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Summary

The primary objective of this study was to describe the distribution of
Malleefowlat Yeelirrie and to provide information on populatioends.
Malleefowlare considered a nationally vulnerable speciesaa@endangered
in some statesand this information is critical for managemein WA, the
species is regarded as rare or threatened with extinction.

In August2006, 22 volunteers wetd a total of over 900km ove# Hays to
search for Malleefowl signs at Yeelirrie Station, a pastoral property managed
by BHP Billiton Nickel Westand located 400 km nortorthrwestof

Kalgoorlie, WA.

These surveys mapped the occurrence of Malleefoetpfints and mounds
(nestincubators). Over 300km of transects were searcheelMPG
conducted similar surveys both 2000 and 20Q0&nd monitored mounds in
2004

The data collected in 2006 indicated th&lleefowl prefer shrubby habitats

with a 24 m canopy, and avoided open areas, especially areas that were burnt
in the past ten years. The species used several diffeabitatsthat occur at
Yeelirrie, and appear to l@ssociated with the edges of the old plateau where
there is relatively tall simblands (over 2m) of bowgada, mulga and other
acacias. These areas have been largely sparedent fire.

Six widely separated areas were found to be inhabited by Malleefowl, and
breeding was confirmed in four of these areas. We conclude from these data
that there are probably 22D breeding pairs on the property.

Yeelirrie Malleefowl are highly localised at Yeelirribut we foundno
evidence that the species is in decliflee birds are still occupyingreasn
whichther footprintswere detected in 0 and 2003and occur irall five
areas in whichmoundshave beemncountered during our surveys.

Recent mnagement of Yeelirrithusappeas to havebeenfavourable for
Malleefowl, although the frequency and extent of wildfire during the past five
yearss (in particular) is a concern. Accurate fire maps of these and historical
fires would be valuabléor understanding the long term response of species
such as Malleefowknd of critical importanceo planning fire management.

The most important contioution that managers can make toward the
conservation of Malleefowl at Yeelirrie is tmntinue to manage the property

in an ecologically sensitive way, atw continue tanonitor the existing
Malleefowl population. Continued monitoring will provide thieedback that
managers need to assess the success (or otherwise) of management actions.
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Recommendations

1.

Monitoring Malleefow! at Yeelirrie is an important contribution to the
conservation of the species and shouldiocome for the foreseeable futureh@
Malleefowl population at Yeelirrie is of particular significance to the
conservation of the species as it is one of the sysematically surveyed
populations in the arid zone, and the only monitoring site representing the vast
mulga shrublands of We=rn Australia. Continued monitorings needed to
measure trends in the population angtovide the feedback that managers
need to assess the success (or otherwise) of management &xgrits of
the monitoring should be made available to the Natibzleefowl Recovery
Team and methods should be standardised across theoadgdvhere
possible.

An effective monitoring program will require both the inspection of known
mounds and tracking within selected areas, and careful training of observers.
While mounds provide a good basis for monitoring, the locations of relatively
few mounds are known at Yeelirrie and currently the persistence of the birds
in some areas can only be assessed by tracking. Training of observers is of
paramount importance andfuture consideration should be given to testing
the ability of observers to detect Malleefowl prints, and all Malleefowl prints
detected in the field should be photographed for verification.

The six widely separated areas at Yeelirrie in which Malleefawvéheen

shown to occur should now be monitored routinely to determine the
persistence of Malleefowl in these areas. This information is relatively easy to
obtain and would provide an appropriate base level of monitoring.

Where time and volunteers areadable, and effort should be made to locate
mounds, especially active mounds, in areas where concentrations of
Malleefowl prints have been recorded. Techniques are available for small
numbers of people to locate active mounds, although larger groupsuaiéy
needed to locate all the mounds in an area. Any mounds located should be
monitored in the future both because Malleefowl reuse mounds, and because
Malleefowl footprints often occur on disused mounds and thus provide
evidence of the species persigte in the area.

While monitoring should be the focus of subsequent visits to Yeelirrie, survey
is still important both within and outside the property. Where time and
volunteers are available, searching in new areas will continue to be useful
provided he results are carefully documented and habitat photos and
descriptions are obtained. Habitat maps, especially historical fire maps, would
be invaluable for future planning of surveys and kinterpreting the results
already obtained.

Management of Yeetiie has, in general, been conducive to Malleefowl
conservation and continuation of current management practises is
recommended.

A fire management plan for Malleefowl at Yeelirrie, incorporating an
assessment of the vulnerability of remaining Malleefoabitat,is an urgent
priority. Fire management strategies should be devised to protect the
remaining Malleefowl populations from large fires in particular. Mapping and
digitising the extent and dates of all fires in the past 30 years would be an
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excellentway to start this process. This information, together with habitat
mapping and Malleefowl distribution (as provided in this report), should be
the basis of the fire management plan for the species at Yeelirrie.

8. Large fires should be discouraged in ar@ashich Malleefow! occur, and
grazing by sheep should be restricted to levels at or below those of the past
decade or so in the vicinity of Malleefow! areas.

9. Kangaroos are routinely culled at Yeelirrie and this practice should continue
while their numbersire high, their natural predators are controlled, and water
is artificially provided for stock. Currently, Yeelirrie is destocked of sheep, but
kangaroos are numerous and seemingly ubiquitous. Detrimental effects on
Malleefowl due to high numbers of sipdgave been documented, and similar
effects might occur due to kangaroos where their numbers are unusually high.
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Introduction

Project

The Malleefowl preservation group (MPG) and BHP Billitdickel West (formerly

WMC Resources) have been working together successfully since 2000 on Malleefowl
research at Yeelirrie, a pastoral lease owned by BHP Billiton Nickel West. This
partnership hasnabled the MPG to conduct searches for Malleefow! using

community volunteers and provide information and management recommendations to
enhance the conservation of Malleefowl at Yeelirrie.

Background

Malleefowl (Leipoa ocellatpis gazetted as a specibsttis rare or threatened with
extinction in WA and regarded as vulnerable nation@lnshemesh 2000, Garnett

and Crowley 2000) The speciess best known from the serarid zone where

clearing, overgrazing, and inappropriate fire regimes have caused substantial decline
in its distributionand abundance. In the arid zone, few Malleefow! studies have been
conducted and the speciesd distribution ani
historical records from early this century suggest that Malleefowl were found in the
southwest of the Nottern Territory as far north as the Tanami Desert, throughout
much of the western half of South Australia, and through much of southern and
central Western Australia (Figure 1). Since then, Malleefowl appear to have declined
substantially in the arid zorwd Australia and they are probably extinct in the

Northern Territory.

These declines and the increasingly uncertain future of Malleefowl clearly indicate an
urgent need to describe the distribution of the species, understand its habitat
requirements, anatmonitor its population trends in arid Australia. Such studies are
regarded as being of utmost importance to the conservation of Malleefowl nationally
(Benshemesh 2000, Garnett and Crowley 2000)

While learning about the distribution and trends of Malleefowl in the arid zone is of
great impotance, gathering the required information is a challer@enventional
methods of survey and monitoring, such as sightings or trapping, are not efficient for
detecting Malleefowl as the birds asky and crypti@and often elude detection.
Malleefowl ness, or moundsare conspicuouand are used to monitor Malleefowl in
southern areas where their densities are relatively higharewidely dispersedn

arid environmentand difficult to find However, substrates are typicadigndyand
exposed in aridreas and these characteristics make tracking especially useful for
detecting larger groundwelling species such as Malleefowl. In fasgarchindor the

b i rfaofprnts is often the best way of detectMglleefowlin arid areas

Malleefowl prints aredistinctive and conspicuouand during mild weathdhese

prints accumulatéor days orevenweekso f or m a record of a birc
movements

Why Yeelirrie is important

Yeelirrie station is an example of the pastoral properties in centraMi¢h still
retain much of their natural vegetation and provide important areas for the
conservation of threatened species, such as Malleefowl. Inhabiteshisil and
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scattered population of Malleefowl, Yeelirrie has been sensitively managed for
consenration in the past and this is likely to continue into the future. Increasing our
knowledge of the distribution and abundance of Malleefowl at Yeelirrie will further
encourage sensitive management and provide important information on the ecology
and conseration of the species across the arid zone.

The Yeelirrie project aims to map and monitor the occurrence of Malleefow! within
the station boundaries, and in nearby areas of particular interest. This aim is
ambitious (Yeelirrie itself covers 2,750 RKnandof great importance to the
conservation of Malleefowthroughouthe arid zone. While methods of survey and
monitoring Malleefowl in semarid areas is well established, these methods do not
work well in arid habitats because of the scale of these anda$fi@ characteristically
low densities of Malleefowl. The Yeelirrie project is the most thorough attempt to
develop methods for survey and monitoring for Malleefowl in the arid zone. In this
regard, the methods developed will be of interest to any gsaipng to conduct
similar work, while the results obtained in this study will provide a basis for
interpreting the ecology of Malleefowl in the arid zone.

Previous surveys

Malleefowl are known to occur on Yeelirrie Station and have been seen there on
seveal occasions by staff and other observers over the past few delcapasicular,

a number of records of Malleefowl were obtained in the 1980s by the Western
Australia Museun{Benshemesh and Malleefowl Preservation Group 20012000

the MPGbegan Malleefowl surveys at Yeelirrie andgbehave continued every few
years to the current study.

2000

The Yeelirrie project began in 2000 with a team of MPG volunteers. Overr2@ik
transects were searched for Malleefowl signs, resulting in nearly 200 signs of
Malleefowl (mostly prints) and over 750 site descriptions. Site descriptions involved
information on the frequency of various largeimal prints, tracking conditions and
habitat and were obtained every 200m along search tranSegemnteen mounds were
found during these surveys, and one of these was fully active (i.e. completed and
likely to contain eggs).

2003

The MPG returned to Yeelirrie in 2003 and completed over B0fktransect

searches. However, heavy rain severely impaired tracking conditions and together
with changed methodology this resulted in fewer signs of Malleefowl (11 prints and
10 mounds) being recorded. Similarly, fewer site descriptions were alsdedco

The fact that far fewer Malleefow! prints were detected in 2003 than 2000 despite an
increase in the distance searched for prints might indicate a decline of Malleefowl at
Yeelirrie. However, the effects of the rain and changed methodology make dire
comparison difficult. On the positive side, two new active nests were located at
Yeelirrie in 2003 and Malleefowl prints were located in many areas that they had been
in 2000, and in several new areas.
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2004

George and Joan White monitored the 27 knawainds at Yeelirrie iNovember
2004 and recorded three of these as fully active.

Aims of 2006 surveys
The focus in 2006 was to consolidate the information collected to date and improve

our knowledge of the distribution, abundance and conservation lefeétav| at
Yeelirrie. In particular, we aimed to obtain information on:

e The persistence of Malleefowl in areas in which they have been previously
recorded;

e The distribution of Malleefowl| across the Yeelirrie landscape; and

e The relationships betwe¢nh e birdsdé distribution and ot
types.

More gecifically, our aims in the field were to:

e Develop appropriate methods and train volunteers to recognise Malleefow! signs,
navigate off tracks, and collect scientific data;

e Conduct sgtematic searches for Malleefowl prints and other signs, especially in
areas where the species has previously been recorded;

e Report the findings of these searches in regard to the distribution and habitat
of Malleefowl, and in a form that will be uséfior monitoring the population;

e Provide recommendations to improve the understanding and management of
Malleefowl at Yeelirrie Station.
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Methods

Study area: Yeelirrie Station

Yeelirrie Station is an operational pastoral property lease8H#y Billiton Nickel

West The property spans some 275,000 ha and is located about 80 km south of

Wiluna, 400 km nortinorth-westof Kalgoorlie, and 670 kmorth-east of Perth

(Figure 1). The climate is typically dry with an average rainfall of about 210 mm per
annum, altbugh yearly variation is high (between 43 and 505 mm). Most rain (about

64%) falls in heavy summer storms, and occasionally (1 in 10 years on average) the

area also receives substantial downpours from dissipating tropical cyclones. Rain is

also received uring the winter with the passage of southern cold fronts. The landform
comprises a raised plateau (Old Plateau) which has eroded to form granitic
breakawayspo®d, 6aqmudnppedi ments and alluvi al
Acacia woodland and shrublhn and hummock gr @riedal ands or
basedowy), dominate the vegetation. The property was developed for pastoral

production in 1925, but between 1974 and 1986 Yeelirrie was largely destocked by
Western Mirng Corporation (now BPH Billdn, Nickel West) Subsequently the

property ran a relatively small number of sheep until quite recently when it was once
again destockedue to intractable predator (dog) problems.

General survey

Training

Training of volunteers involved instruction on the reatign of animal tracks, the

use of equipment (GPS, palm handheld computers, digital cameras, radios), and safety
procedures. In particular, volunteers were provided with scaled photographs of the
prints of various animals likely to be encountered at Yieeliand a manual that

detailed methods (Appenddj. Before searching for Malleefowl prints, volunteers

were taken to areas in which Malleefowl prints could be seen on the ground so that
each person had a clear seairoage of the target of the surveys.

Revisiting mounds

Twenty severmounds weré&nown previoushat Yeelirrie and most of these were
visited on foot guided bPS. Mounds were monitored using standard national
monitoring protocols for Malleefowl and data were recorded on Cybertracker (see
below).

Tracking

Malleefowl are difficult animals to survey because they are rare, secretive and well
camouflaged. Howevetheir footprints are relatively large and distinctive and
Malleefowl can be readily tracked suitable habitatTo sample the Hatats at
Yeelirrie, we walked predetermined transects in search of the birds footprints.
Transects were rectangles with long sides of about 4 km and short sides of 750
1000m, and orientated such that the long sidesasrientated easwest to maximise
lighting from the side and ahead.

F
0
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Volunteers were instructed to record every Malleefowl track encounterethrand
validation,to photograph at least the first thidelleefowl prints encountered on each
transect or part transect completed. Every 20@runteers stopped and recorded:

e General habitat (open, shrubby, or woodland) and canopy height (less than
2m, 24m, and over 4m)

e Tracking conditions
¢ Prints of other animals observed in the past 200m
e Photographs

Selection of Transects

Transects were selected the basis of a number of consideratioasgg available
satellite imagery and GIS mapping kindly provided by David Gifford (BHP Billiton
Nickel Wesj}, Breton Clifford, and Google Earth

e Access tracksaccess to many areas in Yeelirrie is limited andrpyiovas
given to those areas

e Previousknowledge measuring the persistence of Malleefowl where they had
recently been recorded is a major project aim dinsuahareaswererevisited
in 2006. Historical records (before 2000) were also included whesybe,
although the accuracy of the records, especially the associated loocatisns,
often unknown.

e Habitat Stony granitic areas and wash plains were avoided as tracking is
generally not possiblen these substrate§ hese areas are often open, ass |
suitable for nesting by the birds, and are generally thought to be suboptimal
habitat for Malleefowl which tend to prefer sandy, well vegetated habitat
(Frith 1962ap, Benshemesh 20Q0WVery open and recently burnt areas were
also avoided because they are considered suboptiiiaile stony and open
habitats were avoided, these habitats were nonetheless sampled on many
transects incidentally: transects were ab@kni in total length and a range of
habitats was necessarily traversed in order to sample more preferred habitats.

e SpreadWe spread transects as widely as possilber considerations
notwithstanding.

It was not possible to predict with any confidertoe humber of transects that would

be completeddue both to the chance of rain (which would remove accumulated prints
and reduce tracking conditions feeveraddays) and because the exact number and
capabilitiesof volunteers was uncertaituring the planing for fieldwork

Accordinglywe prioritised transects so that the most important transects were visited
first.

e Priornity A transects (15) sampled areas in which Malleefowl had been
recorded in 2000 or 2003all transects in which Malleefowl had preusgly
been recorded were included in Priority Ahe primary purpose of these
transects was to record whether Malleefowl were still present in these areas.

e Priority B transect$18) mostly sampled new areas but included a few
transectshathad been pody sampled previously due to rain or other factors.
New transects were situated in areas near where Malleefowl had been

10
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previously recorded, or in areas that appeared on satellite images to be similar
to areas where Malleefowl had previously been recorded

e Priority C transects (1@ppeared generally less suitable for Malleefow! than
Priority B ard included a greater proportion of transects that were searched in
previous years.

e Priority D transects (13) sampled areas in which there was considered to be
only a low chance oéncountering Malleefowl; these transects mostly sampled
very open habitats.

Transect corners and priorities are provided in Appehdix

Cybertracker

All data were recorded on Palm handheld computers connected to GPS units. We
used an pplication named Cybertracker to program a series of screens on the Palm
devises for data collectiorCybertracker also records GPS coordinates with every
data recordAppendix2 provides a schematic diagram of the sequence of screens
used on the surveipata were downloaded from palms every evening in the field and
were later transferred to a Microsoft Access database.

Photos

Digital photography was used to record prints for later verification and for reference.
In particular, volunteers photographed Habitat every 200m along transects, and the
first three Malleefowl footprints they encountered on a transect. Digital photos were
downloaded from cameras in the field and filed by date and transect. To provide
ready access to these photos, we latermexaall photos in regard to the transect
name date, and a code thaniquelyidentified each photo with its associated record
on the database.

Miscellaneous information

Lists of birds and plants recorded by volunteers are presented in the Appendices of
this report.

11
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Results

Transects

Between 1425 August 2006 a total of 31 transects were complatelliding all
Priority A transects (15) and a selection of priority B and C trang¢emsrel). In
total, abouB816 kmof transects were searched for Maftewl signsand 1634 data
recordswere obtained Mostof these data records (14 4gscribed the general
habitats, tracking conditions, and animahts encountered andereobtainedevery
200m along transect$he remaining 157 data records were mostlilalleefowl
signs (06 records oprints andor nests) as well asotes on prints of other animals
or general observations.

Overall, 21 people wernavolvedin recording data in the field, and in most cases
people worked in groups of three (94% of rets)rand occasionally in groups of two
or four. 1668 digital photos were obtain@dppendix3 and on CD)primarily of
habitat but also animal printand 1620 (97%)f thesewere cross indexed on the
database Habitat photos were obtained for virtually 200m stops along transects
(99%)

Malleefowl print confirmations

Volunteers were instructed to photograph the first few Malleefow! prints they
recorded on each transect and day, and in total 35 photos were obtained representing
the 92 Malleefowl printsecorded during this study. While most (86%) of the photos
were confirmed by one of us (JB) @sfinitely beingfrom Malleefowl, there were

some errors. Five of the 35 photos were in fact of the prints of other foudsf

which were probably oforvids and onef which was probably gery faded print of

a Bustard. All the Corvid printsthatwere mistaken for Malleefowdccurredon one
transect (s96) on the second day of surveys by the saseevey and three of the four
Corvid prints were recordedlithin the first hour of walking the transecilhereatfter,
several photos were obtained of actual Malleefowl! prints, and although one other
Corvid print was recorded later in the day, notes indicated that there was doubt that
the print was in fact of Mieefowl. Thus, it seemed the observer refined his search
image during the course of the dayceactual Malleefowl prints werebserved

Although six Malleefowl prints were recorded but not photographed on this transect,
we considered these to be crdeias thg followedtwo photos otonfirmed

Malleefowl prints on this transect

The Bustard print that was mistaken for Malleefowl occurred at the end of the study
and was faded and indistinct and may have been difficult to read in the field.

These errag thus appeared to be isolated cases and there was little reason to doubt
that other records of Malleefowl prints for which there were no photos were likely to
be erroneous. In this regard, it is worth noting Htdéast somghoto verification

was obtied of Malleefowl prints on all transects along which Malleefowl prints
were recorded.

General tracking and habitat

Conditions for detecting the prints of animadgiedacross the Yeelirrie landscape:
sites rated agoodj Gairdand@oordeach repesented about 30% of records, whereas
sites rated admpossiblérepresented only 11% of records. These subjectively rated

12
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Figure 1. Transects completed in 2006. Each dot in the image comprising the transects
represents a data record (tracking, habitat classification, and digital photo) except transect
s93 for which GPS data was not obtained. Station boundaries are shown as black lines, and
tracks as blue lines. Background satellite imagery (LandSat) obtained in 2001.
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tracking scoreslid not reflectthe success of trackirand the average number of

species detected by volunteers in the gémidand poor tracking sites was

remarkably similar at 2.7 to 2.9 species per 200m, although0.4species were
recordedatsie r egar ded as ?).iSmgaonsimberb df gpécie{wereg ur e
also identified at sites categorised in regard to habitat type (Figure 3) and canopy

height (Figure 4).
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Figure 2. Average number of species detected in 200m sections of transects (n=1423 sites)
subjectively categorised in relation to tracking conditions.
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Figure 3. Average number of species detected in 200m sections of transects (n=1423 sites)
categorised in relation to gross habitat type.
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Figure 4. Average number of species detected in 200m sections of transects (n=1423 sites)
categorised in relation to gross canopy height.
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Representation of Habitat type and canopy height

Figure5 shows the representation of the combined habitat type and cangpy hei
categories for the 1423 sites along transects. Shrubby habitat-éithcanopy

height was by far the most commbabitatcanopy class accounting for 45% of all

sites. Woodland habitat was generally poorly represented and in subsequent analyses
we pmled all woodlandhabitats into one class: Woodland >2m (there were no
examples of Woodland <2m). Similarly, we pooled Opem2with Open >4m into

one class named Open >2m.
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% Sites
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Open
2-4m
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Shrubby
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>4m
Woodland
<2m
Woodland
2-4m
Woodland
>4m

Figure 5. Representation of the combined habitat type and canopy height categories for 1423
sites along transects

Individual species tracks and correlations

Kangaroosvere the most frequently recorded species during transecis;ringat
79%o0f the 1423 sitelocated ever00m intervals along transegt&gure6).
Echidna emu and goannaerealso commonly recorded and occureed %%, 46%
and42% of sites respectivelyyhereas rabbits occurred14% of sites. Malleefowl,
dogs, foxes and cats were all recorded-8%slof sites along transects.

Of thethirteen animals that were tracked at Yeelirrie, several showed preferences o
avoidances of particular habite&nopy classes (Tablg. In particular, Malleefowl
showed a strong preference for Shrubby habitat witlen Zanopy, the most

common associ#n at Yeelirrie, angberhapslso for Woodland, and an avoidance of
other habitats Kangaroos, emus, echidnaheep rabbitand goannawere also
distributed very unevenly in regard to habitat canopy cladsegeneral these species
tended to prefehabitats that were Shrubby and avoid those recorded as Open,
although emus showed a distinct preference for Open and Shrubby habitat with less
than 2m canopyMammalian predator&logs, foxes and cats) generally showed no
association with habitatanopy tasses, although there was a slight tendency for cats
to be more frequently encountered in Shrubby habitat where the canopy was less than
2m.
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Animal prints

Figure 6. Frequency at which various animal prints occurred at sites along transects (n=1423

sites).

Table 1. Frequency at which various animal prints occurred in different habitat types. Habitat
class and canopy height information were combined to form six main habitat types, and some
of these were merged where they represented less than 10% of sites. Bold font indicates
where a species appeared to show a preference for a habitat type, and shaded cells indicate
an apparent avoidance of a habitat type. Chi-square tests were used to estimate statistical

significance: + p<0.05, + + P<0.01, + + + P<0.0001.

Habitat class Open: Open:  Shrubby: Shrubby:  Shrubby: Woodland P
<2m >2m <2m 2-4m >4m

n 251 127 182 634 179 49

Malleefowl 0 1 5 63 5 6 T+

Dog 12 9 16 32 5 1

Fox 3 7 10 27 5 2

Cat 10 6 15 22 5 0 -

Kdoo 168 86 150 528 154 37 T+

Sheep 0 0 1 6 6 0 -+

Cattle 0 0 0 0 0 0

Camel 1 0 3 4 1 0

Bustard 4 0 2 1 0 0

Emu 149 46 117 236 83 22 T

Rabbit 30 8 21 102 35 3 -+

Echidna 98 46 62 370 108 16 T+

Goanna 83 33 85 306 77 19 -+

Other 0 0 0 4 1 0

Average 2.2 1.9 2.7 2.7 2.7 2.2

spp./site

Several spcies also showed preferences or avoidancaseat with different gross

fire history We did not have fire maps of Yeelirrie, and the imagery available to us
pre-dated most of the recent fires that were apparent in the field, but we were able to
classifysites in broad fire history groups using the habitat photos that were obtained
every 200m along transects (TaB)e Malleefowl, echidna and goanna all showed a
strong association with unburnt habitat and an avoidance of recently burnt habitat,
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whereashe converse was true for emu and caBther species showed no particular
preference.

Table 2. Frequency at which various animal prints occurred in areas of different fire history, as
determined from photos taken at every 200m tracking site along transects. Bold font
indicates where a species appeared to show a preference for a habitat type, and shaded cells
indicate an apparent avoidance of a habitat type. Chi-square tests were used to estimate

statistical significance: + p<0.05, + + P<0.01, + + + P<.0.0001.

Habitat class Burntin past Unclear  Unburnt for P
decade or mix >20 yrs

n 552 100 744

Malleefowl 74 60 i+

Dog 30 8 36

Fox 22 4 26

Cat 37 2 [ s

Koéroo 437 83 585

Sheep 7 0 6

Cattle 0 0 0

Camel 6 0 2

Bustard 5 0 2

Emu 363 47 | 285 +++

Rabbit 70 12 113

Echidna 59 441 T+

Goanna 42 350 T

Other 1 4

Average spp./site 25 2.6 2.5

Figure 7. Broad fire
history classes as
determined from digital
photos of habitats. White
parts of the transects
indicate areas burnt
within the past 10 years,
black indicates areas
burnt more than 20 years
ago, and grey indicates
areas between these
classes (often mixed).
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Land system representation along transects

The Bullimore land system was by far the most common land systentesbdyping
this study, accounting for over three quarters of sites along transects Y ablee
Yanganoo land system accounted for about 10% of sites, and eight land systems
combinedaccounted for only nine percent of sites (about 4% of sites fellrwithi
unclassified parts of the GIS layer).

Malleefowl prints were recorded in six different land systems thisdncludedall

land systems in which we samplesh or more sites (Tab®. Malleefow! prints were
recordedn 3% of Bullimoreand4% of Yangano sites. Higher proportions of sites

Kalli, Desdemona and Norie land systems were recorded with Malleefowl prints.
However, these land systems were poorly represented along the transects and the
higher percentages do not necessarily suggest preferetioe biyds for these land
systems. In each of these cases, the Malleefowl prints recorded in these land systems
were associated with a larger number of prints in neighbouring Bullimore sites.

Malleefowl mounds also occurred in a variety of land systeWhile about half of

all mounds that were recorded occurred in Bullimore land system, and 30% in
Yanganoo, mounds also occurred in Desdemona, Kalli and Norie. Active mounds
also showed little preference for land systemsaoairred in all of these land
systems except Kalli.

Table 3. Representation of land systems along the survey transects. The number of sites in

which Malleefowl prints were recorded is also shown. Sites were evenly placed every 200m
along rectangular transects of 10km total length.

Code Name Number % Habitat description Number of % sites with
sites sites sites with ~ Malleefowl
Malleefowl prints
prints

Blm Bullimore 1202 76% Acacia shrublands over 44 4%
spinifex

Yng Yanganoo 169 11% Groved mulga with 5 3%
wanderrie grasses

She Sherwood 47 3% Granite breakaways 1 2%
with mulga

Kal Kalli (s12a 36 2% Bowgada shrublands 5 12%

and s13) over wanderrie grasses

Des Desdemona 33 2% Acacia shrublands over 2 6%
wanderrie grasses

Nor Norie 10 0.6% Granite hills with 2 17%
acacia shrublands

Win Windarra 7 0.4% Stony plains with 0 0%
acacia-eremophila
shrublands

Wag Waguin 5 0.3% Stony and sanndy 0 0%
plains with mixed
acacia

Chl Challenge 4  0.3% Granitic plains with 0 0%
acacia

Mok Monk 2 0.1% Wash plains with 0 0%
mulga and wanderrie
grasses
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Malleefowl mounds

Volunteersrecordeda total 0f32 mounds during the 200€urveys at Yeelirrie. Of
these,24 had been found during previous surveys and eight were newly described
(Table4). Howeverthreenests that had been previously descrivede not visited

(N10, N13 and N20)An attempt was made to locate Ndiit it was not found at the
coordinates providedSimilarly, the mound was not found when George and Joan
White inspected all the known mounds in November 2004. It seems the et@sdin

of this mound were changed in 2003, and this was most likely an error rather than a
correction. The original coordinates have now been reinstated and have been entered
onto the database record for this mound in 2028.8963, 120.0312, wgs84N10

was considered old and inconspicuous when it was located in 2000 and 2003 at the
original coordinates It should be revisited next time the mounds are monitored at
Yeelirrie.

The reason for the oth&wo nests not being recorded is unc|daut both N13on

transect s95and N20(on transect s9gre close to other mounds that were visiied

is possible that unsuccessful attempts were made to locate these mounds but that these
were not recordedWhile N13 was visited in both RO and 2003 and was regad

as an old mound with spinifex (Triodia sp.) growing om0 was first found in

2003 and had been worked by Malleefowl in recent years.

Activity

Five mounds showed advanced and fresh stages of renovation when mounds were
inspected in August 200Fhesefive mounds (as well as some others) were vidited
George and Joan While in October 2@0@ four mounds had been completed, were
being worked and were likely to have contained eggs (Mounds N23, N29, N30, N32).
Mound N34 had not been completed &mel heaped litter in the mound had not been
covered with sand, but there were signs of attendance by Malleefowl and large pieces
of fresh eggshell were recorded and photographed, suggesting that a pair of breeding

Malleefowl were in attendana@nd an egg @as probably laidalthough the mound was
not fully operational.

New nests

Nine mounds were newly recorded during the study. While some of these may not in
fact be Malleefowl mounds, a surprising number of new mounds were clearly
attended by Malleefowl: far were in advanced stages of renovation, and three of
these became fully active later in the season. In contrast, only one ofrieuds

that were known from previous surveyas in an advance stage of renovation in
August.

Uncertain mounds

A numkber ofrecords oimounds in previous years and in 2@06 dubious, or if they

were once used by Malleefowl, they are now so old and degraded that they cannot be
reliably identified as Malleefowl mounds03, n06, n15, n17, n21, n22, n24, n27 and
n35). Mos of these mounds were marked for removal from monitoring lists in 2003,
but we decided to examine them one last time to document their appearance more
thoroughlybefore they were removed from the monitoring lisinfortunately, not all

of these mounds we photographed or described in detail in 2006 either, but the
comments corroborate those of 2003 and there would seem little point in expending
much effort in returning to these siteNonethelessquick checks on the condition of
these dubious moundsnenetheless advisable wheheyare close to other mounds
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thataremonitored and where little extra effort is requiteccheck on them. This is
especially the case for n15 which was a recognisable mound in 2000 but appears to
have degraded severely.

Table 4. Malleefowl mounds known for Yeelirrie and brief descriptions of their conditions

during the four mound monitoring seasons undertaken by MPG volunteers. Whether each of

these has been confirmed as a Mal |l ecerfforwl &6 moaumadd tihse i
type of data collected in 2006 is also shown (log note indicates that reference to visiting the

mound was made in the log book, but no photographs were taken or data sheets recorded).

Asterisks indicate records that are dubious.

Transect 2000 2003 2004 2006 Cnfm. Data 2006
NO1 s92 ACTIVE not active  not active not active Yes Photo, desc.
NO2  s92 old not active  not active  old Yes Log note only
NO3* 92 old olid ?mound? ?mound? No Log note only
NO4  s91 old (][] ?mound? old Yes Photo, desc.
NO5 s91 old not active  not active old Yes Photo, desc.
NO6* s95 old olid ?mound? ?mound? No Log note only
NO7 s94 not active not active  not active old Yes Photo, desc.
NO8 s94 old not active  old old Yes desc.
NO9  s95 not active Old not active old Yes Photo, desc.
N10  s93 old not active  notvisited notvisited No Log note only
N11 s94 not active not active  not active old Yes Photo, desc.
N12  s95 old not active  old old Yes Photo, desc.
N13  s95 old Oold not active not visited  Yes
N14  s97 not active not active  not active old Yes Photo, desc.
N15* s97 old Old ?mound? old Yes Photo, desc.
N16  s23 old Old old old Yes Log note only
N17* s23 old ?mound? ?mound? ?mound? No Photo, desc.
N18 sl2a ACTIVE ACTIVE not active Yes Photo, desc.
N19 sl2a not active  ACTIVE not active Yes Photo
N20 s91 not active  not active not visited  Yes
N21* s91 Old ?mound? ?mound? No Photo, desc.
N22* sb Old ?mound? ?mound? No desc.
N23  s23 ACTIVE ACTIVE ACTIVE Yes Photo, desc.
N24* s23 not active  ?mound? ?mound? No Photo, desc.
N25 s96 not active  not active Yes desc.
N26  s95 old not active old Yes Photo, desc.
N27* s23 ?mound? ?mound? ?mound? No Photo, desc.
N28  s95 old Yes Photo, desc.
N29 sl2a ACTIVE Yes Photo, desc.
N30 s27 ACTIVE Yes Photo, desc.
N31 s3 Oold? No CT note only
N32 s92 ACTIVE Yes Photo, desc.
N33 sl2a ?mound? No Photo, desc.
N34  s97 ACTIVE Yes Photo, desc.
N35* s17 ?mound? No Photo, desc.
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Details of searches in specific areas

To make it easieto find the details of specific transedislow, transect names are
shown in bold format where they are fidiscussed in detalil.

North

There were five transects completed in the nodhtral section of Yeelirrie.

Transectsl, s91, s92 and s2ampl&l a generadrea visited in both 2000 and 2003

that comprises mostly spinifex/acacia shrublands (Bullimore $gstem much of

which was recently burhand mulga shrublands (Yanganoo laystem) to the west

of the granitic breakaways and stony plainsgi®vood lanesystem) Trackingwas
generally regarded to be good and was reco
breakaway parts of the transects. However, only one Malleefow! print was recorded
(on S1), and this was photographed and confirmed. r&leweunds were also

recorded on these transects and all but one of thesekn@na from previous

surveys and were inactivd he single mound that was newly recorded was active
(n32) and was only 330 metres from nO1 which as active in 2Gd@n the pesence

of the active mound it is surprising that no Malleefowl prints were recorded on this
transect or those on either side: it is likely that observers mistook Malleefowl tracks
for other spe@s. Emus, kangaroos and echidnas were all frequently relconddis
transectbut no photographs of these prints were obtained

Although only one Malleefowl print was recorded, the presence of the active mound
severakilometresto the south of the print confirms that at least one pair of

Malleefowl inhabits ths area. In 2000, dozens of prints and an active mawig (

were recorded in this general area and it was concluded that at least one and probably
two pairs of Malleefow! inhabited the aré@enshemesh and Malleefow! Preservation
Group 2001) In 2003 few prints were recaxddue to rain, but a Malleefowl was

heard and sighted not far from n32 and nO1.

The 2006 resulthusconfirms that Malleefow! still occur and breed instlhireaMore

than half of the sites along the transects walked in 2006 were burnt in the last year or
two. These fires appear to have mostly burnt the acacia shrublands over spinifex
(Bullimore land system) rather than théjacenimulga shrublands overamderrie

grasses (Yanganoo laisgstem). In 200@efore the recent firebpth these habitat

types werantensively sampled but Malleefowl prints were much more abundant in

the mulga shrublands. Thus, while fires have burnt much habitat in this ahea in t

past few years, the preferred habitat for Malleefowl does not seem to have been
greatly reduced and the birds may not have been deleteriously affected by these fires.

Transects20j sampled an area the vicinity of a sighting of Malleefowl! recorded in
1976 (Western Australian Museurr824). The transect comprissdinifex/acacia
shrublands (Bullimore landystem)muchof which was less than two metres in
heightand recently burnptand mulga shrublands (Yanganoo laystem). Tracking

was regarded d®ing good and numerous emu, kangaroo, goanna and other animals
were recorded. HoweverpMalleefowlsigns were recorded.

North east

Three transects®l, s22, sHesampled the north east corner of Yeelirrie, although
most of the sampled area was attyuan Albion Downs. Tracking was regarded as
generallygood to poor in places, and habitats were mostly spinifex/acacia shrublands
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(Bullimore landsystem) and the western half of s56 also samples mulga shrublands
(Yanganoo langystem). No Malleefowl gns were recorded, but emu, kangaroo,
goanna and echidrsagnswere all frequently recordedlransects were located in this

area because previous records suggested that Malleefowl may occur there: in 2003 an
old Malleefowl! print was recorded in this ar@et confirmed by photo); the Western
Australian Museum records a sighting in 1982 (WAN19); and Mr Bob Bygs

(previous manager) also recalled seeing a Malleefowl in thiSBereshemesh and
Malleefowl Preservation Group 200yo prints were recorded in this area in 2000

when tracks were searched for, and no nests have been recorded for this area.

Central

Eleven transects were located in the central region of Yeefiouejn the wes(s12a,
s12j, s11j, s31x), two in the north (s13, s15) and five in the south (s3, s93, s94, s95
and s96).

Central wessites(s12a, s12j, s11j, s3)»sampleda lobe of spinifex/acacia

shrublands (Bullimore landystem) surrounded on thredess by breakaway habitat
(Sherwood landsystem)lrackingwas generally regarded as gdogboor with
scattered ar eas Ggespgcallydresd2jamdslaa.i Hapitatsveieb | e
varied, and numerous Malleefowl prints were recorded both in thile (g31x and

northern parts of s11j), and in the south (s1Ba) Malleefow! were not recorded in

between where the habitats tended to be more open and less than two metres in height.

The northern area had not been sampled previously and although s\oveest
encountered, the numerous Malleefowl! prints (most photographed and confirmed)
suggesthat at least one pair oésident birds and active mowgyarobably occur in

this area as well.

In the south othe central west arest s12g Malleefowl printsandoneactive mound

had been recorded in 2003L8), and two active mounds were recorded in 2004 (n18
and n19; 1.3 km apartAlthough neither of these mounds was actin2006,a new

active mound (n29) was found in the same general area. This mouihe wadilled

in August, and was fully active when revisited in November by George and Joan
White. NumerousMalleefowl! printsoccurred within 1.5 km of this mound, most of
which were located within the Kalli land system characterised by bowgada shrublands
over wanderrie grasses. As more Malleefowl prints (most confirmed) were found 2.8
to 3.8 kmfurther to the wedrom the active mound, it is possible that another
Malleefowl pair inhabits the western half of s12a that is characterised by acacia
shrublandsand spinifex grasses (Bullimore land system).

TheMalleefowl signs in thesouth and nortbf the central west argeparated by-3
km, and it is likely that at least two pairs of Malleefoathd perhaps three of four
pairs,inhabit theareasampled by &nsectsKangaroo, emu, echidna, rabbits and
goanna tracks were all well represented along the central west transects.

Central nortrsites(s13 ands19 sampledmostly acacia shrublands and spinifex

grasses (Bullimore land system), with some shrublandsweaederrie grasses in the
western half of s13. Tracking was regarded as good to poor and no sites were
considered O0i mpossibled. Ha b4ntcanbpyal ong
height, while s15 comprised more open country which, judging fromahitai

photos, had mostly been burnt in the past few years. S15 was selected because there
are several records of Malleefomgarby from 1976 and 1982 (WAM record818,

1-321, 1323). The Yeelirrie homestead is also nearby and it is possible that these
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records represent approximate locations for Yeelirrie station rather than accurate spot
sightings. In any case, no signs of Malleefowl were recorded along either transect.

Central soutlsites(s3, s93, s94, s95 and 3%ampledhorth of the jumpup areaon

the Sandstone Rd, 15 km south of Yeelirrie homegteadshemesh and Malleefowl
Preservation Group 20Q1Malleefow! had been sighted in this area numerous times
in the @st by resident managers Bolg&s and Doug Brownlie, and there was one
Western Australia Museum record from 19823¢0). The MPG surveys ir0@0
recorded dozen®ver 30)of prints in this area in three distindusters, and in 2003

six prints were remrded scattered across the five transects completed in this area at
that time. In 2006, we also completed five transects in thissad@corded 19

prints of Malleefowl, eight of which were confirmed by photograpMalleefowl
distributionappeas to havedeclined in this area since 2000: no Malleefowl prints
were detected north of s94 2006 and only one print was reported in 2003 on s3
whereas in 2000 numerous prints were recorded in the vicinity of s93 along the track
to Tonis Bore.Similarly, werecorded few prints on the eastern sides of s94, s95 and
s96 where prints were often recorded in 2000.

Much of this decline in the distribution of Malleefowl in the central south can be
attributed to recent fire3.hesefires were not apparent on theedbitte imagery that

was available to us, or on Google Earth imagkeuwy,the intensity and extent of the

fires are apparent on the digital habitat photos. These photos shownosiaif the

areas in which Malleefowl were recorded in 2000 but not in 20&& \wm fact recently

burnt, especially along transects s3, s93, and s94. The decline in Malleefowl in the
central south can thus be explained by a loss of habitat due to fire in the past six years.

South west

Three widely separated transects were locatede southwest region of Yeelirrie

(s46 s45 ands28), all of which were situated within spinifex/acacia shrublands
(Bullimore landsystem) Tracking was generally regarded to be good to fair along
s45 and s46, and although most sites were regardedpodo tracking alon§28 no

0i mpossibled tracking sites were recorded.
all but the eastern third of s45 were very recently burnt. These areas had not
previously been sampled in 2000 or 2063, the habitatslbked promising on

satellite images. 18006 no Malleefowl prints or nests were recorded along these
transects. S28n the eastern end of Lake Maseas not burnt by the recent fires (as
indicated by digital photos), and a single Malleefowl print (cordurby photo) was
recorded. This transebfd been sampled in 2008t no prints were located then, or
in a nearby transect (s29)he prinsrecorded in 2006 suggest further surveys south
and east of Lake Mason would be worthwhile, particularly aS\testern Australia
Museum has a record of Malleefowl in 1984 from just south of Lake Mason (about
10km west of the print recorded on s28 in 2006).

South east

Nine transects were located in the south east region of Ye&isrie33x, s4, s17,

s27, 897, s4%42, s23). In the north of this area5ands33xwere situated within
spinifex/acacia shrublands (Bullimore laggstem) and were burnt during the last

year or two(as indicated in the digital phofogracking was generally regarded to be
good along tase transects and many prints were recorded, but none from Malleefowl.
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A mound was known along $fom previous surveyg22, found 2003), but apart
from it being inactive no other notes were recordbdut this mound

Three transects{, s17ands27) surrounded transea97along which a concentration

of prints was recorded in 2000These four transects were all located within
spinifex/acacia shrublands (Bullimore laggstem) S97 had been sampled in 2000

and many prints and two mounds (inactiveyeviund at that time. In 2003, this
transect plus s17 and s27 were sampled but no Malleefowl prints were found,
however rain interfered with trackirajd the absence of prints did not suggest
absence of Malleefowl. In 2006 numerous Malleefow! prints wece again

recorded along s9anda mound (n34)n advanced stages of renovatizas found

during the surveys in August, although this mound was abandoned by November
when George and Joan White visited a selection of mounds. Malleefowl were also
recordedn 2006 along those parts of transects s17 and s27 that were closest to s97.
In the case of s17, a Malleefowl print was recorded (confirmed by photo), whereas in
s27a mound in advanced stages of renovatmund (n30) was found along the
transect. Thisnound was fully active when George and Joan visited it in November.
Tracking was generally considered to be fair to poor along transects s17 and s97
although numerous animal prints were recorded, including Malleefowl prints.
Tracking was consideredto bei mp o s s i b | e onlyare primtgpf aa &imala n d
was recorded along its 10km length. Malleefowl were nonetheless clearly present in
the area, as shown by the active mound, but what areas they used along s27 is thus not
known. It is notable that th&vo moundsthat were in advanced stages of renovation
(filling with leaf litter) were separated by over three kilometres, and it is likely that
two separate pairs of Malleefowlhabit the areas around s27 and s97.

S4 sampled the area to the north west9f and no Malleefowl signs were recorded.
About half of the transect had been burnt within the last year or two. Tracking was
regarded as generally good in the burnt areas, and poor in the unburnt section of the
transect, although animal prints werarsuon throughout (especially kangaroo, emu,
echidna, and goanna)

Finally, three transec{s23 s41], s42 werelocatedsouth of the s97 cluster of

transects. This area had been sampled with two transects in 2000 (area 8) when two
old mounds but no printsere recorded. In 2003, only s23 was sampled, and

although no Malleefowl prints were recorded volunteers found another three mounds,
one of which was activen23). In 2006023 was active again and several prints were
recorded within 1.2 kilometres oféhmound, but not elsewhere. Two other transects
were searched to the north (s41) and east (s42) of s23, but neither prints nor mounds
were encountered. None of these transects has been burnt within the past decade, and
tracking was generally regardedfas to poor. While most of the habitat sampled by
these three transects was acacia shrublands over spinifex (Bullimore land system), the
transects also sampled groved mulga @@ racaciashrublands over wanderrie

grasses (Yanganoo and Desdemona $stems respectively). N23, the active

mound, was located in the Desdemona land system (acacia over wanderrie grasses)
although prints and inactive mounds also occurred in the Bullimore land system
(acacia over spinifex).

24



Yeelirrie Malleefowl Project 2006

Table 5. Summary of Malleefowl results by region of Yeelirrie and transect groups. A tick in the Year column indicates that Malleefowl! prints were reliably
detected in an area; a bracketed tick indicates that only a solitary and unconfirmed print was recorded; a cross indicates that no prints were recorded, and a
bracketed cross indicates that while no prints were recorded, rain or other factors interfered with tracking. Prints06 and Mounds06 show the actual number of
confirmed and unconfirmed (bracketed) prints and mounds recorded in 2006.

Region Number of Monitoring transects Year PrintsO6  Mounds06 Active mounds
transects 2000 2003 2006 (unconf.)  (unconf.) 00/03/06

North 4 S91-2 (s1, s2) Y] v Y] 1 (+0) 6 (+2) 1/0/1
North east 3 S21 (s22, sb8) X V) X 0 0 -
Central 5 S93-6 (s3) Jump-up Vv Y, Y, 8 (+10) 9 (+3) -

2 S12a (s12j) - Y, Y, 5 (+8) 3 (+1) 0/1/1

2 S31x (sl11)) - \% 9 (+11) 0 -
South east 1 S5 - V) X 0 0 (+1) -

3 S97 (s17, s27) \Y (x) \Y 3 (+18) 4 (+1) 0/0/2*

3 S23 (s41, s42) (x) Y, Y, 3 (+1) 2 (+3) 0/1/1
South west 1 S28 - - \% 1 (+0) 0 -
Total 24 24 3 6 7 30 (+48) 24 (+11)

* One mound not fully completed
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Discussion

1) Persistence

Monitoring is generally recognised bsing of critical importance for conserving
Malleefowl, and this is especially #watYeelirrie where the distribution of the
species isiow probably better known than anywhere else in the arid zdhering

the 1970s and 1980ye records of the species were collected by the Western
Australia Museum, and several other records weliected in the 1980s and 1990s
by station manage(sletailed in Benshemesh and Malleefow! Preservation Group
2001) On the basis of these hisimal records, the MPG organised a series of
searches in 2000, 2003 and 2006 to describe the distribution of Malleefowl at
Yeelirrie. These searches have provided a wealth of informatidvialleefowl, other
species and habitats that occur at Yeelirri¢ doguablythe greatest valuef the
projectis in laying foundations angdroviding information on trends in Malleefowl
populations.

In general, Malleefowl appear to be doing well at Yeelidi of the three areas in
which the birds were detected in Z0@ere still occupied by Malleefowl in 2006.
Similarly, all the areas surveyed in 2003 in which more than a solitary sign of
Malleefowl was recorded were still occupied in 2006. There were twe areéich
Malleefowl prints were recorded in 2003 but m2006, but in both cases these were
solitary and unconfirmerecordgi.e. not photographed) and most likely represented
eitherwandering birds or errors.

Another way of looking for evidence of decline is to compare the distribution of
mounds with tht of prints. Mounds are persistent features of the landscape and
suggest that Malleefowl have bred in an area within the last few decades, whereas
prints indicate the current presence of the biMhile over 800 km have been
searched for signs of Ma#éowl since 2000, only 35 mounds have been recorded and
only 24 of these have been confirmed as Malleefowl moumtiese mounds occur in
five clusters (Tabl®) and Malleefowl prints were confirmed each of thesia 2006.

In terms of search effort, methan half thelistancewvalked since 2008as been in
areas where no nests have been founcdu(E®). There was however, one site at
which clusters of prints were found but no nests were encountered. This was a site
first visited in 2006 and given thmattern of prints it is likely that active and old nests
would be found in this area (transect s31x).

These data indicate that Malleefowl are highly localised at Yeelirrie, that birds are
still occupying areas in which they were detected in 2000, anthiaare still
occupying areas in which they builtoundsover the past few decades.

However, it is also true that Malleefowl have not been detected at a number of sites
for which historical records exisfThesedata are more difficult to interpret l@csein

most cases the records were of single sightings and may have been of wandering
birds and becausd¢ precision of many of thesecationsfrom the 1970s1990s is
uncertain (before GPS). Nonetheless, in most cases where signs of Malleefowl were
not found where they were once reported to have been seen, habitat appeared
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Figure 8. Transect search coverage (black rectangles, typically 4km long) of Yeelirrie over the three survey periods in 2000, 2003 and 2006 showing the
minimum convex polygons enclosing a) Malleefowl prints (white polygons) where more than a single print has been recorded, and b) Malleefowl mounds
(white crosshatched polygons). Based on 826 km of search transect on which 269 Malleefowl! prints were recorded, and 35 mounds (24 confirmed). Property
boundaries and tracks are also shown (thin black lines). Background satellite (LandSat) imagery obtained in 2001. Note that at one site at which prints were
recorded along the transects there were no mounds encountered.
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