

populations comes from French Polynesia (Clarke Rew Britain - 1952-53 (Mead 1979; failed to establish).
al. 1984). On Moorea, the decline in numbersé of
fulica occurred all over the island, in some areas pri
to the spread d@&. roseanto those areas. And a simi-
lar decline was seen on Huahine, to wHichiosea
had not been introduced. Guam

%%57 or 1958 (Hopper and Smith 1992; Mead 1979).

lau (Palau)
Mead 1979; Waterhouse and Norris 1987; may not have
established.)

Most governments and other authorities appear to
aware of the potential threat posed to native faunggrthern Mariana Islands
by Euglandina roseaHowever, under pressure fromSaipan - (Mead 1979).
voters to “do something” aboAthatina fulicathey

often at least consider the introductionEofrosea FAMILY STREPTAXIDAE
(and other snail predators likBlatydemus o L .

manokwarj. Many island people are not aware Ogonams kibweziensigSmith, 1894)

their unique native faunas, or do not understand thdifis species was the first to be seriously considered
precarious existence, but have heard fhatosea as an agent for the control Athatina fulica(Mead

can solve théchatina fulicaproblem. The pressure 1961). It is now the second most widely introduced
to introduceE. roseamay then become intense, oiof these predatory species. It rarely seems to become
people may resort to introducing it unofficially. In-as abundant @s. roseaand has not been so heavily
troduction ofEuglandina rosedo Tutuila (Ameri- implicated in causing extinctions of native species.
can Samoa) in 1980 was against the express writtérgPpears to be entirely ground-dwelling. Native
protests of widely respected land snail experts afdound-dwelling species, though a large proportion
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of the Pacific terrestrial snail fauna, have not receivedribati
the attention the tree snails have, so it is unknovwWaterhouse and Norris 1987).
whethelG. kibweziensihas had any impact on these\/anuatu

non-arboreal species. 1973 (Mead 1979).

More recently, there is a lesser tendency to considlgr
introduction ofG. kibweziensishan ofEuglandina a
roseain control efforts againgchatina fulica Nev-
ertheless, whether officially or unofficially, there reBougainville - 1968—72 (Mead 1979); New Britain - 1952—
mains the possibility tha. kibweziensiwill be in- 3 (Mead 1979); New Ireland - 1968-1972 (Mead 1979).
trod'uced more widely. It therefore still poses a P%Belau (Palau)

tential, though less understood threat. Its smaller sig@eaqd 1979).

may mean that it is transported inadvertently more

easily thark. rosea Guam
1967 (Hopper and Smith 1992).

pua New Guinea
1968-1972 (Mead 1979).

Hawaiian Islands

O'ahu - 1952 (Cowie 1997; Mead 1961); Maui - 1958Vorthern Mariana Islands
(Cowie 1997; Mead 1961). Saipan - (Mead 1979; perhaps not established).

American Samoa FAMILY SUBULINIDAE

Tutuila - 1977 (Cowie 1998c). Subulinids pose a serious conservation threat that is
New Caledonia not as obvious as that posed by the predatory spe-
1979 (Waterhouse and Norris 1987). cies. Subulinids (at leastubulina octonaand
Paropeas achatinaceuynand perhaps formerly
Allopeas gracil¢ often reach enormous abundances
that suggest the possibility of competition with na-
Federated States of Micronesia tive litter-dwelling species. Competition with
Truk - 1955 (Mead 1961, 1979; perhaps not established)ibulinids has been tentatively suggested as a cause
Pohnpei - 1955 (Mead 1961, 1979; Smith 1993b; perhap$ the decline of litter-dwelling helicinid and other
not established). land snails in American Samoa (Cowie and Cook
Belau (Palau) 1999). These species probably also provide an abun-
After 1950 (Mead 1979). dance of food for the predatory species, which then
might have a greater impact on the native species.

Papua New Guinea
New Britain - 1955 (Mead 1961).

Guam

1954 (Hopper and Smith 1992; Mead 1961). In addition, subulinids appear to be very readily trans-

ported accidentally (e.g. Kerney et al. 1979), often
Northern Mariana Islands probably in association with horticultural and agri-
Rota - 1955 (Bauman 1996; Mead 1961, 1979; alive igultural products (e.g. the introduction $fibulina

1969); Aguijan - 1950 (Anon. 1953; Mead 1961, 1979)ctonato New Caledonia; Solem 1964).
Tinian, Saipan - 1955 (Mead 1961, 1979). o ) . ) )
Subulinids are notoriously difficult to identify. Prob-

ably, many misidentifications of species introduced
to Pacific islands have been made. The following is-
land distributions for individual species may there-
fore be insecure and should be treated with caution.
Partly because of these difficulties, but also because
is now probably the third most widely introduced o he ;ubuhmd fauna asa whole could be construed as
aving a concerted impact, all records that have been

t.he p_redatory speme;. AS fer klbwe2|§ nsitabove), found of other subulinids in the Pacific are also listed
little is known about its impacts, but it may have haé)ere

impacts on ground-dwelling native snails.

Again, as forG. kibweziensisthis species poses asypulina octona(Bruguiére, 1789)

potential, though not well understood threat. Cooke (1928) stated that “in Tutuila [American Sa-

Hawaiian Islands moa] this is one of the most abundant species living
Kaua'i - 1979-80 (Lai et al. 1982); O‘ahu, Maui - 19570day occurring in great abundance from the sea-
(Cowie 1997; Mead 1961); Hawai'i - 1973 (Nakao et alshore to the crest of the mountains”. Recent survey
1975). work has confirmed that this remains the case

Gonaxis quadrilateralis(Preston, 1910)

This species, larger th&h kibweziensjsvas selected
as a biological control agent agaiAstatina fulica
becausé&s. kibweziensig only able to attack small
A. fulicaindividuals (Mead 1961¥5. quadrilateralis
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(Cowie and Cook 1999). In fac$, octonas prob- Belau (Palau)
ably the most widespread and abundant subulinid Babeldaob - (Cowie et al. 1996).
the Pacific. It may even be the most common la
il (native or alien). Undoubtedly, it is present b uam
shal ’ " lL auman 1996; Smith 1993a).
has not been recorded from many islands. It prob-
ably is native to the Neotropics (Kerney et al. 1979Northern Mariana Islands
Rota - (Bauman 1996); Saipan - 1948 (Bauman 1996;

Hawaiian Islands Lange 1950).

1903 or earlier but not earlier than about 1870 (Cowie

1997). Paropeas achatinaceur(Pfeiffer, 1846)

French Polynesia This is a widespread species, especially in the tropi-
Marquesas Islands: (Cooke 1928). cal Indo-Pacific, probably distributed in large part
Society Islands: (Cooke 1928). through human activities. It probably originates from
Austral Islands: Rapa - (Cooke 1928). South-East Asia (Pilsbry 1906-1907), where it is
Tuamoto Archipelago: Makatea - 1930 (Cooke 1934). Widely distributed (Naggs 1994).

Pitcairn Islands Hawaiian Islands

Pitcairn - (Preece 1995). Kaua'i, O‘ahu, Moloka'i, Maui - (Cowie 1997); Hawai'i

- 1904 (Cowie 1997).
Galapagos Islands

Santa Cruz - (Smith 1966). French Polynesia
Marquesas Islands: Nuku Hiva - (Naggs 1994).

Cook Islands . )
(Cooke 1928 Tuamoto Archipelago: Makatea - 1932 (Cooke 1934).
Aitutaki - post-European (Allen 1992). Samoa
Savai'‘i, Upolu - 1994 (Cowie 1998c; tentative records).
Samoa _
Upolu - 1994 (Cowie 1998c; tentative record). American Samoa
Tutuila - 1994 (Cowie 1998c; tentative record), 1998
American Samoa (Cowie and Cook 1999; confirmed record).
Tutuila - before 1928 (Cooke 1928). Taw, Ofu - 1998 (Cowie and Cook 1999).
Tau, Ofu, Olosega - before 1992 (Cowie 1998c; Miller
1993). Fiji
Lau Group: Moce, Lakeba - (Solem 1978).
Tonga
(Cooke 1928). Guam
(Smith 1993a).
Fiji _
(Cooke 1928). Northern Mariana Islands

Lau Group: Moce, Lakeba - (Solem 1978). Saipan - 1948 (Lange 1950; identification uncertain).

New Caledonia Allopeas gracile(Hutton, 1834)

1889 (G_argommy etal. 1996; Solem 1964). This species was considered by Pilsbry (1906—1907)
Isle of Pines - (Solem 1964). to be “probably the most widely distributed land snail
Vanuatu in the world”. It was transported around the Pacific
(Cooke 1928). initially via the Lapita culture expansion and subse-

quently by Polynesian voyagers (Christensen and

Efate, Epi, Espiritu Santo - (Sol 1959). . . .
ate, Epl, Espiritu Santo - (Solem ) Kirch 1981, 1986; Kirch 1993). However, it now

Solomon Islands appears to be declining. It is rarely found alive, even
(Peake 1968). in localities where it was formerly common (personal
Tikopia - late nineteenth century (Christensen and Kirc@bservations). Although based on very limited ob-
1981). servations, it is possible that subulinids that arrived

later, transported via western exploration and com-
merce (notablySubulina octonaand Paropeas
dchatinaceur-see above), have out-competid
gracile. Many of the following records are based on
Federated States of Micronesia records of junior synonyms, some of which are listed
Kosrae - (Smith 1992b); Pohnpei - (Smith 1993b). by Cowie (1997, 1998c).

Marshall Islands
Jaluit - pre-1904 (Reigle 1964); Enewetak - (Kay an
Johnson 1987).
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Hawaiian Islands Federates States of Micronesia
Ni‘ihau, Kaua'i, O‘ahu, Moloka'i, Maui, Hawai'‘i - pre- Pohnpei - pre-1900 (Pilsbry 190-1907).

1778 (Christensen and Kirch 1986; Cowie 1997; pmtétate of Yap: pre-1900 (Pilsbry 1906-1907); Ulithi -
ably on all the islands — Cowie et al. 1995). (Harry 1966) ' '

French Polynesia Guam
Marquesas: Tahuata - (Kirch 1993); Eiao or Ua Huka

(Pilsbry 1906—1907; could also refer to Teraina in the Lin&eSmlth 1993a; identification uncertain).

Islands, Kiribati). Northern Mariana Islands

Society Islands: Tahiti, Moorea, Huahine - (Pilsbry 1906aipan - 1948 (Lange 1950).

1907).

Austral Islands: Rapa - (Pilsbry 1906-1907; as the junic(J?ther SUbu“_m'dS _

synonymOpeas oparanujn Other subulinids, arguably all introduced, recorded

Tuamoto Archipelago: Makatea - (Cooke 1934). in the Pacific are:

Pitcairn Islands Allopeas clavulinum(and its probably synony-

Pitcairn - (Preece 1995). mous “variety” hawaiiensg
Hawaiian Islands (Kaua'i, O‘ahu, Moloka'‘i, Maui,
Galapagos Islands Hawai‘i) - Cowie 1997; French Polynesia (Tuamoto Ar-

Santa Cruz - (R.H. Cowie, personal observations 1999 hinelago [Makatea]) - Cooke 1934; Pitcairn Islands
(Pitcairn) - Preece 1995; American Samoa (Tutuilay, Ta*

Ofu) - Cowie 1998c; Cowie and Cook 1999; Fiji (Lau

Group [Lakeba]) - Solem 1978.

Cook Islands
Aitutaki - (Allen 1992).

Samoa

Upolu - (Cowie 1998c). Beckianum beckianum

Hawaiian Islands (Kaua'i) - Cowie 1997 (identification
American Samoa tentative, now confirmed), (O'ahu) - Cowie et al. 1999).
Tutuila - (Cowie 1998c); Ofu - (Kirch 1993).

Lamellaxis micra

Hawaiian Islands (Kaua'i) - Cowie 1997 (identification
uncertain); Galapagos Islands (Santa Cruz) - R.H. Cowie,

Tonga
(Kirch 1993).

Tuvalu personal observations 1999; American Samoa (Ofu) -

Funafuti - (Hedley, 1899; Pilsbry 1906-1907). Cowie and Cook 1999; New Caledonia - Gargominy et
al. 1996, (Isle of Pines) (Solem 1964).

Fiji _

Lau Group: Karoni, Lakeba - (Solem 1978). Lamellaxis sp(p).

Galapagos Islands (Santa Cruz, Floreana, Espafiola)
Smith 1966; Federated States of Micronesia (Kosrae) -
New Caledonia Smith 1992b, (Pohnpei) - Smith 1993b; Northern Mariana

1859 (Gargominy et al. 1996; Solem 1964). Islands (Saipan) - Lange 1950.

Rotuma - pre-1897 (Pilsbry 1906-1907).

New Caledonia (Grand Terre), Art, “lle Casy” - (PilsbryOpeas blanchardianum
1906-1907); Maré - (Solem 1964). New Caledonia - Pilsbry 1906-1907.

Vanuatu
(Pilsbry 1906-1907).

Anatom, Espiritu Santo - (Solem 1959).

Opeas hannens@requently used synonyms:
Opeas pumilumand Opeas goodall)i

Hawaiian Islands (Ni‘ihau, Kaua'i, O‘ahu, Hawai'i) -

Solomon Islands Cowie 1997; Pitcairn Islands (Pitcairn) - Preece 1995; Sa-

(Peake 1968). moa (Upolu) - Cowie 19989; American Sa}moa (Tutuila
o . _ [unconfirmed], Ofu) - Cowie 1998c; Cowie and Cook
Tikopia - (Christensen and Kirch 1981). 1999; Fiji (Lau Group [Karoni]) - Solem 1978; Vanuatu

(Efate, Espiritu Santo) - Solem 1959; Solomon Islands
(Tikopia) - Christensen and Kirch 1981; Federated States
of Micronesia (Kosrae) - Smith 1992b, (Pohnpei) - Smith

1993b; Guam - Smith 1993a.

Nauru
Pre-1904 (Pilsbry 1906—-1907).

Marshall Islands

(Pilsbry 1906-1907). Opeas heptagyrum
Rongelap, Enewetak - (Reigle 1964). Nauru - Pilsbry 1906-1907.
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Opeas kusaiense habitats including secondary forest. However, it can
Federated States of Micronesia (Kosrae) - Pilsbry 190#0rive in the drier and perhaps cooler parts of the
1907. islands; for instance, in the Hawaiian Islands it is

o abundant in a number of relatively dry, mid-eleva-

Opeaﬂs mauritianum . 3 . tion localities (Cowie 1996c¢). There it has become a
Hawaiian Islands (O‘ahu, Maui, Hawai') - Cowie 1997 sjgnificant garden pest. It is possible that it could
Opeas opella becpme an envwonment_al problgm in drier native

. . ) . habitats through vegetation modification and com-
Hawaiian Islands (Kaua'i, O‘ahu, Moloka'i, Maui, . . . .

) petition with native species. Some of these dry for-
Hawai'i) - Cowie 1997. . "

est ecosystems (e.g. in the Hawaiian Islands) are cur-

Opeas pronyense rently seriously threatened.

New Caledonia - Pilsbry 1906-1907. Under suitable conditiortselix aspersaan achieve
very high population densities. The fact that there is
%n_ many parts of the world a consistent interest in
developing snail culture for profit suggests that this
species is one of the more likely species to be intro-
Prosopeas carolinum duced deliberately.

Federated States of Micronesia (Truk) - Pilsbry 1906—190|Z|. awaiian Islands

Pseudopeas tuckeri Kaua'i - 1965, 1976 (Anon. 1965; Nakahara 1979; per-

. : aps not established); O‘ahu - 1952 (Kondo 1956; Cowie
New Caledonia - Gargominy et al. 1996; Solem 1964 (on 996¢, 1997); Maui - 1981 (Tamura et al. 1981); Hawai

tentatively identified). - 1976 (Tamura et al. 1981).
Almost certainly with further taxonomic study someF h Pol .
of these species will be found to be synonyms of mogéer.]c N yne§|a "
. L . Society Islands: Tahiti - Solem (1964).
commonly known and widely distributed species.
Probably, if searched for, these common and widitcairn Islands
spread species would be found on almost all islan8arker (1999).
in the region. All of them contribute to the overal
A : gster Island
subulinid biomass and as such constitute a conser L ker (1999)
tion problem. How they interact with each other is '
not known. New Caledonia
1879 (Gargominy et al. 1996).

Opeas pruinosum

Federated States of Micronesia (Pohnpei) - Pilsbry 190
1907; Smith 1993b, (Kosrae) - Smith 1992b.

FAMILY HELICIDAE

Helix aspersaMiiller, 1774 — the brown snalil, FAMILY HELICARIONIDAE
the garden snail, I'escargot petit gris Ovachlamys fulgengGude, 1900)

This common western European species (Kerney Btis species has so far only been tentatively identi-
al. 1979) has been introduced to many parts of tfied. However, it seems widely, although patchily,
world as the “escargot petit gris”. It grows and reestablished in the National Park of American Samoa
produces in culture much more quickly and readilgn Tutuila (Cowie and Cook 1999) and possibly oc-
than Helix pomatia the “escargot de Bourgogne”,curs in the Hawaiian Islands (Cowie, unpublished
which is the species more traditionally available inbservations). Described from the Ryukyu Islands
restaurants. Frequently it has been introduced deliF Japan, it has been transported around the world,
erately for culture (e.g. New Caledonia; Gargominfrequently via the orchid trade, from Japan, through
et al. 1996)H. aspersahas for a long time been aThailand, and to Costa Rica, where it is now a horti-
serious pest in many parts of the world (e.g. in citrugiltural pest (D. Robinson, personal communication).
in California; Gammon 1943). It is a species of westt is increasingly regularly intercepted entering the
ern Europe and the Mediterranean region. It is notdSA, mostly from Costa Rica, on a wide variety of
tropical species, nor a species of extremely wet halplants. It seems likely that it will expand its distribu-
tats. Itis therefore unlikely to ever become extremeljon readily, so other islands of the Pacific are at risk.
widespread in the tropical rainforest habitats of marthough its impacts or likely impacts are unknown,
Pacific islands. Gargominy et al. (1996) imply thagbservations on Tutuila suggest that it could become
in New Caledonia it tends to be confined to disturbedldominant species of native forests.
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Hawaiian Islands Vaginulus plebeiugFischer, 1868

O'ahu - 1999 (Cowie, unpublished observations; tentgryig neotropical alien slug is also widely distributed
tively identified), Hawai'i - 1999 (Cowie, unpublished ob—On Pacific isF,)Iands and ingsome placesy(e g. the Ha-
servations; tentatively identified). .. ' . . e

waiian Islands) may be replacingevicaulis alte
American Samoa (above) (Cowie 1997). It is often reported in the lit-
Tutuila - 1998 (Cowie and Cook 1999). erature (e.g. Cowie 1997) agdginula plebeiabut

this appears to be incorrect (Cowie 1998c).
FAMILY VERONICELLIDAE .

Hawaiian Islands

The veronic_el_lid slugs are large slugs that in manyg,g (Cowie 1997).

cases are difficult to identify, even for experts. They

appear to be fairly generalist in their feeding habifsrench Polynesia

and may have Significant agricu|tu|’a| and gardeﬁOCiety Islands: Tahiti - 1901 (Cockerell 1901; Grimpe
impacts. Because of their large size and because tifg{ Hoffman 1925).

can achieve high population densities, they may wedl, ., )4

have significant environmental impacts, both in modijypo|y - 1918 (Grimpe and Hoffman 1925); Savai‘i -
fying plant communities and in out-competing na¢Cowie 1998c; identification uncertain).

tive snail species, although neither of these possible

impacts has apparently been explicitly demonstrategfmerican Samoa

The fact that they have become so widely distributddtuila - 1998 (Cowie and Cook 1999).
suggests that they are readily transported, no doqﬂﬁi

accidentally, in association with human activities. pre-1900 (Grimpe and Hoffman 1925).

. . . Viti Levu, Luvuka, “Viti Cara” - pre-1900 (Grimpe and
Laevicaulis alte(Férussac, 1822) Hoffman 1925). P ( P

This alien slug, thought to be of African origin, is ]

now widely distributed through Asia and the islandyéW Caledonia _

of the Pacific (Hoffman 1925; Cowie 1997; 1998¢)1863 (Hoffman 1925; Gargominy et al. 1996).

It has frequently been referred tovagjinula leydigi New Caledonia (Grand Terre) - pre-1868 (Grimpe and

a junior synonym. Hoffman 1925); Art - pre-1871 (Grimpe and Hoffman
1925); Maré, Lifou, Ouvéa - pre-1924 (Grimpe and
Hawaiian Islands Hoffman 1925; “ganz Neu-Caledonien”).

1900 (Cowie 1997).

. ) ‘ Vanuatu
Midway - 1983 (Cowie 1997), O'ahu - about 190Cfate . pre-1900 (Grimpe and Hoffman 1925; Forcart
(Williams 1931), Moloka'i - (Wallace and Rosen 1969);1969; Solem 1959); Malo - pre-1924 (Grimpe and

Hawa'i - (Cowie 1997). Hoffman 1925; Forcart 1969; Solem 1959); Espiritu Santo

Samoa - (Solem 1959).

Upolu - 1964 (Cowie 1998c; tentatively identified). Other introduced veronicellids

American Samoa Other introduced veronicellids (perhaps
Tutuila - 1998 (Cowie and Cook 1999; tentatively identimisidentifications of the above two species) recorded
fied). in the Pacific are:

New Caledonia Veronicella cubensis

1911 or earlier (Gargominy et al. 1996). Hawaif (O'ahu) - Cowie 1997

New Caledonia (Grand Terre), Maré - pre-1924 (Grimpe N o
and Hoffman 1925); Lifou - pre-1900 (Grimpe andJnidentified veronicellid

Hoffman 1925); Ouvéa - pre-1924 (Grimpe and Hoffmagolomon Islands (Guadalcanal) - Peake 1968.

1925). Federated States of Micronesia (Yap [Ulithi]) - Harry 1966.
Vanuatu

Efate - pre-1900 (Grimpe and Hoffman 1925; Forcart

1969; Solem 1959).
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5.2 Freshwater species same reasons as for their initial introduction to South-

FAMILY AMPULLARIIDAE East Asia. Agal_n, they rapidly escaped or were re-
leased and quickly became a major pest of taro

Ampullariidae are freshwater snails predominantlyCO\,\,ie 1995a, 1997)PP. canaliculatareproduces
distributed in humid tropical and sub-tropical habiextremely rapidly and appears to be a voracious and
tats in Africa, South and Central America and Sou%'eneralist feeder (Cowie in press), although experi-
East Asia. They include the largest of all freshwat@renta) results suggest that it does nevertheless have
snails Pomacea maculataan exceed 15 cm) andgome strong food preferences, particularly in not feed-
frequently constitute a major portion of the nativc-png on a major aquatic plant pest, water hyacinth
freshwater mollusc faunas of these regions. Amor{Eichhornia crassipes(Lach et al., submitted). In
the seven to ten genera usually recognised, the ty@ Hawaiian Islands it is spreading rapidly from taro-
largest ar&®omaceawith about 50 species, aRda,  growing areas into native wetlands and other native
with about 30. Snails in these two genera in particgagnwater systems, where it is perceived as poten-
lar are frequently known as “apple snails’, becausgyly having a serious impact (Lach and Cowie 1999).
many species bear large, round, often greenish shefigese potential impacts could involve destruction of
They have also become known as ‘mystery snailative aquatic vegetation leading to serious habitat
‘miracle snails’, ‘golden snails’, among other commggification, as well as competitive and even preda-
mon names (‘kuhol in the Philippines, ‘bisocol’ intory interactions with the native aquatic fauna, in-
the Filipino community in Hawaii). The comprehen<,ding native snails (Cowie in press; Simberloff and
sive review of Cowie (in press) focuses on the inStiIing 1996). Already, introduceBomaceahave
creasing impact of ampullariids as agricultural pestgeen implicated in the decline of native species of
but also discusses their potential environmental ingj|3 in South-East Asia (Halwart 1994). Also, na-
pacts. Some species have been used to control aqURlie species oPila in the Philippines are reported to
plant pests such as water lettuce (Perera and Wallge declined as a result of extensive pesticide ap-

1996). Many species appear to be extremely VOrgjications against introducelomacea(Anderson
cious and generalist in their food preferences anggg).

concern has been expressed (Simberloff and Stilin(%

1996) that they could seriously modify native ecA presentPP. canalicqlata’s not widespread in the
systems. region (only the Hawaiian Islands, Guam, and Papua

) _ New Guinea). It has also probably been introduced
The genus®omaceds centred in south and centralg, Belay (Palau) but was eradicated (Cowie in press).
America, extending into the Caribbean and the SOUth'owever, the lesson from South-East Asia is that
east of the USA. Or_le or_perhaps more _species h ple in some countries (e.g. Cambodia) have ig-
been taken from their native South America to Southyred the negative experiences of other countries (e.g.
East Asia to be cultured for food (Mochida 1991)\/etnam, Philippines) and have persisted in trying to
The market for the snails never developed. The snailgiaplish aquaculture operations, despite advice to
were released or escaped into the wild, becomifge contrary (Cowie 1995b). They have then come
major pests in rice paddies (Cowie in press; Naylgs regret this course as the snails inevitably escaped
1996)_. Other_ species have been developed gsyere released when the aquaculture operations did
aquarium snails (Perera and Walls 1996) and haygt pecome profitable and are now serious pests.
been moved around the world via the aquarlumtradpﬂerefore’ despite the negative experience in the

Hawaiian Islands particularly, people from other is-

Pomacea canaliculatgLamarck, 1804) — lands may yet be tempted to introduce this species.
golden apple snail Pomacea canaliculatahould be considered a po-
This South American species seems to be the majentially serious threat and every effort should be
pest (although there remains considerable taxononfiwade to prevent its further spread into the Pacific
confusion regarding its true identity and whether theregion.
is more than one pest species; Cowie in press). |t iian Islands
was originally introduced from South America tOc,y4¢ - 1991: O'ahu - 1990: Maui - 198%ha‘i - 1995;
South-East Asia around 1980, as a local food resouiggyaji - 1992 (Cowie 1995a, 1996¢, 1997).
and as a potential gourmet export item. The markigs ua New Guinea
never developed; the snails escaped or were relea ) . o
and became a serious pest of rice throughout mag%%?ag_ezuﬁ)niigi" Anon. 1993; incorrectly identified as
countries of South-East Asia (Cowie in press; Naylor
1996). They were introduced to the Hawaiian Islandsuam
in 1989, probably from the Philippines, and for thd989 (Eldredge 1994b; Smith 1992a).
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Other introduced ampullariids Northern Mariana Islands
Other introduced ampullariids recorded in the Paciffe@iPan - (Lange 1950).
are:

FAMILY CORBICULIDAE

Corbicula fluminea(Mdiller, 1774)

This Asian freshwater clam is so far only known in
the Pacific from the Hawaiian Islands. It was prob-
Pomacea paludosa ably imported deliberately and illegally direct from
Hawaiian Islands (Maui) - Cowie 1995a, 1997, in press. Asia (Burch 1978; Eldredge 1994b). It is now wide-
_ _ spread in the Hawaiian Islands, not only in artificial
Pila conica water courses (e.g. clogging irrigation pipes) but also
Hawaiian Islands (O‘ahu, Moloka'i, Maui) - Cowie 1995ajn many rivers and streams (Burch 1995; Eldredge
1997, in press; Belau (Palau) (eradicated) - Eldredde®94b).
1994b; Guam - Smith 1992a.

Pomacea bridgesii

Hawaiian Islands (Kaua'i, O‘ahu, Hawai'i) - Cowie 1995a
1997, in press.

C. flumineais extremely widespread in North
None of these species seems to pose as serious a thgfirica, where it was first recorded in 1938 (Morton
as doe®omacea canaliculatddowever, all four are 1982). It has become a serious pest, fouling canals,
difficult to distinguish from each other, even by expjipelines, reservoirs, rivers, and power station con-
perts, and there are a number of other potentialjansers, but is also successfully outcompeting na-
voracious ampullariid species so far not recorded {ye unionid clams (Morton 1982). The clams cause
the Pacific (e.gMarisa cornuarietig. Therefore the jncreased sedimentation in water courses, and in
best approach would be to guard against the intrgy|ifornia, certain fish have declined because of com-

duction of all species of Ampullariidae. petition for bottom-living food (Eldredge 1994b). Its
potential impact on Pacific island freshwater ecosys-

FAMILY LYMNAEIDAE tems is great, and as Eldredge (1994b) said, “all pos-

Fossaria viridis(Quoy and Gaimard, 1832) sible means to avoid introduction should be pursued”.

This species is probably of eastern Asian origin. IMorton (1982) outlined the taxonomic confusion
the Hawaiian Islands, at least, it has frequently beenrrounding this freshwater species, the related brack-
identified asFossaria ollula(or Lymnaea olluly, ish-water specie€orbicula fluminalis and the jun-
which may be a junior synonym, and it has frequentipr synonymC. manilensis Pacific island nations
been placed in the genGsalba It is extremely com- should be vigilant for any Asian clams.

mon and widespread in the Hawaiian Islands, aggdawaiian Islands

because it is a major host of cattle liver flukes, it h " ‘ ,

attracted intensiveJ efforts at biological control usin!g(aua I-1982, O'ahu - 1988, Maui - 1988 (Eldredge 1994).

predators and parasites. 6. Other species

Its high population densities suggest the IOOSSIIOIIIMumerous other species of non-marine molluscs have

of competition with native species, although at Iea%een introduced to the Pacific region. Because the
in the Hawaiian Islands it seems to be found pre- :

dominantly in disturbed agricultural settings (e.g. ta finpacts or potential impacts of most of them are un-

o . . : .
. . : nown, making a clear judgement of which species
fields). However, the introduction of numerou%o_include in the body of this report (above) was dif-

generalist snail predators/parasites in attempts to c%ré LIt Many records of other species have also been
trol it may well have had an impact on other nativ ' y P

snail species. Little attention has been paid to th(?:»athereOI and are available in Annex 1.

issue, so there is no hard evidence of such an impaft. Main reasons for introducing

Hawaiian Islands molluscs
Late 19th century (Morrison 1969).

. . _ _ . _Alien snails and slugs have been and continue to be
Ni‘ihau, Kaua'i, O‘ahu, Moloka'i, Maui, Hawai'‘i - (Cowie

introduced to Pacific islands both deliberately and

1997). inadvertently. Those that have been introduced de-
Papua New Guinea liberately include species introduced for food (e.g.
Pre-1978 (Eldredge 1994b). Helix aspersaPomacea canaliculajaOther species
Guam are introduced de_Iiberater but are not int.ended to
1826-1829 (Cowie 1997; originally described frorT{eac:h naturgl hab'l'tats (e.g. aquarium species such as
Guam). Pomacea bridgesand the planorbids), although they
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inevitably do so. Others may be deliberately intrdslands; this is especially the case with the archipela-
duced (e.g. for food) in some places but inadverttos composed mostly of atolls (although as indicated
ently introduced elsewhere (eAxhatina fulicg. The above, all atolls will probably have rather similar fau-
ill-conceived biological control efforts againstnas composed mostly of widespread and non-indig-
Achatina fulicahave involved the deliberate intro-enous species).

duction of many predatory snail species. These vari-

ous deliberate introductions have been legal in sorBe Relationships with other factors

cases but unofficial and sometimes illegal in others. impacting on native mollusc faunas

However, the majority of species, especially smafilany factors other than alien snails and slugs have
species, probably have been and continue to be jAmpacts on the native non-marine mollusc faunas of
troduced accidentally. Some of the freshwater sppacific islands. Most notable among these are: 1)

cies were probably introduced inadvertently by thgredation by introduced predators; and 2) habitat
aquarium trade, attached to aquatic plants as eithgsstruction or modification.

snails (especially juveniles) or eggs. Land snails and
slugs have probably been introduced accidentaIF ) i . ;
along with agricultural products, including food, suclyUS ImPact on populations of Hawaiian tree snails
as among bananas or in packing material around pf6chatinellinae) (Hadfield etal. 1993), and probably
duce or other foodstuffs. They have probably alsg?S Similar impacts elsewhere, especially on slow-
been transported accidentally in household goods, BfProducing groups such as partulids. Three species
vehicles, in soil on shoes, flowerpots, etc. Evidendd€ INVolved; the Polynesian radttus exulans

is increasing (e.g. Cowie 1998d, 1999) that the ho||r1troduced around the Pacific by early Pacific island-

ticultural trade is inadvertently involved in the intro-E7S: @nd the brown or Norway r&ttus norvegicys
d the black or roof or ship raR.(rattug, intro-

duction and spread of a large number of species (egg.
Polygyra cereolud iardetia doliolum Ovachlamys duced by Europeans. Probably the latter two have
fulgeng, either attached to vegetation or perhaps f?\ad more impact thaR. exulansMost human ac-
soil or moss. Again, juveniles or eggs may be tHivities that favour rats also favour the usual suite of
most likely life stage to be transported accidentallyy"anthropic alien snails and slugs.
Other predators (e.g. the flatworRlatydemus
8. Islands that are poorly manokwarj mentioned above) could have devastat-
documented ing effects on native snail species (Hopper and Smith
None of the islands of the Pacific is adequately knowlnggz)'PP' manokwarhas been introduced (usually

malacologically. Some are known better than other%mﬁ'c'a"y) as a putative biological control agent

But for very few has the alien non-marine moIIus@gamSt the giant African snafichatina fulica

fauna been more than cursorily documented. Thendabitat destruction (e.g. deforestation, urban expan-
fore, it is very difficult to make specific statementsion) clearly has a drastic impact on populations of
about distributions or about impacts or potential imative snails by removing available habitat. How-
pacts on particular islands. ever, habitat modification involving replacement of
Museum collections are an enormous source of jAative flora with alien flora may have as significant
formation but much work will be required to extrac@" effect because many native snail species seem re-
that information. For instance, the Bishop Museurdtricted to native plants and cannot survive in asso-
houses extensive collections from most of the arcilation with alien plants. Additionally, replacement
pelagos of Polynesia and Micronesia (less from Mel&f the native flora with non-native plants may have
nesia), but only a small proportion of the records the§ibtle effects on microhabitat and microclimate that
collections represent have been published. Signifiender the habitat no longer suitable for native snail
cant survey work has been undertaken in the SoRPecies. Most of the alien snail and slug species seem
mon Islands (Peake 1968) with the material depot® be rather generalist in their habitat and food re-
ited in the Natural History Museum (London), bugluirements (often these are features of successful
no species lists have been published. introduced species) and will thrive in the modified

Notable among those major islands or island groung'tat'

for which relatively little information is readily avail- Feral pigs have major impacts on native ecosystems
able are Belau (Palau), Fiji (at least for land snaild) the extent that their eradication has become a pri-
Tonga, and the Solomon Islands. For most archipelaary goal of many conservation programmes (e.g.
gos there are records only from a small number 8tone and Loope 1996). Their destructive activities

edation by rats has been shown to have a seri-

158



Cowie: Non-indigenous land and freshwater molluscs

cause major habitat change that undoubtedly hsgecies; most of their non-marine mollusc fauna is
impacts on native snail faunas. Possibly, alien snaéien, or at least widespread naturally, and is gener-
are more able to survive in pig-ravaged areas. Othaly tolerant of human activities.

feral ungulates (e.g. sheep, goats) are abundamlgﬁnds where most of the fauna is already extinct

some islands and have caused major habitat chan Slsg. the Hawaiian Islands; Solem 1990) are less likely

A_Ilen sll_Jgs have been sugge_:sted as attractl_ng fe grespond readily to conservation efforts. The fauna
pigs, which then damage previously intact fragile €C%as dwindled because of the very serious and wide-
systems (Stone and Pratt 1994). spread effects of habitat destruction and introduced
Almost all human activities, be it the introduction opredators. However, certain parts of such islands may
additional non-native species or destruction or modyet remain in a relatively pristine condition and har-
fication of native habitat, have some impact on ndrour an unimpacted native fauna.

tive biotas. Frequently associated with most hum
activities is a high risk of inadvertent introduction o
non-native snails and slugs. For instance, road ¢
struction will open up a corridor along which alie
species, including snails, are transported or can mQ
readily disperse into native habitat (e.g. Andrew red to the better understood needs of these well-
1990; Bennett 1991). Development of any kind iﬁnown species

likely to increase the chance of introduction. Increas- '
ingly, the horticultural trade is a major culprit in thesén a similar vein, an island whose fauna is relatively
inadvertent introductions in the Pacific (Cowievell-known, because there has been extensive sur-

Blands where certain taxa have been studied inten-
ively (e.g.Partula spp. on Moorea; Johnson et al.
0ﬂ§93) might arguably be considered of greater con-
ervation value because the knowledge gained
Fl?ough study allows conservation efforts to be tai-

1998d, 1999). vey work, would be a higher conservation priority
than an island that is relatively unknown. However,
10. Islands with high conservation it could also be argued that the unknown islands de-
value and high risk serve to be focused upon in terms of basic survey

. . work (i) to find out what is there before it is too late,

edge, it is somewhat dangerous to select particulghen selecting islands for conservation management.
islands or island groups as of particular value or at

particular risk. Nonetheless, there is a need to selé&@Wever, well-known islands (at least some of them)
because of the fact that with limited resources, cofl2y be better known (and better publicised; e.g.
servation efforts have to be focused. A number &fould 1991) exactly because they have been seri-

criteria can be used to make these selections. Thééé@lly |:jnpacted bX’ forbllnstance, pre_:dato;fs like
might include the following. uglandina roseaArguably, conservation efforts

) ] ) should not be focused on these islands, because there
. Does the island have a high proportion of eng |asg remaining to be conserved
demic taxa? '

. Are these endemic taxa of special interest? Small islands may have proportionately less undis-
. Does the island support a large number of n%_]rbed habitat remaining. Compare Rapa with New
tivelendemic species? aledonia. Rapa, despite having had extremely high
. L species richness (approx. 100) in a very small area
 Istheisl -k f Ily? .
s the island well-known faunistically (40 knt), and an almost 100% level of endemism,

. Has the island already been degraded by hahj:
tat destruction/modification? lﬂas been largely destroyed by goats and very few of

» Does the island already harbour significant a
ien species?

* Is a high proportion of the endemic fauna a
ready extinct?

*  Are conservation efforts practical?

these species probably now remain. New Caledonia,
With perhaps 400 species, but almost 500 times the
area of Rapa, has large parts that are virtually pris-
kine and probably harbour a more or less intact
native fauna. Arguably, disproportionate conser-
vation effort should be directed at islands/archi-
Bearing these criteria in mind, it is possible to makeelagos such as New Caledonia rather than Rapa,
some tentative assessments regarding the focusdefspite the fact that the fauna of Rapa was once
non-marine mollusc conservation in the Pacific reso unique and diverse.

gion, as follows. Islands that already harbour alien predators such as

As a starting point, the atolls are in general of loluglandina roseahould arguably receive lower pri-
conservation value because they harbour few endemiity than those that do not.
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Thus, there are numerous considerations when atnga

tempting to prioritise conservation effort among thpooﬂy known. Needs survey work. Almost no lit-
islands of the Pacific, but the lack of much basigratyre is available on the non-marine snails of Tonga,
knowledge makes the task almost impossible. Thgner than the sparse nineteenth century literature de-
following list of islands/archipelagos that probablyscribing species then new to science. Surveys should
deserve to be focused upon (at least from a land sngdl ndertaken to obtain baseline diversity and distri-
perspective) is thus extremely ad hoc and should n@iion data from which to make an assessment of the
be taken as a rigorous evaluation of all the islanggnservation status of the native fauna and the im-
across the Pacific. pacts of alien species.

French Polynesia [Society Islands] Fiji

Highest diversity of partulid tree snails. Biology ofRather poorly known. Needs survey work. The Lau
partulid tree snails well understogktchatina fulica group may be relatively unspoiled but is very poorly
andEuglandina rosegresent, and causing extinCynown, The freshwater fauna of some islands is rela-
tion of unique snails. If this unique, relatively welljyely well known, but as for Tonga there is very lit-
known, and widely publicised fauna of tree snails ife information available on the terrestrial fauna other
to survive, the captive breeding program already #an the basic nineteenth century taxonomic litera-
place at a number of institutions around the worldre Surveys need to be undertaken to obtain base-
must continue to be supported and increased effge diversity and distribution data, especially on the
must be made to develop intensively managed ress modified islands, in order that the conservation
serves following the prototype already establishegais of the fauna can be assessed.

on Moorea.

New Caledonia [Grand Terre]

Much native forest, into whidBuglandina rosehas
Achatina fulicaandEuglandina roseaot present, not penetrated. High land snail diversity and ende-
but there is a high risk of them being introduced. Sigpism. Probably only about a quarter of the land snail
nificant populations of partulid tree snails still ”Vingspecies have been described, but survey work has
on Ofu. Every effort must be made to prevent thgeen done and it is clear that a significant proportion
introduction ofA. fulicaandE. roseato these tWo f the fauna is surviving in areas of relatively undis-
islands, which will require publicity campaigns andyrped forest (Tillier 1992). It may be possible to iden-
vigorous public education. The possibility of extend,.-ify areas of high diversity and/or endemism and to
ing the boundaries of the Ofu unit of the Nationgl,cys conservation efforts, including exclusion of
Park of American Samoa (US Department of the IRgien species, on these areas. This may be possible
terior) to include areas supporting partulids shoulgh the basis of distributional data already available
be seriously investigated. (or at least based on museum collection data), but
additional survey work in likely areas of high diver-

American Samoa [Tutuila] ) o
) ) ) . sity/endemism is probably also necessary.
The Tutuila unit of the National Park of American

Samoa is established in good quality native foreBapua New Guinea

and has already been surveyed intensively for lagohaply retains the greatest proportion of undis-
snails. Significant numbers of native species (includgrped forest. Immense land snail diversity and en-
ing partulid tree snails) appear to be surviving dgtemism. Papua New Guinea is extremely poorly
spite the presence &lglandina roseaThe Park is ynown malacologically, yet probably harbours the
managed by a tiny staff, who nevertheless are makpst intact and diverse native fauna in the region,
ing significant progress in maintaining and enhangsspecially in inland montane regions where alien spe-
ing the Park’s natural resources (e.g. implementing:gss have probably barely penetrated, if at all. How-
major pig control program). The thorough survey ofyer, pecause of its enormous size, compared to other
land snails (native and alien) undertaken in 1998ands in the region, a more selective conservation
(Cowie and Cook 1999) provides a rigorous basgnproach is necessary. TRe@pua New Guinea Con-
line from which to monitor the trajectories of bothgaryation Needs AssessmERNG-CNA: Alcorn

the native and alien snail and slug species. The Pq@%; Beehler 1993) provided a rigorous evaluation
must guard against development and the encroagfi«nowledge of the biota and suggested such a se-
ment of agriculture in the Park, both of which as wejkqtiyve approach to its conservation. The PNG-CNA
as having a direct physical impact will enhance thgrfers a baseline platform on which to build a seri-
chances of alien snail introduction and spread.  oys comprehensive conservation effort. However, the

American Samoa [Ofu, Olosega]
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section in the PNG-CNA treating the non-marinare far more cost-effective than attempting to address
molluscs (Cowie 1993) highlighted the serious lacthe problems once the snails have invaded and be-
of knowledge of this group of animals, but neverthesome pests. But probably most important is the rais-
less also suggested a strategy for identifying areiag) of awareness of the threat of alien species. Pub-
on which to focus conservation efforts. Initially, disdicity must be directed at the general public. Itis only
tributional data must be extracted from the meagwth public co-operation and a real public understand-
literature and from museum collections in order tng of the potential problems that alien species can
develop basic maps of species distributions. Usiriause that we hope to have any success in long-
this baseline of information, selected areas shouldrm conservation of the unique faunas of the Pa-
be assessed, following the general approach of Acific islands.

drews and Little (1982), in order to identify the ma-

jor biotic and abiotic determinants of molluscan dil2. Acknowledgements

versity. With this background, localities coming |, Eldredge, Rebecca Rundell, and Greg Sherley
within the limits of the parameters circumscribing. ;1\ mented on a draft and offered useful suggestions.
high native molluscan diversity and least impactedy,ank Beatrice and Tom Burch, and Skippy Hau for
by alien species could be identified for conservatiofhsrmation orCorbicula flumineaProduction of this

Solomon Islands report rested heavily on earlier work on the alien

S Khas b q but the dat ¢ %Iluscs of the Hawaiian and Samoan (American and
urvey workhas been done, but the data are notre lestern”) Islands, and | thank all those who helped

ily available. Significant native forest remains Ol those endeavours.

some islands. As for New Caledonia, it may be pos-

sible to identify areas of relatively undisturbed for 3. References

est that harbour high diversity and have high levels ™"

of endemism and are not yet seriously impacted Bycom. J.B. (Ed.) 1993Papua New Guinea Conserva-
alien species. Synthesis of museum collection data 10" Needs Assessment. Volumdtie Biodiversity
should be a first step, but survey work on the Ieiﬁl Support Program, Washington, DC. xxv + [i] + 216 pp.

Ik b lativel di bed islands i b en, M.S. 1992. Dynamic landscapes and human sub-
well known but relatively undisturbed islands is prob- sistence: archaeological investigations on Aitutaki Is-

ably warranted. land, southern Cook Islands. PhD dissertation, Uni-
. . . versity of Washington.
11. Eradication or prevention Anderson, B. 1993. The Philippine snail disastcolo-

Once alien species have become established and Jist23: 70-72.

problem perceived, it is usually too late to have ar@pdrews, A. 1990. Fragmentation of habitat by roads and

L . tility corridors: a reviewAustralian Zoologist26:
chance of eradicating them. It may be possible to iééful ' viewAustral 9
eradicateeuglandina rosedrom small areas, which angrews, E.B.; Little, C. 1982. Renal structure and func-
can then be |nten§|vely managed ((}Igrke and Pearce-tion in relation to habitat in some cylophorid land snails
Kelly 1997; Hadfield 1998), but this is not a large-  from Papua New Guinedournal of Molluscan Stud-
scale solution. Baiting techniques used against ies48(2): 124-143.
Euglandina roseaand other predatory snailsAnon. 1963.Achatina fulicacontrol experiments in the
(Hadfield and Hopper 1994) may have non-target southern Marianas. Pacfic Science Association Infor-
impacts, and may not be practical over large areas mation Bulletin PS/53/3&4: 9-10.

(M.G. Hadfield pers. comm.). Other species that hadion. 1965. Destructive new snail found, search goes on.
o ' o The Garden Islandune 12 (section 1): 8.

become abundgnt anq Wldespregd (8goulina Anon. 1989. IUCN commission bladsiglandinaintro-
octong may be impossible to eradicate. ductions.Hawaiian Shell New87(4): 11.

There is a small chance of successful eradicationAfion. 1993. Golden apple snail present in Papua New
this is undertaken immediately a new introduction is GuineaFAO Plant Protection Bulletid1(3): 35-36.
detected (e.gAchatina fulicain Kosrae: Anon. Anon. 1996a. Introduction of giant African snail to vari-
1998a). But even then, success may be unlikely ang °US Pacific islandsgAlert15: 1-2.

despite major eradication efforts the snails will con’e‘non' 1996b. Spread of the giant African snail of great
P J concern to the Pacifi&gricultural News. Newsletter

tinue to spread (e.ghchatina fulicain (Western) of the South Pacific Commission Agriculture Pro-
Samoa; Anon. 1998b). gramme5(1): 3.

Since eradication is so difficult, it is crucial that furAnon. 1998a. Giant African snail outbreak in Kosrae.

: S . South Pacific Commission Agricultural Ne#(4): 12.
her spr f th nail minimi ) rantin
ther spread of these snails be sed. Quara tA(r?on. 1998b. Giant African snail in Samda&AO Sub-

regulations need to be pl_ﬂ n p'f"‘ce (if they are not in regional Office for the Pacific Islands (SAPA) News-
place already) and applied strictly. Such measures |oor1-3/98: 3-4.

161



Invasive species in the Pacific

Anon. 1999. Fiji fears invasion of giant snatonolulu  Cooke, C.M., Jr. 1934. Land shells of Makat®earnice
Advertiserl7 May 1999: A2. PP. Bishop Museum Occasional Pap#dg11): 1-11.
Baker, F.C. 1945The molluscan family Planorbidae Cooke, C.M.; Kondo, Y. 1960. Revision of Tornatellinidae
University of lllinois Press, Urbana. xxxvi + 530 pp.  and Achatinellidae (Gastropoda, Pulmonai&rnice

Barker, G.M. 1999Fauna of New Zealand. 38. Natur-  PP. Bishop Museum Bullet2?1: 1-303.
alised terrestrial Stylommatophora (Mollusca:Cowie, R.H. 1992. Evolution and extinction of Partulidae,
Gastropoda) Manaaki Whenua Press, Lincoln, New endemic Pacific island land snaiBhilosophical
Zealand. 253 pp. Transactions of the Royal Society of Lond®335:
Bauman, S. 1996. Diversity and decline of land snails on 167-191.
Rota, Mariana Islandg&\merican Malacological Bul- Cowie, R.H. 1993. Non-marine Mollusca of Papua New
letin 12: 13-27. Guinea. Pp. 311-32@: Beehler, B.M.(ed.) Papua
Beehler, B.M. (ed.) 199®Rapua New Guinea Conserva-  New Guinea Conservation Needs Assessment. Volume
tion Needs Assessment. Volumele Biodiversity 2. Biodiversity Support Program, Washington, DC.
Support Program, Washington, DC. v + 434 pp.  Cowie, R.H. 1995a. Identity, distribution and impacts of
Bennett, A.F. 1991. Roads, roadsides and wildlife con- introduced Ampullariidae and Viviparidae in the Ha-
servation: a review. IllatureConservation: the role waiian Islands.Journal of Medical and Applied
of corridors (Eds. Saunders, D.A.; Hobbs, R.J.), pp. Malacology5[for 1993]: 61-67.

99-118. Surrey Beatty and Sons, Melbourne. Cowie, R.H. 1995b. Report on a visit to Cambodia to ad-
Burch, B.L. 1978. Asian clan€orbicula threatens Ha- vise on apple snails as potential rice peBishop

waii. Nautilus92(1): 54-55. Museum Report to Cambodia—IRRI-Australia Project,
Burch, T.A. 1995Corbicula flumineaMiller (Mollusca: Phnom Penh8 + [2] pp.

Bivalvia) established on OahBishop Museum Oc- Cowie, R.H. 1996a. Pacific island land snalils: relation-

casional Papergl2: 58. ships, origins, and determinants of diversity. Pp. 347—
Carlton, J.T. 1996. Biological invasions and cryptogenic 372 in: Keast, A.; Miller, Scott E(eds) The origin

speciesEcology77(6): 1653-1655. and evolution of Pacific island biotas, New Guinea to
Christensen, C.C. 1984. ARiglandinaandGonaxisef- eastern Polynesia: patterns and proces&#B Aca-

fective agents for biological control of the giant Afri-  demic Publishing, Amsterdam.

can snail in Hawaii?ZAmerican Malacological Bulle- Cowie, R.H. 1996b. Variation in species diversity and shell

tin 2: 98-99. shape in Hawaiian land snails: in situ speciation and
Christensen, C.C.; Kirch, P.V. 1981. Nonmarine mollusks ecological relationship&volution49(6)[1995]: 1191—

from archaeological sites on Tikopia, southeastern 1202.

Solomon IslandsPacific Science&5(1): 75-88. Cowie, R.H. 1996¢c. New records of introduced land and
Christensen, C.C.; Kirch, P.V. 1986. Nonmarine mollusks freshwater snails in the Hawaiian Islan@sshop

and ecological change at Barbers Point, O‘ahu, Museum Occasional Paped$: 25-27.

Hawai‘i. Bishop Museum Occasional Pape26: Cowie, R.H. 1997. Catalog and bibliography of the

52-80. nonindigenous nonmarine snails and slugs of the Ha-
Civeyrel, L.; Simberloff, D. 1996. A tale of two snails: Is  waiian IslandsBishop Museum Occasional Pap8fk

the cure worse than the diseaBeRliversity and Con- 1-66.

servation5: 1231-1252. Cowie, R.H. 1998a. Patterns of introduction of non-in-
Clague, D.A. 1996. The growth and subsidence of the Ha- digenous non-marine snails and slugs in the Hawaiian

waiian-Emperor volcanic chain. Pp. 35-B0Keast, IslandsBiodiversity and Conservatiof(3): 349-368.

A.; Miller, Scott E. (eds)he origin and evolution of Cowie, R.H. 1998b. Homogenization of Pacific island
Pacific island biotas, New Guinea to eastern Poly- snails.World Conservation; quarterly bulletin of
nesia: patterns and processeé3PB Academic Pub- IUCN-The World Conservation Uniati97-1/98: 18.
lishing, Amsterdam. Cowie, R.H. 1998c. Catalog of the nonmarine snails and

Clarke, B.; Murray, J.; Johnson, M.S. 1984. The extinc- slugs of the Samoan Islan@shop Museum Bulletin
tion of endemic species by a program of biological in Zoology 3 Bishop Museum Press, Honolulu. viii +
control. Pacific Scienc&8(2): 97-104. 122 pp.

Clarke, D.; Pearce-Kelly, PP. 19%artula updateTen- Cowie, R.H. 1998d. New records of nonindigenous land
tacle. Newsletter of the IUCN Species Survival Com- snails and slugs in the Hawaiian IslanBishop Mu-
mission Mollusc Specialist Group 20-21. seum Occasional Pape&s: 60.

Clench, W.J.; Turner, R.D. 1962. Monographs of the ge@owie, R.H. 1999. New records of alien nonmarine
eraPapustyla Forcartia andMeliobba (Papuininae: mollusks in the Hawaiian IslandBishop Museum
Camaenidae)ournal of the Malacological Society = Occasional Paper§9: 48-50.
of Australia6: 3—-33. Cowie, R.H. in press. Apple snails as agricultural pests:

Cockerell, T.D.A. 1901. On a slug of the geMasonicella their biology, impacts and management. Barker,
from Tabhiti.Proceedings of the United States National G.M. (ed.)Molluscs as Crop PestSABI, Wallingford.
Museum?23(1238): 835—-836. Cowie, R.H.; Allison, A.; Howarth, F.G.; Samuelson,

Cooke, C.M., Jr. 1928. Notes on Pacific land snRits- G.A.; Evenhuis, N.L. 1996. Impacts of construction
ceedings of the Third Pan-Pacific Science Congress of the Palau Compact Road: survey of the non-marine
2: 2276-2284.

162



Cowie: Non-indigenous land and freshwater molluscs

fauna of the island of Babeldaob. Bishop Museum its implications for threatened island gastropod fau-
Report to Wil Chee Planning, Iné¢donolulu. 44 pp. nas.Journal of Zoology229: 79-89.

Cowie, R.H.; Cook, R.PP. 1999. The distribution and abuGrimpe, G.; Hoffmann, H. 1925. Die Nacktschnecken von
dance of land snails in the National Park of American Neu-Caledonien, den Loyalty-Inseln und Neuen-
Samoa, with particular focus on Partulidae. Coopera- Hebriden. Pp. 337-476, pl. 5jr8 Sarasin, F.; Roux,
tive National Park Resources Studies Unit, University J. C.(eds)Nova Caledonia. Forschungen in Neu-
of Hawaii at Manoa, Technical Report 125: i—iii, 1-143. Caledonien und auf den Loyalty-Inseln. A. Zoologie.

Cowie, R.H.; Englund, R.; Nishida, G.M. 1999. Kamoku- Volume IIl W. Kreidel's Verlag, Berlin.

Pukele 138-kV transmission line project, Wa‘ahilaHadfield, M.G. 1986. Extinction in Hawaiian achatinelline
ridge, O'ahu: assessment of potential impacts on in- snails.Malacologia27: 67—81.

vertebrates (snails, insects and other arthropods$jadfield, M.G. 1998. HawaiiafchatinelldPartulinatree
Bishop Museum report submitted to CH2MHill,  snail updateTentacle. Newsletter of the IUCN Spe-
Honolulu. 44 pp. cies Survival Commission Mollusc Specialist Group

Cowie, R.H.; Evenhuis, N.L.; Christensen, C.C. 1995. 8: 15.

Catalog of the native land and freshwater molluscs ddadfield, M.G.; Miller, S.E. 1989. Demographic studies
the Hawaiian IslandsBackhuys Publishers, Leiden.  on Hawaii's endangered tree snaartulina proxima.

Vi + 248 pp. Pacific Sciencé3: 1-16.
Dun, G.S. 1967. The giant sndafapua and New Guinea Hadfield, M.G.; Mountain, B.S. 1981. A field study of a
Agricultural Journal18(4): 123-125. vanishing specieg\chatinella mustelinéGastropoda,

Eldredge, L.G. 1988. Case studies of the impacts of intro- Pulmonata), in the Waianae Mountains of OdPar.
duced animal species on renewable resources in the cific Science34: 345-358.

U.S.-affiliated Pacific islands. Pp. 118-1i46Smith, Hadfield, M.G.; Miller, S.E.; Carwile, A.H. 1993. The
B.D. (ed.) Topic reviews in insular resource develop- decimation of endemic Hawai‘ian [sic] tree snails by
ment and management in the U.S.-affiliated Pacific alien predatorsAmerican ZoologisB3: 610—-622.
islands. University of Guam Marine Laboratory TechHalwart, M. 1994. The golden apple snRibmacea
nical Report No. 88Jniversity of Guam Marine Labo- canaliculatain Asian rice farming systems: present
ratory, Mangilao. impact and future thrednternational Journal of Pest

Eldredge, L.G. 1994a. Introductions and transfers of the Managemen#0: 199-206.
triclad flatworm Platydemus manokwariTentacle. Harry, H.W. 1966. Land snails of Ulithi atoll, Caroline
Newsletter of the IUCNbpecies Survival Commis-  Islands: a study of snails accidentally distributed by
sion Mollusc Specialist Groug: 8. man.Pacific Scienc®0(2): 212—-223.

Eldredge, L.G. 1994Rerspectives in aquatic exotic spe-Haynes, A. 1985. The ecology and local distributions of
cies management in the Pacific islands. Volume 1. In- non-marine aquatic gastropods in Viti Levu, Hjne
troductions of commercially significant aquatic organ-  Veliger28(2): 204-210.
isms to the Pacific islandSouth Pacific Commission, Haynes, A. 1988a. Notes on the stream neritids (Gastro-

Nouméa. v + 127 pp. poda; Prosobranchia) of Ocearticronesica?l: 93-
Eldredge, L.G. 1995. Triclad flatworm tours the Pacific. 102.
Aliens2: 11. Haynes, A. 1988b. The gastropods in the streams and riv-

Forcart, L. 1969. Veronicellid land slugs from the New ers of five Fiji islands: Vanua Levu, Ovalau, Gau,
Hebrides, with description &emperula solemnew Kadavu, and Taveunthe Veliger30(4): 377-383.
speciesFieldiana Zoology51(12): 147-56. Haynes, A. 1990. The numbers of freshwater gastropods

Fossati, O.; Marquet, G. 199Baune des eaux douces on Pacific islands and the theory of island biogeogra-
des lles Marquises. Clé des macroinvertébrés et des phy. Malacologia31(2): 237-248.
poissonsMuséum National d’Histoire Naturelle, Paris.Haynes, A. 1993. The gastropods in the streams and riv-
[v] + 50 pp. ers of four islands (Guadalcanal, Makira, Malaita, and

Franc, A. 1957. Mollusques terrestres et fluviatiles de New Georgia) in the Solomon Island&he Veliger
I'archipel Néo-CalédonienMémoires du Muséum  36(3): 285-290.

National d’'Histoire Naturelle, Nouvelle Série. SérieHaynes, A. 1994. The effects of development on Fijian
A, Zoologiel3[1956]: 1-200, pl. 1-24. island freshwater invertebrateklemoirs of the

Gammon, E.T. 1943. Helicid snails in Califorrstate of Queensland Museu86(1): 87-91.

California Department of Agriculture Bulletid2(3): Hedley, C. 1899. The Mollusca of Funafuti. Part I. Gas-
173-187. tropoda.Australian Museum Memoilz 397-488.

Gargominy, O.; Bouchet, PP.; Pascal, M.; Jaffré, THoffmann, H. 1925. Die Vaginuliden. Ein Beitrag zur
Torneur, J.-C. 199&onséquences des introductions  Kenntnis ihrer Biologie, Anatomie, Systematik,
d’'es-péces animales et végétales sur la biodiversité geographischen Verbreitung und Phylogenie. (Fauna
en Nouvelle-CalédonieRevue d’Ecologie (Terre et et Anatomia ceylanica, Ill, Nr. 1.)enaische Zeitschrift

Vie) 51: 375-402. fur Naturwissenschafil(1 and 2): 1--374, pl. 1-11.
Gould, S.J. 1991. Unenchanted evenNatural History Hopper, D.R.; Smith, B.D. 1992. Status of tree snails (Gas-
9/91: 4-14. tropoda: Partulidae) on Guam, with a resurvey of sites
Griffiths, O.; Cook, A.; Wells, S.M. 1993. The diet of the  studied by H.E. Crampton in 192Bacific Science
carnivorous snaituglandina rosean Mauritius and 46(1): 77-85.

163



Invasive species in the Pacific

Iredale, T. 1941. A basic list of the land Mollusca of PapudicKinney, M.L. 1997. Extinction vulnerability and se-

Australian Zoologisfi0(1): 51-94, 2 pl. lectivity: combining ecological and paleontological
Johnson, M.S.; Murray, J.; Clarke, B. 1993. The ecologi- views.Annual Review of Ecology and Systemalig:s

cal genetics and adaptive radiationRdrtula on 495-516.

Moorea.Oxford Surveys in Evolutionary Biolo@ McMichael, D.F. 1956. Notes on the freshwater mussels

167-238. of New GuineaNautilus70(2): 38-48, pl. 2.

Kay, E.A.; Johnson, S. 1987. Mollusca of Enewetak AtMead, A.R. 1961The giant African snail: a problem in
oll. Pp. 105-146n: Devaney, D.M.; Reese, E.S.; economic malacologyJniversity of Chicago Press,
Burch, B.L.; Helfrich, PReds)The natural history of Chicago. xvii + 257 pp., 15 pl.

Enewetak Atoll. Il. Biogeography and systematitS Mead, A.R. 1979Economic malacology, with particular
Department of Energy, Oak Ridge, Tennessee. reference toAchatina fulica. Academic Press, New

Kerney, M.PP.; Cameron, R.A.D.; Riley, G. 19Adield York. x + 150 pp.
guide to the land snails of Britain and north-west EuMiller, Stephen E. 199Final report on surveys of the
rope. Collins, London. 288 pp., 24 pl. arboreal and terrestrial snail fauna of American Sa-

Kinzie, R.A., lll. 1992. Predation by the introduced car- moa.US Fish and Wildlife Service, Honolulu. 30 pp.
nivorous snailEuglandina rosegFerussac) on en- Mochida, O. 1991. Spread of freshwaamaceasnails

demic aquatic lymnaeid snails in Hawdiological (Pilidae, Mollusca) from Argentina to Asia.
Conservatior60: 149-155. Micronesica, Supplemeft 51-62.

Kirch, P.V. 1973. Prehistoric subsistence patterns in tidorrison, J.P.E. [1969]. Notes on Hawaiian Lymnaeidae.
northern Marquesas Islands, French Polyne&ia. Malacological Reviewl[1968]: 31-33.
chaeology and Physical Anthropology in Oced(): Morton, B. 1982. Some aspects of the population struc-
24-40. ture and sexual strategy @borbicula cf. fluminalis

Kirch, P.V. 1993. Non-marine molluscs from the To‘aga (Bivalvia: Corbiculacea) from the Pearl River, Peo-
site sediments and their implications for environmen- ple’s Republic of Chinalournal of Molluscan Stud-
tal change. Pp. 115-12t Kirch, P.V.; Hunt, T.L. (eds) ies48(1): 1-23.
The To'aga site. Three millenia of Polynesian occuMotteler, L.S. 1986. Pacific island names. A map and name

pation in the Manu‘a Islands, American Sambai- guide to the New PacifiBishop Museum Miscellane-

versity of California Archaeological Research Facil- ous Publicatior4, [vi] + 91 pp.

ity, Berkeley. Muniappan, R. 1983. Biological control of the giant Afri-
Kondo, Y. 1956. FirsHelix aspersan Hawaii. Nautilus can snail. PP. 17#: 15th Pacific Science Association

69(4): 141-142. Congress—programme, abstracts and congress infor-
Kondo, Y. 1975. Status dfamellidea solomonensi3ell mation, vol. 1 Pacific Science Association, Dunedin.

(Stylommatophora: Achatinellidae: Lamellideinae)Muniappan, R. 1987. Biological control of the giant Afri-

Malacological RevievB: 114. can snail Achatina fulicaBowdich, in the Maldives.

Kurozumi, T. 1994. Land molluscs from the Northern FAO Plant Protection Bulletii35(4): 127-133.
Mariana Islands, Micronesidatural History Re- Muniappan, R. 1990. Use of the planariBfatydemus
search, Special Issuie 113-119. manokwarj and other natural enemies to control the

Lach, L.; Cowie, R.H. 1999. The spread of the introduced giant African snail. Pp. 179-188: The use of natu-
freshwater apple snafPomacea canaliculata ral enemies to control agricultural pestsood and
(Lamarck) (Gastropoda: Ampullariidae) on O‘ahu, Fertilizer Technology Center for the Asian and Pacific
Hawai'i. Bishop Museum Occasional PapB&66—71. region, Taipei.

Lach, L.; Britton, D.K.; Rundell, R.J.; Cowie, R.H. sub-Muniappan, R.; Duhamel, G.; Santiago, R.M.; Acay, D.R.
mitted. Have shell, will travel: food preference and 1986. Giant African snail control in Bugsuk island,
reproductive plasticity in an invasive invertebr&tie- Philippines, byPlatydemus manokwarDléagineux
logical Invasions 41(4): 183-186.

Lai, PP.-Y.; Funasaki, G.Y.; Higa, S.Y. 1982. IntroducMurray, J.; Murray, E.; Johnson, M.S.; Clarke, B. 1988.
tions for biological control in Hawaii: 1979 and 1980. The extinction oPartulaon MooreaPacific Science

Proceedings, Hawaiian Entomological Soci2#(1): 42: 150-153.
109-113. Naggs, F. 1994. The reproductive anatomyafopeas

Lambert, M. 1974. The African giant snafichatina achatinaceumand a new concept dParopeas
fulica, in the Pacific islandsSouth Pacific Bulletin (Pulmonata: Achatinoidea: Subulinidadpurnal of
24(4): 35-40. Molluscan Studie§0(2): 175-91.

Lange, W.H. 1950. Life history and feeding habits of thdlakahara, L. 1973elix aspersaVuller [sic]. Proceed-
giant African snail on Saipafacific Scienced(4): ings of the Hawaiian Entomological Socié(1): 11.
332-335. Nakao, H.K.; Funasaki G.Y.; Davis, C.J. 1975. Introduc-

Laup, S. 1991. Golden apple snail and its eradication in tions for biological control in Hawaii, 197Broceed-
Papua New Guinea. Pp. 55-+462Kumar, R. (ed.Pro- ings, Hawaiian Entomological Socie2g(1): 109-112.
ceedings of a seminar on pests and diseases of fdgdylor, R. 1996. Invasions in agriculture: assessing the
crops - urgent problems and practical solutiobe- cost of the golden apple snail in Asiambio 25:

partment of Agriculture and Livestock, Konedobu. 443-448.

164



Cowie: Non-indigenous land and freshwater molluscs

Nishida, T.; Napompeth, B. 1975. Effect of age-specifi€mith, B.D. 1992b. Working list of the terrestrial gastro-
predation on age distribution and survival of the giant pods of Kosrae, Caroline Islands. Working list no. 6.
African snail, Achatina fulica Proceedings, Hawai- Unpubl. manuscript [Marine Laboratory, University
ian Entomological Societ®2(1): 119-123. of Guam, Mangilao, Guam]. 4 pp.

Peake, J.F. 1968. Habitat distribution of Solomon Islar@imith, B.D. 1993a. Working list of the pulmonate gastro-
land MolluscaSymposia of the Zoological Society of pods of Guam. Working list no. 3. Unpubl. manuscript
London22: 319-346. [Marine Laboratory, University of Guam, Mangilao,

Perera, G.; Walls, J.G. 199%ple snails in the aguarium Guam]. 4 pp.

T.F.H. Publications, Neptune City, New JerseySmith, B.D. 1993b. Working list of the terrestrial gastro-
121 pp. pods of Pohnpei, Caroline Islands. Working list no. 5.

Peake, J.F. 1968. Habitat distribution of Solomon Island Unpubl. manuscript [Marine Laboratory, University
land MolluscaSymposium of the Zoological Society of Guam, Mangilao, Guam]. 5 pp.
of London22: 319-346. Smith, B.D. 1993c. Working list of the terrestrial gastro-

Peake, J.F. 1981. The land snails of islands—a dis- pods of Chuuk, Caroline Islands. Working list no. 7.
persalist’s viewpoint. Pp. 247-268 Forey, P.L.(ed.) Unpubl. manuscript [Marine Laboratory, University

The evolving biospher8ritish Museum (Natural His- of Guam, Mangilao, Guam]. 4 pp.
tory) and Cambridge University Press, London an8mith, B.D. 1995. A new land snhail introduction on Guam.
Cambridge. Tentacle. Newsletter of the IUCN Species Survival

Pilsbry, H.A. 1906—-1907Manual of Conchology. Sec-  Commission Mollusc Specialist Gro6p15.
ond series: Pulmonata. Vol. XVIII Achatinidae:Solem, A. 1959. Systematics and zoogeography of the land
Stenogyrinae and Coeliaxinagcademy of Natural and fresh-water Mollusca of the New Hebrides.
Sciences, Philadelphia. xii + 357 pp., 51 pl. Fieldiana. Zoology43(1): 1-359.

Pointier, J.PP.; Blanc, C. 198Achatina fulicaen Solem, A. 1961. New Caledonian land and fresh-water
Polynésie francaise aprés l'introduction des escargots snails. An annotated check liBteldiana. Zoology 3:
géants en 1967. Unpubl. report [Muséum National 415-501.
d’'Histoire Naturelle, BP Moorea, French Polynesia]Solem, A. 1964. New records of New Caledonian
42 pp. nonmarine mollusks and an analysis of the introduced

Polhemus, D.A. 1996. Island arcs and their influence on mollusks.Pacific Sciencd 8(2): 130-137.

Indo-Pacific biogeography. Pp. 51-86 Keast, A.; Solem, A. 1978. Land snails from Mothe, Lakemba, and
Miller, Scott E. (eds)Yhe origin and evolution of Pa- Karoni Islands, Lau Archipelago, FiRacific Science
cific island biotas, New Guinea to eastern Polynesia: 32(1): 39-45.

patterns and processeSPB Academic Publishing, Solem, A. 1983Endodontoid land snails from Pacific
Amsterdam. islands (Mollusca: Pulmonata: Sigmurethra). Part II.

Preece, R.C. 1995. Systematic review of the land snails Families Punctidae and Charopidae, Zoogeography
of the Pitcairn IslandsBiological Journal of the Field Museum of Natural History, Chicago. ix + 336 pp.
Linnean Societp6: 273-307. Solem, A. 1990. How many Hawaiian land snail species

Preece, R.C. 1998. Impact of early Polynesian occupa- are left? and what we can do for thdBishop Mu-
tion on the land snail fauna of Henderson Island, seum Occasional PapeB§: 27-40.

Pitcairn group (South PacificlPhilosophical Trans- Solem, A.; Tillier, S.; Mordan, PP. 1984. Pseudo-opercu-

actions of the Royal Society of Lond8r853: 347— late pulmonate land snails from New Caledofiize
368. Veliger27: 193-199.

Reigle, N.J. 1964. Nonmarine mollusks of Rongelap Atstarmihiner, F. 1976. Beitrage zur Kenntnis der
oll, Marshall IslandsPacific Sciencd 8(2): 126-129. Susswasser-Gastropoden Pazifischer Ingeinalen

Rensch, 1. 1934. Systematische und tiergeographische des Naturhistorischen Museums in Wg&n473—656.
Untersuchungen uber die Landschneckenfauna d&sne, C.PP.; Loope, L.L. 1996. Alien species in Hawai-
Bismarck-Archipels. 1Archiv fiir Naturgeschichte N.F. ian national parks. Pp. 132-188 Halvorson, W.L.;
3(3): 445-488 Davis, G.E. (edsBcience and ecosystem management

Rensch, 1. 1937. Systematische und tiergeographische in the national parksUniversity of Arizona Press,
Untersuchungen uber die Landschneckenfauna des Tucson.

Bismarck-Archipels. 1l.Archiv fir Naturgeschichte Stone, C.PP.; Pratt, L.W. 19%4awai'‘i's plants and ani-

N.F. 6(4): 526—-644. mals Hawaii Natural History Association, Honolulu.
Simberloff, D.; Stiling, PP. 1996. How risky is biological  xxiii + 399 pp.
control?Ecology77: 1965-1974. Tamura, E.; Higa, S.Y.; Kami, R.S.; Watanabe, T.M. 1981.

Smith A.G. 1966. Land snails of the Galapagos. Pp. 240— European brown snaiklelix aspersaMuller [sic].
251in: Bowman, R.I. (ed.The Galapagos. Proceed-  Hawaii Pest Report&(4): 2.
ings of the Symposia of the Galdpagos Internationdiillier, S. 1992. Introduced land snails in New Caledonia:
Scientific Project University of California Press, a limited impact in the past, a potential disaster in the

Berkeley and Los Angeles. future.Pacific Science6(3): 396-397.
Smith, B.D. 1992a. Introduction and dispersal of appl€&illier, S.; Clarke, B.C. 1983. Lutte biologique et destruc-
shails (Ampullariidae) on GuarRacific Science As- tion du patromoine génétique: le cas des mollusques

sociation Information Bulletid4(1-2): 12—-14.
165



Invasive species in the Pacific

gastéropodes pulmonés dans les territoires frangais\daught, K.C. 1989A classification of the living Mollusca
Pacifique.Génétique, Sélection, Evolutidb: 559— American Malacologists, Inc., Melbourne, Florida. xii
566. + 195 pp.

van Benthem Jutting, W.S.S. 1963a. Non-marine Mollusd&allace, G.D.; Rosen, L. 1969. Experimental infection of
of west New Guinea. Part 1, Mollusca from fresh and Pacific island mollusks withAngiostrongylus
brackish waterdNova Guinea (Zoology0: 409-521, cantonensisAmerican Journal of Tropical Medicine
2 pl. and Hygienel8(1): 13-19.

van Benthem Jutting, W.S.S. 1963b. Non-marine Mollusd&/aterhouse, D.F.; Norris, K.R. 19&8iological control.
of west New Guinea. Part 2, operculate land shells. Pacific prospectsMelbourne, Inkata Press. viii +

Nova Guinea (Zoology)3: 653-726, 4 pl. 454 pp.

van Benthem Jutting, W.S.S. 1964. Non-marine Mollusdd/illiams, F.X. 1931 Handbook of the insects and other
of west New Guinea. Part 3, PulmonataNbva invertebrates of Hawaiian sugar cane fiel@&peri-
Guinea (Zoologyp6: 1-74, 2 pl. ment Station of the Hawaiian Sugar Planters’ Asso-

van Benthem Jutting, W.S.S. 1965. Non-marine Mollusca ciation, Honolulu. 400 pp.
of west New Guinea. Part 4, Pulmonatd@va Guinea
(Zoology)32: 205-304, 4 pl.

166



Cowie: Non-indigenous land and freshwater molluscs

Annex 1 can Samoa(Tutuila, Tafl, Ofu) — Cowie 1998c; Cowie
. and Cook 1999fonga (Tongatapu) — Cooke and Kondo
Records of other species 1960;Fiji (Rotuma) — Cooke and Kondo 196@&w Cal-

This list is presented as an additional source of infgfdonia—Gargominy et al. 1996, (Mare) — Solem 1964;

mation on species other than those dealt with in t%arSha" Islands (Rongelap) — Reigle 196Guam —
. . mith 1992b.
main body of the report. It is not based on an exhaus-

tive review of the literature on these additional spe-amellidea oblong

cies, but nevertheless is probably a fairly accurafg, aiian Islands (Kaua'i, O'ahu, Moloka'i, Maui
record at least of the presence of these species onfigaii) — Cowie 1997Line Islands (USA) (Palmyra)
various islands of the Pacific, as far as has been re-cooke and Kondo 196iribati (Teraina, Flint) —
corded. Undoubtedly many of these species are m@eoke and Kondo 196@rench Polynesia(Marquesas
widely distributed on other islands or archipelagoislands [Ua Huka]) — Kirch 1973, (Marquesas Islands

but have not yet been recorded from them. [many islands], Society Islands [many islands], Austral

. " . Islands [many islands], Gambier Islands [many islands],
Some widespread Pacific species may have been{imoto Archipelago [many islands]) — Cooke and
troduced to islands other than their island of origiRondo 1960:Pitcairn Islands (Henderson, Pitcairn,
by Polynesian voyagers, but others may be widetyeno) — Preece 1995Co0k Islands (Mangaia,
distributed naturally. This list probably does not inRarotonga, Mauke, Atiu, Aitutaki, Pukapuka) — Cooke
clude a number of species that could be consideraad Kondo 1960American Samoa(Tutuila, Olosega,
introduced. Equally, it probably includes species thdgu) — Cowie 1998cTonga (Tongatapu) — Cooke and
might have been widely dispersed by natural mearftondo 1960Wallis and Futuna (Futuna) — Cooke and
Species for which there exists this kind of uncertain?s?g(‘;|O 1960 Tuvalu (Funafutl) — Cooke and Kondo
have been termed “cryptogenic” by Carlton (1996);”

they are indicated with an asterig (n the list be- | amellidea pusilla

low. The list generally excludes species that Wer.e "Riribati (Tarawa)French PolynesigMarquesas Islands,
troduced but appear not to have become establishgggiety Islands [most islands], Austral Islands [Rurutul],
but includes others for which it is unknown WhetheGambier Islands [Mangareva], Tuamoto Archipe|ago
they became established or for which it is too sogmany islands])Cook Islands (many islands) — Cooke
to say because they have only recently been intraad Kondo 1960Samoa (Upolu), American Samoa
duced (see Cowie 1998a, 1999). A significant numbérutuila, Ofu, Olosega, Ta, Swains) (Cowie 1998c);
of the records are likely to be based ofliue Tonga(Niuafo'ou, Ha'apai, Vava‘ujTuvalu (most

misidentifications. The sequence of families in thislands).Fiji (many islands, Lau Group) — Cooke and
list follows Vaught (1989). Kondo 1960;Vanuatu (Espiritu Santo) (Solem 1959;

“most of Polynesia, Micronesia, and Melanesi&dlo-

) . mon Islands (New Georgia) — Kondo 1975, (Tikopia)
Terrestrial species — Christensen and Kirch 198Rapua New GuinegNew
FAMILY ACHATINELLIDAE Britain) — Kondo 1975; unverified recorMarshall Is-

) i L . lands (Ebon) — Cooke and Kondo 1960, (Rongelap) —
The following widespread achatinellids, contrastingeijgle 1964, (Enewetak) — Kay and Johnson 16&d-
with the majority of the family, which is composederated States of Micronesia(Pohnpei), (Truk [Moen,
of mostly narrow endemics, may have been distrilFefan, Parem, “Falo”, “Atoda’]), (Kosrae) — Cooke and
uted at least in part by native Pacific islanders pri¢gtondo 1960.
to European exploration of the Pacific. They are na- N
tive somewhere in the Pacific, but it is for the moé?aCIflceIIa variabilis*
part not possible to identify their origins. They aréine Islands (USA) (Palmyra) — Cooke and Kondo
all very small species, readily transported accidef960;French Polynesia(Marquesas Islands, Society Is-

: lands, Austral Islands [Rapa], Tuamoto Archipelago) —
tally, and generally found at low elevations.
y g y Cooke and Kondo 1960, [Makatea] — Cooke 1934;

Elasmiasapertum* Pitcairn Islands (Henderson, Pitcairn, Oeno, Ducie) —
Preece 1995; but see Preece 18ter Island (Chile)
— Cooke and Kondo 196@ o0k Islands— Cooke and
French Polynesia(Marquesas Islands [Ua Huka]) —Kondo 1960, (Aitutaki) — Allen 1992American Sa-
Kirch 1973, (Marquesas Islands [several islands], SodiRoa (Tutuila) (Cowie 1998c; tentative recordjeder-
ety Islands [several islands], Austral Islands [Tubuaipted States of MicronesigTruk) — Cooke and Kondo
Gambier Islands [Mangareva], Tuamoto Archipelagd960; Smith 1993bGuam — Bauman 1996; tentative
[Makatea]) — Cooke and Kondo 19@®itcairn Islands  identification;Northern Mariana Islands (Rota, Saipan)
(Henderson, Pitcairn, Oeno) — Preece 1995; but see Bauman 1996.

Preece 19985amoa(Upolu) — Cowie 1998cAmeri-

(includesElasmiassp(p).)
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Tornatellides oblongus

French Polynesia(Marquesas Islands [Nuku Hiva, Ua

Pitcairn Islands (Henderson, Pitcairn) — Preece 1995;
American Samoa(Tutuila) — Cowie 1998c (tentative

Huka, Hiva Oa], Society Islands [many islands], Austrdl£cOrd):Federated States of MicronesigPohnpei) —

Islands [Rimatara, Rurutu, Tubuai, Raivavae], Gambi

Kondo 1960; Preece 199%&,00k Islands (Mangaia,

eﬁmith 1993b; (Kosrae) — Smith 1992b.

Islands [many islands]) — Cooke and Kondo 19605
Pitcairn Islands (Pitcairn, Henderson) — Cooke and

upisoma dioscoricola
(possibly a synonym d®. orculg*

Rarotonga, Mauke, Mitiaro, Atiu) — Cooke and KondaNew Caledonia— Gargominy et al. 1996; Solem 1964.

1960, (Aitutaki) — Allen 1992Tuvalu (Funafuti) —
Hedley, 1899.

FAMILY PUPILLIDAE
Some of these species may have been disperse

native Pacific islanders prior to European exploraﬂvI

FAMILY ENIDAE

Rhachistia histrio

Caledonia— Gargominy et al. 1996; Solem 1964,
ré) — Solem 1964Yanuatu (Efate) (Solem 1959).

tion of the Pacific. Others are more recent arrivalsaAMILY ORTHALICIDAE

They are all very small species, readily transporte[()j

accidentally.

Gastrocopta pediculus

Hawaiian Islands (O‘ahu, Hawai'i) — Cowie 1997,
1998a; French Polynesia(Tuamoto Archipelago
[Makatea]) — Cooke 1934, (Marquesas [Ua Huka])
Kirch 1973;Cook Islands (Aitutaki) — Allen 1992;Sa-

moa (Upolu) — Cowie 1998cAmerican Samoa
(Tutuila) — Cowie 1998c, (Ofu) — Kirch 1993uvalu

(Funafuti) — Hedley, 1899Fiji (Lau Group [Karoni])
— Solem 1978New Caledonia— Gargominy et al. 1996;
Solem 1964 NVanuatu (Espiritu Santo) — Solem 1959
(“all of Polynesia and Micronesia and Hawai'i'$plo-

mon Islands (Tikopia) — Christensen and Kirch 1981;

rymaeus multilineatus
Guam — Smith 1995.

FAMILY FERUSSACIIDAE

Cecilioides aperta

“(includingCecilioidessp., andCecilioides baldwini

which is probably a junior synonym [cf. Cowie
1998al])

Hawaiian Islands (Kaua'i, O'ahu, Moloka'i, Hawai'i)
— Cowie 1997Cook Islands (Aitutaki) — Allen 1992;
Galapagos IslandgFloreana) — Smith 1966&{ew Cal-
edonia— Gargominy et al. 1996, (New Caledonia [Grand
Terre], Loyalty Islands) — Solem 1958uam — Smith

Marshall Islands (Rongelap) — Reigle 1964, (Enewetak)1992p.

— Kay and Johnson 198Fgderated States of Micro-

nesia (Pohnpei) — Smith 1993b, (Kosrae) — SmithFAMILY OLEACINIDAE

1992b; (Yap [Ulithi]) — Harry 1966.

Gastrocopta servilis

(and its junior synonyrtyonsiang

Hawaiian Islands (Midway, Pearl and Hermes, Laysan
Kaua'i, O'ahu, Moloka'i, Maui, Hawai'i) — Cowie 1997,
1998a;French Polynesia(Tuamoto Archipelago:
Makatea) — Cooke 1934#iji (Lau Group [Karoni]) —
Solem 1978New Caledonia— Gargominy et al. 1996;
Solem 1964, (Maré) — Solem 196Mtarshall Islands
(Enewetak) — Kay and Johnson 198@égerated States
of Micronesia (Saipan) — Lange 1950.

Gastrocoptasp(p).*

Guam — Bauman 1996Northern Mariana Islands
(Rota, Saipan) — Bauman 1996.

Nesopupasp(p).*
Guam — Bauman 1996Northern Mariana Islands
(Rota, Saipan) — Bauman 1996.

Pupisoma orcula

Hawaiian Islands (Kaua'i, O‘ahu, Moloka'i, Maui,
Hawai'i) — Cowie 1997, 1998akrench Polynesia

Varicella sp.
New Caledonia— Gargominy et al. 1996; Solem 1964.

FAMILY STREPTAXIDAE

These small predatory species have probably been

introduced both accidentally and deliberately as bio-
logical control agents against other alien snails.

Gulella bicolor

American Samoa(Tutuila) — Cowie 1998c, (Ofu) —
Cowie and Cook 199%ederated States of Micronesia
(Yap [Fais, Ulithi]) — Harry 1966, (Pohnpei) — Smith
1993b;Belau (Palau) (Babeldaob) — Cowie et al. 1996;
Northern Mariana Islands (Saipan) — Harry 1966.

Streptostele musaecola

American Samoa(Tutuila, Tali, Ofu) — Cowie 1998c,
Cowie and Cook 1999.

FAMILY SAGDIDAE

Lacteolunasp.
New Caledonia— Gargominy et al. 1996; Solem 1964.

(Tuamoto Archipelago [Makatea]) — Cooke 1934;
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FAMILY HELICARIONIDAE FAMILY ARIOPHANTIDAE

The origins of some of these species are unclear. Ofyymarion martensi
ers, however, appear to be strongly associated W,-tlglwaiian Islands (O‘ahu) — Cowie 1997, 1998Ga-

movement of horticultural products. moa (Upolu), American Samoa(Tutuila) — Cowie

Coneuplecta calculosa 1998c (tentative identification).

French Polynesia(Marguesas Islands, Society IslandsFAMILY ZONITIDAE
— Solem 1964Coo0k Islands— Solem 1964New Cal-

edonia— Gargominy et al. 1996, (New Caledonia [Gran&*awa"a minuscula

Terre], Isle of Pines, Maré) — Solem 1964. Hawaiian Islands (Midway, Kaua'i, O‘ahu, Moloka'i,
_ Lana'i, Maui, Hawai'i) — Cowie 1997, 1998Brench
Coneuplecta microconus Polynesia (Tahiti) — Solem 1964Pitcairn Islands

American Samoa(Tutuila) — Cowie 1998cFiji (Lau (Pitcairn, Oeno) — Preece 1998pw Caledonia—
Group [Karoni, Moce, Lakeba]) — Solem 1978plo- Gargominy et al. 1996, (Isle of Pines) — Solem 1964.
mon Islands (Tikopia) — Christensen and Kirch 1981; . L

Vanuatu (Anatom, Efate, Espiritu Santo, Vanua Lava) _Oxychilus alliarius

Solem 1959Fiji — Solem 1959Federated States of Hawaiian Islands (Kaua'i, O'ahu, Moloka'i, Hawai'i)
Micronesia (Kosrae) — Smith 1992b (tentative identifi-— Cowie 1997, 1998ajuan Fernandez Islands—
cation). Barker 1999.

Diastole conula Striatura sp.*

French Polynesia(Society Islands, Austral Islands Hawaiian Islands (Hawai'i) — Cowie 1997, 1998a.

[Rurutu]) — Solem 1964Cook Islands— Solem 1964; .

New Caledonia— Gargominy et al. 1996, (Maré) — Zonitoides arboreus

Solem 1964. Hawaiian Islands (O‘ahu, Maui, Hawai‘i) — Cowie
1997, 1998aPitcairn Islands (Pitcairn) — Preece 1995.

Liardetia samoensis

French Polynesia(Marquesas Islands, Society Islandsi:A'\/'”-Y MILACIDAE

— Solem 1959Co0k Islands — Solem 1959Samoa  \jilax gagates

(Upolu), American Samoa (Tutuila, Ofu) — Cowie

1998c);Tuvalu — Solem 1959%iji — Solem 1959, (Lau

Group [Karoni, Moce]) — Solem 1978tew Caledonia

— Gargominy et al. 1996, (Ouen, Isle of Pines, Maré) =AMLY LIMACIDAE

Solem 1964 )Vanuatu (Anatom, Erromango, Espiritu

Santo) — Solem 195%o0lomon Islands— Solem 1959, Deroceras laeve

(Tikopia) — Christensen and Kirch 198®apua New Hawaiian Islands (Kaua'i, O‘ahu, Maui, Hawai‘)) —

Guinea (Bismarck Archipelago) — Solem 1959; cowie 1997, 1998iji (Viti Levu) — Barker 1999New

Marshall Islands — Solem 1959, (Rongelap) — Reigle caledonia— Gargominy et al. 1996; Solem 1964.
1964.

Hawaiian Islands (Maui, Hawai‘i) — Cowie 1997,
1998a;Juan Fernandez Islands— Barker 1999.

Liardetia doliol Deroceras reticulatum

ar ? 'a dofiofum - o Hawaiian Islands (Kaua'‘i, Hawai'i) — Cowie 1997.
Hawaiian Islands (O‘ahu, Hawai‘i) — Cowie, in press
(possibly not establishedFederated States of Micro- Derocerassp(p).
nesia(Pohnpei, Truk) — Smith 1993b, (Kosrae) — Smitlpjic4irn |slands (Pitcaim) — Preece 199%alapagos
1992b;Guam — Smith 1992b; Bauman 1998prthern | q1ands (Santa Cruz) — Smith 1966.
Mariana Islands (Rota, Tinian) — Bauman 1996.

Limax flavus

Liardetia discordiae
) ) o . Cook Islands (Rarotonga) — Barker 199%anuatu —
Cook Islands (Aitutaki) — Allen 1992 (tentative identi- g1 er 1999
fication).
, o . Limax maximus
Wilhelminaia mathildae ) , . _
. o Hawaiian Islands (O‘ahu, Maui, Hawai'i) — Cowie
Vanuatu (Espiritu Santo) — Solem 1959 (tentative idens 997 19984
tification); Solomon Islandy(Tikopia) — Christensen and '
Kirch 1981, (Nggela Sule) — Solem 199%derated
States of Micronesia(Caroline Islands) — Solem 1959.
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FAMILY POLYGYRIDAE Melanoides funiculug
Probably introduced via horticultural activities. = Samoa(Upolu) — Cowie 1998c.

Polygyra cereolus Melanoides lax&

Hawaiian Islands (Kaua'‘i, O‘ahu, Hawai‘)) — Cowie Samoa(Upolu) — Cowie 1998c.

1997, 1998a, d. _
Melanoides luctuosa

FAMILY BRADYBAENIDAE Samoa(Upolu), Fiji — Cowie 1998c.

Bradybaena similaris

Hawaiian Islands (Midway, Kaua'i, O‘ahu, Moloka'i,
Maui, Lana‘i, Hawai‘i) — Cowie 1997, 1998&rench
Polynesia (Society Islands) — Solem 196%amoa
(Savai'i, Upolu),American Samoa(Tutuila, Ofu) —
Cowie 1998cFiji — Solem 1964, (Lau Group [Lakeba]) Mmelanoides pallents
— Solem 1978New Caledonia— Gargominy et al. 1996,
(lle of Pines, Maré) — Solem 196¥anuatu (Efate,
Espiritu Santo) — Solem 195%ederated States of
Micronesia (Pohnpei) — Smith 1993l3uam — L.G.
Eldredge, unpublishedNorthern Mariana Islands Melanoides peregrin&
(Saipan) — Lange 1950.

FAMILY ARIONIDAE

Arion intermedius(and Arion sp.)

Hawaiian Islands(Hawai‘i) — Cowie 1997, 1998a, 1999. ) ) o
French Polynesia (Society Islands [Tahiti]) —

Melanoides lutosa

Samoa (Upolu), American Samoa (Tutuila, Ofu) —
Cowie 1998cfiji (Viti Levu) — Haynes 1985, (Vanua
Levu, Ovalau) — Haynes 1988b.

Solomon IslandgGuadalcanal, San Cristobal [=Makira],
Malaita) — Haynes 1993Papua New Guinea—
StarmiUhlner 1976.

Samoa(Upolu) — Cowie 1998c.

Melanoides persulcata*
(including the junior synonyri. arthurii)

FAMILY PHILOMYCIDAE Starmuhlner 197&8amoa— Starmihlner 1976, (Upolu)
i . . — Cowie 1998cFiji — Starmuhlner 1976, (Viti Levu)
Meghimatium striatum — Haynes 1985, (Yasawa Group: Waya) — Haynes 1990,

Hawaiian Islands(Kaua'i, O‘ahu) — Cowie 1997, 1998a. (Kadavu, Taveuni) — Haynes 1988tew Caledonia—
Starmuhlner 1976Solomon Islands— Starmihiner

Aquatic species 1976, (Guadalcanal, Malaita) — Haynes 19Papua
New Guinea— Starmuhiner 1976.

FAMILY THIARIDAE

Numerous species of Thiaridae, some or many Melanoides Plllca”a .
which are probably introduced (notably the two com=@moa (Savai'i, Upolu) — Cowie 1998cFiji —

monest speciedyielanoides tuberculatararebia Starmihlner 1976, (Viti Levu) — Haynes 1985, (Vanua

graniferg), have been recorded from the Pacific rgvu’ Ovalau) — Haynes 1988hew Caledonia

ion. Oth b tive. but th . anuatu, Solomon Islands— Starmihiner 1976, (San
gion. €rs may be native, but the group 1S S0 POOIy ;4 [=Makira]) — Haynes 1993apua New

understooq that it is difficult to be sure of this. Thiarig jinea — Starmiihiner 1976.
taxonomy is confused and there are probably numer-

ous synonyms. Melanoides punctata

. . Samoa (Upolu) — Cowie 1998c (tentative record);
Melanoides aspirarts Vanuatu, Solomon Islands— Starmuhiner 1976, (New
Samoa— Starmiihlner 1976, (Savai'‘i, Upolu) — CowieGeorgia, Guadalcanal, San Cristobal [Makira], Malaita)
1998c;Fiji — Starmiihlner 1976, (Vanua Balavu, Beqa)— Haynes 1993Papua New Guinea— Starmiihiner
— Haynes 1990, (Viti Levu) — Haynes 1985, (Vanua 976.

Levu, Ovalau, Gau, Taveuni) — Haynes 198Rkw Cal-

edonia Vanuatu, Solomon Islands— Starmiihiner 1976, Melanoides tuberculata

(New Georgia, Guadalcanal, San Cristobal [=Makira]) —Hawaiian Islands (Kaua'i; “probably on all the main is-
Haynes 1990Papua New Guinea— Starmuhiner 1976. |ands”) — Cowie 1997French Polynesia(Marquesas
Islands) — Fossati and Marquet 1998, (Society Islands

Melanoides brenchleyi [Tahiti]) — Starmihlner 1976 ook Islands(Rarotonga)

Samoa (Upolu), American Samoa(Tutuila), Tonga — Haynes 1990Samoa (Savai‘i, Upolu), American
(Tongatapu) — Cowie 1998c. Samoa(Tutuila, ?*Aunu‘u, ?Tal) — Cowie 1998cTonga

i (Vava'u, Tongatapu) — Haynes 19%0j — Starmihlner
Melanoides costata 1976, (Viti Levu) — Haynes 1994, (Bega, Rotuma) —
New CaledonigVanuatu, Solomon IslandsPapua New Haynes 1990, (Vanua Levu, Ovalau, Kadavu, Taveuni)
Guinea— Starmuhlner 1976. — Haynes 1988biNew Caledonia Vanuatu, Solomon
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Islands — Starmuhlner 1976, (New Georgia,FAMILY VIVIPARIDAE
Guadalcanal, Malaita) — Haynes 19%3apua New
Guinea — Starmuhlner 1976Federated States of

Micronesia (western Caroline Islandsfzuam —  Cipangopaludina chinensis
Starmuhlner 1976, (Pohnpei, Truk) — Haynes 1990.

Introduced as food items.

Hawaiian Islands (Kaua'i, O‘ahu, Moloka'i, Maui,
Melanoides waigiensis Hawai'i) — Cowie 1995a.

New Caledonia Vanuatu, New Guinea (Papua New \jyiparus japonicus
Guinea or Irian Jaya not indicated) — Starmuhlner 197Eiji — Haynes 1994

Tarebia granifera

Hawaiian Islands (Kaua'i, O‘ahu, Moloka'i, Maui, . . . .
Hawai'i) — Cowie 1997French Polynesia(Society Is- The Ancylidae in the Pacific are poorly studied and

lands [Tahiti]) — Starmihlner 197&anuatu, Solomon understood. There may only be a single species,

Islands— Starmiihiner 1976, (Guadalcanal, San Cristobdyhich is cryptogenic.
[=Makira], Malaita) — Haynes 1998apua New Guinea _ -
— Starmuhlner 19785uam — Haynes 1990y orthern Ferrissia noumeensis

Mariana Islands — Starmuhlner 1976. (including Ferrissiasp(p).)

FAMILY ANCYLIDAE

Thiara amarula* French Polynesia (Society Islands [Tahiti]) —
) . . ., Starmuhlner 1976\merican Samoa(Tutuila) — Cowie
Samoan archipelagdAmerican or “Western” Samoa not 1998c:Fiji (Viti Levu) — Haynes 1994yew Caledonia

indicated) — Cowie 1998ciji — Starmuhiner 1976, __ cqyie 1998¢ (citing the original descriptioMapua
(Yasawa Group: Waya) — Haynes 1990, (Ovalau) -jew Guinea— Starmiihiner 1976.
Haynes 1988biNew Caledonia Vanuatu, Solomon Is-

lands — Starmuhlner 1976, (Guadalcanal, Malaita) —Ferrissia sharp¥

Haynes 1993Papua New Guinea— Starmuhlner 1976. Hawaiian Islands (Kaua'i, O'ahu, Hawaii) — Cowie

Thiara bellicosa& 1997.

Fiji — Starmihlner 1976, (Viti Levu) — Haynes 1990 FAMILY PHYSIDAE
(Vanua Levu) — Haynes 19888olomon Islands—
Starmuihiner 1976, (Guadalcanal) — Haynes 1B9pua
New Guinea— Starmuihiner 1976.

Probably introduced on aquatic plants, perhaps via
the aquarium trade. Many uncertain identifications.

Physa acuta

French Polynesia(Marquesas Islands) — Fossati and
Marquet 1998.

Thiara cancellata

Solomon Islands— Starmuihlner 1976, (New Georgia)
— Haynes 1990Papua New Guinea— Starmuhlner

1976. Physa compacta

Thiara macrospird Hawaiian Islands (Kaua'i, O‘ahu, Hawai‘i) — Cowie

Samoan archipelagdAmerican or “Western” Samoa not 1997.

indicated) — Cowie 1998c. Physa elliptica

Thiara scabr& Hawaiian Islands (O‘ahu) — Cowie 1997.

Samoan archipelagdAmerican or “Western” Samoa not
indicated) — Starmiihlner 197Biji — Starmihlner 1976, . ) )
(Viti Levu) — Haynes 1985New Caledonia Vanuatu ~ Hawaiian Islands (Kaua'i) — Cowie 1997.
— Starmuihlner 19765olomon Islands— Starmuihlner Physasp
1976, (Guadalcanal, Malaita) — Haynes 19P3pua '

New Guinea— Starmiihiner 1976:ederated States of French Polynesia (Society Islands [Tahiti]) —
Micronesia (Pohnpei),Guam I Haynes 1990. Starmuhlner 1976;3apua New Guinea— Starmuhlner

1976.

Physa virgata

Thiara scitula*

Samoa(Upolu) — Cowie 1998c. FAMILY PLANORBIDAE

Probably introduced via the aquarium trade.
Thiara terpsichoré

Samoan archipelagdAmerican or “Western” Samoa not Gyraulus mgntroumeﬁ
indicated) — Cowie 1998cEiji — Starmihiner 1976, New Caledonia— Baker 1945.

Viti Levu) — Haynes 1985, (Vanua Levu) — Haynes .
(1988b. : y ( ) Y Gyraulus rossiterf

New Caledonia— Baker 1945.
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Gyraulus singularig
Fiji — Baker 1945.

Indoplanorbis exustus

Hawaiian Islands French Polynesia(Society Islands
[Tahiti]), Papua New Guinea— Starmiihiner 1976;

Planorbarius corneus
Fiji (Viti Levu) — Haynes 1985.

Planorbella duryi
Hawaiian Islands (Kaua'i) — Cowie 1997.

Physastra nasuta

Cook Islands (Rarotonga) — Haynes 1998merican
Samoa(Tutuila) — Cowie 1998cfonga— Starmuhlner
1976 (probable record), (Tongatapu) — Haynes 1B§0;

FAMILY LYMNAEIDAE

Probably introduced on aquatic plants, perhaps via
the aquarium trade.

Lymnaeasp.

French Polynesia (Society Islands [Tahiti]) —
Starmuhlner 1976.

Pseudosuccinea columella

Hawaiian Islands (O‘ahu) — Cowie 1997.

(Viti Levu) — Haynes 1994, (Vanua Levu) — Haynes

1988b;New Caledoniag Vanuatu — Starmihlner 1976.
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Non-indigenous freshwater fishes, amphibians, and
crustaceans of the Pacific and Hawaiian islands

Lucius G. Eldredge
Department of Natural Sciences, Bishop Museum, 1525 Bernice St, Honolulu, Hawaii 96817-2704, USA

Abstract Pacific islands. Six periods of introduction have been
Freshwater fishes, amphibians and crustaceans haveposed (Eldredge 1992 1994).

been introduced to Pacific islands for aquaculture,  |ntroduction by prehistoric voyagers. During the
sport, improvement of wild stock, the aquarium trade,  early periods of settlement and discovery of is-
and biological control. Many have been accidental  |ands by prehistoric voyagers, traditional life
escapes. Unintended impacts have been alterations  styles were often maintained and interpreted as
to the habitat as well as direct competition for food  “transported landscapes” (Kirch 1982a 1982b).
anq living Space, introduction of path_ogens, hy'?”d'?. The western exploration period. Beginning in
sation, and en.V|ronment'aI apd somo-ecpnomm € the early 1500s with the Spanish and extending
fects. Mozamblque tlapialapia mos;ambmq; thg until nearly the end of the nineteenth century.
most widely introduced freshwater fish species in the ] . )
Pacific. Used to control mosquitos and aquatic weed, ~EXPansion of western influence. During the late
it is now considered to be a pest, competing for food 1800 westem influence and political colonisa-
with other fish and native birds. Poeciliids such as 10N €xpanded throughout the Pacific and con-
guppiesPoecilia reticulatahave been introduced for ~ tinued well into the mid-1900s.
biological control or aquaria or accidentally, but therd.  Post-World War 1. After World War Il and sub-
have been more negative effects than positive ones, sequent political changes, numerous develop-
ment projects (especially in agriculture) and en-

as they compete with or predate on native species M _
and have introduced unwanted parasites. The escape Vironmental restoration were encouraged.
Forms of agriculture and aquaculture. During

of aquarium fish species has never resulted in a ben-
eficial introduction. Among amphibians, the marine  the past 20 years great emphasis has been placed

(or cane) toadBufo marinus introduced widely in

the Pacific for biological control of insects and sub-
sequently colonising other islands, is now consid-
ered to have been more disastrous than beneficigl.
Several crustaceans have been introduced for

on the development and expansion of terrestrial
agriculture and freshwater and marine
aquaculture.

Impact of aquarium trade. The past decade,
when greater westernisation and more affluence

aquaculture or aquaria, and some now constitute
threats to native species. This paper lists types of
freshwater system occurring on Pacific islands; the
lack of pertinent literature shows the need for further. 1 Motives for introducing species
investigations on island freshwater ecosystems a
their maintenance.

allowed for the development of the aquarium-
ornamental aquatic plant and animal industry.

F—‘geshwater fishes and other inland aquatic species
have been introduced into the Pacific and Hawaiian
1. Introduction _Islands fqr a variety of reasons. In hl_s review of f[he

_ , , .. introduction of inland aquatic species, primarily
Documentation of animals introduced to Pacific iSfjshes but also amphibians and crustaceans
lands prior to European contact is for the most pafje|comme (1992) analysed 1673 records of 291 spe-
anecdotal. Long-term, quantitative studies have nols in 148 countries (very few of these records in-
been conducted in the aquatic environment. TR&,qe information on Pacific islands). Nearly 50%
purpose of this review is to record the intentiongdf inese took place between 1950 and 1989. The pur-

anq 'accidental' introduction of fresh'water fish, a 5oses for introduction proposed by Welcomme (1992)
phibians, and invertebrates (excluding molluscs) {06 peen adopted by Lever (1996):

Hawaii Biological Survey Contribution No. 1999-011 Aquaculture_ Introduced species have played anim-
Pacific Biological Survey Contribution No. 2000-007 ~ portant role in the development of aquaculture around
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the world. Many of these species have escapedaiher animals. Reduction of macrophytes may pro-
been intentionally released into natural waters amdote increased turbidity.

have become established (naturalised). Increased turbidity may disrupt the reproduction

Sport These introductions include: large species haprocess of native fishes and other aquatic organisms
ing fighting qualities sought by sports fishers; andnd result in physiological stresses.

species In support of sports fisheries. Introduction of parasites, pathogens, and diseases

Improvement of wild stocksThe purpose of these Some pathogens such as infectious pancreatic necro-
introductions is the development of a new food irsis and bacterial kidney disease, can be transmitted
dustry or subsistence fishery. These introductionsa gametes, therefore unfertilised ova, sperm, eggs,
have taken place, primarily, in faunistically poor reand embryos, as well as adults, are potential vectors.
gions. Introductions have also been into artificiallfror the Pacific islands, Humphries (1995) has re-

developed habitats, such as reservoirs, canals, amelwed disease threats and provided a summary and
the like. checklist of diseases of aquatic aniimals to the Pa-

Ornament (aquarium trade)This category includes cific and Hawaiian Islands.

both introductions into ornamental fish ponds ouffrophic alterations The presence of introduced
side the natural range of a fish, and the many smdlkhes may significantly increase the amount of prey
tropical species which abound in the aquarium tradavailable to natives. The feeding habits of introduced
fishes can reduce the amount of forage available to
Qative fish. Naturalised predatory fishes can affect
the population dynamics of native prey species
(Taylor et al. 1984).

ﬁ)s}bridisation. Hybridisation may lead to the dete-
rioration of native genetic stocks. Hybridisation
fjgong introduced species (tilapia and poeciliids) re-
ains a problem for those trying to identify intro-
uced species. Maciolek (1984) noted hybridisation

between largemouth bass and bluegills in the Hawai-
For aquaculture proposes the common daypfinus jan Islands.

carpio] has been introduced to 50 countries world-, . . . :
wide; rainbow troutQncorhynchus mykiksto 48, Spatlal alteratlons Interaction bgtvvg en native "’?”d.
grass carpGtenopharyngodon idellanto 39, and mtrpduced species may be of S|gn'|f|cance'to distri-
Mozambique tilapiaTilapia mossambidanto 34 (all butlonz density, .an(.j (_eX|stenge of ”a“V‘? SPecles. Over-
of these have been introduced into Pacific island teqowdlng may Inhibit breeding of native species.
ritories). Nine other species have been taken to tBnvironmental effects The environment can be of
or more countries. The percentages of introductiosgynificance to introduced species even when hydro-
are given for the following purposes (Welcomméogical and climatic conditions appear suitable.
1992):

Biological control. Biological control includes the
control and regulation of vegetation, mosquitoe
shails, phytoplankton, and other fish.

Accident Escapes or unplanned releases of spec
in culture; accidental releases may arise with the i
troduction of fry along with an intentionally intro-
duced fish, the escape or release of bait fish, and
transport of eggs, juveniles, or adult fish in balla
water.

Socio-economic effect®aturalised species may not
be favoured for human consumption. In some areas

Aquaculture 36.1% . . L .

Sport 11.8% introduced species have significantly contributed to
Improvement of wild stock 10.8% the development of freshwater fisheries.

Accident 9.0%

Ornament (aquarium trade) 8.4% 1.3 Criteria for success

Biological control 5.4% Ehrlich (1986) listed eight ecological, genetic, and
Unknown 18.5%

physiological characteristics that might lead to suc-
1.2 Ecological impacts cessful introduction:

The ecological impacts of naturalised fish have bedn Abundant in original range

summarised by Taylor et al. (1984) and modified by.  Polyphagous

Lever (1996): 3. Short generation time

Habitat alterations These involve principally the dis- 4 High genetic variability

placement of aquatic vegetation and the degradatign

of water quality. Modification of aquatic plant com-"" _
munities can significantly affect native fishes an®. Larger than most relatives
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7. Closely associated with humans is Lower Zambezi and associated East African rivers
8. Able to function in a wide range of physicalWelcomme 1988). The species is very hardy and
conditions tolerates the high salinities of atoll lagoons, such as

H1at at Fanning Atoll (Lobel 1980). Thought to be

After a cursory review of the characteristics, it shoul , :

o : ideal pond fish, they readily produce stunted stocks

be noted that the majority of successful introduce

) ‘ ) «.. when overcrowded, as the author has observed on

species possess them with the exception of “larger . .
A L : agan in the Northern Mariana Islands.

size”, since most species introduced to islands are

relatively small. Two taxonomic systems for tilapia (Family
Cichilidae), one by Thys Van Den Audenearde, the
2. Freshwater fishes other by Trewavas, differ in their generic and

A total of 86 species of fish have been introduceﬂ"b(-:]eneric designatiorishe American Fisheries

into fresh (some brackish) waters in the Pacific a\n)EOCiety Names of Fishes .Committee recommended
Hawaiian Islands; not all of these introductions have'© Thys system exclusively through 1991. The

been successful (see Systematic list below). A tofaf!f"ént Committee 'gr:ves equbal welght f the
of 72 fish species have been introduced into the Hg[ewavas system; either may be used in Ameri-

waiian Islands, and 59 have been observed or est%?]-n Fisheries Society publications (Kendall 1997).

lished since 1982. Twenty of the 59 are aquariu € Thys system is used herein [with the Trewavas
species. Papua New Guinea has received 30 spe&@gne in brackets].

with 19 being considered established. Werry (19987 he introduction of tilapia was a disaster on nearly
reported four species recently (between 1993 amdl Pacific islands” (Baird 1976). Tilapia are now
1997) introduced to Papua New Guinea for stodjenerally considered to be pests. Eradication has been
enhancing Colosoma bidensTor putitora, suggested on Tarawa (Teroroko 1982) and Nauru
Acrossothedus hexagonochejlasd Schizothorax (Ranoemihardjo 1981).

richardsonil; they are not yet established. Guam anﬂ] Hawalii, tilapia were introduced for mosquito con-

Fiji each have 24 species introduced, 12 species ol for aquatic weed control, and for potential

ﬁb\lli/sge? %n Ei”' r;nd 27 sriel():;ieie(sjtablls?eq ct)r?rGu ra[jtfish. Tilapia are suspected of competing aggres-
ew aiedonia has © established species, three IDsﬁ/ely with the striped mullet (Eldredge 1994). At
viously reported are no longer found.

Fanning Atoll, tilapia disturb the benthic communi-
Nine species have been introduced into four or moties, and local fishermen reported fewer mullet,
territories: bonefish, and milkfish following the introduction of

the Mozambique tilapia (Lobel 1980).

Species No. of Territories . L . . .
Mozambique tilapia held in floating tanks in Kaneohe
Mozambique tilapia 19 Bay, Oahu, Hawaii, were found heavily infected with
Mosquitofish 14 a marine monogean helminth ectoparasite
Guppy 10 (Neobenedenia melleniThe only other Pacific

Common carp 6 record of this helminth was from Chile and was not

Mexican molly 5 recorded in Hawaii by Yamaguti (1968), leading one

Green swordfish 5 to believe that this parasite was introduced sometime
Goldfish 4 after 1968 (Kaneko et al. 1988). The significance of

Largemouth bass 4 this finding is unknown.

Redbelly tilapia 4

t Saipan, the decline of the common moorhen
Several species of the families Cichlidae (tilapia) a P

e . _ allinula chloropus guanpis thought to be caused,
Poeciliidae (livebearers) have been introduced an part, by competition with Mozambique tilapia in

many have become naturalised. Comments pertamike Susupe (Stinson et al. 1991). At Rennell Is-

ing to these families are separated below, since ma15¥1d, Solomon Islands, the extinction of two duck

of the above-listed ecological impacts have been rgbecies Anas superciliosand A. gibberifrond is
ported for these species.

speculatively attributed to the introduction of tilapia;
o however, the ospreyhndionhaliaetus melvillens]s
FAMILY CICHLIDAE [the tilapias] which was always found along the seashore began to
Of the 18 species of the family Cichlidae listed bepe seen at Lake Tegano after the introduction of tilapia
low, Mozambique tilapiaTlilapia mossambidais (Diamond 1984). The originally algal-coloured green
the most widely introduced species, having beegtater at Niuafo’ou Crater Lake, Tonga, lost its col-
taken to 19 Pacific island territories. Its native rangsur after the introduction of tilapia, and the duck
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population decreased markedly during the five yea¥anuatu (Efate Island and Tanna Island)—from New Cal-
following the introduction (Scott 1993). In Hawaii edonia 1950s; to enhance stocks, impact unknown
tilapia are reported to have a significant impact on ~ (Uwate et al. 1984)

native birds through competition for food. On MauiSolomon Islands (Guadalcanal)—unknown source 1957;
20 native coots, ducks, and stilts were counted three for culture, impact unknown (Nichols, pers. comm.);
years after the wetland was improved as nesting (Malaita and Santa Anna)—probably from
grounds; after the introduction of tilapia, the number ~ ©uadalcanal, after 1957; impact unknown (Nichols,

) ers. comm.); (Rennel)—from Guadalcanal, after
of birds decreased by more than 50% (Kubota 1996). 2957' to enhe)m((:e stock)s, subsistence fishery (Wolff

Tilapia mossambica 1969)
[Oreochromis mossambic(Beters, 1852)] Papua New Guinea—from Malaysia 1954; for culture,
Hawaii—from Singapore 1951; 60 individuals, 14 sur-  fishery established (Devambez 1964; Glucksman et
vived for stocking, well established on all islands al. 1976; Allen 1991)
(Maciolek 1984) Nauru—unknown source 1960s; for mosquito control,
Kiribati (Fanning Atoll)—from Hawaii 1958; released impedes traditional aquaculture (Ranoemihardjo
from research vessel, suspected negative impact on 1981)
local fish (Lobel 1980); (Washington Island)—fromFederated States of Micronesia (Yap)—unknown source
Hawaii 1958; no apparent purpose, impact unknown  1970s; for culture, impact unknown (Nelson 1987;
(Lobel 1980); (Tarawa)—probably from Fiji 1963; Nelson and Hopper 1989)
to GSIabI',Sh subsistence aquaculture, impact U uam—from the Philippines 1954; for culture in fresh
known (Villaluz 1972) and brackish water and for aquatic weed control
French Polynesia (Tahiti)—unknown source 1950s; im-  (DeLeon and Liming 1956; Brock and Takata 1956)

pact unkown (Uwate et al. 1984) Northern Mariana Islands (Saipan)—from the Philippines

Cook Islands—from Fiji 1955; for culture, impact un- 1955; to enhance stocks, impact unknown (Anon.
known (Chimits 1957; Devambez 1964) 1955); (Pagan)—from Saipan 1955; to enhance
Samoa—from Fiji 1955; for small-scale culture (vanPel  freshwater lakes (Brown 1955)
1961) Tilapia niloticus
American Samoa—from Samoa 1950s; to enhance stockQreochromis niloticugLinnaeus, 1758)]
fished at Aunu’u (vanPel 1959) Cook Islands (Rarotonga)—from Fiji 1993; two ship-
Niue—unkown source, date, and reason; impact unknown ments, no survival during first shipment (Adams,
(Uwate et al. 1984) pers. comm.)

Tonga (Tongatapu)—from Fiji 1955; for mosquito conSamoa—unknown source, 1991 for aquaculture (Zann
trol, impedes aquaculture development (Chimits 1991)

1957; Devambez 1964, Fa’anunu, pers. comm.iji (Viti Levu)—from Israel 1968; for culture, subsist-
(Nomuka Island)—from Tongatapu, 1970s; for mos-  ence fishery (Adams, pers. comm.); (Vanua Levu)—
quito control, fished, reduced milkfish population  from Viti Levu 1988-1989; for culture, subsistence
(Fa’anunu, pers. comm.); (Niuafo’ou Island)—prob- fishery (Adams, pers. comm.)

ably from Tongatapu 1982; to enhance subsisteno:l.ﬂﬂapia aurea

fishery (Fa’anunu, pers. comm.), duck populatio ) )
decreased (Scott 1993); (Vava'u Island)—probabl'LOreOChromIS aureugSteinbachner, 1864)]

(Fa’anunu, pers. comm.) established (Andrews 1985)
Wallis and Futuna (Wallis)—unknown source 1966; imTilapia urolepis
pact unknown (Hinds 1969) [Oreochromis urolepigNorman, 1923)]

Tuvalu (Funafuti Atoll)—unknown source, date, reasorf;iji (Viti Levu)—from Taiwan 1985; for research, not es-
impedes aquaculture development (Uwate et al.  tablished (Nelson and Eldredge 1991)
1984); (Nanumanga Island and Niutao AtoII)—un—Tilapia macrochir

known source, date, reason; impact unknown (Uwa[breochromis macrochi(Boulenger, 1912)]

etal. 1984) Hawaii—from Congo 1957; Maui and Oahu established
Fiji (Viti Levu)—from Malaysia 1954; for culture, sub- (Brock 1960)

sistence culture (Holmes 1954; Andrews 1985), Welf'ilapia rendalli

established (Adams, pers. comm.); (Vanua Levu)—_. " . .
from Viti Levu, unknown date; for culture; well es- [T”ap'a rendalli (Boglenger, ;_896)]
tablished (Adams, pers. comm.) Wallis and Futuna (Wallis, Lake Kikila)—unknown source

. L 1967-1970; a§. melanopleuraspread to other
New Caledonia—from Philippines 1955; for culture f o
. reshwater areas (Tahimili, pers. comm.
(vanPel 1956), well established (Adams, pers. ( P )
comm.)
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Papua New Guinea—from UK 1991; to enhance stockubra and with native amphipods in the unique
rapidly spreading (Coates, pers. comm.) anchialine pools of the island of Hawai‘i. In a study
Tilapia zilli [Tilapia zillii (Gervais, 1848)] conducted in 1994, Brock and Kam (1997) found
Hawaii—from West Indies 1955; 1500 released in Mawhrimp present in pond No. 19, but five months later,
plantation reservoir 1957; established on Oahdollowing colonisation by guppies, all the shrimp had
Maui, Hawaii (Brock 1960); from Congo 1957 (asdisappeared. In a June 1997 survey, the shrimp and
T. melanopleury established on Oahu, Maui, Kauaigmphipods were still absent. Another series of pools
(Brock 1960) that were considered the “best example of anchialine
Fiji—from Hawaii 1957; for culture, distribution and im- pools” were colonised by guppies probably between
pact unknown (vanPel 1959; Adams, pers. comMpyie fa1| 1995 and January 1996, but by July 1996 the

Guam—probably from Hawaii 1956; for aquatic weeghrimp and most of the amphipods were absent
control, small recreational fishery (Brock a”d(Brock and Kam 1997).

Yamaguchi 1955; Brock and Takata 1956)
Tilapia melanotheron

[Sarotherodon melanotherdRuppell, 1852)]
Hawaii—unkown source 1970s; established on Oahu

Introduced poeciliidsK. reticulata, P. mexicana,
X. helleri andG. affinig present threats to native
ecosystems throughout Hawaii. The endemic
. ) ) Megalagriondamselflies are “now absent from vir-
Tilapia ocmdentah; . tually all lowland areas where early collections oc-
[Sarotherodon occidentalibaget, 1862)] ~ curred prior to poeciliid introductions” (Englund,
NewCaledonla—probablyfrom the Philippines, forﬁsh—lggg)_ Introduced odonates (dragonflies and
ery (Gargominy et al. 1996; Seret 1997) damselflies) were found living sympatrically with

FAMILY POECILIIDAE [livebearers, mollies] native damselflies in areas lacking poeciliids, and the

study found little or no evidence that these introduced

Poeciliids have been intentionally introduced for b'oépecies affected native damselflies. By 1935, the

logical control, mostly mosquitos, and aquatic weeda mselflyMegalagrion xanthomelawas found on

to protect species from extinction; and to dispose ahu only in streams without these introduced spe-

unwanted pet or experimental fishes, and many ha&%s (Polhemus and Asquith 1998pecilia mexicana

escaped or ha\{e been released thr_ough_ the Oma%%‘dily consumed the post-larvae of returning native
tal fish culture industry. Through biological control

. S . . stream gobies (Filbert and Englund 1995).
and species conservation, introductions were intended - _ _
to have positive effects; however, there are motg Hawaii in a study of freshwater fish parasites, na-

negative effects than positive ones (Courtenay atiye fish in streams without introduced fish had no
Meffe 1989). adult helminth parasites. In streams with guppies and

. : : . reen swordtails, the native gobioid fishes had three
Negative effects include predation on larvae, juveﬁ-

. . ! 2 17 helminth species in common with the poeciliids—a
niles, and small adult native fishes. Hybridisatio b P

. ) ) ) . Thematode Camallanus cot}i the Asian tapeworm
behavioral interactions, and introduction of parasn;

d di further threats. Hvbrid %othriocephalus acheilognathiand a leech
and diseases may pose further threats. Hybrids ﬁ/l'yzobdella lugubrig(Font and Tate 1994). Since
tweenPoecilia reticulataandP. mexicanaand be-

weenP. reticulataandXiohooh helloth b poecilids have been widely released in Hawaiian
eenr. retculataandaipnophorus nellemave DEen ¢ .o qpyater habitats for mosquito control and are also

§hor:/v nto haveuchseéj threats to r:ja't\illveﬁfisfgzgecrgfeased from aquaria, they may be the source of both
In the western (Courtenay and Meffe )- C. cottiandB. acheilognathiThe source of the leech

The guppy Poecilia reticulatd has been introduced is more problematic. In a more recent study, Font
into ten Pacific island territories. It is a native of Venf1997) analysed eleven species of helminth parasites
ezuela, Barbados, Trinidad, northern Brazil, and tHeom native stream fishes. Of the parasites in native
Guyanas (Welcomme 1988). It is very prolific angpecies, four originated from marine fishes; three used
spreads rapidly through ditches, swamps, and ponuiggratory piscivorous birds as final hosts and fishes
into areas where it becomes established. Its rapid nas- intermediate hosts; and four originated in intro-
turity and high fecundity have earned it its alternaduced freshwater fishes. In addition to the three
tive name “million fish”. Individuals are very popu-helminth species mentioned above, a trematode meta-
lar with the aquarium industry because of its brileercarial larvaefscocotyle tenuicolljsvas also iden-
liantly coloured varieties (Lever 1996). Guppies edified from a native fish when found living with
the eggs of other fish and have been blamed for thesquitofish (Font 1997).

decline of a number of fish species. The mosquitofishGambusia affinishas been intro-

Guppies (along with tilapia) have been implicated iduced into 14 Pacific islands. Its native range is south-
the decrease of the native atyid shridgdocaridina ern USA and northern Mexico. Two subspe€es.
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affinisandG. a.holbrookihave been recognised, butCook Islands (Rarotonga, Mitiaro)—for mosquito con-
the differences are insignificant and their historical  trol (Krumholz 1948)
origins are mixed (Lloyd and Tomasov 1985)Samoa—unknown source, date, reason (Zann 1991)

Gambusia affiniss used herein. American Samoa—probably from Hawaii, for mosquito

The mosquitofish “is now probably the most widely ~ control (Krumholz 1984)

distributed fresh-water fish in the world” (KrumholzFill (Viti Levu)—unknown source 1930s, for mosquito
1948). The extreme tolerance of low as well as high ~ ¢°ntrol, pestin aquaculture (Andrews 1985)
temperatures, of low dissolved oxygen, and of higfnuatu—source unknown 1943 (Haas and Pal 1984)
salinity conditions has allowed this fish to becom&olomon Islands—probably from Hawaii, before 1948,
widely established. Mosquito control was the prime ~ mosquito control (Krumholz 1948)

reason for introduction, but its success has been quBspua New Guinea—from Australia 1930; mosquito con-
tioned (Welcomme 1988; Lever 1996). trol, possible threat to native fishes (Werry 1998)

Controversy has followed the introduction OIJ\/Iarshall Island (Jaluit)—mosquito control (Gressitt 1961)

mosquitofish. Krumholz (1948) reviewed earlief€derated States of Micronesia (Pohnpei, Pulusuk)—un-
work and introductions. Myers (1965) stated, “The known (N(_alson and Cushing 1982)

fact is thatGambusids a very dangerous fish to in- Guam—mosquito control and aquatic weed control 1955
troduce into a place where it does not occur natu- (Brock a_nd Yamaguchi _1955) _

rally, and is little or no better as a mosquito destroy&forthern Mariana Islands (Tinian, Saipan, Pagan)—un-
than many other species”; he further added, “...ithas  known (Best and Davidson 1981)

gradually wiped out most or all of the smaller nativ;% : . :
mosquito-destroying species,” (p. 102). Some -1 Aquarium introductions

mosquitofish (Lloyd 1990). of the 46 species of non-indigenous fish established

o ) - ] in the contiguous United States, approximately 65%
Mosquitofish fit directly into Ehrlich’s (1986) inva- \\are thought to have originated through aquarium
sion characteristics except for larger size (Courteng¥qe. The majority of these same species have been
and Meffe 1989). The authors add two features thak,oqyced to Pacific island territories and have the
facilitate the success of this species: mosquitofish, e impacts as discussed above. The escape or re-
produce several times a year moderate numbersiQfse of aquarium fish has never resulted in a benefi-

young which are protected by the mother but whichg| introduction (Courtenay and Stauffer 1990).
become immediately independent. Adult mosquito-

fish are extremely aggressive, and females attabkthe Hawaiian Islands, 20 aquarium species have
other fish, shredding fins and sometimes killing therg€en observed or considered established between

Devick 1991a) [Date with each record is the first

Mosquitofish are included with other poeciliid Spegime the species was reported: area of origin is noted:
cies in the impact in Hawaiian anchialine pools angl— . ,rrent status unknown: * = reported but not col-
the elimination of the endemic herbivorous ShrimRected]:

Halocaridiana rubraby initiating a change in eco-

logical succession. Predation reduced or eliminateéagrican catfish [Synodontis sp.]. Unknown

the shrimp, and slowly macroalgae established, overangelfish [Pterophyllum sp.]. South America 1982
growing on the distinctive cyanobacterial crust. With *Arowana [Osteoglossum sp.] Unknown

this change, the appearance of the anchialine systetArmored catfish [Peckoltia sp.]. South America

changed (Brock and Kam 1997). Armored catfish/radiated ptero [Pterygoplichthys
o ) ] multiradiatus]. South America 1986
Mosquitofish are also potential hosts of helminth armored catfish/suckermouth catfish [Hypostomus

parasites which have been transmitted to native fishesspp.]. South America 1984

(see discussion under guppy, above). Asian needlefish [ Xenentodon cancilal. Southeast
Asia 1988
Gambusia affinigBaird and Girard, 1853) ?Black-banded leporinus [Leporinus fasciatus].
Hawaii—from Texas 1905+, for mosquito control, estab- South America 1984
lished on all islands (Maciolek 1984) Black-spot barb [Puntius filamentosus]. India 1984
Kiribati (Line Islands)—unknown source, date, reasonBlue-eyed cichlid [Cichlasoma spilurum]. Guatemala
(Guinther 1971; Maciolek 1984) 1984

Bristle-nosed catfish [Ancistrus sp.]. South America

French Polynesia (Tahiti)—before 1926, for mosquito 1985

control (Krumholz 1948); apparently not established
(Marquet and Galzin 1992)

178



Eldredge: Non-indigenous freshwater fishes, amphibians, and crustaceans

Bronze corydoras [Corydoras aeneus]. South
America 1984

Cichlid [Cichlasoma sp.]. Unknown 1988

Chinook salmon®ncorhynchus tshawytscfi&albaum)].

*Hawaii—Needham and Welsh 1953; Maciolek
1984

Convict cichlid [Cichlasoma nigrofasciatum]. Central
America 1983

Jewel cichlid [Hemichromis elongatus]. Africa 1991
(Miyada 1991)

Piranha [Pygocentrus mattereri]. South America 1992
(Sakuda 1993; Radtke 1995)

Rainbow krib [Pelvicachromis pulcher]. Nigeria 1984

?Tambaqui [Colossoma macropomum]. South Brook trout Balvelinus fontlnall$M|tCh|“)
America 1987 *Hawaii—Needham and Welsh 1953; Maciolek

Tilipia [Tilapia spp.]. Africa 1983 1984;
Topminnow [Poecilia sp.]. Unknown 1986 *Papua New Guinea—Glucksman et al. 1976;
Werry 1998

Further identifications are tentatively made for tWRETROPINNIDAE [Southern hemisphere smelts]
armoured catfish-Ancistruscf. temminckiand A stralian smeltRetropinna semor{\Weber)]
Hypostomus watawatgroup (Sabaj and Englund *Papua New Guinea—Glucksman et al. 1976;
1999). Werry 1998 (no longer exists)

_ _ PLECOGLOSSIDAE [Plecoglossids]
2.2 Aquaculture introductions PlecoglossidPlecoglossus altiveljs
Through aquaculture, numerous species have been *Hawaii—Maciolek 1984
transported throughout the region. Davidson et a(l:HANNIDAE Milkfish]
(1992) reviewed the species introduced for
aguaculture purposes and listed species (freshwa%u(f'a([)ck:?;gﬁzscﬁ?‘;iors}';%'gﬁ]s ors. comm:
and marine) cultured in Hawaii. Eldredge (1994, MS) Guam—FitzG(er;IId 1g)g2 + PErS. ’
reviewed the introduced aquaculture animals in the
Pacific islands. CYPRINIDAE [Carps]

Goldfish [Carassius auratugLinnaeus)].

: : - Hawaii—Maciolek 1984;
2.3 Checklist of introduced fishes Western Samoa—Maciolek 1984; Zann 1991;

A systematic list of freshwater fishes introduced to  Fiji—Adams, pers. comm.;

Pacific and Hawaiian Islands follows. It is based on  Papua New Guinea—Allen 1991 (asCrassius
Maciolek (1984) with the additions of Papua New  auratug

Guinea by Eldredge (1994) and numerous additio@mmon carpCyprinus carpioLinnaeus].

of more recent information. Family order is based on  Hawaii—Maciolek 1984; .

Berra (1981), scientific and common names from :I'z:rj?nczrf:j?gvcgsllg(gghltl)—MaC|0|ek 1984;
Robins et al. (1991), and geographic order from s : y ] .
Motteler (1986). [* = species not established or in- New Caledonia—Maciolek 1984; Gargominy et al.

. . 1996;
formation not reliable] Papua New Guinea—Glucksman et al. 1976; Allen

1991; Werry 1998;
Guam—Maciolek 1984

Bighead carpAvristichthys nobiligRichardson)].
*Fiji —Andrews 1985;
*Guam—FitzGerald 1982

Grass carp@tenopharyngodoidella (Valenciennes)].
Hawaii—Maciolek 1984
Fiji— Andrews 1976; Vereivalu 1990;
*Fiji —Andrews 1985 *Papua New Guinea—Glucksman et al. 1976
(DASF ponds, not released 1961); Werry 1998;
SALMONIDAE [Trout] Guam—FitzGerald 1982

Rainbow trout Dncorhynchus mykis@Valbaum); for-  Silver carp Hypophthalmichthys molitri/alenciennes].
merly known asSalmo gardinelli Fiji —Andrews 1985 (aklypothamicthys molitrix
Hawaii—Needham and Welsh 1953; *Papua New Guinea—Glucksman et al. 1976
*French Polynesia(Tahiti)—Maciolek 1984; (DASF ponds, not released 1961; Werry 1998 (no
New Caledonia—Gargominy et al.,1996; longer exists)

Papua New Guinea—Glucksman et al. 1976; Allen
1991; Werry 1998

Brown trout Salmo truttalLinnaeus].
*Hawaii—Needham and Welsh 1953; Maciolek
1984;

Fiji —Andrews 1985;
Papua New Guinea—Glucksman et al. 1976; Allen
1991, Werry 1998

ANGUILLIDAE [Freshwater eels]

American eel Anguilla rostrata(Lesueur)].
*Guam—TFitzGerald 1982 (failed)

Japanese eehpguilla japonicaTemminck and Schlegel].
*Guam—TFitzGerald 1982 (discontinued)

CLUPEIDAE [Herring]
Freshwater herringfotamalosa richmondiéMacleay)].
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CYPRINODONTIDAE

[Aplocheilus lineatus
*Hawaii—Maciolek 1984

Gulf killifish [ Fundulus grandiBaird and Girard].
*Hawaii—Maciolek 1984

Javanese car®[intius gonionotugBleeker)].
Fiji—Ryan 1980; Andrews 1985;
*Papua New Guinea—Glucksman et al. 1976;
Werry 1998 (no current reports)

Green barbRuntius semifasciolatu$&unther)].
Hawaii—Maciolek 1984; . .
*Papua NewGuinea—West and Glucksman 1976 [Nothobranc_hms gu_enthQn

. : o *Hawaii—Maciolek 1984
(single specimen, Waigani Swamp, January 1966)

Barb [Puntius seale(Herre)]. PLOTOSIDAE [Plotosids]
Palau (Babelthuap)—Bright and June 1981

[Tor (=Cyprinug putitora).

Papua New Guinea—Werry 1998 (not yet estab-

lished)
[Acrossochedus hexagonochéjlus

Freshwater catfisiTandanus tandanuditchell].

*Papua New Guinea—Glucksman et al. 1976
(DASF ponds, stocks destroyed); Werry 1998 (no
longer exists)

POECILIIDAE [Livebearers, Mollies]

Papua New Guinea—\Werry 1998 (not yet estab- Mosquitofish [Fambusia affini§Baird and Girard)].

lished)
[Schizothorax richardsonii

Papua New Guinea—Werry 1998 (not yet estab-

lished)
COBITIDAE [Loaches]

Oriental weatherfishNlisgurnus anguillicaudatus

(Cantor)].
Palau (Babelthuap)—Bright and June 1981

CHARACIDAE [Characins]
Characin Colossoma bideis

Papua New Guinea—Werry 1998 (not yet estab-

lished)

ICTALURIDAE [Catfishes]

Channel catfishi¢talurus punctatugRafinesque)].
Hawaii—Maciolek 1984;
*French Polynesia(Tahiti)—Maciolek 1984;
*Guam—Maciolek 1984

Brown bullhead [ctalurus nebulosuglesueur)].
*Hawaii—Maciolek 1984

CLARIIDAE [Airbreathing catfishes]

Walking catfish Clarias batrachugLinnaeus)].
Papua New Guinea—Allen 1991; Werry 1998;
Guam—Myers, pers. comm.

Catfish [Clarias macrocephalds

Guam—Anon. 1910; Maciolek 1984 (a€.

batrachu3

Catfish [Clarias fuscuf
Hawaii—Maciolek 1984

SCHILBIDAE [Schilbids]

Swai [Pangasius sutctrowler].
*Guam—FitzGerald 1982

ARIIDAE [Aviids]

Arius sp.
*Guam—Anon. 1910; Maciolek 1984

ORYZIATIDAE

Oryziatid [Oryzias latipek
*Hawaii—Maciolek 1984
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Hawaii—Maciolek 1984;

Kiribati (Line Islands)—Maciolek 1984;

French Polynesia (Tahiti)—Rougier 1926;
Maciolek 1984;

Cook Islands (Rarotonga, Mitiaro)—Maciolek
1984;

Samoa(Savaii)—Maciolek 1984; Zann 1991;
American Samoa—Maciolek 1984;

Fiji—Ryan 1980; Andrews 1985;
Vanuatu—Haas and Pal 1984;

Solomon Islands—Krumholz 1948;

Papua New Guinea—Glucksman et al. 1976; Allen
1991; Werry 1998;

Marshall Islands (Jaluit)—Maciolek 1984;
Federated States of Micronesia(Pohnpei,
Pulusuk)—Maciolek 1984; Nelson and Cushing
1982;

Guam—Brock and Yamaguchi 1955; Maciolek
1984;

Northern Mariana Islands (Pagan, Saipan,
Tinian)—Best and Davidson 1981

Guppy Poecilia reticulataPeters].

Hawaii—Maciolek 1984;

French Polynesia(Tahiti, Moorea, Tubuai)—
Maciolek 1984; Marquet and Galzin 1992; Marquet
et al. 1997;

Cook Islands (Rarotonga, Mitiaro)—Maciolek
1984,

Samoa(Savaii)—Maciolek 1984;

Fiji—Ryan 1980; Andrews 1985;

New Caledonia—Maciolek 1984; Gargominy et al.
1996; Seret 1997

Vanuatu (Tanng—Maciolek 1984;

Papua New Guinea—West 1973; Allen 1991;
Werry 1998;

Palau (Babelthuap)—Bright and June 1981,
Guam—Maciolek 1984

Mexican molly Poecilia mexicangteindachner)].

Hawaii—Maciolek 1984;

French Polynesia(Tahiti)—Maciolek 1984;
Marquet and Galzin 1992; Marquet et al. 1997;
Samoa(Savaii)—Maciolek 1984;

American Samoa—Maciolek 1984;

Fiji—Ryan 1980; Andrews 1985
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Sailfin molly [Poecilia latipinna(Lesueur)].
Hawaii—Maciolek 1984;
Guam—Maciolek 1984

Cuban limia Lima vittata(Guichenot)].
Hawaii—Maciolek 1984;
* American Samoa—Maciolek 1984

[Poecilia sphenogs
Hawaii—Maciolek 1984
Green swordtailXiphophorus hellerHeckel].
Hawaii—Maciolek 1984;
Fiji—Ryan 1980; Andrews 1985;
New Caledonia—Gargominy et al. 1996; Seret
1997;
Papua New Guinea—Allen 1991; Werry 1998;
Guam—Best and Davidson 1981
Southern platyfishiphophorus maculatugGunther)].
Hawaii—Maciolek 1984;
New Caledonia—Gargominy et al. 1996;
Palau (Babelthuap)—Bright and June 1981
Variable platyfish Kiphophorus variatugMeek)].
Hawaii—Maciolek 1984

CHANNIDAE [Snhakeheads]

Striped snakehead Channa striata (Bloch)
(=Ophiocephalus striatyp
Hawaii—Maciolek 1984 (a®©. striatug;

*Fiji (Viti Levu)—Devambez 1964; Andrews 1985;

Andrews 1985;
Guam—Maciolek 1984; Tibbatts, pers. comm.

SYNBRANCHIDAE [Synbranchids]

Synbranchid Monopterus albus
Hawaii—Maciolek 1984

PERCICHTHYIDAE [Temperate basses]

Striped bassNlorone saxatiligWalbaum)].
*Hawaii—Maciolek 1984

Australian bassNlacquaria novemaculeatéStein-
dachner)].
*Fiji —Andrews 1985

Estuary perchNlacquaria colonorurd (Gunther)].
*Fiji —Ryan 1980;
*Papua New Guinea—Glucksman et al. 1976;
Werry 1998 (afercalates colonorujn

Golden perchPRlectroplites ambiguuRichardson)].

Papua New Guinea—Glucksman et al. 1976; Werry
1998 (asPerctroplites ambiguys

PERCICHTHYIDAE [Temperate basses]

Barramundi Lates calcarifeBloch)].
French Polynesia(Tahiti))—Fuchs 1987; Preston
1990;
Guam—Crisostomo, pers. comm.

TERAPONIDAE [Terapon perches]

Silver perch Bidyanus bidyanu@Mitchell)].
*Papua New Guinea—Glucksman et al. 1976;
Werry 1998 (no longer exists)

Spangled perchLiopotherapon unicolo{Gunther)
(=Madigania unicoloP)].
Fiji—Ryan 1980; Andrews 1985

Silver grunter Mesopristes argentu&€uvier)].
*Fiji—Ryan 1980; Andrews 1985

CENTRARCHIDAE [Sunfishes]

Bluegill [Lepomis macrochiruRafinesque].
Hawaii—Maciolek 1984

Small mouth bassMicropterus dolomieuiLacepede].
Hawaii—Maciolek 1984;
*Fiji (Viti Levu)—Devambez 1964; Maciolek 1984;
*Guam—Devambez 1964; Maciolek 1984

Largemouth bassicropterus salmoidef_acepede)].
Hawaii—Maciolek 1984;
*French Polynesia(Tahiti)—Maciolek 1984;
Fiji —Farman 1984,
New Caledonia—Farman 1984; Maciolek 1984;
Gargominy et al. 1996; Seret 1997,
Guam—Devambez 1964; Maciolek 1984

CICHLIDAE [Cichlids]

Peacock cichlidCichla ocellarisBloch and Schneider].
Hawaii—Maciolek 1984;
Guam—Maciolek 1984

Oscar Astronotus ocellatugAgassiz)].
Hawaii—Maciolek 1984;
Guam—Maciolek 1984

Managuense(ichlasoma managuensgunther].
Hawaii—Englund, pers. comm.

Firemouth cichlid Cichlasoma meek{Brind)].
Hawaii—Maciolek 1984

Convict cichlid Cichlasoma nigrofasciaturgGunther)].
Hawaii—Courtenay et al. 1991

Blue-eye cichlid Cichlasoma spilurunjGunther)].
Hawaii—Courtenay et al. 1991

Cichlid [Cichlasomasp.].
Hawaii—Maciolek 1984

Rainbow krib Pelvicachromis pulchefBoulenger].
Hawaii—Courtenay et al. 1991

Mozambique tilapiaTilapia mossambicaOreochromis
mossambicuéPeters)].
Hawaii—Maciolek 1984;
Kiribati (Fanning, Washington, Gilbert Islands)—
Lobel 1980; Maciolek 1984;
French Polynesia(Tahiti, Moorea, Tubuai,
Mangereva)—Maciolek 1984; Marquet and Galzin
1992;
Cook Islands (Rarotonga, Mitiaro)—Maciolek
1984;
Samoa(Savaii)}—Maciolek 1984; Zann 1991,
American Samoa—Maciolek 1984;
Niue—Maciolek 1984;
Tonga (Tongatapu, Vavau, Niuofo’ou)—Maciolek
1984; Scott 1993;
Wallis and Futuna (Wallis)—Maciolek 1984,
Tuvalu (Funafuti, Namumanga, Niutao)—Uwate et
al. 1984;
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Fiji —Andrews 1985; MUGILIDAE [Mullet]

New Caledonia—Maciolek 1984; Gargominy etal. Freshwater mulleflrachystoma petardiCastelnau)].
1996; Seret 1997, *Papua New Guinea—Glucksman et al. 1976;
Vanuatu—Maciolek 1984; Werry 1998 (no longer exists)

Solomon Islands(Guadalcanal, Rennell Island,
Malaita, Santa Ana, Bougainville)—Maciolek 1984;
Nelson and Eldredge 1991;

Papua New Guinea—Glucksman et al. 1976; Allen ELEOTRIDIDAE [Gudgeons]

Striped mullet Mugil cephalud_innaeus].
Tonga—Anon. 1992

1991; Werry 1998; Western carp gudgeoHypselotris klunzingeOgilby)].
Nauru—Maciolek 1984; *Papua New Guinea—Glucksman et al. 1976; West
Guam—DelLeon and lelng 1956; Maciolek 1984; and Glucksman 1976; Werry 1998 (no |0nger ex-
Northern Mariana Islands (Pagan, Saipan, ists)

Tinian)—Maciolek 1984 o N
ANABANTIDAE [Climbing perches] (=Belontiidae)

Nile tilapia [Tilapia nilotica; Oreochromis niloticus o )
(Linnaeus)]. Climbing perch Anabas testudineu8loch)].
Samoa—Zann 1991 Papua New Guinea—Allen 1991
Fiji—Andrews 1985 Snakeskin gouramﬂ'_[ichoga_ster pectorali$Regan_)].
Blue tilapia [Tilapia aureg Oreochromis aureus *New Cfaledoma—Mamolek 1984; Gargominy et
(Steindachner)]. al. 1996; _
*Fiji —Andrews 1985 Papua New Guinea—Glucksman et al. 1976; Allen
L . . . 1991; Werry 1998
Wami tilapia [Tilapia urolepis Oreochromis urolepis y . .
(Norman)]. Threespot gouramilfichogaster trichopterugPallas)].
Fiji —Nelson and Eldredge 1991 @shornorun) Papua New Guinea—\West 1973; Allen 1991;
S o . . Werry 1998
Longfin tilapia [Tilapia macrochir Oreochromis .
macrochirBoulenger]. Pearl gouramiTrichogaster leeri.
Hawaii—Maciolek 1984 (also a& melanopleur *Hawaii—Maciolek 1984
Wallis (Lake Kikila)—Tahimili, pers. comm. Fighting fish Betta brederiMyers].
Longfin tilapia [Tilapia melanotheronSarotherodon Guam—Maciolek 1984
melanotheror{Ruppell)]. OSPHRONEMIDAE [Giant gouramies]

Hawaii—Maciolek 1984 Giant gourami Qsphronemus goramyacepedel].

Redbreast tilapiaTilapia rendalli; Tilapia rendalii *Hawaii—Maciolek 1984;
(Boulenger)]. *New Caledonia—Maciolek 1984; Gargominy et
Hawaii—Maciolek 1984; al. 1996;
Wallis (Lake Kikila)—Tahimili, pers. comm, (as Papua New Guinea—Glucksman et al. 1976; Allen
T. melanopleurp 1991; Werry 1998

*Fiji —Andrews 1985;
*New Caledonia—Maciolek 1984; Gargominy et 3, Amphibians

al. 1996; Amphibians are virtually non-existent naturally east

Papua New Guinea(Sepik and Ramu Rivers)— S L
Osborne 1993; Werry 1998; Coates, pers. Commgf the Melanesian islands—Fiji with only two spe-

Guam—Maciolek 1984 cies and Palau with one (Allison 1996).

African tilapia [Tilapia occidentalis Sarotherodon

occidentalis(Daget)]. 3.1 Marine toad (cane toad)
New Caledonia—Gargominy et al. 1996; Seret 1997 [Bufo marinus Linnaeus, 1758]
Lake Malawi cichlid Melanochromis johanii The marine or cane toad occurs naturally from south-
Hawaii—Englund, pers. comm ern Texas and western Mexico to central Brazil (Zug
Jewelfish Hemichromis elongatu¢Guichenot in and Zug 1979). Because of their large size and their
Dumeril)]. wide adaptability, these toads were thought to be good
Hawail—Yamamoto, pers. comm. biological control agents, primarily for insects. They
GOBIIDAE [Gobies] have been introduced throughout much of the Pa-
Goby Mugilgobius cavifrongWeber)]. cific area during the past 50 years and are now con-
Hawaii—Randall et al. 1993 sidered one of the most widespread terrestrial verte-
BLENNIDAE [Blennies] brates (Easteal 1981).
Fang-toothed blennydmobranchus ferokerre]. In the Pacific, the first marine toads were brought to
Hawaii—Englund, pers. comm. Oahu, Hawaii, in 1932 from Puerto Rico (Pemberton
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nally for insect and garden slug control. Some niné&ave been more disastrous than beneficial. Toads are
teen individuals from Hawaii were released at Agarngenerally considered a nuisance. They have poison-
Springs, Guam, in July 1937 (Anon. 1937a). By Sepus parotid glands behind the head which secrete tox-
tember of that year, toads were found as far as Pitis that can be “squirted in jets a distance of at least
several miles to the south (Anon. 1937b). The firgine meter” (Tyler 1975). Numerous cat and dog
record of toads outside Guam was from Tinian ideaths are reported; human deaths have also been
1944 (Stohler and Cooling 1945) where approxiecorded (Tyler 1975). Beneficial insects were also
mately 4000 individuals were found in cisterns andaten by toads; the impact on native vertebrates is
lily ponds, the original stock probably having arrivechot known. Anecdotal evidence has indicted that
from Guam (Townes 1946); toads were also found ettads have had a major impact on Australian snakes;
Saipan and Rota. Fisher (1948) noted that toads w&ieine (1991) provided a photograph of a dead snake
abundant on Pohnpei and Yap. Savage (1960) reith a dead toad in its mouth. In addition to contami-
ported individuals from Palau, suggesting that theating drinking water, toads are known to have killed
Palau forms may have originated directly from th&eshwater exotic fishes.

west coast of Mexico.

In early 1936, 67 half-grown adult marine toads weré-2 Frogs

imported to Fiji from Hawaii (Jack 1936). ShortlyA small frog Litoria fallax (Peters, 1881)] was first
afterwards individuals were released at several lociund in the central courtyard of the then Guam In-
tions on Viti Levu. By 1938B. marinus had spread ternational Airport in 1968 (Eldredge 1988). This
throughout Viti Levu and on to Vanua Levu, Taveunispecies, native to southern Queensland, has spread
Rabi, and Kadavu (Lever 1938); Easteal (1981) réhroughout Guam and is associated with wetlands
ported individuals on Ovalau. (McCoid 1993). Speculation might lead one to won-

der whether the frog’s arrival might not have resulted

Because of the supposed success as biological cor . :
. . . ) rom the escape or release of a child’s pet during an
trol animals, individuals from Hawaii were imported

in Febrary 1937 to Papua New Guinea directly to%{rllne layover. Another hylid frog, the green and

governmental experiment station on New Britair olden bellfrog Litorea aurea(Lesson, 1830)] was

(Zug et al. 1975). From here they were distribute'(glltrc’dl.JceOI to New _Caledgnig more than a century
throughout the “Territory of New Guinea”. Zug et?99: sihce itwas widely d.'smbUtGd by 1912 (Bauer
al. (1975) provided a lengthy list of site-specific infand Vindum 1990). Specimens were reported from

troductions within most of the Papua New GuineEfate’ Malekula, and Espiritu Santo in Vanuatu by

provinces. In November 1939, 150 adult marine toa 71 (Tyler 1979). These may have been intention-

were imported to Funafuti, Tuvalu, from Suva, Fijfaﬁy transported by plantation people. Additionally,

(Lever 1942). In February 1940, individuals Wermdividuals have also been reported from Wallis Is-

taken to Guadalcanal, Solomon Islands (Lever 194 _nd (Goldman, pers. comm.)

Several other islands of the Solomon Islands are 1g@everal amphibians have been introduced to the Ha-
ported to hav. marinus(Easteal 1981). waiian Islands. BullfrogsRana catesbian&haw,

Marine toads were introduced to Tutuila, Americalgoz] were initially broughtto Hilo, Hawail, between

Samoa, from Hawaii in 1953 (Anon. 1953), althoug%l879 and 1899 as a source of food gnq as a biologi-
- cal control agent for introduced aquatic invertebrates

there were strong objections. Several pairs were inj- . .
ported and bred in artificial ponds; tadpoles were di%‘CKeown 1996). Additionally, the wrinkled frog

tributed on Tutuila (Amerson et al 1982). These au- ana rugosa‘l’emmlr)ck and Schlegel, 1838 | was
. Introduced to Hawaii from Japan in 1895 or early

thors provided details of the status of the speC|ef 96 to help control introduced insects (McKeown
indicating that they have done more harm than goo .
996). The green and black dart-poison frog

Toagls have now colonlse(_JI Aunu'u (Grant 1996 Dendrobates auratugGirard, 1855)] from the Gulf
Marine toads are not found in Tonga, Samoa, and t ) . .

o .. .0 Panama was intentionally introduced to Oahu,
Marshall Islands. One individual was collected within s . .
. . . . Hawaii, in 1932 to control introduced insects. Bryan
a kilometre of the International Airport in the Coo?_1

Islands in 1986 and was killed (McCormack, per 1932). 'reports on the egrly mtroducfuon of frogs to
comm.). awaii. Three species of Caribbean frogs

[Eleutherodactylus cogdihomas, 1966 from Puerto
Ecological studies have been conducted in PapRéco, E. martinicensis(Tschudi, 1838) from the
New Guinea (Zug et al. 1975), Guam (Chernin 1979)esser Antilles, ang. planirostris(Cope, 1862) from
and American Samoa (Amerson et al. 1982). Theuba, the Bahamas, and Cayman Islands] first ap-
consensus indicates that marine toad introductiopsared in Hawaii around 1990 and were probably
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inadvertently shipped with plants and soil from plantere taken to the Solomon Islands from Tahiti in 1983
nurseries (Kraus et al. 1999). These species are pdiere they were released into earthen ponds and, after
tentially serious pests in native forests, competingrow out, were harvested (Nichols 1985). Specimens
with native birds for insects and threatening nativerere sent to Fiji from Hawaii in 1975 to be stocked

insects and snails (TenBruggencate 1999). in several ponds; there is no evidence that they were
established in the wild (Andrews 1985). In 1979,
4. Freshwater crustaceans 1000M. rosenbergiwere stocked in brackish water

The freshwater crustaceans of the Pacific islands ha@ds at Vai'tola, Samoa (Popper 1982), but this com-
not been comprehensively investigated. Numerofféércial venture was closed within two years. An-

records have appeared in the taxonomic literature I{f1€" shipment oM. rosenbergiipost-larvae was

have not generally been considered on an ecosyst_@ﬂﬁ’orted in late 1990 as an aquaculture experiment
basis. A checklist and bibliography of the freshwdl & Small freshwater pond at Lotogaga (Zann 1991).
ter decapod crustaceans for Papua New Guinea wadividuals were transported Rarotonga, Cook Is-
prepared for the country’s conservation needs assegd1ds from Tahiti in 1992 for commercial fishing

ment (Eldredge 1993), and a similar work is unddfia!S; this project has sinckeen abandoned
way for the Hawaiian Islands. (Adams, pers. comm.). Additionally]. rosenbergi

has been transported to New Caledonia (Gargominy
At least five species of freshwater decapod crustat 1. 1996).

ceans have been introduced in freshwater in the Pa- o
cific islands (Eldredge 1994). Some 340 individuals dfl. lar were taken to Hono-

lulu, Hawaii, from Guam in 1956. Ninety-four were
The giant Malaysian prawrMfacrobrachium lar eleased on Molokai and a year later 27, on Oahu
(Fabricius, 1798)] and the giant freshwater praMin [ (Brock 1960). Additional specimens were brought
rosenbergi{DeMan, 1879)] belong to the crustaceafom Tahiti in 1961 (Maciolek 1967). At present,
famlly Palaemonidae. Their distribution is reStriCtequ lar is established in streams on all the main Ha-
M. lar being found in the Indo-Pacific from Eastygajian Islands (Devick 1991a). Maciolek (1972)
Africa to the Ryukyu Islands and the Marquesas (ifsointed out problems of introducing new species into
troduced to Hawaii)M. rosenbergii is more re- jngylar freshwater ecosystems. He added that seri-
stricted, occurring from north-west India and Vietyys consideration should be given to the ecological con-
nam to the Philippines, New Guinea, northern Ausequences of such introductioNtacrobrachium lar
tralia, and Palau (Holthuis 1980). should be cultured where it occurs naturally—on most

Specimens ol. rosenbergiiwere imported to Ha- of the islands other than Hawaii. In Hawdi, lar is

waii to develop mass rearing techniques, beginnidg direct competition with the only native pravi,

with 36 individuals from Malaysia in 1965. Somedrandimanus(Randall, 1840)Macrobrachium lar
individuals were distributed to streams on all majdf & vector foAngiostrongylus cantonenstbe cause
Hawaiian islands; however, Davidson et al. (1998f eosinophilic meningoencephalitis (Alicata 1969).
indicated that the species had not become establisteéisease causing exoskeleton lesions called “black
because Hawaii lacks large estuarine habitats. SogRot” had not been seen on Oahu, Hawaii, until after
34 000 individuals were taken to Guam from Hawalf1€ introduction oM. lar.

in 1974 and import continued; 634 000 post-larvagnother freshwater shrimp belonging to the family
or fry being reported under cultivation in 1983 (Anon,A\»[yidae Neocaridina denticulata sinens{&emp
1983). At Guam, after several known escapes angd18)] was first reported from Hawaii in 1990 [as
intentional releases, the only anticipated survivdaridina weberiDeMan, 1892 (Devick 1991b)].
occurred following Typhoon Omar (August 1992)since this species is restricted to freshwater, individu-
when a man-made reservoir dam burst, releasing gl must have been released, for individuals have been
its contents into the watershed; however, no spegb|lected in several streams along south Oahu, Ha-
mens have been reported in the wild (Crisostom@yji. This species is stocked in aquarium stores and
pers. comm.). is regularly purchased from breeders (Englund and
Six hundred juveniléV. rosenbergii were shipped Cai1999). Its native range is Japan, Ryukuyu Islands,
to Palau in 1974 from Hawaii. This stock, which origi/orea, mainland China, Vietnam, and Taiwan where
nated in Malaysia, was introduced to be raised withis widely sold as an aguarium food for fishes (Hung
the local, native Palau stock. Fifty adult specimer® @l. 1993). This introduction could compete with
were transported in 1973 to Tahiti from Hawaii fofhe only native atyidAtyoida bisulcata(Randall,
aquaculture purposes. In a pilot project, post-larvdé&40), & widely dispersed species.
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The freshwater crayfish (red swamp crawfish3wampy area (Ranoemihardjo 1981). The low islands
Procambarus clarki{Girard, 1852) was first intro- of the Federated States of Micronesia have little fresh-
duced into Hawaii in 1923 and 1927 (Brock 1960)water other than that for taro culture, and the high
In 1934, some of the 400 brought to Oahu as buiklands have varying amount of freshwater areas
frog food escaped (Penn 1954). Penn further not€@8temmermann and Proby 1978). Lakes and marshes
that individuals became established in taro patchese limited in Palau with only two natural freshwater
where they burrowed into pond banks and fed to sortekes of any size—Ngardok and Ngerkall
extent on taro roots and corms. Brock (1960) reporté8temmermann and Proby 1978). In the Mariana Is-
that between 1937 and 1939 approximately 3225 itands, Guam has a more diverse freshwater ecosys-
dividuals collected at Ahuimanu, Oahu, were distrikems than the other islands of the archipelago; Lake
uted on the islands of Kauai and Hawai‘i. WithouBusupe on Saipan is the largest freshwater body in
specifics, Huner (1988) reported tRatlarkii “rep- the remaining islands, although there are other
resent very serious threats to native floras and famarshes on Saipan, Tinian, and Pagan (Moore et al.
nas” (p. 31). 1977; Best and Davidson 1981; Best 1981). The
: : freshwater marsh on Aunu'u is the largest freshwa-
The marron Eherax tenuimanugSmith 1912)] was fer body in American Samoa (Whistler 1976). Six

introduced to New Caledonia for aquaculture pu ” t wetland it found in (West
poses and is not thought to be in the natural envirow- erent wetland communities are found in (West-

ment (Huner 1988). The Australian redclaw crayfisﬁm) Samoa. In French Polynesia ther_e are _mountam
[Cherax quadricarinatuéClark 1936)] was illegally streams and torrents on t_h_e_larger, hlgher !slar_lds, a
introduced into New Caledonia in 1992. Individual%esmv""ter Iake—Lac_Valhlrla on Tahltlfrlvenne
have been transplanted to several places along RESSts, and Io_wland rvers (o_nly on Tahiti) and nu-
west coast of Grand Terre (Gargominy et al. 199 erous brackish to hypersaline lagoons (Fontaine
There have been unverified introductions of this cra

993). A few crater lakes are found in Tonga, the
fish into Samoa which have escaped or been relea @est being Lake Ano and Ngofe Marsh in the
into the wild; stock has been imported to Fiji an

ava’'u Group but little is known about them (Scott
held in quarantine (Lowery 1996). Redclaw cra 1993). A number of freshwater marshes and swamps
fishes are generalists with high tolerance to salinit

nd permanent freshwater lakes are found on
water quality, and low dissolved oxygen concentrg-

angaia, Atiu, and Mitiaro in the Cook Islands (Scott
tions, eat almost anything, and have high fecundi 993). On Niue there are several small pools in the
Additionally, all crayfishes carry temnocephali

hasms and caves along the shore (Scott 1993). A
worms (parasitic turbellarians) and potentially th

Qumber of crater lakes occur on Uvea in the Wallis
crayfish fungus plague. In New Caledonia the intro"’}nd Futuna Group; Futuna has permanent and inter-
duced specimens were infested with a virus and

ittent streams; and Alofi has no wetlands (Scott
nematode worm (Richer de Forges, pers. comm.).l 93). There is no surface freshwater on any of these

islands (Scott 1993).

5. Pacific freshwater ecosystems The main Hawaiian Islands and the islands of Mela-

Freshwater habitats on Pacific islands vary from vifl€Sia have much more extensive freshwater ecosys-
tually nonexistent on atoll and low islands to aburf€Ms- Fiji has mangroves, peat swamps, large rivers
dant streams, rivers, and lakes on high islands. A cl&41d Streams, lakes, and reservoirs (Gray 1993). The
sification system for insular tropical Pacific island&n0St €xtensive wetlands in New Caledonia are man-
divides inland waters into 18 classes and subclassg&Ve forests; two large lakes and numerous smaller
arranging them to show hierarchical relationshig@Kes and ponds are found along the southeastern tip

(Polhemus et al. 1992). Resh and DeSzalay (199%f)Grande Terre (Scott 1993). Approximately 25-30

discussed the Pacific and Hawaiian Islands streafi@tural freshwater lakes are found in Vanuatu (Scott

and outlined geology, climate, and vegetation/soﬁg%); several of these are crater lakes, some within

characteristics of each island group. CorrespondingRfFtive volcanoes. There are a number of small lakes
nd brackish water lagoons throughout the Solomon

the freshwater biota of the these islands vary greaﬂy
o ) _ISlands; two noteworthy are Lake Tegano [Te-
In Kiribati the most extensive wetlands are brackisRggano] on Rennell which has a high degree of en-
to supersaline, although there is a closed freshwaimism and Lauvi Lagoon on Guadalcanal (Leary
lagoon on Teraina (Washington) Island. There are n@g3). papua New Guinea has a wide variety of fresh-

permanent natural, freshwater bodies in the Marshgjhter ecosystems, including more than 5000 lakes
Islands and Tuvalu (Scott 1993). On Nauru, Buad@shorne 1993).

Lagoon is a brackish sunken lagoon surrounded by a
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