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Abstract

Noninvasive genetic sampling (genetic tagging) of individuals is one of the most power-
ful and ethical tools for threatened species population monitoring. A recent review of the
threats to Australia’s rock-wallabies (Petrogale spp.) and the methods for their monitoring
stated that noninvasive genetic sampling (faccal DNA analysis) is not viable for estimat-
ing population size and trends for species in this genus. We feel that it is important to
respond as such statements have the potential to stifle the development and application of
an important tool for threatened species monitoring and lead to lost opportunities for col-
lection of high-quality data to inform conservation of these species. We take the opportu-
nity to describe the breadth of successful application of noninvasive genetic sampling for
monitoring rock wallabies and other mammal taxa, the research and development require-
ments for successful implementation of noninvasive DNA-based population monitoring
and thoughts on why this powerful approach has not been implemented to its full potential
in many jurisdictions. We need to be careful not to dismiss one of the most powerful and
ethical threatened species monitoring tools due to lack of familiarity with the requirements
for its implementation.

Keywords Genetic tagging - Petrogale - Threatened species - Mark-recapture - Minimally-
invasive sampling

Lavery et al. (2021) presented a review of the published literature on the Australian rock
wallabies (genus Petrogale) to understand key threats and conservation issues and iden-
tify informative monitoring tools suitable for guiding conservation management. Rock
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wallabies are an iconic genus, many species of which are suffering declines and are poorly
monitored. In this context, such a review provides an important reference document to
inform future investment in conservation actions and the monitoring strategies used to
evaluate their effectiveness.

A significant methodological recommendation made by Lavery et al. (2021) was that
faecal DNA analysis is presently not viable for monitoring rock wallabies. We believe that
this recommendation was not adequately justified and has the potential to stifle the appli-
cation of one of the most powerful, informative and ethical population monitoring tools
available for a data-poor genus. Beyond stating that “the success of trial studies for this
method have not been successfully repeated”, no published evidence was cited to support
the claim, which is out of step with a large body of work demonstrating the operational use
of non-invasive genetic sampling methods for rock-wallabies and more broadly for threat-
ened species monitoring both in Australia and globally (Carroll et al. 2018; Lamb et al.
2019).

Faecal DNA methods for monitoring rock-wallabies were first developed for the brush-
tailed rock-wallaby (P. penicillata) and applied in a monitoring program for that species
in Wollemi National Park, New South Wales, Australia. The reasons for the initial devel-
opment and subsequent application of faecal DNA methods included the difficulty, cost,
animal welfare consequences and poor-quality data resulting from the live trapping or ‘scat
plot’ surveys that had been employed for the species previously. The development included
the design and evaluation of genetic markers and protocols for identifying individuals from
degraded DNA samples (Piggott et al. 2004), evaluation and optimisation of sample col-
lection protocols and DNA extraction methods (Piggott and Taylor 2003; Piggott 2004),
followed by application to population size estimation through capture-mark-recapture sam-
pling design and statistical analysis (Piggott et al. 2006a, b). Subsequent applications of
faecal DNA methods to Petrogale, some of which were not cited by Lavery et al. (2021),
have included quantification of population connectivity in P. brachyotis in the Kimberley
region of Western Australia (Potter et al. 2012), simple ‘minimum number alive’ surveys of
P. penicillata colonies in Kangaroo Valley and Warrumbungle National Park, NSW (Pap-
linska 2006; Piggott et al. 2017) and monitoring of post-reintroduction P. penicillata popu-
lations in the Grampians National Park, Victoria, following the management decision to
cease monitoring via live trapping due to the associated physical disturbance to the popula-
tion (Kleeman et al. 2022).

Faecal DNA sampling and analysis is particularly valuable for monitoring of rock-wal-
labies as it is the only approach, besides live trapping and marking of individuals, that ena-
bles individual identification, facilitating estimation of population size and demographic
rates including survival and recruitment when combined with an appropriate sampling
strategy (Piggott et al. 2006a). ‘Genetic tags’ are permanent so faecal DNA-based mark-
recapture methods are not susceptible to the tag loss issues that can bias mark-recapture
parameter estimation (Arnason and Mills 1981; Malcolm-White et al. 2020). It has the
ethical advantage over live trapping in minimising risks to animal welfare (Kleeman et al.
2022) and the logistical advantage that faecal samples (scats) are far easier and cheaper to
collect in the field than live animals are to trap. Faecal DNA sampling also provides the
‘value add’ of data for estimating and monitoring genetic diversity (Kleeman et al. 2022)
and population connectivity including immigration rates to monitored populations (Piggott
et al. 2006b; Potter et al. 2012), thereby contributing to global efforts to increase monitor-
ing of genetic diversity for conservation (Hoban et al. 2021).

Having outlined some major advantages of faeccal DNA sampling, some of the addi-
tional requirements that do not apply to the other population monitoring methods reviewed
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by Lavery et al. (2021) include the cost of laboratory analysis and the need for experi-
enced and skilled laboratory scientists to provide high quality genetic data for individual
identification. The initial application of faecal DNA analysis to rock-wallaby population
monitoring used highly polymorphic microsatellite markers (Piggott et al. 2004) but newer
single nucleotide polymorphism (SNP) methods significantly reduce analysis time and cost
while increasing genotyping accuracy and comparability among studies (von Thaden et al.
2017). At the time of writing this article, genome assemblies were publicly available for
13 species of rock-wallabies, facilitating the development of SNP markers for population
monitoring.

The need for skilled and experienced practitioners is a requirement for obtaining qual-
ity data from any environmental monitoring approach, from field-based observation to
remote sensing or metagenomics. Our intention is to highlight that partnering with suitably
qualified researchers is a basic requirement for successful implementation of faecal DNA
analysis and is necessary to identify and overcome technical challenges that are likely to
be encountered. Such partnerships need to be developed prior to design of a monitoring
program because the design of the field sampling strategy can be dependent on laboratory
methods and vice-versa. Ideally, a pilot study would be conducted for a new monitoring
program to optimise field and laboratory protocols and here we provide a basic checklist to
cover the key considerations of any such pilot study:

1. Identification of genetic markers that can distinguish individuals in the target popula-
tions (thereby minimising ‘false recaptures’ due to failure to distinguish close relatives)
and can be genotyped from trace and degraded DNA sources (Sethi et al. 2014). Early
applications used microsatellites but SNP panels are now more common (von Thaden
et al. 2020) and can be genotyped more efficiently with lower error rates (von Thaden
et al. 2017).

2. Optimisation of a sampling strategy to yield accurate genotypes from as high a propor-
tion of samples as possible. This involves quantifying effects of environmental condition
and sample storage in the field and laboratory, and DNA extraction method. The sample
collection and handling steps, from field to final dataset, are perhaps the most critical
for successful application of non-invasive genetics methods and have led to strong dif-
ferences in genotyping success in our own work.

3. Assessment of the degree of sample replication required in the laboratory to obtain high
quality individual genotypes and, ideally, the genotyping error rate. Statistical methods
can account for some errors in individual identification for mark-recapture analysis
(Lampa et al. 2013; Augustine et al. 2020) and genotype matching software can account
for error rates (Jones and Wang 2010) but, ideally, these errors should be minimised
through optimisation of field and laboratory practices.

4. Given the constraints resulting from 2 and 3 and the context of the population being
studied (How many samples can be obtained and what is the approximate expected
population size?), design of a sampling strategy (e.g. to maximise capture probability
and minimise individual heterogeneity), for estimating abundance or demographic rates
using an appropriate mark-recapture model.

If it is done properly, non-invasive genetic sampling fills a niche for high quality data
collection for demographic and genetic monitoring of species. The method continues to
grow in application to population monitoring of diverse species globally (Carroll et al.
2018; Lamb et al. 2019). Within Australia, non-invasive DNA sampling has been applied
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in a number of laboratories in government organisations and universities, not only to the
study of rock wallabies by a number of research groups but to all three species of wombat
(Sloane et al. 2000; Banks et al. 2002, 2003; Walker et al. 2006), the greater bilby (Smith
et al. 2009; Dziminski et al. 2021), the ghost bat (Ottewell et al. 2020; Sun et al. 2021), the
spot-tailed quoll (Ruibal et al. 2009), the red fox (Marks et al. 2009) and the koala (Wedro-
wicz et al. 2013; Schultz et al. 2018) and has formed a core method for data collection for
long-term monitoring of endangered species (Horsup et al. 2021).

We need to be careful not to dismiss one of the most powerful, ethical and informa-
tive threatened population monitoring tools for rock wallabies due to lack of capability or
familiarity with the requirements for its implementation. With some notable exceptions
(Ottewell et al. 2020; Dziminski et al. 2021), Australia does not have a strong track record
of investing in technical expertise in genetics-based methods for threatened species moni-
toring in its organisations responsible for wildlife management. Our perspective is that,
where this has not occurred, this has been a key reason for the lack of wider uptake or
effective implementation of non-invasive genetic methods in wildlife conservation. We
hope that our response to the review by Lavery et al. (2021) enables informed considera-
tion of whether or not to use faecal DNA analysis in a monitoring program for rock wal-
labies or other species and some basic guidelines for how to approach the development of
a faecal DNA analysis program for population monitoring in a manner that minimises the
risk of failure.
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