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CONSERVATION ADVICE

MURRAY CRAYFISH - Euastacus armatus

CONSERVATION STATUS

The Murray Crayfish Euastacus armatus (von Martens, 1866), is recognised as threatened in the following
jurisdictions:

International  Data Deficient, International Union for Conservation of Nature (IUCN) Redlist

National Vulnerable, Environment Protection and Biodiversity Conservation Act 1999
ACT Vulnerable, Nature Conservation Act 2014

NSW Vulnerable, Fisheries Management Act 1994

Victoria Threatened, Flora and Fauna Guarantee Act 1988

SA Protected, Fisheries Management Act 2007

ELIGIBILITY

The Murray Crayfish is eligible to be included in the Vulnerable Category of the ACT Threatened Native
Species List under the Nature Conservation Act 2014 (NC Act) under the IUCN Criterion A —
A2bcde+A3bcde+Adbcde. The factors that make the Murray Crayfish eligible for listing as Vulnerable
nationally include a reduction of over 30% in national numbers over three generations (1984—-2022 = 39
years) and the reduction has not ceased, the cause has not ceased and is not fully known in some reaches
but is likely due to different reasons in various reaches. Specifically, the reduction in the availability of
preferred habitat (boulder and overhanging vegetation cover), adverse water quality events, particularly
post bushfire sediment inputs in upland reaches and blackwater disturbances in core lowland habitats
(TSSC 2025) have contributed to the recent reduction in numbers. The frequency and magnitude of these
blackwater events is increasing,
exacerbated by declining catchment yield
and river flow, reductions in floodplain
inundation and driven by accelerating
anthropogenic climate change (Balcombe
et al. 2011; Steffen et al. 2018; Chiew et
al. 2022; Fowler et al. 2022; Zheng et al.
2024). Also, recreational harvest (and
illegal poaching) (A2d) and introduced
species (A2e) impact across the range of
the species and are suspected to be
contributing to population size reduction
(TSSC 2025).

Murray Crayfish (Mark Jekabsons —
ACT Government)
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DESCRIPTION AND ECOLOGY

The Murray Crayfish — Murunung (Winanggaay Ngunnawal Language Aboriginal Corporation) is the
second largest freshwater crayfish in the world, averaging 200 mm in length, but reportedly growing up
to 500 mm (170 mm Occipital Carapace Length (OCL)) and 2.7 kg (Geddes 1990). It has large white claws,
the body is generally dark green, brown or black with white spikes on the cephalon, thorax and abdomen.

Murray Crayfish are long-lived and may live for 30 to 50 years. Females mature at five to nine years of
age (60 and 95 mm OCL) and males from four years of age. Mating occurs in May and females carry eggs
under their tail from late autumn, releasing juveniles in late spring to early summer. In the ACT, egg
carrying (berried) females are typically larger than 75 mm OCL (average 92 mm) (ACT Government
unpublished data), though smaller berried females have been collected in sections of the upper
Murrumbidgee River Catchment (Starrs et al. 2015). Fecundity appears to be correlated with female size
with between 150 and 1500 eggs per female (McCormack 2012).

DISTRIBUTION AND HABITAT

The Murray Crayfish is found in a wide variety of permanent rivers and large streams in the southern
Murray—Darling Basin (MDB — Map 1) to approximately 700 metres above sea level (Gilligan et al 2007).
In the local region it is known from the Murrumbidgee River, lower Cotter River below the Cotter Dam,
Tumut River, Goobragandra River and the lower Goodradigbee River (Lintermans 2002; ACT Government
2018b).

Map 1 Modelled Distribution of the Murray Crayfish (TSSC 2025)
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Abundance is known to decline with altitude (Raadik et al. 2001) and the ACT is at the edge of the upper
altitudinal range and currently has a low abundance of the species (Ryan 2005; Gilligan et al. 2007; NSW
Fisheries Scientific Committee 2013). In the ACT, region boulder/cobble substrate along with other
structure such as snags may provide important cover (Fulton et al. 2010). The species prefers
intermediate flow velocities, deeper pools and glides with overhanging vegetation for shading (Noble and
Fulton 2016).

THREATS
The major threats to the species are hypoxic blackwater events (related to infrequent floodplain
inundation) in more lowland habitats (Todd et al. 2018; Whiterod et al. 2018). The main identified threats
to the Murray Crayfish in the ACT Action Plan (ACT Government 2018b) include:

e Overfishing (historical and illegal)

e riparian vegetation removal

e sedimentation

e residential development

e river regulation

e reduction in water quality

o fire

e invasive species and disease (Aphanomyces astaci (crayfish plague))

e changing climate.

MAJOR CONSERVATION OBJECTIVE

The overall objective of the action plan (ACT Government 2018b) is to maintain in the long term, viable,
wild populations of Murray Crayfish as a component of the indigenous aquatic biological resources of the
ACT and as a contribution to regional and national conservation of the species. This includes the need to
maintain natural evolutionary processes and resilience.

CONSERVATION PRIORITIES
The 2018 Action Plan for Murray River Crayfish (ACT Government 2018b) identifies actions and the
following main priorities to:

e protect the species from harvest

e protect sites in the ACT where the species occurs

e manage habitat to conserve populations

e enhance the long-term viability of populations

e improve understanding of the species’ ecology, habitat and threats

e maintain vigilance in illegal wildlife/aquarium trade

e improve community awareness and support for the species and freshwater fish conservation.
Further actions in the ACT should include to actively seek opportunities to involve members of local
indigenous communities in on ground conservation activities for this species.

CONSERVATION ISSUES

It is recommended that quantitative targets and resourcing requirements are clearly identified in any
Action Plan or other related projects/programs relevant to this species. Broader conservation issues need
to be considered in developing and implementing actions arising from this advice and the species listing
assessment (DCCEEW 2024).

Authorised by the ACT Parliamentary Counsel—also accessible at www.legislation.act.gov.au



Critical Habitat

Critical habitat is not established in the Commonwealth Conservation Advice as it appears that the
species is tolerant of a variety of in-stream habitat conditions across its altitudinal range but at a
microhabitat scale, the species prefers cool, flowing-water habitats (lotic) proximal to clay banks for
burrowing, and wood or rock cover is characteristic of occupied areas (Gilligan et al. 2007).

No Critical Habitat as defined under section 207A of the EPBC Act has been identified or included in the
Register of Critical Habitat.

Climate Change

Climate change impacts are inevitable and will affect the persistence of many species within the ACT.
Climate change, especially through increased temperatures and severe weather impacts, including
hypoxic blackwater, low flow periods, and fire impacts are considered the greatest climate related issues
for the Murray Crayfish. There is a need to investigate the potential influence of climate change on the
long-term survival prospects of the species, due to altered temperatures, rainfall patterns/moisture
availability, bushfires, environmental stressors and diseases, including to: assess the thermal tolerance of
Murray Crayfish in more detail to ascertain its physiological limits, sensitivity and vulnerability; and to
investigate the impacts of climate change on the species’ habitat (vegetation assemblages, water
availability, water and air temperatures).

Disease Risk

The potential catastrophic impacts of the crayfish plague (Panteleit et al. 2017) entering Australia on
the population viability of freshwater crayfish will require rapid management responses (DAWE
2019) to prevent extinction and a reassessment of priorities if biosecurity barriers are breached. The
aquarium trade is a major pathway of carrier species of crayfish plague and illegal wildlife/aquarium
trade the greatest risk of entry to Australia.

Jurisdictional Collaboration

As a species formerly distributed across the southern Murray—Darling Basin, including the Murrumbidgee
River upstream and downstream of the ACT, the development of any policies, plans or strategies for the
Murray Crayfish will need discussion and collaboration between relevant jurisdictional entities.

Ngunnawal Community Engagement
The ACT Government should actively facilitate, the inclusion of the Ngunnawal people in the conservation

of this species and its habitat as part of Ngunnawal Country. For example, the Ginninderry Conservation
Trust and Ginninderry Caring for Country indigenous rangers working together to undertake local surveys
for the species. Reference to the draft Cultural Resource Management Plan (ACT Government in prep.)
would be useful to inform culturally appropriate resource management including of native species that
aligns with achieving conservation outcomes for the species.

OTHER RELEVANT ADVICE, PLANS OR PRESCRIPTIONS

e Commonwealth Conservation Advice — Murray Crayfish (TSSC 2025)

e ACT Aquatic and Riparian Conservation Strategy (ACT Government 2018a)
e ACT Action Plan — Murray River Crayfish (ACT Government 2018b)

LISTING BACKGROUND

The Murray Crayfish was initially listed as the Murray River Crayfish in the ACT as an Endangered species

on 6 January 1997 in accordance with section 21 of the Nature Conservation Act 1980. At that time, the
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Flora and Fauna Committee (now the Scientific Committee) concluded that the assessment satisfied the
following criteria:

2.2 species is observed, estimated, inferred or suspected to be at risk of premature extinction in
the ACT region in the medium-term future as demonstrated by:
2.2.1 current serious decline in population or distribution from evidence based on:
2.2.1.1 direct observation, including comparison of historical and current records
2.2.1.3 aserious decline in quality and quantity of habitat
2.2.1.4 high actual or potential levels of exploitation or persecution.

The Murray Crayfish is listed as a Vulnerable species under the Environment Protection and Biodiversity
Conservation Act 1999 (EPBC Act), effective 5 March 2025. It is assessed as Vulnerable under Criterion 1
(A2bcde+A3bcde+A4dbcde) of the EPBC Act.

ACTION PLAN DECISION

The Murray Crayfish currently has an Action Plan in the ACT under the Nature Conservation Act 2014. The
ACT Scientific Committee recommends to the Minister for the Environment that the ACT continue having
an action plan for the Murray Crayfish under the ACT Aquatic and Riparian Conservation Strategy.

In the Commonwealth Conservation Advice for the Murray Crayfish the TSSC recommends that a National
Recovery Plan is required, as there are multiple ongoing and interacting threats that need a coordinated
strategic approach to management across multiple jurisdictions (TSSC 2025).
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FURTHER INFORMATION
Further information on the related Action Plan or other threatened species and ecological communities

can be obtained from: Environment, Planning and Sustainable Development Directorate (EPSDD).
Phone: (02) 132281, EPSDD Website: https://www.act.gov.au/environment
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ATTACHMENT A: LISTING ASSESSMENT (TSSC 2025)

i)  Eligibility against criteria

Criterion 1 Population size reduction

ction in total numbers (r ‘ed over the ol 10 any of Al to A4

Vulnerable

Substantial reduction
Al = 50%
AZ A% A4
Al Population reduction observed, estimated, inferred or suspected in the ™ {a] direct observation [except
past and the causes of the reduction are clearly reversible AND Ad)
understood AND ceased. (b]) an index of abundance
appropriate to the taxon
A2  Population reduction observed, estimated, inferred or suspected in the (¢} adecline in area of
past where the causes of the reduction may not have ceased OR may not oocupancy, extent of
be understood OR may not be reversible. oocurrence and/or quality of
habitat

A3 Population reduction, projected or suspected to be met in the future {up > Based on (d) actual or potential levels of

to a maximum of 100 years) [[a) cannot be used for A3) ?ﬂr:r;wf:: exploitation

(e) the effects of introduced

A4 Anobserved, estimated, inferred, projected or suspected population taxa, hybridization,
reduction where the time period must include both the past and the patl'u:lge:ns, ]:ICI“LL‘E.EL“I:.
future [up to a max. of 100 years in future), and where the causes of competitors or parasites
reduction may not have ceased OR may not be understood OR may not
be reversible.
—

Assessment period: 1984-2022

Assessment Outcome: Vulnerable A2bcde+A3bocde+Adbede.

lustification: The generation length estimated by Todd et al. (2018) is 13.05 years, resulting in a
three generation length assessment period of 39 years (e.g. 1984 to 2022). This estimate relied on
age-based survival rates and fecundity (and longevity of 25 years) calculated from population
maodelling (Todd et al. 2018). However, this population modelling (hence, calculated generation
length) was based on data from contemporary populations. IUCN (2024) recommends calculation of
generation-length using pre-disturbance populations (i.e. pre-harvest) due to the potential impacts
of harvest on population demography resulting in non-precautionary estimates of generation length.
There are insufficient data to precisely determine the pre-European generation length of the species,
but it is likely to have been significantly longer than 13.05 years. Similar, large-growing freshwater
crayfish are predicted to live: E. bispinosus to 26 years at 130 mm OCL, with past maximum size
approximately 160 mm OCL (Honan & Mitchell 1995b), E. spinifer to 39 years (Turvey & Merrick
1997a), Astacopsis gouldi to 60 years (Bryant & Jackson, 1999). The estimated age of the largest
measured Murray crayfish is 28—-30 years based on age-length relationship establishing using growth
models based on moult frequency and moult increment data (Gilligan et al. 2007; O'Connor 1986,
Todd et al. 2018). Using the IUCN (2024) method (option 3), generation length = age of first
reproduction + [ z * (length of the reproductive period)], where z is a number between 0 and 1; z is
usually <0.5. 50, for the Murray crayfish, generation length can be calculated as 10 + [(30 —10) * 0.5]
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= 20 years. Including a higher maximurn age for the species (potentially up to 50 years considering
related species) into this calculation would result in a longer generation length. However, for this
assessment 20 years is considered a plausible and realistic generation length for Murray crayfish, so
a 60-year three generation length assessment period (e.g. 1962 —2022) is considered plausible. This
assessment considers both assessment periods as plausible upper and lower bounds.

Assessment of Criterion A is based on information from historical records (Geddes et al. 1993;
Walker 2001; Gilligan et al. 2007) and surveys across the majority of the Murray crayfish range over
the assessment period (0°'Connor 1986, Morison 1988, Lintermans and Rutzou 1991, Barker 1992,
Gehrke 1992, Asmus 1999, Asmus 2004 unpublished, Raadik et al. 2001, McCarthy 2005, Fulton et al.
2010, Stewart 2010, Fulton et al. 2012; Zukowski et al. 2011; Zukowski 2012, Fukowski et al. 2012,
Zukowski et al. 2013, McCarthy et al. 2014, Moble and Fulton 2017, Raymond et al. 2017, Raymond
et al. 2023; Whiterod & Zukowski 2017, Whiterod et al. 2018, Zukowski et al. 2018, Whiterod and
Zukowski 2019, Raadik 2020 unpublished; Whiterod et al. 2021a; NSW DPI 2024 unpublished;
Whiterod and Zukowski 2024 unpublished).

The historical EOO was calculated at approximately 220,240 km® and the AQD = 2,480 km* (see
attached Murray crayfish FSC assessment range). Although commercial fishing no longer occurs, a
broad range of other threats persist or are increasing, and population decline continues to be
reported. Criterion Al has therefore not been met because the causes of the reduction have not
ceased.

The species experienced significant subpopulation declines, many of which are documented from
before the 1950s and up to the late 1980s (Walker 2001; Gilligan et al. 2007). Over the period from
the 1960s to the 1980s, anglers continued to report declining catches in the middle reaches of the
Murray and Murrumbidgee Rivers, with anglers catching fewer and smaller crayfish each year
(Johnson and Barlow, 1982; O'Connor 1986; Barker 1990; Geddes 1990) and more recent data
indicate declines have continued.

The species is now considered rare or absent from the lower 720 km of the Murrumbidgee River (e.g.
downstream of Darlington Point to junction with Murray River) and the lower 779 km of the Murray
River (downstream of Mildura), which represents an approximate 12% reduction in the extent of
waterways the species occurs in (historically, 12,500 km of waterways). This equates to ~38%
reduction in EOO when comparing the indicative historical EQOD (of 220,240 km“) to the EQD
estimated in 2010 (using records from 1984 to 2010) of 136,556 km*. While much of the population
decline from the historic extent is understood to have occurred prior to the 1980s, given the paucity
of early records and time-series data it is unclear precisely how much of this decline in ADO and EOD
occurred over the 1962-1984 portion of the assessment period.

Along with ongoing threats (periodic flooding, blackwater events, droughts, etc.), significant historic
threats operating during this period, including exposure to nutrient rich agricultural runoff, and
pesticide pollution (e.g. DDT — banned in the late 1980s), river regulation and construction of weirs,
and that there were limited or no recreational fishing regulations for most jurisdictions.

Extirpations have been documented from further sections of the range of the species, most
significantly associated with the 2010-11 extreme blackwater disturbance across the southern
Murray-Darling Basin. This includes 350 km of the Murray River — from Mildura to approximately
the junction with the Murrumbidgee River — which represents ~3% reduction since 1984 in the
extent of waterways the species occupies (NSW DPI 2024 unpublished; McCarthy et al. 2014;
Whiterod et al. 2018; Whiterod and Zukowski 2021a). Other documented extirpations have been
much more localised (e.g. in two sites in lower Edward River: Whiterod et al. 2021a) and do not
considerably contribute to the reduction in AQQ. On the basis of records alone, population decline
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has resulted in a ~14% decline in EOD and ~5% decline in ADO since 1984 (over the assessment
period).

The compiled survey data for the assessment period, 1984-2022, includes 619 survey events from
which 12,273 crayfish were sampled. The data are standardised as much as possible: surveys
conducted during the assessment period were consistently conducted in winter months using hoop
nets during daylight hours. However, the temporal data are patchy (e.g. few time-series data points
exist) and are available from periods that vary between reaches, and varying numbers of sites were
sampled in each area (during each temporal point). Although extrapolation should be made with
caution, the survey data allow for some inference of population trends over the assessment period in
relation to an index of abundance (relative abundance as crayfish per net lift) (A2b) at varying spatial
scales. Initially, this was achieved across eight sections of the range of the species, including the:

+ mid-Murrumbidgee River section between Gundagai and Darlington Point [section 1);

* upper Murrumbidgee River tributaries: Goobarragandra (section 2) and Goodradighee
[section 3) rivers;

* Murray River across upstream (section 4: Albury to Tocumwal) and downstream (section 5:
Barmah-Millewa Forest to downstream of Swan Hill) sections; and

* mid-Murray River tributaries, including the lower Ovens River in the vicinity of the Murray
River (section 6), Wodonga Creek (section 7), and the Goulburn River (section ).

Summary of the trends across these sections is provided below:

* For mid-Murrumbidgee River (section 1) and Ovens River (section &) sections the time series
of relative abundance (e.g. crayfish per hoop net lift), spanning almost the entire assessment
period (e.g. 1984-2022), demonstrated similar temporal trends evident (Morison 1988;
Barker 1992; Asmus 1999; Asmus 2004 unpublished; Asmus and Gilligan 2020; Stewart 2010;
Whiterod & Zukowski 2017). The mid-Murrumbidgee section was sampled on 14 occasions
{monitoring on an annual cycle, but not every year) over 1983 to 2020 using hoop nets at 16
sites over ~400km? stretch. The lower Ovens River was sampled annually on 13 occasions
over a 34-year period (1984-1988, 1993, 1994, 1996, 1998, 1999, 2003, 2009 and 2017)
using hoop nets over a 2 km? stretch. Across both sections, the relative abundance was ~0.5
crayfish per hoop net lift during the ~1990s. Over the following ~15 years, relative
abundance increased consistently in both populations to around 1.0-1.2 crayfish per hoop
net lift by ~2005. However, at some point between 2003 and 2010 in the Ovens River, and
more specifically between September 2007 and April 2008 in the mid-Murrumbidgee River,
Murray crayfish abundance declined by > 90% to around 0.1 crayfish per hoop net lift at
both sections, with the cause of these declines unknown. Subsequent to these declines,
relative abundance has steadily increased across both stretches (to 0.4-0.5 crayfish per net
lift) although remained < 50% of that observed around one generation ago.

s 4 91% decline in Murray crayfish mean density (individuals per 100 m*) was collectively
observed from the two upper Murrumbidgee River tributary sections (Goobarragandra
(section 2) and Goodradigbee rivers (section 3)) (Moble and Fulton 2017). The study relied on
snorkel sampling of four sites in each waterway (across an estimate ~10 km? section) in
2009 and 2015. The population declines were attributed to reductions in the availability of
preferred habitat (with boulder and overhanging vegetation cover most significantly
affecting mean density).

+ |n two of the three mid-Murray River tributary sections, Wodonga Creek (section 7) and in

Lake Nagambie (section 8), no obvious trend was observed in the relative abundance. These
findings were based on limited sampling (Wodonga Creek in 1986, 1992 and 2017; Lake
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Nagambie in 1986, 2016) at single 2 km sites, sampling using hoop nets (Morrison 1988;
Barker 1992; Whiterod and Zukowski 2017).

s Contrasting trends in relative abundance were revealed across the two sections of the
Murray River, largely explained by the impacts of the 2010-11 blackwater disturbance. The
assessment of the upstream section (section 4) relied on six sites sampled across a 300 km
section of the Murray River from Albury to Tocumwal, which was upstream of the 2010-11
blackwater disturbance and remained open to recreational harvest. Ten sites were sampled
across the downstream 750 km section of the Murray from Barmah-Millewa Forest to
downstream of Swan Hill (section 5), which was impacted by the blackwater disturbance and
was closed to recreational harvest from 2013 (Zukowski 2012, McCarthy et al. 2014;
Whiterod et al. 2018, Whiterod and Zukowski 2024 unpublished). All sites were sampled in
2010 (before the blackwater disturbance), 2012 and annually between 20142020 using
standardised hoop net methodology. The analyses demonstrated an 80% reduction in
relative abundance linked to the blackwater disturbance in the downstream section and no
population increase over 2012-2022. In contrast, the relative abundance did nat vary
statistically in the upstream section over time (McCarthy et al. 2014; Whiterod et al. 2018;
Whiterod and Zukowski 2024 unpublished).

In summary, the exploration of temporal data in an index of abundance (A2b) reveals:

* 80-91% population reduction has been observed across ~770 km (section 5 in the
downstream Murray River and sections 2 & 3 in the upper Murrumbidgee River tributaries),

* 50% population reduction has been observed across ~402 km (section 1 in the mid-
Murrumbidgee River and section 6 in the lower Ovens River), and

+  For ~304 km [upstream Murray River (section 4), Wodonga Creek (section 7) and Lake
Nagambie on the Goulburn River (section 8)), there was no noticeable change in population
size.

This equates to an >80% population reduction in ~7% (sections 2, 3 and 5 only) of the extent of the
waterways the species occurs in, and =50% reduction over ~11% (sections 1, 2, 3, 5 and 6 combined)
of the extent of the waterways the species occurs in.

In an attempt understand changes across sections to the range of the species, generalised additive
mixed models were used to examine trends in relative abundance (crayfish per net lift) at region
(see Schilling 2023; appendix 1). The regions were the Murray lowland (river and tributaries below
200 m in the Australian Height Datum (AHD)}, Murrumbidgee lowland (river and tributaries below
200 m AHD) and upland (sites above 200 m AHD). These regions align with those of the Murray
crayfish population model (Todd et al. 2018). Across the time-series, there has been an estimated
41.3% (95% confidence interval: -70.6 to 18.3%) reduction in the relative abundance of Murray
crayfish in the Murray lowland region over the assessment period. In contrast, although inter-annual
variation is evident, relative abundance has increased in the Murrumbidgee lowland and Upland
regions.
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Figure 4: Fitted trends in relative obundance for Murray croyfish within regions bosed upon the GAMM onalysis.
Rug plots on the x-axis show distribution of sampling events through time.

Considering the results above, it is concluded that Murray crayfish exceeds the 30% population size
reduction threshold under subcriterion A2bcde over the assessment period (1984-2022). The historic
population size reduction is estimated to have largely occurred across the core lowland Murray River
subpopulation, which likely supports the majority of the Murray crayfish total population size.
Furthermore, several localised declines (e.g. Upper Murrumbidgee) have been realised, which raise
concern for the viability of the species. It is inferred that the species has experienced a population
size reduction based upon a major decline in the quality of most of its habitats over the assessment
period (AZc). Blackwater events are a major, catastrophic, and recurrent threat to Murray crayfish
that is manifesting primarily in their core lowland river habitats. The frequency and magnitude of
these blackwater events is increasing, exacerbated by declining catchment yield and river flow,
reductions in floodplain inundation and driven by accelerating anthropogenic climate change
(Balcombe et al. 2011; Steffen et al. 2018; Chiew et al. 2022; Fowler et al. 2022; Zheng et al. 2024).
Adverse water quality events are of concern in upland areas too, particularly when considering post-
bushfire sediment inputs, which are expected to result in more acute impacts in smaller streams.
Bushfires are also increasingly threatening populations of Murray crayfish, particularly across upland
sections of the range of the species. Thus, the threat of blackwater events has not ceased, is
expected to increase in frequency and severity, and these events are effectively irreversible. The
threat posed by recreational harvest (and illegal poaching) (A2d) and introduced species (A2g)
endures across parts of the range of the species and are suspected to be contributing to population
size reduction. Considering the assessment period (1962-2022) only acts to reinforce inferred
declines in population size reductions and the guality of habitat.

When considering the assessment under subcriterion A3, it is suspected that population size
reductions will continue in the future. This is because the causes of population reduction are
considered to not have ceased and future impacts to habitat and the impacts of disturbance
(particularly those associated with climate change), are projected to continue and increase.

Mean annual temperature is expected to increase in the Murray-Murrumbidgee region of NSW by
0.62°C in the near future (2020-39) and 1.94°C over the longer term (2060-79) (NSW OEH 2014). By
2020-39 the Murray-Murrumbidgee region of NSW is expected to have eight more hot days {over
35°C) annually compared to 1990-2009 (NSW OEH 2014). By 2060-79 the Murray-Murrumbidgee
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region of NSW is expected to have 22.9 more hot days (over 35°C) annually compared to 1990-2009
(NSW OEH 2014).

Increased frequency and severity of extreme weather events (e.g. fires, heatwaves, storms,
droughts), potentially leading to other localised natural disasters (e.g. landslides and sedimentation
events, including deposition of post-fire ash) are broad-scale threats that could significantly affect
survival of Murray crayfish subpopulations. In experimental conditions, Murray crayfish held at
27.7°C for eight days showed 28% mortality compared to 10% in control conditions, with an LCS0 of
30°C (Geddes et al. 1993). If future heatwave events result in elevated water temperatures (beyond
the species thermal tolerance limits) for extended periods, mass mortalities are likely to oocur in
affected areas. Extreme weather events are likely to interact with and compound one another and
exacerbate sensitivities to other threats. For example, physiological upper thermal tolerances of
crayfish are also likely to be hampered by exposure to post-fire ash deposition (Cramp et al. 2021).
The increasing frequency, duration and intensity of extreme weather events and the interactions
between these climate change-driven processes is a significant contributor to projected population
reductions and mass mortality events across the species distribution.

Population viability analysis suggests that low frequency (1 in 20 years) population loss equivalent to
that experienced due to the 2010-11 blackwater disturbance will lead to 52% declines from current
population size over a 50-year period (Todd et al. 2018). Todd et al. (2018) showed that if population
decline events of the same scale were to occur more frequently (i.e. 1in 10 years), then the
projected decline increases to 71% over the same period. There have been several blackwater
events across the species distribution in the fourteen-year period from 2010-11 to 2024, but none of
the same magnitude as the 2010-11 event, and with comparably smaller resulting reductions in
abundance. With the projected increase in the frequency and severity of the climatic drivers of
blackwater events, it is suspected that a minimurm 30% population reduction is going to be met in
the future (2022—-2061). The risk of these future impacts resulting in population reductions are
heightened when the longer precautionary assessment period is considered (2022-2082).

Under Criterion A4, population size reduction is calculated over a time period which includes both
the past and the future.

As above, the primary drivers of population reduction are understood to be extreme weather events
({bushfires, heatwaves, droughts, floods, hypoxic blackwater events), river regulation, exposure to
pesticides and agricultural pollution, and both regulated harvest and illegal poaching. Predation by
and competition with exotic fish species such as introduced salmonids, redfin perch and common
carp are also contributing to population size reductions. Projecting to the future, the ongoing
impacts that climate change-related threats have on the species viability are of greatest concern.

Commencing from the 2010-11 blackwater disturbance event that resulted in substantial reported
population size reductions, a three-generation period (3960 years) ends within the period ranging
2050-2071. Given a precautionary and realistic approach (IUCN 2024), the balance of probability
(considering empirical and modelled data) and future climate scenarios suggest the Murray crayfish
is in decline. Given this, thresholds for Criterion 1 should be precautionary (Keith et al. 2000).

Following the 2010-11 blackwater event, an 80-91% reduction in relative abundance was observed
across ~770 km of the impacted areas of the downstream Murray and upper Murrumbidgee River
tributaries; and a 50% population reduction was observed across ~402 km of the mid-
Murrumbidgee and lower Ovens Rivers (Adb), with little or no population recovery reported
following. The population modelling by Todd et al. (2018) indicates that low frequency events of this
magnitude will lead to 52% declines in population size and high frequency disturbances could result
in 71% declines (A4c). Given the uncertainties associated with projecting future climatic events -
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particularly over the long-term future — it is possible that declines due to extreme blackwater
disturbances alone may be of a lesser magnitude than the model suggests. However, with the
cumulative impacts of deleterious environmental conditions driven by climate change (such as
heatwaves, droughts, severe storms and floods); ongoing impacts of river regulation and agricultural
pollution resulting in declining habitat quality (A4c); harvest pressure (including the unguantified
contribution of illegal poaching) (Add), and predation by introduced salmonid species (Ade), it is
considered that the Murray crayfish has and will undergo a severe reduction in population size of at
least 30% over a 39-60-year period from 2011. This reduction has not ceased and may not be
reversible.

On the basis of all information presented abowve, it is concluded that Murray Crayfish qualifies for
listing as Vulnerable under Criterion A2bcde+A3bcde+Adbcde.

Criterion 2 Geographic distribution as indicators for either extent of occurrence
AND/OR area of occupancy

Vulnerable
Limited

< 20,000 km?

< 2,000 km?

AND at least 2 of the following 3 conditions:

Assessment Outcome: Does not qualify.

lustification: Whilst the species has experienced declines in range, it remains broadly albeit patchily
distributed across lowland and upland waterways (and upland impoundments) across the southern
Murray-Darling Basin. Based on records over the assessment period (e.g. 1984-2022), EOO was
estimated at 136,556 km? with the Geospatial Conservation Assessment Tool (GeoCAT: Bachman et
al. 2011; IUCN Standards and Petitions Committee 2024) (see attached Murray crayfish FSC
assessment range). Accounting for blackwater disturbance losses (i.e. considering only post 2010
records), the EOO is estimated as 117,385 km” (see attached Murray crayfish FSC assessment range).
Both approaches result in estimates of EOO that exceed the threshold under criterion B1.

Based on records over the assessment period (1984—2022), ADO was estimated at 1352 km*
calculated using the IUCN standard 2 x 2-km grid method (IUCN Standards and Petitions Committes
2024) with the Geospatial Conservation Assessment Tool (GeoCAT: Bachman et al. 2011). Accounting
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for blackwater disturbance losses (post 2010 records), AOO is estimated as 1280 km? based solely on
records. However, guided by species distribution modelling (Riches et al. 2016) suggests that these
estimates of AQO very likely underrepresent the area occupied by the species. Namely, sampling
(hence records) is relatively limited across core habitat at discrete intervals, including between
Hurme Dam and Tocurmwal Road Bridge on the Murray River, the Gundagai Road Bridge and
Berembed Weir on the Murrumbidgee River, the Lower Ovens River below Wangaratta and the
Goulburn River between Seymour and Shepparton. In some sections of the species range, the
species is anticipated to be almost continuously distributed between sampled locations based on
species distribution models and expert opinion. When these areas are considered, it is predicted
that minimum AQO is well in excess of 2012 km? (see attached Murray crayfish FSC assessment
range) and therefore do not qualify for listing under criterion B2.

Thus, it is concluded that Murray Crayfish do not qualify for listing under Criterion B.

Criterion 3 Population size and decline

AND either (C1) or (C2) is true

Substantial rate
109 in 10 vears or
3 generations
[(whichever is
longer)

(i) Number of mature individuals
in each subpopulation

(EY]
(i) % of mature individuals in one 009
s“hwpuhﬁnn‘ -- 1

(b] Extreme fluctuations in the number
of mature individuals

Assessment Outcome: Does not qualify.

Justification: The total number of mature individuals is unknown, but it is estimated that the total
number of mature individuals exceeds 10,000. Zukowski et al. {2018) provide mark-recapture
population size estimates from three sites (~2 km long) within the Edward River, which ranged from
47 to 225 crayfish (advanced juveniles and adults) per km {eguating to densities between 1287 to
3986 individuals per km”if all benthic habitat is suitable for the species). The average across the
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three sites was 151 crayfish (advanced juveniles and adults) per km with concurrent CPUE of
approximately 0.37 crayfish per net lift (Zukowski et al. 2018). Raymond et al (2023) reported
densities of 64 crayfish (=55 mm OCL) per km. King et al. (2012) reported emergence rates between
~25 to 750 crayfish per km across affected sties during the 201011 hypoxic blackwater event
downstream of the Barmah-Millewa Forest. CPUE at these sites was approximately 0.2 crayfish per
net lift < 12 months prior to these observations (McCarthy et al. 2014). These estimates of numbers
of individuals are from short river sections, and even with documented declines in range, the
contemporary range still contains 1000s of kilometres of habitat, inferring that total number of
mature individuals will be substantially above 10,000.

Criterion 4 Number of mature individuals

SUCTRRS

D2.! Only applies to the Vulnerable
category i

D2 Typically: area of
Restricted area of occupancy or number occupancy < 20 km2 or
of locations with a plausible future threat - - number of locations
that could drive the species to Critically 5
Endangered or Extinct in a very short
time

- Vulnerable
Low

! The IUCM Red List Criterion D allows for species to be listed as Vulnerable under Criterion D2. The corresponding Criterion
4 in the EPBC Regulations does not currently include the provision for listing a species under D2. As such, a species cannot
currently be listed under the EPBC Act under Criterion D2 only. However, assessments may include information relevant to
D2. This information will not be considered by the Committee in making its recommendation of the species’ eligibility for
listing under the EFBC Act, but may assist other jurisdictions to adopt the assessment outcome under the common
assessment method.

Assessment Outcome: Does not qualify

Justification: Number of mature individuals =1000 (see criterion 3).

Criterion 5 Quantitative analysis

Vulnerable
Medium-term future

Indicating the probability of

extinction in the wild to be: = 10% in 100 years

Assessment Outcome: Does not qualify.

Justification: Three population modelling exercises (Whiterod and Zukowski 2017, Todd et al. 2018,
Whiterod et al. 2018; Raymond and Todd 2020) have assessed population trajectories under
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