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Summary

Summaries based on assessments carried out in (Garcia-Diaz 2014a, b, c).

Species on VPC List 20077 No
Species on the live import list (EPBC Act 1999)? No
Risk of establishment: Moderate (Bomford 2008)
Pathways: Unintentional (stowaway)

Key Messages

Introduction pathway - introduced to many Pacific islands including Hawaii and
New Zealand by early Polynesian colonists, either as accidental stowaways or
deliberately as a food source. In recent times, accidental stowaways on vessels
have been identified as a pathway for introductions to Australia. R. exulans, R.
rattus and R. norvegicus are considered to be the most widely introduced
vertebrates to accompany people globally (Drake and Hunt 2009)

Impact to Economy - major pest of primary production by damaging a range of
agriculture grain and fruit crops, and spreading disease

Impact to Environment - moderate pest risk of predation on susceptible native
plants and animals, and spread of disease

Identification - may be mistaken for other introduced and native rodents

Classification

Rattus exulans (Peale, 1848)

Class: Mammalia
Order: Rodentia
Family: Muridae
Subfamily Murinae
Genus: Rattus
Species: exulans
Figure 1. Rattus exulans Photo: Scot Nelson (CC BY-NC-
Common Names SA 2.0)

Pacific rat, Kiore, Polynesian
rat, Maori rat
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Biology and Ecology

Identification

The Pacific rat is the smallest rat species of the genus Rattus (Motokawa et al.
2004), being substantially smaller in size than the two other species associated
with humans - the black or ship Rat (R. rattus) and the Norway or brown rat (R.
norvegicus). It is a small mammal weighing 30 to 100 g. It has a head and body
length of 80 to 140 mm, but with some animals measuring up to 180 mm (King
2005). The rat has a pointed nose and naked ears with dark grey skin (CABI 2017;
ISSG 2017b; Figure 2 and 3). The body fur is reddish-brown to grey-brown, has
translucent bristles buried in the fur and projecting black guard hairs on the back
and sides; the fur feels somewhat harsh to touch (Tobin 1994). The belly fur is
dark grey with white or pale grey tips. The thin, dark tail has narrow rings of
scales, and short hairs on the upper surface. The tail length is variable, often as
long as or slightly longer than the body, but it can also be shorter. The upper
surface of each hind foot is marked with a triangle of dark reddish-brown hairs,
extending from the ankle to part way down the foot. The toes are pale. Female
Pacific rats have eight nipples (ISSG 2017b; King 2005; Long 2003; Medway 1969;
Tobin 1994).

Figure 2: Rattus exulans. Photo Dean Foster (USDA NWRC)

The Pacific rat may be mistaken for other rodents (Kirkpatrick 2011). However it
can be distinguished from the closely related black and brown rats (Table 1).
Juveniles are similar to house mice (Mus musculus) apart from the tail colour (rat
dark; mouse grey-brown) and feet. The feet of a juvenile Pacific rat are
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proportionally longer and broader than those of an equivalent-sized mouse.
Pacific rats also have an elongated fleshy pad on the under surface of the feet
whereas the pad is round-shaped in mice (Kirkpatrick 2011).

Figure 3. Rattus exulans. Photo Dean Foster (USDA NWRC)
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Table 1: Basic morphometric comparisons between
(R. rattus) and brown rat (R. norvegicus). Informat
1994; Williams 1973),

Species

Pacific rat (R. exulans), and the black
ion from (GISD 2010; ISSG 2017b; Tobin

Morphometrics

Pacific rat Rattus exulans

Weight 30to 100 g
Snout vent length to 180 mm

Ear 15.5 to 20.5 mm
Tail 125 to 135 mm
No. nipples 8

- Key features:

dark hair on the outside of the hind feet

Dean Foster Public Domain - US °
e ears are smaller than the black rat
e ears can cover the eyes when pulled forward
e tail is roughly the same length as the body
Black rat Rattus rattus Weight 85t0350¢g

- No. nipples

Snout vent length to 500 mm

19.0 to 26.0 mm
185 to 245 mm
10 to 12

_ Key features:

TG A S S g v_ 2 \‘.‘- -‘."' ¢\V
Susannah Anderson

CC BY-NC-ND 2

e ears can cover the eyes when pulled forward

tail is generally longer than the body

Brown rat Rattus norvegicus

Weight 120t0 580 g
Snout vent length to 510 mm

Ear 14.0 to 22.0 mm
Tail 150 to 215 mm
No. nipples 12

Key features:

o small ears that do not cover the eyes when
pulled forward
tail is generally shorter than the body
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Behaviours and Traits

The Pacific rat is nocturnal, but active during the day when population densities
are high (Long 2003; Tobin 1994). It lives on the ground but readily climbs tall
grasses, low trees and the walls and roofs of buildings (Tobin 1994; Williams
1973). It is a poor swimmer, only able to swim an average of 65 m (in comparison
to black rats that can swim 300 m).

Species of the genus Rattus show site fidelity and usually disperse relatively
short distances, often less than 500 m from their home range (e.g., Gardner-
Santana et al. 2009; ISSG 2017a; Madsen and Shine 1999). Like the black and
brown rats, Pacific rats are almost always found associated with human
settlements (Howald et al. 2007a; ISSG 2017a; Miller and Miller 1995; Russell and
Clout 2004).

Food and Foraging

The Pacific rat eats seeds, flowers, fruits and foliage, as well as snails, insects,
larvae, earthworms, small lizards, birds (including chicks) and eggs (Fall et al.
1971; Sugihara 1997). Ground-nesting adult birds may also be gnawed. To provide
the Pacific rat with shelter and protection from predators while feeding, food is
often carried by the rats to small husking stations, located amongst tree roots
and rock piles, within cracks in tree trunks at ground level, and occasionally up
in trees (Campbell et al. 1984).

Reproduction and Lifecycle

Breeding occurs throughout the year with three litters produced per year (Miller
and Miller 1995). Litter size is typically four, but can vary from one to nine
(Sherley 2000). The neat, spherical nest is usually built about 20 cm off the
ground among debris, often near the base of trees, in and under logs and
sometimes in trees and buildings. Nests can also be suspended in ‘tussock’
grasses including rice plants and cane grass (Williams 1973).

Habitat

In Asia, the Pacific rat lives close to villages, in huts or houses, cultivated fields,
rice paddies, coconut plantations and canefields (Williams 1973). When black
rats are present, Pacific rats are displaced from villages to the forest and may be
absent altogether when there is a high density of black rats (Harper et al. 2005).
The Pacific rat will also inhabit cleared areas with good cover, grassland, bush,
scrub and secondary forest (Harper et al. 2005; Williams 1973). On Adele Island
(Australia) it lives in spinifex hummock grassland.
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Global Range

The Pacific rat is the third most widespread rat species behind the brown and
black rats (Williams 1973). It originated in Southeast Asia and has become
widespread; natural and introduced range is estimated at 3.5 million km?
(Kirkpatrick et al. 2010), from eastern Bangladesh, Andaman Islands, Myanmar,
Thailand, Vietnam, south to Sumatra, Java, Sulawesi and east to Sumbawa,
Flores, Timor, Sumba, Bali, Lombok, Papua New Guinea (including the Bismarck
Archipelago), Philippines, Solomon Islands, New Zealand and many of the islands
of Micronesia and Polynesia (Long 2003; Medway 1969).

The species was transported by early settlers in Pacific region over 1600 years
ago (e.g., Kirch 1982), and its widespread and introduced range throughout the
region occurred in association with human movement (Anderson 2009; Cowan
2004; Matisoo-Smith and Robins 2009; Rauzon 2007; Roberts 1991). The Pacific
rat is introduced to American Samoa, Australia, Chile, Cook Islands, Hawaii, Fiji,
French Polynesia, Guam, India, Indonesia, Taiwan and Miyakojima Island
(Motokawa et al. 2001), Kiribati, Malaysia, Marshall Islands, Federated States of
Micronesia (FSM), Nauru, New Caledonia, New Zealand, Niue, Northern Mariana
Islands, Palau, Pitcairn, Solomon Islands, Samoa, Wallis and Futuna islands,
Vanuatu, Taiwan, Tokelau, Tonga, Tuvalu, United States of America (Pribilof
Island, Hawaii, and Howland and Wake islands of Minor Outlying Islands) (GISD
2010; Kirch 1982; Sugihara 1997; Figure 4).

Figure 4. Map showing the current range of Rattus exulans. Image adapted from CABI
(https://www.cabi.org/isc/datasheet/46834) August 2017.
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New Zealand is the closest established population to Australia, and perhaps the
highest risk of incursion. The Pacific rat was most likely introduced to New
Zealand around 800 years ago and possibly as far back as 2000 years ago (King
2005; Lever 1985). It was once widespread in all suitable habitats on the three
main islands, offshore islands and several outer islands. Today it occurs on
numerous offshore islands and on the mainland in parts of Fiordland, Southland
and south Westland (King 2005). Its decline on the mainland is attributed to it
being largely displaced by the arrival of the black rat and brown rat with the first
Europeans, as well as the spread of mice (Aplin et al. 2003; King 2005).

The earliest records of the Pacific rat in Australia is from Adele Island (northern
Western Australia) in 1891 (Tate 1951; Taylor and Horner 1973) and the Murray
Islands (east of Torres Strait) in 1888-89 (Watts and Kemper 1989). It has also
been recorded on Sunday Island (Western Australia) and Norfolk Island, and
possibly Christmas Island (Department of the Environment Water Heritage and
the Arts 2009);(Long 2003; van Dyck and Strahan 2008; Watts and Aslin 1981).
The species may have been eradicated from Adele Island (R. Palmer, personal
communication reported in Garcia-Diaz 2014d). Pacific rats are not known to be
present on the Australian mainland (Department of the Environment Water
Heritage and the Arts 2009; Long 2003; van Dyck and Strahan 2008) and have
never been recorded on the Australian mainland (ALA 2017; CABI 2017; Watts and
Aslin 1981; Watts and Kemper 1989).

Potential for Introduction

The Pacific rat is prohibited from import into Australia but it could arrive here
accidentally. For example, in addition to New Zealand, Pacific rats are
established in Papua New Guinea (Long 2003) and there is the likelihood of the
rat being transported though the Torres Strait to Australia (Garcia-Diaz 2014c).
To prevent the rat from establishing populations, it is essential that all those
involved in importing cargo into Australia ensure that rodents do not board ships
and transport barges at the point of departure. Management strategies should be
in place at likely entry points to detect, contain and eradicate rats. Any animals
found on board should be eliminated to ensure they do not disembark in
Australia.

Although not known to be established in Australia, individuals or incipient
populations may be present and mistaken for other rodents.

All non-native rodents detected in Australia have been transported as stowaways
(Henderson et al. 2011). Although inspections by customs and biosecurity
agencies provide support for the prevention of a Pacific rat incursion, the
increasing transportation of people and commodities presents a high risk for the
introduction of the Pacific rat.

Csurhes (2012) suggested that competition with other non-native species of
rodents such as mice and rats negatively impact the probability of establishment
of R. exulans in Australia. Russell and Clout (2004) found the presence of other
rats negatively impacted the presence of Pacific rats in offshore islands as well
as mainland New Zealand.
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Potential for Eradication

Although there is substantial evidence that eradication of the species is possible
on islands (e.g., Harris et al. 2012; Howald et al. 2007a; Keitt et al. 2011; Long
2003; van Dyck and Strahan 2008), eradication of a population on the Australian
mainland is not considered feasible (Csurhes 2012), despite the species’
relatively strong site fidelity and association with human settlements. Based on
the low detection probability of other non-native rats using intensive trapping
(e.g., Adams et al. 2011; Pickerell et al. 2014; Watkins et al. 2010), detection of
R. exulans at low densities will likely be difficult (Garcia-Diaz 2014c).

Records from the “Database of Island Invasive Species” indicate a 60% success
rate of eradications (DIISE 2015). The most frequent control method used for
rodents is baiting using toxins, although trapping is often employed as a
complementary technique (as reported in Garcia-Diaz 2014d). Of the 284 islands
where Pacific rat eradication programs occurred, 71% of the programs used
brodifacoum (Howald et al. 2007b). Other toxins used include 1080 (although not
considered effective in New Zealand), bromadiolone and diphacinone (Csurhes
2012; Harris et al. 2012; Howald et al. 2007a; Miller and Miller 1995). These
toxins (and others) are currently registered to control rodents in Australia (DAWR
2017; Mcleod and Saunders 2013) and have proven effective at eradicating R.
exulans from offshore islands (Keitt et al. 2011).

Monitor lizards (genus Varanus) and mongoose have been trialed as biocontrol
agents on some Pacific islands in early but unsuccessful attempts to control
Pacific rats (ISSG 2017b).

Early detection is a better strategy than eradication. However, eliminating a
single invading rat can be difficult because of their secretive and atypical
behaviour in the absence of conspecifics (GISD 2010; Russell et al. 2005; Weihong
et al. 1999; Wiewel et al. 2009). Even if rats have been successfully eradicated,
further incursions are likely. Ongoing surveillance is necessary to detect invading
rats early, so that mitigation responses can occur (Russell et al. 2008).

Impacts

Economic

The Pacific rat is a major pest of agriculture in south-eastern Asia, Melanesia and
throughout the Pacific region. The greatest damage occurs to rice, sugarcane and
tuber crops; other effected crops include banana, cacao, coconut, maize,
passionfruit, pawpaw, pineapple and root crops (ISSG 2017b; Long 2003; Tobin
1994). Damage occurs when flowers, pollen, fruit and seeds are eaten and stalks
and other plant parts gnawed. In addition, the Pacific rat can impact people by
entering houses, eating food and biting people and pets (Pacific Islands
Cooperative Islands Initiative 2009).
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Environmental

The Pacific rat is known to exert high predation pressure on ground nesting birds,
roosting bats, lizards and invertebrates in its natural range (e.g., Atkinson and
Towns 2001; Jones et al. 2008; Long 2003; Sherley 2000; Whitaker 1973). Similar
impacts have been reported from other locations where the species has been
introduced (Jones et al. 2008; Long 2003; Wiewel et al. 2009).

Predation by the Pacific rat has been directly linked to the decline of the greater
short-tailed bat (Mystacina robusta; (CABI 2017; Harris 2009). On the Mokohinau
island group, lizard populations declined substantially after Pacific rat
colonisation (McCallum 1986). Although the rats were subsequently removed, the
altered remaining lizard assemblage suggests that some species are more
susceptible to rat predation than others. Video surveillance showed predation of
eggs of small seabirds, the effects of which have been confirmed by studies of
chick survival before and after Pacific rat eradications (Towns et al. 2006). Fatal
attacks by Pacific rats on adult Laysan albatross (Phoebastria immutabilis)
appear associated with reduced fruiting of food plants after storms (Atkinson and
Atkinson 2000). On Henderson Island (Pitcairn Islands), intense predation by
Pacific rats on newly hatched chicks of three petrel species (Pterodroma
neglecta, P. heraldica and P. ultima) was observed (de L Brook 1995; Scott
1993).

Large, flightless invertebrates are also at risk of predation by Pacific rats (Gibbs
2009). On Lady Alice Island (New Zealand), two large land snails (Amborhytida
tarangensis and Placostylus hongi) are thought to be extinct following the
introduction of the Pacific rat (Brook 1999). On Molokai, Hawaii, predation by
Pacific rats has contributed to a substantial decline in populations of the native
arboreal snail Partulina redfieldi (Hadfield and Saufler 2009). After Pacific rats
were removed from Korapuki Island (New Zealand), nine previously unreported
species of large invertebrates appeared, including native cockroaches and
earwigs; these species have since become abundant (Towns et al. 1997) as cited
in King (2005).

Pacific rats inhabit ecological niches similar to those of some Australian rodents
and marsupials. These native animals could be at risk from competition for food,
nesting sites and suitable habitat.

Impacts by the Pacific rat are not limited to animals. Pacific rats forage
intensively on native vegetation, reducing seedling recruitment and damaging
plant structures (Athens 2009; Campbell and Atkinson 1999, 2002; Jones et al.
2008).

Social

Rodents are reservoirs of infectious disease which may be transmitted to people
or domestic animals (Caughley et al. 1998). The Pacific rat occurs in close
association with humans and is considered a public health risk. The rat can be a
vector of hazardous diseases such as leptospirosis (Biosecurity Australia. 2000),
rickettsial diseases (Kuo et al. 2011; Stevenson and Hughes 1988), such as scrub
(Rickettsia tsutsugamushi) in northern Australia (Currie et al. 1996; Faa et al.
2003; Ralph et al. 2004) and murine typhus (R. typhus) in Western Australia,
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Queensland, South Australia and Victoria (Jones et al. 2004), toxoplasmosis
(Atkinson and Towns 2001; CABI 2017), plague, lungworm, and other pathogens
and parasites (King 2005; Singleton and Petch 1994).

Legislation

The high risk and potential pest status of the Pacific rat is recognised throughout
Australia, as indicated in Table 2.

Table 2: Current status of the Pacific rat under jurisdictional legislation

Jurisdiction Legislation

Australia Biosecurity Act 2015 included

Australia List of specimens taken to be suitable for not listed
live import

Western Australia | Biosecurity and Agriculture Management Act | prohibited

2007
South Australia Natural Resources Management Act 2004 prohibited
New South Wales | Non-Indigenous Animals Regulation high risk
Queensland Land Protection (Pest and Stock Route Class 1 declared
Management) Act 2002 animal
Victoria Catchment and Land Protection Act 1994 prohibited
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Image Library

This section contains a library of images and copyright licences that can be used in a range of related printed and electronic

extension materials.

Copyright Licence Restrictions of Use

Table 3 is a list of copyright codes and their terms of use that relate to the images in the catalogue. The terms list what you can do
and how you can use each image.

Table 3: Copyright codes and their terms of use

Type Terms of Use

No copyright

No copyright restrictions known and no permissions required

Attribution - 2.0 Generic
(CC BY 2.0)

https://creativecommons.
org/licenses/by/2.0/legalc
ode

You are free to:

e Share — copy and redistribute the material in any medium or format for any purpose, even
commercially;

e Adapt — remix, transform, and build upon the material for any purpose, even commercially;

e The licensor cannot revoke these freedoms as long as you follow the license terms.

Under the following terms:

e Attribution — You must give appropriate credit, provide a link to the license, and indicate if
changes were made. You may do so in any reasonable manner, but not in any way that
suggests the licensor endorses you or your use.

e No additional restrictions — You may not apply legal terms or technological measures that

12
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https://creativecommons.org/licenses/by/2.0/legalcode
https://creativecommons.org/licenses/by/2.0/legalcode
https://creativecommons.org/licenses/by/2.0/legalcode

Type

Terms of Use

legally restrict others from doing anything the license permits.

Attribution - No Derivs 2.0
Generic (CC BY-NC-SA 2.0)

https://creativecommons.

org/licenses/by-nc-
sa/2.0/legalcode

You are free to:

e Share — copy and redistribute the material in any medium or format;
e Adapt — remix, transform, and build upon the material;
e The licensor cannot revoke these freedoms as long as you follow the license terms.

Under the following terms:

e Attribution — You must give appropriate credit, provide a link to the license, and indicate if
changes were made. You may do so in any reasonable manner, but not in any way that
suggests the licensor endorses you or your use;

e Non-commercial — You may not use the material for commercial purposes;

e Share Alike — If you remix, transform, or build upon the material, you must distribute your
contributions under the same license as the original.

e No additional restrictions — You may not apply legal terms or technological measures that
legally restrict others from doing anything the license permits.

Public Domain - US: Public
Domain - Out of copyright
worldwide

e This media file is in the public domain in the United States. This applies to U.S. works where
the copyright has expired, often because its first publication occurred prior to January 1,
1923;

e This image might not be in the public domain outside of the United States; this especially
applies in the countries and areas that do not apply the rule of the shorter term for US works,
such as Canada, Mainland China (not Hong Kong or Macao), Germany, Mexico, and Switzerland.
The creator and year of publication are essential information and must be provided. See
Wikipedia: Public domain and Wikipedia: Copyrights for more details.

Public Domain - work
prepared by an officer or
employee of the US

Acknowledging or Crediting USGS as Information Source

e Most U.S. Geological Survey (USGS) information resides in the public domain and may be used
without restriction. When using information proper credit is given. Note that some non USGS
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https://creativecommons.org/licenses/by-nc-sa/2.0/legalcode
https://creativecommons.org/licenses/by-nc-sa/2.0/legalcode
https://creativecommons.org/licenses/by-nc-sa/2.0/legalcode

Type Terms of Use

Government - USGS photographs, images or graphics require permission from the copyright holder under the

copyright law.
https://www2.usgs.gov/vi

sual-
id/credit_usgs.html#copyri
ght
e A work of the US government is "a work prepared by an officer or employee” of the federal
Public Domain - work government "as part of that person's official duties.";
prepared by an officer or e In general, under section 105 of the Copyright Act, such works are not entitled to domestic
Employee Otf the US copyright protection under U.S. law and are therefore in the public domain;
overnmen

e This act only applies to U.S. domestic copyright as that is the extent of U.S. federal law. The

https://en.wikipedia.org/ U.S. government asserts that it can still hold the copyright to those works in other countries.

wiki/Copyright_status_of
work_by_the_U.S. _govern
ment
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https://www2.usgs.gov/visual-id/credit_usgs.html#copyright
https://www2.usgs.gov/visual-id/credit_usgs.html#copyright
https://en.wikipedia.org/wiki/Copyright_status_of_work_by_the_U.S._government
https://en.wikipedia.org/wiki/Copyright_status_of_work_by_the_U.S._government
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Image Library - Pacific rat (Rattus exulans)

Note: Until available online, high resolution images can be requested via michelle.christy@dpird.wa.gov.au

Image Size

Photo Credit File Name
Dean Foster, USDA | 3888 x 2592 | Public Domain - work | https://en.wikipedia.or | 1 Pacific rat
NWRC (National prepared by an officer | g/wiki/Copyright_status | Dean
Wildlife Research or employee of the US of_work_by_the_U.S. Foster.jpg
Center), Hawaii Government government
Field Station
Dean Foster, USDA | 3888 x 2592 | Public Domain - work | https://en.wikipedia.or | 2 Pacific rat
NWRC (National prepared by an officer | g/wiki/Copyright_status | Dean
Wildlife Research or employee of the US of_work_by_the_U.S. Foster.jpg
Center), Hawaii Government government
Field Station
Dean Foster, USDA | 3888 x 2592 | Public Domain - work | https://en.wikipedia.or | 3 Pacific rat
NWRC (National prepared by an officer | g/wiki/Copyright_status | Dean
Wildlife Research or employee of the US of_work_by_the_U.S. Foster.jpg
Center), Hawaii Government government
Field Station
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https://en.wikipedia.org/wiki/Copyright_status_of_work_by_the_U.S._government
https://en.wikipedia.org/wiki/Copyright_status_of_work_by_the_U.S._government
https://en.wikipedia.org/wiki/Copyright_status_of_work_by_the_U.S._government
https://en.wikipedia.org/wiki/Copyright_status_of_work_by_the_U.S._government
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https://en.wikipedia.org/wiki/Copyright_status_of_work_by_the_U.S._government
https://en.wikipedia.org/wiki/Copyright_status_of_work_by_the_U.S._government
https://en.wikipedia.org/wiki/Copyright_status_of_work_by_the_U.S._government
https://en.wikipedia.org/wiki/Copyright_status_of_work_by_the_U.S._government
https://en.wikipedia.org/wiki/Copyright_status_of_work_by_the_U.S._government

Photo Credit

Image Size
(Pixels)

Copyright Licence

Licence Link

File Name

Dean Foster, USDA | 3888 x 2592 | Public Domain - work | https://en.wikipedia.or | 4 Pacific rat
NWRC (National prepared by an officer | g/wiki/Copyright_status | Dean
Wildlife Research or employee of the US of_work_by_the_U.S. Foster.jpg
Center), Hawaii Government government

Field Station

Dean Foster, USDA | 3888 x 2592 | Public Domain - work | https://en.wikipedia.or | 5 Pacific rat
NWRC (National prepared by an officer | g/wiki/Copyright_status | Dean
Wildlife Research or employee of the US of_work_by_the_U.S. Foster.jpg
Center), Hawaii Government government

Field Station

Dean Foster, USDA | 3888 x 2592 | Public Domain - work | https://en.wikipedia.or | 6 Pacific rat
NWRC (National prepared by an officer | g/wiki/Copyright_status | Dean
Wildlife Research or employee of the US of_work_by_the_U.S. Foster.jpg
Center), Hawaii Government government

Field Station

Dean Foster, USDA | 3888 x 2592 | Public Domain - work | https://en.wikipedia.or | 7 Pacific rat
NWRC (National prepared by an officer | g/wiki/Copyright_status | Dean
Wildlife Research or employee of the US of_work_by_the U.S. Foster.jpg

Center), Hawaii
Field Station

Government

government
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