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FISH MONITORING AT GUNBOWER ISLAND 2020-21 

Project Summary 
The Living Murray (TLM) program is one of Australia’s largest river restoration programs and was 
established in 2002 as a response to indications of declining health of the Murray River ecosystem 
(MDBC 2005). TLM focuses on ecosystem health at six “icon sites” with one being the Gunbower 
Koondrook-Perricoota Forest. The Gunbower Island component of the icon site is managed by the North 
Central CMA (referred to hereafter as the Gunbower Island icon site). Fish objectives of the Gunbower 
Island icon site focus on restoring and maintaining healthy populations of resident native fish. Since 
2008, annual monitoring of the condition of the fish-community has been used by the North Central CMA 
to assess this objective and inform its decision-making framework about the quality, quantity, and status 
of the fish community in aquatic habitats at the icon site. This report provides the 2021, annual update 
in a format consistent with previous monitoring of the icon site. 

Between 15 March and 5 May 2021, the fish-community at twenty-five sites across Gunbower Island 
icon site were sampled with standardised combinations of electrofishing, fyke netting and bait-trapping. 
The sampling design stratified sites among four macrohabitat types: the Murray River (n=3 fixed sites); 
Gunbower Creek (n=8 fixed sites); wetlands in the Gunbower Forest and Gunbower National Park (n=5 
sites); and ox-bow lagoons connected to Gunbower Creek (n=9 fixed sites). (These classifications are 
referred to in this report in upper-case, as RIVER, CREEK, WETLAND and LAGOON to distinguish from 
more general usage of the terms). Two of the wetland sites were sampled immediately on filling which 
is untypical for TLM condition monitoring – the data from these sites has been included in summary 
tables and species summaries but excluded from calculations of performance indices. All 2021 data has 
been added to the North Central CMA Fish Database (supplied) and site data for a new site at Gunbower 
Creek Reach 8 has been added to the database. 

Catch data for 2021 is summarised by macrohabitat and individual site. The fish community data 
obtained has been used to calculate the annual values of ten indices used as a time-series of 
performance metrics addressing native fish abundance, population-structure and conservation status. 
Comparison of the current index values to an earlier reference-year has enabled us to compare with 
previous years and evaluate progress in 2021, towards a set of detailed objectives and descriptive 
targets set-out in the TLM fish condition monitoring plan for the Gunbower Island icon site. Additionally, 
this year the fish-community data was used to evaluate progress towards attaining fish-based cultural 
objectives from the Barapa Barapa Cultural Watering Objectives Framework. 

We examined individual species data to present annual updates of species-summaries for all species 
detected in 2021. Species summaries include abundance data, size-structure of sample, catch-per-site 
and occurrence and distribution by macrohabitat. 

Results summary: 
Surveys sampled 30,369 individual fish from sixteen species (eleven native and five non-native). Small-
bodied native fish were the most numerous in all macrohabitats with native Carp gudgeon (Hypseleotris 
spp.), accounting for most of the catch at most sites. Large-bodied fish were most common at sites in 
Gunbower Creek and the Murray River including the native Murray cod (Maccullochella peelii), Golden 
perch (Macquaria ambigua), Silver perch (Bidyanus bidyanus), and the non-native Common carp 
(Cyprinus carpio).  

LAGOON habitats completely attained the required objectives for increased abundance of native fish, 
diverse size-structure in the fish population and a contribution to recovery of threatened native fish 
species. CREEK and RIVER habitats partially attained these objectives, while WETLAND habitats this 
year did not attain any of these objectives. The Gunbower Island fish community achieved the 
descriptive targets for abundance of commonly occurring species and achieved targets for presence of 
sufficient threatened species. Indicators for fish related cultural objectives were also partially attained 
for four selected, valued, large-bodied fish species.   
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Murray cod were again relatively abundant in the lower reaches of Gunbower Creek. With juvenile 
young-of-year (YOY) fish detected now for the last seven years. Murray cod were detected in 2021 at 
more sites than in any previous years. A single Trout cod (Maccullochella macquariensis), was captured 
in Gunbower Creek Reach 8, downstream of Koondrook Weir. 

Golden perch catch rates increased this year at sites in Gunbower Creek and the Murray River and the 
surveys mainly sampled adult fish. There was little sign of recent recruitment, particularly in the Murray 
River although two YOY Golden perch were sampled from one site in Gunbower Creek. Silver perch 
were also sampled, although remain relatively rare. 

Freshwater catfish (Tandanus tandanus), including three juveniles, were again sampled in Phyland and 
Turner Lagoons although the relatively abundant size-classes of young-of-year fish detected in 2019 
and 2020 were detected at low abundance in 2021; suggesting that survival of these young fish to the 
adult population may have not been strong.  

Common carp abundance was again moderate, compared to previous years, although the species was 
detected at all sites but one, and still constitute most of the biomass of fish sampled. Common carp YOY 
were present at low abundance and catch-rates have declined since 2020.  

Sampled Murray cod, Golden perch Silver perch and Trout cod were implanted with PIT tags and 
external dart tags when of a suitable size. PIT tags can be detected automatically at fishways fitted with 
detection equipment. Dart tags enable recognition and voluntary reporting upon recapture by citizen-
scientist anglers. Fin-clip biopsies were taken from all four species and preserved for the National Fish 
Genetics Resources Program (FishGen) project. Twenty Murray cod were also surgically implanted with 
acoustic transmitters and re-released into Gunbower Creek to enable movements to be tracked over 
the next three years, particularly during the period when Gunbower Creek is de-watered at sites 
associated with the construction of two new fishways (details of tagged and biopsied fish are in Appendix 
1.) 

We discuss this year’s results and the implications for management and make recommendations for the 
management of the fish-community of the Gunbower Island and for future improvements to the condition 
monitoring program. 
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Introduction 
 

Background 
The Gunbower Island is an important part of the Gunbower-Koondrook-Perricoota Forest icon site; one 
of a suite of icon sites established under the Commonwealth Government’s ‘The Living Murray (TLM) 
program’ (MDBC 2005; MDBA 2009; Murray–Darling Basin Authority 2011). TLM focuses on maintaining 
the health of six Icon Sites along the river, chosen for their environmental, cultural, and international 
significance. Other icon sites include the Barmah-Millewa Forest, the Hattah Lakes, the Chowilla 
floodplain and Lindsay-Wallpolla Islands, the Murray mouth, lower lakes and Coorong, and the Murray 
River. 

Monitoring the condition of the fish community in the waterways and wetted floodplain of the Gunbower 
Forest is set out as a management requirement in the Gunbower Forest Environmental Water 
Management Plan (MDBA 2012) and the Icon Site Monitoring Plan (DELWP and North Central CMA 
2015). 

Preliminary fish surveys in 2005 (Richardson et al. 2005) and 2007 (PIRVic 2007), followed by more 
systematic surveys of the fish community condition (i.e., “condition monitoring”), have been used to 
inform adaptive management of wetland watering and Gunbower Creek flows since 2008 (Rehwinkel 
and Sharpe 2009a; Sharpe et al. 2011; Sharpe et al. 2012; Biosis 2015; Bloink and Robinson 2016; 
Bloink et al. 2018; CPS Enviro 2018; Bloink et al. 2019; Bloink and Halliday 2020). 

Other fish surveys have also contributed to the adaptive management framework such as those more 
strategically targeted at evaluating or informing management-interventions such as variations to 
watering-plans or specific fish conservation actions. These are known as “intervention monitoring” 
(Rehwinkel and Sharpe 2009b; Stuart and Sharpe 2012; ARC 2013; Brown et al. 2018). 

Gunbower Island Fish Community 
The floodplain environment between the Murray River and the Gunbower Creek upstream of Koondrook 
and downstream of Torrumbarry in north central Victoria, is known as the “Gunbower Island”. Gunbower 
Island includes the Gunbower State Forest, the River Murray Reserve, the Gunbower National Park, 
the Spence Bridge Education area, and the Welton Nature Conservation reserve; as well as numerous 
private land holdings between Gunbower Creek and the Murray River. Within the context of this report, 
the term “Gunbower Forest” is used to describe the wetlands and floodplain habitats within the forested 
portion of Gunbower Island. The dominant vegetation in much of the Gunbower Forest is River redgum 
a large water-dependent forest tree (Hale and Butcher 2012; Catelotti et al. 2015). 

The Gunbower Island fish community reflects the assemblage of fish species inhabiting, or predicted to 
have historically inhabited, the waterways and wetlands of Gunbower Island. Historically, the fish 
community of Gunbower Island was relatively diverse, with 24 native species recorded (Table 1 & Table 
2). The contemporary fish community, reflecting fish sampled during surveys over 2008 to 2020, is now 
only represented by 12 native species, with the remaining 12 native species, typically floodplain and 
river specialists, considered locally extirpated. Five non-native species have also been consistently 
present at all habitats each year during the survey period (Table 1.) The Southern pygmy perch 
(Nannoperca australis) is one such locally extirpated species where a reintroduction program has seen 
captive-bred fish stocked in 2020 and 2021, at Black Charlie Lagoon, a WETLAND sites surveyed 
annually on Gunbower Island. Another, the Southern purple-spotted gudgeon (Mogurnda adspersa), 
has recently been rediscovered at the nearby Kerang Lakes where conservation management of this 
population may enable reintroduction to Gunbower Island wetlands in the future1. 

Most individual fish, from most species sampled during the fish community surveys, are considered wild 
bred. However, Golden perch and Murray cod populations in the Gunbower Creek and the Murray River 

 

1 http://www.nccma.vic.gov.au/media-events/media-releases/back-brink 
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have been supplemented by hatchery-bred fish throughout the survey period 2008-2021. As both 
species can be highly mobile during high-flow events, the natal-origins of any individual of these species 
almost anywhere in the Murray–Darling Basin is now uncertain, and the degree of this local 
supplementation is variable and usually unknown (Hunt et al. 2010; Forbes et al. 2016; Crook et al. 
2016; Zampatti et al. 2019). Recent research has enabled the genetics of individual fish sampled during 
population-surveys to be compared to a database of the genetics of hatchery broodfish to identify what 
proportion of the sampled fish are hatchery-bred (McCane et al. 2018). Without this information, efforts 
to understand the effects of management actions on the wild recruitment of large-bodied native fish 
species are compromised. The National Fish Genetics Resources Program (FishGen) project has been 
established to address this deficiency, and the collection of a small tissue sample (biopsy) as a fin-clip 
from individuals of selected species sampled on Gunbower Island began in 2019 (Bloink and Halliday 
2020) and was ongoing in 2021. These fin-clip will be preserved for the FishGen project.  

 

Table 1. Native and non-native fish species (shaded cells) previously recorded during Gunbower Island fish monitoring 2008-
2020 classified by functional-flows group (Ellis et al. 2016)  and flow guild (Baumgartner et al. 2014) and scored as to their 
rarity and likelihood-of-capture if present using the agreed Pre-European Reference Condition for fish matching the species 
and habitat attributes (Bloink and Halliday 2020). 

Common 
name 

Species name Functional -
flows 
Group  

Flow 
Guilds 

Gunbower  PERCH Scores Recorded previously during 2008–
2020 surveys 

Perennial 
(River & 
Creek) 

Wet 
(Lagoons) 

Intermittent 
(Wetlands) 

River Creek Lagoon Wetland 

Freshwater 

catfish 

Tandanus 

tandanus 

River specialist 

(lentic) 

Foraging 

generalist 

3 5 3  � �  

Golden perch Macquaria 

ambigua 

Flow pulse 

specialist 

Flow 

dependent 

specialist 

5 5 3 � � � � 

Murray cod Maccullochella 

peelii  

River specialist 

(lotic) 

Long-lived 

apex 

predators 

5 5 3 � � �  

Bony herring Nematalosa erebi Generalist Foraging 

generalist 

5 3 1 � � � � 

Silver perch Bidyanus 

bidyanus 

Flow pulse 

specialist 

Flow 

dependent 

specialist 

5 3 1 � �   

Trout cod Maccullochella 

macquariensis 

River specialist Long-lived 

apex 

predators                          

3 3 0  �   

Australian 

smelt 

Retropinna 

semoni 

Generalist Foraging 

generalist 

5 5 5 � � � � 

Carp gudgeon Hypseleotris spp. Generalist Foraging 

generalist 

5 5 5 � � � � 

Dwarf flat-

headed 

gudgeon 

Philypnodon 

macrostomus 

Generalist Foraging 

generalist 

3 3 3 � � � � 

Flat-headed 

gudgeon 

Philypnodon 

grandiceps 

Generalist Foraging 

generalist 

5 5 5 � � � � 

Murray-

Darling 

rainbowfish 

Melanotaenia 

fluviatilis 

Generalist Foraging 

generalist 

5 5 3 � � � � 

Unspecked 

hardyhead 

Craterocephalus 

fulvus 

Generalist Foraging 

generalist 

5 5 5 � � � � 

Goldfish Carassius auratus Generalist        � � � � 

Common carp Cyprinus carpio Generalist        � � � � 

Oriental 

weatherloach 

Misgurnus 

anguillicaudatus 

Generalist        � � � � 

Redfin perch Perca fluviatilis Generalist        � � � � 

Gambusia Gambusia 

holbrooki 

Generalist        � � � � 
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Table 2. Native species NOT previously recorded during Gunbower Island fish monitoring 2008-2020 but predicted to have 
been present historically and also classified by functional-flows group (Ellis et al. 2016) and flow guild (Baumgartner et al. 
2014), and scored as to their rarity and likelihood-of-capture, if present, using the agreed Pre-European Reference Condition 
for fisH matching the species and habitat attributes (Bloink and Halliday 2020). 

Common name Species name Functional -flows 
Group  

Flow Guild Gunbower-Koondrook-Pericoota 
PERCH List 

 Perennial 
(River & 
Creek) 

Wet 
(Lagoons) 

Intermittent 
(Wetlands) 

Olive perchlet Ambassis agassizii Floodplain specialist Floodplain specialist 3 3 1 

Short-finned eel Anguilla australis Diadromous  1 1 1 

Murray hardyhead Craterocephalis fluviatilis Floodplain specialist Floodplain specialist 1 3 3 

River blackfish Gadopsis marmoratus River specialist (lotic) Foraging generalist 1 1 0 

Obscure galaxias Galaxias oliros River specialist (lotic)  3 3 3 

Flat-headed galaxias Galaxias rostratus Floodplain specialist Floodplain specialist 3 5 3 

Spangled perch Leiopotherapon unicolor Flow-dependent 

specialist 2 

 1 1 0 

Macquarie perch Macquaria australasica River specialist (lotic)  3 3 0 

Southern purple-

spotted gudgeon 

Mogurnda adspersa River specialist (lentic) Floodplain specialist 3 3 3 

Short-headed 

lamprey 

Mordacia mordax Diadromous  1 3 0 

Southern pygmy 

perch 

Nannoperca australis Floodplain specialist Floodplain specialist 3 3 3 

Tupong Pseudaphritis urvillii Diadromous  1 1 0 

 

TLM Condition Monitoring Program 

Program Ecological Objectives and Targets 
The Gunbower Island icon site ecological targets are set out in the Gunbower Condition Monitoring Plan 
(DELWP and North Central CMA 2015) and the ones relevant to fish condition monitoring are 
reproduced here in Table 3. Cultural objectives for the watering actions for Gunbower Island are also 
closely aligned with the icon site ecological objectives and targets (Table 4).  

  

 

2 Based on occurrence related to hydrology in southern Murray-Darling Basin (see, Ellis et al. 2015; DPIF 2015) 
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Table 3. Ecological Objectives and targets for fish-community condition monitoring at The Living Murray Program’s Gunbower 
Island icon site 

Overarching objective for 
Gunbower Island 

Detailed objectives Targets 

Maintain healthy populations of native fish 

in wetlands and increase opportunities for 

riverine fish to access floodplain resources  

1. An increase in the abundance of 

native fish  

– using the 20093 abundance as a 

reference for Wetland, Lagoon 

and Creek sites and the 20104 

abundance for the Murray 

River sites  

  

1. Presence of ≤ 4 of the 5 

commonly occurring native 

species  

  

2. A range of age/size classes 

present for each native fish 

species  

– evidence of recruitment as 

indicated by Young of Year 

(YOY) native fish using the 

species-specific size thresholds 

identified in Sharpe and Villizi 

(2014) 

 

2. Presence of ≥3 of the 7 less 

commonly occurring or 

threatened native species 

 

3. A contribution to population 

recovery of threatened fish 

species  

– recovery inferred by an 

increase in the abundance of 

each threatened species using 

2009 abundance as a reference 

for Wetland, Lagoon and Creek 

sites and the 2010 abundance 

for the Murray River sites 

 

3. A decrease in the abundance of 

alien fish  

– using the 2009 abundance as a 

reference for Wetland, Lagoon 

and Creek sites and the 2010 

abundance for the Murray 

River sites 

 

  

 

3 2009 was the first survey-year when surveys were undertaken in Autumn. In 2008 surveys were in Summer and 
likely to be less comparable with Autumn surveys. 
4 2010 was the first survey-year for the Murray River sites 
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Table 4. Barapa Barapa cultural objectives for Gunbower Island 2020-21 and watering actions that are relevant to fish-
community management (North Central CMA 2019), are adapted from Table 3 of the Barapa Barapa Cultural Watering 
Objectives Framework. 

Cultural objective Hydrological aim Indicator Measure Watering action 
Promote and maintain 

healthy and abundant 

native fish communities in 

Gunbower Creek and 

Gunbower Forest 

 

Presence of water in 

wetlands before spring to 

support fish spawning 

events 

Presence of 

native fish 

spawning 

Native fish 

populations 

show a range of 

ages 

Fish surveys, 

larval 

sampling 

Environmental water delivered via 

Lower Landscape Regulators 

Hybrid event  

The watering actions above are 

planned to occur in winter and/or 

spring, which aligns with Barapa 

Barapa Traditional Owners’ 

hydrological aim. 

Presence of water in 

deep wetlands so that 

fish can survive for longer 

Presence of 

native fish 

following 

watering event 

Fish surveys Environmental water delivered via 

Lower Landscape Regulators 

Hybrid event 

Wetland fish populations 

persisting in Reedy Lagoon 

following the 2019 watering event 

will be supported by top-ups in 

2020  

 

An iterative process of reviews and refinements of the data-treatment and survey methods between 
2012 and 2016 have arrived at a suite of repeatable statistics as indicators that meet the monitoring 
objectives (Robinson 2014b; Robinson 2014a; Sharpe and Vilizzi 2014; Bloink and Robinson 2016). 
The long-term dataset (from 2008-2020) was available as a customised database application which 
included some automated reporting of data summaries to facilitate standardized reporting and the entry 
of subsequent data from future surveys. Analysis of the indicators calculated for the 2021 data will 
enable the evaluation of whether the icon site ecological objectives and targets have been met (Table 
3). Attainment of the Barapa Barapa cultural objectives for Gunbower Island 2020-21 (Table 4), will also 
be evaluated using the 2021 survey data, with reference to large bodied fish. 

Factors Influencing 2020-21 Results 

Murray River hydrology 
River flows in the reach of the Murray River relevant to Gunbower Island fish surveys was of a similar 
scale in 2020-21 to the preceding three years. Flows exceeded the level at which flood-runners would 
naturally flow (13000 ML/day) on four brief occasions (3-5 days each) over winter and spring (Figure 1.) 

Following the end of the millennium drought in 2010, the intra-annual variability has been high. In every 
year since 2010, the Murray River exceeded the threshold at which flood-runners commence to flow on 
Gunbower Island although only during the years 2010-14 and 2016 were these water-levels for 
extended periods. 

It is now four-years (e.g., 2016-2017) since overbank flows were experienced, (Figure 1.) Prior to this, 
the only other period with significant overbank flows occurred as the millennium drought ceased (2010-
2012) when several flow-events exceeded the threshold for overbank flows in this reach (28000 ML/d); 
with the largest being over 52000 ML/d. Such flows are ecologically significant for fish populations as 
they stimulate catchment-scale movements of large bodied native fish species such as Golden perch 
and Silver perch (Mallen-Cooper and Brand 2007; Koehn and Nicol 2016). Overbank flows also may 
enhance the breeding success of undesirable non-native species such as Common carp and Eastern 
gambusia (Gambusia holbrooki), (King et al. 2003; Brown et al. 2005; Stuart and Jones 2006; Ho et al. 
2013; Conallin et al. 2016), If so, for long-lived species such as Common carp, one would expect to see 
the effects of such high-flow years in the population structure for many years. 
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Figure 1. Mean daily flow (discharge) for the Murray River below Torrumbarry Weir 2008 to 2021 (Source: 
http://data.water.vic.gov.au/monitoring.htm) Green (lower) reference line shows flow when the Gunbower Island ‘flood-runners’ 
would naturally start to flow. Red (upper) reference line shows the flow level when overbank flow would engage the floodplain 
on Gunbower Island. 

 

Gunbower Creek hydrology 
Flows through Cohuna Weir and Koondrook Weir during the 2021 watering year were broadly similar to 
the last three years, although summer irrigation season flow was lower than 2020 and 2019 (Figure 2 & 
Figure 3). A large-bodied fish hydrograph was delivered as it has been since 2014 although winter base-
flows in 2020 were lower than those in winter 2019 (Figure 2.) (Stuart et al. 2019). 
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Figure 2. Mean daily flow (discharge) in the Gunbower Creek at Cohuna Weir 2008 to 2021 (source: Goulburn-Murray Water) 

 

Figure 3. Mean daily flow (discharge) (minima and maxima) at Koondrook Weir 2008 to 2021 (source:  
https://data.water.vic.gov.au/), showing diurnal variability prevalent in the reach downstream of this weir. 
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Forest environment watering regime 
Environmental watering has been implemented since 2005-06 (Table 5) whereas unregulated, overbank 
flows have occurred in four years 2010-11, 2011-12, 2012-13 and most recently in 2016-17 (North 
Central CMA 2019).  

For fish community surveys in Autumn 2021, the wetlands of the Little Reedy Lagoon complex and Black 
Swamp were dry. This included Green Swamp, Charcoal Swamp and Corduroy Lagoon which were 
filled during late Autumn watering (mid-May), after most fish survey sites had been surveyed. To be 
consistent with previous years data, Green Swamp and Corduroy Swamp were sampled as newly filled 
wetlands and the data recorded; but the data was excluded from further comparative analyses in this 
report.  

Little Gunbower wetland complex was largely dry in Autumn 2021 although the small residual pool was 
sampled at the Crayfish Island site adjacent to the Little Gunbower regulator. Reedy Lagoon was holding 
water as usual, with a large residual pool at the site approximately 1 m deep (Figure 4). 

Black Swamp was dry in Autumn 2020-21 for the first time in eleven-years. Little Reedy Lagoon and 
Little Gunbower Wetland complexes have been dry in Autumn on a cycle of between two and four years. 

Although for most years the wetlands are listed as having ‘water present’, it should be noted that 
following a fill, by unregulated or environmental water, summer drying causes wetlands to naturally 
draw-down by autumn, typically leaving a residual pool over a reduced area in the deepest part of the 
wetland. 

 

Table 5. Representative hydrological conditions and the watering regime for the WETLAND macrohabitat sites 2005-2021 

 

 

Site 2005–06 2006–07 2007–08 2008–09 2009–10 2010–11 2011–12 2012–13 2013–14 2014–15 2015–16 2016–17 2017–18 2018–19 2019–20 2020–21

Little Reedy Lagoon complex W W-D W W-D D W W W D W W W W-D W W D

E U U U E E U E E

Black Swamp W W W W-D D W W W W W W W W W W D

E U U U E E U E E E

Little Gunbower Wetland complex W W-D W W W W W W W-D W W W W W W W-D

E E E E U E U E E U E E E

Reedy Lagoon W W W-D D W W W W W-D W W W W W W W

E E U U U E E U E E E E

Key W Water present E Environmental watering

W-D Drying wetland U Unregulated-flow watering

D Dry wetland
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Figure 4. The maximum extent of inundation for the watering year 2020-21.  During fish-community surveys in autumn 2021 
water only remained in the eastern part of Reedy Lagoon and at Crayfish Island, a small pool (~500 m in length) at the northwest 
end of Little Gunbower Creek (Source: North Central CMA). 

Other relevant conditions and management 
The Gunbower Creek ‘large-bodied fish hydrograph’ or ‘Murray cod hydrograph’ (Mallen-Cooper et al. 
2014), was fully implemented in 2016-17 and 2017-18; a modified version was implemented in 2018-19 
and 2019-20 and again in 2020-21. From March to May 2021 there was higher than average irrigation 
demand, well exceeding the hydrograph minimum flow targets (North Central CMA pers. comm.) While 

Reedy Lagoon 

Crayfish Island 

Black 
Swamp 
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the off-irrigation base flows were unable to be delivered in Autumn 2021, because of construction of 
fishways at Cohuna and Koondrook weirs; this was after the present fish surveys were completed and 
any subsequent effects may be expected in the Autumn fish monitoring in 2021-22.  

Reedy Lagoon was deemed to be ‘carp free’ in spring 2017 following draw down and manual removal. 
However, a floodplain connection event in spring 2018 enabled carp re-colonisation corroborated by 
three carp sampled in Autumn 2020 (Bloink and Halliday 2020) 

Little Gunbower Creek at the Crayfish Island site (14 March 2021) held enough water to sample using 
back-pack electrofishing plus a full suite of netting gear, but this was a residual pool from watering in 
2019 that was difficult to sample effectively and may not be indicative of typical autumn fish community 
conditions following a spring watering. Turbid water reduced the visibility of fish stunned during 
electrofishing surveys and a soft muddy substrate combined with complex woody habitat made for 
inefficient wading during back-pack shocking. 

Fish Stocking 
Golden perch and Murray cod have been stocked into the Gunbower Creek and the adjacent Murray 
River and Kow Swamp by Victorian and NSW government fisheries agencies throughout the survey 
period 2008-2021 (Figure 5). The potential presence of survivors from these stocked fish within the 
Autumn survey samples could mask the true level of recruitment from ‘wild’ stocks and genetic samples 
from sampled fish will again be taken to look for matches with hatchery-genetics as part of the MDBA 
‘FishGen’ project (Bloink et al. 2019; Brauer and Beheregaray 2020; Bloink and Halliday 2020). 

  
Figure 5. Numbers of Murray cod (left) and Golden perch (right) stocked by Victorian and NSW state governments (Data 
source: https://vfa.vic.gov.au/db/fishstockdatabase and https://www.dpi.nsw.gov.au/fishing/recreational/resources/stocking. 

 

New Gunbower Creek Fishways 
The planned construction of two fishways at Koondrook Weir and Cohuna Weir during 2021 will facilitate 
the movement of fish from the Murray River into Gunbower Creek where they will have ‘navigable 
passage’ all the way upstream to the National Headworks. During the construction phase, sections of 
the creek will be de-watered and water levels lowered below normal seasonal levels. Large-bodied fish 
movement will be monitored to understand any potentially negative effects of these short-term water 
drawdowns. Fish sampled during the annual fish-community monitoring program will be tagged to 
provide information during and after fish way construction. 

Project Objectives 
This project will monitor the fish community across the Gunbower Island icon site to identify how native 
and exotic fish have responded to conditions provided in the 2020-21 watering year. Specifically, this 
will include: 

• Conducting annual fish condition monitoring surveys – to gauge how fish communities and 
populations across Gunbower Island in 2020-21 compared to previous years. Undertaking the 
monitoring surveys in accordance with the documented TLM methods. 
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• Collecting and preserving fin-clips from large-bodied native fish species 

• Tagging Murray cod in Gunbower Creek with acoustic transmitters prior to water draw-down 
associated with fishway construction 

• Tagging large-bodied fish to facilitate future movement studies 

• Analyzing the 2021 data and comparing it with that of previous years 

• Use the automated data analysis function within the field data collection database 

• Evaluating whether the icon-site ecological objectives have been attained for 2020-21 

• Report and discuss any additional ecological findings that the data reveals; and 

• Provide recommendations to maintain/enhance the value of future monitoring and analyses. 
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Methods 

Monitoring Locations 
Sites surveyed for the annual fish community condition-monitoring are listed in Table 6. The geographic 
coordinates of these sites are given in The Living Murray Condition Monitoring Plan (DELWP and North 
Central CMA 2015).  Sites are classified into four groups according to the type of habitat they represent:  

– CREEK: Fixed sites along Gunbower Creek in eight reaches demarked by major infrastructure 
such as weirs and bridges. Reaches are numbered in upstream to downstream order. Reach 8 
is downstream of Koondrook Weir and was re-established this year (2021) (latitude: -35.655; 
longitude: 144.141) 

– LAGOON: Fixed sites in nine of the twelve permanently inundated oxbow lakes along the 
Gunbower Creek 

– WETLAND:  Selected sites in ephemeral wetlands throughout the Gunbower Forest and 
Gunbower National Park. Number sampled annually varied between 2 and 8 depending on water 
and habitat availability. 

– RIVER: Fixed sites at three locations at the upstream (Torrumbarry), mid- (Cohuna) and 
downstream end of the Gunbower Island reach of the Murray River. 

Initially (2008), surveys were in summer but since 2009, surveys have been completed in Autumn 
(March-May) to better sample the fish community by ensuring that the progeny of spring-spawned fish 
are large-enough to be selected by the gear used. The RIVER sites were first included in 2010. During 
2015 there was a reduced sampling effort due to a TLM funding reduction and only LAGOON and 
WETLAND sites were surveyed. Each year between 21 and 28 sites have been sampled (Table 6).  

In the 2020-21 survey year, 25 sites were surveyed including 5 wetlands. However, Corduroy Swamp 
and Green Swamp were sampled immediately on filling, which is not typical and therefore the data from 
these two wetlands is not included in calculation of the condition-indices (Figure 6 and Table 6). Black 
Swamp, Yarran Creek, Charcoal Swamp and Little Reedy Lagoon were not sampled in 2021 as they 
were dry. 
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Table 6. Sites monitored (�) during Gunbower Island fish community condition-monitoring 2008-21, their site codes used in 
the North Central CMA database, and the macrohabitat classifications used to categorize them by habitat-type. (�= dry or too 
shallow to sample,  �*= sampled but with a reduced gear-set or replication level due to reduced wetted-area, O=sampled 

immediately after watering and data included in database but omitted from subsequent analysis) 

Site Name 
Site 
Code 

Macrohabitat 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 

Gunbower Creek Reach 1 GCR1 

CREEK 

 

� � � � � � � 
 � � � � � � 

Gunbower Creek Reach 2 GCR2 � � � � � � � 
 � � � � � � 

Gunbower Creek Reach 3 GCR3 � � � � � � � 
 � � � � � � 

Gunbower Creek Reach 4 GCR4 � � � � � � � 
 � � � � � � 

Gunbower Creek Reach 5 GCR5 � � � � � � � 
 � � � � � � 

Gunbower Creek Reach 6 GCR6 � � � � � � � 
 � � � � � � 

Gunbower Creek Reach 7 GCR7 � � � � � � � 
 � � � � � � 

Gunbower Creek Reach 8  GCR8     � � 
       � 

Cockatoo Lagoon COL 

LAGOON 

 

� � � � � � � � � � � � � � 

Gum Lagoon GML � � � � � � � 
 � � � � � � 

Longmore Lagoon LOL � � � � � � � 
 � � � � � � 

Phyland Lagoon PHL � � � � � � � � � � � � � � 

Safe Lagoon SAL � � � � � � � 
 � � � � � � 

Splatt Lagoon SPL � � � � � � � 
 � � � � � � 

Taylor Lagoon TAL � � � � � � � 
 � � � � � � 

Turner Lagoon TUL � � � � � � � � � � � � � � 

Upper Gunbower Lagoon UGL � � � � � � � � � � � � � � 

Black Charlie Lagoon BCL 

WETLAND 

 

   � � � � 
 � � � � � � 

FFFBlack Creek BLC  � 
            

Black Swamp BLS � � 
  � 

  � � � 
    

Charcoal Swamp CHS    � � 
     � � � � 

Corduroy Swamp COS � � 
  � 

  � � � 
  �* O 

Crayfish Island CRI � 
 � � � � � � � � �* �* �* � 

Green Swamp GRS � � 
 � � � � � � � � � �* O 

Little Reedy Lagoon LRL � � 
    � � � � 

    

Reedy Lagoon REL   � � � � 
 � � � � � � � 

Yarran Creek YAC � � 
 � � 

         

Murray River Cohuna MRC 

RIVER 

 

  � � � � � 
 � � � � � � 

Murray River Koondrook MRK   � � � � � 
 � � � � � � 

Murray River Torrumbarry MRT   � � � � � 
 � � � � � � 
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Figure 6. The location of Gunbower Island TLM fish-condition monitoring sites. Site codes are given in Table 6 for sites in 
RIVER (gold stars), CREEK (green circles), WETLAND (black squares) and LAGOON (blue triangles) macrohabitats. Wetland 
sites not sampled in 2021 are shown as X. 
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Fish Sampling 
Fish are sampled each year with a consistent, standardized framework of survey gear and fishing-effort 
which is described fully in the condition monitoring plan (DELWP and North Central CMA 2015). 

In summary, the gear used includes: 

• Boat or back-pack electrofishing, depending upon site suitability, and using the Sustainable 
Rivers Audit (SRA) procedures and effort-levels of either 12 x 90 second replicate-shots of 
“power-on” time for boat electrofishing; or 8 x 150 second shots for back-pack electrofishing. 

• Un-baited ‘shrimp traps’ (also known as ‘bait traps’) (n=10) deployed in shallow water for 2-hours 
(usually during the electrofishing operation) with the catch pooled as a single sample. 

• Large-meshed, single-wing, fyke nets (n=4) and small-meshed, double-winged fyke nets (n=4) 
deployed overnight at locations throughout the site. In 2021 we trialed the use of lightweight 
fauna escape rings (FaunaGo™ ) fitted to all our large fyke nets above the waterline to minimize 
the retention-time of any air-breathing fauna.   

Sampling occurred, between 14 March and 4 May 2021 at locations provided by North Central CMA. A 
full fleet of gear and full effort was able to be used at all surveyed sites. Electrofishing was completed 
using a boat-electrofisher for all sites where boat-access was feasible. At Gunbower Creek Reach 8, 
Crayfish Island and Corduroy Swamp, back-pack electrofishing was used due to low water levels or 
inaccessible shorelines (i.e., too boggy). Boat-based electrofishing is always preferred as it is generally 
a more powerful technique where there is deep water. However, at shallow “wadeable” sites back-pack 
electrofishing often provides a more representative sample of the available habitat (particularly for small-
bodied fish species); whereas a boat may not be able to adequately access the shallow margins.  

Fish from each gear unit, or electrofishing replicate are identified and counted. At each site, and for each 
gear-type, the first 50-individuals of each species were measured, and large-bodied fish are weighed. 
Fork-tailed fish (e.g., Silver perch, Murray–Darling rainbowfish (Melanotaenia fluviatilis)), are measured 
as fork-length (FL) and round-tailed fish (e.g., Murray cod, Carp gudgeon) are measured as total-length 
(TL). All length measurements are to the nearest 1 mm; and weight measurements to the nearest 1 g, 
or to the nearest 0.1 g if fish were <50 g.  

All sampled fish were identified to species (Lintermans 2007), except for Carp gudgeon which was 
identified to genus level owing to taxonomic uncertainty (Thacker et al. 2007). By catch of macro-
crustaceans (presence/absence) and turtles (species, carapace length and weight) was recorded, but 
has not been included in this fish-community monitoring report. 
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Plate 1. Small-bodied fish biodiversity: Part of the catch from a small fyke-net set in Taylors Lagoon, Gunbower Island. Carp 
gudgeon, Unspecked hardyhead (Craterocephalus fulvus), Murray-Darling rainbowfish (Melanotaenia fluviatilis) and Flat-
headed gudgeon (Philypnodon grandiceps). 
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Fish Tagging 
While being measured, large bodied fish were scanned with a hand-held Passive Induction Transponder 
(PIT) tag detector (Biomark © HPR-Lite) to ensure they had not previously been tagged by other survey 
teams. If no existing tags were detected, each fish was assessed for suitability (e.g., health & condition), 
as a subject of the following additional procedures. 

For the additional project objectives (see this section), related to the de-watering of Gunbower Creek 
during the construction of two new fishways on Cohuna and Koondrook weirs we implanted Murray cod 
(n=20, 350–725 mm TL, >500g) with individually-coded acoustic transmitters (V13 – 1x series, 
www.innovasea.com). The predicted battery-life should enable these transmitters to remain detectable 
until July 2025. 

All Murray cod implanted with acoustic transmitters were captured by boat-electrofishing at six of the 
survey reaches, as given in Appendix 1. Tags were implanted in the body cavity of the fish following 
standard anesthesia and surgical methods (Walsh et al. 2012; Wood et al. 2015). After full recovery 
from anesthesia, fish were released at, or close to, their point-of-capture. 

To facilitate recognition and reporting of large-bodied fish recaptures, either by recreational anglers or 
subsequent survey-teams, Golden perch (n=22), Silver perch (n=2) and Murray cod (n=42), >300 mm, 
were tagged with an externally visible pink, plastic dart-tag inserted into the base of the dorsal fin area.  
Each dart-tag had a unique identifying number consisting of a 3-digit unique i.d.-number (range 001-
200) and a message “NC CMA Fisheries research PH: (03)54587124”, (Appendix 1).  

PIT tags were also implanted in native large-bodied fish species to enable future automated recognition 
of fishway passage where fishways are fitted with appropriate detectors. Golden perch (n=25), Murray 
cod (n=53) and Silver perch (n=4) >250 mm, had a 12mm FDX PIT tag (Biomark ©) implanted into the 
body cavity (Appendix 1) Australian research has shown that this intra-peritoneal tagging location has 
superior tag-retention compared to other sites (Butler et al. 2009).  

Data Treatment and Analysis 
 

Condition indices 
To evaluate the attainment of, or progress towards, the icon-site fish condition monitoring objectives, a 
variety of indices have been developed and are calculated annually. For consistency with previous 
reporting, this evaluation is focussed separately for each macrohabitat category (i.e., RIVER, CREEK, 
LAGOON, WETLAND). A detailed description of the indices is provided in previous annual reports 
(Bloink and Robinson 2016; Bloink et al. 2018a; Bloink et al. 2019). Throughout this report we have 
adopted names for the indices given in Bloink and Halliday (2020). In summary the condition-indices 
are listed here in Table 8. 

Calculation of the indices using catch we have included all observed and caught fish. Indices of size 
range and recruitment only use fish sub-sampled for measured length. In 2021, all data for GCR8 is 
included in index-calculations. This includes some data in the database from 2012 and 2013 as well as 
2021.  

Indices for 2021 exclude fish sampled with any extra effort beyond standard TLM sample (e.g., extra 
fish e-fished for tagging). Indices also exclude data in 2021 from two newly filled wetlands (Green 
Swamp and Corduroy Swamp). This data is reported briefly in Table 13. 

Species Summaries 
For each species sampled in 2021, summaries are presented below showing 

• 2021 sample-abundance by site and macrohabitat,  

• the 2021 sample size structure overlayed with an interpretation of age-class structure,  

• the 2021 average catch-per-site by macrohabitats,  

• the historical distribution of the species in sampled macrohabitats,  
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• and for selected species, the historical size-cohort distribution by macrohabitat types is also 
shown.  

For each species, the length-structure of the sample is provided primarily to show the occurrence of 
young-of-year fish (YOY), where they occur, and the size-range of all individuals sampled.  The 
threshold lengths for identifying individuals as YOY for most species follows Bloink et al. (2019). The 
threshold length for Goldfish (Carassius auratus), age-1 year (164mm =YOY), follows Morgan and 
Beatty (2007) After total-length to fork-length conversion using the Length-Length table parameters in 
FishBase5. For Redfin perch (Perca fluviatilis), we used (104mm-YOY) from Morgan et al. (2002) (Table 
7).  

Table 7. Threshold body-length (mm, either fork-length or total length depending on caudal fin form) of fish species used to 

denote growth transition from young-of-year (YOY) to juvenile+ adult. 

Species name Young-of-year 
(YOY) threshold 
length (mm) 

Source of YOY length threshold 

Australian smelt 42 NC CMA fish database (Follows: Bloink et al. 2019) 

Carp gudgeon 30 

Dwarf flat-headed gudgeon 28 

Flat-headed gudgeon 50 

Unspecked hardyhead 39 

Freshwater catfish 100 

Golden perch 118 

Murray cod 115 

Murray-Darling rainbowfish 39 

Silver perch 117 

Trout cod 115 

Common carp 186 Brown et al (2005) 

Goldfish 164 Morgan and Beatty (2007) 

Redfin perch 104 Morgan et al. (2002) 

Eastern gambusia n/a  

Oriental weatherloach 80 Brown (2020) 

 

Limitations 
Unlike the fixed sites of RIVER, CREEK and LAGOON macrohabitats; WETLAND sites are variable 
each year.  Previous authors have noted the uncertainty surrounding the selection procedure for 
WETLAND sites to be surveyed and outlined a more statistically robust wetland selection protocol 
(Bloink and Halliday 2020). The annual variability in number of WETLAND sites makes interpretation of 
annual variability in the fish-community condition indices to-date for this class of macrohabitat more 
difficult than for the relatively fixed numbers of sites for the other macrohabitat types. Randomising the 
selection of a sub-set of suitable wetlands each year would be a more robust statistical representation 
of WETLAND habitats on Gunbower Island. 

Based on comments in Bloink and Halliday (2020), we are uncertain if some of the early data has 
incorrectly assigned fish lengths to an inappropriate type of length measurement (i.e., total length 
instead of fork length, etc.) For this report we have used the length data as-is from the North Central 
CMA database, having no basis to undertake any further rectification. 

 

 

5 
https://www.fishbase.se/popdyn/LLRelationshipList.php?ID=271&GenusName=Carassius&SpeciesName=aurat
us&fc=122 
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Table 8. A summary of the TLM Gunbower Island icon site fish-condition objectives, and the indices calculated from fish-
community data annually to evaluate whether objectives have been attained. The Index name is after Bloink and Halliday 
(2020). YOY=young-of-year. LBF=Large-bodied fish. 

Objective Index Name Basic description 
1. An increase in the 

abundance of native 

species 

Native species catch rate Average native species abundance 

(Catch per site) 

 Native species abundance Average proportional-abundance 

of native fish relative to total fish 

abundance 

 Native species diversity Average proportion of fish species 

that are native 

 Native species presence Average proportion of historically 

expected native species present 

2. A range of age/size-

classes of native species 

are present 

Size ranges The average proportion of native 

fish species age categories 

present compared to the 

reference value for that 

macrohabitat 

 Size ranges (LBF) Average number of YOY and non-

YOY age categories present in 

sites for Golden perch and Murray 

cod 

 Recruitment Average proportion of native fish 

species present that had YOY 

 Recruitment (LBF) Average proportion of CREEK or 

RIVER sites where YOY fish of 

large-bodied species (Golden 

perch or Murray cod) are present  

3. A contribution to the 

population recovery of 

threatened fish species 

Threatened species presence Average proportion of expected 

extant threatened species present 

per site 

 Threatened species distribution Average proportion of sites at 

which extant threatened species 

occur  

 

We have adopted the same approach to ‘partial sampling’ of sites due to drying and reduced surface 
area as Bloink and Halliday (2020). Although no sites required reduced effort, or a reduced suite of gear 
in 2021, occasionally in previous years some sites have. In these cases, the assumption is that reduced 
effort was balanced to some extent by the extreme fish densities consistently encountered in these 
residual pools. Comparative analysis across years is standardised by the repeated use of a standard 
set of survey-effort resulting in a “catch-per-site” analysis rather than a true catch-per-unit-effort (CPUE). 
The alternative is to calculate a true CPUE for all site-samples and weight-up residual-pool samples to 
the equivalent of a full gear-set. Given the very occasional nature of ‘partial sampling’ and the probably 
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untestable assumption about extreme fish densities in residual pools, it seems reasonable to stick with 
the catch-per-site approach. 

The automated data-analysis functionality in the North Central CMA Fish Database is limited in its ability 
to calculate the suite of indices required. Several indices need extra calculation following exporting data 
reports from the database. We used MS-Excel with pivot table functions for this when required.  

Trends in native fish abundance over time may be independent of trends in native fish biomass. As an 
indicator of the productivity and overall ‘health’ of aquatic habitat, fish-community biomass is likely to be 
an important metric. Consideration should be given to developing metrics that capture the relevance of 
biomass in indicating native fish population ‘health’ and ‘abundance’. Limitations of the dataset include 
the inability to make comparisons using biomass (e.g., aggregate mass of each species caught) due to 
(i) the standard method not requiring individual weights of small-bodied species (this is a methodological 
constraint due to impracticality of accurately weighing small fish under field conditions), and (ii) the 
standard method only sub-sampling the first 50 individuals of each species x gear x site combination 
(again a methodological constraint as time-available precludes measuring every individual in every 
sample). Two potential solutions are proposed for improving the data-collection process (see 1. below) 
and for rectification of the existing dataset (see 2. below): 

1) Subsequent monitoring should additionally measure the total wet-weight of the catch from each gear 
replicate (i.e., measured sub-sample plus unmeasured fish). The database should be adapted to 
record this new metric. 

2) For the 2008-21 data: 
a)  the weight of measured-individuals of small-bodied species that were not-weighed in the field 

should be estimated. This could be done using published, standard weight-for-given-length 
relationships (e.g., Llewellyn (2011)) or for large-bodied fish, using similar relationships 
calculated from the existing Gunbower data. 

b) The weights of non-measured individual fish counted in samples, should be estimated as the 
mean-weight of measured- or estimated-weight (2a above) from each ‘species x gear x site’ 
combination.  

The Living Murray Program monitoring for at least one other icon sites has used this process to 
effectively monitor and interpret biomass trends in the fish-community (Brown et al. 2017; Wood et al. 
2018).  
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Results 
 

Overview for 2021 Survey 
During the 2021 surveys, a total of 30,369 fish from 16 species were sampled, including 2525 fish that 
were observed and identified but not caught.  The fish catch included 19,409 native fish (63.9%) and 
10,960 non-native fish (36.1%), with eleven native and five non-native species (Table 9). Small native 
species, Carp gudgeon were the most abundant numerically (53.6%); followed by the small non-native 
Eastern gambusia (34.7%).   

Fish were most abundantly sampled from LAGOON and WETLAND sites, due to the predominance of 
small-bodied Carp gudgeon and Eastern gambusia; both species that show preference for shallow, well 
vegetated habitats. 

Large-bodied native fish species were sampled at sites in all macrohabitats, except wetlands. Most 
large-bodied native fish were sampled in Gunbower Creek and Murray River sites.  

Murray cod were sampled at TLM sites in slightly lower abundance (n=65) than last year. However, an 
additional 14 Murray cod were sampled with extra electrofishing effort at sites adjacent to Gunbower 
Creek 6 (downstream of Cohuna Weir) and Gunbower Creek Reach 7 to select fish suitable for surgical 
implantation of acoustic transmitters (see Appendix 1). Golden perch were sampled in low abundance.  

Six, of the seven less-common or threatened species as defined in the Condition Monitoring Plan 
(DELWP and North Central CMA 2015) were sampled, although Bony herring (Nematalosa erebi) were 
absent. Silver perch, Trout cod and Freshwater catfish (along with the non-native Redfin perch), were 
sampled only occasionally (<10 individuals). Freshwater catfish were again sampled in only two lagoons 
(Phyland and Turner lagoons). 

Also absent from samples were Southern pygmy perch, the subject of two reintroductions at the Black 
Charlie Lagoon site.  

The non-native and highly invasive Common carp were only moderately abundant at sites across all 
macrohabitats. 

No mammals or birds were captured as bycatch in the large fyke nets fitted with fauna escape rings. 
Three species of turtles were captured as by-catch (Eastern long-necked, Broad shelled and Murray 
River turtles). No turtle mortality was observed, and all were released successfully at the site of capture.  
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Table 9. Catch summary of all fish caught (plus those observed during electrofishing) during the surveys of sites at Gunbower 
Island for The Living Murray condition monitoring 2021 by habitat type. Common names of threatened or less-common species 
as defined in (DELWP and North Central CMA 2015) are denoted by *, and shaded rows are non-native species. 

Common Name Taxonomic name Origin CREEK LAGOON RIVER WETLAND Total 

Australian smelt Retropinna semoni Native 88 195 138 12 433 

Carp gudgeon Hypseleotris spp. Native 1404 10833 933 3094 16264 

Dwarf flat-headed 

gudgeon 

Philypnodon macrostomus Native 19 14 2 1 36 

Flat-headed gudgeon Philypnodon grandiceps Native 17 1066 
 

48 1131 

Freshwater catfish* Tandanus tandanus Native 
 

5 
  

5 

Golden perch* Macquaria ambigua Native 12 1 11 
 

24 

Murray cod* Maccullochella peelii peelii Native 29 3 33 
 

65 

Murray-Darling 

rainbowfish* 

Melanotaenia fluviatilis Native 10 38 86 
 

134 

Silver perch* Bidyanus bidyanus Native 1 
 

3 
 

4 

Trout cod* Maccullochella macquariensis Native 1 
   

1 

Unspecked 

hardyhead* 

Craterocephalus fulvus Native 477 780 7 48 1312 

Common carp Cyprinus carpio Alien 117 94 40 21 272 

Eastern gambusia Gambusia holbrooki Alien 845 1807 3 7877 10532 

Goldfish Carassius auratus Alien 11 109 1 20 141 

Oriental 

weatherloach 

Misgurnus anguillicaudatus Alien 
 

3 
 

10 13 

Redfin perch Perca fluviatilis Alien 
 

2 
  

2 

Total 
  

3031 14950 1257 11131 30369 
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RIVER macrohabitat 
The 2021 survey of the RIVER sites recorded 1257 fish from 11 species, including eight native species 
(Table 10). Small-bodied native species, Carp gudgeon (74.2%) made up most of the samples from 
sites in RIVER macrohabitat along with Australian smelt (11.0%) and Murray-Darling rainbowfish 
(6.8%). 

Murray cod were the most abundant large-bodied fish at the Murray River at Koondrook site and 
Common carp were the most abundant at the Murray River at Torrumbarry site. 

Table 10. Catch summary of all fish caught (plus those observed during electrofishing) during the 2021 survey of RIVER habitat 
sites for The Living Murray condition monitoring. Shaded rows are non-native species 

Common name Murray River Koondrook Murray River Cohuna Murray River Torrumbarry Total 

Australian smelt 73 59 6 138 

Carp gudgeon 802 40 91 933 

Dwarf flat-headed gudgeon 2  
 

2 

Golden perch 5 3 3 11 

Murray cod 20 13 
 

33 

Murray-Darling rainbowfish 65 4 17 86 

Silver perch 1 2 
 

3 

Unspecked hardyhead 5 1 1 7 

Common carp 13 4 23 40 

Eastern gambusia  1 2 3 

Goldfish  1 
 

1 

Total 986 128 143 1257 
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CREEK macrohabitat 
The 2021 survey of the CREEK sites recorded 3031 fish from 13 species, including 10 native species 
(Table 11). Small-bodied native species, Carp gudgeon (46.3%) made up most of the samples from 
sites in CREEK macrohabitat along with Eastern gambusia (27.9%) and Unspecked hardyhead 
(Craterocephalus fulvus) (15.7%). 

Common carp were the most abundant large-bodied fish present at all sites, with between 2 and 41 
sampled per site. While Murray cod was the next-most most abundant large-bodied fish with 12 sampled 
at Gunbower Creek Reach 6 downstream of Cohuna, Most Murray cod were sampled from Gunbower 
Creek reaches 4-7. 

The re-established site in Gunbower Creek Reach 8 had the highest species diversity with 10 species 
including 8 native species. 

Table 11. Catch summary of all fish caught (plus those observed during electrofishing) during the 2021 survey of CREEK 
habitat sites along eight reaches of Gunbower Creek for The Living Murray condition monitoring. Shaded rows are non-native 
species 

Common name Gunbower Creek reaches Total 

1 2 3 4 5 6 7 8 

Australian smelt 10 7 23 25 4 
 

2 17 88 

Carp gudgeon 253 65 167 127 595 85 105 7 1404 

Dwarf flat-headed gudgeon 3 
   

14 2 
  

19 

Flat-headed gudgeon 2 5 
  

7 1 1 1 17 

Golden perch 2 
 

2 5 
 

2 1 
 

12 

Murray cod 1 
 

1 4 7 12 3 1 29 

Murray-Darling rainbowfish 6 1 1 
 

1 
  

1 10 

Silver perch 
       

1 1 

Trout cod 
       

1 1 

Unspecked hardyhead 1 
 

48 26 135 226 40 1 477 

Common carp 24 18 13 4 10 5 2 41 117 

Eastern gambusia 159 41 167 254 11 183 29 1 845 

Goldfish 
  

1 1 5 3 1 
 

11 

Total 461 137 423 446 789 519 184 72 3031 
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Plate 2. The water level was too low to sample Gunbower Creek Reach 8 with the electrofishing boat, but the backpack 
electrofisher proved to be efficient at sampling amongst the extensive large-woody snags. 

 

LAGOON macrohabitat 
The 2021 survey of the LAGOON sites recorded 14,950 fish from 14 species, including nine native 
species (Table 12). Small-bodied native species, Carp gudgeon again dominated the catch numerically 
(72.5%) across eight out of nine lagoons.  Flat-headed gudgeon (Philypnodon grandiceps) (7.1%) and 
Eastern gambusia (12.0%) were also common. 

Large-bodied native fish were sampled in five lagoons albeit at low abundance. Freshwater catfish were 
the most abundant large-bodied fish at LAGOON sites with five individuals sampled, including three 
YOY, at two-sites. The highest species diversity was recorded at Splatt Lagoon which also had the 
highest native-species diversity. The highest non-native diversity was found at Phyland Lagoon, where 
five non-native species were recorded, including Redfin perch (the only location this species was 
recorded in 2021). 

Common carp (mostly YOY) were the most abundant at the Longmore Lagoon. 
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Table 12. Catch summary of all fish caught (plus those observed during electrofishing) during the 2021 survey of LAGOON 
habitat sites on Gunbower Island for The Living Murray condition monitoring. Shaded rows are non-native species 

Common name Lagoon Total 
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Australian smelt 20 26 2 
 

28 21 2 90 6 195 

Carp gudgeon 38 2131 1110 1178 321 548 2169 1197 2141 10833 

Dwarf flat-headed gudgeon 
  

12 
 

1 1 
   

14 

Flat-headed gudgeon 4 367 308 147 31 134 10 59 6 1066 

Freshwater catfish 
   

2 
   

3 
 

5 

Golden perch 
     

1 
   

1 

Murray cod 
 

1 
   

1 
  

1 3 

Murray-Darling rainbowfish 
  

18 
  

4 16 
  

38 

Unspecked hardyhead 10 110 59 140 172 175 90 3 21 780 

Common carp 8 8 31 6 2 12 11 7 9 94 

Gambusia 230 35 173 44 329 534 64 50 348 1807 

Goldfish 24 1 4 7 67 3 3 
  

109 

Oriental weatherloach 
 

1 
 

1 
  

1 
  

3 

Redfin perch 
   

2 
     

2 

Total 334 2680 1717 1527 951 1434 2366 1409 2532 14950 
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Plate 3. Cockatoo Lagoon like many Gunbower Island LAGOON macrohabitats has extensive beds of aquatic plants including 
the invasive Pale Yellow Water Lily (Nymphaea sp.) seen in the foreground 

 

WETLAND Macrohabitat 
The 2021 survey of the WETLAND sites recorded 11,131 fish from nine species, including five native 
species (Table 13). Small-bodied non-native species Eastern gambusia, made up most of the samples 
(70.1%) from WETLAND sites with over 93% of all the Eastern gambusia sampled from a single wetland 
(Reedy Lagoon) where it dominated the fish catch.  

Native Carp gudgeon were the next most abundant in WETLAND sites (27.8%). This small-bodied 
native species was particularly dominant in the residual pool at the Crayfish Island site where it 
accounted for 97.8% of fish sampled. 

For the first time since 2014, Murray–Darling rainbowfish were not detected at any WETLAND site 
surveyed. No large-bodied native fish were sampled at WETLAND sites. Common carp juveniles were 
sampled at low abundance at Black Charlie lagoon and Reedy lagoon.  

The two WETLAND sites sampled immediately on filling with water sourced from Gunbower Creek via 
the Yarran Creek regulator showed low fish abundance. Boat-electrofishing and a complete fleet of gear 
in Green swamp caught only 10 fish from 4 species. Back-pack electrofishing and a full fleet of gear 
sampled only 5 Carp gudgeon from Corduroy Swamp. 
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Table 13. Catch summary of all fish caught (plus those observed during electrofishing) during the 2021 survey of WETLAND 

habitat sites on Gunbower Island for The Living Murray condition monitoring. Sites marked with a † were watered <1 week 

prior to sampling and catches have been excluded from calculation of TLM indices elsewhere in this report as they are 
unrepresentative of the conditions represented in most years at most wetlands in the database. Shaded rows are non-native 
species. 

Common name Black Charlie 

Lagoon 

Reedy 

Lagoon 

Crayfish 

Island 

Corduroy 

Swamp† 

Green 

Swamp† 

Total 

Australian smelt 2 10  
  

12 

Carp gudgeon 1564 589 930 5 6 3094 

Dwarf flatheaded 

gudgeon 

 
  

 
1 1 

Flat-headed gudgeon 38 1 9 
  

48 

Unspecked hardyhead 48   
  

48 

Common carp 2 18  
 

1 21 

Eastern gambusia 507 7356 12 
 

2 7877 

Goldfish 
 

20  
  

20 

Oriental weatherloach 1 9  
  

10 

Total 2162 8003 951 5 10 11131 

 

 

Plate 4. Setting one of the small fyke nets in Reedy Lagoon, Gunbower Island 
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Species Summaries: Large-bodied Native Fish 
All species sampled in previous surveys (Bloink and Halliday 2020), except Bony herring, were again 
sampled in the present survey; and no additional species were sampled. For a species summary of 
Bony herring, see Bloink and Halliday (2020). 

 

Freshwater catfish  
A total of five Freshwater catfish were sampled during the 2021 surveys.  Freshwater catfish were 
sampled at two LAGOON sites (Figure 7), with the length structure indicating that two adult age-classes 
and (YOY fish were present (Figure 8). This is a reduction in catch-rate for 2021 compared to increasing 
abundance for the previous four-years (Figure 9). While YOY Freshwater catfish have now been 
detected at LAGOON sites for four successive years, there is no indication of local recruitment success 
detected in 2021 (Table 14 & Figure 8), despite the increasing trend in catch-per-site reported by Bloink 
and Halliday (2020).  

Examination of the dataset as a length structure suggests that the length-threshold (100 mm, TL) used 
from 2008-2020 (see Table 9 in Bloink et al. (2019)) to identify YOY Freshwater catfish, is probably an 
under-estimate for Autumn monitoring. In Figure 8, individuals in the total length-range 100-125 mm 
appear also to be part of the young-of-year cohort. A data-driven approach would suggest this threshold 
should be re-set to 119 mm, TL, which is now the largest size reported in this first length-cohort (source: 
NC CMA fish database). An increase in the threshold size for YOY freshwater catfish is supported by 
Davis (1977, p26), who found in one of his study populations that at fish in their first winter (i.e., YOY) 
ranged in size from 126–161 mm, TL. 

 

Figure 7. Freshwater catfish 2021-sample abundance by macrohabitat and site. 
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Table 14. Number of sites where Freshwater catfish have been sampled each year, in each macrohabitat. Greyed cells show 
macrohabitats where there was no sampling that year. 

Macrohabitat 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 

CREEK 0 0 0 0 0 0 0  0 1 0 1 0 0 

LAGOON 2 1 1 2 2 2 2 2 1 2 1 3 4 2 

RIVER   0 0 0 0 0  0 0 0 0 0 0 

WETLAND 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Total 2 1 1 2 2 2 2 2 1 3 1 4 4 2 
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Figure 8. Freshwater catfish length frequency distributions 2008–2021 (LAGOON sites only). Showing sample stage-
composition of young-of-year (YOY) and adults and juveniles (based on YOY threshold lengths from Sharpe and Vilizzi (2014)). 
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Figure 9. Annual average catch rate of Freshwater catfish for sites where the species was sampled (including fish observed 
but not caught) for each macrohabitat 2008-2021. 

 

 

Plate 5. Freshwater catfish young-of-year (YOY) from Phyland Lagoon 
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Golden perch 
Fish monitoring surveys in 2021 sampled 22 Golden perch at Gunbower Island TLM sites with an 
additional 6 Golden perch sampled as by-catch during extra electrofishing at Gunbower Creek Reach 6 
(Figure 10). Golden perch were mainly sampled in CREEK and RIVER macrohabitats, with a single fish 
caught in Splatt Lagoon.  

Golden perch were sampled across a broad size-distribution, suggesting that multiple adult and juvenile 
age-classes are present (Figure 10). Two YOY Golden perch (50 and 56 mm, TL) were sampled in 
Gunbower Creek Reach 4 . Fin-clips were biopsied from these and other sampled individuals (see 
Appendix 1), to enable the FishGen project (described in Bloink and Halliday (2020)) to determine if 
they were hatchery (see stocking statistics in Figure 5), or wild-bred. The 2021-presence of YOY Golden 
perch is relatively rare and has now only occurred in three years for CREEK sites and one year for 
RIVER sites (Table 15 & Figure 13).  

Average catch rates only at sites where Golden perch occur is included for consistency with previous 
reports (Bloink and Halliday 2020)(Figure 12). However, averaging catch-rate over all sites surveyed 
may be a better indicator of long-term trends under a shifting pattern of distribution as may occur 
following fish-passage restoration and allows some comparisons, with caution, among macrohabitats. 
During 2021 surveys, Golden perch were sampled at nine sites; one less than 2020; but the average 
catch rates at sites where they occur have increased slightly, continuing a positive trend for the last 
three years at CREEK and RIVER sites (Figure 12 upper). Catch rates averaged across all sites 
surveyed for each macrohabitat type (Figure 12 lower) also show the recent positive trend and a more 
stable indicator of relative abundance.  

Comparisons show the 2021 sample-structure in the CREEK sites is more diverse than in RIVER sites 
with YOY, juveniles and adults present in CREEK samples, whereas only adults were detected at 
RIVER sites (Figure 13). 

The sampled length structure for Golden perch 2008-2021, in both CREEK and RIVER sites, is 
indicative of a population that last recruited strongly following the 2010-11 natural high-flow event (see 
Figure 1), and has declined in abundance as those fish age with minimal signs of recruitment replacing 
natural and/or fishing-mortality (Figure 13).  The occasional YOY Golden perch sampled in the CREEK 
or RIVER sites since 2013 is encouraging, although may simply indicate some survival of hatchery-
stocked fingerlings. It is also encouraging to see no obvious signs of ‘truncation’ of the population by 
missing size classes larger than the legal minimum-length (LML) for recreational harvest (300 mm, TL). 
In 2021, 76% of the sampled Golden perch were above the LML. 
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Figure 10. Golden perch 2021-sample abundance by macrohabitat and site, also showing fish sampled during extra 
electrofishing effort. 

 

 

Figure 11. Golden perch overall sample size structure overlayed with an interpretation of age-class structure. YOY=young-of-
year 
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Table 15. Number of sites where Golden perch have been sampled each year, in each macrohabitat. Greyed cells show 
macrohabitats where there was no sampling that year. 

 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 

CREEK 4 2 1 2 6 5 4  4 5 3 4 5 5 

LAGOON 0 0 1 1 2 1 0 1 0 0 1 1 1 1 

RIVER   2 3 2 3 3  3 2 3 2 3 3 

WETLAND 0 0 0 0 0 0 0 0 0 1 0 0 1 0 

Total 4 2 4 6 10 9 7 1 7 8 7 7 10 9 

 

 

 

Figure 12. Annual average catch-per-site of Golden perch for sites where the species was sampled (including fish observed 
but not caught) (upper) and for all sites surveyed (lower) for each macrohabitat 2008-2021 
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Figure 13. Golden perch length frequency distributions 2008–20216 (Gunbower Creek and Murray River sites only). Showing 
sample stage-composition of young-of-year (YOY) and adults and juveniles (based on YOY threshold lengths from (2014)). 
Murray River sites were not surveyed in 2008, 2009 and 2015. Gunbower Creek sites were not surveyed in 2015. 

 

 

  

  

 

6 Omitting three individuals from the database with recorded lengths 700mm-850mm which are almost certainly 
erroneous 
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Murray cod  
Fish monitoring surveys in 2021 sampled 79 Murray cod in total, with 65 Murray cod at Gunbower Island 
TLM sites and an additional 14 Murray cod sampled as by-catch during extra electrofishing at Gunbower 
Creek reaches 6 and 7 (Figure 14). Murray cod were mainly sampled in CREEK and RIVER 
macrohabitats, with 3 fish caught at LAGOON sites (Figure 14). 

 

 

Figure 14. Murray cod 2021-sampled abundance (including fish observed but not caught) by macrohabitat and site, also 
showing fish sampled during extra electrofishing effort. 

Murray cod were sampled in 2021 across a broad size-distribution, suggesting that multiple adult and 
juvenile age-classes are present (Figure 15). Six young-of-year Murray cod were sampled from 
Gunbower Creek reaches 4-6 (n=4) and the Murray River Cohuna (n=1) and the Upper Gunbower 
lagoon (n=1). Fin-clips were biopsied from these and other sampled individuals (see Appendix 1.), to 
enable the FishGen project (described in Bloink and Halliday (2020)) to determine if they were hatchery 
(see stocking statistics in Figure 5), or wild-bred.  

The presence of YOY Murray cod has now occurred at CREEK sites every year since 2013. Prior to 
that, Murray cod YOY fish were at undetectably low abundance in Gunbower Creek TLM sites. In the 
RIVER sites, YOY Murray cod have also occurred in five out of the eight years since 2013 (Figure 17).  
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Figure 15. Murray cod overall sample size-structure overlayed with an interpretation of age-class structure. YOY=young-of-
year 

During 2021 surveys, Murray cod were sampled at twelve sites which is the most sites ever recorded 
for Gunbower Island TLM surveys (Table 16). 

The average catch rates for RIVER sites measured at sites where they occur, or across all sites have 
increased slightly (Figure 16), continuing a positive trend for the last three years. At CREEK sites catch 
rates increased in 2016 and have been relatively stable since then, although there was a slight downturn 
for 2021 (Figure 16). Averaging catch-rate over all sites surveyed may be a better indicator of long-term 
trends under a shifting pattern of distribution as may occur following fish-passage restoration in 
Gunbower Creek and allows some comparisons, with caution, among macrohabitats (Figure 16). 

 

Table 16. Number of sites where Murray cod have been sampled each year, in each macrohabitat. Greyed cells show 

macrohabitats where there was no sampling that year. 

 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 

CREEK 5 2 2 1 0 5 5  6 6 6 7 6 7 

LAGOON 0 0 0 0 0 0 1 0 1 0 1 0 1 3 

RIVER   3 2 2 2 3  3 3 3 3 3 2 

WETLAND 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Yearly Total 5 2 5 3 2 7 9 0 10 9 10 10 10 12 
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Figure 16. Annual average catch of Murray cod for sites where the species was sampled (including fish observed but not 
caught) (upper) and for all sites surveyed (lower) for each macrohabitat 2008-2021. Murray cod have not been sampled from 

WETLAND sites. 

The 2021 sample length-structure of Murray cod in the CREEK and RIVER sites is similar, with YOY, 
juveniles and adults present in both macrohabitats (Figure 17). 

Prior to 2013, data indicated no evidence of recruitment of Murray cod in Gunbower Creek with only a 
few adults detected (Figure 17). Since 2013, however, a broadening of the length structure has been 
revealed suggesting regular reproduction and recruitment is occurring. Adult fish have been detected 
each year since 2013 in the Gunbower Creek sites. In the Murray River sites, sampled since 2010, 
detection of YOY Murray cod has been sporadic, but more consistent in recent years (2010, 2016, 2018 
to 2021) and mature-sized fish have been present each year (Figure 17). The presence of YOY Murray 
cod in the CREEK or RIVER samples is encouraging for management of the population. The almost 
continuous length structure in 2021 (> 50 mm,TL) is an indication that the strong cohort of YOY fish 
detected in 2020 has survived to age-1+, although the presence of surviving stocked YOY Murray cod 
may partially mask any shortfalls in natural-recruitment (Bloink and Halliday 2020). 

The majority (91.2%) of Murray cod sampled in 2021 were smaller than the lower legal length limit 
(LLLM) of 550 mm,TL and very few (8.8%) were detected within the harvestable-‘slot’ 550-750 mm,TL  
(Figure 18). In 2021, there were no Murray cod sampled that reached or exceeded the upper legal length 
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limit for recreational harvest (ULLM) of 750 mm, TL. Since 2016 there has been an increasing trend for 
more juvenile fish and less fish in the large-protected size-range. 

 

Figure 17. Murray cod length frequency distributions 2008–2021 (Gunbower Creek and Murray River sites only). Showing 

sample stage-composition of young-of-year (YOY) and adults and juveniles (based on YOY threshold lengths from Sharpe and 
Vilizzi (2014)). Murray River sites were not surveyed in 2008, 2009 and 2015. Gunbower Creek sites were not surveyed in 
2015. 
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Figure 18. Primary Y-axis, Murray cod % size-composition breakdown for samples between 2008-2021 by length-categories 
used since 2015- fishing season) to delineate fish protected below legal maximum length (<550 mm), vulnerable within legal 
harvestable length-slot (≥550 mm, ≤750 mm), and protected above legal maximum harvestable length (>750mm). Sample 
sizes=N in Total, Vulnerable and Large protected categories on secondary Y-axis 

 

Trout cod 
A single Trout cod juvenile (191 mm, TL;  90 g) was sampled in the 2021 fish-monitoring surveys at the 
newly re-established Gunbower Creek Reach 8 (Figure 19 & Figure 20). Since the commencement of 
surveys in 2008, Trout cod have been recorded, as single individuals at CREEK sites, on four occasions 
(in 2008, 2016, 2019 and 2021 (Table 17 & Figure 21).  

 

Plate 6. Juvenile Trout cod sampled from Gunbower Creek Reach 8. 
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Figure 19. Trout cod 2021-sample abundance by macrohabitat and site. 

 

Figure 20. Trout cod overall length structure. YOY=young-of-year 
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Table 17. Number of sites where Trout cod have been sampled each year, in each macrohabitat. Greyed cells show 
macrohabitats where there was no sampling that year. 

Macrohabitat 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 

CREEK 1 0 0 0 0 0 0  1 0 0 1 0 1 

LAGOON 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

RIVER   0 0 0 0 0  0 0 0 0 0 0 

WETLAND 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Total 1 0 0 0 0 0 0 0 1 0 0 1 0 1 

 

 

 

 

Figure 21. Annual average catch of Trout cod for sites where the species was sampled (including fish observed but not 
caught) (upper) and for all sites surveyed (lower), for each macrohabitat 2008-2021. CREEK sites were not surveyed in 

2015. No Trout cod have been sampled in other macrohabitats. 
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Silver perch 
Fish condition monitoring surveys of Gunbower Island TLM sites detected four Silver perch in 2021 at 
three sites: Gunbower Creek Reach 8; and the Murray River at Cohuna and at Koondrook. An additional 
Silver perch (389 mm, FL) was sampled during extra electrofishing effort at a fourth site, adjacent to 
Gunbower Creek Reach 6 (Figure 22).  All Silver perch sampled at TLM sites were either juveniles and 
adults with no YOY fish indicating that recent recruitment had not occurred (Figure 23). 

 

Figure 22. Silver perch 2021-sample abundance by macrohabitat and site 

 

Plate 7. Adult Silver perch sampled from near Gunbower Creek Reach 6 during extra electrofishing searching for tagging 

subjects 
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Figure 23. Silver perch 2021 overall sample size-structure. 

Silver perch in fish-monitoring surveys of Gunbower Island 2008-2021 have typically been sampled at 
between one and four sites, with occurrence at as many as seven sites in 2013 (Table 18). 

Table 18. Number of sites where Silver perch have been sampled each year, in each macrohabitat. Greyed cells show 
macrohabitats where there was no sampling that year. 

Macrohabitat 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 

CREEK 2 0 1 0 4 4 1  1 0 1 0 1 1 

LAGOON 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

RIVER   2 2 1 3 2  3  1 1 2 2 

WETLAND 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Total 2 0 3 2 5 7 3 0 4 0 2 1 3 3 

 

Catch rates are typically low and have been stable for the last three years at RIVER and CREEK sites. 
Catch rates peaked in 2016 at >3 Silver perch per site, at all three RIVER sites (Table 18 & Figure 24).  
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Figure 24. Annual average catch of Silver perch for sites where the species was sampled (including fish observed but not 
caught) (upper) and for all sites surveyed (lower) for each macrohabitat 2008-2021. Silver perch have not been sampled in 
LAGOON or WETLAND sites. CREEK and RIVER sites were not sampled in 2015 and RIVER site sampling began in 2010 
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Species Summaries: Large-bodied Exotic Fish 

Common carp 
The invasive, non-native species, Common carp were sampled at all sites, except Crayfish Island during 
the 2021 fish monitoring surveys (Figure 25). In total 271 Common carp were sampled, including fish 
observed during electrofishing but not caught, and 202 Common carp that were caught and measured 
including YOY fish and multiple size-classes of juvenile and adults (Figure 26). The few juveniles 
present indicate poor recruitment from last year’s YOY fish and most adults present were 350-600 mm, 
FL.  

 

Figure 25. Common carp 2021-sampled abundance by macrohabitat and site.  

 

 

Figure 26. Common carp 2021 overall sample size-structure. 

The presence of Common carp in most sites surveyed, was typical of previous surveys 2008-2020 
(Figure 25 & Table 19). The three WETLAND sites in 2021 with Common carp were Black Charlie 
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Lagoon and Reedy Lagoon, with a single juvenile also sampled from the newly filled Green Swamp (not 
included in Table 19). 

Catch rates of Common carp in 2021 remained low and quite stable in CREEK, RIVER and LAGOON 
sites, as they have been for most surveyed-years (Figure 27). Catch rates in WETLAND sites have 
declined slightly since 2020 and the 2021 catch-rates are the lowest since 2010.  Catch rates in the 
CREEK and LAGOON sites are the lowest since 2017.  

The only notable changes in Common carp catch rates 2008-2021 have been for RIVER sites there was 
a strong single-year increase (i.e., a ‘spike’) in 2011. WETLAND catch rates for Common carp have 
been much more variable. The same 2011-spike was seen in WETLAND sites along with larger spikes 
in 2009, 2014 and 2017. The high relative-abundance of Common carp in WETLAND sites indicated by 
these spikes in catch-rates, all correspond to years following flows higher than the thresholds for forest 
inundation (Figure 1); apart from the 2009 WETLAND spike. Surveys in the 2008-9 watering year 
sampled a catch of almost 600 Common carp in a single WETLAND site (Little Reedy Lagoon) which 
was drying (Table 5). The time-series of sample length structures shown in Figure 28 and Figure 29 
show that spikes in catch-rate are driven largely by abundance of YOY fish.  However, WETLAND 
relative-abundance of YOY carp is a poor indicator of future recruitment. In 2011 from the YOY fish 
sampled in RIVER and 2011 and 2016-17 in CREEK sites there is a clear recruitment in subsequent 
years to adult fish (Figure 28). Also, in 2011 from WETLAND sites (Figure 29). In other cases, 
abundance of YOY Common carp does not lead to detectable abundance of adult size-classes.  

Table 19. Number of sites where Common carp have been sampled each year, in each macrohabitat in 2021. Greyed cells 
show macrohabitats where there was no sampling that year. 

Macrohabitat 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 

CREEK 7 7 7 7 8 8 7  7 7 7 7 7 8 

LAGOON 8 8 8 8 9 9 9 4 9 9 9 9 9 9 

RIVER   3 3 3 3 3  3 3 3 3 3 3 

WETLAND 4 2 1 5 8 4 4 6 7 6 3 3 5 2 

Yearly Total 19 17 19 23 28 24 23 10 26 25 22 22 24 22 
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Figure 27. Annual average catch of Common carp for sites where the species was sampled (including fish observed but not 
caught) (upper) and for all sites surveyed (lower) for each macrohabitat 2008-2021. 

0

50

100

150

200

250

300

350

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

A
ve

ra
g

e
 c

a
tc

h
 p

e
r 

si
te

 w
h

e
re

 p
re

se
n

t

Common carp

0

50

100

150

200

250

300

350

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

A
ve

ra
g

e
 c

a
tc

h
 p

e
r 

si
te

 s
u

rv
e

y
e

d

CREEK LAGOON RIVER WETLAND



53 

www.fisheriesandwetlands.com.au 

 

Figure 28. Common carp length frequency distributions 2008–2021 (Gunbower Creek and Murray River sites). Showing sample 
stage-composition of young-of-year (YOY) and adults and juveniles (based on YOY threshold lengths used in Bloink and 

Halliday 2020). 
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Figure 29. Common carp length frequency distributions 2008–2021 (Lagoon and Wetlands sites). Showing sample stage-
composition of young-of-year (YOY) and adults and juveniles (based on YOY threshold lengths used in Bloink and Halliday 
2020)  
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Goldfish 
One-hundred and forty-one Goldfish were sampled in fourteen sites mainly in LAGOON and CREEK 
macrohabitats with the most sampled from Safes Lagoon (Figure 30 & Table 20). A range of size-
classes including YOY and adults up to 350 mm, FL were sampled (Figure 31). 

 

 

Figure 30. Goldfish sampled abundance by site and macrohabitat 

 

Figure 31. Goldfish length structure of measured sample. YOY=young-of-year 
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Table 20. Number of sites where Goldfish have been sampled each year, in each macrohabitat. Greyed cells show 
macrohabitats where there was no sampling that year. 

Macrohabitat 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 

CREEK 2 4 6 7 7 5 3  4 3 7 5 7 5 

LAGOON 4 5 5 6 6 9 5 3 5 8 6 7 8 7 

RIVER   2 2 3 2 2  2 0 2 3 2 1 

WETLAND 0 3 2 4 6 4 4 5 4 5 3 3 5 1 

Yearly Total 6 12 15 19 22 20 14 8 15 16 18 18 22 14 

 

Catch rates of Goldfish 2008-2021 are highly variable, particularly in WETLAND sites. Other 
macrohabitats all showed peaks in 2011 and LAGOON sites also peaked in 2018 and 2021. Peak catch 
rates of Goldfish do not correspond well to peaks in Common carp abundance apart from 2011 when 
both species were relatively abundant (see Common carp section above). 

 

 

Figure 32. Annual average catch of Goldfish for sites where the species was sampled (including fish observed but not 
caught) (upper) and for each macrohabitat (lower) 2008-2021. 
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Oriental weatherloach 
In total, 13 Oriental weatherloach (Misgurnus anguillicaudatus), were sampled in 2021 from five 
LAGOON and WETLAND sites, with Reedy Lagoon accounting for 69% of the sample (Figure 33 & 
Table 21). 

 

Figure 33. Sampled abundance of Oriental weatherloach by site and macrohabitat in 2021. 

A range of size-classes of Oriental weatherloach were sampled in 2021, including YOY fish and adults 
and juveniles (Figure 34). Size threshold for YOY (80 mm, TL), inferred from length frequency samples 
at Gunbower wetlands in summer-autumn 2019-20 (Brown 2020). 

 

 

Figure 34. Sampled length-structure of Oriental weatherloach in 2021. 
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Table 21. Number of sites where Oriental weatherloach have been sampled each year, in each macrohabitat. Greyed cells 
show macrohabitats where there was no sampling that year. 

Macrohabitat 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 

CREEK 5 1 3 3 0 1 1  0 1 0 2 1 0 

LAGOON 7 2 3 5 1 7 2 3 3 0 3 3 4 3 

RIVER   0 1 0 0 0  0 0 0 0 0 0 

WETLAND 2 2 2 5 5 2 0 6 4 5 2 2 3 2 

Yearly Total 14 5 8 14 6 10 3 9 7 6 5 7 8 5 

 

Oriental weatherloach have rarely been caught in macrohabitats other than LAGOON and WETLAND 
sites. The 2008-2021 data shows that Oriental weatherloach are caught regularly at low abundance in 
LAGOON sites and the catch-rate for 2021 is slightly lower than last year (Figure 35). Catch rates for 
WETLAND sites are highly variable, although the recent trend is decreasing from a peak in 2015-2016 
(Figure 35).  

 

 

Figure 35. Annual average catch of Oriental weatherloach for sites where the species was sampled (including fish observed 
but not caught) (upper) and for all sites surveyed (lower) for each macrohabitat 2008-2021.  

0

5

10

15

20

25

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

A
ve

ra
g

e
 c

a
tc

h
 p

e
r 

si
te

 w
h

e
re

 p
re

se
n

t

Oriental weatherloach

0

2

4

6

8

10

12

14

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

A
ve

ra
g

e
 c

a
tc

h
 p

e
r 

si
te

 s
u

rv
e

y
e

d

CREEK LAGOON RIVER WETLAND



59 

www.fisheriesandwetlands.com.au 

Redfin perch 
Only two adult Redfin perch were sampled in 2021 from Phyland lagoon (Figure 36). Over the survey 
period (2008–2021), between, 0 and 5 Redfin perch are typically have been sampled, mainly from 
CREEK and LAGOON sites (Table 22).  

 

Figure 36. Sample length-structure for Redfin perch in 2021 

 

Table 22. Number of sites where Redfin perch have been sampled each year, in each macrohabitat including Victorian Murray 
floodplain restoration sites in 2021 (VFR). Greyed cells show macrohabitats where there was no sampling that year. 

Macrohabitat 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 

CREEK 0 0 1 2 0 0 0  0 0 0 0 0 0 

LAGOON 3 1 2 2 1 1 1 0 2 3 1 2 4 1 

RIVER   0 1 0 0 0  0 0 0 0 0 0 

WETLAND 0 0 0 0 0 0 0 0 0 1 0 0 0 0 

Yearly Total 3 1 3 5 1 1 1  2 4 1 2 4 1 

 

Redfin perch have mainly been sampled from LAGOON habitats with variable catch-rates. The catch 
rate for 2021 is lower than last year. 
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Figure 37. Annual average catch of Redfin perch for sites where the species was sampled (including fish observed but not 
caught) for each macrohabitat 2008-2021. Victorian Murray Floodplain (VFR) site catch rates are shown for 2021. 
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Species Summaries: Small-bodied Fish 
 

Australian smelt 
A total of 433 Australian smelt (Retropinna semoni) were sampled (including fish observed but not 
caught during electrofishing) at most sites in all macrohabitats (Figure 38 & Table 23). Highest 
abundances of Australian smelt were sampled from Turner Lagoon and the Murray River sites at 
Cohuna and at Koondrook.  

YOY Australian smelt were sampled along with juveniles and adults (Figure 39).  

 

Figure 38. Australian smelt abundance by macrohabitat and site 2021 

 

Figure 39. Sample length-structure for Australian smelt in 2021. YOY =young of year 
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Table 23. Number of sites where Australian smelt have been sampled each year, in each macrohabitat. Greyed cells show 
macrohabitats where there was no sampling that year. 

Macrohabitat 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 

CREEK 6 3 7 5 6 7 7  6 7 7 6 7 7 

LAGOON 6 4 4 4 5 7 5 3 8 7 9 8 9 8 

RIVER   3 2 2 3 3  2 3 3 3 3 3 

WETLAND 1 3 1 0 0 2 4 5 7 7 1 2 5 2 

Yearly Total 13 10 15 11 13 19 19 8 23 24 20 19 24 20 

 

Relative abundance of Australian smelt, indicated by average catch-rates, was slightly lower in 2021 
than last year for CREEK, LAGOON and WETLAND sites; and slightly higher at RIVER sites (Figure 
40). During the survey period Australian smelt catch-rates have typically remained <100 per site.  
Exceptions include 2009 & 2010, when WETLAND sites at the end of the Millennium drought showed 
higher abundance, 2012 & 2013 for RIVER sites, and 2017 for LAGOON sites. All except WETLAND 
sites showed an increase following the 2016-17 high flows (Figure 1), and a subsequent decline to 
present levels. 

 

 

Figure 40. Annual average catch of Australian smelt for sites where the species was sampled (including fish observed but not 
caught) (upper), and for all sites surveyed (lower), for each macrohabitat 2008-2021. 
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Carp gudgeon 
Carp gudgeon were the most abundant species sampled in 2021, with some 16,253 fish caught. The 
species was ubiquitous being sampled at every site, with the species most abundant in LAGOON sites 
(Figure 41).  Samples exceeded 2000 per site at Gum Lagoon, Taylor Lagoon and Upper Gunbower 
Lagoon. Low abundance of Carp gudgeon was only sampled at Gunbower Creek Reach 8. Gunbower 
Creek Reach 8 is unique in character; with low flows during sampling but with extremely diverse 
hydraulic-habitat of pools, riffles and runs formed around a high density of large woody debris. 

Sampled Carp gudgeon included both YOY and adult fish (Figure 42). 

 

Figure 41. Distribution of sample abundance for Carp gudgeon by macrohabitat and site 2021. Newly filled wetlands, 

Corduroy Swamp and Green Swamp, are shown lightly shaded. Note Y-axis is on log-scale. 

 

Figure 42. Sample length-structure for measured Carp gudgeons 2021 

Carp gudgeon are typically present at almost all sites surveyed each year (Table 24). 
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Table 24. Number of sites where Carp gudgeon (species complex) have been sampled each year, in each macrohabitat. 
Greyed cells show macrohabitats where there was no sampling that year. 

Macrohabitat 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 

CREEK 7 7 7 7 6 8 7 
 

7 7 7 7 7 8 

LAGOON 9 9 8 9 9 9 9 4 9 9 9 9 9 9 

RIVER   3 2 3 3 3  3 3 2 2 3 3 

WETLAND 5 6 2 6 8 4 4 6 7 7 3 4 5 3 

Yearly Total 21 22 20 24 26 24 23 10 26 26 21 22 24 23 

 

Relative abundance of Carp gudgeon has shown strong fluctuations in WETLAND and LAGOON 
habitats throughout the survey period 2008-2021 and has remained stable for RIVER and CREEK sites 
(Figure 43). Average catch rates for WETLAND sites fell for 2021 from a peak in 2020, although there 
was little change at other macrohabitats. Even so, abundance of Carp gudgeon at WETLANDS was 
high at >1000 per site. 

 

 

Figure 43. Annual average catch of Carp gudgeon for sites where the species was sampled (including fish observed but not 
caught) (upper) and for all sites surveyed (lower) for each macrohabitat 2008-2021. 
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Flat-headed gudgeon 
A total of 1131 Flat-headed gudgeon were sampled at 18 sites during 2021 fish-monitoring surveys 
(Figure 44). Highest abundance sampled at Gum Lagoon, and the species was often abundant at 
LAGOON sites. Lower abundances were sampled at CREEK and WETLAND sites, and the species was 
not sampled at RIVER sites. 

The sampled length structure in 2021 contained YOY and adult fish with the distribution of adult sizes 
suggesting more than one year-class (Figure 45). 

 

Figure 44. Distribution of Flat-headed gudgeon sample abundance by macrohabitat and site 2021 

 

 

Figure 45. Sample length-structure for measured Flat-headed gudgeons 2021 
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Flat-headed gudgeon were sampled at 18 sites in 2021, the same number as last year. This species 
has not been sampled at more sites since 2010 (Table 25). 

Table 25. Number of sites where Flat-headed gudgeon have been sampled each year, in each macrohabitat. Greyed cells 
show macrohabitats where there was no sampling that year. 

Macrohabitat 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 

CREEK 7 6 7 7 4 5 1  2 2 4 6 5 6 

LAGOON 9 8 8 7 7 9 7 4 7 8 7 8 9 9 

RIVER   2 1 2 1 2  0 1 1 1 3 0 

WETLAND 3 3 2 0 0 1 1 1 2 2 1 1 1 3 

Yearly Total 19 17 19 15 13 16 11 5 11 13 13 16 18 18 

 

Relative abundance at LAGOON and WETLAND sites, indicated by catch-rates averaged across all 
sites surveyed, is variable although in 2021 is the highest since 2010 for LAGOON sites and stable for 
WETLAND sites over the last three years (Figure 46 lower).  ` 

 

 

Figure 46. Annual average catch of Flat-headed gudgeon for sites where the species was sampled (including fish observed 
but not caught) (upper) and for all sites surveyed (lower) for each macrohabitat 2008-2021. Victorian Murray Floodplain 

(VFR) site catch rates are shown for 2021. 
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Plate 8. Two Flat-headed gudgeon sampled from Taylors Lagoon 
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Dwarf flat-headed gudgeon 
Dwarf flat-headed gudgeon (Philypnodon macrostomus), are one of the less common species and a 
total of 35 were sampled across 7 sites (Figure 47). We sampled Dwarf flat-headed gudgeon in all 
macrohabitats, and the highest abundance was at Gunbower Creek reach 5. YOY fish were sampled 
along with adults (Figure 48). 

 

Figure 47. Distribution of Dwarf flat-headed gudgeon sample abundance by macrohabitat and site 2021. Newly watered 
wetland Green Swamp shown by lighter shading. 

 

 

Figure 48. Sample length-structure for measured Dwarf flat-headed gudgeons 2021 
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Dwarf flat-headed gudgeon have not been sampled each survey year 2008-2021, they were absent in 
2016 & 2017 and are typically only found in up to half the sites surveyed (Table 26) mainly CREEK and 
LAGOON sites. 

Table 26. Number of sites where Dwarf flat-headed gudgeon have been sampled each year, in each macrohabitat. Greyed 
cells show macrohabitats where there was no sampling that year. 

Macrohabitat 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 

CREEK 3 3 4 2 1 1 1  0 0 0 3 4 3 

LAGOON 6 2 7 3 3 1 1 1 0 0 7 8 5 3 

RIVER   0 0 1 0 0  0 0 0 0 0 1 

WETLAND 1 2 0 0 0 0 0 0 0 0 0 1 0 0 

Yearly Total 10 7 11 5 5 2 2 1 0 0 7 12 9 7 

 

The average catch-rate data suggests relative abundance of Dwarf flat-headed gudgeon may be 
increasing in CREEK and LAGOON macrohabitats, since a period of low abundance between 2011 and 
2017 (Figure 46). 

 

 

Figure 49. Annual average catch of Dwarf flat-headed gudgeon per site where the species was sampled (including fish 
observed but not caught) (upper) and for all sites surveyed (lower) for each macrohabitat 2008-2021.  
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Murray-Darling rainbowfish 
In total, 134 Murray-Darling rainbowfish were sampled in 2021 at 11 sites in all macrohabitats except at 
WETLAND sites (Figure 50). A range of size-classes were sampled including YOY and adult fish (Figure 
51). 

 

Figure 50. Distribution of Murray–Darling rainbowfish sample abundance by macrohabitat and site 2021.  

 

 

Figure 51. Sample length-structure for measured Murray–Darling rainbowfish 2021 

Murray-Darling rainbowfish have been absent from WETLAND sites six out of the fourteen years 
surveyed 2008-2021 and were most widespread in CREEK sites (5 of 8) and RIVER sites (3 of 3) in 
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Table 27. Number of sites where Murray–Darling rainbowfish have been sampled each year, in each macrohabitat. Greyed 
cells show macrohabitats where there was no sampling that year. 

Macrohabitat 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 

CREEK 1 0 5 3 4 6 7  3 4 6 4 2 5 

LAGOON 1 2 3 3 4 2 1 0 2 5 3 4 3 3 

RIVER   3 2 1 3 3  3 3 3 3 3 3 

WETLAND 0 3 0 0 1 0 0 2 2 4 3 2 2 0 

Yearly Total 2 5 11 8 10 11 11 2 10 16 15 13 10 11 

 

The relatively low-abundance in CREEK and LAGOON sites has been stable throughout the 2008-2021 
survey period. Murray-Darling rainbowfish average catch rate in RIVER sites fluctuates strongly from 
year-to-year throughout the survey period and was lower in 2021 than the previous year (Figure 52). 

 

 

Figure 52. Annual average catch of Murray–Darling rainbowfish for sites where the species was sampled (including fish 
observed but not caught) (upper) and for each site surveyed (lower) for each macrohabitat 2008-2021. 
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Unspecked hardyhead 
In total, 1311 Unspecked hardyhead were sampled in 2021, mainly in CREEK and LAGOON 
macrohabitats. The highest abundance was sampled in Gunbower Creek Reach 6 (Figure 53). A range 
of size-classes were sampled including some adults, although during these Autumn surveys most fish 
were small enough to be YOY (Figure 54). 

 

Figure 53. Distribution of Unspecked hardyhead sample abundance by macrohabitat and site 2021. 

 

 

Figure 54. Sample length-structure for measured Unspecked hardyhead 2021 

Presence of Unspecked hardyhead was detected in 20 sites in 2021. There is a general increase in 
distribution over the duration of the survey (Table 28).  
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Table 28. Number of sites where Unspecked hardyhead have been sampled each year, in each macrohabitat including 
Victorian Murray floodplain restoration sites in 2021 (VFR). Greyed cells show macrohabitats where there was no sampling 
that year. 

Macrohabitat 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 

CREEK 6 7 7 5 6 7 5  6 7 6 6 7 7 

LAGOON 8 5 5 8 8 8 7 4 7 9 9 9 9 9 

RIVER   2 1 1 1 3  1 2 2 2 3 3 

WETLAND 0 2 1 0 0 1 0 2 2 3 1 2 2 1 

Yearly Total 14 14 15 14 15 17 15 6 16 21 18 19 21 20 

 

Average catch rates of Unspecked hardyhead declined slightly in 2021 for all macrohabitats except 
WETLANDS. Relative abundance at RIVER and WETLAND sites is typically low. In LAGOON sites, 
there were increases in average catch rate after 2010 and again in 2016. Since 2016 there has been a 
decreasing trend (Figure 55). In 2013, a large catch (n=800) of Unspecked hardyhead was made in 
Reedy Lagoon during in a drying phase (see Table 5) although the species was undetected in another 
three wetlands that year. 

 

Figure 55. Annual average catch of Unspecked hardyhead for sites where the species was sampled (including fish observed 
but not caught) (upper) and for all sites surveyed (lower) for each macrohabitat 2008-2021. 
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Plate 9. Unspecked hardyhead sampled from Taylors Lagoon, Gunbower Island 

Eastern gambusia 
The invasive, non-native fish, Eastern gambusia was sampled at 22 sites across all macrohabitats in 
2021 (Table 29). In total, 10,530 Eastern gambusia were sampled, with Reedy Lagoon providing the 
most fish. Eastern gambusia were only absent from samples at the Murray River Torrumbarry Weir pool. 

 

Figure 56. Distribution of Eastern gambusia sample abundance by macrohabitat and site 2021. Note, Y-axis is LOG-scale. 
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Measured sub-samples of Eastern gambusia in 2021, included both YOY and adult fish (Figure 57). 

 

Figure 57.  Sample length-structure for measured Eastern gambusia 2021.  

 

Table 29. Number of sites where Eastern gambusia have been sampled each year, in each macrohabitat. Greyed cells show 
macrohabitats where there was no sampling that year. 

Macrohabitat 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 

CREEK 4 7 7 7 6 8 5  6 6 6 7 7 8 

LAGOON 5 9 9 9 8 9 8 4 5 9 9 9 8 9 

RIVER   2 3 3 2 2  1 2 0 0 1 2 

WETLAND 2 4 2 6 7 4 2 6 7 7 3 4 5 3 

Yearly Total 11 20 20 25 24 23 17 10 19 24 18 20 21 22 

 

Annual fluctuations 2008-2021 in average catch rates for Eastern gambusia can be several orders of 
magnitude (Figure 58). LAGOON and CREEK sites showed peaks of >2000 per site in 2011 and 
WETLAND sites saw abundance rise in 2016 to almost 2000 per site. The 2021 surveys sampled the 
highest catch-rate of Eastern gambusia to-date: >2500 per site at WETLAND sites (predominantly 
Reedy Lagoon and Black Charlie Lagoon) (Figure 58). 
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Figure 58. Annual average catch of Eastern gambusia for sites where the species was sampled (including fish observed but 
not caught) (upper) and for all sites surveyed (lower) for each macrohabitat 2008-2021. 

TLM Indices (2008-2021) 
The TLM Indices are evaluated in relation to the three TLM fish monitoring objectives in the following 
section. 

Objective 1: An Increase in the abundance of native fish species 
For this objective, index scores for the present year, for each macrohabitat, are compared with those of 
reference years. If the 2021 index score is above, that of the reference year then the objective is 
attained. Reference year for CREEK, LAGOON and WETLAND scores are 2009—the first survey year 
of Autumn surveys. Reference year for RIVER scores is 2010—when surveys started at this 
macrohabitat. 

Native Species Catch Rate Index 

The scores for native species catch rate at CREEK sites have remained relatively stable since 2016. 
The slight increase for 2021 brings this score to just below the baseline and above the 2009 reference 
level (Figure 59).  

For the LAGOON sites, native fish catch rate scores have remained at or above the baseline, and above 
the 2009 reference level. The 2021 score is slightly below the record-high scores of 2020 (Figure 59).  
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Scores for RIVER sites have increased since a minimum in 2017, and the 2021-score remains the same 
as last year and above the 2010-reference score for this macrohabitat. 

WETLAND scores for native species catch rate in 2021 have dropped below the reference year value 
for the first year since 2018. Although, the reference year (2009), had a relatively high score compared 
to all other macrohabitats and consequently has only attained its reference level in three years since 
2009. WETLAND scores are relatively variable compared to other macrohabitats which may reflect the 
variable number of wetlands surveyed each year compared to the fixed-number of sites in other 
macrohabitats, along with the varying selection of wetlands surveyed. 

 

 

Figure 59. Mean native species catch-rate scores for all macrohabitat types calculated using 2010 values as a baseline 
where for each species, +1 is an increase and -1 is a decrease in the average CPUE. Sampling only started at RIVER sites 
in 2010 and there were no CREEK or RIVER samples in 2015. 
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Native Species Presence Index 

The native species presence index scores for CREEK sites in 2021 remain similar to last year and above 
reference values with an increasing trend in mean scores since 2016 (Figure 60). 

LAGOON sites scores declined slightly in 2021 but remain well above reference levels and has done so 
since 2017(Figure 60). 

Native species presence score in RIVER sites decreased in 2021 be at-reference level after an increase 
last year and a period of stability near reference level 2016-2019 (Figure 60). 

WETLAND site scores have remained reasonably stable at near-reference level since 2016. The 2021-
score dipped slightly below reference (Figure 60). 

 

  

Figure 60. Mean native species presence scores for each macrohabitat. Sampling only started at RIVER sites in 2010 and 
there were no CREEK or RIVER samples in 2015. 
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Native Species Diversity Index 

The native diversity index scores for the CREEK macrohabitat have been stable at or above reference 
level since 2012 and increased slightly in 2021 (Figure 61). 

LAGOON native fish diversity-scores have also remained stable and above reference value since 2014. 
The score for the present year showed a slight increase (Figure 61). 

Native fish diversity scores for RIVER sites have been stable and above reference level since 2013. 
The score for 2021 was slightly lower than last year (Figure 61). 

Wetland scores for the native fish diversity index increased again in 2021 for the third year-running. 
However, due to the relatively high reference value this index remains below reference. The reference 
value in 2009 has been the highest on record for this index (Figure 61). 

 

Figure 61. Mean Native species diversity scores for each macrohabitat. Sampling only started at RIVER sites in 2010 and 
there were no CREEK or RIVER samples in 2015. 
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Native Species Abundance Index 

The native species abundance index for CREEK macrohabitat dipped below reference level in 2021, 
the fourth successive year it has decreased (Figure 62). 

LAGOON sites scores also show a similar annual decrease since 2018, although LAGOON site scores 
remain above reference in 2021 (Figure 62). 

Native species abundance score for RIVER sites increased again in 2021, after a similar increase in 
2020 and is presently slightly above reference (Figure 62). 

WETLAND site scores for native species abundance decreased to slightly below reference in 2021 after 
a rising trend from 2015-2020 (Figure 62).  

 

Figure 62. Mean Native species abundance scores by macrohabitat. Sampling only started at RIVER sites in 2010 and there 
were no CREEK or RIVER samples in 2015. 
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Objective 2: A range of size classes for native fish species present 

Native Fish Size Ranges Index 

For all macrohabitat types the native fish size ranges scores decreased in 2021 (Figure 63). 

For CREEK and LAGOON sites in 2021 the native fish size range scores remained above their 2009–
reference values. Scores for both have been gradually increasing and have been above reference since 
2013 and 2010, respectively (Figure 63).   

Native fish size range scores in 2021 for RIVER and WETLAND sites fell below their reference values 
this year. From a strong decline between 2010 and 2011, the native fish size range score for 
WETLANDS had recovered in 2020 to above reference (Figure 63).  

 

Figure 63. Mean size ranges scores for each macrohabitat 2008-2021. Sampling only started at RIVER sites in 2010 and 
there were no CREEK or RIVER samples in 2015. 
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Size Ranges (Large-Bodied Fish) Index 

The focus of this index is the Golden perch and Murray cod sample length structure in CREEK and 
RIVER sites. The large-bodied fish size range index scores decreased slightly at CREEK sites and more 
so, at RIVER sites in 2021 (Figure 64). For CREEK sites the 2021 scores remained above reference 
continuing a trend since 2011-2012. RIVER scores have fluctuated strongly from year-to-year since 
2014 and have only been above the reference value in two years (2016 & 2020) (Figure 64). 

 

Figure 64. Mean size range scores for large bodied fish (LBF, Murray cod and Golden perch) for CREEK and RIVER 
macrohabitats 2008-2021. Sampling only started at RIVER sites in 2010 and there were no CREEK or RIVER samples in 

2015. 
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Recruitment Index 

This index focusses on the proportion of the native fish population that are newly recruited to the 
population (i.e., YOY). In 2021, CREEK and RIVER sites showed decreased scores, going below the 
respective reference values this year (Figure 65).  

Recruitment index scores at LAGOON site continued a stable trend and have been above reference 
since 2016 (Figure 65).  

WETLAND sites have a high reference value from 2009 that has only been exceeded once in 2017. In 
2021, the WETLAND score was below reference and has been relatively stable since 2018 (Figure 65). 

 

 

Figure 65. Mean recruitment index scores for all macrohabitats 2008-2021. Sampling only started at RIVER sites in 2010 and 
there were no CREEK or RIVER samples in 2015. 
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Recruitment (Large-Bodied Fish) Index 

This index focusses on the distribution of the portion of two native species (Golden perch and Murray 
cod), that are newly recruited to the population in RIVER and CREEK sites (Figure 66).  We also 
examine a component-recruitment index for each species separately (Figure 67).  

The recruitment (LBF) index is presently largely driven by presence of Murray cod YOY. Murray cod 
young-of-year (YOY) were first detected at RIVER sites in 2010 and regularly at CREEK sites from 
2013. Murray cod YOY have been more consistently detected since 2016 at RIVER sites. Golden perch 
YOY were not sampled in the fish monitoring surveys until 2013 and have only been present at any 
CREEK sites in 2013, 2018 and 2021; also, in 2016 at a RIVER site (Figure 67).  

The recruitment (LBF) index was therefore below above reference for CREEK sites, and below 
reference at RIVER sites in 2021. 

 

 

Figure 66. Mean recruitment index scores for LBF (Murray cod and Golden perch) for RIVER and CREEK macrohabitats. 
Sampling only started at RIVER sites in 2010 and there were no CREEK or RIVER samples in 2015. 

Figure 67. Mean recruitment index scores for Murray cod (left) and Golden perch (right) for RIVER and CREEK macrohabitats. 
Sampling only started at RIVER sites in 2010 and there were no CREEK or RIVER samples in 2015. 

 

Objective 3: A contribution to population recovery of threatened fish species 

Threatened Species Presence Index 

This index focusses on the proportion of species present per site that are expected threatened and less-
common species. Here we exclude, Dwarf flat-headed gudgeon as they are not on the list of threatened 
and less-common species as per Bloink and Robinson (2016). We use the “expected (reference) 
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number of species” for the list of seven threatened and less-common species, given in Bloink and 
Robinson (2016) (i.e., CREEK & RIVER=4.75, LAGOON & WETLAND=3.25).  

For CREEK sites in 2021, threatened species presence scores increased and were present at above 
reference levels and have been each year since 2009 (Figure 68). 

LAGOON scores for the threatened species index were also above reference level in 2021 and have 
been relatively stable during the survey period 2008-2021 (Figure 68). 

Threatened species presence scores at RIVER sites decreased in 2021, although were still above 
reference level (Figure 68).  

WETLAND scores for threatened species presence are highly variable and below reference level for 
2021 (Figure 68).  

The variability of this index appears sensitive to the number of possible sites in each macrohabitat type. 
WETLAND and RIVER macrohabitat types vary strongly and have on average 5.1 and 3.0 sites, 
respectively. Whereas CREEK and LAGOON macrohabitats vary less and have an average of 7.2 and 
8.6, respectively. The index scores fall to zero for WETLAND sites in 2008 (n=6 wetlands), 2010 (n=6) 
and 2014 (n=40) when no threatened or less-common species were sampled (Figure 68). 

 

 

 

Figure 68. Mean threatened species presence scores for all threatened species (n=7) for all macrohabitats. Sampling only 
started at RIVER sites in 2010 and there were no CREEK or RIVER samples in 2015. 

Threatened Species Distribution Index  

This index focusses on proportion of sites in which threatened, or less-common species occur.  For the 
individual species threatened species indices (Figure 70), we use the same weighted-probabilities as 
are used in the combined threatened species distribution index (Figure 69).  

Threatened species distribution scores for CREEK sites increased in 2021 influenced strongly by the 
distribution of Trout cod and Silver perch (Figure 70). CREEK scores remain well-above the reference 
value as they have since 2013 (Figure 69).  

LAGOON scores for the threatened species distribution index are well above reference and have been 
remarkably stable throughout the whole survey period 2008-2021 with an increasing trend since 2016 
(Figure 69). 

Threatened species presence scores at RIVER sites decreased slightly and are at the 2010-reference 
value in 2021 although have been relatively stable since 2013 (Figure 69). 
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WETLAND site scores for threatened species presence decreased in 2021 and are now below the 2009-
reference level. Lower scores in 2021 may be attributed to the reduced distribution of Murray-Darling 
rainbowfish and Unspecked hardyhead (Figure 70). In WETLAND sites throughout the survey period 
2008-2021, the threatened species presence scores have been comparatively low and stable (Figure 
69).  

 

Figure 69. Mean threatened species distribution scores for all threatened species (n=7) in all macrohabitats relative to their 
expected probability based on PERCH scores. Sampling only started at RIVER sites in 2010 and there were no CREEK or 

RIVER samples in 2015. 
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Figure 70. Mean threatened species distribution scores for individual threatened species (as labelled) relative to their expected 
probability based on PERCH scores for all macrohabitats. Sampling only started at RIVER sites in 2010 and there were no 
CREEK or RIVER samples in 2015. 
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Objective and Target Attainment Summary 
To evaluate progress against icon-site objectives, index scores attained the objective when there was 
an increase since the reference year for that macrohabitat (see Table 30). The use of an increase as 
the benchmark for attainment is explicit in the wording of detailed objective-1 and has been used as the 
standard for detailed objectives-2 and 3 previously, where the wording is more ambiguous (Bloink et al. 
2018a; Bloink et al. 2019; Bloink and Halliday 2020). 

In 2021, the objective of increasing the abundance of native fish was achieved at LAGOON sites 
although not for WETLAND sites. Sites along the Gunbower Creek and the Murray River partially 
achieved this objective. For RIVER sites the reference level for the index native species presence, was 
equalled. If it had been exceeded, then the RIVER sites would have also achieved this objective (Table 
30).  

Objective-2 aims to increase the size- and age-diversity in native fish populations and was partially 
achieved in CREEK sites and fully-achieved in LAGOON sites in 2021. RIVER and WETLAND sites 
both failed to achieve this objective in 2021 (Table 30). 

An increased contribution to the recovery of threatened native fish species was achieved at CREEK and 
LAGOON sites, partially achieved at RIVER sites and not achieved at WETLAND sites in 2021. For 
RIVER sites the reference level for the index threatened distribution, was equalled. If it had been 
exceeded, then the RIVER sites would have also achieved this objective (Table 30).  

The icon-site targets of occurrence of commonly-occurring species and threatened species, were both 
achieved in 2021. The decreasing abundance target for non-native species was also achieved for 
LAGOON and RIVER sites; but not achieved for CREEK and WETLAND sites (Table 31). 

The cultural objective to promote and maintain healthy and abundant native fish communities in 
Gunbower Creek and Gunbower Forest, are partially achieved for a range of four valued native fish 
species; 83% of indicators attained for Murray cod and Golden perch, 33% for Silver perch and 16% for 
Freshwater catfish (Table 32). 
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Table 30. A summary of attainment of objectives for 2021 surveys for The Living Murray fish condition monitoring program at 
Gunbower Island based on objectives adapted from DELWP & North Central CMA (2015). Index values for 2021 are compared 
with reference years 2009 for Creek, Lagoon, Wetland and 2010 for River macrohabitats. “Yes” means that the index for 2021 
> reference. N/a means not applicable. 

Detailed objective Index Attainment 
Creek Lagoon River Wetland 

1. An increase in the 

abundance of native 

fish  

 

 

 

 

 

 

Native species catch-rate 

 

Yes Yes Yes No 

Native species abundance 

 

No Yes Yes No 

Native species diversity 

 

Yes Yes Yes No 

Native species presence 

 

Yes Yes No No 

Overall 

 

Partial 

(75%) 

Yes Partial 

(75%) 

No 

2. A range of size and 

age-classes present 

for each native fish 

species  

 

 

 

 

 

Size ranges Yes Yes No No 

Size ranges (LBF) 

 

Yes n/a No n/a 

Recruitment 

 

No Yes No No 

Recruitment (LBF) 

 

Yes n/a No n/a 

Overall 

 

Partial 

(75%) 

Yes No No 

3. A contribution to the 

recovery of 

threatened native fish 

species 

 

 

Threatened species presence 

 

Yes Yes  Yes No 

Threatened species distribution 

 

Yes Yes No No 

Overall 

 

Yes Yes Partial 

(50%) 

No 
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Table 31. A summary of attainment of the descriptive targets for 2021 surveys for The Living Murray fish condition monitoring 
program at Gunbower Island based on targets adapted from DELWP & North Central CMA (2015) 

Descriptive Targets Attainment 
 

 

At least 4 of the 5 commonly occurring native species 

(i.e., Carp gudgeon, Flat-headed gudgeon, Australian 

smelt, Dwarf flat-headed gudgeon and Golden perch) 

occur in any year. 

 

 

Yes – all five commonly occurring species were sampled 

 

At least 3 of the 7 less commonly occurring (i.e., Bony 

herring) and/or threatened native species (i.e., Murray-

Darling rainbowfish, Silver perch, Murray cod, Trout cod, 

Unspecked hardyhead, Freshwater catfish) occur in any 

year  

 

 

Yes – six species occurred (Murray-Darling rainbowfish, 

Silver perch, Murray cod, Trout cod, Unspecked hardyhead 

and Freshwater catfish 

 

A decrease in the abundance of alien fish (i.e., non 

indigenous to Gunbower Island) since 2009 (for 

Gunbower Creek and Lagoons and Wetlands) and since 

2010 (Murray River)  

 

 

• Creek – No 

• Lagoon – Yes 

• River – Yes 

• Wetland – No 

 

Based on: Alien fish abundance = (1-Native Fish Abundance 

scores) 
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Table 32. Barapa Barapa cultural objectives for Gunbower Island 2020-21 watering actions relevant to fish-community 
manangement. Objectives are adapted from Table 3 of the Barapa Barapa Cultural Watering Objectives Framework and based 
on four valued large-bodied fish species. * used where assumption is that YOY fish are from natural spawning even and may 
be updated following input from MDBA FishGen project (see Fish Stocking: section) 

Cultural objective Indicator Attainment 

Murray 
cod 

Golden 
perch 

Silver 
perch 

Freshwater 
catfish 

Promote and maintain healthy and 

abundant native fish communities 

in Gunbower Creek and Gunbower 

Forest 

 

• presence of native fish spawning 

• Native fish populations show a 

range of ages 

Yes* 

 

Yes 

Yes* 

 

Yes 

No 

 

No 

Yes 

 

Yes 

presence of native fish following 

watering event  

• Creek 

• Lagoon 

• River 

• Wetland 

 

 

Yes 

Yes 

Yes 

No 

 

 

Yes 

Yes 

Yes 

No 

 

 

Yes 

No 

Yes 

No 

 

 

No 

Yes 

No 

No 

Overall Partial 

(83%) 

Partial 

(83%) 

Partial 

(33%) 

Partial 

(17%) 
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Fish Tagging 
No re-captures of any large-bodied fish tagged previously tagged with external tags, or internal PIT tags 
were recorded during the 2021 surveys.  

Twenty Murray cod (TL, mm 350–725, >485g) were surgically implanted with individually-coded acoustic 
transmitters. Acoustic tagged Murray cod were released at Gunbower Creek reaches (1, 3, 4, 5, 6 & 7) 
and adjacent to reaches 6 &7. Full details of tagged fish are given in Appendix 1.  

Golden perch (n=22, >304mm, TL) and Murray cod (n=42, >206 mm, TL), and Silver perch (n=2, >300 
mm, FL), were tagged with an externally visible pink, plastic dart-tag inserted into the base of the dorsal 
fin (Figure 71). Dart-tagged fish were captured and released in five reaches of the Gunbower Creek, 
two Murray River Reaches and a single lagoon.  

Passive Induction Transponder tags (PIT tags) were also implanted in native large-bodied fish species. 
We fitted Golden perch (n=25, 185 mm, TL), Murray cod (n=53, >206 mm, TL) and Silver perch (n=4, 
>230 mm, FL), with a 12mm FDX PIT tag (Biomark ©) (Appendix 1.)  

Fin clips 

Fin-biopsies to sample genetic material were taken from Murray cod (n=55), Golden perch (n=22), Silver 
perch (n=3) and a single Trout cod. Samples were fixed and stored in absolute ethanol. 

 

Figure 71. Showing the location of pink plastic dart tags in the dorsal-fin base of a Murray cod. Tags have a unique 
identifying number, a message “NC CMA Fisheries research”, and a telephone number to facilitate citizen-science reporting 

of recapture. 
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Plate 10. Murray cod recovering from anaesthetic post-surgical implantation of acoustic transmitters, PIT tags and dart tags 

(left) and successful release back into Gunbower Creek Reach 6 (right) 

 

Discussion 

Abundance and Biomass 
The 2021 survey data are typical of previous years in that the most abundant species numerically, are 
small-bodied native species such as Carp gudgeon, Unspecked hardyhead and Flat-headed gudgeon 
along with small non-native species such as Eastern gambusia, particularly in LAGOON and WETLAND 
habitats.   

Few large-bodied native fish were sampled in these habitats (none in wetlands). Although the 
abundance of Common carp is down compared to last year (Bloink and Halliday 2020); the predominant 
large bodied-fish in WETLAND and LAGOON habitats are still non-native Common carp and Goldfish 
and while Common carp in these habitats are numerically in the minority, they make up most of the 
biomass. Assuming an estimated average weight of 1g per fish, then we sampled approximately 17 kg 
of small-bodied native fish from LAGOON and WETLAND habitats; compared to measured samples of 
104.8kg of Common carp and 9.7 kg of Goldfish. 

Small-bodied native fish species are also numerically dominant in the permanent RIVER and CREEK 
habitats although again, it is important to keep in perspective that the total biomass of all small-bodied 
fish sampled in RIVER and CREEK habitats was only approximately 4.8 kg (assuming 1g per fish) 
compared to a measured 38.6 kg of Murray cod, 17.1 kg of Golden perch and 79.5 kg of Common carp.  
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Progress Towards Fish Community Condition Objectives 
We assessed how the fish community sampled in the four macrohabitats measured up against the TLM 
detailed objectives and broad descriptive targets for the Gunbower Island icon site (DELWP and North 
Central CMA 2015). Also, for the first time in 2021, we attempted to evaluate progress towards the 
Barapa Barapa cultural objectives “Promote and maintain healthy and abundant native fish communities 
in Gunbower Creek and Gunbower Forest” (see Table 5 in: North Central CMA 2019).  

The stand-out success in 2021 were the LAGOON sites, which performed well against TLM detailed 
objectives, descriptive targets and attaining cultural objectives for most of the species assessed. 
Gunbower Creek sites also attained most of the TLM detailed objectives, targets and cultural objectives; 
although declines in native fish recruitment and abundance meant some objectives were only partially 
achieved. Murray River sites also only partially achieved objectives in 2021. Indices for native species 
presence and threatened species distribution at Murray River sites were equal-to their reference values 
but had not achieved the increase required. It is now four-years since Murray River flows greater than 
the threshold for overbank flooding were experienced downstream of Torrumbarry Weir. Lack of high-
flows may explain why fish-condition indices have declined due to fewer migratory species coming from 
downstream, and fewer recruits present to bolster the populations of meso and macro-lotic recruitment 
specialist species (Ellis et al. 2016; Nicol et al. 2021).   

WETLAND sites assessed in 2021, performed poorly against TLM objectives, descriptive targets and 
cultural objectives. Many indices show strong inter-annual variability at WETLAND sites over the survey 
period 2008-2021.  Only three wetlands were able to be sampled in 2021 which is fewer than typical. In 
the 2008-2021 survey period, from two to eight wetlands per year are sampled with an average of 
around five. This year, of the three that were available, two had drawn down to residual pools.  The 
timing of TLM condition monitoring on Gunbower Island in the Autumn is designed to sample YOY-
recruits from spring/summer fish-spawning (DELWP and North Central CMA 2015). Presence of 
numerous YOY recruits is likely to have a positive influence on many of the fish-community indices. For 
the less ephemeral habitats, such as CREEK, RIVER and LAGOON this works well; however, 
WETLANDS drying over summer are often small residual pools by autumn, or many are dry. Small 
wetland fish-species experience high predation-mortality in residual pools so autumn may not be an 
ideal time to assess the quality of the fish community (Beesley et al. 2014). Spring-Summer sampling 
of wetlands would sample the fish community at its ‘best’ and possibly capture more information about 
species diversity and abundance. Additional spring-early summer surveys of wetlands and adjustment 
of objectives to target life-history stages likely to be present/abundant at that time would provide better 
continuity of data for this macrohabitat type and a more robust method of evaluating progress in 
managing wetland watering for fish-community benefits. The choice of 2009 values as the reference 
year for WETLAND sites sets a high benchmark and makes it hard to achieve increases in indices as 
2009 was one of the highest values for many of the fish-community indices at WETLAND sites.  

Absent Species and Species in Low Abundance 
A single Trout cod was sampled during fish condition monitoring in 2021 and on three previous 
occasions between 2008 and 2020. In June 2021, immediately following the 2021 survey, and during 
fish-salvage work associated with the fishway construction, twenty-eight trout cod were captured 
downstream of Koondrook and Cohuna regulators (source North Central CMA, 
http://www.nccma.vic.gov.au/media-events/media-releases/fruitful-fish-friendly-flows), which suggests 
that this species’ detectability is low using TLM survey-methods and because of the concentration of 
Trout cod in habitat outside the study area (below the weirs) in each reach. Even additional ‘barrier-
check” electrofishing downstream of weirs in previous years has failed to detect any trout cod 
abundance (Bloink and Halliday 2020)  It is likely that the species has been present in the Gunbower 
Island since before 2009 as a “three-year-old” fish (300 mm, TL) was sampled from Gunbower Creek 
as a first record for the area in December 2008 (Rehwinkel and Sharpe 2009b), and several smaller fish 
were angled from the Murray River near Cohuna in April 2009 (Douglas et al. 2012). These early 
colonisers were thought to have resulted from a downstream range re-expansion from the remnant 
population located in the Murray River between Tocumwal and Yarrawonga towards the end of the 
millennium drought (Douglas et al. 2012). Given this new information about their detectability, it is 
possible they have been present at Gunbower Island sites in higher abundance than was first thought. 
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Silver perch were sampled in 2021 at low abundance in Murray River sites downstream of Torrumbarry 
Weir (Koondrook and Cohuna) and in two Gunbower Creek sites; one of which is directly connected to 
the Murray River at Koondrook. Silver perch 2008-2021 are typically sampled similar low abundances 
(<2 per site surveyed) in RIVER and CREEK sites and have only peaked above this during the 2016 
surveys of the RIVER sites. Silver perch are flow dependant specialists (Baumgartner et al. 2014), 
relying on riverine-flow signals to stimulate spawning, to disperse eggs and larvae, and undertaking 
long upstream-downstream  migrations as an essential part of their life-history strategy. Silver perch 
recruitment-events may depend upon long reaches (100s of kms) of flowing riverine-habitat (Mallen-
Cooper and Zampatti 2018). The abundance of this species in the fish-community of Gunbower Island 
is dependant on population restoration at catchment scales; however, the species will benefit from 
further fish-passage restoration connecting the Murray River and Gunbower Creek.  

Bony herring were absent from 2021 samples of the Gunbower Island fish-community.  Since the start 
of the condition monitoring surveys the species has been sampled at very low abundance in most years. 
Excluding 2015, when there was limited sampling effort, this is the first year since 2009 when this 
species has been absent.  This widespread common species is considered close to the upstream limit 
of its geographic range at Gunbower Island (Lintermans 2007). It is susceptible to cold water 
temperatures where it experiences annual “die-offs” and potentially could expand its geographic range 
under climate-warming scenarios (Puckeridge et al. 1989; Sheldon et al. 2010). Bony herring commonly 
make use of fishways throughout Murray–Darling Basin for longitudinal migration (Mallen-Cooper and 
Edwards 1990; Barrett and Mallen-Cooper 2006; Mallen-Cooper and Brand 2007). Increased 
abundance and occurrence of Bony herring in Gunbower Creek sites should be expected in the future 
following completion of Koondrook and Cohuna fishways. 

A range of fish species are still absent-from or extremely rare in the Gunbower Island fish community 
(see Table 9 in Bloink et al. (2019)). In most cases, our understanding of why these species disappeared 
from much of their former geographic range is poor; although river-regulation, habitat degradation and 
introduced exotic species are likely to be key contenders (Gehrke et al. 1995; MDBC 2004; Koehn et al. 
2014). Most of the missing floodplain or wetland-specialist species have disappeared, not only from 
Gunbower Island, but from most of the southern Murray-Darling Basin (Llewellyn 1974; Lintermans 
2007). Populations adjacent to Gunbower Island are no longer available as sources of recolonisation. 
Many of the harmful environmental and ecological factors have now been identified and are now being 
managed or have improved over time such that re-introduction of missing wetland specialists may now 
be a viable management strategy to achieve their return (MDBA 2012; Mallen-Cooper et al. 2014; MDBA 
2017).  A Southern pygmy perch reintroduction program has started in Black Charlie Lagoon although 
the species was not detected in complimentary sampling (Brown and Whiterod 2021), or in the present 
survey. Other species, namely Southern Purple-spotted gudgeon, Flathead galaxias and Olive perchlet 
(Ambassis agassizii) are also good candidates for reintroduction into WETLAND and LAGOON sites. 
Southern purple-spotted gudgeon were recently rediscovered in the nearby Kerang Lakes and should 
provide useful local genetics for future reintroductions7. For some species, there is no remnant stock 
and reintroduction using genetic stock from nearest-neighbouring (MDB) catchments alongside careful 
monitoring of genetic-diversity is a likely way forward (Cochran-Biederman et al. 2015; Attard et al. 
2016). Any such reintroduction programs should be carefully planned and implemented to maximise the 
likelihood of successfully re-establishing the target species (Whiterod 2019; Zukowski et al. 2021).  

The occurrence of riverine migratory species, such as Bony herring, Silver perch and Golden perch, in 
Gunbower Island waterways should improve with the completion and operation of fishways on 
Koondrook and Cohuna weirs. However, temporal variation in abundance of these species in the 
Gunbower Island area may be driven by recruitment events elsewhere and subsequent migration 
(Zampatti and Leigh 2013; Stuart and Sharpe 2020). While it is at least possible that absent, diadromous 
species such as Short-headed lamprey (Mordacia mordax) and Pouched lamprey (Geotria australis), 
may also re-occur again in the region, once fish passage restoration is complete (Bice et al. 2019; Bice 

 

7 Source: http://www.nccma.vic.gov.au/media-events/media-releases/back-brink 
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et al. 2020); less-migratory species such as Macquarie perch (Macquaria australasica), and River 
blackfish (Gadopsis marmoratus), are perhaps more likely to re-occur given a reintroduction program, 
as both species are reasonably abundant or have hatchery-programs in development and so could be 
the subject of stocking or translocation.  

 

Plate 11. The western end of Black Charlie Lagoon is the reintroduction site for Southern pygmy perch where fish were 
released in 2020 and again in March 2021 

Murray cod  
Good numbers of Murray cod were sampled again in 2021 at the TLM fish-monitoring sites, with catch-
rates higher in the RIVER sites and lower at CREEK sites, than in 2020. Murray cod were sampled at 
more sites in 2021, than any previous year.  

This year the relative-abundance of YOY Murray cod in Gunbower Creek was more typical of most years 
since 2013. The strong abundance of YOY seen in Gunbower Creek in 2020 was not present again this 
year. There was no indication from the 2021-sampled population structure that last year’s YOY fish had 
produced a strong year-class although some fish of a size typical of age-1+ fish were present in CREEK 
and RIVER sites.  

The Murray cod population size-structures are similar from the Gunbower Creek and Murray River sites; 
with sparse relative-abundance and YOY fish only rarely present, prior to 2014. From 2016-2021, (there 
was no sampling in 2015), Murray cod YOY fish are present annually at both Gunbower Creek and 
Murray River (except for Murray River in 2017).  This increased occurrence of YOY Murray cod could 
be attributed to multiple co-occurring management interventions including: 

• Gunbower Creek “Murray cod/Large-bodied native fish hydrograph” commenced in 2013 and 
has been delivered each year since (Stuart et al. 2019).  

• Murray cod fingerlings have been stocked in the Gunbower Creek in increasing numbers 
(particularly from 2014 onwards), although not in significant numbers in the Murray River.  Larval 
surveys in Gunbower Creek and genetic sampling of Murray cod juveniles has shown that both 
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wild-spawned and hatchery-stocked fish recruit to older age-classes in the Gunbower Creek 
(Bloink and Gwinn 2018; Bloink and Halliday 2020). 

• In 2014, Victoria and NSW both increased the potential-protection of mature Murray cod by 
implementing new recreational harvest controls limiting legal recreational harvest to fish in a 
size-range 550-750 mm, TL (Allen et al. 2009).  

Any, or all three, of these management interventions may have stimulated the changes seen in the 
Gunbower Island Murray cod population. Evaluation of all-three has been held-back by our inability to 
discriminate hatchery- from wild-origin recruits to the population. The National Fish Genetics Resources 
Program (FishGen) (Brauer and Beheregaray 2020) is the latest, and perhaps the most promising, in a 
long-line of methods designed to enable hatchery-stocked fish to be identified in the Murray–Darling 
basin waterways (Ingram 1994; Brown and Harris 1995; Crook et al. 2012; Crook et al. 2016). Recently, 
wild caught fish that could not be attributed to a hatchery-based parent have been attributed to wild-
parentage (Bloink and Halliday 2020). However, hatcheries that are a source for stocked-juvenile native 
fish on Gunbower Island are still in the process of genotyping all their broodfish. Only when the ‘genetic 
catalogue’ of hatchery parent fish is complete, can the parentage of wild-caught individuals be known 
with certainty. Until then, uncertainty remains about the origins of wild-caught Murray cod on Gunbower 
Island, and of the relative effectiveness of co-occurring management interventions. Alternatively, 
certainty could be achieved with a temporary moratorium on stocking Murray cod into Gunbower Creek.   

Recruitment of Murray cod was also likely to have been stimulated following the high flows in 2010-
2012 and 2016 (Figure 1). Murray cod year-class strength has been linked to years with large and 
extensive floods (Rowland 1989; Ye et al. 2000; Stocks et al. 2021) and in other parts of the Murray–
Darling catchment, greater than average spring flows and winter flows can promote Murray cod 
recruitment success (although not everywhere) (Tonkin et al. 2021).  

Localised abundance in Gunbower Creek still saw most of the Murray cod detected in the reaches 
downstream of Cohuna Weir. The tagging of Murray cod in this reach will allow tracking of dispersal 
from this reach following completion of fishways on Cohuna and Koondrook weirs. Murray cod 
movement is an essential component of the species life-history strategy particularly in late spring and 
summer for adult fish (Koehn et al. 2009), for dispersal as juveniles (Humphries 2005), and for re-
colonisation following adverse water-quality events (Leigh and Zampatti 2013). In the Murray River, in 
2021 Murray cod relative-abundance was again much higher in the Koondrook and Cohuna reaches. 
The absence of Murray cod from the Torrumbarry Weir pool 2021-sample probably reflects both low 
abundance, and lower electrofishing-efficiency in the deep, low-velocity habitat of the weir-pool. 

From the start of the 2014-2015 Murray cod fishing season, both Victoria and NSW implemented 
recreational fishing regulations designed to increase the stock of larger, mature-spawners in the 
population (Forbes et al. 2020).  Since 2016, there has been a trend in the fish-community condition 
monitoring data from Gunbower Creek and Murray River sites, for increasing abundance of juvenile 
Murray cod with fewer mature fish detected. In 2021, only 9% of the measured Murray cod were within 
the size-slot vulnerable to angling (550–750 mm, TL) and none were detected that were large enough 
to be protected by the upper limit of this slot (i.e., >750 mm, TL).  

Most Murray cod data are collected with electrofishing. While is likely that vulnerability to electrofishing 
declines with size for adult Murray cod (Allen et al. 2008), the data from 2013-2020 show that fish>750 
mm are sampled in low abundance (n=2-5), when present. It seems unlikely that any relationship 
between electrofishing-vulnerability and fish size has changed systematically during the survey period. 
Therefore, the decreasing trend of large mature fish in the data is likely to be a real population-trend 
and raises a red-flag for the management of Murray cod populations in the Gunbower Island area 
(Gwinn et al. 2015).  

Murray cod are a robust species that has a high survival-rate (although not 100%), following capture 
and release by recreational fishers (Douglas et al. 2010; Hall et al. 2012). The popularity of recreational 
angling for Murray cod in Gunbower Island waterways, combined with the trend for catch-and-release 
fishing means that juvenile fish may be exposed to multiple catch-and-release events by the time they 
reach a size vulnerable to harvest. The small, non-zero, mortality rate that this imposes is cumulative 
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over multiple events (Douglas et al. 2010). Careful monitoring of the Murray cod population structure 
and abundance is required to ensure the Murray cod management goals are achieved. Survey methods 
using repeated mark-recapture population estimates have been shown to be reliable indicators of 
abundance and are recommended for Murray cod population monitoring in riverine habitats (Brown 
2012; Gwinn et al. 2019).  Collection of robust data from the Gunbower Island recreational fishery on 
catch, harvest and release rates by size-class, would be an excellent step towards ensuring the long-
term sustainability of the Murray cod (Brown 2010; Forbes et al. 2020). 

Freshwater Catfish 
For the fourth consecutive year, YOY Freshwater catfish have been detected in TLM fish-condition 
surveys. However, in 2021 Freshwater catfish returned to lower levels of relative-abundance and 
distribution, more typical of surveys prior to 2019; despite the promising number of YOY fish detected 
in 2019 and 2020. Freshwater catfish are consistently found in at least two LAGOON sites (Phyland and 
Turner), and more rarely at Cockatoo and Gum lagoons and the upper-reaches of Gunbower Creek.  It 
is still unclear what habitat, or fish-community attributes or hydrological signals are favourable to the 
species at these sites. Earlier studies concluded that patterns of abundance of Redfin perch and 
Common carp significantly explained the unsuitability of sites for Freshwater catfish on Gunbower Island 
(Rehwinkel and Sharpe 2009c). Bloink and Halliday (2020), showed that Redfin perch and Common 
carp were each present in both Phyland and Turner Lagoons alongside YOY Freshwater catfish. 
However, during the 2021 survey, Redfin perch were undetectable at both lagoons, and Common carp 
catch rates at these, and other LAGOON sites are low and stable throughout the 2008-2021 survey 
period. Although a comprehensive analysis has not been done, no clear patterns of association emerge, 
when looking at 2008-2021 abundance data for Freshwater catfish, Redfin perch and Common carp in 
these lagoons. It is still seems likely that the predation on YOY Freshwater catfish may be a limiting 
factor. A combination of bird-predation (e.g., Cormorants and Darters) and the presence of large adult 
Redfin perch, at abundance levels hard to detect in condition-monitoring surveys may be sufficient to 
suppress the population. Freshwater catfish typically spawn in gravel nests and adults make use of 
cover from submerged aquatic-plants and wood (Koster et al. 2015).  Obviously, some suitable 
spawning substrates are present, but perhaps more spawning could be encouraged? Management 
actions could include provision of patches of spawning gravel (Ingram et al. 2014), and installation of 
artificial woody habitat that would provide additional shelter and protection from predators for YOY 
Freshwater catfish (see Hutchison et al. (2020)).  

Adult abundance at Phyland and Turners lagoons is low enough to make it risky to source adults for 
translocation, and we would not recommend that action at this stage. However, if strong recruitment of 
YOY fish is detected again in future years, translocation of some of these to other nearby suitable 
LAGOON habitats is recommended. The survey data from 2019, 2020 and 2021 shows that mortality in 
YOY Freshwater catfish can be high and adult-recruitment is not assured following detection of 
abundant YOY fish. Reestablishing Freshwater catfish populations in other Gunbower Island Lagoons 
by sourcing YOY fish from Phyland and/or Turner lagoons, may hedge against the risk of local extinction 
and increase the resilience of the population.  

Previously YOY Freshwater catfish were detected during fish condition monitoring when Gunbower 
Creek lagoon wetting/drying regime was both described as “wet (relatively consistent high level)”, in 
2010; and “wet with drawdown (however not complete dry)”, in 2013 & 2015 (Bisset et al. 2015). More 
precise or more recent records were not available at the time of writing and the present watering regime 
for these lagoons is unknown. Particularly, what it was about the watering regime in the period 2019-
2020 that may have led to the peak in YOY-production? Water-level logging devices installed on Turners 
Lagoon would allow a greater understanding of the factors important to the population-dynamics of this 
regionally important Freshwater catfish population at these sites. 
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Plate 12. Three size-classes of Freshwater catfish were sampled from Turners Lagoon, YOY, a juvenile and this adult. 
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Recommendations 
• Continuation of the Gunbower Island TLM annual fish surveys to ensure continued evaluation of 

the condition of the fish community against objectives. 

• Request that the Victorian Fisheries Authority only stock native fish (particularly Murray cod) into 
Gunbower Creek, that have parents with known genetics in the FishGen database; or request a 
moratorium on stocking until all broodfish genetics are added to the FishGen database. 

• Design fishway operational-flows (passage flows and attraction flows) to piggyback onto annual 
‘southern spring flow’ events when higher Murray River water levels at Koondrook raise the tail-
water below the Koondrook fishway enabling fish access to the fishway entrance and stimulating 
catchment-scale fish movements (Commonwealth Environmental Water Office 2020). Fishway 
performance is key to the restoration of the native fish-community in Gunbower Creek and the 
waterways of Gunbower Island and the key to achieving the TLM objectives. Integration of flows 
designed to stimulate fish-passage through the new fishways at Koondrook and Cohuna, with 
the other hydrograph features already included in the Gunbower Creek watering plan is 
essential.  

• Continuation of reintroduction program for Southern pygmy perch and explore the feasibility of 
reintroducing other threatened small-bodied species such as Southern purple spotted gudgeon 
in Camerons Creek, including Black Charlie Lagoon, as well as other potential sites (Splatt 
Lagoon in the lower reaches of Gunbower Creek and Phyland Lagoon).   

• Freshwater catfish populations remain extremely vulnerable on Gunbower Island due to their 
presence in 2021 at only two monitored sites. We recommend installing water-level monitoring 
telemetry at the two regionally important Freshwater catfish sites Phyland and Turner lagoon, to 
increase the understanding of hydrological conditions that lead to years of high YOY abundance. 
Seek local landholder/resident input to investigate water-levels and other circumstances during 
2019 & 2020 to develop hypotheses about why YOY production was atypically high in these 
years? (i.e., was it stable high spring water levels, etc.?) In future years, when high YOY 
abundance is detected in Autumn, consider immediate-translocation of some YOY Freshwater 
catfish to other suitable sites such as Black-Charlie Lagoon (and other lagoons on Camerons 
Creek), Safes Lagoon, or Cockatoo and Gum Lagoons where the species has previously been 
detected. Consider other active management interventions at Phyland and Turner Lagoons that 
may promote breeding and aid survival of future year-classes of YOY Freshwater catfish. E.g., 
Installation of large-woody refuge habitat, and gravel-bed nesting areas may promote spawning 
success and enhance recruitment.  

• Consider reintroduction of a riverine species. River blackfish were historically present in the Mid-
Murray River and Gunbower Island area and may have some potential for reintroduction via 
translocation. River blackfish resulting from fish-rescue operations from drained irrigation 
channels in the North Central CMA area could be relocated to sites along Gunbower Creek. This 
species is highly sedentary and is not likely to arrive by itself. 

• We have attempted to evaluate the attainment of fish cultural objectives (Table 4 in this 
document) from the Barapa Barapa Cultural Watering Objectives Framework, using the fish-
condition monitoring data. We recommend further consultation with Traditional Owners to 
ensure this integration of TLM fish-condition monitoring data and cultural fish objectives meets 
the needs of the traditional owners and to explore how the assessment of attainment could be 
refined further. 

Updates for the Gunbower Creek Icon Site Fish Monitoring Plan  

• Recommend for subsequent reporting that 2021-data from at Green Swamp and Corduroy 
Swamp (which is presently included in the North Central CMA database) be excluded from future 
comparative annual analysis, as it is in the present report.  

• Consider further development of the North Central CMA Fish Database to enable automatic 
calculation and reporting of the full suite of required fish-condition indices. This would ensure 
standardisation of the complex calculations required and could make reporting more cost-
effective in future years. 
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• Consider incorporating additional spring-summer wetland surveys and adopting the wetland 
selection protocol identified and recommended by Bloink and Halliday (2020). Existing autumn 
wetland surveys could be maintained in a core group of deeper wetlands more regularly 
surveyed 2008-2021 (e.g., Crayfish Island, Black Charlie Lagoon and Reedy Lagoon) 

• Consider updating the icon-site monitoring plan to adopt a more “typical year” as a reference 
year for wetlands (presently the reference year is 2009, which scores higher than average for 
most indices). Alternatively, the reference could be an average over the first 2-3 years (i.e., 2008-
2010). 

• We recommend that for future surveys on Gunbower Island all large fyke nets should only be 
deployed when fitted with fauna escape rings to ensure Platypus, Rakali (and smaller turtles) 
can escape effectively. Best-practice for large fyke nets presently, is to set them with safeguards 
to minimize the risk of drowning air-breathing fauna caught as bycatch. Nets are set with the 
cod-end tied above water level and a large-float within the net to ensure an airspace. While this 
reduces risk of drowning, the retention of fauna in a fyke net and potential for hypothermia-like 
health risks is still present for ectotherms such as mammals and birds.  In 2021, we successfully 
trailed escape rings above water-level in all sets of large fyke nets (see similar devices in Serena 
et al. 2018).  

• Update the icon-site monitoring plan to re-estimate the size thresholds used to define YOY fish 
for each species at Gunbower Island in the North Central CMA database. The length-frequency 
data 2008-2021 shows that present estimates derived from Sharpe and Vilizzi ((2014)), may be 
underestimating the YOY-abundance of some key species (see examples in Figure 72 below). 

• Consideration should be given to developing metrics that capture the relevance of biomass in 
indicating native fish population ‘health’ and ‘abundance’. As inputs to such metrics, biomass 
can be estimated for unweighed fish presently in the database. In 2022, trial field-methods of 
effectively and rapidly wet-weighing catch from each gear where individual fish are un-weighed 
to give a total weight.   

• Update the icon-site monitoring plan to remove the necessity to set ten-bait traps at each site. 
This was also recommended in Bloink and Halliday (2020) and in Brown (2020). Bait trap 
catches at a site contribute no new information about the fish-community that is not already 
gathered with small-fyke nets and electrofishing. While bait traps are often considered “little extra 
effort” as the soak-time is during the electrofishing operation; in practice, we estimated an extra 
setting and processing time of 30 min was used per site, on average. This equates to 11.5 hours 
over the course of 23 sites (the average site count 2008-2021), which is equivalent field time to 
2-4 whole sites. We recommend that resources presently expended on bait-trapping be re-
allocated to more useful data collection such as extra tagging, fin-clipping, collecting weight-data 
from the catch; or even, extra WETLAND sites when available. Future analysis of surveys 
without bait-trapping could easily filter-out the catch from that gear 2008-2021 to retain 
comparability. 
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Figure 72. Length frequency of Freshwater catfish (left) and Murray cod (right) sampled in all surveys 2008-2021 showing 
underestimated threshold of YOY-size (green) used for index calculations based on initial estimates from Sharpe and Vilizzi 

(2014) compared to the smallest size-cohort in each distribution (YOY fish) 
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Appendix 1.  
Table 33. The Location, capture-date, biometric data and sample-codes for all fish either marked or biopsied with a fin-clip, tagged with pink external dart tags, tagged with an internal 
PIT tag or acoustic transmitter tag. 

Capture/release location  Biometric data Sample i.d.-codes 

Site Latitude Longitude Macrohabitat Date Common name Length (mm) Weight (g) Biopsy Code Dart Tag No. PIT tag No. Acoustic Tag No. 

Phyland Lagoon -35.978 144.413 LAGOON 23/03/2021 Redfin perch 272 335   001034199465  

Phyland Lagoon -35.978 144.413 LAGOON 23/03/2021 Redfin perch 246 220   001034199473  

Gunbower Creek Reach 1 -35.984 144.483 CREEK 29/03/2021 Golden perch 535 3510 G002 050 001034199428  

Gunbower Creek Reach 3 -35.949 144.363 CREEK 31/03/2021 Golden perch 430 1315 G004 048 001034199427  

Gunbower Creek Reach 3 -35.949 144.363 CREEK 31/03/2021 Murray cod 495 1465 G005 047 001034199502 63444 

Gunbower Creek Reach 4 -35.877 144.343 CREEK 31/03/2021 Murray cod 435 1065 G008 046 001034199458 63432 

Gunbower Creek Reach 4 -35.877 144.343 CREEK 31/03/2021 Golden perch 380 697 G009 045 001034199476  

Gunbower Creek Reach 4 -35.877 144.343 CREEK 31/03/2021 Golden perch 210 117 G010  001034199443  

Gunbower Creek Reach 4 -35.877 144.343 CREEK 31/03/2021 Murray cod 450 1100 G011 152 001034199417 63438 

Gunbower Creek Reach 4 -35.877 144.343 CREEK 31/03/2021 Golden perch 207 132 G012  001034199483  

Gunbower Creek Reach 6 -35.797 144.228 CREEK 1/04/2021 Murray cod 500 1632 G021 042 001034199418 63439 

Gunbower Creek Reach 6 -35.797 144.228 CREEK 1/04/2021 Golden perch 440 1340 G015 044 001034199426  

Gunbower Creek Reach 6 -35.797 144.228 CREEK 1/04/2021 Murray cod 260 217 G014  001034199461  

Gunbower Creek Reach 6 -35.797 144.228 CREEK 1/04/2021 Murray cod 350 486 G022 041 001034199486 63445 

Gunbower Creek Reach 6 -35.797 144.228 CREEK 1/04/2021 Golden perch 370 680 G017 043 001034199438  

Gunbower Creek Reach 6 -35.797 144.228 CREEK 1/04/2021 Murray cod 246 171 G019  001034199408  

Gunbower Creek Reach 6 -35.797 144.228 CREEK 1/04/2021 Murray cod 360 487 G023 040 001034199416 63440 

Gunbower Creek Reach 6 -35.797 144.228 CREEK 1/04/2021 Murray cod 225 130 G020  001034199503  

Gunbower Creek Reach 5 -35.801 144.232 CREEK 6/04/2021 Murray cod 309 427 G027 038 001034199431  

Gunbower Creek Reach 5 -35.801 144.232 CREEK 6/04/2021 Murray cod 390 810 G029 036 001034199445 63433 

Gunbower Creek Reach 5 -35.801 144.232 CREEK 6/04/2021 Murray cod 392 839 G030 035 001034199460 63434 

Gunbower Creek Reach 5 -35.801 144.232 CREEK 6/04/2021 Murray cod 367 740 G028 037 001034199456 63427 

Gunbower Creek Reach 5 -35.801 144.232 CREEK 6/04/2021 Murray cod 266 220 G025  001034199499  

Gunbower Creek Reach 5 -35.801 144.232 CREEK 6/04/2021 Murray cod 318 394 G026 039 001034199454  

Gunbower Creek reach 7 -35.684 144.138 CREEK 7/04/2021 Murray cod 500 1770 G034 001 001034199457 63435 

Gunbower Creek Reach 7 -35.684 144.138 CREEK 7/04/2021 Golden perch 390 875 G031 034 001034199441  

Gunbower Creek Reach 7 -35.684 144.138 CREEK 7/04/2021 Murray cod 725 5000 G033 004 001034199412 63429 

Gunbower Creek Reach 7 -35.684 144.138 CREEK 7/04/2021 Murray cod 600 2803 G032 013 001034199421 63428 
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Capture/release location  Biometric data Sample i.d.-codes 

Site Latitude Longitude Macrohabitat Date Common name Length (mm) Weight (g) Biopsy Code Dart Tag No. PIT tag No. Acoustic Tag No. 

Gunbower Creek reach 6  -35.806 144.221292 CREEK 8/04/2021 Golden perch 416 1081 G046 031 001034199406  

Gunbower Creek reach 6  -35.806 144.221292 CREEK 8/04/2021 Golden perch 185 87 G045  001034199420  

Gunbower Creek reach 6  -35.806 144.221292 CREEK 8/04/2021 Golden perch 305 370 G047 030 001034199433  

Gunbower Creek reach 6  -35.806 144.221292 CREEK 8/04/2021 Murray cod 266 242 G043  001034199440  

Gunbower Creek reach 6  -35.806 144.221292 CREEK 8/04/2021 Murray cod 305 378 G039 032 001034199455  

Gunbower Creek reach 6  -35.806 144.221292 CREEK 8/04/2021 Murray cod 390 660 G049 028 001034199462 63436 

Gunbower Creek reach 6  -35.806 144.221292 CREEK 8/04/2021 Murray cod 232 151 G044  001034199469  

Gunbower Creek reach 6  -35.806 144.221292 CREEK 8/04/2021 Murray cod 290 337 G037  001034199475  

Gunbower Creek reach 6  -35.806 144.221292 CREEK 8/04/2021 Murray cod 271 282 G036  001034199477  

Gunbower Creek reach 6  -35.806 144.221292 CREEK 8/04/2021 Silver perch 389 889 G048 029 001034199480  

Gunbower Creek reach 6  -35.806 144.221292 CREEK 8/04/2021 Golden perch 398 492 G035 033 001034199481  

Gunbower Creek reach 6  -35.806 144.221292 CREEK 8/04/2021 Murray cod 550 2210 G050 027 001034199489 63441 

Gunbower Creek reach 6  -35.806 144.221292 CREEK 8/04/2021 Murray cod 269 239 G038  001034199493  

Gunbower Creek reach 6  -35.788 144.231 CREEK 8/04/2021 Golden perch 432 1348 G051 026 001034199405  

Gunbower Creek reach 6  -35.788 144.231 CREEK 8/04/2021 Golden perch 505 2084 G052 025 001034199407  

Gunbower Creek reach 6  -35.788 144.231 CREEK 8/04/2021 Murray cod 467 1163 G057 020 001034199414 63430 

Gunbower Creek reach 6  -35.788 144.231 CREEK 8/04/2021 Murray cod 535 2184 G054 023 001034199424 63443 

Gunbower Creek reach 6  -35.788 144.231 CREEK 8/04/2021 Murray cod 580 2572 G056 021 001034199474 63431 

Gunbower Creek reach 6  -35.788 144.231 CREEK 8/04/2021 Murray cod 525 1903 G055 022 001034199492 63437 

Gunbower Creek reach 6  -35.788 144.231 CREEK 8/04/2021 Murray cod 510 1711 G053 024 001034199498 63442 

Gunbower Creek Reach 8  -35.655 144.141 CREEK 8/04/2021 Silver perch 248 161 G041  001034199491  

Murray River Koondrook -35.749 144.262 RIVER 9/04/2021 Murray cod 310 351 G059 019 001034199501  

Murray River Koondrook -35.749 144.262 RIVER 9/04/2021 Murray cod 262 195 G058  001034199504  

Murray River Koondrook -35.749 144.262 RIVER 9/04/2021 Murray cod 285 249 G060  001034199425  

Murray River Koondrook -35.749 144.262 RIVER 9/04/2021 Murray cod 323 416 G061 018 001034199470  

Murray River Koondrook -35.749 144.262 RIVER 9/04/2021 Murray cod 620 3539 G063 017 001034199419  

Murray River Koondrook -35.749 144.262 RIVER 9/04/2021 Murray cod 368 615 G064 016 001034199436  

Murray River Koondrook -35.749 144.262 RIVER 9/04/2021 Silver perch 483 725 G066 014 001034199447  

Murray River Koondrook -35.749 144.262 RIVER 9/04/2021 Murray cod 320 382 G067 015 001034199437  

Murray River Koondrook -35.749 144.262 RIVER 9/04/2021 Golden perch 390 907 G069 009 001034199409  

Murray River Koondrook -35.749 144.262 RIVER 9/04/2021 Golden perch 448 1326 G068 010 001034199411  
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Murray River Koondrook -35.749 144.262 RIVER 9/04/2021 Murray cod 380 639 G070 012 001034199472  

Murray River Koondrook -35.749 144.262 RIVER 9/04/2021 Golden perch 411 883 G071 011 001034199430  

Murray River Koondrook -35.749 144.262 RIVER 9/04/2021 Golden perch 351 625 G072 008 001034199451  

Murray River Koondrook -35.749 144.262 RIVER 9/04/2021 Murray cod 329 463 G073 007 001034199415  

Murray River Koondrook -35.749 144.262 RIVER 9/04/2021 Golden perch 486 1788 G077 003 001034199429  

Murray River Koondrook -35.749 144.262 RIVER 9/04/2021 Murray cod 406 823 G076 002 001034199432  

Murray River Koondrook -35.749 144.262 RIVER 9/04/2021 Murray cod 429 1090 G075 005 001034199497  

Murray River Cohuna -36.003 144.535 RIVER 20/04/2021 Murray cod 360 532  149 001034199487  

Murray River Cohuna -36.003 144.535 RIVER 20/04/2021 Murray cod 571 2179  147 001034199453  

Murray River Cohuna -36.003 144.535 RIVER 20/04/2021 Silver perch 230 175   001034199434  

Murray River Cohuna -36.003 144.535 RIVER 20/04/2021 Murray cod 564 1936  146 001034199479  

Murray River Cohuna -36.003 144.535 RIVER 20/04/2021 Murray cod 206 84  148 001034199495  

Murray River Cohuna -36.003 144.535 RIVER 20/04/2021 Golden perch 342 513  145 001034199439  

Murray River Cohuna -36.003 144.535 RIVER 20/04/2021 Murray cod 320 346   001034199453  

Murray River Cohuna -36.003 144.535 RIVER 20/04/2021 Murray cod 350 531  144 001034199464  

Murray River Cohuna -36.003 144.535 RIVER 20/04/2021 Murray cod 288 269   001034199410  

Murray River Cohuna -36.003 144.535 RIVER 20/04/2021 Murray cod 350 520  142 001034199478  

Murray River Cohuna -36.003 144.535 RIVER 20/04/2021 Murray cod 305 333  143 001034199496  

Murray River Cohuna -36.003 144.535 RIVER 20/04/2021 Golden perch 407 991  141 001034199422  

Murray River Cohuna -36.003 144.535 RIVER 20/04/2021 Golden perch 462 1455  140 001034199471  

Murray River Cohuna -36.003 144.535 RIVER 20/04/2021 Murray cod 281 243  138 001034199484  

Murray River Cohuna -36.003 144.535 RIVER 20/04/2021 Murray cod 300 304  139 001034199485  

Murray River Torrumbarry -35.642 144.131 RIVER 21/04/2021 Golden perch 570 2928  137 001034199463  

Murray River Torrumbarry -35.642 144.131 RIVER 21/04/2021 Golden perch 485 1820 G079 136 001034199413  

Murray River Torrumbarry -35.642 144.131 RIVER 26/04/2021 Golden perch 395 830 G080 135 001034199450  

 


