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Summary

Context:

In 2014-2016, the Nature Glenelg Trust (NGT) undertook an assessment of Murray Crayfish (Euastacus
armatus) populations within five river systems across Northern Victoria.

In 2023, the Victorian Fisheries Authority (VFA) commissioned the Arthur Rylah Institute (ARI) to repeat
surveys of Murray Crayfish populations at 17 locations in North-eastern Victorian waterways. An analysis of
crayfish relative abundance, size structure and sex ratios were undertaken to assess changes in these
population parameters over the 7-9-year study.

Aims:
This report aimed to re-sample 17 of 41 sites outlined in Whiterod et al. (2017) for Murray Crayfish, and to

compare population parameters (crayfish abundance, size structure and sex ratios) from data collected in
2014-2016 with 2023 sample data.

Methods:

Seventeen sites (each 2 km in length) were sampled for Murray Crayfish using baited drop pots. Twenty pots
were set approximately 100 m apart at each site, with pots checked twice, at hourly intervals.

Results:

Murray Crayfish abundance, size structure and sex ratios were variable across sites and years, with no
statistically significant difference in parameters between survey years.

Conclusions and implications:

Our findings highlight the variability in assessing Murray Crayfish populations across broad spatial scales
(10s to 100s of km), suggesting a need for (1) targeted sampling of individual populations over relevant
spatial scales (sites of 200-500 m in river length), and (2) projects to consider more robust sampling

(e.g. capture-mark-recapture studies) designed to provide estimates of crayfish densities, catch rates,
reproductive value, and movement patterns. Long-term (10+ years) monitoring of key populations is
recommended to provide baseline data, and establish population trends, to assess anthropogenic

(e.g. harvest), and environmentally driven effects (e.g. drought, blackwater, habitat modification) on crayfish
populations.

Victorian Murray Crayfish 2023 1
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1 Introduction

Freshwater crayfish are imperilled globally, with almost one third of species classified as threatened and at
risk of extinction (Richman et al., 2015). In Australia, crayfish are exposed to a range of threats driven by the
regulation of river systems for water security, energy production, agricultural pursuits (Walker & Thoms,
1993; Maheshwari et al., 1995; Vorosmarty, 2010) and from harvest. Many crayfish fisheries are vulnerable
to over-exploitation, with concomitant adverse effects on freshwater ecosystems and on the persistence of
populations (Gilligan et al., 2007). Harvest effects within and among crayfish populations are often expressed
through changes in crayfish abundance, size structure and sex ratio (Todd et al., 2018; Raymond et al.,
2023). To effectively manage and conserve freshwater crayfish, it is critical to 1) employ population indices
that adequately reflect harvest related effects and recovery from impact, 2) monitor populations over suitable
temporal-spatial scales, and 3) communicate findings to waterway managers, regulatory bodies, fishers and
to the public. In this study, we assessed the status of Murray Crayfish (Euastacus armatus von Martens,
1866) at 17 sites across five rivers in north-eastern Victoria over a 7-9-year period (Whiterod et al., 2017),
using estimates of relative abundance, combined with data on crayfish size-structure and sex ratios.

Threats

In south-eastern Australia, crayfish face a range of threats driven by the anthropogenic regulation of river
systems that support an extensive irrigation network for crops and livestock (Maheshwari et al., 1995;
Dudgeon et al., 2006). These highly regulated systems have largely reversed historically high winter/ spring
flows (now stored in impoundments) and low summer flows, to meet the increasing demands of irrigators.
Modified flow regimes have had concomitant adverse effects on water temperature, stream productivity and
habitat availability (Walker & Thoms, 1993), all which crayfish are dependent on for movement, breeding,
and survival. Further, the removal of woody debris (snags) and channelisation of rivers to promote
navigation, replacement of vast tracts of lowland forests with grasslands, and modified riparian zones has led
to increasing runoff, erosion and sedimentation of habitats supporting freshwater crayfish. Further, climate
change is predicted to increase the frequency and duration of extreme weather events (e.g. droughts, fires,
and floods), placing additional pressure on crayfish (among other aquatic biota) in freshwater habitats (van
Dijk et al., 2013). For crayfish, these threats are occurring on a backdrop of harvest, reported to alter crayfish
distribution, density, size structure and population sex ratio (Gilligan et al., 2007; Zukowski et al., 2012;
Whiterod et al., 2018, 2020; Raymond & Todd 2020).

Indices and harvest effects

Effective management of fisheries resources relies heavily on the use of indices that adequately reflect
population trends (Downes et al., 2002). While abundance data has been useful for estimating and
comparing population sizes over time and among studies (Pollock et al., 1991; Meynecke & Richards 2014),
indices that explore the structure of populations (e.g. size structure and sex ratios) provide a more
informative assessment of harvest effects through highlighting the mechanisms driving population dynamics
(Raymond et al., 2023). For example, many harvest strategies focus on the selective removal of individuals
based on their size and sex, with over-exploitation leading to increasing disparity in the structure and
functioning of populations (Sato & Goshima 2006, 2007; Sato & Yoseda 2010). Disparity in size structure
and sex ratios are linked with population truncation, modified behaviour of individuals, declining reproductive
success, and population extirpation, with potentially severe evolutionary consequences (Burgman et al.,
1993; MacDiarmid & Butler, 1999; Allendorf & Hard, 2009; Yorisue et al., 2020). In the absence of harvest,
Murray Crayfish populations displayed a 1 to 1 sex ratio and a uniform size frequency distribution (Zukowski
et al., 2013).

Harvest regulations

Concerns over the long-term sustainability of Murray Crayfish populations have led to the development and
implementation of strict harvest regulations (New South Wales Department of Primary Industries 2022;
Victorian Fisheries Authority, 2022). Harvest regulations include regional and seasonal closures (1
September to 31 May), bag limit of 2/person/day (maximum of 4 in possession), gear limits (five drop-
pots/person/day), a ban on the removal of brooding females (females with eggs), and a Harvestable Slot
Legal Limit (HSLL, 100-120mm Occipital Carapace Length, OCL). However, there is no limitation on the
number of anglers participating in the fishery and no obligation to report catch data, so the numbers of
fishers and the number of crayfish harvested is unknown (McPhee et al., 2002).

2 Victorian Murray Crayfish 2023
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Murray Crayfish

Murray Crayfish is the second largest freshwater crayfish in the world (Riek, 1971), endemic to the
freshwaters of the Murray-Darling Basin of south-eastern Australia. The species has high ecological, social,
and cultural value (Noble et al., 2018; Todd et al., 2018) and despite their ‘threatened’ listing, remain subject
to harvest for human consumption (Coughran & Furse, 2012; Yorisue et al., 2020). The species is slow
growing, late maturing (8-9 years, Todd et al., 2018), has low fecundity (between ~300 and ~1495 eggs
(Johnson and Barlow 1982), and limited mobility (Ryan, 2005; Whiterod et al., 2017). These life-history traits
make the species vulnerable to harvest effects and are typically slow to recover from population declines
driven by episodic events (King et al., 2012; Whiterod et al. 2018) and from harvest over-exploitation (Noble
& Fulton 2017; Raymond et al., 2023).

Ecological impacts

Crayfish are integral components of many aquatic ecosystems, playing an important role in the structure and
functioning of freshwater environments through their feeding and movement habits. Crayfish mediate the
transfer of energy through aquatic food webs via their polytrophic feeding habitats that include the
consumption of decaying wood and leaf litter, invertebrates, and small fish (Usio & Townsend, 2004) and are
regarded as ‘ecosystem engineers’ through their actions of walking, burrowing, and moving instream wood
(Jones et al., 1994; Creed & Reed, 2004). Murray Crayfish has suffered large declines in range and
abundance since the 1950’s, with further declines expected to increase the species’ risk of extinction and
disrupt key ecological processes, fundamental to lentic morphology, and community form and function.

Study objectives

Here, we compare the abundance, size structure and sex ratio of 17 Murray Crayfish populations between
surveys conducted in 2014-2016 (hereafter ‘2016’) with surveys undertaken in 2023. Based on the biology
(e.g. slow growth, low fecundity) and ecology (e.g. poor dispersal) of the species, continuing harvest
pressure and reported harvest effects (declining abundance, disparate size structure and sex ratios) and the
location of river reaches sampled (previously fished), we hypothesize that:

H1: the abundance of Murray Crayfish will decline from 2016 to 2023,
H2: the size structure will become increasingly disparate from 2016 to 2023, and

H3: sex ratios will become increasingly disparate from 2016 to 2023.

Victorian Murray Crayfish 2023 3
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2 Methods

2.1  Site locations and experimental design

Seventeen sites across the Victorian lowland range of the species were sampled for Murray Crayfish. Sites
were a subset of those sampled by Whiterod et al. (2017) in 2016 (Figure 1, Table 1). Sample sites were
approximately 2 km in length, and 20 drop pots were deployed at 100 m intervals throughout a reach. Drop
pots (single 800mm diameter, 13mm stretch mesh size, 0.3m drop baited) were baited with ox liver (~300 g),
set 5-10 m from the bank, and checked three times at hourly intervals (60 net retrievals at each site). Drop
pots were identified as per VFA regulations (Victorian Fisheries Authority, 2022). Crayfish sampled in the first
two pot checks were marked (Whiterod et al., 2017) to detect re-captures. All Murray Crayfish populations
surveyed were located within zones open to harvest.

Ovens River Wodonga Creek
36.00S = \ BUNTRIORG CIIO l N
Stewart§gyidge L3N M Bouggravan Park { quer sechio
Pafolas Bend
us Stewarts Rridge 73
Kergunyah ge / Change
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Peterg Bridge
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<’ Snowy CreeR junction
; dpgan's Bridge
Murchison (Cal R A 25
Kirwans Bridg
Mitchelltown 0
37.07S Seymour (Goulburn .25
Kiewa River Mitta Mitta River
375 S -

T T T T
1445 E 1450 E 1455 E 146.0 E 1465 E 1470 E 1475 E

Figure 1. Map of Murray Crayfish survey sites sampled in 2014-2016 and 2023. Colours depict the
percentage change (+/-) in the total crayfish catch at each site between survey years. Grey dots
indicate sites not sampled in both years.
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Table 1. Summary of survey location and experimental design.

Number of Number of Number of crayfish
lifts pots
2016 2023
Goulburn River Alexandra Bridge 3 20 0 2
Ghin Ghin (Yea Junction) 3 20 2 3
Kirwans Bridge 3 20 15 8
Mitchelltown 3 20 62 35
Murchison (Campbell Bend) 3 20 66 32
Pykes Rd 3 20 1 35
Seymour (Goulburn 3 20 44 13
Caravan Park)
Shepparton (Youngs Bend) 3 20 4 40
Yambuna 3 20 0 NS
Riverbend Caravan Park 3 20 0 NS
Stewart’s Bridge 3 20 NS 0
Kiewa River Kergunyah Bridge 3 20 4 8
Mongan's Bridge 3 20 1 1
Mitta Mitta Peters Bridge 3 20 2 6
River
Snowy Creek junction 3 20 1 0
Ovens River Bundalong Junction 3 20 37 37
Parolas Bend 3 20 58 61
Wodonga Lower section 3 20 34 112
Creek
Total catch 331 393

*NS =sites not sampled in both survey years.

2.2 Dataanalysis

Data analyses were performed using sample data from 15 sites; data from two of the 17 sites were excluded
from the analysis as site locations varied between survey years. All analyses were performed using R V4.2
(R Core Team, 2022) using rstanarm (Goodrich et al., 2022) package. Default priors were used for all
models. Models were checked for convergence using Gelman-Rubin convergence diagnostic (r'<1.05; see
Appendix A.1). Posterior checks assessed model fit with simulated data (see Appendix A.2). We define
significant differences based on if the 95% credible interval (95%Crl) overlaps with zero on the link scale.

For Catch Per Unit Effort (CPUE, hereafter ‘relative abundance’) data, we ran a Bayesian Generalised Mixed
Model (bGLMM) with a negative binomial distribution. For the data we calculated the total catch per site per
survey. We then included year and river as fixed effects. Site was included as a random effect.

The shape of length frequency (LF) curves provides information to assess changes in size-structuring of
populations (with sex and year, Figure 4A), and may be useful for inferring factors (e.g. selective harvest,
recovery from harvest) responsible for these changes. For length distribution, we ran two models: one
comparing mean OCLs and second comparing proportion >120mm. For comparing mean OCL we ran a
Gaussian bGLMM that included year and river as fixed effects and site as a random effect. For comparing
proportions, we ran a binomial bGLMM with the same model structure as the mean OCL model.

5 Victorian Murray Crayfish 2023
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For sex ratio, we modelled the proportion of catch that was female. We ran a binomial bGLMM. We broke up
crayfish length (Occipital Carapace Length, OCL) into three size categories (<100mm, 100-120mm,
>120mm) to represent crayfish below, within and above the HSLL, and then summarised the total number of
females and males caught per OCL group per site per year. We included year and OCL group as well as the
interaction. We included river as a fixed effect and site as a random effect.

6 Victorian Murray Crayfish 2023
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3 Results

3.1 Catch

A total of 393 Murray Crayfish were captured in 2023, compared with the capture of 331 individuals in 2014-
2016, representing a 15% increase in the total catch between the two survey periods. Half of all sample sites
recorded<10 individuals. The mean length of male and female crayfish increased from 2016 to 2023 (Table
2, Figure 3). Sex ratios varied with size class. Relative abundance and size structure showed considerable
variability within and among populations over the 7-9-year study. Sex ratios became increasingly disparate
with increasing size, consistent across survey years.

Table 2. Mean, standard error (S.E.) and range of lengths (occipital carapace length, OCL) of
Murray Crayfish sampled in 2014-2016 and 2023.

Year Crayfish sex Number OCL
e sampled
Mean (mm) S.E. Range (mm)
2014-2016 Males 117 81.4 1.6 35-118
Females with 112 107.3 1.3 75-140
eggs
Females 102 74.5 1.4 19-128
without eggs
Female total 214 91.7 15 19-140
Total 331 88.0 1.1 19-140
2023 Males 151 87.6 1.1 54-135
Females with 116 108 1.3 76-149
€eggs
Females 126 81.2 0.8 59-110
without eggs
Female total 242 94.1 1.1 59-149
Total 393 91.6 0.8 54-149

3.2 Relative abundance

Comparisons in relative abundance of crayfish between the sampling periods varied considerably across the
sample sites (Figure 1, Table 2). Eight of sites showed no change in relative abundance, abundance
increased in three sites and four sites declined (Figure 1). Of the eight sites where no change in relative
abundance was detected, six were in the upper reaches of rivers. All four of the sites with declining relative
abundance were in the mid-reaches of the Goulburn River. Populations with increased relative abundance
were in the mid- to lower-reaches of the Goulburn and Ovens rivers. Very low numbers (n <10) of crayfish
sampled from the Kiewa and Mitta Mitta rivers, across survey years, limited our capacity to draw useful
trends using relative abundance data.

In 2016, the mean relative abundance across all sites was 9 (95%:1.9, 31.2) crayfish/survey compared to
13.1 (95%:3.3, 44.7) in 2023. There was not strong evidence for a decline in crayfish abundance from 2016
to 2023 (difference=48% (-39%,236%); 95%Cr| overlapping 0%). However, the large credible interval
indicates that there could be large changes hidden in the variation (Figure 2).
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Figure 2.A) Violin plot showing the distribution of CPUEs (n crayfish/site). Overlaid lines show 2016
and 2023 CPUE data for each site with the colour of line indicating river. Thus, an increasing line
indicates higher CPUE in 2023. B) CPUE estimates from model.

3.3 Length

Differences in length frequencies between study periods varied between sex and sites. Goulburn River
length frequency curves show that females were larger than males in 2016, the mean length of males
increased from 2016 to 2023, and that the size structure of males in 2023 sharply declined for individuals
entering the HSLL (>100mm OCL). In contrast, length frequency curves of male and female crayfish in the
Ovens River shifted to the right from 2016 to 2023, and that the proportion of large females and males
increased to 2023, albeit at a greater rate in females. In Wodonga Creek, LF curves showed a clear increase
in the proportion of females and males below the HSLL and a decline in smaller and larger individuals of

both sexes, across survey years.

Average female length was 85.3mm (95%:78.9, 91.9) in 2016 and 89.5mm (95%:82.8, 95.5) in 2023 with
2023 females being significantly larger (diff=4.2mm (95%:0.8, 7.9)) (Figure 4B). Similarly, average male
length was significantly larger (diff=7.7mm (95%:3.2, 12.1)) in 2023 (mean=83.7mm (95%:76.7, 90.1)) than

in 2016 (mean =76.0mm (95%:68.9, 82.4); Figure 4B).

For both sexes, we found no changes in proportion of crays in 100-120mm (female diff=-4.1% (95%:-39.3%,
51%); male diff=13.2% (95%:-43.9%, 121%) ) and >120mm (female diff=-6.7% (95%:-52.1%, 82%); male

diff=320.8% (95%:-60.8%, 10 540%) ; Figure 4).
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Figure 3. A) Density plots showing Occipital Carapace Length (OCL, mm) distributions for male and
female crayfish broken up by river and year. B) Mean OCL estimates from model for 2016 and 2023.
Error bars are 95%Crl.
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Figure 4. A) Violin plots showing percentage of cray in each slot group broken up by sex and year.
Overlaid lines show 2016 and 2023 proportion data for each site with the colour of line indicating
river. B) Proportion crayfish in each slot group. Error bars are 95%Crl.

3.4 Sex ratio

The proportion of the total catch that was female did not differ between 2016 and 2023 (averaged diff=-8%
(95%:-34%, 26%), Figure 4). However, the proportion of the catch being female increased with OCL group
length (Figure 4B). In general, sex ratios remained constant between years (total site catch) with high site
variability. In the absence of exceptional circumstances (e.g. parthenogenesis) the ratio of females to males
is expected to be 1:1 (Fisher, 1930; Zukowski et al. 2012).
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Table 3. The sex ratio (female to male) of Murray Crayfish across survey years and size.
Size cohorts represent crayfish below (<100mm Occipital Carapace Length, OCL), within
(100-120mm) and above (>120mm) the Harvestable Slot Legal Limit.

Year Number sampled OCL
Female Male Total <100mm 100-120mm >120mm
2014-2016 214 117 1.8
129 99 1.3
61 18 3.4
24 0 >10
2023 242 151 1.6
156 124 1.3
64 24 2.7
22 3 7.3
A) <100mm 100-120mm >120mm
100% 4
QL 759
©
£
& 0,
= 50% A
Q
8 — Goulburn River
()] o —  Kiewa River
o 25% — Mitta Mitta River
— Ovens River
0% 4 = Wodonga Creek
2016 2023 2016 2023
B) <100mm 100-120mm >120mm
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Figure 5. A) Violin plots showing the distribution of female proportion for each site. Overlaid lines
show 2016 and 2023 proportion data for each site with line colour indicating river. Panels show
results for each Occipital Carapace Length (OCL) group. B) Proportion of female estimates for each
of the study years.
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35 Berried females

Overall, longer females had higher odds of being berried (carrying eggs) (slope = 7% (95%:5%, 8%)
increase in odds/mm; Figure 6), with the size at which half of the females were ‘berried’ (size at functional
reproduction, SFRso, Raymond & Todd 2020) calculated at ~98mm OCL.

1.004
Berried -50
Non-berried
3
= 0.751 L 40
3
T
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o ®
> 050 ——===-==-------— oo >
= 5]
= <
g =20
e
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0.00+ -0
40 80 120
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Figure 6. Probability of female Murray Crayfish being ‘berried’ (carrying eggs) in relation to Occipital
Carapace Length. Curve shows predicted probability of being berried with blue shading indicating
95% confidence interval. Distribution of female size classes with fill indicating number of females
‘berried’.
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4 Discussion

Comparison of Murray Crayfish surveys undertaken across north-eastern Victoria from 2016 to 2023, did not
detect any significant difference in the relative abundance, size structure or sex ratios. While our three
hypotheses were refuted, comparison of population parameters between the two survey periods spanning 7-
9 years provided some useful information for assessing populations. However, large credible intervals
around mean abundance, size, and sex data (within and across survey years) suggest that population-level
changes were likely masked by highly variable catch rates, highlighting the need for more targeted research.

The 15% increase in total crayfish abundance over the 7-9-year study, although not significant, was driven
by three populations where a > three-fold increases in individuals sampled was observed. While these three
populations showed considerable improvement in catch rates, stable abundances in eight populations and
declining abundances in four populations, reflected the variable nature of population responses across broad
spatial scales (10s to 100s of km’s). Further, low (< 10 individuals) catch rates in half of all surveyed
populations adversely affected statistical power to detect change reliably and accurately. Inferences made
from biased data, often associated with low catch rates limits any conclusions on the current state of a
population or species (Lyon et al., 2014). While relative abundance data can be useful for assessing the
effects of catastrophic episodic disturbance events (e.g. blackwater) over broad spatial scales (McCarthy et
al., 2014; Whiterod et al. 2018), relative abundance data was limited in its ability to detect multiple
population-level responses at broad spatial scales in the current study. At the population level, changes in
abundance over the 7-9-year study may have been related to environmental conditions (e.g. flows,
temperature, available habitat) and/or changes in harvest pressure, likely to be variable within and among
river systems. In the absence of reported fisher catch data and reach scale habitat assessments, it was
difficult to determine the potential factors responsible for the observed changes in crayfish populations.

The size structure (and changes therein) of Murray Crayfish populations, although not significant, was useful
for inferring harvest related effects with indications of continuing harvest and of populations recovering from
harvest. As expected, females were on average larger than males, likely driven by sex-selective harvest of
males and the protection of brooding females (Victorian Fisheries Authority, 2022). While mean size was
constant between study years, the declining disparity between crayfish size and sex suggests that harvest
pressure may have moderated over the study. If harvest pressure had remained constant or increased, we
would have expected to record continued declines in mean male size and an increasing disparity between
male and female size, as more males would have been removed from the system. While there was no
evidence to support a change in overall mean size (assessed using total catch data) between study years,
mean size varied among sites. While some sites showed signs of recovery, signs of continuing harvest were
also recorded, particularly for populations in larger river systems. For example, a sharp decline in males
entering the HSLL (100-120mm OCL) in the Ovens River, suggest that harvest effects were greater in this
mid- to lowland reach compared with the upper river reaches of the Mitta Mitta, Kiewa and Wodonga Creek
systems. This is likely the result of lower river reaches supporting greater numbers and larger crayfish than
upland reaches due to differences in reach characteristics (e.g. habitat availability, river size, water
temperature). The preference of Murray Crayfish for river reaches with clay banks, complex structural habitat
(e.g. large woody debris, deeper holes), and more reliable and larger flows (Whiterod et al., 2016) is more
characteristic of larger systems than shallower, rocky upland systems. Consequently, we would expect that
harvest pressure was greater in large than small systems, as fishers are more likely to catch legal sized
crayfish in larger systems and are therefore more likely to target crayfish in lowland than upland rivers. In
contrast, we would expect that the effects of harvest would be most pronounced in small populations, where
the removal of small numbers of crayfish can cause disproportionately greater adverse effects.

The overall ratio of female to male crayfish was consistent across study years. As sex ratios are often used
as an indicator of harvest (Solberg et al., 2005; Zukowski et al., 2013) consistency in this index suggests that
harvest effects remained stable over the course of the study. However, disparity in sex ratio between size
classes, representing crayfish below, within and above the HSLL, suggest that harvest effects were
noticeable across study years. If harvest had declined, we would have expected that crayfish below the
HSLL (equal sex ratio) in 2016 would have grown and entered the HSLL in 2023, with consistency in sex
ratios between the two groups. Instead, we observed that the sex ratio of crayfish below and within the HSLL
in 2023 was equivalent with 2016, suggesting that harvest effects were consistent across survey years and
that harvest of select populations was ongoing. Further, the disparity in sex ratio between crayfish within (2:1
female:male) and above the HSLL (>7:1 female:male) is concerning as these ratios are indicative of
populations subjected to intensive harvest pressure (Raymond et al., 2023b), with associated changes in
behavior, reported to adversely affect sexual selection and increase aggressive encounters among
conspecifics (Sato and Yoseda, 2010). The large variation in sex ratios within and among populations was
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likely influenced by low abundances of individuals captured, supporting the need for more robust studies
focused at the population level.

The probability of females being ‘in berry’ (SFRs0) was estimated at approximately 98mm OCL, 9mm smaller
than that reported by Raymond et. al. (2023), and 6mm greater than the size at onset of sexual maturity
(SOMsp), on which the current HSLL was based (Zukowski et al., 2012). The HSLL was established to
provide females at least one opportunity to produce offspring prior to entering the HSLL; a provision that was
violated in this and other studies. This is concerning as large proportions (30-50%) of females within the
HSLL have been recorded without eggs (Tonkin & Rourke, 2009; Raymond & Todd, 2020), indicating that
the current HSLL may not provide all females with adequate protection from harvest, thereby inhibiting their
opportunity to contribute offspring to the next generation. Given the unknown consequences of declining
reproductive output on future populations, modelling the effects from declining reproductive output on
population persistence is recommended.

Our study has highlighted several factors that may have adversely affected our ability to detect accurate
changes in abundance, size-structure, and sex ratios of multiple Murray Crayfish populations over 100s of
river km’s. Firstly, we were bound to using drop-pots to capture crayfish in 2023 to replicate capture methods
used in 2016. Drop pots are reportedly biased toward the capture of larger individuals that dominate access
to baits by forcing smaller individuals from pots and through restricting smaller individuals from walking onto
pots (Fulton et al., 2017). Further, short occupancy rates (mean 387 s) and low sampling efficiency of hoop
nets potentially bias capture data (Fulton et al., 2012). One solution is to use Munyana crab pots to sample
crayfish. Unlike drop pots, Munyana nets are an enclosed structure with entry holes that largely restrict
crayfish from escaping (dependent on mesh size), thereby increasing entrainment and capture rates. Once
captured, Munyana nets provide crayfish with multiple locations to rest. Further, Munyana nets can be set
overnight, when crayfish are most active, with higher catch rates (compared with daytime sets, Raymond et
al., 2017), more representative of populations than low catch rates. Munyana nets must be set as per
Raymond et al., (2023b) to avoid the entrainment of air-breathing mammals. Secondly, we assessed multiple
populations over very broad temporal-spatial scales (10s to 100s of km’s, and 7-9-years). Considering the
large variability in credible intervals, life-history characteristics of Murray Crayfish (e.g. slow growth, limited
mobility), inherent variability between river systems and unreported harvest, we advocate for study designs
targeted at the population level (see Raymond et al., 2023b) and for annual monitoring of target populations.
Furthermore, we support the use of indices (e.g. density estimates in place of abundance data) and models
(e.g. spatially explicit capture recapture, SECR models, see Efford, 2004, 2011, 2014) that 1) better
represent population level impacts, 2) are more capable of detecting event driven change, and 3) provide
additional (e.g. movement patterns) data, useful for assessing populations.

Future studies of targeted populations are crucial for managing and conserving Murray Crayfish and for
assessing the factors (e.g. environmental, and anthropogenic) and mechanisms (e.g. recruitment failure)
responsible for change. A comparison of gear types (e.g. drop pots and Munyana nets) and their relative
catch rates would be informative for future studies. Further, modelling the effects of climate change
(including its influence on the frequency and magnitude of disturbance events), harvest and handling on
Murray Crayfish would provide further insight into the dynamics of populations. This would provide managers
and conservationists with tools to assess change and the potential to mitigate change through regulatory
modification, and through enhancing fisher, scientific and community education.

4.1 Conclusion

The current study provided useful insights into the general trends of Murray Crayfish populations,
demonstrating there were not significant changes in relative abundance, size-structure, and sex ratios
among populations between 2016 and 2023 across the 15 sites surveyed. Rather there was variable findings
across the multiple indices assessed: some populations showing signs of recovery, but others no change or
decline. Overall, the Murray Crayfish population across Victorian remains at risk, and sound management is
necessary. Our findings highlight the need to design studies focusing on 1) appropriate spatial (1-10 km),
and temporal (e.g. annual monitoring) scales, 2) the use of robust sampling gear (e.g. Munyana nets) to
promote high catch rates, 3) study designs that provide estimates of density (e.g. capture-mark-recapture)
and 4) employ mathematical models (e.g. SECR models) capable of accurately reflecting the state of
populations. Implementation of these studies will provide more robust data to better inform the management
of Murray Crayfish in Victoria.
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