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Abstract

Biodiversity conservation in northern Australia is characterised by high endemism, data
deficiency, and high Indigenous land tenure and population. The Northern Australia
Conservation Genomics Forum brought together experts to explore current genetic
research with particular emphasis on integration of genomics within conservation
practices. We discuss the regional biodiversity of northern Australia, highlighting the
unique biogeographic patterns, known and unknown species diversity, and ongoing threats
such as habitat degradation, altered fire regimes, invasive species, and climate change.
This article synthesises key themes from the forum, including the current application of
genomics in conservation, gaps and areas of need and opportunity to advance species
conservation in this sparsely populated, yet iconic region of Australia. We highlight the
need to expand collaborative research partnerships across land tenures with Indigenous
organisations, pastoralists, government and non-government organisations, which is crucial
for the effective study and conservation of the region’s biodiversity. The paper identifies
the challenges and opportunities in applying genomic data to conservation strategies and
applied management, including species translocations and habitat management, while
acknowledging the limitations and gaps in current research and collections. The insights
from this forum emphasise the advantages in using genomics to inform conservation
decisions, and the need for continued research and collaboration to protect northern
Australia’s unique biodiversity.
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Introduction

Conservation genetics has emerged as a fundamental tool in the pursuit of biodiversity
conservation (Kardos 2021). Conservation genetics provides crucial insights into the
genetic structure, diversity, and adaptive potential of species and populations within
species. Regional conservation genetics assessments across assemblages of species hold
value in identifying common and contrasting patterns in shared landscapes (Shaffer et al.
2022). Regional perspectives provide an enhanced understanding of the spatial distribution
of genetic diversity, driven by underlying ecological factors, thereby informing effective
management strategies and conservation actions. Here, we focus on the current state of
conservation genetic information and use in northern Australia, a biodiversity-rich region
that faces complex conservation challenges.

Northern Australia (Fig. 1) is home to a diverse array of species, many of which are
endemic (Woinarski et al. 2007). The Top End, Kimberley and Cape York regions (Fig. 1a)
are dominated by tropical savannas, intersected with landscape-scale biogeographic fea-
tures such as the Carpentarian Gap, Arnhem Land Plateau and the Ord River Region (Bow-
man et al. 2010) as well as large seasonal floodplains and water bodies such as the Arafura
Swamp and regionally-restricted habitats such as the black soil (clay-pan) plains. The
region is separated from the Pilbara in the west by the Great Sandy Desert. The monsoonal
climate and geographic features of the region have influenced the evolution of a diverse
vertebrate species community (Finlayson et al. 2006; Oliver et al. 2017; Pepper et al. 2013;
Pepper and Keogh 2014). The species diversity and endemism in northern Australia make
the region of global importance for biodiversity (Woinarski et al. 2007).

Further elevating the significance of the region, northern Australia has a high proportion
of Indigenous-owned and managed land (Fig. 1b). Land tenure in this region varies,
including Aboriginal freehold, protected areas, and land under native title. Aboriginal
freehold land, established under the Aboriginal Land Rights (NT) Act 1976, is inalienable
and held by Aboriginal land trusts. Native title, recognised under the Native Title Act
1993, acknowledges that some Aboriginal peoples have ongoing rights and interests in
land and waters based on their traditional laws and customs. These tenure arrangements
enable Indigenous communities to engage in land stewardship, integrating traditional
knowledge with contemporary conservation practices. Many Indigenous groups in northern
Australia maintain strong bio-cultural knowledge systems and have a degree of control
over management of their ancestral estates, resulting in tangible biodiversity, economic
and socio-cultural benefits (Altman and Kerins 2012; Ens et al. 2016). These strategies
sustain the environment and uphold the cultural heritage and socio-economic wellbeing of
Indigenous communities.

Northern Australia largely evaded the extensive historical extinctions that impacted other
biomes across Australia (Legge et al. 2023; Woinarski et al. 2015) However, the region is not
insulated from modern environmental challenges (Woinarski et al. 2007). Alarming declines of
mammal populations have been observed in recent decades. These declines have been attributed
to a range of threatening processes (Stobo-Wilson et al. 2020) including: (1) habitat degradation
due to feral herbivores and pastoralism (Legge et al. 2011; Woinarski and Ash 2002); (2) direct
or indirect effects of introduced species (Braithwaite and Griffiths 1994; Radford et al. 2020;
von Takach et al. 2022a, b) including increased predation (Fisher et al. 2014; Frank et al. 2014;
Stobo-Wilson et al. 2020); (3) altered fire regimes (Lawes et al. 2015; von Takach et al. 2020;
Woinarski et al. 2011); and (4) a changing climate (Kutt et al. 2009; Traill et al. 2011; Williams
et al. 2003). Escalating pressure to further develop large areas of northern Australia (Brewer
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Fig. 1 The northern Australia region a region extent in green determined by the relevant Australian Biore-
gions and showing the major biogeographic barriers shaded in gray (Bowman et al. 2010; Department of
Climate Change, Energy, the Environment and Water 2023; Edwards et al. 2017) and b land tenure and
management classifications (modified from Collaborative Australian Protected Area Database 2022, the
National Native Title Register and Australian Land Tenure)

et al. 2021) is likely to affect remnant populations of threatened species that are currently
declining, or persisting at low densities, in the region.

While mammals are the most well-studied in terms of their declines in northern
Australia, there are indications that the same processes are also responsible for declines
in reptile (Geyle et al. 2021; Tingley et al. 2019) and bird populations (Legge et al. 2008;
Shoo et al. 2005). Cats impact reptile abundances (Stokeld et al. 2018; Woinarski et al.
2018), as do altered fire regimes, which are hotter and more intense in areas impacted by
invasive grass weeds (Rossiter et al. 2003). Furthermore, predation of poisonous cane toads
by susceptible reptile species, particularly top predators (e.g. monitors), has led to their
widespread decline and local extirpation with broader implications for trophic systems
as cane toads spread westward across the north (Doody et al. 2009; Radford et al. 2020).
With the exception of direct impacts from cane toads, similar processes have contributed
to the decline and extinction of Australian birds (Franklin et al. 2005), with additional
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pressure from habitat conversion through mining and agricultural development (Gould
2011; Woinarski et al. 2024). Mining and agriculture are likely to impact reptiles also, but
there has in general been more limited study of the processes leading to reptile declines
as reptiles are vastly more diverse that other vertebrate clades, have much higher levels of
unknown and undescribed diversity, and have received relatively little research attention.
Because of a high incidence of data deficiency in reptiles it is likely that extinctions and
population declines are vastly underreported in this clade.

Conservation genetics is a crucial tool in understanding and addressing the challenges
facing biodiversity in northern Australia, by informing decisions about conservation
management actions (Supple and Shapiro 2018). Such decisions include identifying which
populations are candidates for genetic intervention, quantifying the importance of remnant and
insurance/translocated populations for conserving genetic diversity, or characterising putative
evolutionarily significant units (ESUs) (Frankham et al. 2017; Ralls et al. 2018; von Takach
et al. 2021; von Takach et al. 2022a, b). Understanding taxa from across the continuum of
population, phylogeographic and phylogenetic scales further adds value to conservation
genomics studies, enabling the designation of ESUs, and potentially new species; as species
cannot be effectively conserved unless they are properly delineated and described.

To explore the current state of conservation genetics across northern Australia, and
to identify opportunities to harness new molecular tools to preserve this region’s rich
biodiversity, the Northern Australia Conservation Genomics Forum (NACGF) convened
conservation genetics researchers from across Australia. The major themes that emerged
during the forum were integral to understanding the genetics of northern Australian
wildlife, and encompassed the application of conservation genetics/genomics, as well
as how to include Indigenous land-owning groups in genetic research, and enhance
preservation of genetic material. The six dominant themes were as follows:

Theme 1: State of population genomic research in northern Australia.

Theme 2: Speciation and evolution.

Theme 3: Tools and metrics for conservation.

Theme 4: Genetic applications in conservation management.

Theme 5: Conservation genomics research partnerships in northern Australia.
Theme 6: Tissue collections and sampling into the future.

This review synthesises NACGF discussions on these major themes and contextualises
them within the literature on conservation genetics/omics to explore advances, gaps
and opportunities for wildlife conservation in northern Australia. While our focus is
conservation genomic research across northern Australia, the case studies provided
throughout largely focus on mammals, reflecting the extensive research on their alarming
declines in the region. These declines provide insights into broader threats affecting less-
studied and data-deficient taxa.

Theme 1: State of population genomic research in northern Australia.

Recent advances in DNA sequencing technology have revolutionised the accessibility and
power of data to understand genetic diversity, population structure, and adaptation potential of
species. High-throughput sequencing technologies, such as next-generation sequencing (NGS),
have significantly reduced the cost and time required for large-scale genomic studies and
unleashed the ability to access information from historical museum specimens (e.g. Card et al.
2021; Roycroft et al. 2022). The forum discussed the use of genomics across broad research and
management areas in northern Australia, and its value in conservation. In the below section,

@ Springer



Biodiversity and Conservation (2025) 34:2261-2286 2265

we summarise recent population and conservation genomic advances across northern Australia,
from single species studies, to regional patterns of diversity in species communities.

The northern quoll (Dasyurus hallucatus), a well-studied marsupial species in
northern Australia, is of particular interest due to the significant population declines it
has experienced, largely driven by the invasion of cane toads (Rhinella marina). Despite
extensive research on northern quolls, there remain gaps in the understanding of its
biogeographic variation, particularly in relation to genomic diversity and population
structure. Analysis of the patterns of genomic diversity across different northern quoll
populations and how the introduction of invasive cane toads has influenced genetic
structure bridges these gaps (von Takach et al. 2022a, b). The study identified a clear
hierarchical structure of three to five population clusters of northern quolls, a distribution
generally consistent with recognised biogeographic barriers in the region, notably the
Carpentarian Gap, the Ord River Region, and the Great Sandy Desert (Fig. 1a.; von Takach
et al. 2022a, b). Regional populations exhibited a level of internal genetic structure, with
island populations typically representing a subset of the diversity found in nearby mainland
populations, a pattern seen in many island populations of Australian mammals (Eldridge
et al. 2004; Harradine et al. 2015). This observed phylogeographic structure in northern
quolls broadly resembles patterns seen in other species such as the brush-tailed rabbit rat
(von Takach et al. 2021), the black-footed tree rat (von Takach et al. 2022a, b) as well as
delicate mice (although these divergences are species level, rather than ESUs; (Roycroft
et al. 2024)). As for some other native predators across northern Australia, the northern
quoll has been substantially impacted by the invasion of the toxic cane toad. The genetic
consequences of this threat were explored by von Takach et al. (2022b), with a decline
in genetic diversity in populations with long exposure to cane toads. While this poses a
significant concern for the adaptive capacity of native predator populations, the presented
evidence suggests that the loss of genetic diversity may unfold over several decades (i.e.
dozens of generations) following the invasion of cane toads, raising the potential for
management intervention even in toad-exposed populations/areas.

Genomic data can provide insight into the connectivity of populations, which can be
crucial information for conservation management e.g. to inform translocations, and the
potential need for genetic rescue. Contrasting patterns of connectivity can indicate different
conservation needs. For example, research on the population genomics of two northern
Australian tree-rats of the genus Mesembriomys, compared population structure of the
golden-backed tree-rat (M. macrurus) and the black-footed tree-rat (M. gouldii) (Nicholl
2022). High connectivity between Kimberley subpopulations of golden-backed tree-rats is
reflected by overall low levels of genomic differentiation. In contrast, the more broadly
distributed black-footed tree-rats showed substantial levels of genomic differentiation
between the offshore Melville Island and the mainland Queensland (Weipa) population,
suggesting prolonged isolation and conforming to subspecies boundaries based on
morphological differences between regions (Nicholl 2022). Population structure in the
extant distribution of the golden-backed tree-rat is best described with K=1 or K=2
(where K refers to the number of populations), although further research may highlight
island populations that are strongly differentiated. Notably, 97% of prioritisation iterations
identified Bachsten Creek as the optimal site to conserve allelic diversity, given its
central location among survey sites. The Mitchell Plateau and Yampi Sound populations
were more frequently selected together for allelic representation when conserving two
sites, considering their positions on opposite ends of the survey range (Nicholl 2022).
Concerning inbreeding coefficients were identified in some golden-backed tree-rat
populations, warranting further exploration and the need for larger sample sizes.
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While single-species studies provide crucial, in-depth insights for conservation,
studies investigating multiple species across shared landscapes provide the opportunity
to understand regional genetic patterns, and to inform conservation of whole species
assemblages. This is particularly relevant in the Pilbara region, known for its unique
and highly variable landscape and a host of diverse and endemic fauna and flora (Pepper
et al. 2013). The region faces the dual challenges of conserving this rich biodiversity
while accommodating ongoing economic development due to mining activities. The
region’s biodiversity is threatened by changes in land use, altered fire, invasive pests
and weeds, and climate change, in addition to the threat posed by resource exploitation
(Booth et al. 2021). To address this challenge, there is a growing recognition of the
potential role of genetics in understanding how animals utilise different elements of the
landscape. By identifying core habitat and areas vital for population connectivity, recent
and ongoing research aims to enhance the resilience of the mammal community by
preserving or increasing genetic diversity. Species distribution models were used to map
core habitat for 19 small-medium sized mammal species, with genomic data obtained
for ten species (including rodents, marsupials and bats). The analysis revealed a weak
population genetic structure, widespread admixture and large genetic neighbourhoods
across the Pilbara, suggesting the occurrence of long-distance dispersal events. Notably,
Sminthopsis youngsoni exhibited strong population genetic structure between Cape
Range and the rest of the Pilbara, suggesting that the presence of clay acts as a barrier
to dispersal for this species. Contrasting patterns of connectivity across species suggest
that dispersal is facilitated by different elements of the landscape, emphasising the need
for species-specific considerations in conservation planning (Skey et al. 2023). Overall,
the integration of genetic data into conservation strategies holds promise for navigating
the complex interplay between biodiversity preservation and economic development in
the Pilbara region (Shaw et al. 2023; Skey et al. 2023; Umbrello et al. 2022).

Recent research on native rodents provides a perspective on the associations
between genomic diversity and both historical and contemporary species extinctions
and declines, and highlights the value of including historical museum specimens in
genomic research. Given the overrepresentation of rodents in current mammal declines,
a genome-scale examination of the timing of decline and genetic diversity of extinct
rodents was explored. Notably, no genetic erosion was observed in extinct species at
the time of the last specimen collection, emphasising the dramatic decline of Australian
rodents post-European colonisation (Roycroft et al. 2021). Without genetic erosion
as a leading cause, factors like body size and biome, alongside various ecological
threats, help account for the varying rates of decline in native Australian rodents.
Comparatively, when examining current estimates of genetic diversity in extant species,
Roycroft et al. (2021) demonstrated a clear relationship between genetic diversity and
geographic restriction. Geographically restricted species like the critically endangered
central rock rat (Zyzomys pedunculatus) and the last remaining population of the Shark
Bay mouse (Pseudomys gouldii) had the lowest genetic diversity of all Australian
rodents, highlighting the potential genetic risk present in small populations (Roycroft
et al. 2021).

The forum emphasised the presence of greater genomic diversity at the species and
ESU level than previously thought. Many species exhibited significant genetic diversity
and cryptic lineages, further highlighting the need for comprehensive genomic studies
to accurately understand and conserve species. The various applications of genomics
in wildlife conservation explored during the forum demonstrated its importance in the
ongoing efforts to conserve biodiversity in northern Australia. The findings and insights
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generated from this research can help to inform conservation management strategies and
facilitate the long-term survival of these unique and important species.

Theme 2: Speciation and evolution

Despite being widely recognised as a hotspot for endemism and biodiversity, northern
Australia’s fauna remains understudied. Advances in molecular technology have
dramatically increased our understanding of the diversity and phylogeography of species in
northern Australia over the past decade (Stobo-Wilson and Cremona 2023). Understanding
speciation and revealing cryptic diversity is critical in the context of northern Australia,
where terrestrial fauna face a severe threat of decline. The region’s complex geological
history, climatic variability, and geographical isolation have given rise to a remarkable
array of species with distinct evolutionary histories, however the difficulties in accessing
many of these areas and presumptions of similarity to their southern counterparts have
hindered taxonomic investigation in northern Australia. This lack of work has especially
impacted our understanding of diversity and decline in northern Australian reptiles, with
current estimates sitting at between 50-100 undescribed species just in the Northern
Territory. These species predominately occur in the northern part of the territory in
habitats at-risk from climate change on low-lying offshore islands, and from increasing
development pressure, like the disjunct black soil regions (Dan Edwards, pers. Comm.), in
addition to known diversity hotspots like rock escarpments.

Across the region, studies across multiple species have revealed some general patterns
of genetic diversity and endemism. Similar to global trends, genetic diversity on islands
is typically low, with some islands demonstrating particularly low genetic differentiation.
For example the northern quoll population on Marchinbar Island had a particularly low
observed heterozygosity (von Takach et al. 2024). Additionally, comparatively low genetic
diversity of delicate mice (Pseudomys delicatulus) on islands of the Edward Pellew
Group, Bonaparte Archipelago and on Niiwalarra, compared to mainland populations.
But in contrast, Melville Island and Groote Eylandt maintain diversity similar to mainland
populations, highlighting the relationship between genetic diversity and island size
(Roycroft et al. 2024). Landscape biogeographic barriers, such as the Carpentarian Gap
and the Great Sandy Desert, have given rise to areas of high endemicity in the Gulf of
Carpentaria and the Pilbara. Distinct life history and ecology of some fauna has resulted in
particularly high levels of genetic divergence (See Box 1).

Recent taxa discoveries in the northern Australia region have predominantly been new
endemics and include the reinstated Eastern short-eared rock-wallaby Petrogale wilkinsi as
well as the description of an additional subspecies Petrogale brachyotis victoriae (Potter et al.
2014; and see Box 1). Despite being considered synonymous with the widespread sugar glider
Petaurus breviceps, mtDNA and morphology differences resulted in the elevation to species
of the savanna glider Petaurus ariel (Cremona et al. 2021). This investigation revealed further
phylogenetic structure potentially representing additional taxa in the Central Kimberley
and on the Cape York Peninsula. The family Dasyuridae is a diverse group of carnivorous
marsupials ranging in size from 2 g to 14 kg and over 30 species currently occur in northern
Australia. However, this is thought to be an underestimate of the true diversity in the group,
which is characterised by cryptic species and diverse lineages. One example includes the
planigales, Australia’s smallest marsupials, where two new species were recently described
from the Pilbara region with the help of molecular evidence; Planigale kendricki and P. tealei
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(Umbrello et al. 2023). Molecular studies have revealed high genetic diversity and structure in
other Dasyurid species including Antechinomys laniger (Westerman et al. 2023), Sminthopsis
macroura and S. virginiae (Blacket et al. 2001; Umbrello et al. 2024) and Pseudantechinus
(Umbrello et al. 2017). Similarly, a recent study uncovered two new species of murine
rodents in northern Australia (Roycroft et al. 2024)), that had previously been included within
Pseudomys delicatulus. Through the description of western delicate mouse (P. pilbarensis)
and the reinstatement of the eastern delicate mouse (P. mimulus), the northern delicate
mouse P. delicatulus sensu stricto now has a much smaller geographic range than previously
understood. Cases such as these, where species ranges were previously mischaracterised due to
incomplete taxonomy, may result in species being assigned inappropriately low conservation
priority, and highlights the potential for cryptic diversity in other widespread species across
northern Australia.

Box 1: Rock-Wallaby Case study

The Australian marsupial genus Petrogale (rock-wallabies) has undergone recent and
rapid speciation (Potter et al. 2012). Rock-wallabies are a small (1 — 12 kg) macropod
with an Australia-wide distribution. A taxonomic investigation into the brachyotis
group; comprised of Petrogale brachyotis, P. burbidgei and P. concinna, revealed a
fourth species, P. wilkinsi and a subspecies of P. brachyotis (P. b. victoriae) (Potter et al.
2014). An integrative approach combining both mitochondrial and nuclear DNA with
morphology was used to investigate this diversity. Recently, further investigation that
incorporated genomic data from historical museum specimens using targeted capture
found evidence of greater diversity in the brachyotis group and a complex evolutionary
history (Potter et al. 2024). The increase in genomic and geographic coverage of this
group enabled evaluation of mitonuclear discordance previously identified (Potter et al.
2012). Approximate Bayesian Computational analyses supported evidence of recent
gene flow between species, as well as introgression during speciation which caused
this mitonuclear discordance. This was a surprising find given the substantial body
size differences between the species involved and chromosomal variation. Sampling
from museum skins also supported additional diversity within P. wilkinsi from Groote
Eylandt and the Gulf of Carpentaria region. The complex evolutionary history in this
group has been linked to the dynamic climatic history across the monsoonal tropics.

Extensive chromosomal rearrangements are found amongst lineages and species of
rock-wallabies (Fig. 2). Fixation of chromosomal rearrangements has been linked to
their small population sizes, likely a consequence of their restriction to patchily distrib-
uted ‘islands’ of rocky habitat throughout their distribution. Further research is needed
to understand the role of genetic drift versus selection in driving such genomic reor-
ganisation. Only through cytogenetics and more recently the incorporation of genomic
data have we increased our understanding of the intricacies of speciation in this system
(Deakin et al. 2019). It highlights the role of structural variation in driving adaptation
and speciation and a need to better understand genome organisation in conservation
genetics and speciation (Fig. 2).

@ Springer



Biodiversity and Conservation (2025) 34:2261-2286 2269

@ burbidgei North (bN)
& burbidgei South (bS)

B brachyotis brachyotis
West Kimberley (bbW)

@ brachyotis brachyotis
East Kimberley (bbE)

W brachyotis victoriae (bv)
O concinna canescens (cc)
W concinna concinna

Y¢ concinna monastria (cm)
@ wilkinsi (w)

B wilkinsi GROOTE (WGR)
wilkinsi GULF (wGU)

Top End, NT

Kimberley, WA

12345678 91X 12345678 910X
10 10
1 5 B 4sm 1 4sm
o 25
LG i
o0 0 g8 §
P. brachyotis P. burbidgei North
o 10
|‘I‘|§°I TH
" 800 i HSggam B
P. wilkinsi

P. concinna canescens

Fig.2 Sampling locations and chromosomal rearrangements of the marsupial genus Petrogale in northern
Australia

Theme 3: Tools and Metrics for Conservation

There was a strong consensus among participants regarding the integration of genetic data
into conservation strategies, aligning closely with international directives such as recent target
updates to the Convention on Biological Diversity (CBD) framework and the Kunming-
Montreal Global Biodiversity Framework. Meeting these targets will require appropriate
indicators for reporting, such as the proportion of populations with an effective population
size above 500 (Hoban et al. 2020), and how these indicators can be calculated when sufficient
genetic data is not available. The potential for more extensive genetic reporting, including
calculations of Essential Biodiversity Variables (Hoban et al. 2022; Pereira et al. 2013)
and genetic proxies like the genetic scorecard approach (Hollingsworth et al. 2020) were
highlighted as being an important area of development for conserving genetic diversity in
northern Australia.

An example of such a tool, the Victorian Genetic Risk Index, plays a pivotal role in the
conservation efforts of the Victorian State Government, particularly in addressing challenges
posed by widespread habitat fragmentation (Kriesner et al. 2020). The genetic risk index is
calculated from a combination of genetic and life history parameters. The methodology
combines data from various sources, including the Atlas of Living Australia and other
repositories, integrates demographic, habitat, and genetic information when available. It
further involves the creation of resistance maps, both general and species-specific, to identify
population clusters. This approach enables the calculation of risk at both population and
species levels, enriched by species-specific insights, ultimately aiding in the incorporation of
genetic information in conservation management. While in-house metrics like the Victorian
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Genetic Risk Index can be useful, moving towards national standards and open-source metrics
should be a future goal.

Additionally, the forum included insights and perspectives from the Australian Wildlife
Conservancy, a prominent environmental non-governmental organization (NGO) in the
region. The emphasis in this context was on genetic monitoring and management, focusing
on the overarching goals of maximizing fitness, adaptive potential, and the preservation
of remaining diversity. Challenges unique to the Australian context were emphasised,
including scenarios involving translocated populations with genetic admixture, temporal
inconsistencies in genetic marker panels, and the imperative of addressing genetic
adaptation in the context of climate change, ensuring that genetic data seamlessly
integrates with practical management. There is an increasing emphasis on utilising genetic
tools to manage and protect in situ populations within large-scale landscapes, especially
in sanctuaries across northern Australia. Northern quolls are a prime example of this
approach, with von Takach et al. (2024) demonstrating how these tools can effectively
prioritise wild populations to most efficiently preserve genetic diversity. The need for
such genetic prioritisation tools is critical for the sustained and detailed monitoring and
management of the diversity and connectivity among priority populations.

The forum explored the priorities and objectives of the Western Australian (WA)
government concerning genetic diversity within the conservation landscape. WA has
played a key role in translocations for conservation over the past 50 years (Morris et al.
2015). Key genetic objectives associated with these activities included the maximization
of connectivity and evolutionary potential, which were closely tied to an in-depth
understanding of spatiotemporal patterns in genetic diversity. The use of Population
Viability Analyses (PVA) was identified as useful tool to model the genetic outcomes
of translocation scenarios that incorporated various combinations of founder source
populations. In particular, the value of admixing founder populations was shown to
maximise genetic diversity in the translocated population, while minimising harvesting
pressure on source populations (Onley et al. 2023). The forum also provided insights into
genetic priorities and planning strategies within the Northern Territory government. These
encompassed a range of applications, from species identification and the detection of
species via environmental DNA (eDNA) to tracking the historical trajectory of communities
through DNA barcoding. Additionally, the discussion covered the quantification of the risk
of species loss and the identification of critical tipping points. Collaborative engagement
with geneticists was underscored as instrumental in comprehending the contemporary
patterns underpinning conservation efforts in the NT.

Theme 4: Genetic Applications in Conservation Management

Globally, the speed of developments in the study of genomics has not been matched by
integration of these data in conservation planning. For example, species recovery plans
from across Europe, the US and Australia rarely include population viability and fitness
related parameters with~10% referencing N,, a fundamental parameter for assessing
population viability and~7% mentioned inbreeding and inbreeding depression (Pierson
et al. 2016). Historically, there has been a disconnect between the science of conservation
genetics and its application in conservation policy and management. However, the
increased global focus on maintaining genetic diversity (Hoban et al. 2021), developing
relevant metrics for measuring genetic diversity (Hoban et al. 2022) and the collaborative
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management presented at the forum highlights that we are bridging the gap between
genomic research and on-ground management and monitoring. Furthermore, the
Australian government is now listing the maintenance or increase of genetic diversity
as key components in the new Threatened Species Action Plan 2022-2032 (Department
of Climate Change, Energy, the Environment and Water 2022). For instance, by 2023, a
stocktake of threatened species susceptible to invasive predators will be undertaken to
ensure sufficient genetic diversity can be supported in potential safe haven populations.
From 2022 to 2027, the plan aims to strategically enhance or grow the safe havens network
by undertaking targeted translocations to improve genetic diversity and address the
underrepresentation of predator-susceptible species. Despite earlier gaps, recent initiatives
show a clear advancement in embedding genetic considerations into conservation planning.

Translocations have become a valuable tool for conservation management (Batson et al.
2015). Research presented at the forum emphasised the importance of recognising existing
patterns of genetic variation when contemplating translocation efforts. Failure to consider
these patterns can lead to genetic homogenisation, diminishing the species’ resilience
and adaptability. Recent research also highlights the Indigenous cultural influence on
genetic variation as species were moved for cultural purposes, or deliberately not moved,
hence creating genetic cultural heritage signatures (Fahey et al. 2024). Furthermore,
the significance of monitoring genetic diversity after translocation was emphasised,
highlighting a clear connection between genetic research and on-ground management and
monitoring.

The Australian Wildlife Conservancy (AWC) is a key player in conservation
management in northern Australia both through landscape scale threat management
(Kutt et al. 2012; Legge et al. 2019) and an important focus of the conservation strategy
being reintroductions and translocations to restore biodiversity and conserve threatened
species nationally (Anson 2018; Kanowski et al. 2018). Demonstrating clear integration of
genetic data and management, AWC includes genetic diversity in their primary objectives
of translocation plans with the key aim to maintain the long-term adaptive potential of
threatened mammals (J Pierson et al. 2023). Drawing on research outside of the region,
AWC demonstrated the genetic approach that is taken in planning, implementing and
monitoring translocations, exploring the red-tailed phascogale Phascogale calura as
a case-study (Pierson et al. 2023). The red-tailed phascogale is a threatened mammal
occupying < 1% of its former range in small, fragmented populations with limited genetic
data. To achieve suitable numbers for translocation, without compromising the source
populations, a captive breeding program was established at the Alice Springs Desert
Park. Through genetic assessment of source populations, and strategic breeding, captive
offspring demonstrated significantly lower inbreeding coefficients and relatedness than
source populations (Pierson et al. 2023). By using founders from a combination of source
populations distinct to those used in the initial captive breeding program, a second,
genetically distinct captive population has been established in collaboration with Adelaide
Zoo. The establishment of two genetically distinct captive populations reduces the reliance
on remnant source populations for future translocations and population supplementation.
AWC also places emphasis on post-translocation monitoring (Anderson et al. 2024) and
have demonstrated that translocated populations are breeding successfully in the wild
and genetic indicators for inbreeding and relatedness have been maintained (Sinclair
et al. 2024). AWC provided a clear framework for adaptive genetic management for
reintroductions.

The Northern Territory (NT) government has demonstrated alternative strategies to
incorporate genetics into conservation, particularly when in-house genetic expertise is
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lacking. The NT government, in partnership with the AWC, recently performed a successful
translocation of the critically endangered central rock rat (Zyzomys pedunculatus). Extinct
from~95% of its presumed historical range, and with the lowest recorded species-
level heterozygosity of any native rodent species on mainland Australia (Roycroft et al.
2021), the central rock rat only survives in the West MacDonnell Ranges of the Northern
Territory, with unstable population numbers. Capitalising on a population irruption, 58
rock rats were translocated to AWC’s Newhaven Sanctuary predator free fenced area in
2022 (P McDonald, personal communication, 2023). Additionally, 16 were transferred
to the Alice Springs Desert Park to initiate a captive breeding programme. Including
translocated individuals, tissue samples were collected from 81 individuals to investigate
the population genetics of this isolated species. Instead of relying on in-house resources,
the NT government and AWC engaged external specialists for the extraction, sequencing,
and subsequent genomic data analysis. Such services are increasingly commercially
available in Australia (e.g. Diversity Arrays Technology, or genomics core facilities), or
as collaborations with genomics experts facilitated through national consortia (e.g. OMG,
AusARG). This approach underscores the potential for bridging the gap between genetics
and conservation through external collaboration.

The golden bandicoot Isoodon auratus, once widely distributed across Australia,
now exists in the northwest Kimberley and offshore islands in Western Australia and the
Northern Territory. These significant range contractions have led to the classification of
golden bandicoots as vulnerable species. Consequently, various translocation initiatives
have been undertaken, relocating individuals to two islands in the Northern Territory,
two islands in Western Australia, and three mainland locations within Western Australia
(Blythman et al. 2020; Rick et al. 2023). Research incorporating remnant and translocated
populations revealed four distinct genetic regions within the golden bandicoot species.
Notably, the Kimberley mainland populations exhibited the highest levels of genetic
diversity, while the island populations in the Northern Territory displayed the lowest
genetic diversity. Genomic data was used to monitor genetic diversity and showed that
the translocated populations maintained genetic diversity levels comparable to their
source populations. To safeguard at least 90% of the genetic diversity inherent in golden
bandicoots, the preservation of three mainland populations and the Augustus Island
population was deemed necessary. Importantly, the study underscored the overall limited
genetic diversity observed within the species, raising the prospect of potential genetic
augmentation strategies. The need for a balanced approach to conserve genetic diversity
without compromising genetic adaptation was emphasised, highlighting the complexities
inherent in managing these vulnerable marsupials (Rick et al. 2023).

As conservation actions increasingly incorporate translocations, it is crucial to
address the unintended consequences of these interventions, particularly when they
are implemented on poorly studied islands. For instance, the translocation of the golden
bandicoot onto the Wessel Islands in the late 2000s occurred despite limited research on
the existing diversity and potential ecological ramifications. The only amphibian-focused
survey in the region was conducted in 1993, prior to the inter-island translocation of golden
bandicoots, and no follow-up surveys have been undertaken (Catullo and Keogh 2021).
Given that bandicoots are omnivores known to consume frogs and reptiles, concerns have
been raised about their potential impact on endemic herpetofauna, including the recently
described Uperoleia gurrumuli (Catullo and Keogh 2021). The introduction of golden
bandicoots to Guluwurru and Rarrakala Islands highlights the need for further research
to assess their effects on the unique evolutionary diversity of the Wessel Islands. These
concerns underscore the importance of conducting thorough pre-translocation studies

@ Springer



Biodiversity and Conservation (2025) 34:2261-2286 2273

and ongoing post-translocation monitoring to ensure that conservation efforts do not
inadvertently threaten the biodiversity they aim to protect.

The integration of genetic research into practical conservation management is key to
the success of conservation actions, as evident from the various case studies and initiatives
discussed. Despite the ongoing challenge of adequately incorporating rapidly evolving
genetic data into conservation strategies, there are encouraging examples like those of AWC
and the NT government that exhibit promising practices. Historical insights from extinct
species further amplify the importance of understanding genetic components to address
species declines. New techniques are also on the horizon for enhancement of conservation
management, approaches using genomic data, like temporal genomic reconstruction
(Clark et al. 2023; Jensen and Leigh 2022). These approaches may allow land managers
to more effectively track declines and improvements in species’ demographic trajectories.
As conservationists navigate the intricate landscape of preserving threatened species,
the synthesis of genetic knowledge and its application remains a pivotal component in
shaping the future of conservation. Continual collaboration between geneticists and
conservationists, bridging the existing gaps, especially on Indigenous owned and managed
lands, will be essential for informed and adaptable strategies for our northern Australia’s
biodiversity.

Theme 5: Indigenous conservation genomics research partnerships
in northern Australia

The majority of northern Australia is managed and/or owned by First Nations peoples
under Aboriginal Reserves, Land Rights and Native Title Acts, and Indigenous Protected
Areas (Fig. 1b). Northern Australia is vast (2,773,000 km2, 36% of Australia’s land mass;
Babacan and Gopalkrishnan 2021) and has low a population (1.2 million, 6% of Australia;
Babacan and Gopalkrishnan 2021), concentrated in the main towns. Much of the region
is considered remote and is inaccessible, with poor infrastructure and service delivery.
These factors have led to a paucity of species records (e.g. Ens et al. 2016; Russell et al.
2023) and even more so, genetic data on the region’s biodiversity (Fig. 4). These gaps in
data offer great opportunity for biodiversity recording, using not only Western scientific
techniques but also Indigenous knowledge due to the strong Indigenous connection and
access to Country in this region (Ens et al. 2016; Moritz et al. 2013; Russell et al. 2023).

Much of the environmental management and monitoring of land, coastal and marine
environments across northern Australia is conducted by Indigenous ranger groups
associated with organisations representing Traditional Owners. The expertise, access and
logistical capability of these groups means that in this region, the capacity for Indigenous-
led monitoring and management is far greater than in many other parts of Australia.
Mutually beneficial research partnerships between Western scientists, ranger groups and
communities provide opportunity for new scientific discovery (e.g. Gurrumul’s toadlet,
Catullo and Keogh 2021) and collaborative biodiversity monitoring programs (Box 2) (Ens
et al. 2016; Moritz et al. 2013; Russell et al. 2023). Genetic research increasingly features
in such partnerships (Shaw et al. 2024).

Many Indigenous Ranger groups across northern Australia have, and continue to, col-
laborate on genetic projects with direct conservation/land management applications, e.g.
detecting threatened species, informing hunting guidelines and sustainable harvest (Shaw
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et al. 2024) and investigating species richness and population connectivity of cryptic and
morphologically similar species (Campbell et al. in prep).

As the dominant cultural force in the conservation space, it is important for Western
scientists to be conscious of methods that foster ethical and equitable research partnerships
(Ens and Turpin 2022). To be more inclusive of Indigenous people, knowledge and
methods, traditional Western scientific values and practice must be devolved, and
co-design methodologies and Indigenous leadership must be prioritised to deliver mutual
benefits that safeguard not only biological, but cultural, or ‘biocultural’ diversity (see
Box 2). National and international guidelines for ethical Indigenous research collaborations
are a useful starting point for researchers in this regard, (e.g. official guidelines: UNDRIP,
AIATSIS Ethical Research Guidelines, and CBD Nagoya Protocol); however, are not
without criticism (See Mc Cartney et al. 2023), and ultimately local guidelines, governance
structures and leadership should take precedence (Cooke et al. 2022). Knowledge
co-production principles have recently emerged as best practice for collaborative research
with Indigenous communities, from project conception, method development, data
collection, analysis and communication (Hill et al. 2020). Researchers can also learn from
previous collaborations (Ens and Turpin 2022; Shaw et al. 2024) and should invest time
in discussing local priorities in the context of concepts like the ‘FAIR’ and ‘CARE’ data
principles, and clearly define sample/data ownership and storage, intellectual property
and access and benefit sharing of project outputs (Mc Cartney et al. 2022; Shaw et al.
2024). Innovations like the Local Context Hub’s ‘biocultural notices,” have been created to
guide researchers to maintain Indigenous data sovereignty by ensuring Indigenous rights
and interests remain connected to data after projects are finalised (Liggins et al. 2021).
Experimenting with communication outputs, such as with the translocation of the golden
bandicoot, in picture book form (Lucas and Campbell 2012), supports equitable knowledge
transfer, and trust. Indigenous leadership, reciprocity and building time and adequate
financial remuneration to initiate and maintain collaborations are also practical ways to
foster strong collaborations (Austin et al. 2018; Ens et al. 2012).

Box 2: Warrakan-puy djama (Animal-related work) cross-cultural fauna survey
method

The information presented below is based on research conducted by Bridget Campbell
as part of her PhD, in collaboration with the Yirralka Rangers and partner institutions.

Many Yolgu have expressed concerns about declining fauna, especially those that
have cultural significance, and the impact of invasive species such as cats and cane
toads. To address these concerns, the ‘Warrakan-puy djdma’ (‘animal-related work’)
project was established as a collaboration between the Yirralka Rangers and researchers
from Macquarie University, the Australian National University, Charles Darwin
University and The Nature Conservancy (TNC) (funded by TNC and an ARC Linkage
Grant 2021-2024). The project aimed to collaboratively build fauna data and knowledge
in the Laynhapuy Indigenous Protected Area (IPA), northeast Arnhem Land, to inform
Yolygu decision-making about animals of concern. Collaborative planning, collaborative
cross-cultural methods and analysis, and co-production of diverse communication
outputs are key features of this research, and are briefly outlined below.

Collaborative planning: Rangers invited researchers to partipate in local Head
Ranger and ward-based governance meetings, where the focus, frequency and location
of fauna surveys (trapping and camera arrays) were discussed and planned. Through
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Fig. 3 Wipa watanu from Gurka’'wuy and researcher Shaina Russell mapping priority places for the cam-
era trap array (Left). Brendan Banygada Wunupmurra and PhD student Bridget Campbell measuring and
collecting a tissue sample from a gunydjulu (skinks) on a survey camp (Centre). Dalapalmi (Elders) Clancy
Marrkula, and Linda Bandawunu being interviewed by Thomas Marrkula (Yirralka Ranger) and Bridget
Campbell (Right; Photo credit: Yirralka Rangers)

these meetings and further consultations with wina watagu (Traditional Owners) and
djungayarr (caretakers) a set of priority species, places and practices were identified.
Key to this project was the involvement of key Elders and youth (especially from the
‘Learning on Country’ program). A memorandum of understanding (MOU) was
developed at the outset to solidify each parties expectations of project methods and
outcomes.

Cross-cultural fauna survey methods: To record species occurrence we agreed to:
conduct on-Country field surveys (modified NTG design); a motion sensor camera trap
network; and importantly, record Yolgu knowledge of species sightings, habitat, behav-
iour, threats and cultural significance. During the on-Country field surveys (trapping
and ‘hunting’), genetic samples were collected of cryptic common lizards to aid identi-
fication and conduct landscape scale genetic analyses (Fig. 3).

Prior to the field surveys, wina watangu were consulted about the location, species
they expected the team to find, and desired cultural practices to be performed by
participants. This consultation was audio-visually recorded by the researchers and
rangers, following written prior informed consent as per Macquarie University Human
Research Ethics Approval. Wipa watangu were encouraged to attend the fauna survey
camps and pass on local Indigenous knowledge to participating rangers and youth
including ‘Learning on Country’ school groups.

Participating wina watangu and rangers directed where the traps were set up at
survey sites. Wéapa watagu taught the school students, rangers and researchers about the
survey location, e.g. history and location of prohibited areas, and led cultural activities,
e.g. hunting, and collecting/cooking bush foods. Local knowledge on animal tracks and
habitat use guided placement of cage, Elliott, pitfall and camera traps. Trap deployment
was demonstated by rangers and researchers. The animals found in traps and through
participant hunting and searching were recorded by the rangers, youth and researchers
using user-friendly electronic data recording applications (on a tablet). Researchers
demonstated how to collect and record tissue samples from species caught in traps.

After the surveys, researchers and rangers visited the consulting wina watagu and
handed the field survey information back in a ‘community report’ booklet and recorded
their feedback on the species caught and cultural practices performed, as well as
what they would like to the team to do next time. This was recorded as part of the
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improved cross-cultural survey method. Wina watanu were paid for their time including
consultations, interviews and participation on surveys.

Data analysis: Wina watanu consultations were transcribed by the rangers and
researchers and analysed using NVivo text analysis software to detect common themes:
fauna of interest, concern and known threats and cultural significance. The fauna records
were added to the Yirralka Ranger’s species database and will be uploaded to the Atlas
of Living Australia. DNA from tissue samples of three hard to identify speciose genera
(Carlia, Ctenotus and Diporiphora) were extracted, sequenced (SNPs) and analysed
by the researchers to help correctly identify species using reference datasets. Species
were further analysed to show regional relatedness between populations of species,
connectivity and areas of potential endemism.

Communicating results and listening to feedback: Community reports and videos
of the survey camps and consultations were created in English and Yolpu matha so
the results could be fed back and accessible to the broader community. Results from
analyses conducted by researchers were presented and discussed at Head Ranger
meetings. Yolgu research partners were consulted on how to communicate the results
of the genetics research in an accessible and meaningful way. Scientific journal articles
were written with the Yirralka Rangers as co-authors and a cross-cultural fauna field
guide is being produced. Cross-cultural methods and results are being presented at
national conferences by rangers and researchers.

Theme 6: Tissue collections and sampling into the future

Natural history collections have allowed much of the genetic research undertaken in
northern Australia (Cremona et al. 2021; Roycroft et al. 2021; von Takach et al. 2024,
2021). Voucher specimens and tissue collections offer a timeline of biodiversity, crucial for
documenting changes and informing future scientific endeavours. Museums play a crucial
role by providing the infrastructure, resources and expertise necessary to preserve these
vouchers and tissue collections. Currently, there is significant global effort to transform
the access and use of natural history collections greatly enhancing their value to diverse
scientific fields (Johnson et al. 2023). Despite the value of these collections, the current
rates of voucher and tissue deposition do not match the rapid pace of scientific research
(Salvador and Cunha 2020). If this trend continues, future researchers will look back to a
void in an otherwise continuous series of specimens to study, compromising the potential
of these collections.

This is significant challenge for implementing the same strategies used to understand
conservation in northern Australian mammals in other taxa, especially declining birds
and reptiles. The availability of publicly accessible tissue samples for conservation work
in northern Australia is inconsistent among animal groups. A significant number of tissue
samples collected in northern Australia are not housed in public museum collections,
limiting accessibility for future research. This is also an equity concern as Traditional
Owners take on more responsibility for land management now and into the future. Without
publicly accessible collections holding intellectual property rights to genomic resources
as a public resource, Traditional Owners do not necessarily have access to material or the
rights to intellectual property for tissue samples collected on their lands into the future
to utilise these management tools and be trained in their use. This poses challenges
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to implementing principles for access to genomic resources guided by Nagoya, and is
thus a significant future equity concern. In addition to these concerns a lack of baseline
information for birds and reptiles inhibits the use of temporal genomic approaches (Clark
et al. 2023; Jensen and Leigh 2022) to track declines without using expensive approaches
used to obtain DNA from formalin-fixed specimens that are increasingly being refined, but
are still unable to be deployed at a large scale due to high costs (Hahn et al. 2024, 2022,
2020).

As we move forward, it is crucial that museums not only act as public repositories
but also as active participants in leading the ethical collection, acknowledgements and
approvals as well as sharing of specimens. This means working closely with Indigenous
communities and other stakeholders to ensure that the collection processes respect
local customs, ecological knowledge, and social justice principles (Carroll et al. 2020).
Examples in northern Australia of these partnerships have included work undertaken by all
three Natural Science Curators at the Museum and Art Gallery of the Northern Territory
— who through partnerships with Traditional Owners and ranger groups have led to the
collection of material from Indigenous Protected Areas and the description of extinct and
extant vertebrate species in Traditional languages from central and northern Australia. The
historical acquisition of much of the physical material present in our national collections
and collected by researchers at universities has likely been collected and used without
the knowledge or consent of the Traditional Owners. This includes collections with
permissions, but without adequate cross-cultural explanation of the work being undertaken.
Complex research topics may get lost in cross-cultural communication between Traditional
Owners and researchers, leading to a lack of complete understanding of what is being
collected and how it will be used. To address these past injustices, there has been a recent
push to enable Indigenous communities to provide their own definitions and aspirations
for access and benefit-sharing in research publications. First Nations Land Councils
now play a formal role in ensuring compliance with appropriate research protocols
through facilitating approvals, consent and issuing permits for research on Indigenous
lands. Globally, platforms such as the Local Contexts Hub aim to address the challenges
associated with the ethical handling, sharing, and management of Indigenous knowledge
and data, including genetic samples and specimens collected from Indigenous territories
(Liggins et al. 2021). It provides a labelling system to support Indigenous communities
in asserting their rights and interests over their cultural heritage and biological resources.
Similar acknowledgement systems have recently to be included in terrestrial vertebrate
tissue and specimen collections to facilitate recognition and permissions for use at the
Museum and Art Gallery of the Northern Territory (Dan Edwards, pers. Comm.), for
specimens from culturally significant species and places. Once these approaches are more
widely adopted, museums will continue to support a wide array of knowledge systems and
scientific research while navigating the ethical landscape of specimen collection in a way
that respects the origins and the rights of communities associated with biological samples.

The Oz Mammals Genomics (OMG) initiative (BioPlatforms Australia) helped to
facilitate the production of genomic datasets for Australian rodents, bats and marsupials
at a continental scale (Eldridge et al. 2020). OMG has enabled researchers to investigate
a range of questions surrounding the ongoing population declines of small mammals,
including identifying important sources of genetic diversity. Similarly, the Australian
Amphibian and Reptile Genomics Initiative (AusARG) has been established to facilitate
genomics research to better understand the evolution and conservation of Australia’s
amphibians and reptiles. National initiatives will continue to play an important role in the
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exploration and conservation of Australia’s biodiversity and addressing the gaps in the
current sampling distribution.

The northern Australian region is vast, remote and largely inaccessible. Similar geo-
graphic patterns of sampling, related to accessibility (Fig. 4) are noted in much of the cur-
rent genomic research for northern Australian fauna. The issue of underrepresentation of
remote areas has long been recognised and led to the creation of the Bush Blitz program, a
continent-scale nature discovery project that aims to fill gaps in the biodiversity knowledge
of Australia (Preece et al. 2015). To date there have been seven Bush Blitz expeditions in
areas of conservation significance in northern Australia. While Bush Blitz and similar ini-
tiatives such as WA government Pilbara Biological Surveys and Kimberley Island Surveys
have made a significant contribution to our understanding of biodiversity in the region,
when we examine the current genomic research there are still significant geographic gaps
in remote sampling. Furthermore, examination of biogeographic patterns across multiple
species suggests the potential for undiscovered diversity and areas of evolutionary impor-
tance that remain to be fully explored (Fig. 4).

Similarly, a bias is evident in the representation of species within research and
zoological collections. The northern quoll, for instance, has been subjected to intensive
genomic sampling and analysis, resulting in an abundance of data pertaining to its
genetic diversity and structure. Conversely, there exists a substantial number of taxa that
are markedly underrepresented in both empirical research and institutional collections
(Johnson et al. 2023). This imbalance is attributable to an array of determinants, including
the differential observability of species, disparities in their perceived conservation
priorities, and the historical allocation of research funding that tend to focus on threatened
or iconic species.

Species such as the northern quoll, which are often highlighted due to their conservation
imperilment and the charismatic nature that engenders public and scientific interest,
receive a disproportionate share of research resources. The large amount of data, tissue
collections, and baseline knowledge has enabled the development of new genomic
approaches to guide conservation in wild, threatened species. On the other hand, species
that may not immediately present as conservation concerns (based on Western scientific

Mammals Reptiles

Amphibians

Fig.4 Spatial distribution of specimens and samples for birds, mammals, reptiles and amphibians in rela-
tion to the government serviced road network of the Northern Territory. The maps reveal patterns of speci-
men collection in relation to accessibility, providing insights into potential biases in sampling efforts and
highlighting areas that may be under-sampled. Specimen records from the Atlas of Living Australia (2024)
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principles), or those that are less detectable in their natural habitats, tend to be neglected
in genomic studies, even though their genetic data could be pivotal in elucidating the
broader ecological and evolutionary patterns of the region (e.g. Fenker et al. 2023,
2021). This skewed emphasis in scientific exploration reflects a need for a recalibration
towards a more equitable research paradigm—one that recognises the inherent value of
a more inclusive array of species, including culturally significant species of importance
to Indigenous communities (Goolmeer et al. 2022). Such an approach would facilitate a
holistic understanding of the region’s biodiversity and contribute to a more comprehensive
and inclusive conservation strategy that safeguards the genetic integrity and evolutionary
potential of native fauna.

Emerging technologies in cell culture promise a significant leap in maintaining “living”
collections, which are critical for ongoing genetic studies and conservation efforts.
Techniques such as cultivating cell lines from minimal tissue samples, like ear biopsies,
facilitate the creation of perpetual cell repositories. These living cell collections offer
unprecedented opportunities for characterising, cataloguing, and conserving biological
diversity while maintaining adaptive potential (Ryder and Onuma 2018). Such technologies
should be an important consideration for the future-proofing of biodiversity collections.

Non-invasive research methodologies such as environmental DNA (eDNA) are
transforming biodiversity monitoring and species detection (Sahu et al. 2023). By
extracting DNA from environmental samples such as soil, water, or air, researchers can
detect species presence and abundance without direct or disruptive interaction with the
wildlife. This technique is invaluable in inaccessible or sensitive habitats, allowing for
a broad-scale and efficient assessment of biodiversity, which is particularly useful in the
remote regions of northern Australia. To support the deployment of eDNA surveillance
in northern Australia, the establishment of reference sequence banks is required. eDNA
surveillance is likely to be a key future monitoring method useful for detecting changes in
biodiversity as well as identifying rare or evasive species.

The advancement of tissue collections and sampling technologies marks a shift
towards more sustainable and ethical research practices in northern Australia. Emerging
technologies not only broaden the capacity to capture and analyse genetic diversity but
also enable approaches that are less invasive and aligned with the ethical considerations
of working on Indigenous lands. With continued collaboration among Traditional Owners,
museums, research institutions and conservation practitioners, scientific endeavours can
be enhanced while respecting the cultural and ecological significance of the region. The
ongoing development and application of tissue collections will be crucial in securing a
comprehensive and accessible repository of biological data for future generations.

Conclusion

This review synthesised six key themes from the Northern Australia Conservation
Genomics Forum, including detailed case studies on speciation, evolution, and
the practical application of genomics in conservation management. The research
presented at the forum reinforced northern Australia’s status as a global biodiversity
and endemism hotspot while identifying critical knowledge gaps, particularly in
understudied areas such as the Gulf of Carpentaria and within various taxa. A
central theme emerging from the forum was the importance of collaborative research
partnerships—particularly with Indigenous groups—to ensure ethical, effective, and
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regionally relevant conservation efforts. Given that much of northern Australia is
Indigenous-owned or managed, strengthening these partnerships is crucial for aligning
genomic research with Traditional Ecological Knowledge and local conservation
priorities. The application of conservation genomics at a regional scale provides a
powerful tool for biodiversity conservation, offering insights into genetic diversity,
species structure, and evolutionary processes. These insights are instrumental in
formulating targeted conservation strategies, including species translocations, habitat
management, and mitigating threats posed by climate change, invasive species, and
land-use changes. Moreover, genetic research and tissue sample repositories serve
as vital resources that reduce dependence on extensive field studies, which are often
costly, time-consuming, and logistically challenging in remote areas. Ultimately, the
integration of genomics with Traditional Knowledge, rigorous conservation planning,
and interdisciplinary collaboration will be key to protecting the unique biodiversity of
northern Australia for future generations.
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