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1. Background and objectives
Malleefowl (Leipoa ocellata) are unique ground dwelling birds internationally renowned for their habit
of building large mounds in which a breeding pair lays and incubates their eggs. A member of a small
family of chicken-like birds, the megapodes, which incubate their eggs using external sources of heat,
the Malleefowl has developed the most sophisticated and laborious method of incubating its eggs in the
group, and amongst birds in general. The species is an iconic Australian bird of great interest and
popularity to the general public, and to Aboriginal peoples in particular where it is often regarded as a
totemic ancestor and featured in the Tjukurrpa (‘dreaming’ or lore).
Malleefowl primarily inhabit semi-arid to arid shrublands and low woodlands, especially those
dominated by mallee and/or acacias. A sandy substrate, an abundance of leaf litter and winter rainfall
are required for breeding, conditions that are met over a large portion of southern Australia where the
species is widespread but generally uncommon.
For a bird with such atypical, laborious and complex nesting habits, Malleefowl were until recently
remarkably successful, occurring over much of the southern half of Australia from the west coast to the
Great Dividing range in the east, and was widespread in every mainland state except Queensland.
However, in the past century Malleefowl have declined markedly across Australia and are regarded as
Vulnerable nationally and endangered or otherwise threatened in every state in which they occur.
The ecology and conservation the species is reviewed in the National Recovery Plan for Malleefowl
(Benshemesh 2007) which provides a summary of existing knowledge and recommends management
and research aimed at recovering populations. Threats include habitat degradation, fire, introduced
predators and competitors, and climate change.
Due to uncertainties in the rate of the species’ decline in different areas and in regard to threats,
monitoring populations is regarded as a national priority in the current and previous recovery plans, and
in the Action Plan for Australian Birds (Garnett et al. 2011). In addition to providing basic information
on population trends, monitoring programs also provide a powerful template for testing the
effectiveness of different management actions at reversing declines. Indeed, the ultimate test of a
management action designed to benefit Malleefowl is simply whether its populations do better under
the management, a question that is most directly answered by monitoring the population.
1.1. Malleefowl in the GVD
In arid Australia, Malleefowl occurred in the Great Victoria Desert (GVD), southern parts of the Great
Sandy and Gibson Deserts, and as far north as the Tanami Desert in the Northern Territory (Kimber
1985). Since European settlement, Malleefowl have declined considerably in some parts of the arid zone
and are now thought to be extinct in the Northern Territory.
In the GVD, Malleefowl are widely but sparsely distributed and their conservation status in this arid
bioregion is very poorly known. The species is known to occur on Aboriginal lands in South Australia
such as the Anangu Pitjantjatjara Yankunytjatjara Lands (APYL) and Maralinga Tjarutja Lands (MTL)
where it is known as Nganamarra, and programs to establish the distribution and abundance of
Malleefowl and to monitor populations have been initiated. In Western Australia, Malleefowl are known
to occur in the Spinifex Country near the South Australian border where Pila Nguru people have shown
an interest in survey and monitoring (Pennington et al. 2014), and in the Ngaanyatjarra lands .

A recent report has collated all available presence data of Malleefowl in the WA section of the GVD to
provide a foundation for understanding and investigating Malleefowl distribution across the region
(Department of Parks and Wildlife 2016). Most sightings were from the south east of the WA GVD where
mining interests had funded surveys. The project has developed a sightings database and highlighted
that further survey, monitoring and research effort is greatly needed to understand the status of the
species in the WA GVD. Malleefowl
1.2. Monitoring Malleefowl in the GVD and elsewhere
Malleefowl monitoring programs are well established in semi-arid areas where citizen science groups
have thoroughly searched sites for mounds, and annually inspect these mounds for signs of breeding.
This national program involves about 150 sites across Australia which are monitored using standard
methods that are designed to provide reliable information that is uploaded to a national database
(National Malleefowl Monitoring Database; NMMD) where data are vetted, standardised, and prepared
for future analysis. These data are then examined at a national level in an adaptive management
framework involving experimental manipulations (Bode et al. 2014, Hauser et al. 2014, Lahoz-Monfort &
Hauser 2014) and in analyses of Malleefowl trends (Benshemesh et al. 2006, Walsh et al. 2012).
Monitoring programs specifically aimed at Malleefowl have also been developed in arid areas where the
density of mounds is typically much too low for the type of monitoring described above. In the APYL,
attempts have been made to monitor scattered mounds known to Anangu or found incidentally or in
transect searches by vehicle and by foot, but this has proved to be demanding on resources and difficult
to maintain. In the MTL relatively few mounds are known and the indigenous ranger program has
trialled a variety of tracking techniques (Benshemesh 2013, Benshemesh et al. 2014c). The most
successful technique involved walking long, continuous tracking transects which proved to be efficient
and popular with indigenous rangers.
In NSW, helicopters have been used to monitor known mounds by flying from mound to mound and also
by randomly selected aerial transects, however it has not been possible to sustain regular monitoring
due to costs and limited availability of helicopters.
1.3. Why the current protocol?
Malleefowl monitoring in the GVD will be most useful, and most powerful, if methods are consistent
across the region and with those used elsewhere across Australia. This will allow the results of
monitoring to be combined to provide an overall view of Malleefowl trends in the GVD, increase
statistical power, facilitate comparisons with other regions, and contribute to national perspective of
Malleefowl trends and conservation. Common methods of data collection and processing will also
enable people to move easily between sites to undertake monitoring and foster a collaborative spirit
among groups involved. Finally, consistent methods will enable the sharing of resources between groups
involved in monitoring. Such resources include equipment (e.g. tablets and smartphones, GPS units,
safety and communication equipment), software (e.g. Cybertracker applications), data processing and
storage facilities (such as databases), and analytic expertise being developed in the national AM
program.
1.4. Objectives
The fundamental objective of monitoring threatened species is to reliably detect change, and as such
monitoring involves the collection and analysis of repeated and standardized observations to evaluate

changes in populations. This information is required to understand the conservation status of
Malleefowl in the GVD and to identify threats and effective management.
The survey and monitoring of Malleefowl in the GVD present a challenge to due to the species’ cryptic
habits, its low population density in the arid zone and the vastness and remoteness of the landscape.
Consequently, data are difficult to obtain and establishing trends that are statistically meaningful will
likewise be difficult. This is particularly the case considering the climatic variability that characterizes
the Australian arid zone and the variability inherent in populations and their estimation. Some of these
issues are ameliorated by monitoring at multiple sites and over long periods of time. Indeed, there is no
escaping the requirement for monitoring to continue for many years in order to establish meaningful
trends; it is critical that agencies and institutions understand and commit to this fundamental
requirement of monitoring.
Despite the challenges, monitoring is essential if the conservation status of Malleefowl in the GVD is to
be clarified and improved in time.

2. Sampling design
Given the current paucity of information on the distribution and abundance of Malleefowl in the GVD,
specific recommendations on sites and sampling are not possible at this stage. Indeed the lack of
information clearly points to a need for survey in order to provide baseline knowledge upon which a
monitoring program can be designed. The inventory of records of Malleefowl in the WA GVD
(Department of Parks and Wildlife 2016) provides an excellent starting point to considering how the
distribution and abundance of Malleefowl across the GVD may be clarified through strategically targeted
surveys.
Nonetheless, some generalizations can be made about what to expect in the GVD and how Malleefowl
populations may be monitored:



Populations are likely to occur at very low density over a vast area (except perhaps at the
western edges of the GVD)
Any index of Malleefowl abundance is likely to fluctuate due to variable rainfall, local and
remote disturbances (fire), movements of the birds, as well as from statistical variability
inherent in the data.

Thus, monitoring will need to occur at an appropriate landscape scale and be implemented over many
years to estimate and understand trends.
Malleefowl is a shy and is cryptic species that is rarely seen, and the best means of detecting its
presence in an area is indirectly by mounds, which are persistent features of the landscape, and by its
footprints that often accumulate over several calm days in sandy areas. Consequently, the design of
monitoring programs has generally focussed on one or both of these avenues for data collection.
Mounds may be detected by a variety of methods including remotely from aircraft (such as LiDAR and
photogrammetry) and on the ground by systematic searching by teams of people where mound
densities are sufficient to warrant this effort. Once their location is known, mounds can be efficiently
monitored on the ground by people walking from mound to mound and noting whether the mound is
being used as an incubator (representing a breeding pair of Malleefowl). As the established national
monitoring program has demonstrated, this basic approach is sustainable over several decades provided

this work is well organised and suitably funded. The ensuing data have also been shown to be useful for
determining trends and evaluating threats by combining data from many areas (Benshemesh et al. 2007,
Walsh et al. 2012), and the large amount of data collected over the past three decades from around
Australia will provide a valuable resource for planning and designing sampling in new areas, such as the
GVD, once strategically targeted surveys for mounds are undertaken.
In contrast to monitoring mound use, Malleefowl footprint monitoring is a new technique for detecting
trends and it may take several years to evaluate the usefulness of the ensuing data to detect population
changes. For example, without estimates of the seasonal or annual variability in footprint based
indices, it will be difficult to assess the reliability of any trends detected. Nonetheless, footprint surveys
provide a practical and efficient means of detecting Malleefowl in a vast landscape. A suitable approach
for the footprint surveys recommended in this document (longwalks) will be to develop the statistical
design using actual field data collected over a few years. This approach will be facilitated if the data
collected in the field are as detailed as possible (e.g. by recording the location of every Malleefowl print,
distinguishing between paired and solitary prints) as this will provide statisticians and analysists more
options for deriving indices for use in analysis.
Some other sampling design issues of a general nature are worth mentioning at this early stage of
monitoring development in the GVD.
Where possible, monitoring sites should:









Sample a range of geography and habitat types.
Sample a range of potentially suitable areas and not just focus on the best areas. In the arid
zone, Malleefowl may move when conditions become untenable, and conditions suitable for
Malleefowl may shift in time and space.
Develop contrasts by establishing control sites for comparison: for example, sites that are
under particular management (i.e. predator baiting) or environmental condition (i.e. fire age)
should, if possible, be paired with nearby sites where the management is not performed or
conditions are different in order to provide an experimental control. Such contrasts are a
powerful means of developing an ecological understanding of Malleefowl population responses
to interventions and disturbances, particularly when analysed along with similar contrasts from
elsewhere across the continent. The national Malleefowl adaptive management project is one
such program that is attempting to extract statistically reliable information from monitoring and
is currently developing experimental protocols for examining the effectiveness of predator
control in benefitting Malleefowl (Hauser et al. 2014).
Sample annually: given the climatic variability that characterises the arid zone, Malleefowl
monitoring should be undertaken at each site annually to develop understanding of how
Malleefowl respond to the inherent variability of their environment. For Longwalk tracking
surveys, repeating these more than once per year may also be valuable for assessing the
technique.
Facilitate safety and efficiency: for safety and efficiency, monitoring may be best targeted at
areas close to existing tracks. Accordingly, it may be prudent and most cost-efficient to target
areas accessible for monitoring when mounds surveys are planned.

While a better understanding where Malleefowl occur in the WAGVD is a requirement for designing a
statistically suitable monitoring program, it is not the only consideration that will influence the design.
Other important factors include the availability of adequate resourcing to sustain a program for several
years (for example, up to 10) rather than a single year, and the social outcomes that may be desirable
such as the involvement of indigenous rangers, especially on their traditional lands where their
involvement may be politically appropriate and an ethical imperative.
The development of a monitoring system for tracking Malleefowl populations in the GVD is likely to take
several years and will depend on a number of factors. Meanwhile, data collection will contribute to our
understanding of both Malleefowl populations and how best to monitor them. Any information on
Malleefowl trends will be useful and, when combined with information obtained from other areas, will
be valuable for assessing state and national trends.

3. Outline of suitable monitoring methods
3.1. Mound based monitoring
Description
Malleefowl tend to re-use old mounds as breeding sites rather than build new ones each year.
Accordingly, revisiting all the known mounds in an area during the breeding season provides information
on the number of birds breeding and how the population is faring. Fluctuation in breeding numbers are
likely due to short term factors (such as poor seasonal rainfall) but long term trends are likely to reflect
the population changes. Where possible, it is advantageous to thoroughly search an area to locate all
mounds within it for annual monitoring, thereby providing a basis for estimating the breeding number
per area of habitat (i.e. density). New mounds may still be created by Malleefowl at the monitoring site
and it is advisable to routinely re-search the site every 5-10 years to include these in the monitoring
schedule, particularly if declines are apparent in the data.
An alternative to monitoring mounds in thoroughly searched areas is to monitor scattered mounds that
have been recorded incidentally, although determining trends from such data requires more
assumptions and may be less conclusive than monitoring within thoroughly searched areas.
Nonetheless, monitoring scattered mounds provides some information and may be useful where
thorough area searches are not practicable such as in very low density populations.
Typically, only about one in ten mounds are likely to be used for breeding (‘active’) in any one year
(excluding droughts). Thus, as a general rule, monitoring sites should aim for at least 20 mounds to
provide a reasonable sample from which to assess trends. Nonetheless, smaller samples are still
worthwhile and, when combined with data from other sites, contribute to understanding trends at
larger scales.
Pros



Efficient as many mounds can be checked in a day (depending on spacing of mounds) and
provide information on trends.
The core data are simple (active mounds per km2 or sample) and ecologically meaningful,
reflecting the number of resident birds that attempt to contribute offspring to the next
generation.



Cons



There exists a highly developed system involving citizen scientists, state agencies and industry
across Australia, and supported by detailed manuals, electronic data capture, a national
database, analyses and reporting.

Ideally requires thorough initial survey to find mounds and re-searching of sites every 5-10 yrs to
locate new mounds.
Breeding numbers are sensitive to seasonal conditions as well as population trends. Accordingly,
fluctuations in breeding numbers are to be expected, and trends need to be examined and over
several years and in light of environmental factors.

Data verification
 Data verification systems are in place for data entered onto the NMMD: records are vetted each
year by a small pool of experts with reference to current and past photographs of mounds
associated with each record.
Site selection:
 Wherever mounds occur, indicating that Malleefowl have bred in the area in the past.
 Preferably in areas that have been searched for mounds, and where there are at least 20 old
mounds.
Frequency and timing
 Annually during the breeding season (September to February) and preferably during October to
December when in mound condition tend to be least ambiguous.
Training
 Training days are routinely held in WA and other states in late winter and early spring each year.
These are organised by local monitoring groups and/or the NMRT. Dates and locations of
training days are posted on the National Malleefowl Recovery Team website
(www.nationalmalleefowl.com.au).
Existing Resources
 Existing monitoring manual (Tonkin 2016) provides thorough detail on mound based monitoring
at defined sites across Australia. The manual is available on the National Malleefowl Recovery
Team website (www.nationalmalleefowl.com.au).
 The NMMD (National Malleefowl monitoring database) is a freely available facility specifically
designed to support the mound monitoring program and provides tools for data management
and reporting. Access to and use of the data on the NMMD is controlled by the people or
organisations responsible for collecting the data with the proviso that data on the NMMD may
be used in aggregate at the discretion of the National Malleefowl Recovery Team for analysis of
national and regional trends.
 ‘Around the Mounds’ is a newsletter of the National Malleefowl Recovery Team and is produced
twice a year in autumn and spring.

3.2. Mound based for indigenous rangers in the GVD
Description
While the mound monitoring as described above and in the mound monitoring manual (Tonkin 2016)
are appropriate for citizen scientists and consultants, these standards are not ideal for indigenous
rangers for two reasons:
1) The detail required in the national manual may be off-putting for indigenous rangers, at least
initially. In the interests of building a long-term monitoring program for indigenous rangers, it is
preferable to sacrifice some detail rather than run the risk of losing local interest, particularly at
sites with relatively low numbers of mounds.
2) The detailed descriptions of mounds in the manual are designed to manage data from several
thousand mounds each year, enabling the database to identify inconsistencies and irregularities
in records which are then flagged for scrutiny. This process is useful for vetting the large
number of mounds monitored each year in the national program, but it is less important in
situations where the number of mounds is relatively small.
Accordingly, an abbreviated form of the national mound monitoring protocols is recommended
specifically for indigenous rangers, at least initially. Where there is continuity in experienced personnel,
progression to the full mound monitoring protocol should be encouraged and supported with
appropriate training.
Requirements and existing resources
As above (Section 3.1).
3.3. Tracking Transects on foot
Description
Malleefowl are ground birds with distinctive and unique footprints and only rarely fly. In areas with
loose sand, tracking is the most efficient ground based method of detecting the occurrence of
Malleefowl. Such substrates are common in areas inhabited by Malleefowl in the GVD and their
footprints are likely to accumulate over several days providing the weather is dry and calm. The
abundance of prints in an area provides a useful and efficient indicator of the birds’ activity in an area:
where birds are resident their prints are likely to consistently occur through their home range (1-4 km2),
whereas where birds have merely passed through an area their prints are likely be less prevalent in
space and time.
Tracking has been used for millennia by Aboriginal people for hunting and learning about fauna. When
undertaken systematically, tracking for Malleefowl provides a useful means of both survey in new areas,
and for monitoring their trends over time. There are a variety of systematic tracking techniques,
including the extensively used track-based monitoring system for multi-species occupancy data
(Southgate & Moseby 2008) involving 2ha quadrats distributed widely (4-5 km apart) across the
landscape. This well-developed system is designed to detect changes in the large scale distribution of
dozens of species from the size of mice to that of camels, but is not designed specifically for Malleefowl;
the probability of detecting Malleefowl with this method even where they occur is probably small.

Alternative methods of systematic tracking specifically for Malleefowl have been trialled with indigenous
ranger groups (Benshemesh et al. 2014c). An efficient method that was popular amongst rangers
involved a continuous ‘Longwalk’ technique in which rangers searched for Malleefowl prints along 2km
transects parallel to vehicle tracks. Using this basic approach a team of 10 rangers working in pairs was
able to search 20 km of habitat for Malleefowl prints in 2-3 hours, an outcome which instilled a tangible
sense of achievement amongst participants. The advantages of this technique included its simplicity and
repeatability, its flexibility in personnel requirements and small training requirement, and that the effort
was spread of over large areas providing information at a landscape scale. The main disadvantage of the
technique was that being based on tracking was subject to prior weather conditions (particularly strong
wind and rain), and that it provided little information at any one point. Useful metrics that provide
information at a landscape scale include both print abundance and occupancy of grid cells or sections.
Pros







Cons



Suitable for both exploratory survey and monitoring using identical techniques.
Requires no prior knowledge of Malleefowl in an area (in contrast to mound monitoring)
Suitable for teams of any size.
Simple to learn and popular.
Measures occurrence of both breeding and non-breeding birds.
Measures occurrence of other animals of interest, such as predators and competitors.
Enables observers to search many kilometers of habitat rapidly and efficiently.

Sensitive to daily weather conditions, especially wind and rain over the preceding week.
Results likely to be highly variable both within and between years due to changes in the birds
ranging habits in response to food availability.

Data verification
 Verification of Malleefowl records primarily relies on photographs.
 Species other than Malleefowl are generally not verified and care should be taken in
interpreting these data. For example, some indigenous rangers and many other observers have
difficulty distinguishing the prints of Foxes from those of Cats, particularly when prints are not
clear, which is often the case. Where the distinction between easily confused species is
important, special training should be arranged and a verification system developed.
Site selection
 Tracking requires sandy habitat with loose sand where Malleefowl prints may be identified. In
the GVD, Malleefowl are most likely to be resident and breeding in habitats where there mallee
or other trees to a least 3m for roosting and there is good cover (i.e. Malleefowl can rapidly
escape from view). However, Malleefowl disperse widely and their prints may occasionally
occur in a wide variety of habitats. Aboriginal traditional owners often have a good idea of
potentially suitable habitat (if traditional knowledge has been retained in the area).
 Vehicle tracks or roads are required for access, although tracking should be carried out 50-200m
off-track/roads unless these are small, rarely used, and provide a better tracking surface than
surrounding habitat.




The Longwalks technique is best suited to monitoring at a landscape scale and transects should
ideally be 10-30km in length.
While Malleefowl are generally uncommon in recently burnt habitat (<15yrs), monitoring such
habitat is nonetheless useful as the species may return in due course as the habitat matures.

Frequency and timing
 Tracking should be undertaken following at least 5 days of calm weather (light winds, no rain) to
allow prints to accumulate.
 For survey, tracking by longwalks can be undertaken at any time of year.
 For monitoring, longwalks should be repeated annually and at the same time each year.
 While annual monitoring is recommended, more frequent sampling of longwalk transects would
be valuable and provide information on the best timing for monitoring and seasonal variability.
Monitoring less frequently than annually may be suitable in some situations (such as where the
occurrence of Malleefowl has been found to be very low. However, a selection of transects
should be monitored at least annually for several years in order to accumulate adequate data to
assess and refine the technique.
Training
 Training is best achieved by on-the-job mentoring and pairing people inexperienced in the
technique and/or tracking with more experienced observers.
Existing resources
 A simple Cybertracker application for longwalks is freely available.
 The NMMD is currently being modified to accept longwalk data, and will provide centralised
storage and reporting.

3.4. Tracking from vehicles
Description
Under some circumstances, tracking from vehicles may be an option along small tracks through areas of
loose sand. Tracking from vehicles provides a faster means of survey than tracking on foot, but the
amount of data that can be collected is reduced and the chance of missing Malleefowl prints is
increased. In particular, it is difficult to obtain data on other animals. Nonetheless, tracking from
vehicles is a useful technique as it enables large areas to be surveyed about three times faster than on
foot. Tracking from vehicles is particularly suited to exploratory survey of areas in which Malleefowl are
considered unlikely to occur. If Malleefowl prints are detected during such surveys from vehicles, it
would be advisable to establish Longwalk transects to monitor Malleefowl and other animals in the area
as the ensuing data is likely to be more detailed and reliable. However, if this is not possible, then
regularly repeating vehicle based survey to provide monitoring data is nonetheless preferable to having
no monitoring data.
Pros



About 3 times faster than foot based survey
Suitable for exploratory survey






Cons






Requires no prior knowledge of Malleefowl in an area (in contrast to mound monitoring)
Suitable for teams of any size.
Simple to learn and popular.
Measures occurrence of both breeding and non-breeding birds.
Enables observers to search many kilometres of habitat rapidly and efficiently.
Provides less detailed and reliable data than foot based tracking
Species other than Malleefowl are generally not recorded.
There is a temptation to drive too fast: optimal vehicle speed is 10-12 km/hr.
Sensitive to daily weather conditions, especially wind and rain over the preceding week.
Results likely to be highly variable both within and between years due to changes in the birds
ranging habits in response to food availability.

Data verification
 Verification of Malleefowl records primarily relies on photographs.
Site selection
 Tracking requires sandy habitat with loose sand where Malleefowl prints may be identified.
 The technique is best suited to monitoring at a landscape scale and transects should ideally be
>10 km in length.
 While Malleefowl are generally uncommon in recently burnt habitat (<15yrs), monitoring such
habitat is nonetheless useful as the species may return in due course as the habitat matures.
Frequency and timing
 Tracking should be undertaken following at least 5 days of calm weather (light winds, no rain) to
allow prints to accumulate.
 For survey, tracking from vehicles can be undertaken at any time of year.
 For monitoring, tracking from vehicles should be repeated annually and at the same time each
year.
Training
 Training is best achieved by on-the-job mentoring.
Existing resources
 A simple Cybertracker application for tracking from vehicles is freely available.
 The NMMD may be modified to accept tracking from vehicles data and would provide
centralised storage and reporting.

3.5. Comments on some other methods and their suitability for monitoring
Remote sensing
New airborne methods of remote sensing Malleefowl mounds have recently been developed such as
LiDAR (Saffer & Peak 2014) based on 3-D laser scanning, and photogrammetry (Spark 2014, Thompson
et al. 2015) which involves 3-D modelling of stereo photography. These methods provide a cost
effective means of undertaking initial surveys to target large areas where mounds may occur, and may

thus be useful for selecting monitoring sites. However, distinguishing which mounds are being used as
incubators is unreliable without close inspection and consequently LiDAR and photogrammetry are not
currently suitable for monitoring, and in any case the costs may be unsustainable if incurred annually.
Sightings
Sightings of Malleefowl may provide valuable information on Malleefowl distribution (Parsons et al.
2008, Parsons et al. 2009), but are of little use for monitoring because the species is cryptic and rarely
seen, and when they are seen, it is difficult to ascribe search effort that may enable comparison over
time. A notable exception concerns sightings of the species footprints (see tracking above).
Camera traps
Motion sensitive camera (camera traps) that automatically photograph animals have been used at
mounds to monitor visitations by Malleefowl and other animals (Towerton et al. 2008) and also away
from mounds but within Malleefowl monitoring sites in order to monitor other species such as
predators and competitors (Benshemesh et al. 2014a, van Hespen 2015, Hauser et al. 2016). While
camera traps certainly have their uses in answering specific questions, the rarity of Malleefowl
detections, the upfront and operational costs, and spatial- statistical issues with the ensuing data makes
camera-traps of limited use for monitoring trends in Malleefowl populations in a meaningful way.

4. Field methods
4.1. Mound monitoring
The National Malleefowl Monitoring Manual (Tonkin 2016) provides a detailed account of procedures
and processes recommended for the national program. The manual generally assumes that trained
NMMD coordinators prepare and distribute tablets and smartphones for field observers as this is the
system that works best elsewhere in Australia. Coordinators have access to special tools on the NMMD
to manage people and data and accomplish the various processes they are tasked with. Anyone can
become a coordinator with training. A manual for NMMD coordinators is also available (Tonkin 2016b).
Field season preparations and equipment setup
 Defined areas have been thoroughly searched (within the past decade). Defined areas that have
been searched are preferred as this provides estimates of breeding density.
 * Prepare monitoring list (some mounds may have been added or removed from list following
annual post collection scrutiny). This is automatically updated each year if are stored on the
NMMD and download files are made available to NMMD coordinators.
 * Upload mound locations to Cybertracker (or alternative) on tablets and smartphones, and to
GPS, and upload names of registered data collectors to Cybertracker (or alternative) on tablets
and smartphones. This is usually undertaken by NMMD coordinators for equipment under their
control.
 * Observers obtain smartphone, GPS and other equipment (i.e. batteries, chargers, notebooks,
forms, etc) as required. NMMD coordinators usually post or deliver equipment under their
control to field observers.
 Ensure that data collectors are adequately trained.
 Prepare safety management plan as required and provide support for people in the field in case
of mishap.
(* indicates data automatically undertaken by national NMMD program)
Sequence of events during field season
The period from October through December is the optimum time to inspect mounds.



Visit every targeted mound, collect data as prescribed in the manual including photographing
the mound and collecting feathers.
Return equipment, photos and samples to NMMD coordinator for processing.

Details of taking measurements, with example field forms
 All aspects of data collection are described in detail in the manual (Tonkin 2016) alongside
images of Cybertracker screens associated with each piece of data.
 Data may be collected on paper (Appendix 1) or electronically, preferably on the Cybertracker
Malleefowl monitoring application as it is designed to be easy for observers, greatly reduces
data errors or omissions, and eliminates the need for transcription.
Post-collection processing of samples
NMMD coordinators are responsible for:


Extracting data and photos from electronic devices





Uploading data and photos to the NMMD in a timely manner (within one month of data
collection)
Processing samples (i.e. sending off to museums or other storage)
Entering data that have been recorded on paper onto the NMMD. The simplest and easiest way
of doing this is usually to enter the data onto Cybertracker on a tablet or smartphone and
uploading the data from there rather than via a spreadsheet.

End-of-season procedures
 Data collectors are encouraged to view and annotate the data they have collected after the data
and associated photos have been uploaded onto the NMMD. To do this, they must first obtain a
password from the coordinator responsible for the monitoring site.
 NMMD ecologists vet the data once it and the photos are available. This is usually completed in
March or April to facilitate reporting, much of which is provided by the NMMD.

4.2. Mound based protocols in GVD for indigenous rangers
Protocols for mound based monitoring by indigenous rangers are the same as outlined above, except
that the data collection is abbreviated. These data may still be uploaded to the NMMD, however
systems have yet to be developed on the NMMD to streamline this process and some data handling may
be required (NMMD coordinators may help with this). Adding these data to the NMMD would provide
centralised storage and access to the NMMD facilities for managing and reporting on data.
Necessary information (critical in bold font)
 Observer: Entered via checklist or note at start of 2km section and subsequently automatically
logged for each record in apps such as Cybertracker.
 Date/time (automatically logged for each record in apps such as Cybertracker)
 Location (automatically logged for each record in apps such as Cybertracker)
 Mound identifier if known mound (otherwise recorded as new). Every mound on the NMMD is
registered and provided with a unique identifier comprising the registered site code (3
characters) and mound number (1-999) in the form: “w01_002” for WA site 01, mound 002. On
electronic devices, users select their mound from a list.
 Status: Active/Inactive (i.e. currently being used as an incubator): “y” (yes) or “n” (no).
 Photo: taken from north or otherwise closest clear view; including entire mound plus some
background
 Profile: shape code 1-6 (Figure 1)
 Surface freshly scraped: “y” (yes) or “n” (no) (Figure 1)
 Presence of eggshell: “y” (yes) or “n” (no) (Figure 1)
 Malleefowl signs (prints, feathers) : “y” (yes) or “n” (no) (Figure 1)
 Plants growing in mound: “y” (yes) or “n” (no) (Figure 1)
 Occurrence of predator prints on mound: “y” (yes) or “n” (no) for prints and scats of Fox,
Dog/Dingo, and Cat (Figure 1)
 Collect feathers if found (for genetic reference: the base of feathers should not be handled and
the feather placed in a dry plastic or paper bag and archived or posted to the state museum
along with date and location details)

Figure 1 The key Cybertracker screens for indigenous ranger mound monitoring. The screens are designed for rapid

data entry and usually involve only 2 taps, one for the event, followed by the forward arrow (►) to move to the
next screen after a selection has been made.

Equipment
 Tablets or smartphones on which each pair of observers can record data, and associated
software such as Cybertracker or Fulcrum.
4.3. Track-based: ‘longwalk’ method
Longwalks parallel to established tracks and roads enable survey and monitoring at a landscape scale.
Observers are dropped off by vehicle every 2km along vehicle tracks or roads. Each pair or small group
then walks the 2km stretch to the next drop-off, searching for loose sand and prints parallel to and
about up to 200m from the road. When observers complete their 2km section, they rate the general
tracking conditions for the completed section and are collected by a vehicle to be taken ahead
(leapfrogged) to the next section to be searched.
All prints of Malleefowl and other medium-large animals that are crossed by the observers’ path are
recorded by GPS on a tablet or smartphone using a simple application (such as Cybertracker, Fig 1).
Malleefowl footprints are photographed by observers for later verification to ensure data reliability (at
least the first 5 prints per person per day). The recording of all medium-large animals provides multispecies data that is of interest, and it is also important in order to keep observers’ attention focused on
the task at hand. Recording the prints of other species also provides indirect information on tracking
conditions, the path searched, and the reliability of data collected (particularly absences of Malleefowl
records).
Data recording is designed to require little training and can be conducted on-site. Most indigenous
rangers will be familiar with the tracks of the medium to large animals.

Field season preparations and equipment setup
 Tablets or smartphones on which observers can record data, and associated customised
software such as Cybertracker or Fulcrum.



Check with authorities regarding access permits

Sequence of events during field season
 Select search areas
 Prepare tablets or smartphones (install Cybertracker and tracking sequence)
 Undertake Longwalks following several days of suitable weather conditions (dry, light or no
wind).
Details of taking measurements, with example field forms
 Drop-offs are usually 2km apart, determined by vehicle odometer or GPS
 Observers usually work in pairs, navigating by keeping the track/road in sight
 Data collection is easiest on tablets or smartphones. Alternatively, signs of different species can
be tallied on paper for segments (say, 200m) along the 2km section but this is considerably
more work.
 Observers determine the end of their 2km walk by GPS functions on Cybertracker or other
software, or by separate GPS.
Minimum data requirement
A large part of the appeal of Longwalks for indigenous rangers is that it involves constant movement:
data recording is designed to be fast and collectively the distances searched for prints is usually
impressive and leads to a tangible sense of pride. There is then good reason to attempt to streamline
the data collection to minimize time and effort in the field, both in terms of the amount of data
collected, and the process of its collection. Minimum data requirements are listed below; extra data
fields can be added (e.g. confidence in identification, age of print, local substrate) but care should be
taken to not slow down the observers appreciably as this may undermine the appeal of the technique.







* Observer: Entered via checklist or note at start of 2km section and subsequently automatically
logged for each record in apps such as Cybertracker
* Date/time
* Location
Prints or other signs that indicate the species occurrence in the past 2 weeks (very old yet
persistent camel or kangaroo tracks excluded or provided with a separate field)
Photos of Malleefowl prints for verification
Collect feathers if found (for genetic reference: the base of feathers should not be handled and
the feather placed in a dry plastic or paper bag and archived or posted to the state museum
along with date and location details)

(* indicates data automatically logged for each record in apps such as Cybertracker)
Metadata: the location of the beginning and end of the Longwalk transect, the date, and people
involved in each section should be recorded separately by the team leader.

a)

b)

Figure 2 The key Cybertracker screens for Longwalks. The main tracking screen (a) is designed for rapid data entry

on the move and recording an event (i.e. species) usually involves only 2 taps, one for the event, followed by the
down arrow to record the data including date/time, location and observer. Observers record the Start and End of
each 2km section. Icons are Nganamarra (solo), Nganamarra (pair), Dog/Dingo, Fox, Cat, Red Kangaroo, Grey
Kangaroo, Camel, Donkey, Emu, Bustard, Rabbit, Echidna, Itjaritjari (Marsupial Mole), Nganamarra Mound and
Photo (general). If Nganamarra is selected, a screen will automatically appear requesting a photo. If Nganamarra
Mound is selected, the observer will have the option to record mound data before returning to the tracking
screen. When End is selected, the observer is required to assess the tracking conditions. The triangle icon (bottom
of screen) toggles to the Cybertracker GPS screen (b) to show the distance travelled and thus when to return to the
road for pickup.

Post-collection processing of samples
 Extract data and photos from Cybertracker or other
 Clean data (remove unwanted records and obvious errors)
 Submit photos for verification, correct data accordingly and provide feedback to observers of
any misidentifications
 Store Malleefowl remains appropriately (dry samples: air dry and cool, wet samples: frozen) or
send to state museum with documentation.
End-of-season procedures
 Upload data and photos to central database (such as the NMMD). Critical fields include:
organization that owns the data, data collector, date and time, location (decimal lat/long), event
(species etc), reference to verification photo if one exists
 Provide a brief report describing results with maps and results of verification photo checks

4.4. Track-based: tracking from vehicle method
Tracking from vehicles along small tracks enables fast survey and monitoring at a landscape scale, albeit
with reduced reliability, compared with data obtained by tracking on foot (longwalks). As the vehicle

proceeds at about 10-12km/hr (typically 2nd gear, idle), observers scan either side of the vehicle for
prints.
Malleefowl prints in particular are readily detected from vehicles as they are relatively deep, clearly
defined and distinctive, but the prints of other species are often harder to identify. Moreover, many
animals follow vehicle tracks whereas others may avoid them, and consequently their occurrence along
tracks does not necessarily reflect their local abundance. Accordingly, prints of animals other than
Malleefowl should only be recorded when they cross the track or occur on the track shoulder. Given
the difficulty of detecting tracks of species other than Malleefowl, they could also be ignored and only
Malleefowl recorded; however, in practice observers often call out the names of any species they
recognise and recording these provides validation that observers were attentive and the ground was
examined.
Due to the intense concentration required to spot Malleefowl footprints from a moving vehicle, short
breaks are advisable every 10-20 minutes to allow observers to relax. Where more than one vehicle is
involved, this can be efficiently achieved by each vehicle searching a predetermined stretch of track and
alternating with other vehicles (similar to the leapfrog method outlined for longwalks). Thus for two
vehicles, vehicle A searches the first section (2-4km is ideal), vehicle B searches the second section,
vehicle A drives though the second section and its observers have a short break in their concentration
before searching for Malleefowl tracks in the third section, and so on.
All Malleefowl prints detected are recorded by GPS on a tablet or smartphone using a simple application
(such as Cybertracker; see Fig 1Error! Reference source not found.). If Malleefowl footprints are
detected, the vehicle stops and the prints are photographed by observers for later verification to ensure
data reliability (at least the first 5 prints per vehicle per day).
Data recording is designed to require little training and can be undertaken by one passenger in the
vehicle for all observers using similar electronic data capture as for longwalks.

Field season preparations and equipment setup
 Tablets or smartphones on which observers can record data, and associated customised
software such as Cybertracker or Fulcrum.
 Check with authorities regarding access permits
Sequence of events during field season
 Select search areas
 Prepare tablets or smartphones (install Cybertracker and tracking sequence)
 Undertake tracking from vehicles following several days of suitable weather conditions (dry,
light or no wind).
Details of taking measurements, with example field forms
 Vehicle search sections are usually 2-4km in length, determined by vehicle odometer or GPS
 Observers carefully examine the ground on either side of the vehicle for prints of Malleefowl. If
Malleefowl prints are detected, the vehicle stops to allow the prints to be photographed for
verification.



Data collection is easiest on tablets or smartphones. Alternatively, signs of different species can
be tallied on paper for segments (say, 200m) along the 2-4km section but this is considerably
more work.

Minimum data requirement
Malleefowl tracking from a vehicle involves constant movement and attentiveness by observers: data
recording should accordingly be simple and fast.
Minimum data requirements are listed below; extra data fields can be added but care should be taken
to not slow down the observers as this may undermine the appeal of the technique.







* Observer: Entered via checklist or note at start of 2km section and subsequently automatically
logged for each record in apps such as Cybertracker
* Date/time
* Location (GPS)
Prints or other signs that indicate the occurrence of Malleefowl
Photos of Malleefowl prints for verification
Collect any Malleefowl remains that may provide genetic material.

(* indicates data automatically logged for each record in apps such as Cybertracker)
Metadata: the location of the beginning and end of the vehicle path, the date, and people involved in
each survey should be recorded separately by the team leader.
Post-collection processing of samples
 Extract data and photos from Cybertracker or other
 Clean data (remove unwanted records and obvious errors)
 Submit photos for verification, correct data accordingly and provide feedback to observers of
any misidentifications
 Store Malleefowl remains appropriately (dry samples: air dry and cool, wet samples: frozen) or
send to state museum with documentation.
End-of-season procedures
 Upload data and photos to central database (such as the NMMD). Critical fields include:
organization that owns the data, data collector, date and time, location (decimal lat/long), event
(species etc), reference to verification photo if one exists
 Provide a brief report describing results with maps and results of verification photo checks

5. Personnel requirements and training
5.1. Roles, responsibilities and training
In regard to mound monitoring, the roles, responsibilities and routine tasks of contributors, coordinators
and ecologists have evolved over many years and are outlined in the NMMD manuals (Tonkin 2016,
Tonkin 2016b) and conference proceedings (Benshemesh et al. 2011, Benshemesh et al. 2014b). In
short,






Contributors are those who collect information in the field;
Coordinators are the main intermediary between the field and the database. Their main role is
to organise and support contributors and to extract data from handheld devices and send it
through to the database.
Ecologists check, annotate and correct data and ensure it is ready for analysis.

Adequate training for everyone involved in mound monitoring is essential if the data are to be a reliable
source of information and managed appropriately. The National Malleefowl Recovery Team
Coordinator oversees training days for mound monitoring across Australia for both data collectors and
data managers (contact Tim Burnard: tim@nationalmalleefowl.com.au). Apart from formal training
sessions, mentoring strategies are also commonly employed in which people new to mound monitoring
accompany experienced monitors in the field. Similarly, people involved in data management (NMMD
coordinators and ecologists) are mentored by more experienced members of the national team.
Longwalks is a new approach to monitoring Malleefowl and the roles and responsibilities are less clearly
defined, particularly in regard to data management. Those involved in coordinating and managing the
data from Longwalks will be in the best position to develop efficient procedures; it would be beneficial if
those involved in coordinating and managing data from Longwalks collaborated and developed a
common approach. Training for Longwalks data collection is best undertaken on-the-job as it is
essentially a team activity that requires little prior experience.

6. Data management, analysis, and reporting
6.1. Data storage
Data should be stored at both State and National levels. State data should be sent to local government
authority (currently the Department of Biodiversity, Conservation and Attractions Naturemap) who
store State-wide data on fauna. Additionally, data should be sent to the National Malleefowl Monitoring
Database (NMMD).
6.2. Overview of database design
The National Malleefowl Monitoring Database (NMMD) is a custom designed database that centralises
mound monitoring data from around Australia, reduces duplication in data handling, and is designed to
facilitate many of the routine tasks involved in managing data and monitoring processes. The NMMD is
also designed to provide feedback to users and reporting for organisations in a secure environment.
Because it’s web-based, these services are available to all contributors across Australia with an internet
connection, although tight controls ensure the security of data. Outlines of the NMMD and its
development are available (Benshemesh et al. 2011, Benshemesh et al. 2014b) and directions for its use
is provided in the monitoring manuals (Tonkin 2016, Tonkin 2016b).
The NMMD has been designed for mound-monitoring data, but is currently being modified to accept
data from Longwalks and tracking from vehicles. Processes for cleaning and correcting these data are
not developed to same extent as for mound monitoring and procedures have not yet been formalised.
However, the National Malleefowl Recovery Team is supportive of modifications to the NMMD that
would facilitate monitoring by tracking and provide secure storage of results as this would provide
information for assessing regional Malleefowl trends in the future.

6.3. Verification, and editing
Verification procedures are built into the mound monitoring program. Data are automatically checked
by the NMMD any records with inconsistencies or notes by data collectors are flagged for follow-up by
specifically trained volunteers (NMMD Ecologists). Manual vetting involves examining the inconsistent
record (e.g. a mound said to be active but with an unusual shape or lacking certain features), and the
mound photo from the current and previous years. Corrections are made as required and annotated,
and a copy of the original data is also stored for reference.
Verification procedures are simpler for the Longwalks data and involve checking the photos of
Malleefowl prints recorded by observers. This should be undertaken on-site to foster learning, but it is
envisaged that the photos will eventually also be uploaded to the NMMD for external checking and
verification. Where photos are found to be incorrectly identified as Malleefowl, it is essential that the
data collectors are aware of their mistake to avoid future errors. It is envisaged that erroneous records
on the NMMD will be corrected and annotated in a similar way to mound records, and that the original
data (with errors) will be stored for reference.
6.4. Routine summaries
All data that is stored on the NMMD should be cleaned, corrected and summarised each year to
verification avoid backlogs and to ensure the data are always ready for analysis. For mound monitoring,
these summaries are automatically generated once the data have been finalised and include
performance summaries (number of mounds monitored, number missed etc) as well as results for the
number of active mounds per site and trends in the occurrence of signs of other species (such as fox
scats, kangaroo prints, etc).
Automatic data summaries for Longwalks monitoring data on the NMMD have not been developed yet
but simple reports will be produced when these data are stored on the NMMD. The form of these
reports will be dictated by the needs of the data providers and the National Malleefowl Recovery Team.
Importantly, these summary reports should be made available to bio-statisticians for views on potential
analysis approaches.
6.5. Recommended methods for long-term trend analysis
Mound based monitoring data is routinely analysed every 10 years to provide a national perspective on
trends of Malleefowl and the factors that may be associated with these trends (Benshemesh et al. 2007,
Walsh et al. 2012). As part of the adaptive management program for Malleefowl conservation, these
analyses may be undertaken more frequently and perhaps annually.
Longwalks data should also be routinely analysed, although there is little point to trend analysis before a
sufficient quantity of data has accumulated (5-10 years).
6.6. Data backup and archival procedures
The NMMD is housed on servers that are regularly and rigorously backed up. Malleefowl monitoring
data that are not housed on the NMMD should likewise be safeguarded from accidental loss or
corruption.
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Malleefowl Monitoring Data Sheet

Appendix 1.
Date:

Site:

Device ID:

Dimensions in
Centimetres

Is the mound Active? (Y/N)

X Sticks

Freshly Scraped

Eggshell

Lerp on mound

MF

Fox

Roo

Other

MF

Fox

Roo

Other

Innber Crust

Inner Moss / Lichen

Inner Herbs

Height North side

Height South side

Depth

Rim Diameter

X Sticks Replaced

Y

N

G

N

S

N

Y

Y

N

ec

Y

Y

Y

r

S

N

S

30

25

20 700 250

Y

X Sticks:
I = In cross
D = Displaced on mound
G = Gone

Profiles:

Outer Diameter

(specify)

(Specify)

(N/S/L)

(N/S/L)

(Y/N)

Photo taken

1

(Y/N)

Profile

Y

(see below)

Needs Tag? (Y/N)

Y

(Y/N)

Needs Stake?

Y

(see below)

(Y/N)
Found

Y

(Y/N)
(Y/N)

26

Prints & Scats:
c = cat
e = emu
d = dog
ec = echidna
r = rabbit
Others note here:

of

Notes

Sought

Scats (Y/N)

15/10/2015

Page

Mound Number

Prints (Y/N)

Name(s):
Inner
Mound
(N/S/L)

Form Revised:

(if you require more room use the back of
this data sheet)

Notes

