IN THIS ISSUE

Conservation Science W. Aust. 6 (1) : 1-12 (2007)
Conserving the Black-flanked Rock-Wallaby ( Pezrogale lateralis Interalis) through tourism: development
of a habitat ranking system for translocated animals and the need for on-going management

MICHELLE DAVIES, DAVID NEWSOME, DARYL. MONCRIEFF anp AMANDA SMITH

Conservation Science W. Aust. 6 (1) : 13-73 (2007)
Review of the distribution, causes for the decline and recommendations for management
of the quokka, Setonix brachynrus (Macropodidae: Marsupialia), an endemic macropodid
marsupial from south-west Western Australia

PAUL J. DE TORES, MATT W. HAYWARD, MICHAEL J. DILLON axp ROBERT I. BRAZELL

Conservation Science W. Aust. 6 (1) : 75-96 (2007)
A list of macrofungi recorded in burnt and unburnt Eucalyptus diversicolor regrowth
forest in the southwest of Western Australia: 1998-2002

RICHARD M. ROBINSON anp VERNA L. TUNSELL

Conservation Science W. Aust. 6 (1) : 97-108 (2007)
The flora and fauna of Legendre Island

J. RICHARDSON, E.J. STANLEY, P.G. KENDRICK anp G. KREGOR

Conservation Science W. Aust. 6 (1) : 109-149 (2007)
Influence of bait type, weather and prey abundance on bait uptake by
feral cats (Felis catus) on Peron Peninsula, Western Australia

D. ALGAR, G.J. ANGUS, M.R. WILLIAMS axp A.E MELLICAN

Conservation Science W. Aust. 6 (1) : 151-157 (2007)
BiblioHeathMouse: the heath mouse, Pseudomys shortridgei
(Thomas, 1907), a subject-specific bibliography

JOANNE A. SMITH, LISA J. WRIGHT anp BRENT W. JOHNSON

Conservation Science W. Aust. 6 (1) : 159-176 (2007)
BiblioRingtailPossum: the western ringtail possum, Pseudocheirus occidentalis
(Thomas, 1888), a subject-specific bibliography

LISA J. WRIGHT, JOANNE A. SMITH anp JEFF RICHARDSON

DEPARTMENT OF ENVIRONMENT AND CONSERVATION
ScieNcE DivisioN

TeLepHONE: (08) 9334 0333 TTY: (08) 9334 0456
ADDRESS: PosTaL:

17 Dick PERRY AVENUE Lockep Bac 104

TecHNoLOGY PARK, WESTERN PRECINCT BENTLEY DELIVERY CENTRE
KENSINGTON WA 6151 WESTERN AUSTRALIA 6983

http://science.calm.wa.gov.au/cswajournal

2002 ANt (T) 9 ®eIfe1sNy UJ31S3\A 30U3IIS UOIIRAISSUOD

Volume Six
Number One
July 2007

Conservation Science
Western Australia

N Department of _
wW: Environment and Conservation



Recommended abbreviation:
Conservation Science W. Aust.

Published by the Science Division, Department of
Environment and Conservation, Locked Bag 104,
Bentley Delivery Centre, Western Australia 6983.

AIM

To foster awareness, understanding and support for the
science on which the Department of Environment and
Conservation’s nature conservation and natural
resource management activities in Western Australia are
based.

SCOPE

Conservation Science Western Australia publishes papers
by scientists and technical officers employed by the
Department of Environment and Conservation.
Submissions from outside the Department are not
accepted, except when the research was funded by the
Department.

The policy of the Science Division of the Department
of Environment and Conservation is for its scientists
to publish in mainstream national and international
science journals; however, some research is of ‘parochial’
interest only or results in papers of monographic length.
Conservation Science Western Australia is intended to
ensure that such material is publicly available after it is
peer reviewed by scientists external to the Department.

SCIENCE PUBLICATIONS COMMITTEE
Dr Ian Abbott

Dr Margaret Byrne

Dr David Coates

Dr Lachlan McCaw

Mr Norm McKenzie

Mr Keith Morris

Editor: Deborah Harding
Desktop Publishing: Vince McInerney, Western
Australian Museum

MANUSCRIPT ENQUIRIES

Contributions and enquiries should be addressed to The
Editor, Conservation Science Western Australia, Science
Division, Department of Environment and
Conservation, Locked Bag 104, Bentley Delivery
Centre WA 6983, Australia.

SUBSCRIPTION ENQUIRIES

Only limited printed copies of the journal are produced.
Access to the papers published in the journal is freely
available on the Internet at:

http://science.calm.wa.gov.au/cswajournal

© Copyright Department of Environment and
Conservation, 2007.

ISSN 1447-3682

All material in this journal is copyright and may not be
reproduced except with the written permission of the
Editor.

ADVICE TO AUTHORS

Conservation Science Western Australia publishes scientific
research and technical investigations carried out by the
Department of Environment and Conservation. All papers
are refereed by scientists outside the Department.

Address editorial correspondence and submissions to The
Editor, Conservation Science Western Australia, Science
Division, Department of Environment and Conservation,
Locked Bag 104, Bentley Delivery Centre, Western Australia
6983.

Include a completed Approval Form for Scientific and
Technical Publications with all scientific and technical
manuscripts submitted.

Only papers of a high standard will be published. Submission
of a paper implies that the material has not been published
or submitted elsewhere. The journal assumes that all authors
of'a multi-authored paper agree to its submission and accept
intellectual responsibility for it.

Initially forward three hard copies of the manuscript and all
accompanying material and one electronic copy to the Editor.
Manuscripts received will be submitted to two referees for
critical comment. If both referees consulted agree on whether
the manuscript is acceptable or unacceptable this will be
passed on to the senior author. If the referees disagree a third
referee will be sought. If there is still doubt the Science
Publications Committee will decide on the matter.

Print manuscripts on one side of the paper with double
spacing and 3 c¢cm margins. Number the pages of the
manuscript consecutively throughout the entire paper,
beginning at the title page, and including those pages
containing references, appendices, tables, illustrations,
captions, all of which are placed after the text.

Following referecing, the authors must return a revised
manuscript with electronic copies of all material within six
months, otherwise it will be rejected or treated as a newly
submitted manuscript requiring refereeing.

Manuscripts that do not meet submission requirements will
be returned to the author.

Because the journal is freely available on the Internet, no
reprints are available for authors.

Style

Authors are advised to consult the most recent journal issue
published for directions on style. The following lists the most
commonly needed information. For more detailed directions
and examples look at the information for authors on the
Conservation Science Western Australin website: http://
science.calm.wa.gov.au/cswajournal /authorinfo.php

Spelling conforms with the Oxford or Macquarie Dictionary.
Use —ize endings (with the exception of ‘compromise’ or
‘comprise’), —lyse endings and —our (unless in Latin words).
The standard Australian spellings for some commonly used
words are: program, focused and modelling.

SI units are used for exact physical quantities and
measurements, except where a non-SI Australian legal unit
of measurement is appropriate e¢.g. 5 ha not 50 000 m?.

Numbers referring to unit measurement (e.g. 10 cm) are
never spelt out unless forming the beginning of a sentence.
All numbers under 10 not referring to units of measurement
are spelt out.

Identify abbreviations the first time they are used.

Cite references in full using the Harvard system (name and
year in text, alphabetical listing). If two or more works by
different authors are cited at one point in the text, use a
semicolon to separate them. Thus: (Smith 1998; Jones 1986).
Present these citations alphabetically unless there is a special
reason to order them chronologically. Thus: (Darwin 1859;
Avise 1999). To refer to a particular page, use the format
(Smith 1998: 308).

Examples of correct format for the reference list are:

Journal article — Suleiman AA, Ritchie JT (2005) Simple
model to estimate daily lateral drainage. Soil Science 170,

584-598.

Book or Report — Burbidge AA (2004) Threatened animals
of Western Australia. Department of Conservation and Land
Management, Perth.

Report in a sevies— VanBuskirk CD, Neden R]J, Schwab JW,
Smith FR (2005) Road and terrain attributes of road fill
landslides in the Kalum Forest District. Forest Science
Program, British Columbia, Technical Report 24.

Report with a corporate author—CALM (2005) Summary
of the Analysis of Public Submissions on the Draft Fire
Management Policy. Department of Conservation and Land
Management, Perth.

In text: Use (CALM 2005) with a cross-reference in the
reference list.

In the reference list: Department of Conservation and Land
Management see CALM.

Unpublished report — Coates A (1993) “Vegetation survey
of Dryandra Forest’. Department of Conservation and Land
Management, Perth.

Chapter in a book — Cortina J, Maestre FT (2005) Plant
effects on soils in drylands: implications for community
dynamics and ecosystem restoration. In Tree Species Effects
on Soils: Implications for Global Change (eds D Binkley, O
Menyailo ), pp. 85-118. Springer, Dordrecht.

Internet only— van Keulen M (2003) Seagrasses of Western
Australia. Available at http: //wwwscience.murdoch.edu.au
centres/others/seagrass/wa_seagrasses.html. [Accessed on
25.7.2005]

DOI — It is not necessary to cite the DOI (Digital Object
Identifier) of an article but if included cite as follows.

Cushman JC (2005) Crassulacean acid metabolism: recent
advances and future opportunities Functional Plant Biology
32, 375-380. doi: 10.1071 /FP05111

Thesis — O’Connor MH (2001) “The historical ecology of
the Greenough Flats, Western Australia’. Thesis (PhD) —
Curtin University of Technology, Western Australia

Accuracy of the references is the responsibility of authors.

Personal communications — use a footnote to refer to these,
with the affiliation and location of the person noted. In the
text use abbreviation ‘pers. comm.’.

Illustrations, figures or maps — when these are computer-
generated ensure that the density of any tints is not less than
30%, and that there is a significant difference between varying
tints. Use the abbreviation, ‘Fig.” for all references to figures
in text. Add labels to figures and maps using a sans serif
typeface.

Preferred file formats for figures — line drawings should
be saved as encapsulated PostScript (EPS), Windows
Metafile (WMF) or Excel. Photographs and other figures
should be saved as TIFF or EDPS.



Volume Six

Conservation Science

Number One
July 2007

Western Australia

PAGES 1-12

Conserving the Black-flanked Rock-Wallaby (Petrogale lateralis
Interalis) through tourism: development of a habitat ranking
system for translocated animals and the need for on-going
management

MICHELLE DAVIES, DAVID NEWSOME, DARYL
MONCRIEFF axp AMANDA SMITH

PAGES 13-73

Review of the distribution, causes for the decline and
recommendations for management of the quokka, Sezonix
brachynrus (Macropodidae: Marsupialia), an endemic
macropodid marsupial from south-west Western Australia

PAUL J. DE TORES, MATT W. HAYWARD, MICHAEL J.
DILLON anp ROBERT I. BRAZELL

PAGES 75-96

A list of macrofungi recorded in burnt and unburnt Eucalyptus
diversicolor regrowth forest in the southwest of Western Australia:
1998-2002

RICHARD M. ROBINSON anp VERNA L. TUNSELL

PAGES 97-108
The flora and fauna of Legendre Island

J. RICHARDSON, E.J. STANLEY, P.G. KENDRICK anp G.
KREGOR

PAGES 109-149

Influence of bait type, weather and prey abundance on bait
uptake by feral cats (Felis catus) on Peron Peninsula, Western
Australia

D. ALGAR, G.J. ANGUS, M.R. WILLIAMS axp A.E
MELLICAN

PAGES 151-157
BiblioHeathMouse: the heath mouse, Pseudomys shortridgei
(Thomas, 1907), a subject-specific bibliography

JOANNE A. SMITH, LISA J. WRIGHT anp BRENT W.
JOHNSON

PAGES 159-176
BiblioRingtailPossum: the western ringtail possum, Pseundocheirus
occidentalis (Thomas, 1888), a subject-specific bibliography

LISA J. WRIGHT, JOANNE A. SMITH axp JEFF
RICHARDSON

INSIDE BACK COVER
Advice to authors




List of Referees

The Science Publications Unit expresses grateful appreciation for the contributions made by
the following reviewers (as well as a small number who preferred to remain anonymous) of
manuscripts for publication in Conservation Science Western Australin Volume 5 2004-2006

Dr. Per Christensen, Consultant, Balingyup

Dr. Peter Clarke, University of New England, NSW

Assoc. Prof. Jenny Davis, Murdoch University, Perth

Dr. John Dell, Department of Environment, Perth

Prof. Ross Dowling, Edith Cowan University, Perth

Dr. Gordon Friend, Department of Natural Resources and Environment, Melbourne
Dr. S. Hopper, Botanic Gardens and Parks Authority, Perth
Assoc. Prof. Pierre Horwitz, Edith Cowan University, Perth
Dr. Ric How, Western Australian Museum, Perth

Dr. Jetf Marion, Department of Forestry, Virginia Tech, USA
Dr. Robert Paddle, Australian Catholic University, Melbourne
Jeremy Russell-Smith, Bushfire Council, Northern Territory
John Scott, CSIRO, Entomology

Dr. Jetf Short, Wildlife Research and Management, Perth



Conservation Science W. Aust. 6 (1) : 1-12 (2007)

Conserving the Black-flanked Rock-Wallaby ( Petrogale
lateralis lnteralis) through Tourism: Development of a
habitat ranking system for translocated animals and the
need for on-going management

MICHELLE DAVIES?, DAVID NEWSOME", DARYL MONCRIEFF2 AND AMANDA SMITH?

t School of Environmental Science, Murdoch University, South Street,
Murdoch, Western Australia, 6150, Australia
2 Department of Environment and Conservation, Kimberley Region,
Western Precinct, Dick Perry Avenue, Kensington, Western Australia, 6151, Australia
* Corresponding author

ABSTRACT

The Black-flanked Rock-Wallaby (Petrogale lateralis
lateralis) was once widespread throughout Western
Australia but due to a combination of factors its range
has declined significantly and its present distribution is
limited to a few widely scattered isolated populations. It
is gazetted as vulnerable under Western Australian
legislation and requires active management to ensure its
survival. Translocating species to areas of suitable habitat,
when coupled with predator control, is an effective
method of expanding species distribution as well as
increasing population numbers.

This study investigated the requirements for both effective
translocation and site assessment in relation to the
development of tourism based on black-flanked rock-
wallabies. A species-specific habitat ranking system was
devised to identify suitable areas for translocated
populations. This was followed by an assessment of the
tourism potential of the identified sites. When both sets
of results were added together potential sites were
identified that could satisfy both habitat and tourism
requirements. Avon Valley National Park and Billyacatting
Nature Reserve were found to be the most suitable sites
for translocating rock-wallabies on the basis of suitable
habitat and the potential for subsequent development of
wildlife tourism.

Viable breeding population size, feral predator control,
competing introduced herbivore control and fire
management are all identified as aspects that require
management action. Tourism management requires
stakeholder liaison, possible zoning and separation
strategies and appropriate waste disposal at tourism sites.
Public contact with translocated animals requires an
educative approach that avoids any feeding of wildlife.
Relatively close contact between visitors and wildlife may
be achieved through a process of habituation. Such
strategies should however be subject to review.

Key words: Black-flanked Rock-Wallaby, translocations,
habitat ranking, tourism potential, wildlife management

INTRODUCTION

Many species of Australian fauna are threatened with
extinction (Ride and Wilson, 1982; Recher, 1990), with
the southern arid zone and the Western Australian
wheatbelt (agricultural area of Western Australia) seriously
affected (Short and Smith, 1994). To aid conservation,
Australia requires income to fund environmental
protection agencies and national park services (Figgis,
1993). Ecotourism is perceived to be an environmentally
benign industry that can generate these much-needed
funds (Figgis, 1993). Translocation of a species and the
subsequent development of wildlife tourism can assist
conservation efforts. Wildlife tourism research is urgently
needed in Australia if wildlife tourism is to provide benefits
for the much-needed conservation of Australian native
wildlife. Wildlife tourism can thus be an instrument of
conservation and can benefit both wildlife and local
communities. Benefits include education of visitors,
economic benefits to local communities and the
development of an economic incentive to protect the
wildlife on which the tourism is based (Higginbottom ez
al. 2001a).

In the Macropodidae and Potoroidae families
(kangaroos, wallabies and rat-kangaroos) the majority
of the smaller species have suffered range reduction in
areas where humans have settled and eliminated suitable
habitat and where introduced species have established
(Ride and Wilson, 1982; Morton, 1990). The Black-
flanked Rock-Wallaby ( Petrogale lateralis lnteralis) is one
such species that has shown considerable decline during
the 20" century (Pearson and Kinnear, 1997) and is the
focus of this study. The reasons for the decline of the
Black-flanked Rock-Wallaby are varied but include
predation by foxes and feral cats, degradation of habitat
due to introduced grazers such as sheep and rabbits, as
well as changed fire regimes (Kinnear ez al., 1988;
Johnson et al., 1989; Pearson, 1992; Maxwell et al.,
1996; Kinnear et al., 1998). Although there is no single
cause of decline, Kinnear et al., (1988, 1998)
demonstrated that fox predation has played a major role
in the reduction of Black-flanked Rock-Wallabies in the
wheatbelt.
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Currently there are seven wheatbelt Black-flanked METHODOLOGY
Rock-Wallaby populations restricted to isolated granite
outcrops (Figure 1) and natural dispersal is difficult due  gjta selection

to the surrounding agricultural landscape. Translocations
are therefore a necessary management strategy to increase
long-term viability of the species. By translocating animals
away from the source population, the risks of catastrophic
events destroying all the populations are reduced.

Marsupials are particularly important to the tourism
image of Australia (Higginbottom ez al., 2001b). Croft
and Leiper (2001) believed rock-wallabies were good
candidates for wildlife tourism as they often inhabit
spectacular landscapes, are visible particularly in the
cooler parts of the day and most mainland states possess
good localities for viewing rock-wallabies. Green et al.
(2001) also stated rock-wallabies had suitable tourism
potential due to their large size compared with other
marsupials and their international uniqueness. The
vulnerability status of Black-flanked Rock-Wallabies may
also add to their appeal as visitors have shown a
preference to viewing threatened or unusual animals
(Gray, 1993). Therefore an opportunity exists to develop
responsible wildlife tourism based around Black-flanked
Rock-Wallabies. For rock-wallaby tourism to be
successfully developed, research is required on many
levels including site surveys to determine habitat
suitability and tourism potential.

The aim of this study was to aid the Department of
Environment and Conservation (DEC) in identifying
translocation sites suitable for rock-wallaby tourism.
Selected sites needed to fulfill both habitat requirements
for Black-flanked Rock-Wallabies and possess sufficient
potential for recreation and tourism. We are not aware
of any assessment combining both habitat suitability and
wildlife tourism potential that has been previously
conducted in Australia.

A site survey was conducted on potential translocation
sites for Black-flanked Rock-Wallabies in the southwest
of Western Australia. A rapid methodology for assessing
the recreation potential of reserves in the Merredin
District (Fig. 1), developed by Moncrieff (1996), was
used as a basis for site selection. The top 21 ranked sites
selected in the Merredin District, which received high
scores for topographical complexity (a sub-category used
in the recreation assessment system) and contained
granite outcrops, were initially selected as the study sites.
However distance from a major travel route was also
factored in. The potential translocation sites in the
Merredin District that were assessed included: Sandford
Rocks, Baladjie Lake, Eaglestone Rock, Merredin Peak,
Mount Stevens and Billyacatting Reserve (Fig. 1).
Kokerbin Hill Nature Reserve was also included in the
assessment as Black-flanked Rock-Wallabies were
recorded here up until 1970 (Kinnear, 1998). Sites closer
to Perth such as Boyagin Rock and Monadnocks
Conservation Park were also examined. These two sites
are established tourism sites and display topographical
complexity. The Bibbulmun Track bisects the latter and
attracted 35 000 walkers during 1999 /2000 (Hunt,
2000).

Avon Valley National Park was also selected, as there
is evidence that Pllateralis formerly occupied this site
from an account by John Gould (Eldridge and Close,
1995). Avon Valley National Park is located closer to
Perth than the other sites and is an established tourism
destination with approximately 10 000 visitors per year.
This site was therefore examined to assess whether the
vegetation or granite formations were significantly
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different from the sites where Black-flanked Rock-
Wallabies currently occur.

Fox baiting appears to be essential to the survival of
the Black-flanked Rock-Wallaby (Kinnear et al., 1988).
Of all the potential sites assessed, only Kokerbin Hill,
Boyagin Rock, Monadnocks Conservation Park and
Avon Valley National Park are fox baited under the
Department of Environment and Conservation’s current
Western Shield baiting strategy.

Development of a habitat ranking system

Four control sites (sites where rock-wallabies are present)
and ten potential sites (no rock-wallabies present) were
assessed for their suitability as rock-wallaby habitat. All
sites were close to a major travel route. Sites in the
wheatbelt were close to the Great Eastern Highway and
Avon Valley National Park is off Toodyay Road.
Monadnocks Conservation Park straddles the Albany
Highway and Boyagin Rock is adjacent to the Brookton
Highway (Figure 1). All sites were characterised by a
large granite outcrop being a predominant feature within
the site.

The control sites were used as standards against which
desirable habitat characteristics were identified. Potential
translocation sites were then compared with the control
sites based on these characteristics. Incomplete museum
records of the former distribution of the Black-flanked
Rock-Wallaby restricted the assessment of sites. The co-
ordinates indicated in the museum records of sites of
past occurrence in the wheatbelt appear to be of the
nearest town and not of the actual record location.
Another limitation to including more control sites in the

TABLE 1

assessment includes the remaining two rock-wallaby
colonies occurring on private property potentially
restricting access.

No documented systematic assessments of habitat
requirements of the Black-flanked Rock-Wallaby has been
conducted in Australia, although studies have been
undertaken on other rock-wallaby species. Lobert (1988)
developed a recording system to describe sites of
occurrence of Brush-tailed Rock-Wallabies (P.
penicillata) in Victoria. Lobert (1988) found the variables
most accurate in predicting preferred rock-wallaby
habitat included colour of the rock and complexity of
the habitat. Colour of rock (which may be important
with regards to temperature regulation) could not be
applied to the sites in this study due to all the outcrops
being composed of granite and consequently of similar
composition and colour.

Short (1982) measured six variables which were
shown to be significant in predicting the presence of
Brush-tailed Rock-Wallabies (P. penicillata) in New
South Wales. The six significant variables were:

The number of ledges

Aspect of cliff

Number of caves of restricted accessibility
Length of ledges

Percentage of sheltered sites

AN

Number of apparent routes from clift top to cliff
face.

Copely (1990) used a simple ranking system to assess
the habitat of Yellow-footed Rock-Wallabies ( P. xanthopus)
in New South Wales. Habitats were scored on their

Ranking system assessment of rock complexity for black-flanked rock-wallaby habitat

Rock Complexity *

20 Predominantly weathered rock face consisting of mainly medium boulders, caves, ledges and fissures present

19 Predominately weathered rock face consisting of mainly large boulders, caves, ledges and fissures present

18 Predominately weathered rock face consisting of mainly small boulders, caves, ledges and fissures present

17 Extensively weathered rock faces consisting of mainly medium boulders, caves, ledges and fissures present

16 Extensively weathered rock faces consisting of mainly large boulders, caves, ledges and fissures present

15 Extensively weathered rock faces consisting of mainly small boulders, caves, ledges and fissures present

14 Isolated boulder piles consisting of medium and small boulders, caves, ledges and fissures present

13 Isolated boulder piles consisting of large boulders, caves ledges and fissures present

12 Isolated boulder piles consisting of small sized boulders, caves ledges and fissures present

11 Predominately granite pavement structure with mainly medium boulders, caves, ledges and fissures present

10 Predominately granite pavement structure with mainly large boulders, caves, ledges and fissures present

9 Predominately granite pavement structure with mainly small boulders, caves, ledges and fissures present
Predominately weathered rock faces consisting of mainly medium boulders, ledges and fissures present, no caves
Predominately weathered rock faces consisting of mainly large boulders, ledges and fissures present, no caves
Predominately weathered rock faces consisting of mainly small boulders, ledges and fissures present, no caves
Predominately granite pavement structure with mainly medium boulders, ledges and fissures present, no caves

Predominately granite pavement structure with mainly small boulders, ledges and fissures present, no caves
Granite pavement with predominately small boulders, no caves, ledges or fissures present

7
6
5
4 Predominately granite pavement structure with mainly large boulders, ledges and fissures present, no caves
3
2
1

Granite pavement with no boulders

* Rank of 20 represents ideal score with a rank of 1 representing unsuitable habitat for black-flanked rock-wallabies

Large boulders = > 5 metres in diameter
Medium boulders = 1 to 5 metres in diameter
Small boulders = <1 metre in diameter



physical complexity on a scale of one to five. The
abundance of rock-wallabies was described as either
uncommon or abundant depending on the abundance
of'scats or animals sighted. It was found that rock-wallaby
abundance was positively correlated to habitat complexity.
Two physical features, clifts and large boulders, were
seen as critical to rock-wallaby occurrence, although no
definition for “large” was given.

Lim and Giles (cited in Lim ez al., 1992) developed a
more detailed ranking system in 1987 for assessing actual
and potential colony sites of Yellow-footed Rock-Wallabies
(P xanthopus) in New South Wales. The highest ranked
habitat featured steep cliffs, outcrops, gorges, terraces,
caves, rock piles and water. Additional points were
awarded for boulder size and the smoothness of boulders,
with large (>1 metre) smooth boulders receiving the
highest score. There was a strong correlation between
the presence of rock-wallabies and a high habitat score
(Lim ez al., 1992).

In summary, the habitat requirements of rock-
wallabies have been listed by most researchers as complex
boulders with caves and cervices and a food source
dominated by grass species (genera not specified). The
analysis of the four control sites confirmed these
characteristics. It was thus decided to develop a habitat
ranking system using these habitat criteria to compare
and contrast sites currently supporting Black-flanked
Rock-wallabies to sites that appeared to be suitable but
lacked rock-wallaby populations. A qualitative rank was
assigned to cach habitat component. Scores for each
component recognised that some were more critical to
rock-wallaby survival than others (eg. rock complexity
was scored out of twenty whereas the presence or absence
of fox control was assigned a score of one or zero).

The variables that were assessed were:

Rock complexity

Vegetation type

Fox control (Absent/Present)

Area of suitable habitat (ha)
Evidence of past/present distribution

Aspect

NS Gk m

Rock to vegetation ratio

Complexity of the rocky outcrop and the presence
of caves, ledges and fissures was considered as one of
the most important attributes of a site and thus ranked
highly (Table 1). Medium boulders were considered to
be more desirable than larger and smaller boulders as
this size allowed for the formation of the most suitable
caves, ledges and fissures that could be utilised by rock-
wallabies.

Flat granite pavement landscapes lacking boulder
formations received the lowest score as this habitat failed
to provide protection for rock-wallabies. The scores
increased with a) increasing complexity and b) area of
complexity (i.e. outcrops made up of predominantly
granite pavement would score less despite the presence
of cracks, ledges and boulders).

If sites received a score of 10 or higher for rock

M. Davies et al.

complexity, they were then assessed for vegetation type,
presence of fox control, aspect, rock to vegetation ratio
and area of suitable rocky habitat (Table 2). Sites failing
to score ten or above were regarded as being unsuitable
rock-wallaby habitat and excluded from further
consideration.

The presence of grass growing on the outcrop would
enable rock-wallabies to forage close to their sites of
refuge. Proserpine Rock-Wallabies (P. persephone) in
Queensland were found to require rocky outcrops with
a canopy of vine forest in the vicinity of open forests,
and vegetation for grazing on the edges of the habitat
(Davidson, 1991). A canopy of trees was also considered
to be desirable for Black-flanked Rock-Wallabies, as it
would provide more protection from predators, in
particular wedge-tailed eagles, than open grasslands with
sparse tree cover. Vegetation comprising dense woody
thickets with patchy grass cover was considered
undesirable, as it lacked sufficient grass for foraging.
Fox control was an additional managerial advantage to
an area but not essential as an area could be fox baited
before the translocation of rock-wallabies.

The ratio of rock to vegetation area was considered
important as at Mt Caroline rock-wallabies had started
to feed on crops in surrounding farmlands. This may be
due to the carrying capacity of the habitat being exceeded.
This problem has not been encountered at Nangeen Hill
as this reserve has a larger area of vegetation surrounding
the granite outcrop. A low ratio of rock to vegetation
area thus ranked higher.

Area of suitable habitat was considered important,
as it would dictate population size. Area of suitable habitat
was an estimate of the percentage of suitable habitat
multiplied by the area of the outcrop. In sites like the
Avon Valley where the granite boulders are spread
throughout the park, the total area of suitable habitat
was added together to form the estimate, as animals
could easily move between these areas.

Evidence of past or present occurrence was also
factored in, although this component was not weighted
highly due to lack of extensive records of past occurrence.
Two sites received a score for evidence of past
occurrence, Kokerbin Hill and Avon Valley National
Park. All the control sites displayed evidence of present
occurrence. This was confirmed by sightings of rock-
wallabies and the presence of scats.

Aspect was included in this ranking system, however
there are no data on the preference of Black-flanked
Rock-Wallabies in relation to aspect. A northerly aspect
was shown to be an important factor in studies of Brush-
tailed Rock -Wallabies ( P. penicilinta) in New South Wales
(Short, 1982). However, Yellow-footed Rock-Wallabies
(P. xanthopus) were found to favour a southerly aspect
in New South Wales (Lim et al., 1992). Aspect was not
the most accurate indicator in the presence of Brush-
tailed Rock-Wallaby in Victoria (Lobert, 1988).

Due to these conflicting findings, aspect was allocated
a low overall weighting. A northerly aspect was assumed
to be preferred, as rock-wallabies at Mount Stirling and
Gundaring Nature Reserve were observed to inhabit the
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TABLE 2

Assessment of habitat characteristics of sites receiving a score of 10 or above in the rock complexity category

Vegetation Type

12 Grass
11 Grass
10 Grass
9 Grass
Grass
Grass
Grass
Grass
Bare rock outcrop with surrounding woodlands and grasslands

and trees growing on outcrop with surrounding thickets

Bare rock outcrop with surrounding grasslands, trees sparse
Bare rock outcrop with surrounding thicket

P NWHAOOIO N

Fox Control

1 Present
0 Absent

Area of Suitable Habitat (Hectares)

10 >100
91-100
81-90
71-80
61-70
51-60
41-50
31-40
21-30
11-20
<10

OFRPNWAMOUIO N WO

Evidence of Past/Present Occurrence

2 Yes

0 No

Aspect

5 North

4 Northwest/Northeast
3 East/West

2 Southeast/Southwest
1 South

Rock: Vegetation (Ratio)

10 1I: <1
5 1:1-5
1 1: > 10

and trees growing on outcrop with surrounding woodlands and grasslands
and trees growing on outcrop with surrounding woodlands, grasslands and thicket
and trees growing on outcrop with surrounding grasslands, trees sparse

and bushes growing on outcrop with surrounding woodlands and grasslands

and bushes growing on outcrop with surrounding woodlands, grasslands and thicket
and bushes growing on outcrop with surrounding grasslands, trees sparse

and bushes growing on outcrop with surrounding thicket

Bare rock outcrop with surrounding woodlands, grasslands and thicket

northern face of the outcrops, as these faces were more
weathered. Kinnear ez al. (1998) found most refuge sites
faced north or northeast at Mount Caroline.

Recreation and tourism assessment

Moncrieff’s (1996) recreation and tourism assessment
methodology was based on three broad categories:
“physical attributes” (maximum score =100), “threats
and use” (30), and “current management” (45). In this
study, the “current management” was substituted for a
rating based on ecase of viewing wildlife on the rock
outcrops (Table 3). “Current Management” was excluded
as the management of the chosen site would alter once
rock-wallabies were translocated there. “Viewing wildlife”
was allocated a score out of ten, hence the maximum

score for the altered recreation and tourism potential
ranking system was 140.

Sites that contained exposed complex boulder
formations on granite outcrops were awarded a higher
score than sites where the most suitable habitat was in a
valley and could not be viewed from a distance. Lower
scores were also awarded for sites that were densely
vegetated around the outcrop, as the rock-wallabies
would be more difficult to view from a distance. If sites
received a score below five they were excluded and
deemed unsuitable for rock-wallaby tourism.

Only sites that received high scores for both rocky
complexity (Table 1) and ease of viewing wildlife on rock
outcrops (Table 3) were assessed in the recreation
assessment system. The sites receiving the highest scores
in both the habitat ranking system and the tourism
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Break down of scores for ease of viewing wildlife on rock outcrops

Score Vegetation and Position of Outcrop

o

Raised outcrop surrounded by dense vegetation

Outcrops on a slope surrounded by dense vegetation

PNWRAUOONDOOPR

Qutcrop in a valley surrounded by dense vegetation

Raised outcrop surrounded by predominantly grasslands and open woodlands around base
Raised outcrop surrounded by woodlands around base
Raised outcrop surrounded by dense vegetation viewed with ease from surrounding rock platforms

Outcrops on a slope surrounded by predominantly grasslands and open woodlands around base
Qutcrops on a slope surrounded by woodlands around base

Qutcrops in a valley surrounded by predominately grasslands and open woodlands around base
Outcrops in a valley surrounded by woodlands at the base

potential assessment system would be considered as
potential translocation sites.

RESULTS

Potential translocation sites

Sites satisfying both rock complexity requirements and
ease of viewing requirements were: Mount Caroline,
Nangeen Hill, Mount Stirling, Gundaring, Kokerbin Hill,
Sandford Rocks, Baladjie Lake, Billyacatting and Avon
Valley (Table 4). Sites failing to satisfy both criteria were
Merredin Peak, Eaglestone Rock, Mount Stevens,
Boyagin Rock and Monadnocks Conservation Park
(Table 4). Sites were further refined based on the
categories outlined in Table 2. These results are
summarised in Table 5.

160

140

By further refining the ranking allocated to each site,
it was found that Mount Caroline received the highest
score for habitat suitability (35,/40). Nangeen Hill and
Billyacatting ranked equal second (31,/40), with Avon
Valley National Park ranking third in habitat suitability
(29/40). Gundaring and Mount Stirling received the
same score (27,/40) and were ranked fourth in habitat
suitability. Kokerbin Hill (20,/40), Baladjie Lake (18/
40) and Sandford Rocks (14,/40) scored the lowest.

Table 6 shows Baladjie Lake had the highest score
for “physical attributes” and ranked highest overall for
tourism potential (107,/130). Avon Valley also scored
second highest in the assessment (99,/130). Mount
Caroline, Nangeen Hill, Mount Stirling, Gundaring and
Kokerbin Hill all received equal scores for “physical
attributes” and “threats and uses” (Table 6). The
individual scores for habitat suitability and tourism
potential are shown in Figure 2. Just over half the sites

120

100
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O Habitat
Suitability
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0

ht. Caraline
hit. Stirling
Gundaring
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Baladijie Lake
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Figure 2. The habitat and tourism rank assigned to each site.
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Table 4

Results of the rock complexity and ease of viewing wildlife assessment
SITE ROCK COMPLEXITY EASE OF VIEWING ACCEPTED/

(x/20)* WILDLIFE (x/10)* REJECTED

Nangeen Hill 20 10 O
Avon Valley 20 6 O
Mount Caroline 16 9 O
Gundaring 16 9 O
Kokerbin Hill 16 9 g
Billyacatting 16 7 O
Boyagin Rock 14 2 O
Monadnocks 14 4 O
Baladjie Lake 11 10 O
Mount Stirling 10 8 O
Sandford Rocks 10 8 O
Eaglestone Rock 7 10 O
Merredin Peak 2 10 g
Mount Stevens 2 10 O

Table 5
Ranking of habitat suitability of potential rock-wallaby sites against actual sites of occurrence

Site Vegetation Fox Rock:Veg Area Of Aspect Known Past/ Total
(Maximum Type Control Ratio Suitable (x/5) Present Occurrence (x/40)

score) x/12) (x/1) (x/10) Habitat (x/10) x/2)

Mt. Caroline 12 1 5 10 5 2 35
Nangeen 10 1 10 3 5 2 31
Billyacatting 11 0 5 10 5 0 31
Avon Valley 12 1 10 1 4 2 29
Gundaring 12 1 5 2 5 2 27
Mt. Stirling 12 1 1 6 5 2 27
Kokerbin 7 0 5 1 5 2 20
Baladjie 8 0 5 0 5 0 18
Sandford 3 0 10 0 1 0 14
Table 6

Tourism potential of sites assessed for rock-wallaby habitat
suitability

Site Physical Attributes  Threats and Uses  Total
(x/100) (x/30) (x/130)

Baladjie 95 12 107
Avon Valley 83 16 99
Sandford 80 17 97
Billyacatting 85 11 96
Mt. Caroline 78 13 91
Nangeen 78 13 91
Mt. Stirling 78 13 91
Gundaring 78 13 91
Kokerbin 78 13 91

attained a higher score for habitat suitability than tourism
potential.

DISCUSSION

Suitable sites for translocation

Of all the sites examined (potential and control sites)
Nangeen Hill would be the best site for rock-wallaby
tourism. This site already has a large population of rock-
wallabies and the outcrop is surrounded by open
grasslands adjacent to the northern faces which allows

for ease of viewing rock-wallabies. Several rock-wallabies
were observed when this site was assessed, and this was
at midday which is not a prime time to see rock-wallabies.
The outcrop has a dirt vehicle track, accessible to two-
wheel drive vehicles, which encircles the base of the
outcrop and aids ease of viewing the rock-wallabies.
Nangeen Hill is highly weathered with tumulus boulders
predominating and with limited vegetation growing in
soil pockets on the outcrop itself therefore providing
better viewing opportunities. This is in contrast to Mount
Caroline and Gundaring Nature Reserve, which have
extensive areas of vegetation growing on the outcrop.
Nangeen Hill is located approximately 23 km south of
Kellerberrin (Figure 1) and is closer to the Great Eastern
Highway than any of the potential sites examined in the
wheatbelt, and therefore more convenient for transient
travellers to visit. There are no recreational facilities (e.g.
rubbish bins, picnic tables, toilets) and no public access
to this site as it is surrounded by private property. If this
site were opened for rock-wallaby tourism these factors
would need to be taken into account and remedied.
Nangeen Hill is a nature reserve, and recreation is
discouraged under current legislation. It also has the
added protection of being gazetted as a ‘prohibited area’
under the CALM Act in order to protect the rock-
wallabies from human disturbance. To develop tourism
facilities would require (a) a change from nature reserve



status to national park or conservation park, which have
a greater emphasis on provision of recreation
opportunities, and (b) the lifting of the ‘prohibited area’
classification.

Notwirhsatnding that Nangeen Hill appears to be
the most suitable site for rock-wallaby tourism,
translocations still need to be carried out to expand the
range of Black-flanked Rock-Wallabies. Rock-wallabies
at Mount Caroline are already targeted for translocation
as the animals at this site are increasingly foraging further
from the reserve and feeding on the crops of surrounding
private property (Matt Dowling, pers. comm) and
therefore may have exceeded the carrying capacity of
the site. A site further away from the current populations
needs to be considered, even if purely for conservation
purposes. A site that is separate from existing colonies
will have two purposes. If a catastrophe such as disease
or fires threaten the existing colonies, a population at a
separate location is less likely to be affected due to the
isolating effect of distance. Although linkages between

Table 7
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populations help overcome inbreeding, they can also
facilitate the spread of catastrophic events as migrating
animals can spread disease or fire can move along
corridors of natural vegetation (Mangel and Tier, 1994).
Avon Valley National Park and Billyacatting Nature
Reserve are two potential translocation sites that satisty
the habitat and recreation potential requirements as well
as being sites that are separate from the current rock-
wallaby colonies.

Considerations for future management of
translocated populations

Management of Black-flanked Rock-Wallaby tourism is
required at three levels: (1) initial translocations should
be carefully managed and monitored to ensure survival
and reproductive success, (2) a commitment to the long-
term management of the reserve and habitat is also
essential, and (3) the long-term management of rock-
wallaby and human interactions must be continually

Management strategies to increase the success of rock-wallaby translocations and long term management of the

reserve and habitat

Management Strategy Description

MANAGEMENT OF INITIAL TRANSLOCATIONS
Heterozygosity .

Translocated individuals should be genetically distinct from one another and should possess high

levels of heterozygosity to prevent inbreeding and to ensure the founder population has the maximum

viability and fecundity

Effective Population Size

Founder population of 10 to 20 pairs of breeding adults, or as many as can be managed

* Long term monitoring of distribution, abundance and genetic variation should be carried out to

establish success rate

LONG TERM MANAGEMENT OF THE RESERVE AND HABITAT
Fox Control .

Fire Management .

Achieved by 1080 poisoning or exclusion by fencing

Firebreaks may need to be managed at the new translocation site to reduce impacts from wild fires.

* Fires should be irregular and seasonally spread

Feral Cat and Rabbit .
Control
Monitoring (o]

Introduced animals controlled to decrease the stress on translocated populations

Some or all of the founder individuals be fitted with radio-transmitters. Source population monitored to

determine any marked differences between source and translocated populations

LONG TERM MANAGEMENT OF ROCK-WALLABY AND HUMAN INTERACTIONS

Stakeholder liaison .

Discussions with landholders, local shires and local communities conducted regarding their opinions on

rock-wallaby tourism and how it might impact on operational management and social and economic

development

Education/ interpretation .

Provide opportunities for people to experience and learn about nature through the provision of

information on wildlife and other environmental issues

Provide areas for wildlife observation, nature centres and guided nature walks including spotlighting

Litter should be controlled as rock-wallabies are known to feed on discarded food items causing

Public contact .
tours
Waste Disposal .
nutritional problems and digestive upsets
Separation and Zoning * Separating visitors through strategies such as fencing

» Dividing the area into different zones such as recreation, access and conservation.

Other Management .
Strategies .

Limit group numbers
Entry fees

Source: Hair and Pomerantz (1987); Shaw (1987); Kinnear et al. (1988); Johnson et al. (1989); Spencer (1991); Bolton (1997); Kinnear

et al. (1998); Lobert (1998); NPWS (2003)
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monitored to ensure there are no adverse effects. These
management strategies are outlined in Table 7.

A high level of heterozygosity should be possessed
to prevent inbreeding and to ensure the founder
population has the maximum viability and fecundity
(Table 7). Eldridge et al. (2001) reported evidence of
high fecundity levels of recovering wheatbelt rock-wallaby
populations as a result of ongoing fox control. Johnson
et al. (1989) suggested a founder population of 10 to 20
pairs of breeding adults, or as many as can be managed
(Table 7). Translocations are deemed successful when
the founder population reaches at least 500 individuals
and is not being supported through human intervention,
such as food provisioning, and are self-sustaining
(Bolton, 1997). Although a minimum viable population
size of between 50 and 500 should be striven for, the
initial and subsequent management will be a significant
determinant of success (Johnson ez al., 1989).

Bolton (1997) states that conservation objectives have
rarely been specifically targeted in ecotourism. The
development of rock-wallaby tourism must be managed
to be sustainable and this can be achieved by identifying
the needs of tourists and employing successful methods
of stakeholder and site management that meet the
expectations of visitors and by ensuring conservation
benefits outweigh any negative impacts arising from
tourism activities.

Recreation and tourism management

Stakeholder liaison

Stakeholder cooperation is required and is particularly
important in the sustainability of rock-wallaby tourism.
Discussions with landholders, local shires and local
communities will need to be conducted regarding their
opinions on rock-wallaby tourism and how it might
impact on operational management and social and
economic development (Table 7). For example,
landholders may need to cooperate with fox baiting on
their property to ensure adequate predator control is
practiced.

Zoning and separation of visitors from
wildlife

The designation of specific recreation zones can be used
to concentrate wider recreational activities like picnicking
and can be set in areas that are separate from the outcrops
inhabited by rock-wallabies. This can reduce problems
associated with inadequate waste disposal. Different levels
of access can be planned within the reserve, for example
to allow only visitors on foot to enter the zone where the
rock-wallabies are located. At the same time sanctuary
zones can be designated to act as refuge areas, where
public access is either not encouraged or prohibited.

Public contact with translocated animals

No studies of human interaction with Black-flanked
Rock-Wallabies have been reported to date. Rock-

wallabies live in large communities and like other large
macropods tend to feel more secure when in larger
groups. Personal observations indicate Black-flanked
Rock-Wallabies are curious and only retreat if sudden
movements by humans are made or if they are
approached too closely. Kinnear (2000) observed that
Black-flanked Rock-Wallabies appear to adapt easily and
are generally tolerant of human presence.

Higginbottom ez al. (2001b) stated that visitor surveys
and subjective impressions indicated that getting close to
macropod species increased visitor satisfaction. If close
contact is desired as part of the tourism experience then
rock-wallabies may need to be deliberately habituated to
human presence. Higginbottom ez a/. (2001b) state this
can be achieved by repeated exposure to human visitors
who behave in a non-threatening manner. This includes
minimising noise and sudden movement, not approaching
too closely as well as curbing the approach if the animal
indicated a high level of alertness (eg. animal stands upright
and faces the visitor before fleeing). The process of
habituation is likely to reduce panic responses that result
in the separation of groups and especially adults from
young. It is also important that individuals do not flee
from sheltered sites as rock-wallabies that are displaced
from their rocky habitats may become more exposed to
predation. A deliberate habituation strategy should focus
on getting the animals accustomed to human presence by
slowly allowing the controlled presence of small groups
under close supervision. This would be best achieved via
exposure to humans at regular intervals in order to allow
the rock-wallabies to habituate to human presence. By
allowing animals to become habituated to visitors,
disturbance and potential stress can be reduced
(Higginbottom et al., 2001b).

Although close approach may be desired, a safety
margin of potential disturbance should be maintained
and visitors must not be allowed to approach the rock-
wallabies too closely. Changes in the natural behaviour
of rock-wallabies would need to be monitored in response
to human presence. If rock-wallabies are displaying
altered behaviour in relation to visitor presence, then
alternative arrangements such as viewing platforms and
hides may need to be considered to overcome this
problem.

The importance of educational programmes
as a management strategy

Shaw (1987) states an important function of wildlife
management is to provide opportunities for people to
experience and learn about nature through the provision
of information on wildlife and other environmental issues
(Table 7). Education is considered by Alcock (1991) to
be the most important strategy for managing wildlife. A
system needs to be in place so that the public can be
made aware of rock-wallaby biology and ecology, threats
facing Black-flanked Rock-Wallabies, and their
conservation.

Various interpretive techniques are available and
include the use of signs, guided tours and brochures.
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All forms of interpretation have advantages and
disadvantages and the effectiveness of the different
techniques will depend on both site and visitor
characteristics (Newsome ¢t al., 2002). Basic
interpretation dealing with the above issues could be in
the form of a visitor information stand located at the
site entry or take the form of smaller signs throughout
the reserve. Guided tours of rock-wallaby sites add the
advantages of personal contact. Organised tours can
be arranged for the times when the wallabies are active
by means of small tours on foot or spotlighting activities
at night. The success of such programmes, however,
is dependent on the availability of informed and effective
interpreters.

In the case of spotlighting tours, visitor satisfaction
can be increased if spotlights are of a low intensity to
prevent the dazzling and blinding eftects of bright lights.
Guides and tour operators are in a strong position to
manage the use of lights (Newsome et al. 2005).
Spotlights can be provided to visitors for safety reasons
but the visitors should be discouraged from using
spotlights on rock-wallabies. Hides and viewing areas
can be utilised to concentrate use, for example in the
case of Avon Valley National Park, a platform already
overlooks an area of complex boulder formation, and, if
rock-wallabies colonised this area, visitors could be
encouraged to bring binoculars to view the rock-wallabies.

Waste Disposal

Inadequate disposal of litter should be dealt with as rock-
wallabies are generalists and Mareeba Rock-Wallabies
(P mareeba) have been known to feed on discarded food
items including oats, bread, carrots, spaghetti, lettuce,
chips, apples, breakfast cereals and potato peels
(Hodgson, 1998) (Table 7). None of this foodstuft is
the natural food source of rock-wallabies and may cause
nutritional problems and disorders of the digestive
system. Additionally, rock-wallabies captured in Kokerbin
Rock were found with cut feet from broken glass
(Moncrieft, 2000). Rubbish bins should be provided at
the site if picnicking is allowed and interpretive signs
should be erected detailing the negative effects of littering
and feeding of wildlife.

CONCLUSION

In 2001, 50 rock-wallabies were translocated to Avon
Valley National Park. This site is advantageous for both
conservation and tourism, as it is located away from the
current colonies. Avon Valley National Park has the
benefit of being a site of past occurrence and is currently
fox baited. The Park is also an established recreation
destination and possesses campsites and walk trails along
with other facilities. Other Western Australian
translocations of Black-flanked Rock-Wallabies include
reintroductions to Paruna Sanctuary (2001), Walyunga
National Park (2002) and more recently Cape Le Grand
National Park (2003). This study therefore provides an

M. Davies et al.

important insight into the factors that need to be
considered in conserving vulnerable species using wildlife
tourism, and has the potential to be used as a model for
other projects of this nature.
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ABSTRACT

The former and current distribution of the quokka,
Setonix brachynrus, was mapped from published and all
available unpublished records. At the time of European
settlement the quokka was widespread and abundant and
its distribution encompassed an area of approximately
41 200 km? of south-west Western Australia inclusive of
two offshore islands, Bald Island and Rottnest Island.
Historical reports indicated an extensive population
decline occurred in the 1930s. The decline continued,
with a previously undocumented decline apparent in the
period from 1980 to 1992. However, this decline may
be an artefact of the time scales used for mapping and
may well equate with a previously reported decline for a
suite of south-west mammals in the 1970s. By 1992 the
quokka’s distribution had been reduced to an area of
approximately 17 800 km?. An increased awareness of
the presence of the quokka on the mainland has resulted
in numerous reportings of quokka presence since 1992,
has confirmed the existence of several populations at the
northern extent of the quokka’s known geographic range
and indicated the current, 2005, distribution to be similar
to that in 1992. However, survey and population
estimates at six of these mainland locations from the
northern jarrah forest indicated low abundance. There
have been no population estimates elsewhere on the
mainland. Two populations have been reported from
the Swan Coastal Plain, but neither has been confirmed
extant.

Predation by the introduced fox, Vulpes vulpes, is
implicated as a major cause of the quokka’s initial decline,
while ongoing predation, habitat destruction and
modification through altered fire regimes have
contributed to the continued decline.

Specific conservation management actions are
recommended, namely: (i) Implementing an active
adaptive management program in the northern jarrah
forest to determine quokka population response to
habitat manipulation through the use of fire, fox baiting
and pig control; (ii) Surveying the Stirling Range and
Green Range populations with emphasis placed on
determining population size and population genetic
structure; (iii) Surveying the reported occurrences from
the Swan Coastal Plain, with emphasis on unambiguously
determining presence. If confirmed, priority should be
directed to assessing population size and determining
the management requirements to ensure persistence of
the population; (iv) Surveying southern forest and south
coast populations to assess quokka population size, the
extent of movement between subpopulations and
assessment of the range of habitat types used by quokkas.
The latter should be combined with spatial analyses of
known extant populations and suitable and potentially
suitable habitat; (v) Determining the role of fire in
establishing and maintaining preferred habitat of southern
forest and south coast populations; and (vi) Establishing
a program to assess the potential effects from
management operations.

Keywords: quokka, Setonix brachyurus, distribution, fox
predation, fire, adaptive management

INTRODUCTION

The quokka, Setonix brachywrus (Macropodidae:
Marsupialia) (Quoy & Gaimard 1830) is a small to medium
sized macropodid marsupial, endemic to the mainland of
south-west Western Australia and two offshore islands —
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Bald Island, east of Albany and Rottnest Island, 20km
west of Perth (Fig. 1). Adult males range in weight from
2.7 to 4.2 kg and adult females from 1.6 to 3.5kg
(Hayward et al. 2003; Kitchener 1995). The quokka is
known to the Aboriginal, or Noongar, people of south-
west Western Australia by a range of names including
‘Ban-gup’, ‘Bungenp’, ‘Quak —a’ (Gould 1863;
Shortridge 1909), ‘kwoka’ and bangop’ (Abbott 2001a).

The quokka was the second Australian marsupial
recorded by Europeans, the first appears to have been
Francis Pelsart’s description of the Tammar Wallaby from
the Houtman Abrolhos on 1629. The first European
record of a quokka is attributed to Samuel Volckertzoon
(or Volckersen) who, in 1658, when visiting the then
un-named Rottnest Island off the coast near Perth,
described the quokka as ‘a wild cat resembling a civet-
cat but with browner hair’ (Alexander 1914). In 1696
when Willem de Vlamingh visited the island he described
the quokka as ‘a kind of rat as big as o common cat’
(Alexander 1914). He named the island Rottenest (now
Rottnest), meaning rat’s nest. The quokka is often
erroneously reported by local media as occurring only
on Rottnest Island. Its presence on the mainland was
described in 1957 as largely unreported (Barker et al.
1957) and it is still widely thought of as only occurring
on Rottnest Island.

P.J. de Torres et al.

At the time of European settlement of south-west
Western Australia, the mainland distribution of the
quokka was thought to extend from the Moore River
district 80-100 km north of Perth (Baynes 1979), to
areas south and south-east of Perth at locations within
the Swan Coastal Plain, the jarrah, Eucalyptus marginata,
and karri, E. diversicolor, forests south-cast of Perth, the
Cape Leeuwin—Cape Naturaliste region, the south coast
and cast to the Hunter River cast of Bremer Bay (Baynes
1979; Baynes ct al. 1975; Glauert 1933; Kitchener 1995;
Ride 1970) (Fig. 1). In addition to the Rottnest Island
and Bald Island populations, quokkas were reported from
Breaksea Island, near Albany (Western Australian
Museum records), “T'win Peak’ Island and other off shore
islands near Esperance (Shortridge 1909). Subsequent
references to the quokka’s historic distribution on the
mainland, at or prior to the time of European settlement,
have included the south coast of Western Australia as far
cast as Esperance (Shortridge 1909; Troughton 1965).

This inferred former distribution was based on the
above reports and location records. All location records
were within four biogeographical regions, or bioregions,
asidentified in the Interim Biogeographical Regionalisation
for Australia (IBRA) (Thackway & Cresswell 1995),
namely the Swan Coastal Plain, the Jarrah Forest, the
Warren and the Esperance Plains bioregions (Fig. 1).
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¥ the Interim Biogeographical Regionalisation for Australia
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Various authors have expressed concern at the extent
of the quokka’s decline from this inferred historic
distribution and attributed different levels of threat to its
conservation status. Clarke (1948) suggested the quokka
was almost confined to Rottnest Island. White (1952),
although noting there was a misleading impression of
rarity on the mainland, conceded the quokka was
becoming less abundant there. Loaring (in Serventy et
al. 1954) believed quokkas had vanished from their fully
haunts’ in the Darling Plateau by the 1920s. Sharman
(1954) noted the quokka appeared common only on
Rottnest and Bald Islands with isolated colonies at some
mainland sites.

Barker et al. (1957) cited a 1957 newspaper article
which suggested the quokka was extinct on the mainland.
That report generated interest in quokka populations,
and in the same year, led to the confirmation of the
presence of a small colony of quokkas near Byford,
immediately south of the Perth metropolitan area (Barker
ctal. 1957). Hart et al. (1986) and similarly Perry (1973)
also noted there was a widely held, yet incorrect, belief
the quokka had become extinct on the mainland after
the population crash of the 1930s. This collapse of quokka
populations on the mainland in the 1930s is widely
reported and Ride (1970) recorded, prior to this collapse,
that the quokka was common in the south-west and
populations were sufficiently abundant for quokka
shooting to be a ‘familiar sport’.

Serventy (in Serventy et al. 1954) reported an
apparent increase in quokka numbers in the Darling
Range and Manjimup areas in the early 1950s. However,
this seems to be contradicted by reports from Loaring
and Glauert (also reporting in Serventy et al. 1954).
Dell (1983) believed Serventy’s (1954 ) reported increase
in numbers of the quokka and other species could not
be substantiated and was an artefact of an increased
awareness by observers. How et al. (1987), when
reporting on a vertebrate fauna survey for the area
between Busselton and Albany, believed quokka
populations had persisted on the mainland but were
rapidly diminishing.

In an attempt to quantify the conservation status and
causes of decline for a suite of macropod species, Johnson
et al. (1989) concluded the quokka had experienced a
substantial (85-90%) decline in its geographic range on
the mainland. These authors identified the quokka as
warranting a high priority for conservation management.

The quokka is currently listed as a Threatened Species,
in the sub-category Vulnerable, pursuant to the World
Conservation Union (IUCN) Red List of Threatened
Species (Hilton-Taylor 2000). It is listed nationally as
Threatened Fauna, in the sub-category Vulnerable,
pursuant to the Commonwealth of Australia’s
Environment Protection and Biodiversity Conservation Act
1999 (EPBC Act) criteria for Vulnerable. In 1996 it
was placed on the Western Australian list of ‘fauna which
is vave or likely to become extinct’ pursuant to Section
14(2)(ba) of the Western Australian Wildlife
Conservation Act 1950.

This paper reviews the distribution of the quokka,
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assesses the probable causes of the species decline and
proposes specific conservation management
recommendations. The conservation status is reviewed
in a forthcoming publication.

METHODS

Distribution maps and terminology

Location records for the quokka were obtained from
published and unpublished accounts of fossil, subfossil
and surface cave deposits, published and unpublished
records of distribution/presence, database records of
the Western Australian Museum (WAM), database
records of the Australian Museum, database records of
the Western Australian Department of Environment and
Conservation (DEC, formerly the Department of
Conservation and Land Management, CALM) (CALM
unpublished; Gilfillan unpublished). Additional
information on WAM records was supplied by Norah
Cooper (pers. comm. to PJdeT)! and additional sub-
fossil records were obtained from searches of the
uncatalogued collection of the Palacontology and
Anthropology Sections of the Western Australian
Museum (E. Jefferys pers. comm. to MWH)?.

Records of presence were provided from our
previously unpublished field survey and trapping data
from the early 1970s to 2002 with additional detailed
data from the period 1992 to 2002 from trapping at six
locations within the northern jarrah forest — Gervasse
Forest Block, Rosella Road, Albany Highway (Travellers’
Arms Site), Holyoake Swamp, Kesners Swamp and Lewis
(Wild Pig) Swamp (Fig. 1.). Field survey considered
quokkas to be present at a site if confirmed through
trapping, recent roadkills or by the presence of scats
within characteristic runways in densely vegetated areas
considered typical of quokka habitat (see Barker et al.
1957; Christensen et al. 1985; Christensen & Kimber
1975; Dillon 1993; Kitchener 1995; Maxwell et al. 1996;
Sinclair 1999). The presence of scats in open areas and
away from characteristic runways, was considered
insufficient to infer presence (Alacs et al. 2003).

Locations from all sources were mapped using the
geographic information system (GIS) software ArcGIS
(ESRI 1999-2004). Location records were excluded
when they were unable to be validated and/or if not
supported by location co-ordinates, or if location co-
ordinates could not be determined. The inferred pre-
European distribution (inclusive of sub-fossil records)
was mapped from these records, as was the distribution
at six subsequent times, namely at the time of European
settlement, at 1920, 1950, 1980, 1992 and 2005. The
inferred distribution at the time of European settlement
and at 1920 pre-dates arrival of the fox and the first
evidence of fox predation in south-west Western Australia.
The 1950 distribution includes records from 1921 to

1 Norah Cooper: Curator of Mammals, Western Australian Museum, Perth
2 Elizabeth Jefferys: University of New South Wales
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1950. The 1980 distribution includes records from 1951
to 1980. The 1992 distribution includes records from
1981 to 1992. The 2005 distribution is inferred from
records post 1992, where populations were verified or
where there was no evidence to indicate previously known
populations had not persisted. These time frames allow
quantitative and visual assessment of the decline from
the pre-European distribution. Our use of the term ‘pre-
European distribution’ is synonymous with the term
‘original distribution’ as used by Baynes (1987). The
current (2005) distribution was also mapped to depict
density of sighting and location records. Density
categories were derived through kernel analysis in
ArcGIS. Densities reflect the density of sighting /location
records and do not necessarily equate with population
densities.

Areas surveyed, population estimates and
survivorship

Estimates of population size were obtained from
published accounts and our previously unpublished
survey and trapping records at locations within the
northern and southern jarrah forests, where the northern
jarrah forest is broadly defined as the jarrah, marri and
wandoo forests north of the Preston River (Fig. 1). The
southern forest is broadly defined as the jarrah, marri,

P.J. de Torres et al.

karri, tingle and wandoo forests south of the Preston
River, north and west of the Frankland River. The south
coast refers to the area east of the Frankland River (Fig.
1).

The Gervasse site (Fig. 1) is subject to an ongoing
monitoring program (capture-mark-release-recapture)
and capture data were analysed for eleven trapping
sessions conducted in June/July 1992, March 1993,
June /July 1993, January 1994, August 1994, April 1995,
January 1996, January 1997, February 1998, March
1999 and February 2000. To enable comparison with
population estimates from five other northern jarrah
forest sites (Hayward et al. 2003), estimates of population
size from the Gervasse site were derived from the ‘death
but no immigration’ Jolly-Seber (JS) model using the
software interface modified to accommodate unequal
time periods between trapping sessions (Barker &
McGlinchy 2001).

‘Known to be alive’ (KIBA) estimates were also
derived for the Gervasse site, where an animal trapped
at trapping session t ,, not trapped at t =~ and
subsequently trapped at ¢, is assumed to be alive at
t, The number of captures at the other five sites
reported from the northern jarrah forest was too low to
derive an estimate of, or index to, population size. Where
presence was confirmed, data from these sites are reported
as the total number of individuals trapped.
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RESULTS

Records of occurrence

Fossil and subfossil records are shown in Table 1,
Australian Museum records in Table 2, published records
in Table 3, unpublished records (from various sources)
in Table 4, unpublished records from the Department
of Conservation and Land Management databases, now
Department of Environment and Conservation (DEC)
(CALM unpublished; Gilfillan unpublished) in Table 5.
Our previously unpublished location data for extant
populations are shown in Tables 6 and 7. All records
were mapped and shown in Fig. 2. Data from the
Western Australian Museum (Kitchener & Vicker 1981)
and additional WAM records (WA Museum database
records; pers. comm. from E. Jefferys; pers. comm.
from N. Cooper) are presented in mapped form only.
Five of the records unable to be validated or unable to
be confirmed are shown in Table 8. These records are
also mapped in Fig. 2, but excluded when inferring
distribution. The population translocated to a predator-
proof fenced sanctuary (Karakamia Sanctuary, east of
Perth) is also listed in Table 8 and mapped in Fig. 2,
but also excluded from inferred distribution, as is the
captive colony formerly housed at the University of
Western Australia and the location of a failed
translocation — the Harry Waring Marsupial Reserve,
Jandakot (Short et al. 1992). Two unconfirmed records
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(Muddy Lake, south of Bunbury and a Water
Corporation reserve near Dunsborough) are also listed
in Table 8 and mapped in Fig. 2, but excluded from
inferred distribution mapping.

Estimates of population size and
survivorship

The “deaths but no immigration’ Jolly-Seber estimate of
population size for Gervasse was 49 +7.9 and is shown
in Table 7, as are results from opportunistic trapping
programs initiated to determine presence at five other
sites. Known to be alive (KTBA) estimates for the period
1992 to 2000 for the Gervasse population are shown in
Table 9.

DISTRIBUTION

Distribution pre European settlement

There is no evidence to suggest the quokka has extended
its distribution since European settlement and all
published and unpublished accounts imply a progressive
contraction of this distribution. Therefore, distribution
pre-European settlement is inferred from current and
historically known location records and from subfossil
records and is shown in Fig. 3. The age, i.e. sub-fossil,
of the Hasting’s Cave deposits east of Jurien Bay (Table 1
and Fig. 2) indicate this to be the northern extent of the

-
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Figure 3: The inferred distribution of the quokka,
Setonix brachyurus, pre European settlement

and at five subsequent time periods, 1920, 1950,
1980, 1992 and 2005. The distribution at all time
periods includes Rottnest Island and Bald Island.
The broken line indicates the 700mm rainfall isohyet,
the solid line indicates the 1000mm rainfall isohyet.
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quokka’s pre-European distribution, as concluded by
Baynes (1979). Sub fossil deposits at Yanchep (Merrilees
1965) and the series of deposits from Perth to Jurien
Bay (E. Jefferys pers. comm. to MWH) indicate this
distribution was continuous. The Hunter River record
(Kitchener & Vicker 1981), east of Albany is the eastern
most record. Therefore, the inferred pre-European
extent of occurrence on the mainland extends from Jurien
Bay, southward through the Swan Coastal Plain, the
jarrah and karri forest areas, the Leeuwin-Naturaliste
region, the south coast and east to the Hunter River,
cast of Albany. This distribution encompassed an area
of approximately 44 300 km?, inclusive of Rottnest Island
(15.5 km?) and Bald Island (7.8 km?). This area is
exclusive of Breaksea Island, North Twin Peak Island
and South Twin Peak Island and exclusive of the south
coast, east of the Hunter River, considered by Shortridge
(1909) to be within the quokka’s original distribution.

The two records from Breaksea Island are from skulls
collected by Ian Abbott® in 1975 (Kitchener & Vicker
1981). There have been no further records from
Breaksea Island and the true origin of these skulls is
unclear. The skulls may be sub-fossil specimens
representing a natural population which subsequently
died out after it became isolated on the Breaksea peninsula
when it was separated from the mainland approximately
7 000 years ago (Ian Abbott pers. comm. to PJdeT).
Alternatively, explanations (as proposed by Ian Abbott,
pers. comm. to PJdeT) include: (i) quokkas still occur
on Breaksea Island but have been overlooked; (ii) sealers
known to have been operating in the area from the 1790s,
and/or Noongar women held captive on the Island,
caught quokkas on the mainland and left their remains
on Breaksea Island. This is supported by historical
records which refer to sealers marooning Noongar
women on islands; and (iii) residents on the Island,
including a lighthouse keeper present there from 1858,
or other visitors, attempted and failed to establish a
quokka population on the Island.

Recent work examining the effect of weeds on nesting
seabirds has involved considerable time traversing all
vegetation types on Breaksea Island and has failed to
detect any sign of quokka activity or presence and studies
examining sub-fossil remains of seabirds have not
identified fossil or subfossil quokka remains (Peter
Collins, pers. comm. to PJdeT)*. Although quokka
remains may have been overlooked (Peter Collins, pers.
comm. to PJdeT), there seems to be insufficient evidence
to include Breaksea Island within the original distribution
of the quokka.

Shortridge (1909) provided the sole reference to
quokka presence on “Twin Peak Island’, presumably
referring to either North Twin Peak Island or South
Twin Peak Island in the Recherche Archipelago, off the

3 lan Abbott: Science Advisor and Senior Principal Research Scientist,
Western Australian Department of Environment and Conservation, Science
Division, Kensington

4 Peter Collins: Fauna Conservation Officer, Western Australian Department
of Environment and Conservation, South Coast Region, Albany
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coast at Esperance. Glauert (in Serventy et al. 1954)
described the quokka as plentiful on Rottnest Island and
some islands off the south coast’. However, there are no
other records of occurrence of the quokka from the
islands off Esperance and numerous authors (Abbott &
Burbidge 1995; Burbidge 1977; Calaby 1971; Glauert
1933; Maxwell et al. 1996; Sharman 1954; Waring 1956)
list the quokka as present on only Rottnest Island and
Bald Island. Quokka presence was not recorded on any
of the islands in the Recherche group by Serventy
(1953), however, the tammar wallaby, Macropus eugeni,
was recorded as plentiful on Middle Island and North
Twin Peak Island. Similarly, Kabay and Start (1976) were
unable to confirm presence of quokkas on either North
or South Twin Peak Island when they surveyed both
islands in 1976. The tammar and quokka do not occur
sympatrically on any island and various hypotheses have
been forwarded to explain this (see Clarke 1948; Main
1961; Serventy 1951; Serventy 1953). The most
parsimonious explanation for the lack of sympatric
occurrence is that the small to medium size insular
macropod fauna is determined by the climatic conditions
at the time of separation from the mainland, with
persistence determined by continued availability of
suitable habitat. Where islands are small, inter-specific
competition operates and one species only will persist.
Main (1961) hypothesised an island area in excess of six
square miles was necessary to support a single species
of small macropod. This hypothesis is consistent with
the occurrence of tammars only on Garden Island and
quokkas only on Rottnest Island. It is also consistent
with the presence of quokkas only on Bald Island.

Given the size of North and South Twin Peak Island
and the presence of the tammar on North Twin Peak
Island, it is unlikely the quokka also occurred there. The
“Twin Peak Island’ record of Shortridge (1909) therefore
appears to be spurious and we believe the record is a
reference to the tammar wallaby, presumably from North
Twin Peak Island. Thus, we have interpreted the pre-
European distribution of the quokka to be exclusive of
the islands of the Recherche and exclusive of the south
coast, east of the Hunter River. The absence of quokkas
from the fossil and sub fossil records from this region is
consistent with this inferred distribution.

The inferred pre-historic distribution is not different
from the inferred distribution, pre-European settlement.
Although abundant in the fossil record dating to the
Pleistocene (Balme et al. 1978) (Table 1), the quokka
appears to have been restricted to the south-west corner
of Australia. The mainland population was presumably
split by rising sea levels, with the Rottnest Island
population separated between 6 000 and 8 000 years
before present (BP) (Churchill 1959). The Bald Island
population was separated almost 10 000 years BP (Storr
1965).

Quokka fossil deposits from Devil’s Lair were dated
to 35 000 years BP (Balme et al. 1978), although more
recent techniques suggest an age in excess of 40 000
years (Turney et al. 2001) (Table 1). Balme et al. (1978)
concluded quokkas became increasingly abundant from
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32 000 years BP, then showed a slow decline, followed
by an increase in abundance. The peak in abundance
coincided with a wetter but cooler climate and the period
of decline coincided with a period of intense aridity,
relative to present conditions. Despite these variations,
the quokka was still one of the most abundant species
throughout the Devil’s Lair deposits (Balme et al. 1978).
Balme et al. (1978) concluded the persistence of the
quokka throughout this period of climatic variation
implies a continuous presence of thickly vegetated
watercourses and forest, although the forest species
composition may have changed. Importantly, the post-
glacial period of aridity experienced in other parts of
southern Australia was not as severe in the south-west
corner of Australia, thus allowing forest dwelling
mammals to persist (Balme et al. 1978).

Distribution at the time of European
Settlement

The inferred distribution at the time of European
settlement is shown in Fig. 3. Published and unpublished
reports (Table 3 and 4) indicate the quokka was locally
abundant and the distribution encompassed an area of
approximately 41 200 km?. This indicates a relatively
minor southern contraction from the pre-European
distribution.

With the exception of records north and north-east
of Albany, including the Stirling Range National Park,
the distribution follows the pattern of rainfall, with records
of occurrence confined to areas now receiving an average
annual rainfall of 700 mm or more (Fig. 3). Although
the distribution is shown as continuous, the Stirling Range
and Green Range populations are isolated from all other
south coast populations. The Stirling Range population
may be in an area of higher rainfall (see climatic
influences, below).

Distribution at 1920

The inferred distribution at 1920 shows no contraction
from that at the time of European settlement (Fig. 3).

Distribution at 1950

The inferred distribution at 1950 is shown in Fig. 3
encompasses an area of occurrence of approximately
37 800 km? and shows a contraction from that at 1920.

Reports of quokka abundance prior to the mid 1930s
contrast to later reports (Tables 3 and 4). Prince (1984)
included the quokka amongst the species of kangaroos
and wallabies commercially exploited in the first 30 years
of the 20" century. Records of the specific number of
quokkas harvested were not kept and harvests of the
quokka and the tammar wallaby were combined with
other small macropods. Potential commercial exploitation
of the quokka ceased in 1952, with proclamation of the
Fauna Protection Act of 1950 (Prince 1984). As none
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of these harvests was from Rottnest Island (R.I.T. Prince,
pers. comm. to PJdeT)?, the implication is the quokka
was sufficiently abundant on the mainland in the early
part of the 20™ century to enable it to be commercially
exploited. These harvested animals were in addition to
the large number of quokkas shot in locally organized
‘quokka shoots’which occurred in the 1940s (Les Wilson,
pers. comm. to PJdeT) and it seems the quokka was
widespread and abundant prior to the 1930s, albeit in
restricted habitat (Gould 1863; Perry 1971; Perry 1973;
Shortridge 1909; White 1952). Long-term residents from
the Northcliffe area (pers. comm. to PJdeT) reported
that in the 1930s, and perhaps into the 1940s, quokkas
regularly browsed in pasture well away from areas of
restricted creekline habitat. Further evidence indicating
the quokka was at high density prior to the decline in
the 1930s is provided by the 1933 proclamation of the
quokka as ‘vermin’ pursuant to the Vermin Act, 1918
(Government Gazette of Western Australia 1933).

The subsequent decline is reported anecdotally only.
This decline is also only partially reflected by the decline
in inferred distribution at 1950 (Fig. 3) which shows
only a moderate southward contraction from the inferred
distribution at 1920. Populations were still present, or
inferred by subsequent ediscoveries’to have been present,
as far north as the Perth metropolitan area. No westward
contraction in range is apparent and similarly, populations
persisted on the Swan Coastal Plain. Although the
distribution at 1950 shows only a moderate contraction
from 1920, the number of known locations clearly
declined and abundance at each also appears to have
declined. Quokkas may have persisted as far east as the
Hunter River area, east of Albany. However, supportive
evidence is provided by one WAM registered specimen
record only, collected in 1970 (Kitchener & Vicker
1981). The specimen is a part of a mandible (Norah
Cooper, pers. comm. to PJdeT), is undated and may be
considerably older than the collection date implies. Thus,
the westward contraction may have commenced prior
to the collection date of the Hunter River specimen and
the eastern extent of the distribution at 1950 (and 1980,
see below) may have extended no farther than the
Waychinicup Bay/Waychinicup National Park and Green
Range area (Fig. 3).

Distribution at 1980

The inferred distribution at 1980 is shown in Fig. 3 and
shows no contraction from that at 1950. However, as
for the pattern of decline described at 1950, records
indicate the number of known populations had decreased
and most published accounts referred to the quokka as
rare on the mainland (Table 3).

Distribution at 1992

The inferred distribution at 1992 is shown in Fig. 3
encompasses an area of approximately 17 800 km? and

5 R.L.T. (Bob) Prince: Senior Research Scientist, Western Australian Department of Environment and Conservation, Science Division, Woodvale

6 Les Wilson: long-term resident of the Northcliffe area.
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shows a marked contraction from the distribution at
1980. With the exception of a recently reported
rediscovery at Muddy Lake, south of Bunbury (Dell &
Hyder-Griffiths 2002) (Table 4) and an unconfirmed
record from the Dunsborough area (Table 8), the last
records from the Swan Coastal Plain are from 1961 from
Bibra Lake, at the southern outskirts of the Perth
metropolitan area (Kitchener & Vicker 1981) and from
1975 and 1976 from the Bunbury/Muddy Lake arca
(Table 4) (Hart et al. 1986; Kitchener & Vicker 1981).
The last confirmed record from the Cape Leeuwin—Cape
Naturaliste area is from 1979 from Wardanup Hill, south
of Dunsborough (Kitchener & Vicker 1981).
Populations were present, or inferred as still present
by subsequent ‘rediscoveries’, at Churchman Forest Block,
within 10 km of the Perth metropolitan area. Exclusive
of Bald Island, the eastern most records are from the
Waychinicup National Park area east of Albany and Green
Range, northeast of Albany. The Stirling Range
population(s) is shown as isolated from other south coast
populations and may have been isolated prior to 1992.
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Current distribution

The inferred current distribution is shown in Figs 3 and
4 and is unchanged from 1992.

Trapping in 1995-96 in the Dwellingup and
Manjimup areas at sites known to support quokka
populations in the 1990s failed to confirm presence at
numerous sites (Dillon 1996) (Table 10). With the
exception of the unconfirmed records from Muddy Lake
and Dunsborough, quokkas are now considered absent
from the Swan Coastal Plain. The skull collected at Muddy
Lake (Dell & Hyder-Griftiths 2002) in September 2002
has no associated soft tissue and is not aged (Norah
Cooper, pers. comm. to PJdeT). Its collection date does
not necessarily infer presence of an extant population at
the time of collection. Quokka presence is otherwise
only inferred at this location by the presence of runways.
There is an unconfirmed report of quokka occurrence
from a Water Corporation managed reserve in the
Dunsborough area and unsubstantiated anecdotal reports
of presence in the Cape Leeuwin—Cape Naturaliste area.

4 ™
Figure 4: The inferred current (2005) distribution
PERTH of the quokka, Setonix brachyurus, showing
density of location / sighting records. The solid
7:. line indicates the 1000mm rainfall isohyet.
Rottnest Island B
%
Density of location / sighting records
Dwellingup |:I Presumed absent
I:I Lowest density
- Highest density
Manjimup / Stirling Range Mational Park,
Bald Island
Walpole-Mornalup National Park Waychinicup National Park
0 50 100 200
+ 1 1 ] 1 ]
— ! T T T 1
Kilometres
. A

Figure 4. The inferved curvent (2005) distribution of the quokka, Setonix brachyurus, showing density of location / sighting
records. The solid line indicates the 1000mm rainfull isobyet.
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Presence of suitable habitat and anecdotal reports suggest
quokkas may also still occur in the lower catchment of
the Blackwood River, north-east of Augusta (Roger
Hearn, pers. comm. to PJdeT)”. Data unavailable for
this review and referred to by Liddelow (2006) indicated
several populations may occur west of Nannup. The
current inferred distribution (Fig. 3) includes these
records, however the pattern of these records of
occurrence combined with sites also examined by
Liddelow (2006) where quokkas were previously known
to occur and are considered to no longer occur, suggest
this western forest margin may be experiencing the same
decline detected in the northern jarrah forest.

The most northerly records from the Darling Plateau
are from Churchman Forest Block, approximately
10 km south-east of the Perth metropolitan area (Table
4). The confirmed sites from the northern jarrah forest
extend in a narrow band along the Darling Plateau and
are bounded by the 1 000 mm annual rainfall isohyet
(Fig. 3). There are no confirmed records of extant
populations between Collie (Davis Forest Block) and
Nannup (Boronia, Gregory and Helms forest blocks)
(Table 6, Fig. 3). With the exception of the records
from Boronia Forest Block and records east of Nannup
(Liddelow 2006), the Nannup population(s) and forest
populations farther south are also almost entirely within
the 1 000 mm annual rainfall isohyet (Fig. 3). The most
casterly mainland records are from the south coast
near Waychinicup National Park, east of Albany, from
presence inferred by collection of hair from Green
Range north-north-east of Albany (J.A. Friend, pers.
comm. to PJdeT)® and from the Stirling Range
National Park, northeast of Albany. As depicted by
the inferred distribution at 1992, the Stirling Range
and Green Range population(s) appear to be, and may
always have been, isolated from other south coast
populations.

Figure 4 shows the current inferred distribution based
on records of occurrence from 1992 to present. The
density gradient depicted (Fig. 4) reflects the density of
sighting /location records. It does not necessarily reflect
population densities and the nodes of inferred high
population density are, to some extent, likely to be an
artefact of proximity to townsites and local interest in
reporting sightings.

DISCUSSION

Distribution and population estimates

The contraction of distribution has been greatest from
the northern extent of the geographic range and from
the Swan Coastal Plain. The northern-most known extant
population is approximately 10 km south-east of Perth.
With the exception of the unconfirmed records from
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Muddy Lake and the Water Corporation reserve near
Dunsborough, the quokka is now considered absent from
the Swan Coastal Plain and the Cape Leeuwin—Cape
Naturaliste area and occurs only as far east as
Waychinicup National Park (Figs 2 and 3).

Surveys aimed at determining presence in forest areas
since the early 1970s have confirmed quokka populations
from the northern (Dwellingup) and southern
(Manjimup) forest areas are patchy and discontinuous.
The known northern limit of the present distribution
was extended in 1995 by discovery of a population near
Jarrahdale (Rosella Road) (Tables 6 and 7), in 1996 by
re-discovery of a population north-east of Jarrahdale
(Albany Highway/Travellers’ Arms) (Tables 6 and 7)
and in 2001 and 2002 by discovery of populations within
Churchman Forest Block, 10 km south-east of the Perth
metropolitan area (John Liddington, pers. comm. to
PJdeT, Table 4)°. Although there are in excess of 40
records of occurrence in the northern jarrah forest post
1992 (Tables 3, 4, 5, 6 and 7), several of these records
of occurrence may constitute a single population. Equally
importantly, confirmation of presence does not equate
with persistence of a population. Figure 4 should
therefore be interpreted cautiously, as each sighting/
location record does not necessarily reflect a separate
population and the density gradient depicted reflects the
density of location/sighting records, not population
density. Although the nodes which depict highest density
in the southern forest, near Manjimup, and the south
coast, near Walpole-Nornalup National Park, concur with
our observational and unquantified survey data which
suggest these areas support the highest density
populations (exclusive of Rottenest Island), these nodes
also reflect proximity to townsites or areas where there
is local interest in reporting sightings. Therefore, the
high density nodes are also likely to reflect the level of
local survey effort and the level of local interest in
reporting sighting records. They should not be seen as
quantified estimates of abundance.

Estimates of abundance were available from six sites
only, rarely reported more than twenty to thirty individuals
and often comprised considerably fewer (Table 3 and
7). The Gervasse population is the only known
population shown to support in excess of forty individuals
(Table 7). The northern-most sites appear to be at
critically low density. The Rosella Road population is
thought to be at risk of local extinction (Hayward et al.
2003). The Wild Pig Swamp (Lewis Swamp) site
supported quokkas in the early 1990s (Dillon 1993),
however despite the evidence of fresh activity, trapping
failed to confirm quokka presence when trapped in 1995
(de Tores, Dillon, Tomkinson and Buchrig, Tables 6
and 7) and in 1998-2000 (Hayward et al. 2003). The
Holyoake site is thought to be locally extinct (our data
and Hayward et al. 2003).

Results from published accounts (Christensen et al.

7 Roger Hearn: Regional Ecologist, Western Australian Department of Environment and Conservation, Manjimup
8 J.A. Friend: Principal Research Scientist, Western Australian Department of Environment and Conservation, Science Division, Albany

¢ John Liddington: Water Authority of Western Australia, Armadale
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1985) and our trapping surveys (Tables 6 and 7) have
consistently returned low capture rates from these forest
areas. Capture rates of 0.3 (Dillon 1993) and 0.07 to
0.99 (Hayward et al. 2003) quokkas per 100 trap nights
for sites in the Dwellingup area and 1.2 per 100 trap
nights over three sites north of Dwellingup (Sinclair
1999), are representative of trapping success at these
low density sites.

Hayward et al. (2003) believed the northern jarrah
forest population formerly constituted a functional
metapopulation which is now under threat of collapse.
Collapse of this metapopulation, or collapse of the
remaining catchment-confined populations, would result
in a considerable contraction of the quokkas’ distribution.
Given the lag time required to detect a decline in a
population, we believe there is an urgent need for a
coordinated and site-prioritised monitoring program at
known quokka sites and appropriate quantitative analyses
of monitoring results (see section on management
recommendations).

An additional series of surveys has been conducted
post collation of the data reported here (Graeme
Liddelow!'® and Alan Wright!!', pers. com. to PJdeT)
and indicate presence of quokkas at numerous additional
locations within the southern forest and northern jarrah
forest. However, no data were collected on population
size or movement between populations. The likelihood
of persistence of these populations is unknown.

Habitat use

Hayward (unpublished, reported in summary in de Tores
et al. 2004) concluded all extant northern jarrah forest
populations were associated with creeklines characterised
and dominated by the ti-tree, Taxandria linearifolin
(formerly Agonis linearifolin), and further concluded
quokka populations from the northern jarrah forest are
restricted to areas supporting a structural mosaic of burnt
and unburnt vegetation. These findings concur with
records from the mid 1970s to 2002 (our records,
various unpublished accounts and confirmed sightings).

Hayward (unpublished, reported in summary in de
Tores et al. 2004) also examined 66 sites in the northern
jarrah forest to assess quokka presence/absence. General
Linear Modeling (GLM) and model selection through
use of a mixed approach of stepwise removal of variables
and the Information-Theoretic approach and Akaike
Information Criterion (AIC) (Burnham & Anderson
2002) was used to identify the ‘best’ model to describe
the preferred habitat of the quokka. We do not advocate
this mixed approach and recommend use of the
Information-Theoretic approach and selection from a
set of & priori candidate models for any further analyses.

From the mixed approach, three models equally well

1 Graeme Liddelow: Senior Technical Officer, Western Australian Department
of Environment and Conservation, Science Division, Manjimup

1 Alan Wright: Nature Conservation Officer, Western Australian Department
of Environment and Conservation, Swan Region, Jarrahdale
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described the preferred habitat. The explanatory variables
of the preferred models were:

(1)  the number of 1080 meat baits delivered per hectare
(an increased number of baits was correlated with
quokka presence);

(ii) the average age of the swamp in terms of years
since last burn (there was a positive correlation
between years since last burn and quokka presence);

(iii) a habitat factor score (NJF4) (characterised by
possessing large arcas of Taxandria swamp burnt
five to nine years previously — positively correlated
with quokka presence);

(iv) a habitat factor score (NJF2) (characterized by a
high proportion of jarrah — marri open forest and
Taxandria swamp burnt 15-19 years previously —
this variable was negatively correlated with quokka
presence); and

(v) increasing distance to anthropogenic disturbance.
Hayward (unpublished, reported in summary in de
Tores et al. 2004) concluded these features highlight
the importance of a mosaic of age classes within the
swamp. This mosaic needs to support early (< 10 years
post-fire) and late (long unburnt) seral stages. The
intermediate seral stage (15—19 years post fire) is avoided.
Therefore, this is a mosaic of specific age classes (young
and old) rather than simply a mosaic of mixed age classes.
We recommend adopting an active adaptive management
program to determine whether conservation
management of the quokka can be improved, through
the use of fire, to create and maintain this preferred
mosaic (see management recommendations section).

The relative importance to the quokka of plant species
adapted to different fire intervals also needs to be
assessed. For example, species such as Taxandria
linearifolin will rapidly generate from root stocks and
provide a dense cover within one year post a spring fire
(Kimber 1974), whereas many other species from
riparian zones generate from seed and are adapted to
longer intervals between fire (Abbott 1999; Burrows &
Wardell-Johnson 2003). Potential conflict with other
conservation management priorities must also be
addressed. For example, riparian systems supporting
quokka populations may also support fire sensitive
relictual plant taxa and communities (Burrows & Wardell-
Johnson 2003). Therefore, we caution that any imposed
fire regime and adaptive management approach should
be supported by an appropriate level of monitoring of
all species potentially affected by the regime.

Although present in the northern jarrah forest, the
habitat occupied there suggests the quokka is not a
forest-dwelling species, or more specifically, is not a
species of the more open northern jarrah forest. Historic
accounts of the appearance of the south-west forests
and the pattern of burning by Noongar people in
northern jarrah forest have been interpreted by Hallam
(1975) as indicating the forests ‘comprised tall, straight,
mature trees, all frequently scovched but clear of undergrowth
and easy to move through’. If the forest structure was as
described by Hallam (1975), it would not have been
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conducive to a contiguous distribution of a species
dependent upon swamp and creekline vegetation and
may have restricted the quokka to discrete catchments,
with minimal dispersal and movement of individuals
between catchments.

In southern forest areas, populations appear to be
less discrete and the quokka inhabits a broader range of
habitats including ti-tree thickets in the upper reaches of
creek systems, dense streamside beds of rushes, karri
regrowth, ridges supporting karri and tingle, Eucalyptus
guilfoylei and E. jacksonii, forests (Christensen et al.
1985) and occurs widely within forest areas supporting
an understorey of spreading sword-sedge, Lepidosperma
effusum, and Anarthria scabra (Greg Freebury, pers.
comm. to PJdeT)!?. Populations from the south coast
also appear to be less discrete than the northern jarrah
forest populations and occur from Walpole-Nornalup
National Park to the Mt Manypeaks area, northeast of
Albany (Fig. 3). The extent of mixing (dispersal,
immigration and emigration) between sub-populations
from the southern forest and the extent of mixing
between sub-populations from the south coast areas is
not known.

Population genetics — the northern jarrah
forest metapopulation

Hayward et al. (2003) hypothesised the northern jarrah
forest formerly supported a metapopulation which is now
in a state of ‘terminal collapse’. Conversely, results from
a study on the genetic structure (Alacs 2001) of the
same populations revealed these northern jarrah forest
populations showed no evidence of mixing. The latter
study suggests these populations may never have
constituted a single metapopulation. However, the two
findings are not mutually exclusive. Alacs (2001) and
Hayward et al. (2003) examined the same geographically
separated populations (different catchments) from within
the northern jarrah forest. We hypothesise there may
have been mixing (gene flow) within catchments, but
little or no mixing between catchments. Each catchment
may have constituted a functional metapopulation.
Historical evidence from the Swan Coastal Plain is
consistent with this hypothesis and suggests the
populations from the Coastal Plain were discrete and
confined to individual swamps and/or catchments or
sub-catchments. We further hypothesise the populations
from the northern jarrah forest, although confined to
catchments or sub-catchments, mixed with populations
from the same catchment on the Swan Coastal Plain.
Hence metapopulations may have existed, but under this
scenario, each catchment or subcatchment would have
supported a metapopulation. With progressive
fragmentation of suitable habitat in the jarrah forest and
on the coastal plain (draining of swamps and increased
distances between suitable habitat patches), movement

2 Greg Freebury: Operations Officer — Nature Conservation, Western
Australian Department of Environment and Conservation, South Coast
Region, Albany
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between habitat fragments would have been less frequent
and eventually ceased.

Factors influencing decline of the quokka

Numerous studies have attempted to determine the causes
of the widespread decline in Australia’s mammalian fauna
since European settlement (see for example Burbidge
& McKenzie 1989; Calaby & Grigg 1989; Calver &
Dell 1998a; Calver & Dell 1998b; Morton 1990; Recher
& Lim 1990; Short et al. 2002; Short & Calaby 2001;
Smith & Quinn 1996; Wilson & Friend 1999). These
reviews have been selective and addressed some, but
not all of the plausible causes for decline. In a
comprehensive analysis, Abbott (2001b) reviewed the
role of fifteen possible causes for the decline of the bilby,
Macrotis lagotis. His conclusion concurred with Watts
(1969) i.e. that the fox was ‘the necessary and sufficient
Sfoctor associated with regional declines’ of the bilby.
Different studies have attributed the decline in
distribution and abundance of the quokka to specific,
but varying causes. A marked decline of the quokka
was recorded during the 1930s (White 1952). Christensen
(1978; Christensen 1980b) presented evidence for a
decline in a range of mammal species from south-west
Western Australia in the period from 1973 to 1978 and
believed this decline was the result of an increased level
of predation by foxes. Christensen (1978) further
suggested this increase in fox predation coincided with a
cessation of widespread 1080 baiting for rabbits, which
in turn led to a reduction of secondary poisoning of
foxes. King et al. (1981) concurred with this belief. The
phenomenon of secondary poisoning of foxes was
subsequently demonstrated by Algar and Kinnear (1996).
Our data suggest a period of marked decline in the extent
of occurrence between 1980 and 1992 (Fig. 3).
However, this period of decline may be an artefact of
the time periods used for mapping. The mapped decline
may reflect the decline identified by Christensen (1978).
A widespread decline of many species, particularly in
more arid areas, was recorded in the 1880s (Shortridge
1909). However, Shortridge (1909) also noted the
mammals of the south-west, to as far north as the Moore
River, had not ‘disappeared in the same extraovdinary
way’. Burbidge and McKenzie (1989) attributed the
modern (post 1900) decline of Western Australia’s non-
volant terrestrial, critical weight range (35 g-5.5 kg)
mammalian fauna to environmental changes since
European settlement. They believed these changes
reduced available productivity by diverting resources to
humans and introduced species and reduced vegetative
cover through grazing and altered fire regimes. Critical
weight range mammals suffered the greatest declines
due to their limited mobility and relatively high metabolic
requirements (Burbidge & McKenzie 1989). They
further identified factors likely to ameliorate susceptibility
to decline and believed critical weight range mammal
species with the ability to use, or with a requirement for
rockpiles were afforded additional protection. Kinnear
et al. (1988) had previously identified the predation
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refuge value of rockpiles and subsequently (Kinnear et
al. 1998) provided more empirical evidence for this.
Burbidge and McKenzie (1989) believed species using
burrows, sheltering in hollow logs or to some extent,
those with an arboreal habit, would also be afforded
protection from predation. We believe the quokka, with
a requirement for a vegetation mosaic which includes
areas difficult to penetrate, represents a further group
of critical weight range mammal fauna benefiting from
use of a predation refuge, analogous to the rock wallaby
use of rockpiles. However, we caution that although
refuges may provide temporal respite from predation,
long-term persistence of predation may still lead to local
and regional extinctions, despite the presence of refuges.

Burbidge and McKenzie (1989) claimed the arid zone
fauna were most at risk and fauna from the mesic zone
were somewhat buffered from the changes which resulted
in reduced resource availability. The more mesic south-
west Western Australian environment may have buffered
the fauna from this initial decline. Recent research
suggests fauna from mesic areas are no longer secure
(Woinarski et al. 2001). Mesic areas may have more
available environmental productivity and may tolerate
longer periods of the various disturbances responsible
for the decline observed in arid areas. However,
continued depletion of environmental resources and a
reduction in refugia may be contributing to a more
modern decline. The decline of the quokka is consistent
with this pattern, with the distribution contracting from
the more arid northern and west coast areas, while
populations from the more mesic southern forest and
south coast areas have persisted (Figs 3 and 4).

Predation by the dingo, European red fox and
feral cat and interaction with other species

Three eutherian predators, the dingo, Canis lupus dingo,
the European red fox, Vulpes vulpes, and the cat, Felis
catus, have been introduced to Australia since the arrival
of humans. These eutherian predators acted on a
predator-naive marsupial prey which had not interacted
with medium-sized cursorial predators for the preceding
20 000 to 30 000 years (Johnson et al. 1989).

The Dingo

The dingo was introduced to Australia by Asian seafarers
approximately 3 500 to 4 000 years ago (Corbett 1995b).
Where present, the primary prey of the dingo is usually
medium sized mammals (Corbett 1995a) and large
macropods (Corbett & Newsome 1987). However,
dingoes will prey upon a wide range of species (Corbett
& Newsome 1987; Newsome et al. 1983; Robertshaw
& Harden 1985; Thomson 1992; Whitehouse 1977)
and the preferred prey in any particular area appears to
be determined not only by prey abundance, but by prey
availability (Corbett 1995a; Corbett & Newsome 1987,
Vernes et al. 2001). In north-west Western Australia,
Thomson (1992) found large prey items, mostly
kangaroos, featured prominently, with smaller prey items
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taken less often. Taking smaller prey was associated with
a breakdown of dingo packs and an increase in the
number of solitary dingoes (Thomson 1992).

In south-west Western Australia, the quokka was
common prior to the 1930s and may have been an
occasional prey item for the dingo, although the quokka’s
preference for densely-vegetated habitat may have oftered
refuge from predation. However, the established presence
of the dingo within the region prior to the modern decline
of the quokka, implies dingo predation was not the major
cause of that decline. Our own observations indicate
dingoes are now exceedingly rare in the jarrah forest and
are thus unlikely to be generating predation pressure of
any consequence on quokka populations. Historically, the
dingo is believed to have had little major impact on the
majority of Australian fauna with the exception of the
Thylacine, Thylacinus cynocephalus, and the Tasmanian
devil, Sarcophilus harrisii, (see Corbett 1995b; Jones 1995;
Rounsevell & Mooney 1995).

The impact of the dingo on Australian native fauna
may have been minimised through competitive inhibition
by the sympatric mesopredator, humans. Similarly,
dingoes may exhibit an indirect effect as a mesopredator
(Newsome 2001). Dingoes are thought to prey on the
European red fox and the feral cat where they occur
sympatrically in the Nullarbor region of Western Australia
(Marsack & Campbell 1990), however Marsack and
Campbell (1990) implied the evidence for this was
circumstantial. Thomson (1992), as part of an extensive
study in north-west Western Australia, found the feral
cat was present as a prey item only once, and the fox
was not present at all in the stomach contents from a
sample of 95 dingoes. Newsome et al. (1983) recorded
the fox and the cat present in 1.6 and 0.3 percent
respectively from the stomach contents of 530 dingoes
in a trapping and dietary analysis study in south-eastern
Australia. The lack of any other comprehensive data
supporting the assertion of intraguild predation suggests
dingoes are more likely to competitively inhibit foxes
and cats than prey directly on them.

The European red fox

The red fox was introduced to castern Australia in the
late 1860s to 1870s (Rolls 1969; Troughton 1965) and
had spread to the south-west of Western Australia by
the early 1930s (Gooding 1955; Jarman 1986; King &
Smith 1985; Long 1988). The arrival of the fox in south-
west Western Australia coincides with the reported
decline of the quokka (White 1952) and numerous small
to medium size terrestrial native mammals from mainland
Australia (Burbidge & McKenzie 1989; Daubney et al.
undated; Friend 1990; Jenkins 1974; Richards & Short
1996). Numerous authors have suggested the fox was
responsible for this fauna decline, see for example the
review by Abbott (2001b). Although it is only relatively
recently that the fox has been empirically linked to the
suppression of native mammal populations (see Kinnear
et al. 1988; Kinnear et al. 1998), it seems very likely
foxes were responsible for the initial decline of the quokka
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on the mainland and have contributed to its continued
decline. The abundance of quokkas on Rottnest Island
in the absence of foxes (Dunnet 1963; Holsworth 1964;
Holsworth 1967; Kitchener 1970; Shield 1959) is
consistent with this hypothesis. Further evidence of the
effect of foxes on quokkas comes from a series of
reintroductions, and ultimate failure, of nearly 700
Rottnest Island quokkas between 1972 and 1983 to a
fenced, but not fox-proof, enclosure at Jandakot, near
Perth (Short et al. 1992) (Table 8). By 1988 only nine
quokkas remained in the 254 ha enclosure. The low
survivorship was attributed to predation by foxes and
feral cats (Short et al. 1992).

The fox is now generally accepted as a significant
predator of medium size terrestrial native Australian
mammals. Recognition has been at a national and state
level, as demonstrated by the Commonwealth of
Australia’s Threat Abatement Plan for Predation by the
European Red Fox (Biodiversity Group Environment
Australia 1999) and two recently published state plans
for control of the red fox — the Victorian Pest
Management. A framework for Action. Fox Management
Strategy (DNRE 2002) and the New South Wales Threat
Abatement Plan for Predation by the Red Fox (Vulpes
vulpes) (NSW NPWS 2001). Fauna management
programs in Western Australia have recognised the
importance of fox control and the Western Australian
Department of Environment and Conservation (DEC)
has implemented a broad scale fox control and fauna
recovery program, Western Shield. The program is
focused on recovery of threatened fauna through
effective fox control and translocation of threatened fauna
species in the presence of fox control.

The predecessor to Western Shield was Operation
Foxglove, a large scale experimental 1080 baiting
program within the northern jarrah forest of south-west
Western Australia (de Tores 1999). The areas baited
within the 550 000 ha study area of Operation Foxglove,
combined with local baiting at the Gervasse site, include
or abutted all but one of the known extant occurrences
of the quokka in the northern jarrah forest. The Foxglove
baiting program commenced in 1994 and, despite the
fact that quokka populations have not shown an increase
in abundance since this baiting program commenced
(Hayward et al. 2003), we hypothesise the quokka has
persisted in the northern jarrah forest as a result of this
baiting and further believe effective long term
conservation of the quokka requires implementing and
maintaining fox control programs (see management
recommendations).

The feral cat

Aborigines from the desert regions of central Australia
and central Western Australia believe cats to have either
always been present or to have arrived from the west’
(Burbidge & McKenzie 1989). Although far from
claiming the assertion as definitive, Gaynor (2000)
believed this arrival from the west may have been a result
of cats escaping from Dutch shipwrecks off the west
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coast of Australia. Dickman (1996) noted cats could
have been introduced to north-western Australia as early
as the 16" Century. However, Abbott (2002), from a
detailed search of historical records, concluded cats were
not present on mainland Australia prior to European
settlement. Abbott (2002) presented a compelling
argument and conceptual model to support his belief
that cats spread from multiple points of introduction at
coastal locations in the period 1824 to 1886. Abbott
(2002) and others before him (see Morton 1990) also
argued there is insufficient evidence to support the
assertion that cats were responsible for any mammal
extinctions from arid Australia. However, there is general
consensus in the literature (see Dickman 1996) to
suggest the cat has contributed to the decline of many
species. Although there is some empirical evidence
correlating the presence of cats with extinctions of critical
weight range mammals from islands (Burbidge & Manly
2002) and empirical evidence indicating predation by
feral cats led to reduced population sizes of small native
vertebrates (Risbey et al. 2000), we caution against
inferring a causal relationship between cat predation and
fauna extinctions on the mainland generally, and between
cat predation and quokka decline specifically.

Abbott (2002), citing Catling , Coman (1991) and
Dickman (1996) noted the optimal prey size for cats
was approximately 200g. The weight of adult quokkas
ranges from 1.6 to 3.5kg for females and 2.7 to 4.2 kg
for males (Hayward et al. 2003; Kitchener 1995), which
suggests if cats prey on quokkas, predation may be
restricted to juveniles, or will favour predation of
juveniles. Circumstantial evidence suggests feral cats prey
on the young of bridled nailtail wallabies, Onychogalea
fraenata, (Horsup & Evans 1993) and the brush-tailed
rock-wallaby, Petrogale penicillnta, (Short et al. 1992).
More convincing evidence was presented implicating the
cat as a significant predator of juvenile and adult allied
rock-wallabies, Petrogale assimilis, (Spencer 1991). All
three species are larger than the quokka (Eldridge &
Close 1995; Evans & Gordon 1995; Prince 1995),
suggesting cats may well prey on juvenile and/or adult
quokkas.

Cats have also been identified as predators of several
species of Australian mammals with adult body weights
greater than 200 g. For example, cats were responsible
for between 25 and 32% of predation events of adult
woylies, Bettongia penicillata, at translocation release sites
in the northern jarrah forest (de Tores 1999) and
responsible for predation of adult brushtail possums,
Trichosurus vulpeculn, in the same study (de Tores,
Himbeck, MacArthur, Maxwell, White and Rosier,
unpublished radio telemetry data). Cats have also been
reported as preying on adult rufous hare-wallabies,
Lagorchestes hirsutus, (Gibson et al. 1994), the burrowing
bettong, Bettongin lesuenr, (Christensen & Burrows
1994), the numbat, Myrmecobius fasciatus, (Friend &
Thomas 1994 ) and the western ringtail possum (de Tores
2005). Short et al. (1992) concluded cat predation
contributed to the failure of a translocation of the banded
hare-wallaby, Lagostrophus fasciatus. The above suggests
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cats prey on a suite of native mammal fauna, inclusive of
species larger than 200g and have the potential to prey
on quokkas. Short et al. (1992) further concluded direct
predation by foxes and cats was a more plausible
explanation, than overgrazing by rabbits and other
macropods, for the failure of the quokka translocations
to Jandakot in the 1970s.

However, the failure of the Jandakot translocations
and the suspicion that cat predation contributed to those
failures are insufficient to conclude cat predation was
responsible for the initial and continued decline of quokka
populations on the mainland. Equally confounding is the
co-existence of cats and quokkas on Rottnest Island with
no discernable reduction in quokka abundance. Similarly
confounding is the presence of cats in Tasmania with no
discernable reduction in quokka-size prey species.

Molsher (1999) concluded, from an experimental
study at Lake Burrendong, New South Wales,
interspecific competition between foxes and cats was the
most likely mechanism limiting feral cats. Interspecific
competition between cats and foxes was also thought to
be a possible explanation for the observed increase in
cat numbers when fox density was experimentally reduced
at Heirisson Prong, north-west Western Australia (Risbey
et al. 2000). Such a response (mesopredator release) is
a potential outcome of DEC’s large-scale fox control
and fauna recovery program, Western Shield. However,
the lack of records of cat predation from Rottnest Island
and the absence of evidence to support the assertion
that the cat was responsible for other mammal extinctions
(Abbott 2002), suggests cats are unlikely to be solely or
primarily responsible for the widespread decline of the
quokka.

Other predators and interactions

Other predators are unlikely to have been responsible for
the decline in quokka populations. Nocturnal birds of prey
are reported to have been responsible for fossil deposits
from several cave sites (see Table 1 — owl accumulated
fossil deposits). Two owl species from the south-west of
Western Australia, the barking owl, Ninox connivens, and
the masked owl, Thto novachollandine, have been recorded
taking prey as large as young rabbits (Schodde &
Tidemann 1982), so could presumably prey on juvenile
or sub-adult quokkas. Although Johnstone (cited as a
pers. comm. by Abbott 1999) regarded the barking owl
as a species favouring swamps and edges of rivers, it is
not a forest species (Abbott 1999) and was not recorded
at any of the seventy forest sites surveyed by Liddelow et
al. (2002). The masked owl is infrequently recorded in
forest (Abbott 1999) and is more common in woodland
or at the interface of agricultural land and forest (Liddelow
et al. 2002). Therefore, neither species is likely to have
been responsible for the decline of the quokka, particularly
within forest areas. The presence of quokka bones
recovered from a wedge-tail eagle’s eyrie on Bald Island
(Storr 1965) indicates the quokka may be an occasional
prey item of the wedge-tail eagle. However, we caution
against inferring presence of a prey species in the diet of a
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predator equates with a predation induced decline of the
detected prey species. The quokka’s diurnal use of densely
vegetated swamps within forest areas on the mainland
(Christensen et al. 1985; Storr 1964b; White 1952), use
of Spreading Sword-sedge, Lepidosperma effusum, and
Anarthria scabra habitat within other forest areas and
use of heath habitat on the south coast further minimises
the risk of predation by eagles.

Large predatory snakes, e.g. the carpet python,
Morelin spilota, and to a lesser extent goannas, Varanus
spp., are able to prey upon species such as the southern
brown bandicoot, Isoodon obesulus, the common brushtail
possum, Trichosurus vulpeculn | the brush-tailed bettong,
Bettongia penicillata, (de Tores, Himbeck, MacArthur,
Maxwell, White and Rosier, unpublished radio telemetry
data), the western ringtail possum, Psendocheirus
occidentalis, (de Tores 2005) and the tammar wallaby,
Macropus eugenii, (David Pearson, pers. comm. to
MWH)* and may also pose a predation threat to sub-
adult quokkas. However, these predators have co-existed
with the quokka in the south-west of Western Australia
throughout the quokkas existence and there is no
evidence to suggest they initiated the decline in quokka
abundance. The co-existence of high density populations
of the carpet python and the tammar wallaby on Garden
Island is consistent with this hypothesis.

The feral pig, Sus scrofn, an introduced opportunistic
omnivore, is present in forest areas of south-west Western
Australia and most climatic regions in Australia (Pavlov
1995). In addition to the commercial health risks posed,
where investigated, pigs have been found to pose a
significant environmental and management problem
(Pavlov et al. 1992). Ecological damage associated with
pig activity (rooting) in wet tropical forests in Queensland
was shown to vary with forest type, with wet sclerophyll
forest sites showing the greatest disturbance (Laurance
& Harrington 1997). Our observations (MJD in
particular) have confirmed the presence of pigs at
numerous quokka sites and, although not supported by
any quantitative data, there appears to be a trend of
increasing occurrence of pig activity and pig abundance
at quokka sites in the south-west forests (MJD, personal
observations; Graeme Liddelow, pers. comm. to PJdeT).
Non-target captures of quokkas at sites trapped for pig
control purposes (see records by Liddington and Staines
in Table 4 for the years 2001 and 2002) may indicate an
overlap of quokka and pig preferred habitat within the
south-west forests. The relatively sedentary nature of
pigs (Caley 1997; Saunders & Kay 1996) and the
potential for pigs to significantly disturb quokka habitat
by creating large openings and easier access for foxes,
may pose an additional threat to the conservation status
of the quokka.

Climatic influences

The mainland quokka populations appear to have been
historically limited to areas of the south-west of Western

® David Pearson: Principal Research Scientist, Western Australian
Department of Environment and Conservation, Science Division, Woodvale
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Australia with an annual average rainfall in excess of
700 mm. The current distribution of the quokka closely
follows the limit of the 1 000 mm rainfall isohyet and,
for all but the eastern extent of the distribution near the
Stirling Range National Park, appears to be limited to
areas with an annual average rainfall of 700 mm. or more
(Figs 3 and 4). This may reflect the quokka’s relatively
high water requirements (Main & Yadav 1971).

Populations in the vicinity of Stirling Range and Green
Range appear to be isolated from all other south coast
populations and also appear to be within a lower rainfall
zone (Figs 3 and 4). The locations of rainfall recording
stations provided by the Australian Bureau of
Meteorology (BoM) indicate stations are located to the
north and south of the Stirling Range, with no stations
in the immediate vicinity of the known extant quokka
populations. The Stirling Range may be in a pocket of
higher, orographically generated rainfall, not detected
by the BoM rainfall recording stations and not reflected
in the pattern of rainfall isohyets. This hypothesis is
supported by the presence of an isolated population of
the red flowering gum, Corymbia ficifolia, (Brown et al.
1998) and the occurrence several wet region bird species
(Tan Abbott, pers. comm. to PJdeT) in the Stirling
Range. The Corymbia ficifolin population is 100 km
north of its main distribution and the species is thought
to be a relic from a past wetter climate (Brown et al.
1998). Further evidence of this orographic effect was
provided by Courtney (1993) who prepared a rainfall
isohyet map depicting the highest peaks of the Stirling
Range as receiving more than 700mm of rainfall annually.
The Stirling Range quokka population(s) may have been
traditionally isolated or may represent a remnant of a
once contiguous population. In either case, the status
and security of these isolated populations and the isolated
occurrence at Green Range warrant further investigation.

The Rottnest Island population suffers seasonal
mortality over summer and this has been attributed
indirectly to dehydration (Barker 1961; Holsworth 1964;
Main et al. 1959; Packer 1968; Storr 1964b).
Nonetheless, quokkas persisted in the fossil record from
south-west Western Australia throughout periods of
significant climatic variation from warm and wet to glacial
aridity. Cook (1960) suggested climate change was the
cause of the modern decline of the quokka. There seems
to be insufficient evidence to attribute climate change
alone as the major cause of the decline of the quokka
since the 1930s. However, Balme et al. noted the
persistence of the quokka in the fossil record through
periods of aridity may have been because the south-west
corner of Australia did not experience the extremes in
aridity experienced by other parts of southern Australia.
Therefore, the consequences of increasing aridity
associated with current patterns of climate change should
be seen as a potential threat to the continued persistence
of the quokka.

European colonisation and development

Reports from naturalists in the early 1900s indicated the
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quokka was common prior to and until the 1930s (Gould
1863; Shortridge 1909; White 1952) and, with very few
exceptions, most reports suggest quokkas were restricted
to specific habitats (see Holsworth 1967; Storr 1964b).
Much of the coastal heath and shrubland habitats in the
south-west of Western Australia where quokkas once
occurred (Shortridge 1909; White 1952) have been
cleared for urban development. The coastal plain, from
north of Perth to Busselton (Fig. 1) has few remaining
pockets of undisturbed vegetation and the remaining
fragments are small and ecasily invaded by introduced
predators. The areas known to have historically
supported quokka populations from the Swan Coastal
Plain were swamps or low lying seasonally waterlogged
areas. These coastal plain swamps have been progressively
drained, with very few retaining their original drainage
patterns. Similarly, the upper reaches of many creek
systems in the forested areas of the Darling Range have
been cleared for agriculture, dammed to supply water
to Perth or split from connecting habitat by roads to
such an extent that the remaining quokka habitat is highly
fragmented and in places may be too small to support
viable populations.

Other factors associated with European colonisation
may have similarly affected the quokka. Calver and Dell
(1998b) believed all mammal species from the south-
west forests of Western Australia historically had a wider
distribution and suggested the extant mammal fauna may
be resilient to changes in forest structure. However, they
cautioned this resilience may not be the case and
emphasised the importance of experimentally
demonstrating that there are no direct and indirect links
between forestry practices and declines in distribution
and abundance on the suite of resident native fauna from
the south-west of Western Australia. Increases in
predation rates (Wayne et al. 2000), increases in the
area of edge affected habitat (Wilson & Friend 1999),
increases in interpatch distances (Hayward et al. 2003)
and increases in roading disturbance (Calver & Dell
1998a) may be indirect effects from management of the
jarrah forest. The effect of these activities on quokka
populations has not been quantified. Roading and other
disturbances associated with mining and harvesting,
resulting in removal of habitat and alteration of drainage
patterns, also have the potential to contribute to increases
in interpatch distances. Construction of logging access
roads in 2001-2002 in Nairn Forest Block in the southern
forest region of south-west Western Australia has been
implicated as an example of the detrimental effects from
harvesting and the associated roading activities. Post
commencement of roading there was an observed
increase in the number of reported quokka roadkills. A
minimum of 10 quokka roadkills was reported by a single
observer within a six month period in close proximity
to, and coinciding with roading activity at Nairn Forest
Block (John Austin, pers. comm. to PJdeT)™. However,
there are alternative and equally plausible explanations

¥ John Austin: Long-term local resident, Northcliffe, Western Australia
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for this increase in observed roadkills. Quokkas may
have been attracted to areas of new growth resulting
from recent burns of roadside verges. This explanation
is also consistent with the quokkas’ preference for a
vegetation mosaic which includes recently burnt areas
(de Tores et al. 2004). Nonetheless, this uncertainty
highlights the need to identity the cause of the large
number of roadkills and to quantify the direct and indirect
effects from anthropogenic disturbance.

Fire

The Noongar people have occupied the south-west
corner of Australia for at least the last 40 000 years
(Balme et al. 1978; Merrilees et al. 1973) and possibly
longer (Turney et al. 2001). In the period prior to
European settlement, the Noongar people of the south-
west are thought to have burnt the jarrah forest, with
low intensity fires, with a minimum fire interval of two
to three years in the moist to high rainfall areas, and two
to five years in the forest areas with lower annual rainfall
and lower fuel accumulation rates (Burrows et al. 1995).
Burrows et al. (1995) concluded this pattern of burning
would have led to a vegetation mosaic which would have
included patches of unburnt forest, with most patches
beinyg less than 6 years since last fire’ (see also Wilson &
Friend 1999). Riparian environments may have
experienced longer intervals between fires (Abbott 2000;
Burrows & Friend 1998).

Ward et al. (2001) (see also Ward & Sneeuwjagt
1999) believed examining fire scars on grass trees,
Xanthorrhoea spp., provided a more sensitive technique
for determining fire history. From examination of grass
trees, Ward et al. (2001) believed Noongar burning, or
the pre-European frequency of burning in the jarrah
forest, was once every three to four years. Lamont et al.
(2003) cautioned that the susceptibility of grass trees to
fire, and therefore their ability to reflect fire history,
depends on their location in the landscape. Burrows and
Wardell-Johnson (2003) further cautioned against
interpreting historic patterns of fire on a regional scale
on the basis of patterns observed among individual grass
trees. The findings of Ward et al. (2001) suggested a
shorter interval between fires than concluded by Burrows
et al. (1995). However, both studies indicated the
frequency of burning in forest areas of south-west
Western Australia has changed from the frequency used
by the Noongar people. Ward and Sneecuwjagt (1999)
further implied these changes also apply to coastal areas.
Abbott (2003) suggested the interval between fires set
by the Noongar people in coastal areas may have been
as short as two to four years.

Alterations to fire regimes following European
settlement have been implicated with declines in fauna
abundance and range (see review by Wilson & Friend
1999). Burrows et al. (1995) believed three distinct fire
regime periods or eras could be defined for the forests
of south-west Western Australia post European
settlement, namely (i) the first European era (1855-
1920) where there was a cessation of Noongar burning
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practices which led to longer intervals between fires and
more intense fires; (ii) the second European era (1920-
1965) when forestry practices adopted a policy of fire
exclusion. Burning was restricted to strategic bufters and
fire suppression purposes. Much of the forest remained
unburnt and large high intensity wildfires occurred,
fuelled by logging debris and naturally occurring high
fuel loads; (iii) the third European era (1965-1995)
where fuel reduction burning was based on a six to ten
year rotation. Although fire frequency for this period
was comparable to the pre-European regimes, fire
intensity was higher, fuelled primarily by logging debris
(Burrows et al. 1995). Towards the end of this third
era, and from 1962 in particular, the area burnt by
prescribed fire greatly increased (Lachie McCaw'® pers.
comm. to PJdeT and unpublished data). This was a
reflection of the then Forest Department’s expanded
program of broad-scale burning which commenced after
1954 (McCaw et al. 2005; Wallace 1966).

Although this third ‘era’ encompasses the period 1980
to 1992, i.e. the period within which our data indicate a
large contraction in the distribution of the quokka, no
direct causal relationship can be drawn, particularly as
the areas of greatest quokka decline are outside forest
areas subject to this fire regime. Fire regimes in forest
areas post 1995 have been similar to the third European
era described by Burrows et al. (1995). Discussions with
Departmental operational staft involved in prescription
burning, combined with the reported reduction in the
extent of the area burnt annually in the south-west of
Western Australia, indicated a trend of progressively
decreasing prescribed-burn fire frequency in the south-
west. The 1998-99 prescribed burn program achieved
less than 50% of the planned prescribed burning program
and was the lowest achieved since 1961 (CALM 1999).
The areas prescription burnt’ in the south-west forest
regions in 1999-2000, 2000-2001 and 2001-2002 were
134 308, 87 866 and 74 739 ha. respectively (CALM
2000; CALM 2001; CALM 2002). From 2002 on this
trend of decreasing area burnt annually has been reversed,
with 144 835 ha burnt as part of prescribed burns in
2002-2003 and 192 119 ha in 2003-2004 (CALM
2003; CALM 2004). We caution that increasing the area
prescription burnt’ alone does not equate with burning
to provide the preferred habitat mosaic. Our personal
observations (PJdeT) suggest broad scale burning has a
tendency to use natural barriers as fire boundaries. The
Taxandria linearifolia creeklines often act as such
natural barriers and the long term effect has been to
encroach upon these barriers and progressively reduce
the size and extent of the T. linearifolin creeklines. This
type of encroachment does not equate with providing
the burn conducive to maintaining the preferred habitat
of the quokka. However, effective use of prescribed burns
does provide the opportunity to use fire to create the
quokka’s preferred habitat mosaic as described by

% | achie McCaw: Senior Research Scientist, Western Australian Department
of Environment and Conservation, Science Division, Manjimup
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Hayward (2002) and Hayward (unpublished, reported
in summary in de Tores et al. 2004).

The finding by Hayward (unpublished, reported in
summary in de Tores et al. 2004) is only partly consistent
with findings from a small-scale study (Christensen &
Kimber 1975) specifically examining the effect of fire on
the quokka in forest sites near Dwellingup in the 1970s.
Christensen and Kimber (1975) concluded quokkas
returned to swamps to forage almost immediately after
a burn, showed an influx of new individuals (i.e.
previously un-trapped animals) and became resident 18
months after the fire. There appeared to be no resident
quokka population where vegetative cover was entirely
removed by the fire (Christensen & Kimber 1975). An
older (unburnt for 15 years) site trapped in that study
led the authors to conclude quokkas desert sites unburnt
for 15 years and have a preference for a spatial mosaic
or patchy burn which provide areas of refuge and areas
of foraging habitat (Christensen & Kimber 1975).
Hayward (unpublished, reported in summary in de Tores
etal. 2004) came to a different conclusion and suggested
this 15 to 19 year post-fire component of the mosaic did
not represent the upper fuel age of the quokkas preferred
mosaic. Hayward (unpublished, reported in summary
in de Tores et al. 2004) showed this component of the
mosaic was negatively correlated with quokka presence
(avoided by quokkas) and the preferred mosaic included
an additional component which was long unburnt (see
section on habitat use). We therefore suggest a burning
regime which will create and maintain the mosaic
identified by Hayward (unpublished, reported in
summary in de Tores et al. 2004) is required in the
northern jarrah forest. This would necessitate different
burning regimes from those currently used at quokka
sites in the northern jarrah forest (see section on
management recommendations).

Small, scattered populations are also likely to be
susceptible to stochastic events such as wildfires which
may result in localised and more extensive extinctions.
Kirke (1983) reported quokkas fleeing from wildfires at
Green Range, north of Albany. Similarly, in the
Northcliffe area, quokkas observed in large numbers in
the 1940s and earlier, and known to feed in paddocks
away from vegetated creeklines, were reported as last
seen in number at this location when fleeing from a fire
in the 1940s (Laurie Wilson, pers. comm. to PJdeT)™®.
Numerous quokkas were also observed in an open
paddock after fleeing a wildfire in the Allen Road /Hilltop
Road area in Walpole-Nornalup National Park, circa
1987 (John Asher, pers. comm. to PJdeT)!”. Quokkas
are now reported to have repopulated this area and are
thought to be in large numbers (Greg Freebury, pers.
comm. to PJdeT).

The only known record of occurrence from Karnet
Forest Block, west of Jarrahdale, is from quokkas

6 Laurie Wilson: Long-term local resident, Northcliffe, Western Australia
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observed fleeing a fire in 1991 (unpublished records from
A.N. Start, Table 4). A high-intensity wildfire burnt a
large portion of the Stirling Range National Park in
November 2000 (pers. obs. of MWH) and numerous
quokka deaths were reported. A similar fire in the Stirling
Range National Park in 1991 was thought to have been
equally damaging to quokkas. However, quokkas were
reported to have repopulated burnt areas in subsequent
years (Sinclair 1999). A large number of quokka deaths
was also recorded as a result of a wildfire in the Nuyts
Wilderness area, near Walpole in 2001 (Middleton 2001).
Quokkas have subsequently been detected in unburnt
patches within the boundary of the Nuyts fire and quokka
presence has been inferred at three locations immediately
outside the burn boundary. Presence was inferred by
detection of scats within typical quokka runways in dense
patches of Spreading Sword-sedge, Lepidosperma
effusum, and Anarthria scabra (Greg Freebury, pers.
comm. to PJdeT). With the exception of the program
established to monitor recovery from the Nuyts fire, the
extent of documenting any recovery from these stochastic
events has been largely anecdotal.

The quokka appears to be capable of persisting in a
fire-prone environment and the absence of low intensity
fire from many sites may be a contributing factor to the
collapse of the northern jarrah forest metapopulation as
described by Hayward et al. (2003). However, there is
sufficient evidence from the northern jarrah forest to
suggest quokka populations there are dependent on the
presence of a structural mosaic which incorporates areas
burnt within the previous nine years, but also has a large
overall fuel age (i.e. must also include areas long
unburnt) (Hayward, unpublished, reported in summary
in de Tores et al. 2004).

Further support for the requirement of a mosaic,
and not simply a requirement for the presence of fire
within the past nine years, is provided by the results from
surveys in 1995-1996 (Dillon 1996). From 28 northern
and southern forest locations previously known to support
quokka populations, nine no longer supported quokkas
and seven of these nine sites had been burnt within the
previous 10 years (Table 10) (Dillon 1996). Although
these areas provide the component of the mosaic which
has been burnt within the last 9 to 10 years, they may no
longer support areas of long unburnt habitat.

A fire regime of low intensity burns and with a
frequency comparable to the third European era of
Burrows et al. (1995) may be appropriate to generate
the vegetation mosaic preferred by the quokka. However,
no single fire regime will benefit all taxa. Of particular
concern is the threat to the Noisy Scrub-bird, Atrichornis
clamosus. The noisy scrub-bird has a preferred habitat
of densely vegetated creekline and gully vegetation
(Abbott 1999; Burbidge 2003). A too frequent burning
regime of creeklines where it and the quokka are
sympatric may compromise noisy scrub-bird habitat and
‘even a mild five can vender an avea unsuitable for many
years’ (Burbidge 2003). Although the only known
locations where extant populations of the noisy scrub-
bird and quokka occur sympatrically are at Two Peoples
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Bay, on the south coast, the noisy scrub-bird has recently
been translocated to sites within the northern jarrah forest
where quokkas may also occur. Therefore, there is the
potential for conflicting fire management requirements
at these translocation release sites.

There are also indirect detrimental effects from fire.
Christensen (1980a) recorded increases in the predation
rate on the brush-tailed bettong following fire. This type
of indirect effect may also result in localised increased
predation risk for other mammal populations. Kinnear
ct al. (Kinnear et al. 1988) suggested this type of indirect
threat may increase the risk of localised extinctions.

Hunting by Aboriginal people

Gardner (1957), citing John Lort Stokes, referred to
observations of Aboriginal people burning the bush for
the purpose of catching snakes, lizards and wallabies.
These prey were speared as they fled the burning
vegetation. Gould (1863) and Evans (undated) were
more specific and noted quokkas were eaten by
Aboriginal people. Evans (undated) noted the Aboriginal
people from the Northcliffe area supplemented their diet
with quokka, kangaroo and marron. Gould (1863) noted
quokkas were killed in great numbers at the end of the
season by Aboriginal people. Gould’s (1863) description
of Aboriginal people burning the bush to flush out their
prey is consistent with Gardner’s (1957) description. The
end of the season referred to by Gould (1863) is no
doubt a reference to the end of summer, as Meagher
(1974), citing numerous historical records, noted towards
the end of summer, Aboriginal people set fire to the
bush to drive the wallabies from their retreats. Green
(1989) referred to use of fire at Bald Head in January
(mid summer) to ‘burn off the land for wallaby and the
January reference of ‘brought home ... three wallaby from
Bald Head where the Abovigines had fived the land to hunt
indicates burning for this purpose was not restricted to
the end of the summer season. At other times of the
year dogs were used to drive out prey (Meagher 1974).

Although Aboriginal people may have been
responsible for exterminating some island populations
of macropods (Abbott 1980), there is no evidence to
suggest Aboriginal hunting of the quokka contributed
to the species’ decline.

Disease

Reports from studies of colonies of captive quokkas show
the susceptibility of the species to disease (see Bradshaw
1991). Anecdotal accounts in 1967 suggested a fatal
herpes epidemic transmitted by a handler affected a
captive quokka colony (Burnet 1968). Salmonelia
infections are common in the Rottnest Island and Bald
Island quokka populations but far less so on the mainland
(Hart 1977; Hart et al. 1986). Hart (1981) found
captured mainland quokkas died within 24 hours of
exposure to bags in which Rottnest Island quokkas had
been held. These deaths were attributed to infections
from Salmonelln meunchen. Hart (1981) hypothesised
these deaths may have been the result of cross infection
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from use of the Rottenest Island bags, but conceded §.
meunchen may have been present at an undetectably
low level in the mainland quokka population and became
lethal only when the animals were stressed through
trapping.

Barker et al. (1957) recorded the presence of the
parasite Ixodes australiensis in mainland populations of
the quokka and several other parasites and diseases have
been isolated from quokkas.

Mass mortality of quokkas was reported from the
Northcliffe area where swamps were reportedly ‘full of
quokka bodies in the early 1920s (George Gardner cited
as a pers. comm. by How et al. 1987). How et al. (1987)
attributed this to disease. Similarly, there are records of
an epidemic within the quokka population in the Warren
River area, near Manjimup in 1921 (Aldrich 1921; Lane-
Poole 1921; Weston 1921). Unexplained quokka deaths
were also reported from Crown reserves in the vicinity
of Yallingup in 1933 (Aldrich 1933). Other references
(Cook 1960; Perry 1973; Waring 1956; White 1952)
also indicated mass deaths occurred as a result of disease
in the 1930s. Mass deaths have recently been attributed
to surplus killing by foxes (Short et al. 2002).

The decline in arid zone mammals of the late 1800s
noted by Shortridge (1909) and reported from the
Nullarbor Plain (Richards & Short 1996), has been
suggested to be a result of a strange virus’ which
Richards and Short (1996) suggest, albeit based on
anecdotal accounts, may have been the protozoan
parasitic disease toxoplasmosis, passed on from feral cats.
Toxoplasmosis was first recorded in the Rottnest Island
quokkas in 1961 (Gibb et al. 1966) and has been
reported in other marsupials including the eastern barred
bandicoot, Perameles gunnii, (Lenghaus et al. 1990),
the western ringtail possum, Psendocheirus occidentalis,
(de Tores 2005) and the chuditch, Dasyurus geoffroii,
(Haigh et al. 1994). Berdoy et al. (2000) noted
toxoplasmosis may alter the behaviour of'its intermediate
hosts and increase its susceptibility to predation.

White (1952) believed fox predation, competition with
rabbits, destruction of habitat through clearing and
bushfires were supplementary to disease as the causal
factor for the quokkas’ virtual disappearance on the
mainland. Despite the references to quokkas dying from
disease in the 1920s (Aldrich 1921; Lane-Poole 1921;
Weston 1921) and the 1930s (Cook 1960; Perry 1973;
Waring 1956; White 1952), the persistence of quokkas
on Rottnest Island and Bald Island during these periods
suggests disease was not the major contributor to their
decline, or alternatively, if disease was responsible for
the decline on the mainland, it did not have the same
effect on, or did not reach, Rottnest Island or Bald Island.
It was during this period of decline on the mainland in
the 1930s when the quokka was no doubt at high density
on Rottnest Island, as it was in this period when it was
first referred to as a pest on Rottnest Island (Storr 1963).

Although White (1952) believed a decline caused by
predation, competition and habitat destruction was
supplementary to that caused by disease and Cook (1960)
linked the decline of the quokka with disease, Recher
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and Lim (1990) considered disease to be a contributing,
not causal, factor to the decline of the Australia’s mammal
fauna. Johnson etal. (1989) discounted disease as a factor
associated with the decline of critical weight range
macropods altogether. Dickman (1992) noted there was
no evidence to indicate widespread disease as the cause
of the decline of mammals within Australasia. We concur
with these authors and suggest there is insufficient
evidence to conclude disease alone was the cause of the
decline of the quokka. However, we caution against
trivializing the potential effects from disease. The 1826
King George’s Sound record of Quoy and Giamard noted
the quokka specimen described “was recently dead when
we found it, probably from disease’ (Alexander 1916). If
disease was the cause of death, it is reasonable to
hypothesise disease was brought to King George’s Sound
by Europeans. Although the Rottnest Island population
appears to be secure, its possible exposure to disease as
a result of human contact should be seen as a potential
threat. Introduction of a disease, or a single catastrophic
event, could result in a chance extinction of this insular
population.

Management recommendations

The northern jarrah forest

We recommend an active adaptive management
approach for conservation management of the quokka
within the northern jarrah forest. The active adaptive
management approach requires implementing an agreed
experimental approach (i.e. agreed to by all
stakeholders), whereby a set of models and management
actions have been formulated and appropriate
monitoring protocols established. We believe monitoring
should be focused on examining the response of the
quokka to a variety of management practices.

Quantified data has shown the northern jarrah forest
populations are at low density. Despite the presence of
fox baiting, these populations have not responded and
predation is still potentially limiting population response.
Based on the rapid rate of fox re-invasion of the northern
jarrah forest post aerial baiting events (de Tores 1999),
the lower probability of survivorship of the woylie,
Bettongin penicillata, in treatments baited four times per
year compared with six times per year, and the
significantly lower levels of survivorship in areas abutting
agricultural land (de Tores 1999), we recommend the
active adaptive management program incorporates an
assessment of the effectiveness of an increased frequency
of 1080 baiting.

The northern jarrah forest populations are highly
fragmented, the populations are not mixing and the
preferred habitat within the Taxandria swamps is a
complex mosaic of recently burnt and long unburnt
arcas. An additional requirement of the preferred mosaic
is to have a minimal area burnt 15 to 19 years previously.
The preferred spatial configuration of these seral stages
is not known — specifically, the relative proportion of
cach required seral stage is not known and the upper
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limit of ‘time since last fire’ , i.e. the maximum period of
time without fire within the long unburnt component of
the mosaic, is not known. Fire management practices
which selectively burn long unburnt components of the
mosaic may be detrimental to the long-term conservation
of quokkas in the northern jarrah forest. This practice
has the potential to increase fragmentation of quokka
habitat by removing a component of the preferred
mosaic. This practice should not be seen as a method
for creation of quokka habitat, and, at best, constitutes
a program more akin to a trial and error approach than
an adaptive management program.

Therefore, we recommend the active adaptive
management program should assign high priority to
spatial analyses of existing, historic and potential quokka
sites in the northern jarrah forest, with the objective of
stratifying the existing Taxandria mosaic (with strata
based on the number of years post fire) and determining
whether any of these swamps can be better managed
through the use of fire. Under this scenario, fire would
be used to create the preferred mosaic. We also
recommend monitoring should incorporate genetic
analyses to test the northern jarrah forest metapopulation
hypothesis. We further advocate any monitoring program
associated with quokka conservation needs to incorporate
a component to enable quantitative assessment of pig
damage to quokka habitat. Although we advocate use
of conventional trapping techniques to determine quokka
abundance, we caution against the overuse of invasive
trapping and strongly recommend use of alternative
methods where applicable. These methods include
molecular techniques (Alacs et al. 2003). We also
recommend development of techniques to quantify
abundance based on the extent of activity in quokka-like
runways. Currently assessment of activity in runways can
measure activity levels only and should not be extrapolated
to infer abundance. Further development of the
technique adopted by Hayward et al. (2005) is
recommended.

The active adaptive management program should
specify quantifiable conservation outcomes. Such
measurable long-term conservation outcomes include
determining:

e the number of known extant quokka sites where the
preferred structural mosaic has been established
through the use of fire;

e the number of new sites where the preferred structural
mosaic has been created through the use of fire;

e the number of sites where quokka populations remain
stable or show an increase in abundance (as
measured through survival analyses and population
estimates, respectively);

e the number of'sites currently thought to be supporting
potentially suitable habitat, where quokka
presence has not been detected/confirmed, and
where, post habitat manipulation, quokka
presence is confirmed and a population

established;
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e the number of sites where population mixing has been
confirmed (i.e. sites where animals have been
known to disperse to and where the source site is
still viable [the source sites can be identified
through the use of molecular techniques, and
population viability can be determined by
conventional monitoring [trapping] and
population modeling]).

The Swan Coastal Plain

High priority is recommended to unambiguously
determine quokka presence at Muddy Lake and the water
authority reserve near Dunsborough. If presence is
confirmed, we recommend a monitoring program be
implemented to ensure any trend of increase or decrease
in population can be detected. The requirement for
introduced predator control and habitat manipulation
should also be assessed. Minimal data were available on
quokka presence elsewhere on the Swan Coastal Plain.
We recommend a review of the former known locations
from the Swan Coastal Plain (historically these were
swamps), assessment of quokka presence at these sites
and examination of the effects from draining these
swamps. If appropriate, and where possible, the
conservation value of re-instating former drainage
patterns should be examined.

The southern forest and south coast

The dearth of information on the size of each population/
sub-population from the southern forest and south coast
areas should be addressed. We recommend an initial
approach of confirming presence, through trapping, at
sites where quokkas are thought to occur. We further
recommend undertaking spatial analysis of these extant
populations and locations of known and potentially
suitable habitat in conjunction with a survey and
monitoring program to assess population size. The extent
of dispersal /immigration/emigration between habitat
patches should be quantified to determine whether the
sub-populations constitute a functional metapopulation,
discrete sub-populations or a panmictic population. This
process would enable populations of high conservation
value to be identified, where conservation value is assessed
in terms of the population’s strategic value locally,
regionally and globally as determined by its geographic
location, demographics, genetic structure and importance
as a source population for re-stocking other populations /
subpopulations.

As a matter of urgency, we recommend a more
rigorous and strategic approach be implemented to assess
the potential effect from timber harvesting and associated
operational activities. Assessment should identify the
extent of quokka habitat to be modified, destroyed or
retained by each proposed operation, the size of the
population(s) affected by the proposed operation, the
conservation significance of the population, the potential
for dispersal, numbers likely to disperse and dispersal
patterns, availability of suitable habitat within dispersal
distances, population size within areas of suitable habitat
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within dispersal distance and the potential effect on these
populations.

We recommend investigation of the population(s)
from the Stirling Range to assess the security of these
populations. Survey is recommended to assess
population size, habitat used and the security of this
habitat from stochastic events, in particular from wildfire.
We also recommend examination of the genetic structure
to determine whether the Stirling Range and Green
Range population(s) was, or is still, contiguous with other
south coast populations.

CONCLUSION

The distribution of the quokka appears to have been
traditionally limited by climate and by rainfall in particular.
Reduction in availability of suitable habitat, in conjunction
with predation and changed fire regimes, appear to have
limited this distribution, or more specifically has further
confined the quokka to specific habitats within the limits
of its geographic range.

For the quokka, like numerous other native mammal
species, the arrival of Europeans to Australia coincided
with a slow but continual decline in abundance and range
(Fig. 3). From 1900 in particular, the increasing human
population in the south-west of Western Australia resulted
in anthropogenic disturbances including vegetation
clearance, logging, mining, hunting and changed fire
regimes. Introduced predators have been implicated in
40% of historic extinctions (Caughley & Gunn 1996)
and it seems likely that predation pressure from the
introduced red fox, in conjunction with continued habitat
alteration through fire exclusion and colonisation, further
compromised the conservation status of the quokka.

However, the quokka, like many Australian native
mammals (Wilson & Friend 1999) appears to be resilient
to individual disturbance factors but also appears to be
increasingly susceptible to the cumulative effect of
multiple factors. None of these factors has occurred in
isolation. Many commenced more or less in synchrony
with the arrival of the fox (Recher & Lim 1990) and all
continue to operate.

Although there is considerable agreement that
multiple factors combined to contribute to the decline,
there is also considerable disagreement as to the ultimate
cause of the decline of critical weight range mammals
since European arrival (see Burbidge & McKenzie 1989;
Lunney et al. 2001; Morton 1990; Recher & Lim 1990;
Short et al. 2002; Short & Calaby 2001; Smith & Quinn
1996; Wilson & Friend 1999). Abbott (2001b) concluded
the fox was the primary agent responsible for the decline
of the bilby. However, a single explanatory hypothesis
to account for past and continuing declines is unlikely to
be applicable to all species and it would seem logical that
cach species is affected to a differing degree by each
factor. Similarly, the relative importance of any factor
will vary spatially for each species. Kinnear et al. (2002)
proposed two hypotheses, niche loss/damage and
predation, to account for the initial and continued decline
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of Australia’s critical weight range mammal fauna. The
hypotheses are not necessarily mutually exclusive (Kinnear
et al. 2002). There is a wealth of evidence linking two
factors to the decline of the quokka; predation and a
loss of the quokkas’ preferred habitat mosaic. The latter
equates with the niche loss /damage hypothesis proposed
by Kinnear et al. (2002). We believe the two hypotheses,
niche loss/damage and predation, when acting in
concert, are sufficient to account for the pattern of decline
of the quokka.

Islands, although not immune from disturbance
factors, often act as refuges for threatened species largely
because the factors responsible for the decline on the
mainland are often absent from islands (Dickman 1992).
The quokka population on Rottnest Island may provide
clues to the significance of the various disturbance factors
which led to its decline on the mainland. Compared to
the mainland, the Rottnest Island population has a higher
susceptibility to disease (Salmonelln) (Hart et al. 1986),
encounters seasonal aridity leading to summer mortality
(Hodgkin & Sheard 1959; Shield 1964 ) and a period of
anoestrus (Shield 1964). Rottnest Island and mainland
south-west Western Australia have experienced the effects
of development and have been subject to extensive habitat
fragmentation. The success of the quokka population
on Rottnest Island, despite these disturbances, suggests
the species is quite resilient. With respect to disturbance
factors, the most significant difference between Rottnest
Island and the south-west mainland appears to be the
presence of the fox on the mainland. Recent interesting
advances in our understanding of the effect of the fox
on native fauna reinforce this conclusion. The predation
cfficiency of foxes combined with the inadequate anti-
predator defences of a predator-naive fauna may lead to
high and unsustainable’ levels of predation (Short et al.
2002). Short et al. (2002) concluded this is the case for
the Australian mammal fauna which has evolved in relative
isolation since the break-up of Gondwana 50-60 million
years BP (Heatwole 1987). Short et al. (2002) further
concluded surplus killing may be an outward sign of this
mismatch and provided case studies to support their
assertion that the declines of many prey species, and in
particular those species with limited refugia, may be a
result of surplus killing by foxes.

The hypothesis that species with little or no refuge
would have suffered most from this predation (Short et
al. 2002) is consistent with the pattern of decline of critical
weight range mammals in the arid zone described by
Burbidge and McKenzie (1989). The quokka is now
restricted to areas of refuge (islands and dense vegetation
on the mainland). The presence of this latter refuge seems
likely to have been the sole factor staving off extinction
resulting from fox predation and the combined effects
of altered fire regimes and habitat loss.

With the continued depletion of resources (nutrients,
water, refuge), which have previously buffered the fauna
decline in the more mesic areas of the mainland (Recher
& Lim 1990; Woinarski et al. 2001), the buffering
capability may be in the process of being compromised.
Further extinctions may result (Recher & Lim 1990;
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Woinarski et al. 2001) and the assumption that critical
weight range mammals in mesic areas are secure
(Burbidge & McKenzie 1989) may no longer be valid.
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Table 1

Fossil and sub-fossil records of Setonix brachyurus. The site names are listed in a north to south latitudinal cline and are mapped in Figure 2. Bolding and an asterisk indicate
the deposits at that site are considered to be part of the original (modern) mammal fauna as noted by the source for the record or as inferred by the age of the deposit. Bolding
only indicates a more subjective assessment of age, where deposits were implied as part of the original (modern) mammal fauna. The abbreviation BP means before present.

Site name

Location

Description

Comment

Age Source

Comment on  Setonix record

Hastings Cave /
Drovers Cave *

8 km north east of Jurien,
approx 210 km north
of Perth

Described by (Lundelius
1957; Lundelius 1960) as
entrance formed by collapse
of roof. Cave formed from
arches developing
(coherence) over dissolved
aeolian calcarenite

(Baynes 1979).

Hastings Cave / Drover's Cave listed

by (Lundelius 1957) as representative

of Jurien Bay caves. Bone deposits
were concentrated near cave mouth
(Lundelius 1957) and thought to be
derived from owl pellets. Concurs with
Baynes (1979). Fragmentation of
bones of larger mammals considered
to be indicative of mammalian
predator accumulation (Baynes
1979), with a minor contribution as a
result of human occupation.

5900 + 140 years BP Baynes (1979)
(Lundelius 1960), however
Lundelius (1957) reported top
most foot of surface deposits to
represent fauna prior to effect
of introduced species. Also
listed presence of rabbits and
house mouse and interpreted
this as indicating younger
deposits. Baynes (1979) listed
ages (Hastings Cave) as 400 *
70 years BP at a depth of

10 mm to 11 400 £ 200 years
BP at 2.98m.

Lundelius (1960)

Merrilees (1968)

Listed from 1 layer only,
mammal occurrences were from
deposits considered to less
than 1,000 years old and
considered to be part of the
original fauna

Lower levels only

Merrilees noted the only
records of Setonix from the
Moore River — Dongara region
are from lower parts of Hastings
Cave deposit. However,
Jefferys (pers comm. to MWH)
subsequently listed Setonix
occurrence at Echidna Cave
(Dongara), an un-named cave
near the northern boundary of
Nambung National Park, House
Cave (Moore — Dongara river
area), Greensand Cliffs (Gingin)
and Mclintyre Gully (Gingin)

Yanchep *

North of Perth

A complete quokka skeleton
recovered in 1965 registered
with the WAM as part of the
fossil collection.

The skull was penetrated by a
small iron stake implanted
during the animal’s life time,
thereby inferring persistence of
quokkas in Perth area in
modern times

(Merrilees 1965)

Skeleton with iron rod through
skull

Orchestra Shell
Cave

Wanneroo, North of
Perth. Location noted as
approx 16km south of
Yanchep cave described
by Lundelius (1957)

4 stratigraphic levels,
progressive faunal
impoverishment towards top.

Lair, deposits presumed to be
accumulated by Sarcophilus.

not specified Archer (1974b)

Lower two levels

Murray Cave

Approximately 40km
north of Perth

Considered to represent a
carnivore’s accumulation,
typical of Sarcophilus

3 090 * 90 years BP. Contains
youngest dated occurrence
(from charcoal at 1-7cm depth)
of thylacine

(Archer 1974a)

Rainbow Cave *

1 km inland, 1.5km south
of the mouth of the
Margaret river, south-
west Western Australia

Collapsed limestone cave,
30m deep, 15m wide

Lilley (1993) aged at 340 + 45 Lilley (1993)
years BP at depth of 5-10cm;

790 + 50 years BP at depth of

25-30cm; 8340 + 45 years BP at

depth of 35-40cm; 4150 + 70

years BP at depth of 70-75cm;

and a second age of 1030 + 50

At depths of 10,15, 25, 35, 50
and 75cm. Deposits above
30cm are therefore presumably
from the modern fauna

44

/e 18 saliol ap d



43

Distribution of the quokka

s|ans| yiog

(feaure ueadoing

aid Ajgreipawiwi eare ayy ul
BulIN220) 'une) ulBpowW a8y} Jo
yed ag 01 paiapisuod susodag

(sabe |e) nsodap noybnosyy
Apuaisisuod pajuasalday

(096T) %000

(096T) sniepunT

(526T)
‘e 18 saukeg

(826T)
‘e 1@ awegd

(996T) snispun

(€26T) so9|IBN
pue youoqg

(T26T) S9N
pue youod

"(T00Z 'Te 18 Asuiny)

plo sieak 000‘0F JO SS8IXd

ul g Aew S|aAd| Jamo| paredipul
pue siafe| Jaddn Joy sayep asayl
pauoddns sanbiuyoay Bunep
juanbasqns 'pjo sieak 000‘TE
uey) alow Jsodap wonoq

8y pue pjo sieak 000'GZ

— 000‘6T Se suun aydelbnens
Jofew Jayio yum ‘pjo sieak
000°CT uey} sss| 8q 0} Jun
olydesbens 1sowltaddn paisi
(€26T) sd9|LIBIN pue Youog
dg sieah G/z ¥ G.T'2T

se 199} v 1e susodap yum ‘dg
sreak 09T F 00S'8 [9A9] Jaddn
ayy parep (096T) sniepuNT
"(826T) [e 10 awleg dg sieah
09T'Ge 01 Buipusixa susodsp
18aYl0 dg Ssieak ozg Sse Juadal
se paquasap siake| [eyng

'sysodap ay)

Jano Bupjiom, Apuanbasans loy
a|qisuodsal sem snjiydoases panallaq
pue suewny Agq pajejnwnade usaq
aney Aew siake| Jaddn paispisuod
(526T) ‘|6 1@ saukeg ‘snjydoores

Aq ya| usaqg aney Aew surewsal
aWOoS "aned ay Jo asn eulbuoqy

JO JInsal e se ¥a| A|lgewnsaid surewsal
poo} pue sjoejele se paguosap
(T26T) se@9jIsN pue youoQ

‘I sIne@ aweu ay) aduay
‘snjiydoases jo ynsal e ag 0} (096T
snij@pun) palapisuod syusodaq

199} ¥ 4O Yidap

1e pue ‘100J} SuiLaAR]]
MoJaq Ajgrelpawiwl :S|aAs|
OM] WOl paguasap susodaqg
‘Ul paysem ag 0} ybnoyy
spues AaAe[o pal Jano

100]} BunIaARI| "a)USIeI[eD
ueljoae Ul aARD |jews

elensny
UIDIS9A\ 1SaM Ylnos
“aI[OYIUM JO 1SIM LINOS

x (096T) 00D
pue (996T
‘096T) snilepun
10 ane) dnuueN
10 ‘are s|ineg

(8¥6T) Hane|D

uanib jou

paquosap 10u

eljensny
UI21SB/\ 1S8M YInos
‘eale 1anly 181ebiep

ane) ayeT

(896T) ses|IsN

juswamas ueadoing

0] Joud sIieak puesnoyl ma) e
0} paipuny awos lJoj uoibal ay}
JO JsuBloBIRYD BUNR) SB PalSIT]

ABojoydiowoah

passnasip oym (296T) Aimo Aq apew
Buraq suonoa||0o asay} Jo uoneslpul
ou ‘IanamoH "uolfal aisifeinieN
adeD—-uimnaa aded Ul saAed wWol)
Jan1| 8oepuns woly (296T) Aimo Ag
Pa109]|09 suawidads Jo aAleluasaldal
se (896T) Sa9|IBN Aq paisI

paquosap 1ou

elfeNISNyY UISIS9AN 1Som
yinos ‘uoibal alsiieineN
ade) — uimnaa aded

ane) s.holleH

(926T) uene|o

2U2203s19|d

aARD loWWe
se a1y Ajeuiiou usxel uoneaoT
*1S9M-UINOS SWAX3 Yl Ul ISAY
181eBIR\ BY) Jesu S8ARD UIeLd, Wolj
SUON29||00 0} pawdjal (9Z6T) Uane|D

paquosap 1ou

saned
JaNY 101ebiep

(096T) snispun
(896T) se3|LIBN
(€96T) %000

(8v6T) Wane|D

dg slesk

000‘TE Se usodap jo sued
Jaddn parep (896T) So9|lUIaN
dg steak 000 LE uey) lorealb
se Jake| pues Jaddn ay woly
susodap parep (096T) snijgpun

uene|o Aq

paisabbns se payodsuel; Jarem
10U pue Shjel YiM JUualSISUod alow
alam s)isodap palapisuod (896T)
S99|LLIBIN "Ure| Jarem aq 0} (8¥6T)
uane|9 Aq palapisuod syusodag

sallueljoae
snoaJsedfed ul jsuuny Jabuoj
Aisnoinaid e Jo sjueuway
"(096T sniopunT) auiaAel
ynm paddes siake| yiog
‘pues pal asieod anoge Jake|
pues pal-mojjaA e :spun
olydesbirens omy Buiney

se pasiubodas Ajreulbuo
"(8v6T) Wene|9 Aq paquosep
® Surewal ayelqalaA |ISSo}
plalAk 01 elensny uId1Sa\

Ul 9ABD 1S} 8y} Sep

elensny
UIBISO/ 1SaM Yinos
‘eale Janly 101eblep

aAe)D) LIoWWeN

wopgE—Gz 4o yidap
1e paulwIIap sem dg siesk



P.J. de Torres et al.

44

(euney ulspow ay}
Jo ued) uadal ale asayy sadwi
suawioads 1ay10 Yum surewal

(926T) lggel Jo aouasald Juadal o 9/6T Yorew zz 0l saunp pues wiod oe|g pue « Baly
1U9231 10 |ISSO} NS Ajgewnsald MelS pue Aeged| [ISSo) gns Ajgewnsald ‘parep 10u 9/6T Yole|\ g1 pouad ul pajos|od wiol} paydalj0d sauog wiod abpa usamiag 1Ay 109S
surewsal saunp pues
[ewjue uIapow pue [ISSo} JO Xiw pasijigels Apred-sjigow
s usodap Ajdwi surewsal ngoel woJy syusodap adepns Jany noas ayy
(696T) Jopng  pue xo} Jo dduasaid ‘uanib jou pue S|IoS [ISSO} pasodx3  Jo YInos saunp [elseo) JaNIY 109S
ul paysem A|qissod ‘sjuawipas
Apues yum payiy Ajrensed
aua201sI9|d slagweyd ylog “laqueyd
a1e| PaJapISuod WIOET urew jo ped uleysam
Jo yideq dg steak 00T F G/8°2 woly Buipes| Jagqureyd
(WIGTT—00T) JoAe| arelpawla] S|MO Ag 9sh wioJ}  Jsjews e pue jool pasde|jod elensny
dg sleak 08 F 006'C Buninsas susodap [euonippe Yim Arended yum Jaqureyd UJIBIS9/\ 1SaMm Uinos
woQ/.T 01 syidap e wasald (626T) 1ou0d 1e pabe (wogz-Tz) JoAe| Jaddn den ud e se pauonouny aney Aep urew abue| e Jo pasudwo) jo uoibal umnaa aded aned IS
eljensny
UI9ISa/\ 1SaM UInos
(86T) Wene|n uanib jou paguasap jou ‘eare JIany 1oJebrep aned s,apug
sysodap Jo uone|nwnooe ‘uoirepaid |mo
1s0od panie aney Aew yaiym  Jo )nsal e susodap sisabbns ‘saned
10 |[e ‘(nqgel Jo Jel yoe|g ‘asnow  Jo AujigisSaddeul 8y} pue salads |mo
asnoy) sfewiwrew pasnposul 9zIs wnipaw jo abuels olydeiboah
ay1 jo susodap pey aned UMOUS YUM pauiquiod ‘siyL (¢ aneD) aoeuns Jo (¢ anep
JayuaN "1apjo aq Aew € aneD  “srewiue ajiusAn| se pajaldialul 'S}004  WIET pue (T aAeD) adeuns pue T aAe))
(2/6T) saukeg T aAeD WOl rey pajep uogsed  pawloj Apood yum yieal snjiydooses JO wog uiyum sysodap risnbny SsaAed paweu-un
Aluo g ane) ul asald pue Jayoly olpel Uo paseq dg 09T F OV ulomun papnjour siusodag aAR) 9BYNS-NS/32eLNS ‘yjoolg Jauin| reaN Jlews om]

JabunoA aq Aew
susodap ane) s,buons Aldwi
os|e aned s,buons ui juasaid
10U susodap aAe) Ylowwep

JO BWOS "d9ARD YloWWeW ueyl

126BuUNoA Ing ‘Jap|o palapisuod

(896T) S93JLUIBIN pPag Weans WoJl SUoeARIXS INg
‘syusodap BunoA ‘uadal alow sey
adojs snpey jo uomiod [enuad

Aluo yreaL (€96T) %000

susodap

Aleluawipas yum paxiw uay)
pue weans Agq pauodsuen
pue paysem [eLaleN
‘Buisde|j0o snfey jo uoiod
[eluad % uondoe Wealns

Ag pauiwlapun adojs snpel
SeH “Jagweyd aduenus

ul sysodap urepy ‘Aioisiy
juswdojanap xajdwod

® sey aneD Ylowwel lo} sy

(€96T) 100D
aAeD ylowwepy Jo aned sbuons
JO yInos sajw /1o ‘ane)d s,buons

pJodal XILOIS U0 JUSWWOD 92In0S aby

uswwo)

uonduosaq

uonedn aweu als

(u09) T Bj0EL



45

Distribution of the quokka

JU8931 10 |ISS0} gns Ajqewnsald

(9261)
1eis pue Aeqey

U828l 0 |ISSO}
gns Ajlgqewnsaid ‘payep jou

9/6T Isnbny
0z 01 GT pouad ul pajdal|0d

pa199||09
(s)auoqg se Ajuo paqguosap

£2// anasay
1O 1sea JInogleH
Teog 1e INomojq pues

InogueH reog

JU8931 10 |ISS0} gns Ajqewnsald

(9261)
1e1s pue Aeqey

U828l 0 |ISSO}
gns Ajlgqewnsaid ‘parep jou

9/6T Arenige
0T 01 ¥ pouad ul pajda)j0d

saunp pues ul dn paxoid
Jelsyew se pails|| sanads

sed [euoneN

1U808J 10 1SS0} gns Algewnsald

(9267)
els pue Aeqedy

U231 10 |ISS0}
gns Ajqewnsaid ‘parep jou

9/6T 1snbny
0Z 01 GT pouad ul pajos||0d

pa103]|02
(s)auoq se Ajuo paquosap

0€TY
uoneoso 1suabeue|d
JO UInos ‘saunp pues

19uabejue|d

JU892al 10 [ISSO} gns Ajgqewnsaid

(9267)
1els pue Aeqedy

(euney

uiapow ay} jo ued) juadal
are asay) saldwi suswioads
JOYI0 yum surewas jgoel

JO 92UdSAId IS 10 |ISSO}
gns Ajqewnsaid ‘parep jou

9/6T 1snbny 0z 01 ST pue 9/6T Aely
G 01 9/6T |Udy €z pouad ul pajos||0d

saunp pues ul
paurelqo se paisi| saads

Aueqy jo 1se3

aAIasay aineN
Aeg sa|doad om|

JU8931 10 |ISS0} gns Ajqewnsald

(926T)
ue1s pue Aeqgey

(euney ulepow
ay Jo ued) susodap juadal
are asay) saldwi pa1oda|j0o

suswinads Jayio yum surewsl
X0} pue 1qges Jo aosusasaid
3y} lanamoy ‘parep lou

9/6T 1snbny
0Z 0} GT pouad ul Pajda||0d

saunp pues ul
paurelqo se pais)| salnads

eale ajodiepn
‘Ino mo|q pues
[e1se0d se paquasaqg

ajodiep

JU8931 10 |ISS0} gns Ajqewnsald

(9261)
1e1s pue Aeqey

U828l 0 |ISSO}
gns Ajgqewnsaid ‘payep jou

9/6T Isnbny
0Z 01 GT pouad ul pa3ds||0d

SEIRET|[e]
(s)auoq se Ajuo paquosap

yoeag s,uewioN
JO Isea Wi T pue 8yey

uoneoo| 1auabelue|d
10 YIN0S 1NoMojq pues

19uabejue|d

/ Yyoead
s,uewlIoN

JU8931 10 |ISS0} gns Alqewnsald

(9261)
1e1s pue Aeqey

U828l 0 |ISSO}
gns Ajgqewnsaid ‘payep jou

9/61

Ke 1€ 01 2z pouad ul pa1ds|j0d

saunp pues
wioJj Palos|jod suswioads

saung
pues dniabesp woly
lellarew auog ‘AemybiH
9SSBA pue 1Se0d Yinos
ay} ‘sianul Ajpuuoq
pue uairep ayl Aq
papunoq se paquasaq

eale
JaNIY Ajlpuuog
/ JaAIY Ualiep



Table 2

Australian Museum records of the quokka, Setonix brachyurus. Additional records by Masters lacking location records are not shown.

Year of Location Collector Form of Comments Australian Museum
collection specimens Registration number
Undated Rottnest Island brain in Formalin M 18429
Undated Rottnest Island G. P. Whitley-Staff skull and mandibles Shown as G. P. Whitney-Staff in Australian Museum database S 1936
Undated Rottnest Island G. P. Whitley-Staff skull only Shown as G. P. Whitney-Staff in Australian Museum database S 1937
Undated Rottnest Island G. P. Whitley-Staff skull, odd mandible Shown as G. P. Whitney-Staff in Australian Museum database S 1938
Undated Rottnest Island Taronga Park Trust skin M 7994
Undated Rottnest Island Taronga Park Zoo skin skull M 8177
1866 King George’s Sound Masters mount Year of collection nominally shown here as 1866, as Masters is known to have P 1048
collected in King George’s Sound area from Jan to April 1866 (Abbott 1999; Glauert
1950) and Sept 1868 to April 1869 (Glauert 1950), however this record not listed by
Krefft (1867; 1869). No co-ordinates listed, co-ordinates for Albany used, however
Masters known to have collected as far north as the Pallinup River (Salt River)
(Glauert 1950) and the Stirling Range (Abbott 1999)
1866 King George’s Sound Masters mount See comment for record P 1048 P 1049
1866 King George’s Sound Masters spirit See comment for record P 1048 P 1060
1866 King George’s Sound Masters spirit See comment for record P 1048 P 1061
1866 King George’s Sound Masters spirit See comment for record P 1048 P 1062
1920 Nornalup near Denmark  A. S. Le Souef skin skull Year of collection not listed. Nominally listed here 1920 as Le Souef known to have M 4212
collected in Porongurup area in 1920 (Abbott 1999). Co-ordinates map to Southern
Ocean, directly south of Nornalup Inlet and Walpole, corrected to map near Nornalup
1920 Nornalup, near Denmark A. S. Le Souef skull only No co-ordinates with this record, corrected co-ordinates for Le Souef record (M 4212) S 1799
used. Other comments for record M 4212 apply.
1920 Nornalup, near Denmark A. S. Le Souef skull only No co-ordinates with this record, corrected co-ordinates for Le Souef record (M 4212) S 1800
used. Other comments for record M 4212 apply.
1921 King River, 10 miles E. Le G. Troughton skin skull Shown as LE G. Troughton in Australian Museum database M 3083
from Albany J. Wright
1921 King River, 10 miles E. Le G. Troughton skin skull Shown as LE G. Troughton in Australian Museum database M 3084
from Albany J. Wright
1921 King River, 10 miles E. Le G. Troughton Shown as LE G. Troughton in Australian Museum database M 3085

from Albany

J. Wright
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Table 3

Published records of occurrence of the quokka, Setonix brachyurus. Records are listed chronologically.

Year of Location or Source Comment
record Site name
1658 Rottnest Island Samuel Volckersen (Volckertzoon), Considered the first record of quokka sighting by a European and only the second record of a marsupial from Australia
cited by (Alexander 1914) by a European
Glauert (1950)
1696 Rottnest Island Willem de Vlamingh, cited by Mistook the quokka on Rottnest island for * ... A kind of rat as big as a common cat ... *
(Alexander 1914) Glauert (1950)
1801 Rottnest Island M. Freycinet,, cited by M. Freycinet, observed a quadruped ‘which the old Dutch navigators actually mistook for a rat’
Alexander (1916)
1826 King George’s Sound Records of Quoy and Gaimard Reported the new species, the specimen described as recently dead and ... ‘probably from disease’
as cited by Alexander (1916)
1829 King George’s Sound Scott Nind, cited by (Alexander Scott Nind, medical officer at the King George’s Sound penal settlement recorded the presence of the quokka
1916) and Glauert (1950)
1829 Rottnest Island Dr T.B. Wilson, cited by Dr T.B. Wilson, visitor to the Swan River Settlement, when visiting Rottnest Island recorded ‘the dogs caught two wallabi’
Alexander (1918)
1830 King George Sound Walton (1988) The type specimen of Quoy and Gaimard
1837 Swan River, Perth George Gray, cited by Glauert (1950) reported Gray’s list of species from the Swan River. The list included the quokka Kitchener et al. (1978)
Glauert (1950) noted Gray's reference to ‘Swan River’ may have included the Darling Range & the York & Avon River valleys. Nominally
mapped as Piesse Brook
1842 Coastal areas Gilbert, cited by Gould (1863) Gilbert found the quokka abundant in all the swampy tracts which ‘skirt nearly the whole of Western Australia at a short
distance from the sea’. Presumably this was referring to the south west of WA only. Gilbert was known to have visited WA
and collected from this area in 1839-1840 and 1842-1843 Abbott (1999). Date nominally listed here as 1842 and
locations nominally shown as Albany and Margaret River area
1905 Bald Island Shortridge (1909) see note 1, below
1905 Rottnest Island Shortridge (1909) see note 1, below
1905 Margaret River, Burnside Shortridge (1909) see note 1, below
1905 Busselton, Yallingup Shortridge (1909) see note 1, below
1905 Albany, King River Shortridge (1909) see note 1, below
1905 Albany, King River Thomas (1906) Descriptions of collections made by Shortridge. Listed as collected during end of 1904 and during 1905. Nominally listed

here as 1905 and mapped as same location as Shortridge (1909) for King River
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Table 4

Unpublished records of occurrence of the quokka, Setonix brachyurus. Records are listed chronologically.

Year of Location or Source Comment
record Site name
1940 Northcliffe, Bashford Road L. Wilson (personal communication Quokkas observed in large numbers in 1940s and earlier and known to feed in paddocks away from vegetated
area, 10km east to PJdeT) creeklines. Reported as ‘last seen in number when fleeing from fire’ in the 1940s. Location approximate and shown
of Northcliffe nominally as 1940
1958 Rottnest Island Sadleir (1959) Conducted a trapping program at the Byford/Manjedal Swamp site on the mainland and Rottnest Island to examine
physiological differences between the two populations
1958 Byford, Manjedal Sadleir (1959) Trapped at Manjedal Swamp in April — May and September — October 1958. Six quokkas only caught, all in the
Swamp/Brook April — May period
1962 Rottnest Island Holsworth (1964) Trapped in period May 1961 to May 1963 and incorporated data from 1954 to 1961 and from December 1963 to April
1964. Nominally shown here as 1962. Population estimates were derived for 4 areas within the West End only. Each
area was comprised of several group territories. Population estimates were described by Holsworth as stable for the
period 1955 to 1963, however data indicates large variations in abundance.
1965 Travellers’” Arms, Albany Kent Williams (pers. comm. Quokkas successfully trapped in 1965 at swamp on the opposite side of Albany highway from the Travellers’ Arms Hotel.
Highway, south-east of the to PJdeT) Subsequent trapping in the same year, post fire was unable to confirm continued presence. See record for 1996
Perth metropolitan area (Table 6) when presence at this location was re-confirmed
1969 Two Peoples Bay Nature Bannister (1970) Reported carcass found in 1969 by N. Robinson, in thick scrub at bottom of a shallow gully, near CSIRO hut. Old
Reserve, near CSIRO hut evidence and no indication of recent activity when surveyed by Bannister (1970). Location mapped here is approximate
1969 Rottnest Island Kitchener (1970) Estimated a mean monthly population size from a study area comprised of 48 quadrats, each 12m x 12m at Barkers
Swamp, near the centre/eastern end of the Island. Estimates derived from data collected in the period December 1967
to December 1969. Listed here as 1969. Estimates were from direct observations and included permanent and
temporary residents, recruits and transients. Mean monthly estimate was approximately 45 adults and 13 juveniles within
the Barkers Swamp study site.
1969 Green Range, 50 miles Pearce (1969) Local landholder recorded the presence of small kangaroos. Subsequent investigation by WA Department of Fisheries
(30km) northeast of Albany Fauna Warden detected spoor consistent with quokka. Drawing of spoor provided in Departmental file — we have
presumed this to be a quokka. Presence recorded here in 1983, see 1983 entry in Table 3.
1970 Two Peoples Bay Nature Bannister (1970) Unable to confirm by trapping, presence inferred by runs and scats detected in thickly vegetated gullies, near weather
Reserve, near weather station above CSIRO hut. Location mapped here is approximate
station above CSIRO hut
1970 Two Peoples Bay Nature Bannister (1970) Unable to confirm by trapping, presence inferred by runs and scats detected in thickly vegetated gullies, bottom of
Reserve, south-west of valley, south-west of Pt Gardner
Pt Gardner
1970 Two Peoples Bay Nature Bannister (1970) Unable to confirm by trapping, presence inferred by runs and scats detected in thickly vegetated gullies, thick swampy

Reserve, Moates Lagoon

areas at west end of Moates Lagoon
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Table 5

Records of occurrence of the quokka, Setonix brachyurus, extracted from unpublished Department of Conservation
and Land Management databases (CALM unpublished; Gilfillan unpublished). Original source for most records was
Departmental operational district staff. Records are predominantly from incidental and opportunistic sightings. Records
are listed chronologically.

Date of Location Comment
record

1987 Pemberton, Brockman National Park, near Pemberton-Northcliffe Road carcass — 3 animals

1992 William Bay National Park Information forwarded by Greg Freebury, WA
Department of Conservation and Land
Management. Date is estimate. Diurnal sighting of
1 individual

1993 Pemberton, Brockman National Park roadkill

1994 Manjimup, Lewin Forest Block, Davidson Road / Pine Creek gully system No other details

1994 Manjimup, Lewin Forest Block. Davidson Road / Pine Creek gully system

1994 Manjimup, 7 Day Road / Court Rd No other details

1994 Manjimup

1995 Manjimup, Lewin Forest Block, Junction Davidson & Easter Rd No other details
1995 Manjimup, Andrew Forest Block No other details
1995 Manjimup, Lewin Forest Block, junction of Davidson and Easter roads No other details

1995 Manjimup, Lewin Forest Block, junction of Davidson and Easter roads

1995 Manjimup, Lewin Forest Block, junction Davidson and Easter roads

1995 Manjimup, Andrew Forest Block

1996 Walpole-Nornalup National Park, Cemetery Road Reserve 31362

1996 Walpole-Nornalup National Park, Monastery Road, 1.5 km from
South Coast Highway

1996 Walpole-Nornalup National Park, South Coast Highway, 0.5 km west
of Gully Road

1996 Walpole-Nornalup National Park, near Spike Road Reserve 31362

1996 Walpole-Nornalup National Park, Frankland River, near
Monastery Landing

1996 Walpole-Nornalup National Park, Cemetery Road Reserve 31362

1996 Walpole-Nornalup National Park, Allen Road, 0.5 km from Hilltop Road

1996 Walpole-Nornalup National Park, Pool Road

1996 Walpole-Nornalup National Park, eastern boundary of Reserve 31362

1996 Walpole, Valley of the Giants, Valley of the Giants Road

1996 Walpole, Loc. 10190, 1 km northwest of junction of Jones Road and
Hilltop Road

1996 Walpole, Valley of the Giants, Bohall Road, 2.5 km from South Coast
Highway

1996 Walpole, Valley of the Giants, | km along track running southeast of
Pedro firebreak




62

Table 5 (cont.)

P.J. de Torres et al.

Date of Location Comment
record
1996 Walpole, Valley of the Giants, northern end of Twin Creek Road
1996 Walpole, Valley of the Giants, Court Road, 1 km from South Coast Hwy
1996 Walpole, Valley of the Giants, South Coast Highway, 250 m west of
Conspicuous Beach Road.
1996 Walpole, 1.5 km northwest of junction of Jones Road and Hilltop Road
1996 Walpole, Valley of the Giants, Valley of the Giants Road
1996 Walpole-Nornalup National Park, Monastery Road, 0.5 km west of
Zig Zag Road
1996 Walpole, Valley of the Giants, Valley of the Giants Road
1996 Walpole, Valley of the Giants, Rate Road 3.3 km north of
South Coast Hwy
1996 Pemberton, Brockman NP, adjacent to farmland Diurnal sighting of 2 quokka disturbed by and
escaping from machine (dozer) disturbance
1996 Walpole, Valley of the Giants, South Coast Hwy, 1.1 km east of
Conspicuous Beach Road
1996 Frankland, Ford Road 3 km from Talbot Road
1996 Walpole Inlet, near Collier Creek, eastern edge
1996 Nornalup, Nornalup Bridge, South Coast Highway.
1996 Manjimup, Solai Forest Block, Solai Rd HC6395 No other details
1996 Walpole, Valley of the Giants, South Coast Highway, 1km south
of 28 Mile Road
1996 Manjimup, Yardup Forest Block, 1km North along Edwards Road
from Perup Road Database records indicate two different sightings,
same day. The source is identified for one sighting
only and is possibly a duplicate record. The Yardup
record(s), combined with the 1954 record by A.D.
Jones in Serventy et al. (1954) represent the only
quokka records from the Perup forest.
1996 Manjimup, Lewin Forest Block, Easter & Eastwin roads No other details
1996 Manjimup, Nelson Forest Block, Bibbulmun Track approx 500m south No other details
of Willow Springs
1996 Walpole, Valley of the Giants, near South Coast Highway, 2 km west
of Nut Road
1996 Manjimup, Solai Forest Block, Solai Road
1996 Manjimup, Yardup Forest Block, 1km north along Edwards Road from No other details
Perup Road
1996 Roe, first creek system west of Claude Road, on Roe Road.
(near Mt. Roe)
1996 D’Entrecasteaux National Park, Mandalay Beach Road, near beach
1996 Walpole-Nornalup National Park, Tinglewood Road, 1.5 km from South
Coast Highway
1996 Manjimup, Nelson Forest Block, Bibbulmun Track approx 500m south of
Willow Springs
1996 Walpole, Keystone Rd. 1.5 km north of South Coast Highway
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Date of Location Comment
record
1996 Manjimup, Easter Forest Block, Easter and Eastwin roads
1996 Walpole-Nornalup National Park, Shelleys Beach
1996 Walpole-Nornalup National Park, South Coast Highway, 0.75 km west
of Tinglewood Road
1996 Walpole-Nornalup National Park, walking track between Sealers Cove
and Circus Beach
1996 Walpole-Nornalup National Park, gully north-northwest of Circus Beach
1996 Walpole-Nornalup National Park, 1 km northwest of Circus Beach
1996 Walpole, Rest Point Road, 1 km from South Coast Highway
1996 Denbarker, Denmark- Mt. Barker Road, near Mitchell River Bridge
1997 Manjimup, Netic Forest Block, Pool Road
1997 Walpole, Approximately 200m east of the junction of Tree Top Walk Roadkill
Road and Valley of the Giants Road on Valley of the Giants Road
1997 Pemberton, D’Entrecasteaux National Park, near Landslide Road in diurnal sighting of 1 adult quokka
aerial burn area DC16
1997 Walpole, Valley of the Giants Road approximately 200m west of the Roadkill, carcass identified
Tree Top Walk turn-off
1997 Manjimup, Graphite Forest Block, Austin Road
1997 Manjimup, Andrew Forest Block, Top Road
1997 Manjimup, Netic Forest Block, Netic quokka exclusion (WHAT IS THIS)
1997 Manjimup, Netic Forest Block, Pool Road
1997 Manjimup, Netic Forest Block, junction of Sexton and Parky Roads
1997 Manjimup, Netic Forest Block, Sexton Road
1997 Manjimup, Netic Forest Block, Kanny Road
1997 Manjimup, Andrew Forest Block, Dalberg Road waterpoint — 2.5 km
west of Austin Road
1997 Pemberton, D’Entrecasteaux National Park Roadkill on Salmon Beach Road 1km from Windy
Harbour. Definite signs of quokka activity in 4year
old heath north of road
1997 Manjimup, Mack Forest Block, Well Road No other details
1997 Manjimup, Netic Forest Block, Kanny / Parky Roads
1997 Pemberton, Crowea Forest Block, McAlpine Road waterpoint Presence inferred by signs (scats, runways)
1997 Walpole, Walpole-Nornalup National Park, walk trail from town to Diurnal sighting of one individual, crossing
Coalmine Beach walk trail
1997 Manjimup, Solai Forest Block, Monk / Solai Roads
1997 Pemberton, Crowea Forest Block, thick ti-tree between coupes Presence inferred by signs (scats, runways)
on Crowea Road
1997 Pemberton, Crowea Forest Block Diurnal sighting
1997 Pemberton, Crowea Forest Block, track crossing Orchid Rd,
1.1km from Crowea Road
1997 Pemberton, Crowea Forest Block, south-west corner 1984 regen Presence inferred by signs (scats, runways)

on south side of road
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Table 5 (cont.)

Date of Location Comment
record
1997 Pemberton, Crowea Forest Block, McAlpine Road, water point Presence inferred by signs (scats, runways)

near Hawkins Road and Dan Road

1997 Pemberton, Crowea Forest Block, Rowney Road north of Crowea Rd Presence inferred by signs (scats, runways)

1997 Pemberton, Crowea Forest Block, Karri/Marri gully 1.9km from
Wheatley Coast Road

1997 Pemberton, Crowea Forest Block, track crossing Cederman Road
400m from Wheatley Coast Road. Karri/Marri regrowth

1997 Walpole, Wye Forest Block Presence inferred by signs (spoor)

1997 Manjimup, Mack Forest Block, Mt Mack Road / Tom Road intersection

1997 Manjimup, Netic Forest Block, Pool Road No other details

1997 Walpole, Rocky Forest Block No detail, presumably a sighting

1997 Walpole, Rocky Forest Block Old (not fresh) evidence in unburnt gully

1997 Walpole, Sharpe Forest Block Presumably determined by evidence of activity, at

creek in Sharpe Block (North of Sharpe 6), flows
into the Deep River

1997 Manjimup, Solai Forest Block, Monk / Solai Roads No other details
1997 Manjimup, Andrew Forest Block, Top Road No other details
1997 Manjimup, Graphite Forest Block, Austin Road No other details
1997 Manjimup, Graphite Forest Block, Cow Brook — Davidson Road No other details
1997 Manjimup, Gordon Forest Block, Mobil Road No other details
1997 Manjimup, Andrew Forest Block, Dalberg Road waterpoint — 2.5 km No other details

west of Austin Road

1997 Manjimup, Mack Forest Block, McNab Well No other details
1997 Manjimup, Netic Forest Block, Penny Road No other details
1997 Manjimup, Netic Forest Block, Kanny Road No other details
1997 Manjimup, Netic Forest Block, Kanny / Parky Roads No other details
1997 Manjimup, Netic Forest Block, Junction of Sexton and Parky Roads No other details
1997 Manjimup, Netic Forest Block, Pool Road No other details
1997 Manjimup, Netic Forest Block No other details
1997 Manjimup, Mack Forest Block, Mt Mack Road / Tom Road intersection No other details
1997 Walpole, Rocky Forest Block Recorded as gully crossing road, presumably

presence inferred by evidence of activity

1997 Manjimup, Mack Forest Block, McNab Well

1997 Manjimup, Gordon Forest Block, Mobil Road

1997 Manjimup, Netic Forest Block, Penny Road

1997 Manjimup, Graphite Forest Block, Cow Brook — Davidson Road

1997 Manjimup, Netic Forest Block, Sexton Road No other details
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Date of Location Comment
record
1997 Walpole, Ford Road approximately 2.0km south west from the corner diurnal sighting of 1 quokka crossing road
of Ford and Collis roads
1997 Walpole, approximately 200m west of the Conspicuous Beach Roadkill
turn-off on the South Coast Highway (northern verge)
1997 Manjimup, Mack Forest Block, Well Road
1998 Walpole, Walpole-Nornalup National Park, Valley of the diurnal sighting of 1 quokka crossing carpark
Giants old carpark
1998 Walpole, Walpole-Nornalup National Park, Valley of the Giants Road, night sighting of adult quokka crossing road
approximately 500m south of Howe Road
1998 Walpole, 100m west on Beardmore and Thomson roads diurnal sighting of 1 quokka crossing road
1998 Walpole, approximately 400m west of the Jack Rate Lookout on nocturnal sighting of 1 quokka at roadside
the South West Highway
1999 Walpole, South Coast Highway approximately 3.5km east of Walpole Roadkill 1 adult
1999 Walpole, Jones Road, 1km south of Clarke Road Nocturnal sighting of 3 quokkas, at least 1 adult.
Runways present in vegetation
1999 Manjimup, Beavis Forest Block, Beavis 8 diurnal sighting of 2 quokkas
1999 Manjimup, Lewin Forest Block, Pine Creek Road, 1.3 km from Carcass
Davidson Road
1999 Walpole, Walpole-Nornalup National Park, 100m west of Nornalup Bridge Roadkill, carcass identified
1999 Manjimup, 220 metres east of Boundary Road on Willow Spring Road identified from carcass
1999 Manjimup, Andrew Forest Block diurnal sighting of 2 quokkas
1999 Manjimup, near intersection Penny Road and Willow Spring Road diurnal sighting of 1 quokka
1999 Stirling Range National Park, Pyungoorup Peak Carcass forwarded to Western Australian Museum
1999 Two Peoples Bay Nature Reserve, on access track to research quarters  Nocturnal sighting of 1 quokka
1999 Walpole, South West Highway, approximately 400m west of the Roadkill 1 adult
Jack Rate Lookout and approximately 700m east of Tinglewood Road
2000 Waychinicup National Park carcass
2000 Two Peoples Bay Nature Reserve, Little Beach Road, start of slashed Nocturnal sighting of 1 quokka
firebreak to south of road
2000 Two Peoples Bay Nature Reserve, approximately 2-300 m from Nocturnal sighting of 2 quokkas
start of Little Beach Road
2000 Waychinicup National Park, Waychinicup Road, just north carcass
of creek crossing
2000 Manjimup, Nelsons Location 9466 Jones Rd, Yanmah / Glenoran area day sighting of 3 individuals, feeding on
household scraps
2000 Waychinicup National Park, campsite Nocturnal sighting of 2 quokkas
2000 Two Peoples Bay Nature Reserve, Little Beach Road, start of slashed carcass
firebreak to south of road
2000 Manjimup, Beavis Forest Block
2000 Manjimup, Donnelly Mill Road nocturnal sighting of 1 quokka
2000 Manjimup
2000 Manjimup, 100m South of Palings Road and Coronation Road Carcass
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Table 5 (cont.)

Date of Location Comment

record

2000 Manjimup, 1km east along Telephone Road from Coronation Road Carcass

2000 Manjimup one individual sighted running from road to scrub
2001 Walpole, 1/2 way between Deep River and Crystal Springs on carcass

South Western Highway

2001 Walpole, Crystal Springs, Coalmine Beach turnoff on South Coast Carcass
Highway, approximately 3km east of Walpole

2001 Stirling Range National Park, Mt. James Road capture of 1 quokka during Western Shield
monitoring

2001 Dwellingup, Del Park Road, south of Alcoa minesite Roadkill 1 adult




Table 6

Previously unpublished records of occurrence of the quokka, Setonix brachyurus, held by the authors. Records are from opportunistic sightings and trapping programs

implemented to determine presence. Records are listed chronologically.

Year of Location or Source Comment
record Site name
1971 Dwellingup, Lewis (Wild Pig) Swamp Dillon (1993) see note 1, below Reported on the 1971 survey of the wetter western creek systems in vicinity of Dwellingup. A total of 52
quokkas caught at 6 sites. Population density estimates of 1 animal per 2 ha in swamps unburnt for 5-10
years. Locations nominally mapped as Lewis and Holyoake swamps
1971 Dwellingup, Holyoake Dillon (1993) see note 1, below As above
1988 Dwellingup, Alcoa’s Huntly Mine Site Dillon (1993) see note 1, below Four of 5 sites inspected in 1988 showed evidence of quokka activity. Nominally mapped as Lewis
envelope Swamp, within mine site envelope. No estimates of population size
1992 Dwellingup, Holyoake Dillon (1993) see note 1, below 15 of 30 swamps surveyed in vicinity of Dwellingup in 1992 showed evidence of quokka activity. Three of
these were then trapped unsuccessfully (fence funnel trap), subsequently one quokka only was trapped
(wire cage trap) at the Holyoake site only.
1992 Collie/Mornington, Hadfield R. Brazell, note 2 below Population presumed to be contiguous with population trapped and population size reported by
Forest Block Hayward et al. (2003)
1992 Collie/Mornington, Gervasse R. Brazell, note 2 below This site known to support a relatively large population. Population estimate reported in this study (see
Forest Block Table 7)
1992 Collie/Mornington, Hamilton R. Brazell, note 2 below 3 quokkas trapped when site trapped to determine presence in 1992. Population presumably contiguous
Forest Block with the population trapped by Hayward et al. (2003)
1992 Collie/Mornington, Victor Road Site, R. Brazell, note 2 below This site known to support a relatively large population. Population presumably contiguous with the
Hamilton Forest Block population trapped by Hayward et al. (2003)
1992 Collie/Mornington, Hadfield R. Brazell, note 2 below This site known to support a quokka population — population estimate reported by Hayward et al (2002).
Forest Block Other incidental quokka reportings and opportunistic trapping from Hadfield Forest Block presumed to be
contiguous with this population
1995 Pemberton, Chudalup Forest Block Dillon (1996), note 3 below Presence indicated, abundance rated at 1 on scale of O (absence) to 3 (relatively abundant). Abundance
considered comparable with survey in 1978-79
1995 Manjimup, Andrew Forest Block Dillon (1996), note 3 below Presence indicated, abundance rated at 2 on scale of 0 (absence) to 3 (relatively abundant). Unknown if
(second site) abundance has changed since survey in 1978-79
1995 Manjimup, Lindsay Forest Block Dillon (1996), note 3 below Presence indicated. Abundance rated at 1 on scale of 0 (absence) to 3 (relatively abundant) and
considered to be reduced from previous survey in 1978-79. Logging operations close to swamp.
1995 Nannup, Mack Forest Block Dillon (1996), note 3 below Presumably contiguous with the Andrew Forest Block (third site) record. Presence indicated, abundance

rated at 1 on scale of 0 (absence) to 3 (relatively abundant). Abundance considered comparable with
survey in 1992-93
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Table 7

Previously unpublished trapping records for the quokka, Setonix brachyurus, from sites in the northern jarrah forest of
south-west Western Australia

Site name Y ear(s) Purpose of trapping Method of analysis Result
trapped program
Gervasse Forest 1992 to Long-term monitoring Abundance estimates derived from the Population estimate of
Block, near Collie 2000 of abundance and ‘deaths and no immigration’ Jolly-Seber 49.21 +7.85 individuals
survivorship model Survivorship estimates derived
from the Program MARK Cormack-Jolly-
Seber model
Rosella Road, April 1995  Opportunistic trapping to Listing of total number of captured 7 captures of 4 quokkas
near Jarrahdale determine presence only individuals

Subsequently trapped by
Hayward et al. (2003) to
derive population

estimates

Albany Highway, 1996 Opportunistic trapping to Listing of total number of captured 1 capture of an adult male

southeast of the determine presence only individuals

Perth metropolitan

area. This location is

presumed to be the

Travelers’ Arms site

referred to by Barker

et al. (1957) (Table 3)

and Williams in 1966

(Table 4)

Holyoake, August Opportunistic trapping to N/A No captures, no evidence

Dwellingup 1995 determine presence only of recent presence. Old
runways and no fresh
scats

Lewis (Wild Pig) August Opportunistic trapping to N/A No captures, some

Swamp, Dwellingup 1995 determine presence only evidence of recent activity
in runways

Kesners Swamp, February to Opportunistic trapping to Listing of total number of captured 22 captures of 10 quokkas

Dwellingup June 1995 determine presence only individuals

Subsequently trapped by
Hayward et al. (2003) to
derive population estimates
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Table 8

P.J. de Torres et al.

Location records for the quokka, Setonix brachyurus, excluded from maps used to infer distribution and excluded from
estimates of extent of occurrence. Records listed and/or the location described were either unable to be confirmed, or
were from captive colonies/sanctuaries

Location Year of Source of Comment
record record
North Twin 1905 Shortridge (1909) Shortridge included “Twin Peak’ island as a known site for the quokka. Unclear
Peak Island if this was a reference to North Twin Peak Island or South Twin Peak Island.
Quokkas have not been recorded from either island by any other author and
the record is considered to be a tammar wallaby, see comments in text

South Twin 1905 Shortridge (1909) Comments for the North Twin Peak Island, above apply.

Peak Island Western Australian Museum  Identification confirmed as a quokka in 1982 by D.J. Kitchener (WA Museum)

Point Culver records. WAM registration (Norah Cooper pers. comm. to PJdeT). The record is outside the known
number 024346 historic range and the range as determined by the fossil record and is

therefore considered spurious. No additional location details available and no
date of collection or any other details. Accuracy of location therefore
considered insufficient to include within inferred distribution.

Coorow 1949 Western Australian Museum  Validity of record questioned by Nora Cooper (WA Museum). Remains were
records. WAM registration collected from a cave in 1949, subsequently destroyed and unable to be
number 002781 verified (Norah Cooper pers. comm. to PJdeT).

Breaksea 1975 Western Australian Museum  See comments in text.

Island records. WAM registration
number 002781

Department of 1958 Western Australian Museum  Specimen presumed to be from the captive colony held at the University of

Zoology, and records. WAM registration Western Australia, ex Rottnest Island

University of 1959 numbers 003365 and

Western 003618

Australia

Karakamia 1998 Smitz (1998) Four quokkas originally sourced from mainland locations and released within

Sanctuary, a predator proof fenced sanctuary. Three quokkas released in 1996, two of

Chidlow, east which were originally sourced from the Gervasse population, near Collie and

of Perth held by the ‘Big Swamp Wildlife Park’, Bunbury. The third was a captive bred

young of the first two. The fourth animal sourced from the Rosella Road site
and released in 1997. One death has been recorded and at least 1 young
has been produced, population size unknown at May 2002

Harry Waring 1979 Austin (1979) Population sourced from Rottnest Island and released at the fenced Harry

Marsupial Waring Marsupial Reserve. The colony failed to persist.

Reserve,

Jandakot

Muddy Lake, 2002 Dell and Hyder-Giriffiths Unconfirmed record — See listing in Table 4

south of (2002)

Bunbury

Water 2004 Jim Lane (pers. comm. Unconfirmed record

Corporation to PJdeT)

reserve,

Dunsborough
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Table 9
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Known To Be Alive (KTBA) estimates for the quokka,
Setonix brachyurus, at the Gervasse Forest Block site, for
the period 1992 to 2002.

Month and Year KTBA estimate

of trapping
June/July 1992 First trapping session, no KTBA estimate
available

March 1993 14
June/July 1993 20
January 1994 22
August 1994 20

April 1995 19
January 1996 15
January 1997 12
February 1998 12
March 1999 11

February 2000

Last trapping session, no KTBA estimate

available

Table 10

Locations previously known to support populations of the quokka, Setonix brachyurus, re-surveyed in the period
1995-1996 by Dillon (1996) and found to show no evidence of presence or where presence was unable to be

confirmed.

Location

Year of last
known record

Comment

Netic Forest Block, 1978-79 0 to 2 years since last burnt. Quokkas subsequently reported from other locations within this

Manjimup and neighbouring forest block (see Table 5)

Shannon, Walpole 1978-79 0 to 2 years since last burnt, swamp vegetation completely burnt. Quokkas subsequently
reported from other locations within Shannon River area (see Table 5)

Giants Forest Block, 1978-79 Very heavy litter layer and 11 years or more since last burn. Previously known from a roadkill

Walpole only at this site. Quokkas subsequently reported from other locations within this forest block
(see Tables 5 and 6)

Walpole-Nornalup 1978-79 Very heavy litter layer and 11 years or more since last burn. No recent evidence of activity.

National Park (Hilltop Quokkas subsequently reported from other locations within this vicinity and may be at high

Road area), Walpole density (see text and Tables 5 and 6)

Sheepwash Forest 1978-79 6 to 10 years since last burn. No sign of recent activity

Block, Denmark

Farmland area, 1976 No evidence of activity, habitat now water logged. Location determined on basis of incorrect

Bunbury geographic co-ordinates for Muddy Lake listed by Kabay and Start (1976)

Urbrae Forest Block, 1988 11 years or more since last burn. Quokkas subsequently reported from other locations within

Dwellingup this forest block (see Table 6)

Holyoake, 1992 3 to 5 years since last burn. Subsequently trapped more intensively (August 1995) (Table 7)

Dwellingup with no evidence of quokka activity or presence

Inglehope Forest 1972-73 6 to 10 years since last burn. No sign of activity when surveyed by Dillon (1996) nor when

Block, Dwellingup

surveyed by Hayward (2002) in 1999-2000.
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A list of macrofungi recorded in burnt and unburnt

Eucalyptus diversicolor regrowth forest in the southwest
of Western Australia: 1998-2002
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ABSTRACT

In December 1997, a wildfire in the Pemberton region
of southwest Western Australia burnt about 1600 ha of
karri (Ewucalyptus diversicolor) regrowth forest.
Immediately following the fire, a network of sites was
selected in burnt 17-25-year-old regrowth forest and in
similar aged regrowth unburnt since establishment. We
present a species list of the macrofungi recorded from
1998-2002, at 5 burnt and 5 unburnt sites. A total of
322 species of macrofungi were recognised, of which
144 were identified to species or designated an affinity
species. All but four species are represented by voucher
collections, and most by 7 situ photographs, and detailed
macro and micro descriptions. Voucher collections were
lodged at PERTH, and descriptions are available from
the first author (R.R.).

INTRODUCTION

Karri (Eucalyptus diversicolor F. Muell.) forest is restricted
to the southwest of Western Australia, largely confined
within the 1000 mm isohyet where it occurs on a variety
of soil types as either pure or mixed forest with jarrah
(E. marginata Donn. ex Sm.) and/or marri ( Corymbin
calophylla (Lindl.) K.D. Hill and L.A.S. Johnson). Karri
achieves its best development as a tree on red-earths in
the central region of its range, where it mostly occurs in
pure stands and rainfall exceeds 1250 mm per annum
(Christensen 1992).

Fungi are important components of all terrestrial
ccosystems. They play key roles in decomposition and
nutrient cycling, assist nutrient uptake in plants, and
species of hypogeous truftle-like fungi form a major
component of the diet of many Australian mammals.
Fungi are a large and diverse group and form a major
component of the biodiversity of forest ecosystems (May
and Simpson 1997).

No systematic survey of macrofungi has been
undertaken in the southwest forest region of Western
Australia, which includes karri, jarrah, tuart (E.
gomphocephaln DC.) and wandoo (E. wandoo Blakely)
forest and woodlands. In a census of macrofungi of
Western Australia, Hilton (1982, 1988) listed 504 named
taxa, of which 135 occurred in the southern forest region.
The only lists of fungi compiled from local survey in the
southwest of WA are for coastal woodland at Two Peoples
Bay (Syme 1992) and jarrah forest near Denmark

(Bougher ez al. 1997). Syme (1992) listed 441 taxa of
which 76 were identified including 68 that were noted as
occurring in Hilton’s census. Bougher ez al. (1997) listed
355 taxa of which 32 were identified.

The total number of Australian fungi is unknown,
but estimated to be as high as 250 000 (Pascoe 1990),
with the number of macrofungi ranging from 10 000
(May 2003a) to 20 000 (Young 2005). Despite their
importance, they are often overlooked or neglected in
surveys and conservation initiatives for monitoring and
protecting biodiversity. As a result very few species can
be considered well known with respect to their
distribution, ecology and general biology (May and Wood
1997). Recently, however, improved knowledge of many
species in regard to response to fire, fruiting behaviour,
and distribution has been gained (Robinson et al.
submitted).

Most Australian macrofungi appear to be widespread.
Although 49% of the vascular plants in the southwest of
Western Australia are endemic to the State (Hopper and
Gioia 2004), it is estimated that 78% of macrofungal
Basidiomycetes recorded in Western Australia are also
found in eastern Australia or overseas (May 2002).

Ecological studies of fungal communities in Australia
are hindered by the present state of macrofungal
taxonomy, which is far less developed than that of
vascular plants. The number of Australian Basidiomycete
macrofungi that have accepted names is 3 070 (May
2003a), but many of these names are misapplied
European names and are now known to be incorrect.
Recent re-examination of early voucher material has
shown that most species given European species names
are in fact unique Australian fungi (May 2003b). There
are also many species yet to be formally described. This,
coupled with the few professional macromycete
taxonomists currently employed in Australia, makes the
identification of macrofungi and the verification of names
a very time consuming and difficult task

In view of this, we present a list of macrofungi
recorded in burnt and unburnt karri regrowth forest from
surveys of plots between 1998 and 2002. The list is
presented as a contribution to improved knowledge of
the fungal flora of karri and southwest Australian forests.
The list also provides the full data upon which the analyses
of Robinson et al. (submitted) are based. Given that the
survey was confined to regrowth forest, this list is unlikely
to represent the full spectrum of macrofungi found within
karri forest.
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METHODS

A description of the sites and plot layout is detailed in
Robinson ¢t al. (submitted). Briefly, the survey was
carried out in 17-25 year-old karri regrowth forest that
was either burnt by a wildfire in December 1997 or
unburnt since the time of regeneration. A total of 10
sites (5 burnt, 5 unburnt) were chosen and a total of 36
plots (each plot 5 x 5 m) were established and monitored
on a fortnightly basis during the fungal fruiting season
(April-Sept) and monthly for the remainder of the year.
Surveys based on epigeous sporocarps were conducted
from 1998-2000 and again in 2002. Seven sites were
situated in the 900-1100 mm rainfall zone and three
within the 1400 mm zone (Fig. 1). Care was taken not
to trample the plots and on each sample date the species
of macrofungi and the number of sporophores in each
plot was recorded at each site. For each recognised
species, voucher specimens were photographed in situ
and collected, and a detailed morphological and
microscopic description completed. When possible
macrofungi were identified to species, otherwise they

R.M. Robinson & V.L. Tunsell

were assigned as having affinity to known species or given
tentative field identifications iz Jien of them either not
being formally named or the authors having limited
access to resources or trained specialists in the taxonomy
of Australian fungi. All voucher collections were lodged
with the Western Australian Herbarium (PERTH).

Nomenclature of the majority of Basidiomycetes
follows May and Wood (1997) and May ez al. (2003),
with updates from the Interactive Catalogue of Australian
Fungi (May et al. 2004) and additions from the CABI
Bioscience Database, Index Fungorum (Index
Fungorum Partnership 2004). Because there is no
catalogue of Australian Ascomycetes, taxon names were
based on those listed from Index Fungorum or in recent
literature. Classification is arranged in accordance with
the 9" Edition of Ainsworth and Bisby’s Dictionary of
the Fungi (Kirk ez 27.2001). Species are listed
alphabetically under Order and Family. Informal phrase
names are accompanied by a voucher specimen identifier
(the collector’s name and reference number) following
the recommendations of Barker (2005).
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Figure 1. Map showing distribution of karyi forest in southwestern Australia and location of monitoring plots in burnt (1) and
unburnt (®) forest. Tiwo 5 x 5 m plots were established at sites 3 and 8, and 4 plots at each of the other sites.
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RESULTS

A total of 322 species of macrofungi were recognised
(Table 1), and represented by 1753 voucher collections.
Of these, 127 species were identified to species and 17
were allocated as having affinity to known species, but
differing in some respects. The remainder were identified
with an informal field name. Thirty-six species were not
identified to genus, but were included as they are all
represented with lodged voucher collections. Two
hundred and thirty species were recorded on burnt sites
and 204 on unburnt sites. Table 1 includes the yearly
abundance of each species and the substrate on which
sporophores occurred and Table 2 includes the PERTH
herbarium accession numbers and the project collection
numbers of the vouchers for determined species.

DISCUSSION

Because of difficulties with identifying and naming
Australian macrofungi, it is possible that a single species
on the list may represent a group of very similar taxa, or
a group of species on the list may represent a single but
variable species (although considerable care was taken
to minimise such problems). Further taxonomic
investigation is needed before all the collections can be
identified and named with certainty to species, and the
total number of species may change with such
investigation. However, the list was compiled from the
results of a study designed to investigate the effects of
fire on macrofungal species richness and abundance, and
to document fungal succession following fire (Robinson
et al. submitted) and was not intended to be a detailed
taxonomic investigation. Therefore we have presented a
complete list of the species that we recognised.
Photographic and morphological details of selected
species can also be requested from the senior author
(R.RV).

Karri forest appears to be rich in macrofungal taxa.
Over the study period, 322 species were recorded. In
wet sclerophyll forests of Tasmania, Packham et al.
(2002) and Gates ez al. (2005) recorded 242 and 307
species respectively. In mountain ash forests in Victoria,
and Eucalyptus obliqua 1’ Hérit. dominated gullies and
woodlands in South Australia, McMullen-Fisher ez al.
(2002) and Burns and Conran (1997) recorded 116
and 78 species respectively. We were able to name 39%
of the taxa we recorded. Other ecological studies
recorded similar results. Packham ez a/. (2002), Gates
et al. (2005) McMullen-Fisher et al. (2002) and Burns
and Conran (1997) respectively were able to name 41%,
48%, 51% and 47% of taxa recorded. Being able to identify
40-50% of macrofungal species encountered appears to
be reasonable, and agrees with current inventories listing
3 072 accepted Basidiomycete taxa (May and Wood 1997,
May et al. 2003) and an estimated 10 000 species of
macrofungi proposed for Australia (May 2003a).

On the basis of the changing (successional) nature
of the burnt sites, no attempt was made to analyse data

7

in order to establish common or rare species. Robinson
et al. (submitted) analysed the data in terms of species
richness and species composition on the burnt and
unburnt sites. However, many species were only recorded
in one year. This was especially evident on the burnt
sites where species were shown to belong to successional
fungal communities (Robinson ¢z al. submitted) and
demonstrates the importance of including habitats
disturbed by fire in surveys for fungal diversity. Fifty-
five percent of the species recorded on the unburnt plots
were recorded every year of the survey. However, 37%
of the species were only recorded in one year which
highlights the importance of regular monitoring, even
on established or stable sites, in order to record the
maximum number of species present on a site.

In the Basidiomycetes, Mycena and Cortinarius were
represented with the greatest number of taxa (36 and
16 respectively), and also the highest number of
undetermined species, 26 and 11 respectively. Seventy
species of Mycena and 47 species of Cortinarius are
listed in May and Wood (1997) and Grgurinovic (2003)
provided a detailed taxonomic treatment on 66 species
of Mycena from south-eastern Australia. In reality,
however, both genera are represented in Australia by a
large number of yet unnamed species. In our list, at
least one taxon (Mycena spp., sp. 209) obviously
represents a number of species that are very similar or
belong to a variable complex. This taxon included 36
voucher collections and 11 separate morphological
descriptions. It is likely that this and several other taxa
on the list will only be truly defined by the use of
molecular techniques.

Mpycena has been well monographed for Australia,
with a focus on collections from the south-east
(Grgurinovic 2003). However, we had difficulty naming
many of our collections from south-western Australia.
In particular, a number of what apperaed to be distinct
species with grey and brown colours could not be
matched to both macro and micro characters of named
species. Whether such collections represent unnamed
species or as yet undocumented variation within named
species warrants further investigation. We also had
difficulty in identifying a common species with reddish
latex which belongs in Mycena Section Galactopodn. We
named this Mycena sanguinolenta despite the fact that
this name no longer applies to known Australian taxa,
because our collections did not correspond exactly to
the species of this Section included by Grgurinovic (2003)
such as M. kurkuracen and M. toyerlaricoln. Western
Australian collections were most similar to M.
kurkuracene but differed in having a brown gill edge
(rather than red) and stout basidia without basal clamp
connections, and fruited singly on soil, most commonly
on recently burnt ground.

In the Ascomycetes, species of Peziza and Plicaria
were well represented and both genera are common and
abundant on burnt ground, especially in the first year
after fire (Robinson et a/. submitted). Sixteen taxa were
recognised, but only five were identified to species level.
Rifai’s (1968) comprehensive taxonomic treatment of
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Australian Pezizales specimens housed at Kew identified
79 species (plus 8 extra-Australian species).

Some species with European connections are listed
as well as a number of putative Gondwanan taxa which
have Nothofagus connections in other regions of the
southern hemisphere. For example, Cotylidia undulnta
is a new record for WA (Robinson 2006) and coincides
with the first record for Australia, from Tasmania
(Ratkowsky and Gates 2005, Gates et al. 2005). It is
rare in Europe (Breitenbach and Krinzlin 1986), but in
Western Australia is common on burnt sites in both
jarrah and karri forest fruiting in association with the
moss Funaria hygrometrica (Robinson 20006).
Nothojafnea cryptotricha has previously been recorded
only in Victoria and South Australia (Rifai 1968), and
recently in Tasmania (Gates et al. 2005). It appears to
be very close to N. thaxteri, which is endemic to high
rainfall Nothofagus dombeyi forests of Patagonia (Gamundi
1999). A second darker species of Nothojafnea with
smaller spores was also recorded on one of the burnt
sites. A common species of Austropaxillus matched
macro and micro characters of Austropaxillus macnabbii
(McNabb 1969 [as Paxillus anrantiacus]), a species
not previously recorded in Australia but common in
Nothofagus torests of New Zealand. Other known
Gondwanan associates, as listed in Horak (1983),
included on the list are Cortinarius rotundisporus,
Dermocybe splendida, Panellus ligulatus, Pluteuns
flammipes, Tubaria rufofulva and  Pholiota
multicingulata.

While it is recognised that the list includes many
unnamed and a number of unidentified species, it was
considered to be of greater value to represent each species
that we were able to distinguish rather than omit or lump
the unidentified species together within their specific
genera (eg. Mycena spp. or Cortinarius spp.). The
unnamed species were determined to be different on the
basis of their morphological and/or microscopic
descriptions, but some genera listed (eg. Clavulinopsis
and Coprinus) have recently been reviewed and require
more detailed examination in order to assign them to
recently erected segregate genera.

We consider it important to publish such lists,
especially if they are supported with lodged voucher
material, and accompanied by detailed collection notes
and descriptions. When lists associated with ecological
studies are accompanied with voucher specimens, not
only is knowledge regarding biodiversity, substrate
preference, fruiting patterns and other ecological
information improved, but also identifications can be
validated. It is intended that researchers interested in
the taxonomic status of a particular species or group of
species can access specimens through PERTH for formal
identification.
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Table 1

Fungal species (Order and families follow Kirk et al. 2001), showing the corresponding species number, substrate on which it was recorded, and the number of sporophores
recorded in burnt and unburnt karri forest in each year from 1998-2000 and 2002. Abbreviations for substrates: S = soil, L = litter (includes bark), T = twigs, W = wood, D = dung,
M = sporophore, F = fruits/flowers, | = insect.

BURNT UNBURNT

Sp. # Substrate 1998 1999 2000 2002 Total 1998 1999 2000 2002 Total

BASIDIOMYCETES

AGARICALES

Agaricaceae
390  Agaricus austrovinaceus Grgur. & May S 1 1
300  Agaricus sylvaticus Schaeff. S 7 7 3 4 7
322  Agaricus xanthoderma Genev. S 1 1 23 2 25
383  Agaricus sp. Maroon fibrils (R.Robinson & B.Smith FF1529) S 2 2
25 Lepiota cristata (Alb. & Schwein. : Fr) P.Kumm. S 2 1 3 10 5 27 42
399 Lepiota sp. Small brick red (R.Robinson & B.Smith FF1707) S 3 3 1 1
217  Lepiota sp. Creamy tan (R.Robinson FF737) S 12 19 1 32
329  Leucoagaricus rubrotinctus (Peck) Singer S 1 1 4 1 5
297  Macrolepiota clelandii Grg. S 1 1 11 7 20 2 7 20 4 33
355  Melanophyllum haematospermum (Bull. : Fr.) Kreisel S 4 4

Clavariaceae
114  Clavaria aff. amoena Zoll. & Moritzi S 1 11 5 17 72 21 266 226 585
409  Clavaria cf. phoenicea sensu Peterson 1988 S 4 4
349  Clavaria sp. Small lemon clubs (R.Robinson FF1289) S 112 112
384  Clavulinopsis sp.* Creamy white (R.Robinson & B.Smith FF1534) S 22 22
126  Clavulinopsis sp. Grey brown (R.Robinson FF199) S 45 45 3 3 6
141  Clavulinopsis sp. Grey-white (R.Robinson FF269) S 3 3 2 1 3
113  Clavulinopsis sp. Small white clubs (R.Robinson FF202) S 2 29 31 147 6 191 10 354
145  Macrotyphula juncea (Fr. : Fr.) Berthier L 2 45 9 3 59

* taxa referred to as Clavulinopsis sp. have not been examined in detail sufficient to

assign to recently erected segregate genera.

Coprinaceae
306  Coprinopsis aff. lagopus (Fr.) Redhead, Vilgalys & Moncalvo S 9 1 10
72 Coprinus aff. domesticus sensu Bougher & Syme 1998 W 668 181 60 909
281  Coprinus sp.* Grey scaly cap (R.Robinson FF956) S 1 1
311  Coprinus sp. Light brown (R.Robinson FF1061) S 3 3
158  Coprinus sp. Light brown, grooved (R.Robinson FF377) S 3 3
182  Coprinus sp. Mealy scales (R.Robinson FF475) S 59 26 85
73 Coprinus sp. Medium (R.Robinson FF170) S 121 1 6 128
74 Coprinus sp. Large (R.Robinson FF466) S 24 2 26

* taxa referred to as Coprinus sp. have not been examined in sufficient detail to

assign to recently erected segregate genera.

Cortinariaceae
358  Cortinarius basirubescens Cleland & J.R.Harris S 1 1
162  Cortinarius kiambriamensis Grgur. S 3 3
173  Cortinarius rotundisporus Cleland & Cheel S 1 6 4 11
138  Cortinarius vinaceo-cinereus Cleland S 9 32 6 47
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Table 2

The collection numbers for voucher specimens representing each species from Table 1. All collections are lodged at
PERTH. The 8-digit number denotes the PERTH reference and the FF number denotes the project reference.

Sp # PERTH Collection Numbers (Project collection numbers)

1 04577264 (FF 4), 04577655 (FF 4804), 4578015 (FF 80)

3 Not Collected

4 04577388 (FF 9)

7 04577272 (FF 3), 04577361 (FF 10), 04577671 (FF 46), 04577833 (FF 64), 04577191 (FF 90), 045777906 (FF 58)

8 Not Collected

10 04577744 (FF 41), 04577736 (FF 42), 04578341 (FF 102), 05355079 (FF 112), 04579313 (FF 192), 05349370 (FF 610),
05349362 (FF 611), 05352258 (FF 669), 05656443 (FF 1089), 056556869 (FF 1109), 05656974 (FF 1115)

11 04577353 (FF 11)

12 04577310 (FF 15), 04577590 (FF 38), 05340144 (FF 440), 05340187 (FF 452), 05352479 (FF 678)

13 04577531 (FF 27)

14 04577566 (FF 25)

15 04577442 (FF 20), 04578694 (FF 136), 04578775 (FF 144), 05354846 (FF 854), 05355494 (FF 925), 05655048 (FF 960)

17 02664720 (FF 229), 05355745 (FF 949), 05656451 (FF 1088), 05659604 (FF 1358)

18 04577396 (FF 24), 04579445 (FF 212), 04580109 (FF 217), 05338468 (FF 289), 05340888 (FF 524), 05354234 (FF 794),
05354390 (FF 812), 05354722 (FF 848), 06646484 (FF 1604), 06647472 (FF 1690), 06647529 (FF 1701)

20 04577450 (FF 19), 0560599 (FF 1440), 06647243 (FF 1679), 06646050 (FF 1563)

21 04577698 (FF 45), 04577892 (FF 59), 04577884 (FF 60), 04578104 (FF 88), 04578244 (FF 96), 04578864 (FF 153),
04578821 (FF 156), 04578961 (FF 159), 04579178 (FF 190)

22 04579151 (FF 97), 04578872 (FF 152), 04578929 (FF 164), 04579135 (FF 177), 191, 056555137 (FF 967), 05658705
(FF 1280), 05660661 (FF 1449)

23 04577760 (FF 55), 04577906 (FF 58), 04577949 (FF 70), 04578139 (FF 85), 04578252 (FF 95), 04578228 (FF 98),
04578910 (FF 165), 04578899 (FF 167), 04579003 (FF 173), 05340705 (FF 508), 05340691 (FF 509)

24 04577302 (FF 16), 04577582 (FF 39), 04578546 (FF 118), 05338840 (FF 334), 05339154 (FF 354), 05340551 (FF 482),
05352657 (FF 719), 05354021 (FF 780), 05659388 (FF 1345)

25 04577280 (FF 2), 04577469 (FF 18), 04577418 (FF 23), 04579461 (FF 210), 04579771 (FF 261), 05338425 (FF 292),
05339715 (FF 414), 05353610 (FF 753), 05355613 (FF 929), 05657628 (FF 1183), 05647954 (FF 1202), 05657318
(FF 1156), 05657261 (FF 1159)

26 04577345 (FF 12)

27 04577337 (FF 13), 04578503 (FF 121), 04578597 (FF 129), 05655145 (FF 982), 05657237 (FF 1138), 05660114 (FF 1405),
06646077 (FF 1561)

28 04577329 (FF 14), 04577647 (FF 33), 05355907 (FF 539), 05341310 (FF 565), 05353637 (FF 751), 05354633 (FF 840),
05656133 (FF 1069), 05658438 (FF 1257), 05658446 (FF 1256), 05658519 (FF 1265), 06645909 (FF 1560), 06646018
(FF 1567)

29 04578112 (FF 87)

30 04578120 (FF 86), 04578554 (FF 131), 04579038 (FF 171), 04579119 (FF 179), 04579615 (FF 244), 04579755 (FF 247),
05339553 (FF 396), 05339901 (FF 429), 05340055 (FF 431)

32 04577175 (FF 92)

33 04577183 (FF 91)

36 04578090 (FF 73), 04578058 (FF 77), 04578260 (FF 94), 04578856 (FF 154), 04579070 (FF 183), 04579224 (FF 185),
05339995 (FF 437), 05354625 (FF 841), 05655293 (FF 985)

38 04578082 (FF 74), 04578074 (FF 75)

41 045778163 (FF 82), 04578279 (FF 93), 04578953 (FF 160)

43 04577957 (FF 69), 04578031 (FF 78), 04578023 (FF 79), 04578155 (FF 83), 04578805 (FF 158), 04579542 (FF 235),
05339391 (FF 379), 05338646 (FF 305), 05339499 (FF 386), 05339464 (FF 389), 05339456 (FF 390), 05339952 (FF 425),
05353734 (FF 759), 05658330 (FF 1250), 06645860 (FF 1550)

46 04577493 (FF 31)

48 04577485 (FF 32)

51 04577612 (FF 36), 04578600 (FF 128), 05339472 (FF 388), 05353831 (FF 765), 05355168 (FF 891), 05658217 (FF 1227),
05659051 (FF 1311), 05659221 (FF 1327), 05659930 (FF 1390), 06645925 (FF 1558b)

54 04577728 (FF 43)

56 04577663 (FF 47), 04577973 (FF 67)

60 04577795 (FF 52), 04577841 (FF 63)

61 04577779 (FF 54)

64 04577868 (FF 62), 04577981 (FF 66), 04577930 (FF 71)

66 04577787 (FF 53), 045477965 (FF 68), 04577205 (FF 89), 04579089 (FF 182), 05655781 (FF 1034)

67 04577922 (FF 72)

72 04579054 (FF 169), 04579631 (FF 242), 053399444 (FF 426), 05340012 (FF 435), 05341159 (FF 548), 05355230 (FF 900),
06646557 (FF 1613), 06647219 (FF 1666)

73 04579046 (FF 170), 04579623 (FF 243), 04579593 (FF 246), 05339308 (FF 371), 05339979 (FF 423), 05340047 (FF 432),
05341639 (FF 584), 05659450 (FF 1339)

74 05339529 (FF 383), 05340373 (FF 466), 05340837 (FF 512), 05341590 (FF 588), 05655242 (FF 989b)

75 04578783 (FF 143), 04579763 (FF 262), 05338794 (FF 323), 05355087 (FF 882), 05657350 (FF 1152),

05657814 (FF 1198), 05658160 (FF 1234), 05658284 FF 1239), 05658926 (FF 1292), 05659922 (FF 1391),
0664298 (FF 1590), 06646824 (FF 1638)

78 04578708 (FF 135), 04578767 (FF 145), 04579577 (FF 232), 05340934 (FF 520), 05352827 (FF 720), 05353998 (FF 783),
05355095 (FF 881), 06645763 (FF 1542)

81 04577620 (FF 35), 04578589 (FF 130), 02664712 (FF 230), 05655129 (FF 968), 05659787 (FF 1374), 05659876 (FF 1380),
06645488 (FF 1520)

82 04578686 (FF 137), 05338913 (FF 327), 05355362 (FF 905), 05355346 (FF 907), 05355621 (FF 928), 05655358 (FF 995),
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05659396 (FF 1344), 06646417 (FF 1594), 06646506 (FF 1602), 06446751 (FF 1627)
04578422 (FF 111), 04578678 (FF 138), 04579453 (FF 211), 05338808 (FF 322), 05355648 (FF 927), 05655250 (FF 989a),
05659175 (FF 1316), 05659302 (FF 1336), 05659841 (FF 1382), 06646700 (FF 1632), 06447308 (FF 1674)

04578643 (FF 140), 06645747 (FF 1544)

04579186 (FF 189), 05339596 (FF 393), 05339561 (FF 395), 05340039 (FF 433), 05340810 (FF 514), 05341698 (FF 595),
05353815 (FF 767), 05354870 (FF 868), 05355850 (FF 884), 05355257 (FF 898), 05355281 (FF 895), 05654912 (FF 955),
05655803 (FF 1033), 05655765 (FF 1036), 05659744 (FF 1038), 05656125 (FF 1070), 05656265 (FF 1073),

05657725 (FF 1189), 05659477 (FF 1354)

04579062 (FF 168), 04579127 (FF 178)

04578007 (FF 65), 04578430 (FF 110), 04578848 (FF 155), 04578988 (FF 175), 04579216 (FF 186), 04579607 (FF 245),
05339405 (FF 378), 05340500 (FF 471), 05341426 (FF 572), 05352061 (FF 654), 05352150 (FF 663), 05353823 (FF 766),
05660017 (FF 1399)

04578538 (FF 119), 04579992 (FF 274), 05354005 (FF 782), 05355311 (FF 909), 05658454 (FF 1255)

04578376 (FF 117), 04579399 (FF 201), 04580001 (FF 273), 05338867 (FF 332), 05339081 (FF 343), 05339227 (FF 363),
05340209 (FF 450), 05655617 (FF 1019), 05659671 (FF 1367), 05660262 (FF 1424), 06644671 (FF 1591)

04578457 (FF 125), 04578619 (FF 127), 05341248 (FF 556), 05352711 (FF 714), 05354013 (FF 781), 05355435 (FF 914),
05355591 (FF 931), 05657407 (FF 1147), 05659086 (FF 1309)

04578198 (FF 100), 04579828 (FF 258), 05339146 (FF 355), 05339723 (FF 413), 05658918 (FF 1293), 05659507 (FF 1351),
05659914 (FF 1392)

04579038 (FF 103), 05352614 (FF 707), 05656419 (FF 1092), 05656737 (FF 1104), 05657830 (FF 1195), 06645836

(FF 1552), 06645984 (FF 1554)

04578317 (FF 105), 04579275 (FF 196), 02664755 (FF 226), 04579844 (FF 256), 04579836 (FF 257), 05338514

(FF 300), 05339030 (FF 348), 05339251 (FF 360), 05339200 (FF 365), 05339693 (FF 400), 05339839 (FF 419),

05347092 (FF 495), 053449591 (FF 636), 05352134 (FF 697), 05352746 (FF 712), 05353688 (FF 747), 05354617 (FF 842),
05354773 (FF 859), 05655447 (FF 1002), 05655978 (FF 1051), 05657393 (FF 1148), 05658098 (FF 1222), 05660637

(FF 1452), 06648835 (FF 1512), 5682 (FF 1534a), 06645801 (FF 1539), 06644591 (FF 1557)

04578309 (FF 106), 05338352 (FF 283), 05341337 (FF 563), 05659736 (FF 1067), 05658470 (FF 1253), 05659264

(FF 1324), 06646220 (FF 1580), 06647839 (FF 1736)

04578724 (FF 150), 04579534 (FF 236), 04579666 (FF 240), 04579739 (FF 249), 05339448 (FF 375), 05340489 (FF 473),
05658497 (FF 1252), 05658756 (FF 1276)

04579380 (FF 202), 05338999 (FF 336), 05338948 (FF 341), 05339022 (FF 349), 05339103 (FF 358), 05339774 (FF 409),
05340233 (FF 447), 05340578 (FF 481), 05655021 (FF 961), 05655420 (FF 1004), 05659361 (FF 1346), 05659779

(FF 1376), 05660157 (FF 1401), 06646328 (FF 1588), 06647294 (FF 1677)

04579364 (FF 204), 04579437 (FF 213), 04580117 (FF 216), 04579984 (FF 275), 04579968 (FF 277), 05338360 (FF 282),
05338956 (FF 340), 05339111 (FF 357), 05339758 (FF 411), 05340535 (FF 484), 05355249 (FF 899), 05654971 (FF 965),
05655072 (FF 973), 05658543 (FF 1262), 05659655 (FF 1369), 05658977 (FF 1303), 05659655 (FF 1383),

05660033 (FF 1397),06646859 (FF 1635)

04578406 (FF 113), 04579305 (FF 193), 04579259 (FF 198), 04579348 (FF 206), 04579429 (FF 214), 04580060 (FF 222),
05338379 (FF 281), 05338557 (FF 296), 05349621 (FF 633), 05352347 (FF 695), 05352495 (FF 702), 05352605 (FF 708),
05352908 (FF 730), 05353580 (FF 739), 05354161 (FF 800), 05655226 (FF 976), 05657105 (FF 1134), 05657423 (FF 1145),
05657946 (FF 1203), 05657938 (FF 1204)

04577604 (FF 37), 04579488 (FF 209), 05339863 (FF 416), 05340675 (FF 487), 05352673 (FF 717), 05352819 (FF 721),
05354153 (FF 801), 05657970 (FF 1216), 05658128 (FF 1219), 05659106 (FF 1307), 06645674 (FF 1535), 06645887

(FF 1548), 06646093 (FF 1576), 06647650 (FF 1706)

04577825 (FF 50), 04577752 (FF 56), 04579208 (FF 187), 04579194 (FF 188), 04579720 (FF 250), 04579712 (FF 251),
05339545 (FF 397), 05340799 (FF 516), 05353890 (FF 776), 05655900 (FF 1041), 05659019 (FF 1299), 05660270

(FF 1423), 05660866 (FF 1463), 05660831 (FF 1465), 05660874 (FF 1478)

04577639 (FF 34), 04578295 (FF 107), 04578449 (FF 109), 04579291 (FF 194), 04579402 (FF 200), 04580095 (FF 218),
04579321 (FF 207), 05341280 (FF 552), 05352584 (FF 710), 05352762 (FF 727), 05352894 (FF 731), 05353467 (FF 734),
05353521 (FF 744), 05349540 (FF 754), 05354803 (FF 857), 05658004 (FF 1213), 05658195 (FF 1231), 05657296

(FF 1157), 05660645 (FF 1451), 05660815 (FF 1467), 05660793 (FF 1469), 06645631 (FF 1538), 06645585 (FF 1527)
04578570 (FF 131), 045800079 (FF 220), 05338387 (FF 280), 05340993 (FF 530), 05352916 (FF 729), 05353459 (FF 736),
05354056 (FF 778), 05657288 (FF 1158), 05657466 (FF 1165), 05658071 (FF 1223), 05659817 (FF 1385), 05660297

(FF 1421), 06648878 (FF 1509)

04579267 (FF 197), 02664739 (FF 228), 05338336 (FF 285), 05338972 (FF 338), 05339170 (FF 352), 05340306 (FF 457),
05349613 (FF 634), 05352320 (FF 698), 053523132 (FF 699), 05352509 (FF 701), 05353572 (FF 740), 05353548 (FF 743),
05353440 (FF 746), 05354242 (FF 810), 05655080 (FF 972), 056555560 (FF 1009), 05658934 (FF 1291)

04579240 (FF 199), 06646646 (FF 1622), 06645224 (FF 1633), 06647537 (FF 1700)

04578996 (FF 174), 04579550 (FF 234), 05338638 (FF 306), 05338573 (FF 310), 05339421 (FF 376), 05339502 (FF 385),
05339928 (FF 428), 05340497 (FF 472), 05347041 (FF 499), 05341078 (FF 540), 05341043 (FF 542), 05341035 (FF 543),
05341175 (FF 546), 05341167 (FF 547), 05341450 (FF 569), 05341434 (FF 571), 05341620 (FF 585), 05341582 (FF 589),
05341566 (FF 591), 05351960 (FF 646), 05354048 (FF 779), 05655846 (FF 1030), 05655919 (FF 1040b), 05656001

(FF 1048), 05656230 (FF 1075), 05660912 (FF 1474), 06647952 (FF 1741)

04579011 (FF 172), 04579100 (FF 180), 045792327 (FF 184), 04579526 (FF 237), 05339383 (FF 380), 05339588 (FF 394),
05340349 (FF 469), 05341604 (FF 587), 939, 05656303 (FF 1086), 05656478 (FF 1087)

04579518 (FF 238)

04578287 (FF 108), 04578473 (FF 123), 04579674 (FF 239), 04579909 (FF 266), 05338409 (FF 294), 05338581 (FF 309),
05338778 (FF 325), 05339375 (FF 381), 05352282 (FF 667), 05352398 (FF 687), 05353718 (FF 761), 05353866 (FF 763),
05353920 (FF 773), 05354110 (FF 788), 05354404 (FF 811), 05354331 (FF 818), 05354587 (FF 829), 05354609 (FF 843),
05354595 (FF 844), 05354730 (FF 847), 05354919 (FF 863), 05355109 (FF 880), 05655269 (FF 988), 05657040 (FF 1124),
05657326 (FF 1155), 05658292 (FF 1238), 06647855 (FF 1734)

04578759 (FF 146), (FF 225), 05338522 (FF 299), 05338875 (FF 331), 05339197 (FF 366), 05339847 (FF 418), 05340284
(FF 459), 03540519 (FF 486), 05340616 (FF 493), 05341485 (FF 582), 0355001 (FF 872), 05355826 (FF 943), 05355737
(FF 950), 05655234 (FF 975), 05655218 (FF 977), 05655151 (FF 980), 05655404 (FF 990), 05659124 (FF 1321), 05659272
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(FF 1323), 05659299 (FF 1337), 05659965 (FF 1387), 05660041 (FF 1395), 05660203 (FF 1412), 05660165 (FF 1416),
05660475 (FF 1435), 05660556 (FF 1445), 05660734 (FF 1459), 05660920 (FF 1473), 05661005 (FF 1482), 06645976
(FF 1555), 06646301 (FF 1589), 06446603 (FF 1609), 06646735 (FF 1629), 06646883 (FF 1648), 06647111 (FF 1659),
06647200 (FF 1667), 06647359 (FF 1685), 06647677 (FF 1720), 06647669 (FF 1720b), 06647820 (FF 1721)

135 04579852 (FF 255)

136 04579801 (FF 259), 04579925 (FF 264), 05339537 (FF 398), 05658896 (FF 1294), 06646743 (FF 1628)

138 04579933 (FF 263), 04579895 (FF 267), 05658861 (FF 1296), 05658888 (FF 1295), 05658993 (FF 1301), 06646425
(FF 1593), 06646379 (FF 1598)

139 04579860 (FF 270)

140 04579887 (FF 268), 06646468 (FF 1606)

141 04579879 (FF 269), 05355141 (FF 892), 05655668 (FF 1016)

143 04580036 (FF 271), 04580028 (FF272), 05338832 (FF 319), 05338824 (FF 320), 05338786 (FF 324), 05354749 (FF 846)

145 05338344 (FF 284), 05354145 (FF 802), 05355605 (FF 930), 05355699 (FF 938), 05659825 (FF 1384), 06646492 (FF 1603)

146 05338476 (FF 288), 05338433 (FF 291), 05340225 (FF 448), 05349354 (FF 613), 05349508 (FF 622), 05349915 (FF 624),
05349648 (FF 632), 05349729 (FF 640), 05352169 (FF 662), 05354080 (FF 791), 05656427 (FF 1090a), 05656753
(FF 1102), 05656915 (FF 1120), 05657512 (FF 1160), 06645518 (FF 1518), 06646697 (FF 1617)

147 04578740 (FF 147), 05338441 (FF 290), 05338506 (FF 301), 05339219 (FF 364), 05349893 (FF 796), 05354315 (FF 803),
05354439 (FF 825), 05349249 (FF 827), 05354927 (FF 862), 05657122 (FF 1144), 05658578 (FF 1260), 05658500
(FF 1266), 06646212 (FF 1581)

148 05338601 (FF 307)

149 05338603 (FF 308), 05338743 (FF 311), 05338719 (FF 314), 05339960 (FF 424), 05340357 (FF 468)

151 05338700 (FF 315)

153 04578325 (FF 104), 04579392 (FF 114), 04578414 (FF 115), 04579283 (FF 195), 04579410 (FF 215), 04579798 (FF 260),
05338484 (FF 287), 05338417 (FF 293), 05338565 (FF 295), 04579410 (FF 297), 05339189 (FF 351), 05340292 (FF 458),
05352789 (FF 724), 05354978 (FF 875), 05657792 (FF 1200), 05657903 (FF 1206), 05659256 (FF 1325)

155 05338530 (FF 298), 05339820 (FF 420), 05341108 (FF 536), 05354226 (FF 795), 05354528 (FF 835), 05354714 (FF 849),
05354811 (FF 856), 05354900 (FF 864), 05355729 (FF 935), 05655153 (FF 981), 05660025 (FF 1398), 06647936 (FF 1743)

156 04125320 (FF 221), 05338654 (FF 304), 05340152 (FF 439), 05340179 (FF 453), 05340624 (FF 492), 05341477 (FF 583),
05354692 (FF 851), 05655412 (FF 1005), 05658233 (FF 1243)

158 05339413 (FF 377)

159 05339510 (FF 384), 05655862 (FF 1045), 05656109 (FF 1055), 05659620 (FF 1356)

160 04578937 (FF 163), 04579658 (FF 241), 05339480 (FF 387), 05339618 (FF 392), 05340438 (FF478)

161 04579917 (FF 265), 04579976 (FF 276), 05338697 (FF 316), 05338689 (FF 317), 05338670 (FF 318), 05338816 (FF 321),
05338905 (FF 328), 05657040 (FF 1124)

162 05338751 (FF 326)

163 05338891 (FF 329), 05338883 (FF 330), 06646980 (FF 1655), 06647081 (FF 1661)

164 05338859 (FF 333), 05338980 (FF 337), 05339073 (FF 344), 05339162 (FF 353), 05339278 (FF 359), 05339243 (FF 361),
05339685 (FF 401), 05339642 (FF 405), 05340144 (FF 451), 05340527 (FF 485), 05340861 (FF 525), 05354102 (FF 789),
05355443 (FF 913), 05355818 (FF 944), 05655544 (FF 1011)

165 05338964 (FF 339)

166 05339049 (FF 347), 05339634 (FF 406), 05655730 (FF 1023), 05660009 (FF 1347), 05659647 (FF 1370), 05659809
(FF 1372), 05660130 (FF 1403), 05660327 (FF 1418), 05660440 (FF 1438), 06647227 (FF 1681), 06647413 (FF 1695)

168 05339065 (FF 345), 05339235 (FF 362), 05339650 (FF 404), 05355419 (FF 916), 912,05355575 (FF 933), 05655455
(FF 1001), 05658942 (FF 1306), 05660696 (FF 1462), 06646581 (FF 1610), 06646654 (FF 1621)

169 05339138 (FF 356), 05339731 (FF 412), 05352096 (FF 650), 05655064 (FF 974), 05659906 (FF 1393)

170 05339626 (FF 391)

171 04577515 (FF 29), 05339324 (FF 370), 05341086 (FF 538), 05341124 (FF 551), 05354269 (FF 808), 05354935 (FF 861),
05354986 (FF 874), 05355192 (FF 888), 05655633 (FF 1017), 05656435 (FF 1090), 05656435 (FF 1090), 05658276
(FF 1240), 05658632 (FF 1271) , 05658594 (FF 1275), 05659027 (FF 1314), 05659183 (FF 1315), 05659957 (FF 1388),
05660564 (FF 1444), 06645712 (FF 1531), 06646026 (FF 1566)

173 05339804 (FF 422), 05659213 (FF 1328), 05659434 (FF 1341), 06647103 (FF 1660), 06646875 (FF 1649)

175 05339669 (FF 403), 05353793 (FF 769), 05354064 (FF 793), 05658772 (FF 1290a), 05658969 (FF 1304), 06646778
(FF 1626),

176 05339782 (FF 408), 05340217 (FF 449), 05340586 (FF 480), 05340659 (FF 489), 05655609 (FF 1020), 05659698 (FF 1366),
05660092 (FF 1407), 06647316 (FF 1689), 06647448 (FF 1693)

177 05339790 (FF 407), 05339766 (FF 410), 05340128 (FF 442), 05340101 (FF 443), 05340071 (FF 445), 05340063 (FF 446),
05340772 (FF 518), 05340896 (FF 523), 05341140 (FF 549), 05341469 (FF 568), 05354447 (FF 824), 05354854 (FF 853),
05355559 (FF 919), 05355524 (FF 922), 05355508 (FF 924), 05355664 (FF 941), 05655110 (FF 969), 05655102 (FF 970),
05655366 (FF 994), 05655439 (FF 1003), 05655587 (FF 1006), 05655579 (FF 1007), 05655676 (FF 1015), 05655714
(FF 1025), 05655773 (FF 1035), 05656095 (FF 1056), 05656273 (FF 1072), 05656222 (FF 1076), 05658802 (FF 1287),
05659000 (FF 1300), 05658985 (FF 1302), 05659043 (FF 1312), 05659280 (FF1338), 05659569 (FF 1355), 05659612
(FF 1357), 05659868 (FF 1381), 05661048 (FF 1479), 06646069 (FF 1562), 06646956 (FF 1642), 06647014 (FF 1652),
06647286 (FF 1676)

178 05339871 (FF 415), 05659035 (FF 1313), 05659035 (FF 1350), 05660424 (FF 1425), 05660416 (FF 1427), 05660394
(FF 1428)

179 05339898 (FF 430)

180 05340020 (FF 434), 05340446 (FF 477)

181 05340268 (FF 461), 05340411 (FF 463), 05340403 (FF 464), 05340381 (FF 465), 05340330 (FF 470), 05340470 (FF 474),

05340594 (FF 479), 05347076 (FF 497), 05347068 (FF 498), 05347033 (FF 500), 05347025 (FF 501), 05340683 (FF 510),
05340845 (FF 511), 05340829 (FF 513), 05340802 (FF 515), 05341051 (FF 541), 05341191 (FF 544), 05341299 (FF 567),
05341558 (FF 576)
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182 04578880 (FF 151), 05340241 (FF 462), 05340462 (FF 475), 05351979 (FF 645), 05354560 (FF 831), 05655528 (FF 1013),
05655838 (FF 1031)

183 05340322 (FF 455)

184 04577523 (FF 28), 05340098 (FF 444), 05340993 (FF 490), 05657881 (FF 1207)

185 05339987 (FF 438), 05658764 (FF 1290b), 06646158 (FF 1570), 06647464 (FF 1691)

187 05347017 (FF 502), 05355354 (FF 906)

188 05340748 (FF 505)

189 05340608 (FF 494), 05340780 (FF 517), 05341116 (FF 535), 05341329 (FF 564), 05341019 (FF 528), 05655625 (FF 1018),
05655692 (FF 1027), 05656192 (FF 1063), 05656184 (FF 1064), 05656176 (FF 1065), 05656168 (FF 1066), 05660181
(FF 1414), 06647170 (FF 1670), 06647782 (FF 1725),

190 05340543 (FF 483), 05340667 (FF 488), 05340942 (FF 519), 05340918 (FF 522), 05340950 (FF 534), 05341272 (FF 554),
05341221 (FF 557), 05341205 (FF 559), 05341345 (FF 562), 05341388 (FF 575), 05341531 (FF 577), 05655471 (FF 999),
05655757 (FF 1022a), 05655951 (FF 1052), 05656079 (FF 1058), 05656206 (FF 1062), 05656389 (FF 1078), 05660343
(FF 1431a), 05660580 (FF 1441), 05660548 (FF 1446), 05660629 (FF 1453), 05660602 (FF 1455), 05660742 (FF 1458A),
05660823 (FF 1466), 05660785 (FF 1470), 05661013 (FF 1481), 06647421 (FF 1694), 06647499 (FF 1704), 06647626
(FF 1709), 06647790 (FF 1724), 06647928 (FF 1729), 06647847 (FF 1735), 06648185 (FF 1752)

191 05341183 (FF 545)

192 05341736 (FF 592), 05341701 (FF 594), 05341671 (FF 596), 06640249 (FF 602), 04577299 (FF 1), 05656818 (FF 1098),
05661099 (FF 1486)

194 05341027 (FF 527), 05352886 (FF 732), 05354838 (FF 855), 05354781 (FF 858), 05655005 (FF 963), 05655099 (FF971),
05655463 (FF 1000), 05655641 (FF 1008), 05656117 (FF 1054), 05659493 (FF 1352), 05660386 (FF 1429)

195 05340853 (FF 526)

196 05341302 (FF 566), 05341442 (FF 570), 05341612 (FF 586), 05341574 (FF 590)

197 05341264 (FF 553), 05341361 (FF 560), 05341523 (FF 578)

200 05341213 (FF 558), 05654998 (FF 964), 05655943 (FF 1053), 05659558 (FF 1363), 05659639 (FF 1371), 05661021
(FF 1480), 06647383 (FF 1682), 06647731 (FF 1714), 06647898 (FF 1731)

203 05341515 (FF 579)

204 05339057 (FF 346), 0539294 (FF 373), 05349389 (FF 612), 05352045 (FF 656), 05355184 (FF 889), 05655277 (FF 987),
05658039 (FF 1210), 05657989 (FF 1215), 05659523 (FF 1349), 06645690 (FF 1533), 06647510 (FF 1702)

206 05349435 (FF 617)

208 05349516 (FF 621)

209 04578511 (FF 120), 04578481 (FF 122), 04578791 (FF 142), 04579372 (FF 203), 05338735 (FF 312), 05340160 (FF 454),
05349346 (FF 614), 05349494 (FF 623), 05349885 (FF 627), 05349869 (FF 628), 05349850 (FF 629), 05349605 (FF 635),
05349699 (FF 643), 05349680 (FF 644), 05352649 (FF 704), 05352681 (FF 716), 05353769 (FF 756), 05353750 (FF 757),
05353726 (FF 760), 05354897 (FF 866), 05656788 (FF 1101), 05656931 (FF 1118), 05657024 (FF 1126), 05657016
(FF 1127), 05657229 (FF 1139), 05657210 (FF 1140), 05657504 (FF 1161), 05657695 (FF 1176), 05657776 (FF 1185),
05657857 (FF 1193), 05658187 (FF 1232), 05658748 (FF 1277), 05659140 (FF 1319), 06645534 (FF 1516), 06645666
(FF 1536), 06646239 (FF 1579)

210 05349907 (FF 626), 05349842 (FF 630), 05657636 (FF 1182), 05657997 (FF 1214)

212 04578627 (FF 126), 04578562 (FF 132), 04578651 (FF 139), 04579585 (FF 231), 05349486 (FF 615), 05355983 (FF 625),
05349656 (FF 631), 05349583 (FF 637), 05349575 (FF 638), 05349737 (FF 639), 05349710 (FF 641), 05354099 (FF 790),
05355842 (FF 885), 05655315 (FF 983), 05355125 (FF 894), 05654890 (FF 957), 05656907 (FF 1105), 05656893 (FF 1106),
05656990 (FF 1113), 05657075 (FF 1121), 05657121 (FF 1132), 05657113 (FF 1133), 05658144 (FF 1217), 06645461
(FF 1521)

216 05353564 (FF 741), 05352487 (FF 703), 05352703 (FF 715), 05355800 (FF 722), 05353564 (FF 741), 05354137 (FF 786),
05354250 (FF 809), 05656052 (FF 1060), 05656141 (FF 1068), 15657148 (FF 1131), 05657245 (FF 1137), 05657199
(FF 1142), 05657385 (FF 1149), 05657768 (FF 1186), 05657806 (FF 1199), 05660378 (FF 1430), 06645917 (FF 1559)

217 05353602 (FF 737), 05353696 (FF 745), 05353645 (FF 750), 05657415 (FF 1146), 05657369 (FF 1151)

219 05352266 (FF 668), 05353556 (FF 742)

220 05349877 (FF 671)

221 05352223 (FF 672), 05352231 (FF 670)

222 05353661 (FF 748), 05353661 (FF 748), 05355117 (FF 878), 05355206 (FF 887), 05355710 (FF 936), 05355672 (FF 940),
05655331 (FF 996), 05657377 (FF 1150)

223 04577434 (FF 21), 04577558 (FF 26), 04577507 (FF 30), 04578384 (FF 116), 04578635 (FF 141), 04579097 (FF 181),
04580087 (FF 219), 04580052 (FF 223), 04580044 (FF 224), 02664747 (FF 227), 05338395 (FF 279), 05339359 (FF 367),
05340314 (FF 456), 05347084 (FF 496), 05340985 (FF 531), 05341256 (FF 555), 05341353 (FF 561), 05341396 (FF 573),
05349419 (FF 619), 00535212 (FF 664) , 05352444 (FF 683), 05353475 (FF 733), 05353599 (FF 738), 05354307 (FF 804),
05354579 (FF 830), 0354501 (FF 836), 05354757 (FF 845), 05355001 (FF 873), 05355478 (FF 911), 05655498 (FF 998),
05655994 (FF 1049), 05656400 (FF 1093), 05657059 (FF 1123), 05657091 (FF 1135), 05657342 (FF 1153), 05657334 (FF 1154)

224 05352290 (FF 665), 05354498 (FF 820), 05355877 (FF 883), 05658314 (FF 1236), 05660238 (FF 1411)

225 05352274 (FF 666), 05341952 (FF 647), 05352126 (FF 648), 05352215 (FF 673), 05352452 (FF 682), 05655307 (FF 984),
05655196 (FF 978), 05658403 (FF 1244)

226 05349230 (FF 726), 05352088 (FF 652), 05352428 (FF 685), 05347734 (FF 692), 05352738 (FF 713), 05352770 (FF 725),
05657083 (FF 1136), 05657180 (FF 1143), 05349559 (FF 1220), 06645542 (FF 1515)

227 05352754 (FF 728), 05657539 (FF 1174), 06648819 (FF 1514)

228 05353785 (FF 735), 05658209 (FF 1230)

229 04579143 (FF 651), 04578368 (FF 101), 05352460 (FF 681), 05352568 (FF 688), 05347750 (FF 819), 05656877 (FF 1108),
05657598 (FF 1169), 05658225 (FF 1226)

230 05349257 (FF 680), 05347742 (FF 653), 05352207 (FF 658), 05349532 (FF 679), 05352401 (FF 686), 05352320 (FF 693),
05353904 (FF 775), 05354420 (FF 826), 05656834 (FF 1112)

231 05352037 (FF 657), 05352541 (FF 689), 05354412 (FF 828), 05657156 (FF 1130), 05657601 (FF 1168), 05657679
(FF 1178), 05657660 (FF 1179), 05657652 (FF 1180), 05657865 (FF 1192)

232 05352525 (FF 691), 05352177 (FF 661), 05354552 (FF 832), 05656958 (FF 1117), 05657563 (FF 1171), 06647251

(FF 1678)
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233 05352355 (FF 694), 05353947 (FF 771), 05657784 (FF 1184)

234 05352118 (FF 649), 05657482 (FF 1163), 05657520 (FF 1175), 05667733 (FF 1188), 05660076 (FF 1394)

235 05352053 (FF 655), 05656850 (FF 1110)

237 05352185 (FF 660), 05354196 (FF 798)

238 05352517 (FF 700), 05352576 (FF 711), 05352797 (FF 723), 06645615 (FF 1524)

239 05352630 (FF 705), 05355486 (FF 926)

240 05352592 (FF 709), 05655285 (FF 986), 06645798 (FF 1540)

241 05352339 (FF 696), 05352665 (FF 718), 05656486 (FF 1096), 06648886 (FF 1508)

242 05353777 (FF 755), 05660319 (FF 1419)

243 05341418 (FF 574), 05353742 (FF 758), 05353955 (FF 770), 05353939 (FF 772), 05353912 (FF 774), 05353882 (FF 777),
05354544 (FF 833), 05355265 (FF 897), 05655870 (FF 1044), 05656842 (FF 1111), 05657067 (FF 1122), 05657032
(FF 1125), 05657687 (FF 1177)

244 05354218 (FF 797), 05354471 (FF 821), 05354706 (FF 850), 06646514 (FF 1601)

245 05354382 (FF 813), 05354323 (FF 817)

246 05354358 (FF 816)

247 05354536 (FF 834)

248 04579747 (FF 248), 05354676 (FF 837), 05354641 (FF 839), 05355222 (FF 901), 05656966 (FF 1116), 05657741
(FF 1187)

249 05354668 (FF 838), 05657474 (FF 1164)

250 05354684 (FF 852), 05355532 (FF 921), 05659760 (FF 1377)

251 05354765 (FF 860), 05658047 (FF 1209), 05658551 (FF 1261)

252 05354455 (FF 823), 05353874 (FF 762), 05353807 (FF 768), 05659310 (FF 1335)

253 05661218 (FF 865), 05661226 (FF 879), 05661161 (FF 1485), 06645283 (FF 1498), 06645347 (FF 1500), 06645429
(FF 1501), 06647405 (FF 1697), 06647502 (FF 1703), 06647758 (FF 1728), 06648096 (FF 1744)

254 05354889 (FF 867), 05355028 (FF 871), 05659574 (FF 1361), 06646522 (FF 1616), 06647073 (FF 1662), 06647405
(FF 1696)

255 05340454 (FF 476), 05349443 (FF 616), 05354862 (FF 869), 05355761 (FF 947), 05355753 (FF 948), 05656257 (FF 1074),
05656249 (FF 1074b), 05656346 (FF 1083), 05656338 (FF 1084), 05660483 (FF 1434), 05660572 (FF 1443), 06645364
(FF 1491), 06646190 (FF 1583), 06646530 (FF 1615), 06647766 (FF 1727), 06648045 (FF 1748)

256 05355036 (FF 870)

257 05354951 (FF 876)

258 05354943 (FF 877), 05353971 (FF 784), 05658683 (FF 1282), 05659418 (FF 1343), 05660521 (FF 1447), 05660769
(FF 1457)

260 05355370 (FF 904)

261 05355214 (FF 902), 05654920 (FF 954)

262 05355273 (FF 896), 05355680 (FF 939)

263 05355427 (FF 915)

265 05355540 (FF 920)

266 05355400 (FF 917), 05655722 (FF 1024),

267 05355397 (FF 918), 05658691 (FF 1281), 05659345 (FF 1332), 06645844 (FF 1551b)

268 05355583 (FF 932), 04578732 (FF 149), 05338492 (FF 302), 05339812 (FF 421), 05340276 (FF 460), 05655684 (FF 1028),
05658640 (FF 1270), 05658616 (FF 1273), 05660173 (FF 1415)

269 05355702 (FF 937), 05658241 (FF 1242), 05659624 (FF 1272), 05660335 (FF 1417)

270 05355133 (FF 893), 05654947 (FF 952), 05657692 (FF 1201), 05658179 (FF 1233), 06646166 (FF 1569)

271 05255176 (FF 890)

272 05354188 (FF 799)

273 05354072 (FF 792), 04579356 (FF 205)

274 05340977 (FF 532), 05355516 (FF 923), 06645992 (FF 1568)

275 05355656 (FF 942)

276 05355796 (FF 945), 05655501 (FF 1014), 05659353 (FF 1331)

277 05355788 (FF 946), 05654882 (FF 958), 05655374 (FF 993), 05655935 (FF 1039), 05658349 (FF 1249), 05660432
(FF 1439), 06646794 (FF 1641), 06647618 (FF 1710)

279 05339367 (FF 382), 05340365 (FF 467), 05340764 (FF 503), 05340721 (FF 506), 05354366 (FF 815), 05654955 (FF 951),
05656397 (FF 1094), 05660653 (FF 1450)

280 05654939 (FF 908), 05654939 (FF 953), 05654963 (FF 966), 05655552 (FF 1010), 05655536 (FF 1012), 06646840
(FF 1636),

281 05654904 (FF 956)

282 05655056 (FF 959)

283 05655013 (FF 962), 05655323 (FF 997)

284 05341507 (FF 580), 05655188 (FF 979), 05658659 (FF 1269)

285 05655390 (FF 991), 05660467 (FF 1436)

286 05655382 (FF 992)

288 05655749 (FF 1022b)

289 04578465 (FF 124), 05338328 (FF 286), 05339316 (FF 372), 05339677 (FF 402), 05655706 (FF 1026), 05659094 (FF 1308)

290 05655854 (FF 1029)

291 05349451 (FF 608)

292 05349338 (FF 604)

293 05349478 (FF 609), 05349672 (FF 605), 05349311 (FF 607), 05660807 (FF 1468)

294 05349427 (FF 618), 05349702 (FF 642), 05352533 (FF 690), 05353653 (FF 749), 05355303 (FF 910),
05656796 (FF 1099), 05656885 (FF 1107), 06648827 (FF 1513), 06647367 (FF 1684)

295 05341094 (FF 537)
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296 05656311 (FF 1085), 05657202 (FF 1141), 05658136 (FF 1218), 05660084 (FF 1408), 05660408 (FF 1426), 05660971
(FF 1490)

297 05352622 (FF 706), 04577574 (FF 40), 04578813 (FF 157), 05339936 (FF 427), 05353963 (FF 785), 05657458 (FF 1166),
06645550 (FF 1530)

298 05353858 (FF 764), 05354463 (FF 822), 05658381 (FF 1245), 05658500 (FF 1267), 05658667 (FF 1268),
06645577 (FF 1528), 06645453 (FF 1522), 06645739 (FF 1545), 06646085 (FF 1577)

299 04579496 (FF 208), 05339286 (FF 374), 05339340 (FF 368), 05354129 (FF 787), 05354374 (FF 814), 05658721 (FF 1278),
05658837 (FF 1284), 05659132 (FF 1320), 05660513 (FF 1442), 06646174 (FF 1585)

300 05354293 (FF 805), 06646042 (FF 1565), 06646204 (FF 1582), 06646476 (FF 1605), 06646573 (FF 1611), 06647146
(FF 1673)

301 05339332 (FF 369), 05659248 (FF 1326), 06648002 (FF 1737), 06648029 (FF 1750)

302 05338727 (FF 313)

303 05655811 (FF 1032), 05656036 (FF 1046)

304 05655927 (FF 1040a), 05657253 (FF 1248), 05658675 (FF 1283), 05659205 (FF 1329), 05659337 (FF 1333), 05660505
(FF 1432), 05660718 (FF 1461), 05660890 (FF 1476)

305 05655897 (FF 1042)

306 05655889 (FF 1043)

307 05655986 (FF 1050)

309 05656087 (FF 1057), 05660750 (FF 1458), 06647097 (FF 1668), 06647685 (FF 1719), 06647863 (FF 1733),

310 05655943 (FF 1059), 05656214 (FF 1077), 05658012 (FF 1212), 05658950 (FF 1305), 05660939 (FF 1472), 06645755
(FF 1543), 06647596 (FF 1711), 06647723 (FF 1715), 06647804 (FF 1723), 06647871 (FF 1732), 06648010 (FF 1751)

311 05656044 (FF 1061)

312 05341728 (FF 593)

313 05660955 (FF 603), 05661129 (FF 598), 05352614 (FF 707), 05660351 (FF1431), 05660963 (FF 1484), 05661110
(FF 1489), 06645356 (FF 1492), 06645305 (FF 1496), 06645382 (FF 1498), 06645399 (FF 1504), 06645380 (FF 1505),
06645372 (FF 1506), 06646344 (FF 1586), 06647049 (FF 1665), 06647065 (FF 1663)

314 04579941 (FF 278), 05339855 (FF 417), 05340632 (FF 491), 05340926 (FF 521), 05355834 (FF 886), 05655595 (FF 1021),
05659752 (FF 1037), 05656028 (FF 1047), 05656281 (FF 1071), 05656362 (FF 1081), 05659531 (FF 1348), 05659973
(FF 1386), 05660106 (FF 1406), 05660491 (FF 1433), 05660904 (FF 1475)

315 05656370 (FF 1080)

316 05340969 (FF 533), 05656826 (FF 1097), 05656788 (FF 1100), 06647642 (FF 1707),

317 05340969 (FF 533), 05660211 (FF 1413), 05661110 (FF 1489), 06647979 (FF 1739)

318 05661080 (FF 1079), 05661056 (FF 1375), 05660149 (FF 1402), 05661072 (FF 1487), 05661064 (FF 1488), 06645445
(FF 1499), 06647987 (FF1738)

319 05656354 (FF 1082)

320 04577906 (FF 58)

321 04579569 (FF 233), 06645593 (FF 1526)

322 05656494 (FF 1095), 05658535 (FF 1263), 06648894 (FF 1507), 06646816 (FF 1639)

323 05656753 (FF 1103), 05656923 (FF 1119), 05657547 (FF 1173)

324 05656982 (FF 1114), 06648843 (FF 1511), 06647812 (FF 1722)

326 05657490 (FF 1162), 06645879 (FF 1549), 06646565 (FF 1612)

327 05657431 (FF 1167), 05657571 (FF 1170)

328 05657555 (FF 1172), 05657911 (FF 1205), 05657873 (FF 1208), 05658063 (FF 1224)

329 05657644 (FF 1181), 05658020 (FF 1211), 05658101 (FF 1221), 05658152 (FF 1235)

330 05349567 (FF 1197), 06445968 (FF 1556), 06646255 (FF 1592)

331 05657717 (FF 1190), 06445607 (FF 1525)

332 05340004 (FF 436), 05341132 (FF 550) 05657709 (FF 1191), 06645704 (FF 1532)

333 05657822 (FF 1196)

334 05657849 (FF 1194), 06645496 (FF 1519)

335 05658055 (FF 1225), 06647561 (FF 1713)

336 05658489 (FF 1229), 05659701 (FF 1365)

337 05658306 (FF 1237)

338 05658268 (FF 1241)

339 05658373 (FF 1246), 05659426 (FF 1342), 06646662 (FF 1620)

340 05658365 (FF 1247), 05659159 (FF 1318)

341 05658322 (FF 1251), 05658713 (FF 1279), 06648851 (FF 1510), 06645526 (FF 1517)

342 05658462 (FF 1254), 05658527 (FF 1264), 06645933 (FF 1558a)

343 05658411 (FF 1258), 06646913 (FF 1645)

344 05658586 (FF 1259)

346 05658608 (FF 1274), 05659191 (FF 1330), 05659485 (FF 1353)

347 05658810 (FF 1286)

348 05658829 (FF 1285)

349 05658799 (FF 1288), 05658780 (FF 1289), 05659590 (FF 1359), 05660289 (FF 1422)

350 05659078 (FF 1310), 06645623 (FF 1523), 6182 (FF 1584), 06646670 (FF 1619), 06646921 (FF 1644), 06647480 (FF 1705)

351 05339006 (FF 335), 05338921 (FF 342), 05658853 (FF 1297), 05658845 (FF 1298), 06646387 (FF 1597)

352 05659167 (FF 1317)

354 05659116 (FF 1322)

355 05659329 (FF 1334), 05659566 (FF 1362)

356 05659442 (FF 1340)

357 04578716 (FF 134)

358 Not Collected

359 05659582 (FF 1360)

360 05659728 (FF 1364)

361 05659663 (FF 1368), 05659949 (FF 1389)
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364 05659892 (FF 1378), 05660254 (FF 1409)

365 05659884 (FF 1379)

366 05660068 (FF 1396)

367 05659981 (FF 1400)

368 05660122 (FF 1404), 06646352 (FF 1600), 06646964 (FF 1657)

369 05660246 (FF 1410), 06645216 (FF 1575), 0664294 (FF 1675), 06647456 (FF 1692)

370 05660300 (FF 1420), 05660726 (FF 1460)

371 05660459 (FF 1437)

373 05660688 (FF 1448), 05660858 (FF 1464), 05660882 (FF 1477), 06645348 (FF 1493), 06645313 (FF 1495), 06645291
(FF 1497), 06645410 (FF 1502), 06645402 (FF 1503), 06646999 (FF 1654), 06647235 (FF 1680), 06647588 (FF1712)

374 05660610 (FF 1454)

375 05660777 (FF 1456)

377 05660947 (FF 1471)

378 05660998 (FF 1483), 06646549 (FF 1614)

379 05341701 (FF 594)

380 06645321 (FF 1494)

383 06645569 (FF 1529)

384 06645208 (FF 1534b), 06645852 (FF 1551a)

385 06645658 (FF 1537)

386 06645720 (FF 1546)

387 06645895 (FF 1547), 06647340 (FF 1686),

388 06645828 (FF 1553)

390 06646034 (FF 1564)

391 06646131 (FF 1571)

392 06646123 (FF 1572)

393 06646115 (FF 1573), 06646689 (FF 1618), 06646905 (FF 1646)

394 06646107 (FF 1574), 06646948 (FF 1643), 06647545 (FF 1699)

395 06646247 (FF 1578), 06646336 (FF 1587)

396 06646433 (FF 1608)

397 06646395 (FF 1596), 06646360 (FF 1599),

399 06646441 (FF 1607), 06647154 (FF 1672)

400 06646638 (FF 1623), 06647022 (FF 1651)

401 06646611 (FF 1624)

402 06646727 (FF 1630), 06646719 (FF 1631)

403 05659795 (FF 1373), 06646409 (FF 1595), 06646867 (FF 1634)

404 06646832 (FF 1637), 06647707 (FF 1717)

405 06646808 (FF 1640), 06647030 (FF 1650), 06647162 (FF 1671), 06647375 (FF 1683)

406 Not Collected

408 06646891 (FF 1647)

409 06647006 (FF 1653)

410 06646972 (FF 1656)

411 06647138 (FF 1658)

412 06647057 (FF 1664), 06647189 (FF 1699)

413 06647324 (FF 1688), 06647553 (FF 1698)

414 06647332 (FF 1687), 06648061 (FF 1746)

415 06647634 (FF 1708), 06648053 (FF 1747)

416 06647715 (FF 1716), 06648037 (FF 1749)

417 06647693 (FF 1718)

419 06647901 (FF 1730)

420 06647960 (FF 1740), 06648061 (FF 1745)

421 06647774 (FF 1726), 06647944 (FF 1742)

423 06648177 (FF 1753)

424 05657164 (FF 1129)
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ABSTRACT

This paper presents the current knowledge of the
vertebrate fauna and vascular flora of Legendre Island
oft the Pilbara coast of Western Australia. It reports on
a biological survey performed by the Department of
Environment and Conservation (DEC; formerly the
Department of Conservation and Land Management,
CALM) in July 2000 and collates historical biological
data from the island. The survey added 21 new species
of vascular flora to the island’s species list. One-hundred
and seventy plant species, including six weed species,
are now known from the island. None of the native taxa
are declared rare flora or priority species. The survey
added one new species of vertebrate (the python, Liasis
stimsoni) to the island’s records. The confirmed terrestrial
vertebrate fauna of Legendre Island consists of one
species of mammal (Rattus tunneyi), 20 species of
reptiles and 50 species of birds.

We suggest that differences between the species identified
in 2000 and in previous surveys are the result of
seasonality and patchiness of distribution. We believe that
more plant and animal species remain unrecorded from
the island and recommend a survey program that allows
for sampling seasonal variation and variation between
wet and dry summers. Such a strategy may also detect
those fauna not recently recorded.

We argue that because Legendre Island is the only large
limestone island in the Dampier Archipelago and is an
important breeding location for three species of marine
turtle, it should be included in the conservation estate as
part of the proposed Dampier Archipelago National
Park.

Introduction

The Dampier Archipelago comprises 42 islands, islets
and rocks, lying close to the town of Dampier on the
north west coast of Western Australia (Figure 1). The
islands are variously composed of Precambrian volcanic
and granitic rocks, Pleistocene limestones, and Holocene
sand deposits (Kriewaldt, 1964). Twenty-seven of the
islands are currently reserved for conservation or for
conservation and recreation (CALM, 1990). The other
islands are either unallocated Crown land or are under
temporary reservation for industrial purposes.

The Dampier Archipelago attained its present form

between 7000 and 8000 years ago, following inundation
of surrounding lands by the sea (Semeniuk et a/., 1982).
Legendre Island is the most northerly island of the
archipelago and, at approximately 1300 hectares, is the
fifth largest. It is not, however, one of the nature reserves
of the Dampier Archipelago despite being the only large
limestone island found there.

The biological values of Legendre Island have not
been previously assessed with any rigour. The known
fauna and flora of the island were presented in the
Dampier Archipelago Nature Reserves Management
Plan (CALM, 1990) which summarised all observations
and biological collections known from the island at that
time. However, to our knowledge, no pitfall trapping
had ever been undertaken. Considering the size of the
island and its limestone substrate, a more detailed
assessment of the biological values of the island was
warranted.

This paper presents the results from a biological
survey undertaken on Legendre Island in July 2000, as
well as all historical fauna and flora records for the island.
We include notes on the history and vesting of the island.

Background

Legendre Island lies between latitudes of 20°21°8”S to
20°25°18”S, and longitudes of 116°49°39”E to
116°57°3”E. It covers an area of 1344 hectares above
high water mark, and is approximately 15.5 km long
and 1.5 km wide at the widest point. The highest point
is 33 m above sea level. On the southern side there are
extensive shallow sandy flats, extending as far as adjacent
islands. To the north, the water depth descends rapidly
to 20 metres and more. A working lighthouse is present
on its western end.

The island is composed of Pleistocene dune limestone,
with areas of fringing Holocene sands. Extensive areas
of sandplain, containing pink-brown limestone-derived
sands, have a well-developed hard pan at about 0.3 metres
depth. Adjacent Hauy and Keast Islands, and the slightly
more distant Delambre Island also contain some
limestone areas, but are largely composed of Holocene
sand deposits (Kriewaldt, 1964, Ryan, 1966, Biggs,
1976a, 1976b). Legendre Island is the largest limestone
island in the Dampier Archipelago. The only limestone
island off the Pilbara coast to exceed Legendre in size is
Barrow Island.

The island was visited by the French Expedition under
the command of Nicholas Baudin on 29 March 1803. It
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is believed to have been named in honour of the French
mathematician Adrien Marie Legendre (pers. comm.,
WA Department of Land Information).

Climate

The climate of the Dampier Archipelago is semi-arid
tropical with two seasons, a hot summer extending from
October to April and a mild winter between May and
September. Mean summer temperature ranges from
24°C (minimum) to 35°C (maximum), while mean
winter temperatures range from 17°C to 29°C (CALM,
1990). Rainfall is scasonal but unreliable, with an annual
average of 276 mm. Evaporation is approximately 2500
mm per year, exceeding rainfall by a factor of 9 (CALM,
1990). The islands may receive more rainfall than the
mainland and early morning dews can occur in both
summer and winter.

Land status

The majority (1137.5 ha) of Legendre Island is vested
in the Minister for State Development, for Future
Industrial Purposes. Legendre Island was once part of a
proposal to develop a deepwater port to support the
iron ore industry, in which it was planned to run a service
corridor along the Burrup Peninsula and Dolphin Island
to a proposed port area at Legendre Island. This plan
was deleted from the Burrup Land Use Plan and
Management Strategy in 1996. However, the vesting of
the island remains with the Minister for State
Development.

Limestone resources have been identified on
numerous islands in the Dampier Archipelago, with
Legendre assessed to hold 264 million tonnes of
limestone at a mean grade of 83.51% (Landvision, 2001).
Lime is an important resource for use in cement making
and steel production. While Hamersley Iron operated
an iron ore pelletising plant at Dampier between 1968
and 1980, no extraction of lime resources was undertaken
from Legendre. There are no current leases over
Legendre Island, and previously issued exploration
licences were surrendered in 2001 (pers. comm.,
Department of Industry and Resources, September
2004).

In its report to the Environmental Protection
Authority (EPA, 1974), the Conservation Through
Reserves Committee recommended that part of Legendre
Island be left in its natural state, although some of the
island was being investigated for deep water port
infrastructure. Based on these recommendations and
public submissions, the EPA (1975) recommended that
the entire Dampier Archipelago be declared a Class A
reserve for conservation of flora and fauna. This was
later amended, with Legendre and Dolphin Islands
proposed to be Class B reserves. However, since this
recommendation and following amendments to the Land
Administration Act 1997, Class B reserves no longer
exist. Thus Legendre Island was never incorporated into
the conservation estate.

J. Richardson et al.

Previous surveys

Prior to the establishment of the Dampier Archipelago
conservation reserves between 1977 and 1987, there
were three significant visits by naturalists to the
Archipelago. The earliest of these, a WA Museum
(WAM) expedition by D. Bathgate, G. W. Kendrick and
B. Wilson in 1961, did not visit Legendre Island.
However, in the following year (1962), a larger WAM
expedition visited many islands of the archipelago,
including Legendre, and made extensive collections of
vertebrates and flora. Lastly, a joint WAM and WA
Department of Fisheries and Wildlife expedition to the
archipelago in July 1970 (Burbidge and Prince, 1972),
visited islands that were most likely to be affected by
proposed industrial developments in the area. Legendre
Island was included, but while this expedition surveyed
vertebrate fauna and flora, no pitfall trapping was
undertaken.

Various other data have been collected since the
establishment of the reserves. In 1978, Ian Abbott
surveyed birds on Legendre and the surrounding islands
(Abbott 1979, 1982) and Ron Johnstone (WA Museum)
included mangrove stands on Legendre Island in his
1973-1982 survey of mangrove birds of Western
Australia (Johnstone, 1990). Keith Morris (DEC,
Woodvale) collated his personal bird records for the island
in the Dampier Archipelago Nature Reserves
Management Plan (CALM, 1990). Long (1996)
performed a flora survey of the southern part of the
island for Woodside Petroleum in June 1996 and also
made some incidental records of fauna.

No widespread pitfall trapping was undertaken in the
archipelago until Connell (1983) studied biogeography
and community structure of the reptiles on selected small
islands in 1983. Legendre Island was not included here,
and no pitfall trapping was done there until a CALM
survey in 1998 (unpublished data).

In 1998, it was decided that a fauna survey using
pitfall traps should be undertaken, because of the
possibility that small, cryptic mammals and reptiles may
have been missed during the earlier surveys. In particular,
it was thought possible that Ningaui, Planigale and some
small rodents (eg Pseudomys delicatulus) might be
present on the island, but undetected. That survey
established pitfall traps in three different vegetation
communities on the western end of the island (see below)
and opened these traps from 21 to 23 April 1998.

The island vegetation was classified by Beard (1971a)
as t Hi: Grass Steppe Spinifex ( Triodin pungens) no trees
or shrubs. The vegetation was classified from an aerial
traverse north of the island (Beard, 1971Db).

Flora records for Legendre Island come from several
sources. Herbarium vouchers were lodged at Perth by
the WAM survey in 1962 (99 vouchers of 76 species)
and by BG Thomson (2 vouchers of 2 species), while
species lists were compiled on two separate occasions:
Burbidge and Prince (1972) listed 72 species and Long
(1996), surveying a proposed southern corridor,
recorded 75 species.
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METHODS

Sampling Sites

In the 1998 CALM survey, pitfall trap lines were
established in a sand dune, a grassy-plain and a pindan
community on the western side of the island. These were
again used in the 2000 survey and are designated as
Units 1, 2 and 3 respectively. Also in 2000, pitfalls were
established in analogous vegetation communities on the
castern end of the island (Units 4, 5 and 6). These sites
are termed western and eastern respectively (Figure 1).
Only the western sites were sampled in 1998; these data
are also presented in the results.

As limestone hills are the dominant feature of the
island several units were located here. Unit 7 was
established on a limestone hill site about 200 metres north
of the eastern dune unit (Unit 4). Unit 8 is an ecotonal
region between a limestone hill (Unit 7) and the pindan
(Unit 6). Unit 9 is a coastal limestone shelf. Unit 10 is a
limestone hill above the campsite (south-east of the
castern units). Unit 11 is an unspecified limestone hill
on the western end of the island.

Flora

Vegetation was sampled within 50 x 50 m quadrats within
Units 1-10. Unit 11 was not sampled using a quadrat
but was sampled by fortuitous collections across a
limestone hill.

At least one specimen of each plant species was
collected for identification in Karratha.

Fauna

Fauna was sampled by varying techniques depending
on location. Vegetation Units 1 to 6 were each sampled
the same way: 20 Elliott traps (baited with oats and peanut
paste) and pitfall traps. In each unit, Elliott traps were
opened for the same period as the pitfall traps. The pit
lines consisted of two 20-litre buckets with approximately
five metres of fence between them and two metres of
fence either side. Units 1, 2 and 3 (the western sites)
had four pit lines that were open from the 11th to the
15th of July 2000. The castern sites (Units 4, 5 and 06)
had three pit lines and were open from the 11th to the
17th of July.

The other areas sampled for fauna were on limestone
hills where pitfall traps could not be installed. Unit 7 was
one of these sites. Unit 7 was sampled by 20 Elliot traps
(using the same bait as above) opened from the 11th
and 17th of July.

Two other areas were also trapped for mammals.
On the northern side of the island a distinctive rocky
outcrop was located and 25 Elliot traps, using the same
bait as above, were set for four consecutive nights. The
mangrove community on the southern side of the island
was trapped for Water Rats (Hydromys chrysogaster). Four
cage traps were set behind the mangroves (two baited
with oats and peanut paste, the other two with sardines)
for four consecutive nights from the 11th to 14th April.
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Each of the designated units was also actively
searched for reptiles. Where appropriate this involved
digging up rat burrows, tearing oft bark, spotlighting,
rolling rocks and logs, as well as the more passive sit-
and-watch technique, used amongst trees and rocks. All
captures were identified in the field or camp as appropriate
and released on-site. At least one specimen of each species
(except for the Stimson’s python) was lodged with the
WA Museum. For purposes of comparison, numbers of
animals caught in each vegetation unit are presented,
but, as there was no marking of animals, these may
include recaptures.

Bird records were taken ad hoc from sightings around
the island. Consequently, these data are not related to
any vegetation unit.

Results and Discussion

Vegetation communities

Five main vegetation units can be identified on Legendre
Island:

Mangal

Mangals on Legendre Island are found on the southern
side of the island and are dominated by the white
mangrove, Avicennia marina, interspersed with
occasional specimens of Bruguiera exaristata, Ceriops
tagal and Aeginlitis annulata. There were many A.
mavina seedlings particularly on the landward side of
the mangal in both 1998 and 2000.

Sand Dune

Sand (white Holocene) dunes are present behind the
beaches on the western end and southern side of the
island. This habitat is dominated by the low shrub Acacia
bivenosa, with an herbaceous understorey including
Swainsona formosus, Ptilotis exaltatus, Tephrosia
eriocarpa, and Canavalia rosen.

Grassy Plains

This habitat type is dominated by grasses, including
Enneapogon polyphyllus, Themeda triandra, Trivaphis
mollis, Ervagrostis setifolin, and Panicum decompositum,
interspersed with herbaceous annuals, such as Przlotus
exaltatus, and the creeper Rhynchosia minima. The soil
is generally orange sand.

Pindan

This habitat type is somewhat similar to the grassy plain
in both vegetation structure and soil colour however,
the substrate is much harder and the vegetation
community noticeably different. The vegetation is
dominated by grass species including Enneapogon
polyphyllus and Triodia sp., with numerous herbaceous
annuals such as Amaranthus pallidiflorus, Ptilotus
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exaltatus, Euphorbin australis and Flaveria australasica
and other small plants such as Boerbavia schomburgkiana,
Alysicarpus rugosus, Indigofera linnaei and Melbanin
oblongifolin, together with the creeper, Rhynchosia
minima.

Limestone Hill

Outcroppings of limestone exist in a number of locations
on Legendre Island. These range from low areas to
hillocks to steep hills. The vegetation on these limestone
areas was dominated by grasses and herbaceous plants
such as Sorghum plumosum, Triodia wiseana, Abutilon
lepidum and Trichodesma zeylanicum, with creepers such
as Mukin maderaspatana and Rhynchosia minima. There
were also scattered clumps of Ficus brachypoda and
Pittosporum phyllivaeoides.

Flora

One-hundred and seventy vascular plant species from
42 families and 105 genera are known from the island;
none are declared rare flora (DRF) or priority listed
(Appendix 1). Eighty-three species were collected in the
2000 survey, 21 of which new records for the island.
Significantly, eighty-seven species previously recorded
from the island were not collected in the 2000. This is
assumed to be due to seasonal and sampling effects, as
the uncollected taxa include both perennial and annual
species. Changes in vegetation structure in some
vegetation units were noted between the 1998 and 2000
surveys and these could be responsible for some of these
differences. In the two years between CALM surveys,
there was considerable change in the vegetation structure
with substantial grass growth in Pindan and Grassy Plain
units on both the eastern and western ends of the island.
During the 1998 survey these units were largely bare of
grass however in 2000, there was thick growth to one
metre high in the eastern Grassy Plain, and spinifex
growing through and over the pit fences in the western
Pindan. Furthermore, the 1998 survey was done at the
end of summer all vegetation was very dry and there
were no plants in flower. In stark contrast, during the
2000 winter survey there were a large number of plants
in flower and the vegetation was generally green and
lush. This followed very high summer rains earlier that
same year.

Six island plant species are introduced or naturalised
(Aerva jaovanica, Malvastrum americanum, Passiflora
foetida, Setarvia verticillata, Amaranthus viridis, and
Salsola tragus). Keighery and Longman (2004 ) consider
the first four species environmental weeds, i.e. those that
reproduce in reasonably intact bushland. Aerva javanica
(kapok) was introduced to Australia as a fodder plant. It
readily invades disturbed areas and is now widespread
on the Pilbara mainland and is recorded from a number
of other Pilbara coastal islands, including many islands
of the Montebello group (pers. obs., Jeff Richardson).
It has not been recorded on the island previously.
Malvastrum americanum is a native of America and a
common weed of arid zone and other habitats, from the
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Nullarbor to the Pilbara and Kimberley (Hussey ez al.,
1997). It was not recorded on the island prior to 2000
and then only in the grassy plain on the western end of
the island. Passiflora foetida (stinking passion flower),
native to South America (Hussey et al., 1997), is a
common weed of disturbed areas on creek and river
banks from Carnarvon to the Kimberley. It also was not
collected before 2000 and was only found in the western
pindan. Setaria verticillata (whorled pigeon grass) is a
common and widespread weed of disturbed land and
shrublands in the Pilbara and Kimberley (Hussey ¢z al.,
1997). Although it was not collected in 2000 it was
recorded by Burbidge and Prince (1972). Amaranthus
viridisis an annual herb that is native to tropical America
(Hussey et al., 1997). It was not found in 2000, or
recorded by Burbidge and Prince (1972), but was
vouchered at the Perth herbarium in 1962. Salsola tragus
is widespread in WA and also on Legendre Island.

Mammals

Five species of mammal have been recorded on
Legendre Island. These records are from vouchered
specimens, oral records and evidence such as skeletal
remains and scats. The 2000 survey attempted to resolve
as many unsubstantiated records as possible.

Vouchers of Rattus tunneyi were lodged in the
Western Australian museum in 1962 (the WAM visit)
and 1970 (Burbidge and Prince, 1972). We found this
species in all vegetation units and in high numbers (367
captures for all sites combined; Table 1). Rattus tunneyi
is not listed on the Western Australian or Commonwealth
threatened species lists and is considered secure in the
Rodent Action Plan (Lee, 1995). However, it has suffered
a significant decline since European settlement
(Braithwaite and Baverstock, 1995). It formerly occurred
along the west coast and throughout the Pilbara,
Gascoyne and Kimberley regions of Western Australia,
but has now disappeared from more than 50% of its
original area of occupancy in this State and the Northern
Territory, and is extinct in South Australia (Morris, 2000).
Morris (2000) recommends it should be regarded as
lower risk (near threatened) under the TUCN categories
of threat (IUCN, 2004), and that it should be monitored
and could be added to the CALM Priority Fauna list.

Foxes have been recorded on the island from as early
as 1962 (WAM), and Burbidge and Prince (1972) found
evidence (scats and tracks) of their presence in 1970. A

baiting program was subsequently initiated in 1996
(pers. comm., K. Morris, DEC, Woodvale). There has
been no recent evidence of foxes (in this and the 1998
survey) implying that the baiting program has been
effective in eradicating this introduced species.

The presence of two other island mammal species
has been inferred from skeletal material. Burbidge and
Prince (1972) found the skull of a Rock Rat (Zyzomys
argurus) and a skull of Pseudomys hermannsburgensis
was found in an owl pellet by P. Kendrick (DEC,
Karratha) during the 1998 survey. Neither of these
species were found on Legendre during the 2000 CALM
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Table 1
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Terrestrial vertebrate species recorded from Legendre Island, their distribution across the vegetation units surveyed in
2000 (numbers represent total captures in each unit) and the provenance of previous records. See text for unit
descriptions and comments on these species. W=record from the museum collected 1962; B= Burbidge and Prince
(1972); C1998=CALM survey (unpublished) in 1998; D= Dampier Archipelago Nature Reserves Management Plan,

(CALM, 1990).

GROUP SPECIES Vegetation Unit Number Other Previous
1 2 3 4 5 6 7 Units Collectors
MAMMALS Rattus tunneyi 47 43 43 68 67 42 46 11 W, B, C1998
Wulpes vulpes* W, B
Tachyglossus aculeatus? L
AGAMIDS Ctenophorus caudicinctus 2 B, L
Ctenophorus isolepis 1 1 1 W, B, C1998
Lophognathus gilberti gilberti W, L
GECKOS Gehyra pilbara® 4 B
Gehyra punctata* 11 1 A
Gehyra variegata 4 1 W, C1998
Diplodactylus conspicillatus B
Diplodactylus elderf D
Diplodactylus stenodactylus B
Heteronotia binoei 1 2 W, B, C1998
SKINKS Ctenotus saxatilis 16 4 2 4 3 5 1 W, B, C1998
Ctenotus serventyi 1 W, C1998
Glaphyromorphus isolepis 5 2 2 1 2 3 2 W, B, C1998
Lerista bipes 6 3 2 C1998
Lerista muelleri 3 1 4 1 2 1 w
Morethia ruficauda 2 1 2 1 3 w
VARANIDS Varanus acanthurus 36 W, B, C1998
Varanus panoptes 1 C1998
TYPHLOPIDAE Ramphotyphlops diversus ammodytes B
SNAKES Liasis stimsoni 2
Total number of species per Unit 8 5 4 5 4 6 9 9

* No foxes seen on the island since the 1996 baiting program initiated.

2 Scats consistent with the echidna recorded by Long (1996).

¢ Recorded as G. australis in Burbidge and Prince (1970), re-identified since (pers. com. L. Smith WA Museum)
4 lan Abbott collected 2 species (R60443-44) while on the island surveying for birds in 1978.
5 The provenance of the record for this species is unknown, it was reported in CALM (1990)

6 These records come from 3 tails found in a tree.
included in the species count for the unit.

survey despite substantial effort being put into trapping
around rock piles to find Z. argurus. Both these species
live on nearby islands (CALM, 1990) and it is assumed
from the results of this survey that the skulls came from
animals predated elsewhere, probably by a Barn Owl.

Long (1996) found scats consistent with Echidnas in
her southern study sites. There have been no records of
this species from previous or the 2000 survey. Although
this species is cryptic, it’s feeding sign is conspicuous,
indicating that Echidna are probably uncommon on
Legendre.

Water Rats (Hydromys chrysogaster) are thought to
live on nearby Dolphin Island, where their tracks are
regularly seen near mangroves (pers. obs., Geoff Kregor,
Peter Kendrick). We found no tracks, nor evidence of
feeding sites, nor did we catch any individuals in the
cage traps set behind the mangroves.

It is assumed that they were dropped there by a raptor, these have not been

Reptiles

Twenty species of reptile are known from museum
records from Legendre Island (Table 1). Some have not
been recorded since the surveys of 1962 and 1970. For
instance, no Diplodactyline geckos were found during
this or the CALM 1998 survey, although three species
of this group (Diplodactylus conspicillatus, D.
stenodactylus and D. elderi) are recorded in CALM
(1990) and Burbidge and Prince (1972) vouchered the
two former species in the WAM. It is assumed the D.
elderi record in CALM (1990) comes from an
unpublished source.

All gecko species recorded in the current survey were
found on the limestone hill (Unit 7) amongst a small
area of split and movable rocks (Table 1). In this same
rock pile a pair of Stimson’s pythons (Liasis stimson:)
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were found. These constitute a new record for the island.

Three species of agamids (dragons) are known from
the island, but only two species were recorded in the
2000 survey. The Ring-tailed Dragon (Ctenophorus
candicinctus) was observed on rocky areas near the shore
on both the northern and southern sides of the island.
Neither of these was within a sampled vegetation unit.
This species was collected in 1970 but no specimens
were lodged during the WAM survey in 1962 nor was
the species recorded in 1998. Long (1996) observed
the species frequently. The second agamid found in the
2000 survey (C. zsolepis) was recorded from areas with a
sandy substrate: one in each of the Dune units (both in
pitfalls) and one was seen near the campsite.
Lophognathus gilberti was lodged in the WA museum in
1962 and was recorded as frequent on the southern part
of the island by Long (1996), however it has not been
recorded during any other surveys on the island.

All the skink species previously recorded on Legendre
were recorded during the 2000 survey. Ctenotus saxatilis
(C. lesewrdi in Burbidge and Prince, 1972) was the most
common, being found in all units except the Limestone
Hill. Our record of Ctenotus serventyi was a single capture
in a sand dune unit (Unit 1) the same site where an
individual was caught in 1998. This species was not
recorded in CALM (1990), but is on WAM records (1962).
This similarity of this species and C. saxatilis can lead to
C. serventyi being reported as the more common C.
saxatilis. The one record here of C. serventyi implies that
this species is uncommon on Legendre Island and
probably elsewhere: Connell (1983), for instance, found
none of this species on the 10 nearby islands he studied,
although it is known from the nearby Burrup Peninsula.

No blind snakes (Family Typhlopidae) were recorded
in this survey. Two specimens of Ramphotyphlops diversus
ammodytes were collected in 1970 (Burbidge and Prince,
1972) but this species has not been recorded before then
or since.

Two varanids have been recorded from Legendre
Island. A single Varanus panoptes was found on the
grassy plain (Site 5) in 2000 and the same location in
1998 (the first record for the species on Legendre). The
other varanid recorded in 2000 ( V. acanthurus) was from
traces of the species: three tails were found in trees on
the Limestone Hill, presumably dropped there by a raptor.
The WA Museum has a record of this species from 1962,
Burbidge and Prince (1972) mention its presence and
an individual was caught in an Elliott trap on Unit 1
during the 1998 CALM survey.

Large numbers of turtle tracks observed on beaches
suggest that Legendre Island is one of the most important
turtle nesting islands in the Dampier Archipelago (pers.
comm., Keith Morris, DEC, Woodvale). Green turtles
(Chelonia mydas) have been recorded nesting on the
beaches on the northern side of the island (pers. comm.,
Keith Morris), and it is likely that Hawksbill turtles
(Eretmochelys imbricata) and Flatback turtles ( Natator
depressus), which commonly nest on other islands of the
archipelago, would also nest here. Green turtles have
also been observed aggregating in the waters just off the
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castern end of Legendre Island (pers. obs., Fran Stanley).
More research needs to be conducted into the species of
marine turtle that use the beaches and waters surrounding
Legendre Island to determine its overall significance for
these species.

Birds

Fifty-three bird species from twenty-cight families have
been recorded on Legendre Island (Table 2). Over half
of these are terrestrial species, the rest are waders or
waterbirds. Five species have been recorded breeding
on the island: Wedge-tailed Shearwater, Osprey, White-
bellied Sea-Eagle, Bar-shouldered Dove and the Barn
Owl. There are at least two resident groups of Barn
Owls on the island. One group, consisting of five
individuals, was seen on the cliffs to the east of the
mangroves on the southern side of the island. A pair
(probably not included in the above count) was seen in a
cave behind the mangroves, where a nest was found
with a single egg. Nesting Barn Owls were also recorded
in the 1998 CALM survey. Other breeding records from
2000 were two Osprey nests, each with three eggs in
them. The ecarliest known Osprey breeding record is
from 1978 (from the CALM Seabird Breeding Island
Database; Abbott, 1982).

General Discussion

The present survey has added substantially to our
knowledge of the vascular plant and vertebrate species
of Legendre Island, which remains, nevertheless, far from
complete. Comparing our survey results with previous
surveys highlights some glaring knowledge inadequacies.
For instance, the recording of 21 new plant species from
the island, but the failure to recollect 87 previously
recorded species underlie this. Similarly, Long’s (1996)
record of L. g. gilberti was the first since 1962.

Part of the reason for this disparity would be
seasonality and also variation between high rainfall and
low rainfall years. Other variations may be explained by
sampling location: our 2000 record of Stimson’s python
and all four gecko species are from a single small rock
pile that could have easily been overlooked. Likewise,
sampling method is also important. There are no bat
records from the island, though Microchiropterans were
seen feeding on insects in the camp lights.

We recommend a comprehensive survey program
that incorporates all the above considerations.
Furthermore, to contextualise the biodiversity values of
Legendre Island we also recommend that a similar
program of biological survey be performed amongst all
islands in the group. As a basis for stratifying future
sampling we have identified five vegetation communities
on the island.

Legendre Island is the only large limestone island in
the Dampier Archipelago, and one of only a few large
limestone islands off the Pilbara coast, and efforts should
be made to include it in the conservation estate. This is
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Table 2

Bird species recorded from Legendre Island. Order and nomenclature from draft working list of birds of Australia and
Australian Territories, June 2003 (Birds Australia Website). The seabird and wader records of Abbott (1979, 1982) and
Burbidge and Prince (1972) not specified as being on Legendre Island are not included. A'=Abbott (1979); A>=Abbott
(1982); B= Burbidge and Prince (1972); J= Johnstone (1990); C1998 and C2000 CALM officers (unpublished) during
the 1998 or 2000 surveys respectively; D=CALM (1990); W1962=record from the museum collected 1962; (b)=breeding

record.
FAMILY COMMON NAME SOURCE
Phasianidae Brown Quail* B, C2000
Procellariidae Wedge-tailed Shearwater D (b)
Phalacrocoracidae Pied Cormorant D
Fregatidae Lesser Frigatebird C1998
Ardeidae White-faced Heron C1998
Ardeidae Eastern Reef Egret D, C1998 (white and dark morphs)
Ardeidae Great Egret C2000
Accipitridae Osprey A? (b), D (b), B, C1998 (b), C2000 (b)
Accipitridae Black-shouldered Kite D, B, C1998, C2000
Accipitridae Whistling Kite D, B
Accipitridae Brahminy Kite D, A2,C1998, C2000
Accipitridae White-bellied Sea-Eagle D (b), B, C1998, C2000
Accipitridae Spotted Harrier D, A%B, C1998, C2000
Falconidae Nankeen Kestrel D, B, C1998, C2000
Scolopacidae Godwit? C1998
Scolopacidae Whimbrel D, C1998
Scolopacidae Common Greenshank C1998
Scolopacidae Grey-tailed Tattler D, C1998
Scolopacidae Ruddy Turnstone C1998
Scolopacidae Sanderling C1998
Burhinidae Beach Stone-curlew?® C1998, C2000
Haematopodidae Pied Oystercatcher D, A?,C1998, C2000
Haematopodidae Sooty Oystercatcher D, C1998, C2000
Charadriidae Red-capped Plover C1998
Charadriidae Lesser Sand Plover C1998
Laridae Silver Gull D, C1998, C2000
Laridae Caspian Tern C1998, C2000
Laridae Crested Tern D, At
Laridae Roseate Tern C1998
Laridae Bridled Tern C1998
Columbidae Bar-shouldered Dove D (b), C1998, C2000, J
Cacatuidae Little Corella D, B, C2000
Psittacidae Budgerigar D, A?
Tytonidae Barn Owl C1998, C2000 (b)
Halcyonidae Sacred Kingfisher D, W1962, B, C1998
Pardalotidae Dusky Gerygone* D, J
Pardalotidae Large-billed Gerygone® B
Meliphagidae Yellow-throated Miner C2000
Meliphagidae Singing Honeyeater D, A%B, C1998
Petroicidae Mangrove Robin D, W1962, B, J
Pachycephalidae White-breasted Whistler D, W1962, B, J
Dicruridae Grey Fantail B, C1998
Dicruridae Mangrove Grey Fantail D,J
Dicruridae Willie Wagtail D, B, C1998, C2000
Campephagidae Black-faced Cuckoo-Shrike D, B, C1998, C2000
Campephagidae White-winged Triller D
Artamidae White-breasted Woodswallow D, A%,B, C1998,C2000,J
Artamidae Pied Butcherbird C2000
Corvidae Corvid sp. ¢ B, C1998, C2000, D
Motacilidae Richard’s Pipit D, A?,B, C2000
Hirundinidae Welcome Swallow D, A%,B, C1998, C2000
Hirundinidae Tree Martin C2000
Zosteropidae Yellow White-eye’ D, B,J

Called Quail (?brown) in Burbidge and Prince (1972);

Species not identified,;

Bush Stone Curlew reported in CALM (1990) assumed incorrect;
Called Dusky Flycatcher in Johnstone (1990);

N

o o

Identified as Torresian Crow in CALM (1990);
7 Called Yellow Silvereye in Burbidge and Prince (1972).

Called Large-billed Warbler in Burbidge and Prince (1972) this record appears to be out of its known distribution;

J. Richardson et al.
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in line with the EPA’s 1975 recommendation that
Legendre be included in a Class A reserve. While the
island contains relatively large deposits of limestone, the
Wittenoom dolomites are a more suitable and more
accessible source for lime (Landvision, 2001). In
addition, the proposal to construct a deep water port at
Legendre Island was dismissed by the EPA and not
included in the Burrup Land Use Management Strategy
(1996). Inclusion of Legendre Island would ensure the
addition of large areas of limestone island habitat in the
Pilbara near shore island conservation reserves.
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Appendix 1
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The vascular plants of Legendre Island, their occurrence in sampling units and previous collections made from the
island. Order and nomenclature follows Paczkowska and Chapman (2000). Vegetation Unit locations and descriptions
are outlined in the text. OTHER are those species recorded or collected from the island by: * lodged in the State
Herbarium in 1962; # recorded in Burbidge & Prince, (1972); L recorded in Long (1996).

Vegetation Unit Number

FAMILY SPECIES 3 4 5 6 7 8 9 10 11 OTHER
Poaceae Aristida contorta #
Poaceae Chloris pumilio #
Poaceae Chrysopogon fallax *
Poaceae Cymbopogon ambiguus *#L
Poaceae Cymbopogon bombycinus +

Poaceae Dactyloctenium radulans #
Poaceae Digitaria ctenantha L
Poaceae Enneapogon caerulescens + o+ o+ L
Poaceae Enneapogon oblongus *
Poaceae Enneapogon pallidus #
Poaceae Enneapogon polyphyllus + + + *L
Poaceae Eragrostis dielsii L
Poaceae Eragrostis eriopoda #,L
Poaceae Eragrostis falcata *
Poaceae Eragrostis setifolia + 4+

Poaceae Eragrostis xerophila *
Poaceae Eriachne mucronata +

Poaceae Eriachne obtusa #,L
Poaceae Eulalia aurea + + *#,L
Poaceae Panicum decompositum + + + + + * L
Poaceae Paspalidium sp.

Poaceae Paspalidium tabulatum #,L
Poaceae Setaria dielsii + +

Poaceae Setaria verticillata* #
Poaceae Sorghum plumosum + o+ #,L
Poaceae Sorghum timorense *
Poaceae Spinifex longifolius + + #,L
Poaceae Sporobolus virginicus * #,L
Poaceae Themeda triandra + + *H#,L
Poaceae Triodia angusta *
Poaceae Triodia epactia

Poaceae Triodia longiceps L
Poaceae Triodia pungens *H#,L
Poaceae Triodia sp. +

Poaceae Triodia wiseana + o+ o+ o+ +

Poaceae Triraphis mollis L
Poaceae Whiteochloa cymbiformis #
Cyperaceae Cyperus cunninghamii subsp. cunninghamii *
Cyperaceae Fimbristylis schultzii #
Moraceae Ficus brachypoda + + + * #,L
Moraceae Ficus opposita var. aculeata + *
Moraceae Ficus virens var. virens *
Chenopodiaceae  Atriplex isatidea *H#
Chenopodiaceae  Enchylaena tomentosa *#
Chenopodiaceae  Neobassia astrocarpa *
Chenopodiaceae  Rhagodia eremaea + + *L
Chenopodiaceae  Rhagodia preissii subsp. obovata + *#
Chenopodiaceae  Salsola tragus* + o+ + o+ o+ + #,L
Chenopodiaceae Sclerolaena diacantha + + L
Chenopodiaceae Sclerolaena uniflora *
Chenopodiaceae Threlkeldia diffusa + + #,L
Amaranthaceae Achyranthes aspera + + *L
Amaranthaceae Aerva javanica* + o+

Amaranthaceae Amaranthus interruptus *
Amaranthaceae Amaranthus pallidiflorus + o+ o+ + o+ #,L
Amaranthaceae Amaranthus viridis* *
Amaranthaceae Gomphrena canescens + #
Amaranthaceae Gomphrena sordida L
Amaranthaceae Gomphrena tenella #
Amaranthaceae Ptilotus exaltatus var. exaltatus + + + + + + + *#,L
Amaranthaceae Ptilotus fusiformis #
Amaranthaceae Ptilotus obovatus var. obovatus + + + + * L
Amaranthaceae Ptilotus villosiflorus + L
Nyctaginaceae Boerhavia burbidgeana + *
Nyctaginaceae Boerhavia schomburgkiana + 4+ + #,L
Nyctaginaceae Commicarpus australis L
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Vegetation Unit Number
FAMILY SPECIES 1 3 4 5 6 7 8 9 10 11 OTHER
Aizoaceae Sesuvium portulacastrum + *
Aizoaceae Trianthema triquetra *
Aizoaceae Trianthema turgidifolia + + + + #,L
Molluginaceae Mollugo molluginis #
Portulacaceae Portulaca intraterranea L
Portulacaceae Portulaca oleracea +
Portulacaceae Portulaca pilosa #,L
Menispermaceae  Tinospora smilacina *
Capparaceae Capparis spinosa var. nummularia + *#,L
Capparaceae Cleome viscosa *#,L
Pittosporaceae Pittosporum phylliraeoides + *H#
Surianaceae Stylobasium spathulatum #,L
Mimosaceae Acacia arida *
Mimosaceae Acacia bivenosa + + + + * L
Mimosaceae Acacia coriacea #
Mimosaceae Acacia inaequilatera *
Mimosaceae Acacia orthocarpa + + *
Mimosaceae Neptunia dimorphantha #
Caesalpiniaceae Senna glutinosa subsp. x luerssenii *
Papilionaceae Alysicarpus rugosus + + o+ + L
Papilionaceae Canavalia rosea + + o+ *#,L
Papilionaceae Crotalaria novae-hollandiae subsp. *
novae-hollandiae
Papilionaceae Cullen badocanum *
Papilionaceae Indigofera colutea #
Papilionaceae Indigofera linifolia + + o+ + o+ o+ L
Papilionaceae Indigofera linnaei + + o+ + + #
Papilionaceae Indigofera monophylla + + o+ o+ *#,L
Papilionaceae Indigofera trita + L
Papilionaceae Rhynchosia minima + o+ o+ o+ + o+ o+ 4+ *#,L
Papilionaceae Swainsona formosa + + *H#
Papilionaceae Swainsona pterostylis + + o+ + #,L
Papilionaceae Tephrosia bidwillii #
Papilionaceae Tephrosia rosea L
Papilionaceae Tephrosia sp. + + #
Zygophyllaceae Tribulus occidentalis *#,L
Euphorbiaceae Adriana tomentosa +
Euphorbiaceae Euphorbia alsiniflora *
Euphorbiaceae Euphorbia australis + + o+ o+ o+ + L
Euphorbiaceae Euphorbia boophthona + + o+ + o+
Euphorbiaceae Euphorbia coghlanii + + o+ L
Euphorbiaceae Euphorbia drummondii + + *L
Euphorbiaceae Euphorbia myrtoides + + o+ *
Euphorbiaceae Euphorbia tannensis subsp. eremophila *#,L
Euphorbiaceae Phyllanthus maderaspatensis L
Euphorbiaceae Phyllanthus reticulatus #
Sapindaceae Alectryon oleifolius #
Sapindaceae Diplopeltis eriocarpa L
Tiliaceae Corchorus parviflorus L
Tiliaceae Corchorus sp.Burrup(G.Craig 235) + o+
Tiliaceae Corchorus walcottii #
Malvaceae Abutilon cunninghamii #
Malvaceae Abutilon indicum var. australiense + o+ L
Malvaceae Abutilon lepidum + + o+
Malvaceae Abutilon sp. #
Malvaceae Gossypium australe + o+
Malvaceae Malvastrum americanum®*
Malvaceae Sida fibulifera + o+ o+ L
Malvaceae Sida sp. + o+ + o+
Sterculiaceae Melhania oblongifolia + + + + *L
Violaceae Hybanthus aurantiacus *
Violaceae Hybanthus enneaspermus #
Passifloraceae Passiflora foetida* +
Rhizophoraceae Bruguiera exaristata #
Rhizophoraceae Ceriops tagal #
Apiaceae Trachymene oleracea subsp. oleracea #
Plumbaginaceae  Aegialitis annulata *
Plumbaginaceae = Plumbago zeylanica *
Oleaceae Jasminum didymum subsp. lineare * L
Asclepiadaceae Cynanchum floribundum + + *#,L
Asclepiadaceae Sarcostemma viminale subsp. australe + + o+ + + o+ *#,L
*

Convolvulaceae

Convolvulus clementii
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Vegetation Unit Number

FAMILY SPECIES 4 5 6 7 8 9 10 11 OTHER
Convolvulaceae Evolvulus alsinoides + *#,L
Convolvulaceae Ipomoea lonchophylla +
Convolvulaceae Ipomoea pes-caprae #
Convolvulaceae Operculina ?aequisepala L
Cuscutaceae Cuscuta victoriana L
Boraginaceae Heliotropium cunninghamii *
Boraginaceae Heliotropium pachyphyllum *
Boraginaceae Heliotropium tenuifolium L
Boraginaceae Trichodesma zeylanicum + + #,L
Verbenaceae Clerodendrum tomentosum #
Avicenniaceae Avicennia marina *#
Solanaceae Nicotiana benthamiana #
Solanaceae Solanum cleistogamum *
Solanaceae Solanum diversiflorum *
Solanaceae Solanum ellipticum #
Solanaceae Solanum esuriale L
Solanaceae Solanum phlomoides L
Solanaceae Solanum sp.Boomerang Bay

(K.F.Kenneally 10021)
Scrophulariaceae  Stemodia grossa + #,L
Scrophulariaceae  Striga curviflora + *#
Myoporaceae Eremophila longifolia
Rubiaceae Oldenlandia crouchiana *
Rubiaceae Synaptantha tillaesacea + *L
Cucurbitaceae Mukia maderaspatana + o+ *#,L
Cucurbitaceae Trichosanthes cucumerina #
Goodeniaceae Goodenia forrestii #
Goodeniaceae Goodenia microptera + + + *L
Goodeniaceae Scaevola crassifolia + 4+ #,L
Goodeniaceae Scaevola cunninghamii + * L
Goodeniaceae Scaevola spinescens + + * L
Stylidiaceae Stylidium spathulatum +
Asteraceae Flaveria australasica + o+ + + o+ 4+
Asteraceae Pentalepis trichodesmoides + + *
Asteraceae Pluchea rubelliflora
Asteraceae Pterocaulon sphacelatum + o+ + o+ o+
Asteraceae Pterocaulon sphaeranthoides + + *
Asteraceae Streptoglossa adscendens + +
Asteraceae Streptoglossa liatroides *
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ABSTRACT

Bait uptake by feral cats has shown variability both on a
temporal and spatial scale. This study examined whether
bait uptake is influenced by short-term weather
parameters and/or the time of year and if so, when bait
uptake is at its peak. We aimed to determine the optimum
timing of baiting programs to maximize efficiency. The
result was that bait uptake by feral cats displayed a high
degree of short-term variability but clearly became more
frequent and consistent into late summer/early autumn.
A number of temperature factors were significantly related
to bait uptake over the entire sampling period (long-
term weather conditions) but insignificant when bait
uptake was a regular occurrence. The exception was
fluctuations in minimum temperature, which was of
significance in both the long and short-term. Of the other
environmental factors, rabbit abundance had a significant
relationship with bait uptake. As rabbit abundance
decreased from late spring through to early autumn,
there was an increase in bait uptake. The two most
important environmental factors that affected bait uptake
in the short-term were wind speed and fluctuations in
minimum temperature.

There was a significant preference for the kangaroo meat
sausage bait over a chicken meat sausage bait and day-
old cockerel and this could be potentially enhanced by
the use of visual lures. Baiting efficacy was also
significantly affected by non-target species, particularly
Varanids and Corvids, consuming baits, reducing bait
availability to feral cats.

INTRODUCTION

Baiting campaigns to control feral cats (Felis catus) have
been conducted on Peron Peninsula, the site of ‘Project
Eden’, since 1996. ‘Project Eden’, part of the broader
‘Western Shield’ program, aims to control introduced
predators and return native wildlife to an area from which
many mammal species have become extinct (Thomson
and Shepherd 1995; Algar and Smith, 1998; Morris e
al. 2004). The baiting programs have used both on-
track deployment from a vehicle and delivery from an

aircraft. Bait uptake trials conducted in conjunction with
the baiting programs and baiting efficacy achieved during
the baiting programs have indicated variability in bait
consumption both on a temporal and spatial scale (Algar
and Angus 2000a; Morris ¢z al. 2004; Algar and Burrows
2004). Knowledge of predictable patterns in this variability
(if any) and the possible causal factors, could lead to
increased efficacy and cost efficiency of control measures
undertaken. Management efforts could be focused on
seasons or events where bait acceptance is likely to be
greatest and less variable. It may also be possible to
undertake complementary management actions that
maximize bait acceptance by feral cats.

Behaviour and activity are in part a response to
environmental stimuli, as animals have a limited ability
to modify their immediate environment to maintain
physiological function. Feeding patterns and thus bait
uptake by feral cats are therefore potentially influenced
by short-term (day-to-day) and/or long-term (seasonal)
weather conditions.

The amount of time cats spend seeking food varies
between individuals, sexes and seasons, but it accounts
for less than 50 % of total activity (Turner and Meister
1988). Cats, despite being opportunistic predators, will
only consume a food item if they are hungry (Bradshaw
1992). Cats have the ability to regulate calorific intake
to maintain body weight (MacDonald ez al. 1984; Baker
and Czarneki-Maulden 1991; Legrand-Defretin 1994;
Bradshaw ez al. 1996). Cats will generally not exceed
dietary requirements when provided food ad Libitum.
Thus for cats to consume baits they must encounter
them when they are hungry. If a cat encounters a bait
when not hungry it may not be consumed regardless of
the acceptability of the bait.

The relationship between bait consumption and
hunger can be extended to prey abundance, which is
also a function of long-term weather conditions (season,/
rainfall). The likelihood of cats encountering baits when
hungry is potentially diminished in the presence of an
abundant prey population. Therefore bait uptake is
invariably low when prey availability is high. Rabbits
(Oryctolagus cuniculus), when present, can form a
substantial proportion of feral cat diet (e.g. Jones and
Coman 1981; Martin ez al. 1996; Risbey e al. 1999).
This is also the case at Peron Peninsula (Project Eden
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unpub. data). The presence of such a food source was
seen as potentially impacting upon bait acceptance by
feral cats as was found in an earlier study (Short ez al.
1997) on the adjoining Heirisson Prong.

A research program was conducted with the aim of
improving baiting efficacy on Peron Peninsula. The first
objective was to assess whether bait uptake by cats is
influenced by measurable and predictable environmental
factors and, if so, can bait uptake be enhanced by baiting
at specific times. The second objective was to compare
the efficacy of the current standard bait against other
bait types. Finally, a number of lures that may invoke a
feeding response and thus potentially improve bait uptake
were assessed.

METHODOLOGY
Study Site

Peron Peninsula was formerly a pastoral station. The
peninsula was purchased by the State Government in
1990 to establish Francois Peron National Park on the
northern end of the peninsula. The peninsula, an area of
1,050 km?, lies within the Shark Bay World Heritage
Area (see Fig. 1) and is joined to the mainland by a
narrow neck (the 3.4 km Taillefer Isthmus). To prevent
reinvasion by foxes (Vulpes vulpes) and cats from the
mainland onto the peninsula a barrier fence was built
across the isthmus in 1995. An electronic recording of a
barking dog activated by movement sensors, and a cattle
grid have been installed in the gap in the fence where
the Denham road passes. These devices have provided
an effective deterrent to fox and cat movement across
this gap (Morris et al. 2004). The fence and prevention
of movement across the grid has effectively created an
island of the peninsula for introduced predator
management.

Feral cat control on Peron Peninsula consists of a
trapping program and ground and aerial baiting
campaigns; these are described in detail in Morris et al.
(2004). In summary, the Peninsula has been arbitrarily
divided into four zones (see Fig. 1) and these zones are
trapped on a rotational basis for feral cat control, by
district staff. The trapping technique utilizes padded leg-
hold traps, Victor ‘Soft Catch’® traps No. 3
(Woodstream Corp., Lititz, Pa.; U.S.A.), an audio lure
(Felid Attracting Phonic) that produces a sound of a cat
call, and a blended mixture of faeces and urine (Pongo).
Prior to this study, ground and aerial baiting campaigns
were conducted annually in late summer/early autumn.
During the course of this study, no baiting campaigns
were conducted by district staff. Neither previous baiting
exercises nor the ongoing trapping program were likely
to compromise the bait uptake trials, however it was
necessary to conduct the trials in zones distant from
where the operational trapping programs were being
conducted during any given period. The availability of
track access and zone selection was therefore governed
by the location of district operational activities. As toxic
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baits were used in this study, further track and area
restrictions were imposed because of 1080 poison bait
regulations. The bait uptake trials were conducted along
tracks in Zones 2, 3 and 4 (see track locations on Figs.
2—4). The whole of Zone 1, and parts of others, was
omitted from the study site due to the high level of tourist
traffic on the majority of track access.

Climate

The climate of Peron Peninsula is described as ‘semi-
desert Mediterranean’ (Beard 1976; Payne et al. 1987)
Prevailing summer winds are southerly to south-westerly,
relatively dry, warm and moderately strong. Prevailing
winter winds are lighter, more humid and cool. There is
a prevailing south-easterly morning tendency and a
south-westerly afternoon tendency. Mean maximum daily
temperatures are as high as 38° C for summer months
and as low as 21° C for winter months. January and
February are the hottest months while June and July are
the coolest winter months. Rainfall averages 220 mm
per year, most of it falling between April and September.

Vegetation

Beard (1976) and Payne et al. (1987) describe the
vegetation of the peninsula. Five broad vegetation units
occur across the study area — Acacia ramulosa scrub,
Acacin thicket, Acacia ligulata/Triodia pluvinervatn
shrub steppe, Acacia/ Lamarchea thicket and the steppe
of the birridas. A minor association occurs in small, near-
coastal strips. This is variously a Spinifex longifolius
grassland or myrtaceous heath. The Acacia scrub occurs
on undulating sand dunes and is dominated by Acacia
ramulosa which grows to ~3 m. The Acacia thickets
occur on the exposed western side of the peninsula and
are dominated by dense, low A. ligulata. The shrub
steppe is dominated by Triodia plurinervata grassland.
A large disturbed area, to the south of the Eagle Bluff
shearing shed, is dominated by Cenchrus ciliaris
grassland, generally to the exclusion of native species.
The Acacia/Lamarchea thicket occurs on dunes in the
exposed northwest portion of the study site. It exists as a
low dense scrub to 1.5 m, dominated by A. ligulata
and Lamarchea bakeifolin. The birridas are variously
vegetated with steppe, many with large areas of bare,
saline and alkaline clay.

Most of Zone 2 supports Acacia scrub. The western-
most portion of the zone supports Acacia/Lamarchen
thicket. A small number of birridas occur in Zone 2,
they are seldom more than 600 m in extent. Most of
Zone 3 supports Acacia scrub. The eastern portion, in
particular, is dissected by numerous birridas, many of
which are several kilometres in extent. The north-west
portion of the zone (west of New Bore) is vegetated by
Acacin thicket. Transects in Zone 4 are almost exclusively
through shrub steppe, including the modified grasslands
in the vicinity of the Eagle Bluff Shearing Shed. The
southernmost sections traverse a series of birridas,
generally flanked by Acacia scrub. The western-most
transect is over Spinifex longifolius grassland.
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BaitTypes, Lures and Uptake Trials
Bait types

The acceptability of the standard sausage cat bait was
assessed against two other bait types at cafeteria stations.
Bait type (1) was the standard sausage cat bait
approximately 20 g wet-weight, blanched and then dried
to 15 g. This bait was composed of 70 % kangaroo meat
mince, 20 % chicken fat and 10 % digest and flavour
enhancers. Each bait was injected with 4.5 mg 1080.
Bait type (2) was a chicken sausage bait produced in the
same manner and to the same specifications as the
standard cat bait but chicken mince replacing the
kangaroo mince. This bait was used because of its relative
case of manufacture but different composition from the
standard bait. This bait was also injected with 4.5 mg
1080. Bait type (3) was a dead day-old cockerel which
provided a readily available and relatively inexpensive
‘natural bait” alternative to the other two and has been
used successfully in controlling feral cats elsewhere
(Brothers 1982; Twyford ez al. 2000; Bester ez al. 2002).
The cockerel bait medium was not included on the
Australian Pesticides and Veterinary Medicines Authority
experimental bait permit and therefore these baits were
non-toxic.

Ant attack on baits rapidly degrades the bait medium,
reducing palatability. Persistence of ants on the bait deters
uptake by feral cats. All three bait types were treated
with an ant deterrent compound (Coopex®) at a
concentration of 12.5 g I'! Coopex as per the
manufacturer’s instructions. Previous trials with this
product have demonstrated that its use can greatly
enhance bait uptake by feral cats (Algar unpub. data).

Bait lures

Initially, five different lures were employed to compare
relative frequency of bait uptake in their presence. The
lures comprised three visual (tinsel, rodent and reptile)
and two audio lures (rabbit and bird sounds). The tinsel
lure was constructed from a sheath of tinsel attached to
a chaining arrow (40 cm rigid 12 gauge wire), such that
the tinsel fluttered in the breeze. The rodent lure
comprised a fluffy toy rat/mouse that was attached to a
spring on a chaining arrow to allow it to move in the
wind. The reptile lure consisted of a modified soft plastic
fishing lure resembling a lizard, presented in the same
manner as the rodent. The rabbit and bird audios
consisted of a 36 x 25 mm printed circuit boards with
microprocessor data driven voice ROMs that imitated
sounds of ‘rabbit’ or ‘bird” vocalizations.

One lure type was used per day over the four-five
day period. At the end of the first month the rodent lure
was abandoned as avoidance behaviour by cats was noted
on several occasions as lures were approached.

Bait laying procedures

Bait uptake trials were conducted at weekly intervals
across lunar phases and weather conditions. The trial
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periods were mid November — mid December 1999,
mid January — mid February and mid March — mid April
2000. The second period was extended into March
because of the onset of continuous bait uptake from late
January and the need to maximize sampling periods prior
to the onset of rainfall.

Bait uptake trials were conducted along discrete
sections (transects) of existing track network. A pilot
study conducted during the first four days over transect
lengths of up to 40 km in length indicated that a
reduction in transect length was warranted because of
the time required to complete observations. All
subsequent observations were conducted over transect
lengths of up to 20 km of track per night. Transects
were chain-dragged as the baits were laid to clear sign
of previous activity. Bait laying commenced two hours
before sunset. Baits (bait stations) were laid at 100 m
intervals in the centre of the track. Baits were positioned
only on sandy substrate where it was possible to observe
track activity (eg. baits were not located on birridas).

Each transect comprised a single, standard cat bait
laid at 100 m intervals; a cafeteria where the three bait
types were offered at 500 m intervals and a lure with
cafeteria at the 1000 m intervals. Thus in a 20 km bait
uptake transect there was a 20 x 1 km replicates
containing standard baits at 100, 200, 300, 400, 600,
700, 800 and 900 my; a set of the three different bait
media at 500 and 1000 m and a lure at the 1000 m
cafeteria. The lure type used changed daily through the
series of lures trialed. A 20 km bait uptake transect
presented 160 standard bait stations; 20 cafeteria stations
and 20 cafeteria stations with lures. A total of 42 bait
uptake trials was conducted during the study period.

Assessment of bait uptake

Baits were examined the morning following bait
placement, commencing one hour after dawn. Transect
assessment was conducted from a 4-WD vehicle, driven
at a speed of less than 10 km/h. The observer was seated
in an elevated position on a chair bolted to the front of
the vehicle. Each bait station was inspected and the
response of individual cats at the bait stations was
recorded as no tracks present, a bait pass, visit or uptake.
These bait responses are described by: —

There were no cat tracks within 3 m of
the bait;

e No track

Cat tracks were located within 3 m of the
bait but the cat did not deviate from its
path to inspect the bait;

e DPass

Cat tracks were within 0.5 m of the bait
and indicated that the animal had deviated
from its path to inspect the bait, but the
bait had not been eaten;

e Visit

e Uptake  Bait removed. Cat prints approaching the
bait, pes and/or tail imprints present,
indicating the cat had assumed a sitting
position. No non-target prints within

reasonable reach of the bait position.
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It was necessary to add a further response category
of “probable uptake”. This response displayed the
characteristics of an “uptake” because the bait had been
removed, but wind erosion or the presence of non-target
species’ activity prevented assigning a species to removal
of the bait with absolute certainty. This category was
classified as a “visit” in the uptake summaries rather
than “uptake”, as it could potentially overestimate bait
consumption by cats. In the analyses “potential uptake”
was the sum of actual uptake and probable uptake.

The spacing of baits on the transects often enabled
individual cats to encounter more than one bait. The
response of individual cats was recorded for each bait
station; however the highest ranking bait response for
the individual animals was used in bait uptake summaries
and statistical analyses. Thus, if an individual cat was
recorded as “passing” a bait and then later “visiting”
another bait, the individual cat’s bait response was
categorized as a visit, and so on.

Cat Activity

The location of individual cats along transects was
recorded and their on-track distances logged. Imprints
of individual animals were differentiated on the basis of
location on the road transect. An imprint was assigned
to an individual animal if no other imprint was present
on at least the previous 1 km of transect. Subsequent
imprints were also assigned to that individual unless at
least 1 km was traversed with no new imprints present,
or the imprint could be clearly differentiated on the basis
of size or the direction of travel or the direction of entry/
exit to and from the transect. Feral cat use of vehicular
tracks, as a measure of activity, was based upon the actual
distances travelled on the track, rather than the total
span of interaction with the track. The total on-track
activity of all individuals present was recorded, including
those that did not encounter baits.

Measuring exact on-track distances travelled by
individuals was impractical. For the purposes of this
exercise, the only objective measures of distance available
to observers were the 100 m intervals (initially measured
with the vehicle odometer) at which baits were placed.
Therefore recording of distance travelled was effectively
coded for distances of <100 m, 3100 m or multiples
thereof. Distances of <100 m were nominally coded as
10 m, or multiples thereof. The total on-track distance
travelled was the sum of all <100 m and 3100 m intervals
assigned to the particular individual.

Non-target Bait Uptake

Consumption of baits by non-target animals was
recorded. Consumption was assigned to a particular non-
target animal when no evidence of other species was
within reasonable reach of the bait position.

Assessment of Rabbit Abundance

The presence or absence of rabbit tracks, over a 10 m
plot, was recorded at each 100 m bait station. An index
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of rabbit abundance along the transect was calculated as
the percentage of plots where rabbits were present.

Weather Data and Lunar Phase

Weather data for measured and derived variables were
obtained from the Australian Bureau of Meteorology
weather station in Denham. The data collected
comprised: — temperature (°C), wet bulb temperature
(°C), dew point (°C), relative humidity (%), barometric
pressure (hPa), wind speed and direction (km/h & deg),
rainfall (mm) and cloud cover (scale 1-8). Night-time
weather data were for available for 1800, 0000, 0300
and 0600 h. Analyses were conducted on data averaged
over these time periods and the maximum and minimum
values of certain parameters (see Table 1).

The lunar cycle was described by luminosity, which
was calculated by the time difference between moon rise
to moon set and the time of sunrise/sunset, multiplied
by the lunar stage as a percentage. The Perth
Observatory supplied this data.

Statistical Analyses

Bait uptake

The proportion of contacting cats taking baits (“uptake”)
was related to a set of 21 potential predictor variables
(see Table 1) using logistic regression analysis. Data were
appropriately transformed in order to achieve
homoscedasticity and approximate normality of residuals.
Appropriate transformations were determined by
diagnostic tests of residuals: stem-and-leaf plots, normal-
normal plots and plots of studentized residuals against
fitted values.

Logistic regression analysis provides a method of
determining those variables that are related to bait
uptake, and the direction and extent of that relationship.
The logistic regression model was applied using the SAS
software package (procedure LOGISTIC, SAS Institute
Inc., 1989).

To estimate the relationships between categorical
variables such as lure type and the bait uptake, each
categorical variable was coded as a design (or ‘dummy’)
variable (see for example Hosmer and Lemeshow, 1989).
Each categorical attribute consisting of (n) categories
was replaced with (n-1) binary design variables. For
example, in the case of lure 3, the four design variables
would be coded as lure 2 = 0, lure 3 = 1, lure 4 = 0, lure
5 =0 (see Table 1). The names of these design variables
were created by concatenating the parent variable name
and the category number. This method of coding means
that the estimated regression coefficient for each design
variable represents the deviation of that category from
the first category. For example, a significant, positive
regression coefficient associated with the design variable
lure 3, would indicate a higher incidence of bait uptake
at bait stations where lure type 3 was used, when
compared with stations using lure type 1. Similarly, binary
categorical variables such as a rise or fall in daily
temperature, were coded 1 (fall) or O (rise). For these
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variables, a significant, positive regression coefficient
indicates a higher incidence of bait uptake associated
with a fall in temperature.

The final multiple regression model was estimated
using the stepwise model-building strategy of Hosmer
and Lemeshow (1989). This strategy uses backward
climination of variables deemed non-significant at o =
0.25. A value of 0.25 ensures that in building an initial
model, no potentially important variable is excluded. As
the transect data were the result of a limited number of
surveys, we sought to identify all possible environmental
variables that may be useful as predictors of bait uptake.
Thus lure type was excluded because it was an imposed
manipulation, independent of prevailing environmental
conditions. In all other statistical tests, the conventional
level of a = 0.05 was used to identify statistical effects.

Bait preference

In order to determine if cats expressed a preference
amongst the three alternative baits and if this preference
was affected by the alternative lures, the consumption of
baits was analysed using the method proposed by Roa
(1992). This method uses multivariate analysis of
variance (MANOVA) of bait consumption, with lure type
treated as an applied treatment. The MANOVA method
is preferred to simpler methods, such as chi-squared
analysis of bait consumption, because the amounts of
different baits taken are likely to be related. This
correlation biases techniques such as chi-squared analysis
that treat bait consumption as independent. As the
number of baits of a particular type in the cafeteria was
not always equal, the proportion of baits consumed to
those laid was used in the analysis. Bait consumption
data were transformed as necessary.

Cat activity

The total distance of cat tracks recorded per transect
per day, and the average distance covered per cat, was
regressed on the same set of potential predictor variables
(see Table 1) using ordinary regression analysis. In
contrast to bait uptake, these measures gauged cat
activity, as opposed to their propensity to take baits.
Residual diagnostic tests (stem and leaf plots and plots
of residuals versus fitted values) were inspected for
normality, and distance data subsequently square root
transformed to achieve normality of residuals. The
regression model was applied using the SAS software
package (procedures REG and GLM, SAS Institute Inc.,
1989).

RESULTS
Bait Uptake

Combined bait uptake for standard and
cafeteria trials

Bait station response by all cats is summarized in Table
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2. Figures 5 (probable uptakes categorized as visits) and
6 (includes potential uptakes, where probable uptakes
categorized as uptakes) illustrate the frequencies and
proportions of the various bait responses over the study
period. The proportion of individuals recorded on
transects that contacted bait stations (see Fig. 7) was
relatively consistent throughout the study period at 62 %
+ 3 % (n % s.e.). Figure 7 illustrates a degree of daily
fluctuation, but little in terms of any discernible trends.
The proportion of contacting individuals on any given
day was generally more than 50 % but rarely 100 %, and
zero only once. The various categories of bait response
as a percentage of individual cats contacting the bait
stations, over the study period, are presented in Figs. 8
to 11. The responses by cats to the bait stations exhibit
marked short-term variation. Figures 7 — 11 illustrate
several examples of a particular response by 100 % of
individuals that contacted a bait station on one day and
0 % of contacting individuals on the previous or
subsequent day. Longer-term trends include the relative
decrease in the pass response (see Fig. 8), over the study
period. Conversely, the proportion of the visit response
(see Fig. 9), and in turn the uptake response (see Figs.
10 and 11) increased over the study. Figures 10 and 11
also illustrate that in addition to occurring with greater
frequency, the uptake response occurred with greater
consistency during the later sampling periods. Bait uptake
occurred on 25 % of sampling days prior to 25 January
2000 and 76 % of sampling days post this date. Baits
were accepted by 6.2 % of contacting individuals prior
to this date and 28.1 % of contacting individuals post
this date. Therefore results from the 25 January 2000
have been isolated in subsequent analyses in an attempt
to clarify potential influences on short-term variability in
bait uptake.

Bait media and lure trials

Bait responses for various segments of the study period,
when the bait uptake transect was separated into standard,
cafeteria and cafeteria plus lure bait stations, are presented
in Tables 3a and 3b. The results show that the bait
responses by individual cats to the standard bait stations
and cafeteria plus lure bait stations follow the same general
trends over the sampling periods. However, the bait
response to cafeteria stations where no lure was present
did not display any increase in bait uptake over the
sampling period.

Cat Activity

The cumulative and average on-track distances travelled
by cats during the study period are presented in Figs. 12
and 13. On-track distances, travelled by individual cats,
exhibited daily variation. The figures illustrate several
examples of on-track activity that is inordinately greater
or smaller than on the previous or subsequent days. The
only obvious pattern in activity was that distances travelled
during the January-February sampling period were
consistently greater than for the other periods.
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Uptake, On-track Distance and Contact Rate

A significant linear relationship exists between on-track
activity and the rate of bait contact (Figs. 14 and 15,
Tables 4 a and b). Days on which distances travelled
were greater were those days on which a greater
proportion of individuals encountered baits. Although
not presented here, this trend was consistent when
individual response was considered, as opposed to the
proportion of individuals on a given day. That is,
individuals travelling greater distances on the transect
more consistently encountered baits.

No significant linear relationship exists between the
rate of bait contact and the rate of bait uptake (Fig. 16,
Table 4 c). Days of relatively high bait contact were not
necessarily days of high bait uptake. Bait uptake was
most consistent between 60 and 90 % contact, but this
condition did not preclude poor bait uptake days. Bait
uptake was generally poor at the extremes of contact
rate and no bait uptake occurred when the contact rate
was less than 40 % of individuals. Although not presented
here, these trends were consistent when individual
response and potential bait uptake were considered.

Non-target Bait Uptake

The mean daily bait uptake (p + s.e.) by non-target species
was 22 % + 3 %. The relative frequency of uptake by the
various species is illustrated in Figure 17. Corvids and
Varanids were most frequently responsible for non-target
bait uptake. The Torresian Crow ( Corvus orru) and Little
Crow (C. bennetti) were frequently sighted during the
exercise and are both likely to be responsible for uptake
by this family. The Sand Monitor ( Varanus gouldii) was
the most frequently observed Varanid during sampling.
All tracks associated with bait uptake by this family were
consistent with the numerous sub-adult V. gouldii sighted.
However, it is possible that a small percentage of baits
were taken by the Black-tailed Monitor (V. tristis).

Corvids more frequently took baits at the beginning
of the sampling period while varanids more frequently
removed baits towards the end of the sampling period.
Uptake by Emus (Dromains novachollandiae) was
almost always multiple takes by an individual or small
group. Therefore, a relatively large proportion of uptake
assigned to Emus, on any given day, did not indicate a
widespread occurrence.

Tracks consistent with Spinifex Hopping Mouse
( Notomys alexis) were noted in association with sausage
baits throughout the study period. Early in the study,
rodent activity was dense around baits, with some baits
rolled short distances. As summer progressed, baits were
moved by rodents greater distances and more frequently.
By late February, some baits were moved as far as 10
m. Complete removal of baits (presumably to burrows)
by N. alexis was first observed on 5 March. The extreme
expression of this behaviour was on 6 March when 85 %
of the baits presented were taken by N. alexis.

Rabbit Abundance

A summary of rabbit presence/absence over the study
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period is presented in Figure 18. The data (p + s.e.)
indicate that the rabbit abundance index declined
markedly between the November/December (70 % + 2
% presence) and January/February (33 % = 3 % presence)
sampling periods. The abundance index continued to
decline during the latter period to <20 % presence in
mid February. The abundance index increased slightly
during the February/March sampling period to 28 % +
2 % presence for the last five days of the sampling period.

Weather and Lunar Phase

Prevailing weather conditions are summarized below;
“raw” weather data are available through the authors if
required. Night-time weather conditions were generally
warm (minimum temperatures generally >20 °C in
November and >25 °C from early January onwards),
humid (generally >80 %) and windy (average night-time
wind speed commonly in excess of 30 km/h). Longer-
term trends over the study period were for rising
temperatures and falling barometric pressure. Other
parameters exhibited greater short-term fluctuations, but
little in terms of consistent trends. Wind direction
exhibited a strong SSW tendency with very few days
where the tendency was from the other seven octants.
Rainfall was restricted to 7 February, when 0.4 mm was
recorded and the 3-4 March when 19.1 mm was
recorded. The study was terminated after 6 March 2000
because of the onset of Tropical Cyclone Steve that
delivered 150.6 mm over five days. The heavy rainfall
associated with the cyclone severely restricted access to
the study site, as most roads became impassable.

Lunar cycles for the November/December and
January/February sampling periods approximated the
first gibbous-first crescent. The February/March
sampling period approximated the last gibbous-new
moon.

Statistical Analyses

Bait uptake

A range of weather parameters, as well as lure type and
rabbit activity, potentially impacted on bait uptake during
the sampling period. As indicated in Figures 10 and 11,
bait uptake and potential uptake was most consistent
from 25 January onwards. For this reason, results from
this period were isolated in an attempt to clarify potential
influences on short-term variability in bait uptake. Results
for analyses performed for both actual and potential bait
uptake over the entire study period and post 25 January
are presented in Tables 5 — 8. The significant variables
to regression model building are presented in flow
diagrams (see Figs. 19 — 22). A number of temperature
factors were significantly related to bait uptake over the
entire sampling period (long-term weather conditions)
but insignificant post 25 January, when bait uptake was
a regular occurrence. The exception was fluctuations in
minimum temperature, which was of significance in both
the long and short-term. Of the other environmental
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factors, rabbit abundance had a significant relationship
with bait uptake. As rabbit abundance decreased from
late spring through to early autumn, there was an increase
in bait uptake. Results indicate that the two most
important environmental factors that affected both actual
and potential bait uptake in the short-term were wind
speed and fluctuations in minimum temperature. Actual
and potential bait uptake tended to decrease with an
increase in average wind speed, while increasing with a
rise in overnight minimum temperature, from the
previous day.

Bait Media and Lure Preference

Multivariate analysis of variance indicated that there was
a significant preference in the cafeteria bait trial for the
standard cat bait (Wilk’s X = 0.80, p = 0.04). Uptake of
the standard bait was 64 % greater than the chicken bait
and 170 % higher than the cockerel. Significance of
relative uptake at stations with all the various lures was
tested in the regression analysis of standard bait uptake
(see Tables 7a, 8a, 9a and 10a). Note that Table 1
describes the coded variables. Uptake of standard baits
was significantly more frequent in the presence of the
visual lures used, as opposed to the audio lures.

Cat Activity and Bait Contact

Although not presented in Tables and Figures, results of
the multivariate analyses for cat activity and contact rate
indicated a temperature dependence. These measures
of behaviour were respondent to the measured
temperature and to changes in temperature.

DISCUSSION

Bait uptake by feral cats on Peron Peninsula displayed a
high degree of short-term variability but became more
frequent and consistent through late summer/early
autumn. Uptake occurred on 25 % of days prior to 25
January and on 76 % of days after this date. Bait uptake
was largely independent of bait contact (encounter). The
percentage of individual cats encountering a bait remained
relatively constant over the study period at 62 % of animals
on any given night, which suggests that the current on-
track baiting regime of bait placement at 100 m intervals
provides an adequate baiting intensity. There was no linear
relationship between bait uptake and either distance
travelled or bait contact along tracks; however the
distance a cat travelled influenced bait contact. Therefore,
increasing on-track baiting density will increase contact
rate but not necessarily bait uptake. The average daily
on-track distance, travelled by individual cats, was
approximately 340 m. This distance would be covered
in a relatively short period of time and would represent a
small proportion of a cat’s daily activity cycle. Therefore
the baits would not necessarily be encountered when
individual cats were hungry. When the primary prey, in
this case rabbits (see below) became less abundant, the
chances of encountering a bait when hungry, increased.
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Animals that travelled relatively long distances (greater
than 1,200 m), in the context of this study were, in
general, not receptive to baits and their behaviour
appeared focused on activity unrelated to hunger and
secking food. Zezulak and Schwab (1980) found that
long-distance movements by bobcats (Lynx rufus) were
associated with conspecific interactions, while shorter
movements were associated with foraging behaviour.

Increasing the frequency of baiting is more likely to
achieve a higher baiting efficacy, as fresh baits will be
present at different times and thus increase the chances
that cats are hungry when the baits are encountered.
Increasing baiting frequency will also reduce the one-
dimensional nature of on-track baiting. Road alignments
at Peron are only likely to be accessed by a small
proportion of the cat population at any given time. Those
cats accessing roads do so for a relatively small proportion
of their daily activity. This condition dictates that a very
small proportion of the population will encounter baits
at any one time by a track-based control measure.
Increasing baiting frequency will also reduce the affect
of short-term weather variables on bait uptake.

Short-term weather conditions influenced the daily
variability associated with bait uptake by feral cats on
Peron Peninsula. During the latter period of study when
bait uptake was a regular occurrence, yet still displayed
daily variability, the two most important environmental
factors that affected both actual and potential bait uptake
were wind speed and fluctuations in minimum
temperature. The relationship between wind speed and
bait uptake may be explained by bait recognition. Cat
activity and rate of contact exhibited no significant
relationship to wind speed. Cats were active and
encountering bait stations on windy nights, but bait
uptake diminished. If bait odour is important to inducing
bait uptake, windy conditions will disperse this odour,
reducing bait recognition and uptake. The importance
of changes in minimum temperature cannot be explained
but it is possible that this environmental variable is involved
with a range of other factors that could not be measured
or deduced to influence bait uptake.

Luminosity was only of importance to potential uptake
post 25 January. However, very few bait uptake trials
were conducted when luminosity was greater than two.
Data collected during the first period straddled the full
moon and indicated peaks in bait uptake cither side of
the full moon. It is therefore suggested that the influence
of lunar phase on bait uptake requires further
investigation.

A number of temperature factors were significantly
related to bait uptake over the entire sampling period
(long-term weather conditions) but insignificant post 25
January, when bait uptake was a regular occurrence.
The exception to this was fluctuations in minimum
temperature, which was of significance in both the short
and long-term. The importance of temperature factors
significant only in the long-term may reflect their relative
stability over the short-term and their clear seasonal trend.
The importance of the temperature variables may be an
artifact of seasonal progression. However, it may be that
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baits were more acceptable at higher temperatures. It
was noted that oils within the bait penetrated the sausage
skin during warmer more humid weather. The oil itself
may have increased acceptability. However, a number
of the essential flavour enhancers that are added to the
bait are lipid soluble. The exuding oil will have brought
these substances to the surface, while they are normally
encased within the skin.

Of'the other environmental factors, rabbit abundance
had a significant relationship with bait uptake. There
was an increase in bait uptake with the decrease in rabbit
abundance observed from late spring through to carly
autumn.

Cats throughout history have been relied on as
meteorological almanacs as they display behaviour
responses to short-term weather patterns (De Wire
1992). A number of authors have studied the correlation
between short-term physical parameters and behaviour
of smaller felids (Langham 1992 cats; Zezulak and
Schwab 1980 bobcats; Beltran and Delibes 1994 Iberian
lynx, Lynx pardinus, Schmidt 1999 Eurasian lynx, Lynx
lynx; Avenant and Nel 1998 caracals, Felis caracal and
Daniels ez al. 2001 wildcats, Felis silvestris). A cause and
effect relationship is difficult to establish, however felid
activity has been found to be correlated with a number
of biotic and abiotic environmental factors. Authors
variously attribute the response as a combination of
maintaining homeostasis (avoidance of extreme
conditions) and response to patterns in prey behaviour
and apparent availability.

Avenant and Nel (1998) found ambient temperature
the most significant correlate with caracal behaviour.
Caracals avoided temperatures greater than 20° C,
probably to assist with water conservation. Beltran and
Delibes (1994) found a range of short-term weather
parameters to influence lynx behaviour and the most
important factor varied with seasons. Lynx avoided
extreme temperatures and juveniles appeared to be more
strongly influenced by weather than adults. Lynx activity
was synchronized to that of their primary prey (rabbits).
Lynx were active for longer during strong moonlight
but did not necessarily move further. Schmidt (1999)
found little response by lynx except that they avoided
heavy rain and strong wind. Activity was more closely
related to the success of procuring primary prey with
activity being greater when foraging was less successful.
Daniels ez a/. (2001) found little evidence of short-term
weather influence on wildcat activity except that they
avoided strong wind and were significantly less active
during low moonlight. Zezulak and Schwab (1980) found
bobcats to avoid extremes of temperature and that peak
activity was synchronized with that of their primary prey.
Langham (1992) indicated that cat foraging activity was
an important component of overall behaviour. When and
where cats foraged was related to the relative activity/
abundance of various prey species. In canids, Molsher
et al. (2000) found foxes to predate less mammals during
moonlit nights and related this to ‘behavioural resource
depression’. Prey species modify behaviour in an attempt
to balance successful foraging and the risk of predation
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(Leaver and Daly 2003; Brown and Kotler 2004). In
Molsher’s et al. study, foxes predated alternative food
sources during full moon in response to an apparent
decline in the availability of their primary prey.

Analysis of stomach contents from cats captured on
the peninsula has indicated that rabbits are the main
dietary item, however the importance of rabbits as prey
varies seasonally (Project Eden unpub. data). This is
consistent with studies elsewhere (e.g. Coman and
Brunner 1972; Bayly 1976, 1978; Jones 1977; Fitzgerald
and Karl 1979; Jones and Coman 1981; Catling, 1988;
Jones and Coman, 1981; Martin ¢z al. 1996; Molsher ez
al. 1999; Risbey et al, 1999; Read and Bowen 2001;
Pontier et al. 2002; Malo et al. 2004). Optimizing
predatory cats prefer rabbits to small rodents, when both
are equally available. This is because it is more efficient
to hunt and obtain a single young rabbit than pursue a
number of rodents to achieve the same food intake
(Kitchener 1991; Carbone ¢t a/. 1999). However in the
absence or extreme low abundance of such a significant
primary prey source, cats exhibit a considerable dietary
breadth as they are able to capitalize on a variety of prey
sources (Martin ez al. 1996; Catling 1998; Molsher et
al. 1999; Risbey et al. 1999; Read and Bowen 2001;
Paltridge 2002). This functional shift to predating
secondary prey sources only occurs after a significant
decline in primary prey (Norbury et al. 1998).

The seasonal decline in this primary prey species for
cats on Peron was consistent with the increase in bait
uptake from mid-January onwards. Baiting efficacy for
feral cats is therefore strongly linked to the seasonal
availability of primary prey species, particularly the rabbit
as was found by Short ez al. (1997). The natural, seasonal
rabbit population cycle was sufficient to elicit a functional
shift to include consumption of baits as an alternative
prey. Rabbit abundance, especially the incidence of
predator vulnerable young rabbits in the prey population,
is a function of season. Rabbit breeding in this
environment occurs immediately following the onset of
significant rainfall and will also occur following summer
rains (King ez al. 1983). The gestation period of a rabbit
is approximately 30 days and thus prey availability can
increase rapidly following rain. Young rabbits and
emergent rabbit kittens are present in the population
until late spring/early summer. The abundance of rabbits
tends to decline through summer and autumn and this
may be significantly affected by summer epizootics of
mosquito-vectored myxomatosis. Baiting efforts should
be maximized during seasonal declines in rabbit
abundance, the “baiting window”. Control of rabbit
populations, most likely through assisting the
development and transmission of myxomatosis epizootics
and introduction of a virulent strain of RHD, is likely to
both increase the magnitude of bait response and broaden
the ‘baiting window’.

Timing of baiting for feral cats is fundamental.
Consistent uptake is more important than any individual
result. Routine and regular bait uptake exercises should
be conducted when the onset of uptake is expected.
Consistent bait uptake can be expected as rabbit
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abundance declines. On Peron Peninsula, this period,
the “baiting window”, will usually occur from December
through to May, depending on the significance of summer
rainfall events and timing of rabbit breeding. Resources
should be focused on capitalizing on this period of most
efficacious baiting. This study suggests that baiting is
not likely to be effective outside this period. In the arid
zone where rainfall is unreliable, the time and intensity
of rainfall events such as cyclones and thunderstorms
will determine the abundance of live prey (eg. King et al.
1983; Morton 1990). A difference in bait uptake across
geographic areas, when conducted at the same time of
year, may reflect differences in prey availability.

The standard cat bait was the most preferred bait
medium in the cafeteria trials, with the dead day old
cockerel being least preferred. The preference for the
standard cat bait in this study follows that demonstrated
in exhaustive laboratory and field trials where the standard
bait has been compared against a variety of bait media
(Algar unpub. data). These cafeteria trials, where the
acceptability of various individual constituents was
assessed, have been instrumental in the development of
the standard cat bait.

Only two individual cats consumed a dead day-old
cockerel, and both also consumed the standard cat bait.
Interestingly, both these occurrences took place on the
coastal transect. Control programs conducted elsewhere
using this medium have been on islands where breeding
colonies of birds have been present (Brothers 1982;
Twyford et al. 2000; Bester et al. 2002). These sites
may have presented the situation where chickens closely
resembled prey items to which they had previously been
exposed. A period of free feeding prior to toxic
presentation by Twyford et al. (2000) may also have
improved bait acceptance as familiarity with food items
is known to increase their acceptance (Bradshaw 1986).
Use of laboratory mice by Short ez al. (1997) may have
better approximated “familiar naturally occurring prey”
for Peron Peninsula, but their availability as a bait medium
for large-scale operational baiting programs and cost
precluded their use here.

The percentage of contacting cats that consumed a
bait at standard bait stations was significantly greater
than for those that contacted cafeteria stations.
Presentation of baits in cafeteria stations is unlikely to
have deterred cats from bait uptake, as this has not been
noted previously in cafeteria trials (Algar unpub. data).
It is suggested that the presence of the dead chicken
may have discouraged bait consumption as this is the
only obvious difference (at least to human senses)
between the two bait station types. This effect appeared
to be negated in the presence of visual lures.

The use of lures significantly improved bait uptake
in the cafeteria trials. The contact rate did not differ
between audio and visual lures, however a higher bait
uptake was observed at sites with a visual lure.
Observations of domestic cat behaviour suggest that
certain stimuli will attract at a distance but act as a
deterrent at close proximity (Algar unpub. data). The
types of audios used may have brought about this reaction
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and thus not provided a suitable situation for bait
recognition and consumption.

Deployment of visual lures at bait stations has been
shown to improve bait uptake in other studies (Friend
and Algar 1995; Algar and Sinagra 1995). The constant
and inanimate nature of visual lures may leave cats more
comfortable for close examination and better recognition
of baits and the confidence to sit and eat. The exception
in this study was the rodent lure; this relatively large
object may have been considered threatening. The range
of visual lures tested to date is not exhaustive and there
is potential for considerable improvement in their design
and function.

Activity by non-target species complicates the
accurate assessment of bait uptake by feral cats and can
sometimes preclude the assigning of uptake to a
particular species. Bait uptake by non-target species
during this study was almost exclusively by those of
diurnal habit. Thus the rate of recorded non-target uptake
was principally limited by the length of time baits were
available during daylight hours. That is, the time between
bait placement and sunset and the time between sunrise
and transect inspection. As bait placement was completed
close to sunset, the morning hours were the period of
greatest non-target uptake. This is supported by the fact
that the uptake recorded was significantly greater towards
the end of each transect and that any delays experienced
during inspection magnified this effect. Therefore the
level of recorded non-target uptake does not necessarily
reflect any real trends in non-target response.

Rainfall on the 3 and 4 March delayed transect
assessment until 1300 h. This sample has been excluded
from the study of uptake by feral cats but serves as a
useful indication of non-target uptake. Just 19 hours
after bait placement, non-targets (principally Varanids
in this case) had consumed more than 80 % of baits.

The level of non-target uptake may have been
exacerbated by the sampling methods and /or prevailing
seasonal conditions. However, non-target species
potentially impact greatly on baiting efficacy. It is possible
that the impact of non-target uptake during the study
was amplified by a certain level of learnt behaviour. That
is, bait placement on the various transects allowed
association between transect alignment and /or vehicular
activity and the presence of a highly palatable food
source. Vehicular activity, in itself) often creates a focus
of activity for carrion-eaters as (particularly when drags
are used) it regularly results in the death of invertebrates,
slower-moving Agamids and Skinks, as well as fossorial
reptiles. Uptake by varanids may have been unusually
high due to a particularly successful breeding event by
Varanus gouldii. The numerous individuals observed
daily were generally of a common cohort, less than one
year old. Sightings and tracks of mature adults were
relatively uncommon. Interest in the bait medium by
rodents (most particularly Notomys alexis), has been
noted previously at Peron, as well as at other study sites.
The complete removal and presumed consumption of
baits has not been noted previously. Although purely
circumstantial, indications are that this behaviour may
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have been in response to the approach of Tropical
Cyclone Steve.

Non-target activity may impact significantly upon
baiting efficacy. Sufficient baiting density and frequency
will allow for the removal of baits by non-targets.
Increasing baiting density may not result in a greater
number of baits available to cats. Replacing baits taken
by more frequent baiting may be the only answer.
Placing baits slightly off road alignments and laying
bait as late as possible in the afternoon may reduce
non-target uptake. There is little scope for altering the
timing of baiting programs to reduce non-target uptake.
The principal determinant to the timing of baiting
programs is when baits are most likely to be accepted
by cats.

In summary, bait uptake by feral cats on Peron
Peninsula in the long-term is driven by the abundance
of primary prey (rabbits). Subsequent baiting exercises
(Algar and Angus 2000b; Algar and Burrows 2004)
comparing campaigns on Peron with sites where rabbits
were absent or in low numbers, have confirmed the
significance of rabbit abundance in determining bait
uptake. Reduction of rabbit abundance on the peninsula
will improve bait acceptance and extend the period of
effective baiting. In the short term, conducting baiting
programs around the full moon may provide potential
peaks in bait uptake, while baiting under conditions of
strong wind should be avoided. Operationally, the efficacy
of on-track baiting during the “baiting window” will be
improved by employing visual lures and increasing baiting
frequency rather than density.
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Table 1

Potential predictor variables

D. Algar et al.

no Variable Description
1 Temp average temperature
2 Wetb average wetbulb temperature
3 Dwpt average dew point
4 RH average relative humidity
5 Msl average pressure
6 DIR average wind direction
7 Kmh average wind speed
8 CldCode average cloud cover
coded into one of two categories :
0 = greater than 0 inclusive and less than 1
1 = greater than 1 inclusive
9 Luminosity average luminosity
10 MsIRF rise/fall of average pressure
0 = average pressure is greater/steady from the previous day
1 = average pressure is less than the previous day
11 TempMax max temperature
12 WetbMax max wetbulb temperature
13 TempMin min temperature
14 WetbMin min wetbulb temperature
15 TMaxRF rise/fall of max temperature
0 = max temperature is greater/steady from the previous day
1 = max temperature is less than the previous day
16 TMInRF rise/fall of min temperature
0 = min temperature is greater/steady from the previous day
1 = min temperature is less than the previous day
17 WMaxRF rise/fall of max wetbulb temperature
0 = max wetbulb temperature is greater/steady from the previous day
1 = max wetbulb temperature is less than the previous day
18 WMInRF rise/fall of min wetbulb temperature
0 = min wetbulb temperature is greater/steady from the previous day
1 = min wetbulb temperature is less than the previous day
19 Lure Type coded into one of six categories :
1 = bird
2 = rabbit
3 = reptile
4 = rodent
5 = tinsel
6 = other (excluded from the study)
20 audio/visual coded into one of three categories :
0 = audio (bird, rabbit)
1 = visual (reptile, rodent, tinsel)
2 = other (excluded from the study)
21 Rabbit activity coded into one of four categories :

0 = between 0 and 25 percentage presence inclusive

1 = greater than 25 and less than 50 percentage presence inclusive
2 = greater than 50 and less than 75 percentage presence inclusive
3 = greater than 75 percentage presence
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Table 2

Summary of bait station responses.
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DATE Transect T otal No. Cats/ Bait Pass Visit Uptake
length (km) cats 100 km contacts

19/11/1999 38.5 9 23.4 7 4 3

20/11/1999 33.6 8 23.8 6 6

21/11/1999 37.5 11 29.3 7 3 4

24/11/1999 40 10 25.0 5 4 1

25/11/1999 20 9 45.0 4 2 2

26/11/1999 16.5 11 66.7 9 3 5 1

27/11/1999 19 6 31.6 4 1 3

28/11/1999 20 7 35.0 5 3 2

30/11/1999 20 4 20.0 0

12/01/1999 19 6 31.6 1 1

12/02/1999 16.1 7 43.5 5 4 1

12/04/1999 10 5 50.0 3 2 1

12/05/1999 18.8 11 58.5 10 5 4 1

12/06/1999 16 8 50.0 3 2 1

12/07/1999 16 11 68.8 6 3 2 1

12/10/1999 19.5 9 46.2 6 1 5

12/11/1999 17 8 47.1 6 1 5

12/12/1999 18 8 44.4 6 2 4

13/12/1999 20 9 45.0 5 4 1
18/1/2000 19.2 8 41.7 5 1 4
19/1/2000 20 11 55.0 6 4 2
20/1/2000 15.7 5 31.8 2 2
21/1/2000 10 3 30.0 1 1
25/1/2000 19.7 9 45.7 9 3 5 1
26/1/2000 16.8 12 71.4 8 1 6 1
27/1/2000 18 10 55.6 8 3 5
28/1/2000 19.5 9 46.2 8 2 5 1
2/01/2000 19 7 36.8 5 1 1 3
2/02/2000 12.3 5 40.7 3 1 2
2/03/2000 15.6 9 57.7 2 2
2/04/2000 16 8 50.0 7 4 3
2/07/2000 20 9 45.0 6 3 3
2/08/2000 16.8 6 35.7 4 1 3
2/09/2000 17.5 10 57.1 10 1 7 2
2/10/2000 18.9 11 58.2 7 1 5 1
23/2/2000 15.9 7 44.0 2 2
24/2/2000 15.5 10 64.5 5 1 1 3
25/2/2000 14.6 10 68.5 6 2 3 1
26/2/2000 15.6 10 64.1 5 4 1
29/2/2000 10 4 40.0 3 1 2
3/01/2000 10 4 40.0 4 2 2
3/02/2000 10 6 60.0 4 4
3/05/2000 18 8 44.4 6 1 5
3/06/2000 15.4 9 58.4 4 2 1 1

Table 3a

Summary of responses by contacting individuals to bait station type; potential uptake categorised as visit.

SAMPLING PERIOD PASS VISIT UPTAKE

S C CIL S C CIL S C C/L
Pre 25.01.2000 51% 67% 33% 43% 25% 59% 5% 8% 7%
Post 25.01.2000 15% 42% 14% 58% 49% 57% 26% 9% 29%
Entire sampling period 33% 53% 23% 51% 38% 58% 16% 9% 19%

Table 3b

Summary of responses by contacting individuals to bait station type; potential uptake categorised as uptake.

SAMPLING PERIOD PASS VISIT UPTAKE

S C CIL S C CIL S C C/L
Pre 25.01.2000 51% 67% 33% 40% 22% 52% 9% 11% 15%
Post 25.01.2000 15% 42% 14% 48% 44%  46% 36% 14% 40%
Entire sampling period 33% 53% 23% 44%  34%  48% 22% 13% 29%

S= standard bait station
C= cafeteria station
C/L= cafeteria station with lure
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Table 4a
ANOVA summary, contact v cumulative distance travelled.

D. Algar et al.

Regression Statistics

Multiple R 0.52403546
R Square 0.27461317
Adjusted R Square 0.25734205
Standard Error 18.7997655
Observations 44
ANOVA
df SS MS F Significance F

Regression 1 5619.605699 5619.606 15.90014 0.000261355
Residual 42 14844.10975 353.4312
Total 43 20463.71545

Coefficients  Standard Error t Stat P-value Lower 95%  Upper 95% Lower 95.0% Upper 95.0%
Intercept 48.4877724 4504696599 10.76383 1.19E-13 39.39692375 57.57862  39.39692375 57.57862107
Tot distance 0.00741126 0.001858624 3.987498 0.000261 0.003660404 0.011162 0.003660404 0.011162117

Table 4b
ANOVA summary, contact v mean distance travelled.

Regression Statistics

Multiple R 0.53545526
R Square 0.28671234
Adjusted R Square 0.2697293
Standard Error 18.6423199
Observations 44
ANOVA
df SS MS F Significance F

Regression 1 5867.199685 5867.2 16.88227 0.000180167
Residual 42 14596.51576 347.5361
Total 43 20463.71545

Coefficients  Standard Error t Stat P-value Lower 95%  Upper 95% Lower 95.0% Upper 95.0%
Intercept 47.7658261 4546436099 10.50621 2.52E-13 38.59074369 56.94091 38.59074369 56.94090851
Ave distance 0.06397377 0.015569922 4.108805 0.00018 0.032552382 0.095395 0.032552382 0.095395152

Table 4c
ANOVA summary, rate of bait uptake v rate of contact.

Regression Statistics

Multiple R 0.27163556
R Square 0.07378588
Adjusted R Square 0.05173316
Standard Error 22.0464748
Observations 44
ANOVA
df SS MS F Significance F

Regression 1 1626.257978 1626.258 3.3458859 0.074478894
Residual 42 20413.9761 486.0471
Total 43 22040.23408

Coefficients  Standard Error t Stat P-value Lower 95%  Upper 95% Lower 95.0% Upper 95.0%
Intercept -0.80920079 10.18217911 -0.07947 0.9370345 -21.35767664  19.739275 -21.3576766 19.7392751
%Contacts 0.2819048 0.15411571 1.829176 0.0744789 -0.02911339 0.592923 -0.02911339 0.592923
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Table 5a
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Estimated coefficients and standard errors for univariate logistic regressions of bait uptake (entire sampling period).

Variable Parameter Estimated Wald P - value
Estimate Standard error Statistic
Temp 0.1970 0.0679 8.4228 0.0037
TempMax 0.0736 0.0448 2.6940 0.1007
TempMin 0.1783 0.0608 8.5904 0.0034
TMaxRF -0.2094 0.3540 0.3500 0.5541
TMinRF 0.4660 0.3545 1.7275 0.1887
Wetb 0.2507 0.0803 9.7546 0.0018
WetbMax 0.1688 0.0772 4.7787 0.0288
WetbMin 0.2417 0.0752 10.3306 0.0013
WMaxRF 0.3961 0.3579 1.2247 0.2684
WMinRF -0.0040 0.3532 0.0001 0.9910
RH 0.0218 0.0312 0.4895 0.4841
Msl -0.0225 0.0554 0.1647 0.6848
MsIRF -0.1361 0.3556 0.1465 0.7019
DIR -0.0053 0.0050 1.1489 0.2838
Kmh -0.0078 0.0167 0.2157 0.6423
CldCode 0.4566 0.3552 1.6521 0.1987
Luminosity -0.0672 0.0745 0.8142 0.3669
Dwpt 0.2427 0.0776 9.7839 0.0018
Lure type
Rabbit 0.5596 0.5674 0.9726 0.3240
Reptile 0.8091 0.5504 2.1605 0.1416
Rodent 1.2246 0.6859 3.1879 0.0742
Tinsel 0.5419 0.5817 0.8679 0.3515
Audio/Visual 0.4811 0.3612 1.7742 0.1829
Rabbit activity
Rabbit-25-50 0.3883 0.4433 0.7674 0.3810
Rabbit-50-75 -2.1748 0.6817 10.1772 0.0014
Rabbit-75+ -0.0953 0.5777 0.0272 0.8690

Table 5b
Estimated coefficients and standard errors for 1st multivariate logistic regression of bait uptake (entire sampling
period).
Variable Parameter Estimated Wald P - value
Estimate Standard error Statistic
Intercept 5.3408 7.1412 0.5593 0.4545
Temp 0.1970 0.0679 8.4228 0.0037
Temp 2.4359 1.8045 1.8223 0.1770
TempMax 0.0807 0.1435 0.3163 0.5739
TempMin 0.0229 0.4392 0.0027 0.9584
TMInRF 1.1195 0.5416 4.2722 0.0387
Wetb -7.3351 4.8434 2.2935 0.1299
WetbMax -0.4092 0.3086 1.7575 0.1849
WetbMin 0.1349 0.4126 0.1069 0.7437
CldCode -0.3394 0.5279 0.4134 0.5202
Dwpt 4.7386 3.0353 2.4372 0.1185
Audio/Visual 1.0527 0.5108 4.2473 0.0393
Rabbit activity
Rabbit-25-50 1.2285 0.6205 3.9195 0.0477
Rabbit-50-75 -1.6147 0.9528 2.8718 0.0901
Rabbit-75+ 0.9578 0.9999 0.9175 0.3381
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Table 5¢

Estimated coefficients and standard errors for 2nd multivariate logistic regression of bait uptake (entire sampling
period).

Variable Parameter Estimated Wald P - value
Estimate Standard error Statistic
Intercept 4.2874 6.3999 0.4488 0.5029
Temp 2.4605 1.5501 2.5195 0.1124
TMInRF 0.9695 0.4633 4.3789 0.0364
Wetb -7.2067 4.5402 2.5195 0.1124
WetbMax -0.2360 0.2237 1.1130 0.2914
Dwpt 4.6908 2.7777 2.8518 0.0913
Audio/Visual 1.0250 0.4653 4.8523 0.0276
Rabbit activity
Rabbit-25-50 1.1958 0.5670 4.4477 0.0349
Rabbit-50-75 -1.5756 0.8543 3.4012 0.0652
Rabbit-75+ 1.0821 0.8265 1.7144 0.1904

Table 5d

Estimated coefficients and standard errors for 3rd multivariate logistic regression of bait uptake (entire sampling
period).

Variable Parameter Estimated Wald P - value
Estimate Standard error Statistic
Intercept 3.3872 6.3629 0.2834 0.5945
Temp 2.1673 1.5420 1.9755 0.1599
TMIinRF 0.9394 0.4561 4.2426 0.0394
Wetb -6.9871 4.6246 2.2827 0.1308
Dwpt 4.5808 2.8405 2.6007 0.1068
Audio/Visual 0.9177 0.4480 4.1958 0.0405
Rabbit activity
Rabbit-25-50 0.9879 0.5296 3.4794 0.0621
Rabbit-50-75 -1.8427 0.8149 5.1132 0.0237

Rabbit-75+ 0.8372 0.7881 1.1283 0.2881
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Table 6a
Estimated coefficients and standard errors for univariate logistic regressions of bait uptake (post 25.1.2000).

Variable Parameter Estimated Wald P - value
Estimate Standard error Statistic
Temp 0.0153 0.1072 0.0205 0.8863
TempMax -0.0316 0.0574 0.3035 0.5817
TempMin 0.0027 0.1024 0.0007 0.9791
TMaxRF 0.2578 0.4307 0.3584 0.5494
TMinRF 0.8481 0.4376 3.7566 0.0526
Wetb 0.0913 0.1255 0.5290 0.4670
WetbMax -0.0789 0.1192 0.4385 0.5078
WetbMin 0.0703 0.1105 0.4050 0.5245
WMaxRF 0.9510 0.4496 4.4739 0.0344
WMinRF 0.0104 0.4335 0.0006 0.9808
RH 0.0611 0.0441 1.9232 0.1655
Msl 0.1289 0.0801 2.5887 0.1076
MsIRF -0.5081 0.4362 1.3567 0.2441
DIR 0.0013 0.0070 0.0346 0.8524
Kmh -0.0228 0.0196 1.3445 0.2462
CldCode 0.6035 0.4337 1.9366 0.1640
Luminosity -0.0592 0.1209 0.6243 0.6243
Dwpt 0.1212 0.1174 1.0665 0.3017
DwptTemp -0.2449 0.1944 1.5859 0.2079
Lure type
Rabbit 0.7684 0.6680 1.3230 0.2501
Reptile 1.2186 0.6725 3.2830 0.0700
Rodent 0.0000
Tinsel 1.0561 0.7126 2.1964 0.1383
Audio/Visual 0.6844 0.4351 2.4748 0.1157
Rabbit activity
Rabbit-25-50 0.4925 0.4512 1.1912 0.2751
Rabbit-50-75 -0.9220 1.1156 0.6831 0.4085
Rabbit-75+ 0.0000
Table 6b
Estimated coefficients and standard errors for 1st multivariate logistic regression of bait uptake (post 25.1.2000).
n=19
Variable Parameter Estimated Wald P - value
Estimate Standard error Statistic
Intercept -2.2222 118.5 0.0004 0.985
TMIinRF 1.1595 0.7473 2.4073 0.1208
WMaxRF 0.2409 0.4997 0.2324 0.6298
RH 0.4356 0.4335 1.0095 0.315
Msl -0.0366 0.1134 0.1041 0.747
MsIRF 0.2621 0.5531 0.2246 0.6355
Kmh -0.0682 0.0311 4.8161 0.0282
CldCode -0.0963 0.5757 0.028 0.8672
DwptTemp 1.4649 1.9083 0.5893 0.4427
Table 6¢

Estimated coefficients and standard errors for 2nd multivariate logistic regression of bait uptake (post 25.1.2000).

Variable Parameter Estimated Wald P - value
Estimate Standard error Statistic

Intercept 0.7759 0.6188 1.5725 0.2099

TMinRF 1.2860 0.5215 6.0807 0.0137

Kmh -0.0571 0.0237 5.7977 0.0160
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Table 7a

Estimated coefficients and standard errors for univariate logistic regressions of potential bait uptake (entire sampling
period).

Variable Parameter Estimated Wald P - value
Estimate Standard error Statistic
Temp 0.2339 0.0603 15.0412 0.0001
TempMax 0.1330 0.0399 11.1175 0.0009
TempMin 0.1884 0.0527 12.7888 0.0003
TMaxRF -0.3863 0.3017 1.6391 0.2005
TMInRF 0.0987 0.3029 0.1062 0.7445
Wetb 0.2802 0.0701 15.9824 0.0001
WetbMax 0.2626 0.0697 14.1744 0.0002
WetbMin 0.2492 0.0645 14.9392 0.0001
WMaxRF 0.2195 0.3007 0.5326 0.4655
WMinRF 0.2848 0.3015 0.8922 0.3449
RH 0.0092 0.0261 0.1230 0.7258
Msl -0.0467 0.0472 0.9806 0.3220
MsIRF 0.3837 0.3009 1.6269 0.2021
DIR -0.0069 0.0042 2.6296 0.1049
Kmh 0.0005 0.0141 0.0011 0.9731
CldCode 0.2311 0.3041 0.5776 0.4473
Luminosity -0.0691 0.0625 1.2195 0.2695
Dwpt 0.2590 0.0670 14.9428 0.0001
Lure type
Rabbit 0.2877 0.4241 0.4600 0.4976
Reptile -0.0918 0.4415 0.0432 0.8353
Rodent 0.3747 0.5910 0.4020 0.5261
Tinsel -0.1766 0.4595 0.1477 0.7007
Audio/Visual -0.1913 0.3000 0.4066 0.5237
Rabbit activity
Rabbit-25-50 0.1976 0.4023 0.2412 0.6233
Rabbit-50-75 -1.1173 0.4224 6.9965 0.0082
Rabbit-75+ -0.7187 0.5546 1.6792 0.1950

Table 7b

Estimated coefficients and standard errors for 1st multivariate logistic regression of potential bait uptake (entire
sampling period).

Variable Parameter Estimated Wald P - value
Estimate Standard error Statistic

Intercept 4.1011 5.9497 0.4751 0.4906
Temp 2.0395 1.5544 1.7217 0.1895
TempMax -0.0231 0.1291 0.0319 0.8582
TempMin -0.5925 0.3303 3.2175 0.0729
TMaxRF -0.4439 0.5730 0.6002 0.4385
Wetb -4.9975 3.9018 1.6405 0.2003
WetbMax -0.0558 0.2486 0.0505 0.8223
WetbMin -0.1727 0.3250 0.2824 0.5952
MsIRF 0.3541 0.4551 0.6054 0.4365
DIR -0.0189 0.0086 4.8756 0.0272
Dwpt 3.7738 2.4628 2.3479 0.1254

Rabbit-25-50 0.3431 0.6284 0.2981 0.5851

Rabbit-50-75 -0.7667 0.7135 1.1546 0.2826

Rabbit-75+ 0.3245 0.9236 0.1234 0.7253
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Table 7c

Estimated coefficients and standard errors for 2nd multivariate logistic regression of potential bait uptake (entire

sampling perid).

Variable Parameter Estimated Wald P - value
Estimate Standard error Statistic
Intercept -3.4911 4.6711 0.5586 0.4548
Temp 0.5079 1.2554 0.1637 0.6858
TempMin -0.4000 0.2656 2.2682 0.1321
Wetb -0.7923 3.4047 0.0542 0.8160
DIR -0.0159 0.0066 5.7479 0.0165
Dwpt 0.9553 2.0851 0.2099 0.6468

Table 7d

Estimated coefficients and standard errors for 3rd multivariate logistic regression of potential bait uptake (entire

sampling period).

Variable Parameter Estimated Wald P - value
Estimate Standard error Statistic

Intercept -4.4556 1.7349 6.5959 0.0102

TempMin 0.1776 0.0541 10.7584 0.0010

DIR -0.0033 0.0045 0.5489 0.4588

Table 7e

Estimated coefficients and standard errors for 4th multivariate logistic regression of potential bait uptake (entire

sampling period).

Variable Parameter Estimated Wald P - value
Estimate Standard error Statistic

Intercept -5.3608 1.2653 17.9519 0.0001

TempMin 0.1884 0.0527 12.7888 0.0003
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Table 8a
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Estimated coefficients and standard errors for univariate logistic regressions of potential bait uptake (post 25.1.2000).

Variable Parameter Estimated Wald P - value
Estimate Standard error Statistic
Temp 0.1143 0.0988 1.3377 0.2474
TempMax 0.0471 0.0515 0.8379 0.3600
TempMin 0.0458 0.0935 0.2394 0.6246
TMaxRF 0.0057 0.3933 0.0002 0.9884
TMInRF 0.5781 0.3985 2.1047 0.1469
Wetb 0.2456 0.1182 4.3188 0.0377
WetbMax 0.1146 0.1075 1.1379 0.2861
WetbMin 0.1860 0.1036 3.2238 0.0726
WMaxRF 0.6190 0.3969 2.4329 0.1188
WMinRF 0.1797 0.3963 0.2055 0.6503
RH 0.0868 0.0407 4.5543 0.0328
Msl 0.0654 0.0738 0.7848 0.3757
MsIRF 0.0625 0.3918 0.0255 0.8732
DIR 0.0059 0.0064 0.8540 0.3554
Kmh -0.0251 0.0178 1.9939 0.1579
Cldcode 0.6690 0.3987 2.8159 0.0933
Luminosity -0.1567 0.1124 1.9459 0.1630
Dwpt 0.2708 0.1114 5.9035 0.0151
DwptTemp -0.3064 0.1758 3.0382 0.0813
Lure type
Rabbit 0.3483 0.5301 0.4317 0.5112
Reptile <0.0000 0.5636 0.0000 1.0000
Rodent 0.0000
Tinsel 0.2429 0.5944 0.1671 0.6827
Audio/Visual -0.0864 0.3946 0.0479 0.8267
Rabbit activity
Rabbit-25-50 0.3448 0.4116 0.7017 0.4022
Rabbit-50-75 -0.1591 0.7703 0.0426 0.8364
Rabbit-75+ 0.0000

Table 8b

Estimated coefficients and standard errors for 1st multivariate logistic regression of potential bait uptake (post 25.1.2000).

Variable Parameter Estimated Wald P - value
Estimate Standard error Statistic
Intercept -258.1000 120.2000 4.6124 0.0317
Temp 16.7044 7.9388 4.4275 0.0354
TMInRF 1.5421 0.6843 5.0791 0.0242
Wetb -14.1321 9.6640 2.1384 0.1437
WetbMin -0.5350 0.6030 0.7871 0.3750
WMaxRF 0.7901 0.5996 1.7364 0.1876
RH 2.9220 1.3562 4.6423 0.0312
Kmh -0.0728 0.0290 6.3096 0.0120
CldCode -1.0295 0.9192 1.2543 0.2627
Luminosity 0.5964 0.3193 3.4880 0.0618
Dwpt -2.9652 5.7011 0.2705 0.6030
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Table 8c

Estimated coefficients
25.1.2000).

and standard errors for 2nd multivariate logistic regression of potential bait uptake (post

Variable Parameter Estimated Wald P - value
Estimate Standard error Statistic
Intercept -173.1000 89.8462 3.7105 0.0541
Temp 12.5683 6.9222 3.2965 0.0694
TMInRF 1.1857 0.5726 4.2877 0.0384
Wetb -13.5533 7.5478 3.2244 0.0725
WMaxRF 0.4958 0.5284 0.8806 0.3480
RH 2.0645 1.0848 3.6220 0.0570
Kmh -0.0665 0.0284 5.4748 0.0193
Luminosity 0.3902 0.2384 2.6782 0.1017

Table 8d

Estimated coefficients and standard errors for 3rd multivariate logistic regression of potential bait uptake (post

25.1.2000).
Variable Parameter Estimated Wald P - value

Estimate Standard error Statistic

Intercept -174.2000 92.4315 3.5529 0.0594
Temp 12.5600 7.1126 3.1183 0.0774
TMinRF 1.3020 0.5684 5.2465 0.0220
Wetb -13.5023 7.7529 3.0331 0.0816
RH 2.0672 1.1152 3.4358 0.0638
Kmh -0.0606 0.0277 4.7891 0.0286
Luminosity 0.3768 0.2407 2.4499 0.1175
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Figure 5. Bait interactions for the entive sampling peviod (probable uptake categorized as visit).
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Figure 6. Bait interactions for the entive sampling period (probable uptake categorvized as uptake).
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Figure 8. Percentage of contacting individuals that passed a bait station.



138

D. Algar et al.

000¢c/e0/e

000¢/20/5¢

¢ 0002/20/8+

0002/20/}+

000¢/¢0/v

000¢/+0/82

000¢/10/k2

E 0002/HO/VH

E 0002/10/L

t 6661/CL/1E

¢ 666L/CH/Ve

L 6661/CH/LL

666+/CL/0}

666+/cHE

100
90 +

80 +

+ t t
o Q Q
~ @ [}

sfenpiapul Bunoejuod jo abejusaled

6664/11/9¢

6661/L1/61

2
©
a

Figure 9. Percentage of contacting individuals that visited n bait station.




Bait uptake by feral cats 139

000¢/e0/E

000¢/20/5¢

000¢2/20/8}

000¢/Co/ L

000¢/20/¥

000¢/10/82

+

000¢/L0/ke

5621

T WSS T T T S0 T RO T UG TN T S S RN T S GO0 SN0 TN TN S S T T SO0 0 SO IO S0 S0 TN S B JU T WO 1

000c¢/Lo/v L

Date

000¢/10/L

666L/CL/LE

666L/cL/ve

666L/cL/LL

-ttt

6664/CL/0}

6661L/2L/e

6661/11/9¢

~

©

L | 1 1 ) L 4 ] 666L/L1/6}
T T T T T T I

o o (@} (=} o (=] o o
N~ © Yo < (s2] N -~

100
90 +
80 +

sfenpiAipul Bunoejuod Jo abejusdiad

Figure 10. Bait uptake by contacting individuals.




140 D. Algar et al.

000c/e0/e

000¢2/20/Se

0002/20/8}4

000¢2/20/ kL

000¢/c0/v

000¢2/10/82

000¢/L0/1e

0002/ L0/ L

Date

000¢/+0/L

6664/CL/1E

666L/CL/ve

ST U0 TR U T SN0 RN TR AT SRS VT AN Y SO TS TN S A SO W SR TR WO TSNS TN T S S W

6664/CH/LL

5

—++t+-t+r-r-+—t-tr-t+-t+t-r-—-t—t-—-t-t-r—-t——t—tr—-t—t—t—t—t—tr—t—t—t

6

6661/21/0L

6664/CH/e

6661/11/92

T e661/L1/61
o

+

} u
o o o
«

1
T
o o

© w < (&)

1

100
20 +
80 +
70 +

0+

sjenpiAipul Buioejuod Jo ebejusaled

Figure 11. Potential uptake by contacting individuals.



Bait uptake by feral cats

10

8000

7000

6000

T
o o
(o} o
o o
< [32]

5000

(w) @oue)SIq 2AIIRINWNYD

I 25555

@

PSS PUNE TN ST S T U SO TSSO S TS T AU T S T T S S SO T S GG T S S SUS T T

—+—t++t—+t+++r+t+-r—t—t+-r-r--—-t+—-t-r-t—-t-r-—t—rttr

1000

0002¢/€0/e

000¢/c0/5e

0002/20/81

000¢/co/} 1

000¢/20/y

000¢/10/82

000¢/10/ke

000¢/10/v L

000¢/L0/L

6661/CL/LE

666t/CL/ve

6661L/CL/LL

6661/CL/0}

6661/Ch/E

6664/L1/9¢

6664/L1/61

Date

141

Figure 12. Cumulntive daily on-track distances travelled.
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Figure 18. Rabbit presence on bait uptake transects.
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Figure 19. Regression model building steps for bait uptake (entive sampling perviod).
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Figure 20. Regression model building steps for potentinl bait uptake (entive sampling perviod).
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Figure 21. Regression model building steps for bait uptake (post 25 January).
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Figure 22. Regression model building steps for potentinl bait uptake (post 25 January).
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ABSTRACT

This bibliography contains 109 items concerning the
heath mouse, Pseudomys shortridger. The list includes
published as well as un-refereed and/or unpublished
documents bringing their existence to the attention of
researchers. The majority of these titles can be viewed
in the Wildlife Science Library, Department of
Environment and Conservation (DEC). An index to the
broad subject areas of Behaviour, Conservation Status,
Description, Diet, Disease, Distribution, Ecology,
Evolution, General, Genetics, Management, Physiology,
Reproduction and Threatening Processes is provided.

INTRODUCTION

This is a bibliography of information about the heath
mouse, Pseudomys shortridgei. The bibliography is
updated as new materials become available. Updates can
be obtained from the Wildlife Science Library, DEC on
request. Notification of relevant materials for inclusion
can also be sent to the Library.

The bibliography was started with titles extracted from
CONSLIib, the Departmental Library Catalogue. The
references contained within these titles were checked and
added. This process continued until all relevant references
had been included. Internet searches were also
performed, and the site specific information printed out.
The URLs have been included, but because of the
temporary nature of URLs they should not be relied
upon. More references from these and other World Wide
Web sources were added.

Every effort has been made to obtain a copy of each
reference and lodge them in the Library. However in
some cases this has not been possible. A Library file has
been created to hold a copy of complete articles and
cover pages of shelved items.

For ease of use the references are listed alphabetically
and have been allocated an item number. This item
number can be found under one or more of the 14 broad
subject categories.

DESCRIPTION

The heath mouse Pseudomys shortridgei also known as
dayang (Braithwaite et al. 1995) or heath rat (e.g.
Cockburn 1995), is one of the largest pseudomyine

Figure 1. Heath Mouse (Pseudomys shortridgei). Photograph
courtesy of Brent Johnson, DEC)

rodents in Australia, with a body mass of 55-80 g.
Detailed descriptions and illustrations are available in Watts
and Aslin (1981), Cockburn (1995) and Menkhorst
(1995).

Visually similar to the more common bush rat Raztus
Sfuscipes, the heath mouse is smaller and thickset. It has
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brownish-grey fur flecked with black and dark guard
hairs giving it a fluffy appearance. It has bulging eyes
and a blunt-nosed face. The tail is shorter than the
combined head-body length and has a distinct bi-
colouration with darker fur above and pale fur beneath.
This furred tail contrasts with the sparsely-haired,
annulated tails of the sympatric bush rat and introduced
Rattus species. It is also sympatric with the swamp rat
Rattus lutreolusin Victoria with which it can be confused.

REPRODUCTION AND DIET

Reproductive information is available for a Victorian
population (Cockburn 2000). There, heath mice are
thought to be sexually mature at about one year old with
breeding occurring in spring and summer. One or two
litters of up to three young are produced during that
period. Resident mature adults appear to be territorial
and the young are forced to disperse into unoccupied
territory once weaned. In Western Australia captive heath
mice have been known to live for up to five years. Heath
mice consume a wide range of plant parts including seeds,
flowers, stems and leaf material suggesting that they are
generalist herbivores (Meulman 1997). In Western
Australia, underground burrows with entrances hidden
under shrubs are their most common refuge. (Cancilla
& Johnson 2005).

DISTRIBUTION AND CONSERVATION
STATUS

The heath mouse was first collected by GC Shortridge
in 1906 from an area east of Pingelly, Western Australia.
The sub-fossil record indicates that, before European
colonisation, the heath mouse was present in the south-
west of WA from Shark Bay in the north to Eucla in the
cast. Sub-fossil material has also been found on the Eyre
Peninsula and the Nullarbor in South Australia (Baynes
1987). Following its discovery in 1906 and the capture
of two individuals in 1931, it was not recorded again in
WA until 1987 when specimens were obtained from the
Ravensthorpe area (Baynes et al. 1987). A disjunct
population in south-western Victoria was first discovered
in 1961. This eastern population appears to be restricted
to the Grampians and Wannon region of Victoria and
just across the South Australian border in the Lower
Glenelg region. (Menkhorst 1995; Cooper et al. 2003).
A specimen from Kangaroo Island, collected in 1967,
was also identified as a heath mouse although it has not
been recorded there since. These records suggest that a
continuous coastal and sub-coastal distribution may have
existed from Shark Bay in Western Australia to the
Grampians in Victoria. Since its rediscovery in WA, low
numbers of heath mice have been recorded in remnant
vegetation within the southern wheatbelt but the most
recent studies suggest that it may now be restricted to
Lake Magenta Nature Reserve and Fitzgerald River
National Park.

J.A. Smith et al.

Both the eastern and western populations appear to
favour floristically-rich, dry heathland although the post-
fire age of preferred habitat differs. In Victoria, the species
tends to prefer recently burnt areas (Cockburn 1978;
Cockburn et al. 1981; Cockburn 2000) whilst in WA,
heath mice inhabit long unburnt vegetation (Quinlan
2001). Despite the geographical separation of these
populations, the low level of genetic divergence suggests
that a single species is involved (Cooper et al. 2003)

The heath mouse has suffered a major decline in its
distribution and there are serious concerns for its survival.
Lee (1995) listed it as ‘Rare and insufficiently known’, it
is listed as “Vulnerable’ under Commonwealth legislation,
in Western Australia it is listed as ‘Schedule 1 — Fauna
that is rare or is likely to become extinct’ and in Victoria
it is listed as ‘Rare’.

Modification to land management practices and
clearing for agriculture have reduced and fragmented
heath mouse habitat. Plant pathogens, feral predators
and competition with introduced rodents are thought to
be other major factors in the decline of the heath mouse.
(Burbidge 2004, Burbidge & McKenzie 1989), (Morris
2000). Although Lee (1995) lists recovery objectives
and management actions, further information on these
potentially limiting factors and additional ecological data
are required so that a workable management or recovery
plan can be developed.

ACKNOWLEDGEMENTS

The authors would like to thank Tony Start and Lesley
Gibson for their constructive comments on the original
manuscript.

BEHAVIOUR:
22,23,49, 52, 54, 69, 74, 77, 79, 82

CONSERVATION STATUS:

11, 18, 19, 20, 38, 40, 48, 49, 59, 64, 66, 75, 91, 99,
103

DESCRIPTION:

17, 21, 24, 42, 49, 52, 54, 63, 64, 66, 79, 86, 92, 94,
96, 101, 104, 107, 109

DIET:
22,23, 24, 39, 48, 64, 67, 68, 102, 105, 107

DISEASE:
22,23,67

DISTRIBUTION:

1,2,3,4,5,6,9,10, 11, 18, 21, 22, 23, 24, 26, 28,
29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 43,
44, 46,47, 48,49, 51, 55, 56, 57, 58, 59, 61, 62, 64,



BiblioHeathMouse

65, 66, 68, 69, 72, 74, 75, 76, 77, 80, 81, 82, 83, 84,
86, 87, 88, 89, 90, 91, 92, 93, 98, 99, 101, 103, 104,
107, 108

ECOLOGY:

11, 13, 14, 17, 21, 22, 23, 25, 26, 28, 29, 31, 32, 34,
35, 36, 37, 38, 39, 40, 41, 43, 44, 48, 49, 51, 52, 54,
56, 59, 60, 64, 66, 67, 68, 72, 74, 76, 77, 79, 80, 81,
82, 83, 95,97, 99, 104, 106, 107, 109

EVOLUTION:
3,4,5,6,9,10, 12, 36, 43, 67, 74

GENERAL:
10, 15, 32, 34, 58, 80, 93, 101, 102, 106

GENETICS:
7.8,57

MANAGEMENT:

1, 19, 20, 24, 36, 44, 45, 46, 57, 59, 73, 75, 76, 77,
84,98, 99

PHYSIOLOGY:
52, 54, 70, 71, 78, 79, 109

REPRODUCTION:
16, 41, 48, 49, 52, 53, 54, 64, 67, 79, 85, 97

THREATENING PROCESSES:

17, 18, 19, 20, 21, 24, 27, 44, 48, 49, 50, 52, 54, 59,
75, 77,93, 95, 98,99, 107

BiblioHeathMouse

1.

(1973) Additional protection for rare fauna. Swans
4(2), 31-33.

(1987) Extinct native rat rediscovered. Your
Museum Mar, 3.

Archer M, Baynes A (1972) Prehistoric mammal
faunas from two small caves in the extreme south-
west of Western Australia. Journal of the Royal
Society of Western Australin 55, 80-89.

Archer M, Clayton G, Hand S (1984) A checklist
of Australasian fossil mammals. In Vertebrate
Zoogeography & Evolution in Australasia: Animals
in Space & Time (eds M Archer, G Clayton), pp.
1027-1087. Hesperian, Perth.

Archer M, Hand S (1984) Background to the
search for Australia’s oldest mammals. In
Vertebrate Zoogeography & Evolution in
Australasia: Animals in Space & Time (eds M

10.

11.

12.

13.

14.

15.

16.

153

Archer, G Clayton), pp. 517-566. Hesperian,
Perth.

Balme J, Merrilees D, Porter JK (1978) Late
Quaternary mammal remains, spanning about 30
000 years, from excavations in Devil’s Lair,
Western Australia. Journal of the Royal Society of
Western Australin 61, 33-65.

Baverstock PR, Watts CHS, Adams M, Cole SR
(1981) Genetical relationships among Australian
rodents (Muridae). Australian Journal of Zoology
29, 289-303.

Baverstock PR, Watts CHS, Hogarth JT (1977)
Chromosome evolution in Australian rodents. I,
the Pseudomyinae, the Hydromyinae and the

Uromys,/Melomys group. Chromosoma 61, 95—
125.

Baynes A (1982) Dasyurids (Marsupialia) in late
Quaternary communities in southwestern
Australia. In Carnivorous Marsupials. Volume 2 (ed
M Archer), pp. 503-510. Royal Zoological Society
of New South Wales, Sydney.

Baynes A (1987) The original mammal fauna of
the Nullarbor and southern peripheral regions:
evidence from skeletal remains in superficial cave
deposits. In Biological Survey of the Nullarbor
Region South and Western Australin in 1984 (eds
NL McKenzie, AC Robinson), pp. 139-152.
Department of Environment and Planning,

Adelaide.

Baynes A, Chapman A, Lynam AJ (1987) The
rediscovery, after 56 years, of the heath rat,
Pseudomys shortridgei (Thomas, 1907) (Rodentia:
Muridae) in Western Australia. Records of the
Western Australian Museum 13, 319-322.

Baynes A, Merrilees D, Porter JK (1975) Mammal
remains from the upper levels of a late Pleistocene
deposit in Devil’s Lair, Western Australia. Journal
of the Royal Society of Western Australia 58, 97—
126.

Braithwaite RW, Cockburn A, Lee AK (1978)
Resource partitioning by small mammals in lowland
heath communities of south-eastern Australia.
Australian Journal of Ecology 3, 423-445.

Braithwaite RW, Gullan PK (1978) Habitat
selection by small mammals in a Victorian
heathland. Awustralian Journal of Ecology 3, 109—
127.

Braithwaite RW Morton SR, Burbidge AA, Calaby
JH (1995) Australian Names for Australian
Rodents. Australian Nature Conservation Agency,
Canberra.

Breed WG (1980) Further observations on
spermatozoal morphology and male reproductive
tract anatomy of Psendomys and Notomys species

(Mammalia: Rodentia). Transactions of the Royal
Society of South Australin 104, 51-55.



154

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Burbidge Andrew A (2004) Threatened Animals
of Western Australia. Department of Conservation
and Land Management, Perth.

Burbidge AA, McKenzie NL (1989) Patterns in
the modern decline of Western Australia’s
vertebrate fauna: causes and conservation
implications. Biological Conservation 50, 143-198.

Burbidge AA, Start AN, Morris KD, Armstrong
R (1995) ‘Western Shield: bringing back our
wildlife’. 1-26. Department of Conservation and
Land Management, Perth.

Burbidge AA, Start AN, Morris KD, Armstrong
R (1995) ‘Western Shield: summary’. 1-5.
Department of Conservation and Land
Management, Perth.

Calaby JH, Lee AK (1989) The rare and
endangered rodents of the Australasian region. In
Rodents: a World Survey of Species of Conservation
Concern: Based on the Proceedings of & Workshop of
the IUCN/SSC Rodent Specialist Group held at the
Fourth International Theriological Congress, August
17, 1985, Edmonton, Alberta, Canada (ed WZ
Lidicker), pp. 53-57. IUCN, Gland, Switzerland.

Cancilla D (2004) ‘2003 progress report:
ecological aspects of Pseudomys shortridgei (heath
mice) in southern Western Australia: summary of
field work over the last twelve months’. Murdoch
University, Perth.

Cancilla D, Johnson B (2005) “The status and
ccology of the Pseudomys shortridgei (heath
mouse) in southern Western Australia’. Murdoch
University, Perth.

Carter M, Graham M, Johnson C (1996) The
magic of Magenta. Landscope 12(1), 41-47.

Catling PC (1986) Rattus lutreolus, colonizer of
heathland after fire in the absence of Pseudomys
species:. Australian Wildlife Research 13, 127-
139.

Chapman A (1984) ‘A vertebrate survey of the
Ravensthorpe Range, Western Australia:
unpublished report to the Department of Fisheries
and Wildlife’. DFW, Perth.

Chapman A (1988) ‘An assessment of the threat
to vertebrate fauna of un-capped drill holes in the
Ravensthorpe Range: a pilot project for the Mines
Department of Western Australia, March 1988’.
MDWA, Perth.

Chapman A (1995) A biological survey of the
Fitzgerald area, Western Australia. Part 6,
terrestrial mammals. CALMScience Supplement 3,
83-94.

Chapman A (1999) ‘Ravensthorpe Nickel Project:
Comet Resources NL: fauna management plan:
year one 1999-2000’. RNP, Ravensthorpe.

Chapman A, Kitchener DJ (1977) Mammals of
Cockleshell Gully Reserve and adjacent areas.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

J.A. Smith et al.

Records of the Western Australian Musenm.
Supplement 4, 15-35.

Chapman A, Newbey KR (eds) (1987) ‘A
biological survey of the Fitzgerald area, Western
Australia: final report (June 1987). Part 1°.
Department of Conservation and Land
Management, Perth.

Chapman A, Newbey KR (1987) ‘A vertebrate
fauna survey and some notes on the vegetation of
the Ravensthorpe Range, Western Australia’. A
Chapman, Ravensthorpe.

Chapman A, Newbey KR (1994) Revegetation
and recolonization by vertebrates of Fitzgerald
River National Park, Western Australia following
1985 wildfire. Department of Conservation and
Land Management, Western Australia, Landnote
1/1994, 1-14.

Chapman A, Newbey KR (1995) A vertebrate
fauna survey and some notes on the vegetation of
the Ravensthorpe Range, Western Australia.
CALMScience 1, 465-508.

Chapman A, Sanders A, Harold G, Teale RJ (in
press) ‘Vertebrate fauna of the southern central
coast region of Western Australia’.

Cockburn A (1975) ‘The ecology of the genus
Psendomysin Victorian heath communities’. Thesis
(BScHons) — Monash University, Victoria.

Cockburn A (1978) The distribution of Pseudomys
shortridgei (Muridae: Rodentia) and its relevance
to that of other heathland Pseudomys. Australion
Wildlife Research 5, 213-219.

Cockburn A (1979) Conservation of the heath
rat, Pseudomys shortridges, in the Grampians area.
Victoria’s Resources 21, 9-11.

Cockburn A (1979) “The ecology of Pseudomys
spp. in south-castern Australia’. Thesis (PhD) —
Monash University, Victoria.

Cockburn A (1995) Heath rat, Pseudomys
shortridgei (Thomas, 1907). In The Mammals of
Australin: the National Photographic Index of
Australian Wildlife (ed R Strahan), 617-618.
Reed, Sydney.

Cockburn AR, Braithwaite W, Lee AK (1981) The
response of the heath rat, Pseudomys shortridges
to pyric succession: a temporally dynamic life-
history strategy. Journal of Animal Ecology 50,
649-666.

Cooper NK (1994) Identification of Pseudomys
albocinereus, P. occidentalis, P. shovtridgei, Rattus

rattus and R. fuscipes using footpad patterns.
Western Australian Naturalist 19, 279-283.

Cooper NK, Bertozzi T, Baynes A, Teale RJ
(2003) The relationship between eastern and
western populations of the heath rat, Pseudomys
shortridgei (Rodentia: Muridae). Records of the
Western Australian Museum 21, 367-370.



BiblioHeathMouse

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Craig GF, Chapman A (1998) ‘Ravensthorpe
Nickel Project: Comet Resources NL: vegetation,
flora and fauna survey’.

Department of Conservation and Land
Management (1987) ‘An introductory guide for
a case study on fire management in the Fitzgerald
River National Park: National Fire Management
Workshop, Busselton, Western Australia, October
12-16, 1987°. CALM, Perth.

Department of Conservation and Land
Management (1992) South Coast Region: regional
management plan, 1992-2002. CALM, Perth.

Department of Conservation and Land
Management (1999) Fitzgerald River National
Park: park of the month, March 1999. Available
at http://www.naturebase.net/national parks
previous parks month /fitzgerald.html. [ Accessed
on 2.11.2005].

Department of Conservation and Land
Management (2001) Heath mouse: Psendomys
shortridgei (Thomas 1907). Available at http://

www.naturebase.net/plants animals/pdf files/
sp_heath mouse.pdf [Accessed on 2.11.2005].

Department of Conservation and Land
Management (2002) ‘Fauna Management 2002:
Rylington Park, 4th—8th November 2002°.
CALM, Perth.

Dexter EM, Chapman AD, Busby JR (1995) The
Impact of Global Warming on the Distribution of
Threatened Vertebrates (ANZECC 1991)°.
Environmental Resources Information Network,
Canberra.

Emison WB, Porter JW, Norriss KC, Apps GJ
(1978) Survey of the vertebrate fauna in the
Grampians-Edenhope area of south-western
Victoria. Memoirs of the National Musenwm Victoria
39, 281-363.

Happold MC (1974) ‘The social behaviour of
conilurine rodents’. Thesis (PhD) — Monash
University, Victoria.

Happold M (1976) Reproductive biology and
developments in the conilurine rodents (Muridae)
of Australia. Australian Journal of Zoology 24, 19—
26.

Happold M (1976) Social behaviour of the
conilurine rodents (Muridae) of Australia.
Zestschrift fiiy Tierpsychologie 40, 113-182.

Hope J (1984) The Australian Quaternary. In
Vertebrate Zoogeography & Evolution in
Australasia: Animals in Space & Time (eds M
Archer, G Clayton), pp. 69-82. Hesperian, Perth.

Johnson B, Costello V (2003) Heath mouse eludes
searchers. Landscope 18(4), 6-8.

Kemper C, Wheeler S, Medlin G (2000)
Pseudomys shortridgei: a new species for South
Australia (ABSTRACT). In Australion Mammal

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

155

Society 2000 Conference, Program and Abstracts 74.
Parks and Wildlife Commission, Alice Springs.

Kitchener DJ, Chapman A, Muir BG (1980) The
conservation value for mammals of reserves in
the Western Australian wheatbelt. Biological
Conservation 18, 179-207.

Lee A K (1995) The Action Plan for Australian
Rodents. Australian Nature Conservation Agency,
Canberra.

Lee AK, Baverstock PR, Watts CHS (1981)
Rodents: the late invaders. In Ecological
Biogeography of Australia. Volume 3 (ed A Keast),
55, pp. 1523-1548. Junk, The Hague.

Lundelius E (1957) Additions to knowledge of
the ranges of Western Australian mammals.
Western Australian Naturalist 5, 173-182.

Lundelius E (1960) Post Pleistocene faunal
succession in Western Australia and its climatic
interpretation. In Proceedings of the 21st
International Geological Congress, Copenhagen,
Denmark 4, 142-153. 1GC, Copenhagen.

Mahoney JA, Richardson BJ (1988) Muridae. In
Zoological Catalogue of Australin. 5, Mammalin
(ed DW Walton), 154-192. Australian
Government Publishing Service, Canberra.

Menkhorst PW (ed) (1995) Mammals of Victoria:
Distribution, Ecology and Conservation. Oxford
University Press, Melbourne.

Menkhorst PW, Beardsell CM (1980) ‘Report to
the National Parks Service on a short-term survey
of the fauna of Lower Glenelg National Park and
Discovery Bay Coastal Park’. Ministry for
Conservation, Melbourne.

Menkhorst P, Cockburn A, Cancilla D (in press)
Heath mouse, Psendomys shortridgei (Thomas,
1907). In The Mammals of Australin: the National
Photographic Index of Australian Wildlife. 2nd ed..
(ed R Strahan),

Meulman E (1993) “Aspects of the ecology of the
heath mouse, Pseudomys shortridgei’. Thesis
(BScHons) — Charles Sturt University, South
Australia.

Meulman E (1997) “The ecology of the heath
mouse, Pseudomys shortridge: in the Grampians
National Park, Victoria’. Thesis (PhD) — Charles
Sturt University, South Australia.

Meulman EP, Klomp NI (1999) Is the home
range of the heath mouse Pseudomys shortridgei
an anomaly in the Pseudomys genus:. Victorian
Naturalist 116, 196-201.

Meulman EP, Klomp NI, Allen R (in press) Does
the metabolic rate of the heath mouse, Pseudomys
shortridgei, reflect its large home range:?.
Australian Mammalogy

Meulman EP, Klomp NI, Samuel JL (1999)



156

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

Observations of the gross and microscopic
anatomy of the gastrointestinal tracts of the heath
mouse ( Pseudomys shortridgei) and the swamp rat
(Rattus Iutreolus) (Rodentia: Muridae).
Australian Mammalogy 21, 131-134.

Mitchell E (2004) Pseudomys shortridgei survey
trapping in the Narrawong Flora Reserve and
Lower Glenelg National Park, southwest Victoria’.
Deakin University, Melbourne.

Moore S, Cavana M, Gillen K, Hart C, Hopper
S, Orr K et al. (1991) Fitzgerald River National
Park: Management Plan, 1991-2001. Department
of Conservation and Land Management, Perth.

Morris KD (1983) The rodent genus Pseudomys
in the arid zone: draft paper to be presented at
the 53rd ANZAAS Congress, Perth, 16th-20th
May, 1983. 1-14. K. Morris, Perth.

Morris KD (2000) The status and conservation
of native rodents in Western Australia. Wildlife
Research 27, 405-419.

Morris KD, Johnson B, Garkaklis M, Cancilla D
(2003) ‘Conservation and management of the
heath mouse, Psendomys shortridgei: research
proposal’. Department of Conservation and Land
Management, Perth.

Morris KD, Johnson B, Garkaklis M, Hardy G
(2003) ‘Ecological aspects of Pseudomys shortridge:
in southern Western Australia: population
distribution, population viability, habitat preference,
effect of plant disease, community interactions,
GIS modelling and possible management strategies
for the conservation and management of this
endangered species: project proposal for RND’.
Department of Conservation and Land
Management, Perth.

Morrissey BL, Breed WG (1982) Variation in
external morphology of the glans penis of
Australian native rodents. Australian Journal of
Zoology 30, 495-502.

Ovington D (1978) Australian Endangered
Species: Mammals, Birds and Reptiles. Cassell,
Sydney.

Peel W (1980) ‘Reports on field surveys (summer
1980,/81) conducted at Lower Glenelg National
Park: distribution of Ewucalyptus kitsoniana
(Gippsland bog gum), habitat of Psendomys
shortridgei (heath rat), and sites of ecological value
in the lower Moleside and Little Moleside Creek
catchments’. National Parks Service, Melbourne.

Pescott T, Kinhill Planners Pty Ltd (1980) ‘Alcoa
Portland Aluminium Smelter: terrestrial vertebrate
fauna’. Kinhill Planners Pty Ltd, Melbourne.

Quinlan K (2001) ‘Using habitat characteristics
and predictive GIS modelling, to aid in conserving
the heath mouse (Psendomys shortridger) in Lake
Magenta Nature Reserve’. Thesis (BScHons) —
Edith Cowan University, Western Australia.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

J.A. Smith et al.

Quinlan K, Moro D, Lund M (2004) Improving
trapping success for rare species by targeting
habitat types using remotely sensed data: a case
study of the heath mouse (Pseudomys shortridgei)
in Western Australia. Wildlife Research 31, 219-
227.

Ravensthorpe Nickel Operations Pty Ltd (2004)
‘Fauna management plan’. BHP Billiton, Perth.

Reiss A (1996) ‘An investigation of reproductive
parameters in captive female heath mice
(Pseundomys shortridgei)’. — Draft. Thesis
(BVScHons) — University of Melbourne, Victoria.

Ride WDL (1970) A Guide to the Native
Mammals of Australia. Oxford University Press,
Melbourne.

Ritchie T (1990) ‘Heath mouse monitoring site,
Lower Glenelg National Park’. Department of
Conservation and Environment, Portland, Vic.

Sanders A (1996) ‘Conservation value of
Fitzgerald Biosphere Reserve buffer transition
zone, phases I-IV’. Department of Conservation
and Land Management, Perth.

Sanders A (1997) ‘Monitoring in the Fitzgerald
Biosphere Reserve: report’. Department of
Conservation and Land Management, Perth.

Seebeck JH (1976) Mammals in the Pomonal
area, the Grampians. Victorian Naturalist 93,
138-147.

Seebeck J, Menkhorst P (2000) Status and
conservation of the rodents of Victoria. Wildlife
Research 27, 357-369.

Shortridge GC (1936) Field notes (hitherto
unpublished) on Western Australian mammals
south of the Tropic of Capricorn (exclusive of
Marsupialia and Monotremata) and records of
specimens collected during the Balston expeditions
(November 1904 to June 1907). Proceedings of
the Zoological Society of London 106, 743-749.

Smith AP, Quin DG (1996) Patterns and causes
of extinction and decline in Australian conilurine
rodents. Biological Conservation 77, 243-267.

Strahan R (1981) A Dictionary of Australian
Mammal Names: Pronunciation, Derivation, and
Significance of the Names; with Biographical and
Bibliographical Notes. Angus and Robertson,
London.

Sutherland EF, Dickman CR (1999) Mechanisms
of recovery after fire by rodents in the Australian
environment: a review. Wildlife Research 26, 405—
419.

Tate GHH (1951) Results of the Archbold
expeditions. No. 65, the rodents of Australia and
New Guinea. Bulletin of the American Museum of
Natural History 97, 187—430.

Taylor JM, Horner BE (1972) Observations on



BiblioHeathMouse

98.

99.

100.

101.

102.

103.

the reproductive biology of Pseudomys (Rodentia:
Muridae). Journal of Mammalogy 53, 318-328.

Teale R (2000) ‘Ravensthorpe Nickel Project fauna
survey, 2000°. Biota Environmental Sciences,
Perth.

Teale R (2001) ‘Review of the RNO fauna
monitoring program: Ravensthorpe Nickel
Operation: management plan review, June 2001°.
Biota Environmental Sciences, Mt Hawthorn.

Thomas O (1906) List of further collections of
mammals from Western Australia, including a
series from Bernier Island, obtained for Mr WE
Balston; with field-notes by the collector, Mr GC
Shortridge. Proceedings of the Zoological Society of
London 75, 769-773.

Wakefield N (1968) Mouse may be a rare find.
The Age Jan 8, 1.

Watts CHS (1977) The foods eaten by some
Australian rodents (Muridae). Awustralian Wildlife
Research 4, 151-157.

Watts CHS (1978) The status of endangered
Australian rodents. In The Status of Endangered
Australasian Wildlife (ed MJ Tyler), pp. 75-83.

Royal Zoological Society of South Australia,
Adelaide.

104.

105.

106.

107.

108.

109.

157

Watts CHS, Aslin HJ (1981) The Rodents of
Australia. Angus and Robertson, London.

Watts CHS, Braithwaite RW (1978) The diet of
Rattus lutreolus and five other rodents in southern
Victoria. Australian Wildlife Research 5, 47-57.

Watts CHS, Kemper CM (1989) Muridae. In
Fauna of Australia. Volume 1B, Mammalin (eds
DW Walton, BJ Richardson), pp. 939-956.
Australian Government Publishing Service,
Canberra.

Wells AG (1991) Heath rat, Pseudomys shortridgei
(Thomas 1907). In Endangered Animals of
Auwstralin (RT Hoser), pp. 178-179. Pierson,
Sydney.

Whisson L (1995) A record of the heath rat,
Pseudomys shortridges and other fauna from
Dragon Rocks Nature Reserve. Western
Australian Naturalist 20, 49.

Woods R, Kennedy G (1997) Circadian activity
rhythms of captive heath rats (Psendomys
shortridgei). Wildlife Research 24, 459—468.






Conservation Science W. Aust. 6 (1) : 159-176 (2007)

BiblioRingtailPossum: the western ringtail possum,
Pseudocheirus occidentalis (Thomas, 1888), a subject-

specific bibliography

LISA J. WRIGHT, JOANNE A. SMITH AND JEFF RICHARDSON

ABSTRACT

This bibliography contains 403 items concerning the
ringtail possums, Psendocheirus occidentalis and P.
peregrinus. Most of these have been published and
reviewed outside the Department of Environment and
Conservation (formerly the Department of Conservation
and Land Management). They have been arranged into
the broad subject areas of Behaviour, Conservation
Status, Description, Diet, Diseases, Distribution,
Ecology, Evolution, General, Genetics, Management,
Physiology, Reproduction and Threatening Processes.
The majority of these titles can be viewed in the Wildlife
Science Library, Woodvale.

INTRODUCTION

This is a bibliography of information about the ringtail
possums, Pseudocheirus occidentalis and P. peregrinus.
Both species are included for two reasons. Firstly, these
species were once taxonomically synonymous and many
Western Ringtail Possum specific papers where published
under the former taxonomy. Secondly, the species share
some aspects of biology and ecology.

Most references are from the scientific literature, but
general articles have also been included. The bibliography
is updated as new materials become available. Updates
can be obtained from the Wildlife Science Library on
request. Notification of relevant materials for inclusion
can also be sent to the Library.

The bibliography was started with titles extracted from
CONSLIB, the Departmental Library Catalogue. The
references contained within these titles were checked and
added. This process continued until all relevant references
had been included. Internet searches were also
performed, and the site specific information printed out.
The URLs have been included, but because of the
temporary nature of URLs they should not be relied
upon. More references from these and other World Wide
Web sources were added.

Every effort has been made to obtain a copy of each
reference and lodge them in the Library. However in
some cases this has not been possible, especially with
the older material.

For ease of use the references are listed alphabetically
and have been allocated an item number. This item
number can be found under one or more of the 14 broad
subject categories.

DESCRIPTION

The ngwayir (pronounced ‘n-waar-ear’) (western ringtail
possum, Pseudocheirus occidentalis, Thomas 1888) is a
folivorous marsupial endemic to south-western Australia.
It is small (0.8 to 1.3 kg), usually dark brown to black
(though sometimes dark grey) above, with cream or
grey fur on the belly, chest and throat. It is easily
distinguished from the sympatric koomal (common
brushtail possum, Trichosurus vulpecula hypolencus) by
its smaller size, smaller round ears and absence of a
brush tail.

Figure 1. Western Ringtail Possum (Pseudocheirus
occidentalis) (Photograph courtesy of Advian Wayne, DEC)
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Near-coastal populations of the ngwayir can breed
throughout the year but breeding peaks occur April-
June and October—-December (Jones et al. 1994).
Further inland, breeding seasonality in the jarrah forest
is more acute than in coastal areas, for example, in Perup
77% of births occurred in May—June and 23% in October—
November (Wayne et al. 2005). Females can breed at
less than 12 months of age and can breed continuously,
occasionally breeding twice in the same year (Ellis and
Jones 1992). The gestation period for the species is
around 2—4 wecks. Litter size is usually one, with twins
uncommon (Jones et al. 1994; Wayne et al. 2005) and a
litter size of three rare (de Tores, unpublished data).
The young stay in the pouch around 100 days, they are
weaned between 6 to 8 months and disperse between 8
to 12 months of age (Ellis and Jones 1992; Jones et al.
1994; How 1978; Wayne et al. 2005).

Diurnal resting sites include dreys, platforms, tree
hollows, hollow logs, within vegetation such as balga
(grasstree, Xanthorrhoea preissii) skirts, on the ground
under sedges, forest debris and disused rabbit warrens
(Jones et al. 1994, Wayne et al. 2000; Wayne 2005). In
suburban situations the species uses roof spaces and other
dark cavities.

Five Noongar names have been suggested by Abbott
(2001). Ngwayir and nguara (both pronounced ‘n-waar-
car’) are the most commonly used (Wayne et al. 2001
and Jones 1995 respectively).

DISTRIBUTION AND CONSERVATION
STATUS

The ngwayir was first described from a specimen collected
at King George Sound, Western Australia. At the time
of European settlement the species had a range extending
from just north of Perth to Waychinicup National Park
(east of Albany) including scattered populations through
the wheatbelt (Jones, 1995). The subsequent range
contraction was noted as early as 1907 (Shortridge 1909).
Currently, the species is found mainly in and near coastal
areas from Bunbury to east of Albany as well as around
Manjimup (Jones, 1995).

Contemporary range contractions are due to a range
of influences including inappropriate land management,
clearing for urban and agricultural development and
introduced predators (foxes and cats) (Wayne et al. 2000;
de Tores, 2005).

The ngwayir is listed as Vulnerable under the 2000
TUCN Red List of Threatened Species; Vulnerable under
the Commonwealth government’s Environmental
Protection and Biodiversity Conservation Act 1999; and
Specially Protected Fauna that is listed as rare or likely
to become extinct under the West Australian Wildlife
Conservation Act 1950.

A recovery team has been established and a recovery
plan is presently being written for the species.

L.J. Wright et al.
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