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Summary 

Background 

Gunbower Forest comprises the Victorian component of the Gunbower-Koondrook-Perricoota Forest 
Icon Site, under The Living Murray (TLM) river restoration program. Condition monitoring is required to 
assess each Icon Site’s condition and evaluate progress against ecological objectives. 

The Gunbower Forest fish community monitoring program has involved systematic monitoring of fish 
community data since the program commenced in its current form in 2008. The program includes sites 
located within and on the periphery of Gunbower Forest, with sites categorised into four macrohabitats 
including River (Murray River), Creek (Gunbower Creek), Lagoons (permanently inundated) and 
Wetlands (less permanently inundated). 

This report aims to describe the current status, and trend, of the fish population at Gunbower Island in 
both statistical and narrative terms. The project objectives and tasks are to: 

• Undertake the monitoring surveys in strict accordance with the documented TLM methods 
including the finer details contained within the more recent annual reports. 

• Analyse the 2018 data and compare it against the results of previous years, using the 
documented appropriate and repeatable approach detailed in Robinson and Bloink (2016); 

• Assess the entire dataset against the ecological objectives developed for Gunbower Forest 
Icon Site; 

• Evaluate any additional ecological findings that the data reveals; and 

• Consolidate recommendations that will enhance the value of future monitoring and analysis 

Results and Discussion 

2018 Condition 

The species richness at Gunbower Forest in 2018 was higher than for the previous 2017 sampling event, 
with eleven native species and five exotic species recorded, with the notable exception of Trout Cod 
Maccullochella macquariensis which was not recorded from the current survey but had been recorded 
during two previous surveys. Native fish species richness was high in flowing habitats (Creek and River) 
and the Lagoon macrohabitats and low in the Wetland macrohabitat. 

Typical of previous surveys in Gunbower Forest, the small-bodied native species, Carp gudgeon 
Hypseleotris spp., dominated the catch abundance. Carp gudgeons were the most abundant species at 
12 of the 26 survey sites, representing > 75% of overall abundance and are considered a ‘foraging 
generalist’ having few specific flow requirements for population success. Other small-bodied native fish 
such as Australian smelt Retropinna semoni, Un-specked hardyhead Craterocephalus sturcusmuscarum 
fulvus and the small-bodied exotic species, Eastern gambusia Gambusia holbrooki also accounted for a 
large proportion of fish collected in 2018. 

Other small-bodied native species (e.g. Flathead gudgeon Philipnodon grandiceps and Murray-Darling 
rainbowfish Melanotaenia fluviatilis) were recorded at considerably lower abundance. None of the 
‘floodplain specialists’ species, such as Southern Pygmy Perch Nannoperca australis or Flatheaded 
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Galaxias Galaxias rostratus, have been recorded during the monitoring program, indicating these 
species to be either locally extinct or present in exceptionally low abundance. Without intervention, 
such as stocking or translocation, these species are unlikely to experience recovery. 

Three species were recorded in very low abundance, together comprising just 0.02% of the total number 
of fish captured. These included Freshwater Catfish Tandanus tandanus (recorded from Cockatoo 
Lagoon), Silver Perch Bidyanus bidyanus recorded from Gunbower Creek and the Murray River, and the 
exotic species Redfin Perca fluviatilis, recorded from Turner Lagoon. 

Large-bodied native species Murray Cod Maccullochella peelii and Golden Perch Macquaria ambigua 
were recorded in low to moderate abundance at twelve sites including two Lagoon sites (Golden Perch 
at Splatt Lagoon and Murray Cod at Gum Lagoon). Young of Year (YOY) Murray Cod were present at the 
majority of Creek and all River sites, and Golden Perch YOY were present at two of the three River sites 
and just under half of the Creek sites. 

The 2018 data is consistent with previous years results confirming that of the eleven native species 
recorded across the Icon Site; only Carp Gudgeon, Australian Smelt and Un-specked Hardyhead (a 
threatened species) can be considered ‘common’, and could reasonably be expected to be collected at 
most sites. 

Change in condition over time 

There has been substantial variability in individual species’ relative abundance and population structures 
throughout the Condition Monitoring period 2008–2018. Major fluctuations have occurred for both 
species and condition-indicators following the substantial high-flow years of 2010/2011, 2012 and 2016. 
These fluctuations are most significant for exotic species, such as Carp and Eastern Gambusia which 
proliferated during and/or post high flows and dominated samples in the subsequent survey year.  

Creek and Lagoon macrohabitats in particular, showed an increase in the abundance of native fish 
species since the 2009 ‘point of reference’ year, while the River sites showed reduced relative 
abundance, albeit with similar levels of native species to the 2010 reference-year. There are indications 
that the trend for condition-recovery (the lowest levels being recorded in 2011) continues in Wetland 
macrohabitats. 

There is an obvious trend of improvement in the Murray Cod and Golden Perch populations of 
Gunbower Creek in terms of YOY and representation of general age classes (YOY, sub-adult, adult), and 
this is noteworthy because the same improvement is not evident in the Murray River; the Murray River 
sites are included in the monitoring program as a ‘point of reference’ for Gunbower Creek sites. 
However, the relative influences of management through stocking hatchery bred fish, managing flows 
and improving habitat for Murray Cod and Golden Perch populations in the Gunbower Forest Icon Site 
are unclear. 

Objective and target attainment summary 

Although there is considerable room for improvement, the Gunbower Icon site supports a relatively 
diverse fish community. Caution is advised in examining the dataset for any particular year in isolation, 
however the 2008–2018 period and particularly the 2013–2018 period indicates that progress is being 
made towards most of the objectives and associated targets. Considerable improvements are evident in 
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native species age categories and recruitment, including Murray Cod and Golden Perch, together with 
improvements in threatened species presence and distribution. 

Recommendations 

The following recommendations are made: 

• Revise the PERCH list derived for the Koondrook Perricoota Forest by NSW Fisheries. At a 
minimum, Dwarf Flatheaded Gudgeon should be assigned a rarity score of 1 for ‘semi-
permanent’ habitats; 

• Develop a consistent and statistically sound approach to the selection of Wetland sites for 
sampling in any given year; 

• Further clean erroneous fish length data in the long term dataset and apply conversion 
factors to obtain LCF (caudal fork length) from TL (total length) and/or SL (standard length) for 
fork-tailed species; 

• Ensure that the fish length measurement approached (i.e. LCF for fork-tailed species) outlined 
in this report continues to be used as the consistent method during future years of the 
program, and that the TLM monitoring method is updated accordingly; 

• Ensure that the approach used for labelling of ‘observed’ individuals as outlined in this report 
continues to be used as the consistent method during future years of the program, and that 
the TLM monitoring method is updated accordingly; 

• Although electrofishing effort is standardised by time, reach length has an effect on CPUE 
variability and the extent to which CPUE may be considered indicative of fish densities (e.g. 
some sampled reaches are considerably longer due to a relative scarcity of woody debris). 
Determine an accurate length of the sampling reach at each site, by recording the start and 
stop coordinates, and aim to keep the sampled reach and reach length consistent between 
years, particularly for River and Creek habitats; 

• Continue to PIT (Passive Integrated Transponder) and dart tag large-bodied native fish species 
> 300 mm in total length, particularly Golden Perch and Silver Perch; 

• During future surveys, collect, preserve and store fin clips from Murray Cod and Golden Perch 
YOY and other size classes (if feasible) to enable future discrimination of hatchery bred and 
wild fish; 

• Continue to investigate opportunities to improve fish passage at selected barriers (e.g. weirs) 
along Gunbower Creek, particularly at Koondrook Weir; 

• Continue to investigate and capitalise on opportunities (e.g. high flows in the Murray River) to 
enable lateral fish passage from the Murray River to Gunbower Creek via Gunbower Forest;  

• Periodically assess Murray cod spawning success in Gunbower Creek and revise and refine the 
‘Murray cod hydrograph’ where appropriate; and 

• Replicate the spring-summer 2017/18 hydrological regimes of Cockatoo and Phylands 
Lagoons, to facilitate the potential for repeated recruitment success of Freshwater catfish. 
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1 Introduction 

1.1 Background 

Gunbower Forest comprises the Victorian component of the Gunbower-Koondrook-Perricoota Forest 
Icon Site, under The Living Murray (TLM) river restoration program managed by the Murray Darling 
Basin Authority (MDBA). There are six TLM Icon Sites, which are being restored in part via environmental 
watering and structural works associated with water delivery and fish movement. 

As outlined in the Gunbower Icon Site Monitoring Plan (DELWP & North Central CMA 2015), condition 
monitoring is required to assess each Icon Site’s condition and evaluate progress against ecological 
objectives. Additionally, the monitoring informs management decisions, particularly around the use of 
environmental water and allows management of the Icon Sites under an adaptive management 
framework. The condition monitoring program is coordinated by the North Central Catchment 
Management Authority (CMA) and has involved the systematic monitoring of fish community data since 
2008, following preliminary investigations in 2005 (Richardson et al. 2005) and 2007 (PIRVic 2007). 

As outlined in the Gunbower Icon Site Monitoring Plan (DELWP & North Central CMA 2015), two 
complementary monitoring programs are carried out under TLM: 

• Murray River system scale monitoring – to determine improvements in the overall health of 
the system. 

• Intervention monitoring – to determine the ecological response to specific management 
actions (e.g. monitoring fish movement responses in relation to watering) 

1.1.1 Gunbower Icon site monitoring components 

The Gunbower Forest Icon Site is located in Northern Victoria between Torrumbarry and Koondrook and 
is also known as ‘Gunbower Island’ because it is bound to the north by the Murray River and to the 
south by Gunbower Creek (an anabranch of the Murray River). ‘Gunbower Island’ better encapsulates 
the icon sites as a whole, and will be used hereafter in this report. ‘Gunbower Forest’ will be used to 
refer to the floodplain and associated habitats (e.g. wetlands). 

Gunbower Forest is a Murray River floodplain Ramsar site of international significance, covering an area 
of approximately 20,000 ha of Red Gum forest subject to periodic inundation, and a diversity of 
permanent and temporary wetlands including lakes, swamps, lagoons and flooded forest (Hale et al 
2011). Managed flows into Gunbower Forest are delivered via a number of Gunbower Creek regulators 
that are used to deliver water to different parts of the forest (DELWP & North Central CMA 2015). 

The Gunbower Island fish community monitoring program, includes sites located within and on the 
periphery of Gunbower Forest, with sites categorised into four macrohabitats including: 

• Creek– Gunbower Creek reaches as identified in the Gunbower Creek Waterway Action Plan 
(North Central CMA 2007) and delineated by major blockages such as weirs or bridges; 

• Lagoon – Hydrologically connected to Gunbower Creek and considered to be permanently 
inundated; 

• Wetland – Other less permanently inundated waterbodies selected by the North Central 
CMA;  
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• River – Murray River reaches upstream, downstream and approximately midway between the 
Gunbower Creek confluences at Torrumbarry (upstream) and Koondrook (downstream). 

1.1.2 Gunbower Forest fish community 

Gunbower Forest currently supports a relatively diverse fish community including 12 native species, 
seven of which are listed as threatened species under state and/or federal biodiversity legislation. 
Additional species have either previously been recorded, or are thought to have previously occurred 
within this area. The vast majority of these additional species are considered to be locally extinct, 
although some could be present in very low abundance. Some potential may exist for natural re-
establishment of some species, particularly those with active large-scale dispersal migrations; however, 
small-bodied threatened species with small-scale dispersal movements are considered more likely to 
benefit from reintroduction via stocking or translocation (Mallen-Cooper et al 2014, Sharpe et al 2014). 
These species include the wetland/floodplain specialists, Southern Pygmy Perch, Flat-headed Galaxias, 
Olive Perchlet and Purple Spotted Gudgeon. A list of the fish species previously recorded during the 
monitoring program (i.e. 2008–2017), or predicted to have once occurred based on the Pre-European 
Reference Condition for FisH (PERCH list) (Raadik & Lieschke 2010), together with their assigned habitat 
group (Young et al. 2003) and flow guild (Baumgartner et al. 2014), is provided below in Table 1. 

Table 1 Native fish species (green shading) and exotic fish species (orange shading) previously 
recorded during the monitoring program (2008–2017) or predicted to occur at 
Gunbower Forest, including assigned habitat group (Young et al. 2003) and flow guild 
(Baumgartner et al. 2014).  

Common name Species name 
Habitat group 

(Young et al. 2003) 

Flow Guild 

(Baumgartner et al. 
2014) 

Predicted 
to occur 
(PERCH) 

Recorded during 2008-2017 
monitoring 

River Creek Lagoon Wetland 

Silver Perch Bidyanus bidyanus Flood spawners 
Flow dependent 
specialists 

     

Unspecked 
Hardyhead 

Craterocephalus 
stercusmuscarum fulvus Wetland specialists Foraging generalists 

     

Carp Gudgeon 
complex Hypseleotris sp. 

Wetland specialists and 
Low-flow specialists Foraging generalists 

     

Trout Cod 
Maccullochella 
macquariensis Main channel specialists 

Long-lived apex 
predators 

     

Murray Cod Maccullochella peelii Main channel specialists 
Long-lived apex 
predators 

     

Golden Perch Macquaria ambigua Flood spawners 
Flow dependent 
specialists 

     

Murray-Darling 
Rainbowfish Melanotaenia fluviatilis Low-flow specialists Foraging generalists 

     

Bony Herring Nematalosa erebi 
Wetland specialists and 
Main channel generalists Foraging generalists 

     

Flat-headed Gudgeon Philypnodon grandiceps Wetland specialists Foraging generalists      
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Common name Species name 
Habitat group 

(Young et al. 2003) 

Flow Guild 

(Baumgartner et al. 
2014) 

Predicted 
to occur 
(PERCH) 

Recorded during 2008-2017 
monitoring 

River Creek Lagoon Wetland 

Dwarf Flat-headed 
Gudgeon 

Philypnodon 
macrostomus Wetland specialists Foraging generalists 

     

Australian Smelt Retropinna semoni 
Wetland specialists and 
Main channel generalists Foraging generalists 

     

Freshwater Catfish Tandanus tandanus Main channel specialists Foraging generalists      

Goldfish Carassius auratus N/A N/A N/A     

Carp Cyprinus carpio N/A N/A N/A     

Eastern Gambusia Gambusia holbrooki N/A N/A N/A     

Oriental 
Weatherloach 

Misgurnus 
anguillicaudatus 

N/A N/A N/A 
    

Redfin Perca fluviatilis N/A N/A N/A     

Southern Pygmy 
Perch Nannoperca australis Wetland specialists 

Floodplain 
specialists 

     

Southern Purple-
spotted Gudgeon Mogurnda adspersa Not listed 

Floodplain 
specialists 

     

Flat-headed Galaxias Galaxias rostratus Wetland specialists 
Floodplain 
specialists 

     

Olive Perchlet Ambassis agassizii Not listed 
Floodplain 
specialists 

     

River Blackfish Gadopsis marmoratus Main channel specialists Foraging generalists      

Short-headed 
Lamprey Mordacia mordax Not listed Not listed 

     

Macquarie Perch Macquaria australasica Main channel specialists Foraging generalists      

Murray Hardyhead 
Craterocephalus 
fluviatilis Wetland specialists 

Floodplain 
specialists 

     

Mountain Galaxias Galaxias olidus Not listed Foraging generalists      
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For some of the graphs within this report, species name abbreviations (e.g. BIDBID) are used. A list of 
these abbreviations is provided below in Table 2. 

Table 2 Fish name abbreviations used in this report 

Common name Species name Abbreviation 

Silver Perch Bidyanus bidyanus BIDBID 

Unspecked Hardyhead 
Craterocephalus stercusmuscarum 
fulvus 

CRASTE 

Carp Gudgeon complex Hypseleotris sp. HYPSPP 

Trout Cod Maccullochella macquariensis MACMAC 

Murray Cod Maccullochella peelii MACPEE 

Golden Perch Macquaria ambigua MACAMB 

Murray-Darling Rainbowfish Melanotaenia fluviatilis MELFLU 

Bony Herring Nematalosa erebi NEMERE 

Flat-headed Gudgeon Philypnodon grandiceps PHIGRA 

Dwarf Flat-headed Gudgeon Philypnodon macrostomus PHIMAC 

Australian Smelt Retropinna semoni RETSEM 

Freshwater Catfish Tandanus tandanus TANTAN 

Goldfish Carassius auratus CARAUR 

Carp Cyprinus carpio CYPCAR 

Eastern Gambusia Gambusia holbrooki GAMHOL 

Oriental Weatherloach Misgurnus anguillicaudatus MISANG 

Redfin Perca fluviatilis PERFLU 

Southern Pygmy Perch Nannoperca australis NANAUS 

Southern Purple-spotted Gudgeon Mogurnda adspersa MOGADS 

Flat-headed Galaxias Galaxias rostratus GALROS 

Olive Perchlet Ambassis agassizii AMBAGA 

River Blackfish Gadopsis marmoratus GADMAR 

Short-headed Lamprey Mordacia mordax MORMOR 

Macquarie Perch Macquaria australasica MACAUS 

Murray Hardyhead Craterocephalus fluviatilis CRAFLU 

Mountain Galaxias Galaxias olidus GALOLI 
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1.1.3 TLM condition monitoring program 

Since 2012, the TLM condition monitoring program has undergone several internal reviews (e.g. 
Robinson 2014, Sharpe and Villizi 2014, Robinson 2015). Robinson (2015) identified some ways that fish 
reporting could be refined to meet larger scale reporting requirements, as well as maintaining the in-
house applicability of the reports. Robinson and Bloink (2016) undertook further development and 
refinement of suitable indicators to address the monitoring objectives, the implementation of 
recommendations and the documentation of all procedures. This included establishment and 
documentation of appropriate and repeatable statistical analysis methods, consolidation of 
recommendations to enhance the value of future monitoring and analysis, and development of a 
database to facilitate this process.  

1.2 Objectives 

This report aims to describe the current status, and trend, of the fish population at Gunbower Island in 
both statistical and narrative terms. The project objectives and tasks are to: 

• Undertake the monitoring surveys in strict accordance with the documented TLM methods 
including the finer details (e.g. fyke netting) as contained within the more recent annual 
reports (e.g. Sharpe et al 2014). 

• Analyse the 2018 data and compare it against the results of previous years, using the 
appropriate and repeatable approach detailed in Robinson and Bloink (2016); 

• Assess the entire dataset against the ecological objectives developed for Gunbower Forest 
Icon Site; 

• Evaluate any additional ecological findings that the data reveals; and 

• Consolidate recommendations that will enhance the value of future monitoring and analysis 

1.3 Project components 

This project consists of the following components: 

• Fish sampling; 

• Fish sampling demonstration to Traditional Owners; 

• Data import into the database management system developed for the project; 

• The analysis of the 2018 dataset; 

• The analysis of the 2008-2018 dataset and evaluation against ecological objectives; 

• Power and sensitivity analyses for selected indices; 

• Refinement of the database management system as required; 

• Presentation to the Gunbower Community Reference Group; and 

• Presentation to the Gunbower Operations Advisory Group. 
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2 Monitoring objectives 

The Gunbower Icon Site ecological objectives and associated targets are outlined in the Gunbower 
Condition Monitoring Plan (DELWP & North Central CMA 2015), and those of relevance to fish 
monitoring are reproduced in Table 3. An additional objective and target relating to the movement of 
native fish is not listed in Table 3, as it is monitored through intervention monitoring rather than 
condition monitoring. 

Table 3 Relevant objectives for Gunbower fish condition monitoring (adapted from 
DELWP & North Central CMA 2015). 

Overarching 
objective Detailed objectives Targets 

Maintain healthy 
populations of 
native fish in 
wetlands and 
increase 
opportunities for 
riverine fish to 
access floodplain 
resources 

• An increase in the abundance of native fish 
– using the 2008 abundance as a baseline 

for Lagoons and the 2010 abundance 
for the River Murray 

• 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 thresholds 
identified in Sharpe and Villizi 2014) 

• A contribution to population recovery of 
threatened fish species 
– recovery inferred by an increase in the 

abundance of each threatened species 
from 2008 levels  

• 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. 

• 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, 
Freshwater Catfish) occur in any 
year. 

• A decrease in the abundance of alien 
fish (i.e. non indigenous to 
Gunbower Island) since 2008 

 
A number of indicators and associated indices and points of reference were developed and trialled as 
part of the reviews (Robinson 2014, Sharpe and Villizi 2014, Robinson 2015), and are presented within 
the condition monitoring plan (DELWP & North Central CMA 2015). Robinson and Bloink (2016) further 
developed and refined appropriate indices based primarily on the detailed objectives, with reference to 
the associated targets where practicable. The development of indicators and indices has in part, been 
influenced by the outcome of a comprehensive review of the entire dataset. The points of reference 
have been retained, with 2010 used as a point of reference for the Murray River (sites were not sampled 
prior) and 2009 used as a point of reference for the Gunbower and Lagoon macrohabitats (sampling was 
undertaken during a different season in 2008). 
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3 Hydrology 

3.1 Murray River 

Over the 2008–2018 monitoring period, the highest Murray River (at Torrumbarry) flow events (>50,000 
ML/day) were recorded in December 2010 and October 2016, however the December 2010 event was 
part of a sustained period of high flows including sub-peaks (>40,000 ML/day) in September 2010 and 
January 2011 (Figure 1). Large flow events (>30,000 ML/day) also occurred in August 2011, March 2012 
and July/August 2012. 

For context, the Gunbower Forest floodrunners engage when Murray River flows at Torumbarry reach 
approximately 13,000 ML/day, and the floodplain is engaged at approximately 27,000 ML/day (Will 
Honybun – North Central CMA, pers. comm. 2018). The natural flood that occurred in October 2016 is 
one of the most pertinent recent events for the monitoring program because floods typically result in 
dramatic increases in exotic species such as Carp and Eastern Gambusia (Sharpe and Robinson 2017). 

With the exception of smaller events in August 2013 and December 2017, average daily flows have 
remained below 20,000 ML/day and for the most part below 10,000 ML/day. Lower flows characterised 
the first two and a half years of the monitoring period (January 2008 – June 2010), with mean daily 
discharge remaining below 9,000 ML/day throughout this period. 

Over the 2018 monitoring period, the average daily flows in the Murray River at Torrumbarry ranged 
from 5,675 ML/day in March, to 7,360 ML/day in May. 

 

 

Figure 1 Average daily discharge (ML/day) hydrograph for the Murray River at Torrumbarry 
(2008–2018)(source: http://data.water.vic.gov.au/monitoring.htm). Green line 
denotes flow level at which floodrunners typically engage, while red line denotes flow 
level at which overbank flooding typically occurs.  

http://data.water.vic.gov.au/monitoring.htm


Gunbower Forest TLM fish monitoring 2018  
 

Final 01   12 

3.2 Gunbower Creek 

Although there are gaps in the flow dataset for Gunbower Creek at Koondrook, the average daily flows 
over the 2008–2018 monitoring period have fluctuated between zero and just over 900 ML/day (Figure 
2), with higher flows being typical at Cohuna Weir. With the exception of a peak in May 2008 and 
smaller peaks in mid to late 2010, the initial 2008–2011 monitoring period was characterised by very 
low flows. Since that time, hydrological variability has increased notably and periods of sustained higher 
flows (>400 ML/day at Cohuna and >200 ML/day at Koondrook) have become more common and of 
longer duration, particularly over the November to April period. The provision of winter baseflows are 
also evident in recent years (2015–2018), with the last prolonged cessation of winter flows occurring in 
May–June 2014. The discrepancy between the Cohuna Weir and Koondrook discharges illustrates the 
irrigation demands and the small proportion of flows that reach the end of the system at Koondrook. 
This was particularly evident over the 2008–2010 drought period, where end of system flows were 
notably absent the vast majority of the time. 

 

 

Figure 2 Average daily discharge (ML/day) hydrograph from 2008–2018 for Gunbower Creek at 
Cohuna Weir (site 409330)(source: North Central CMA) and Koondrook (site 
407209)(source: http://data.water.vic.gov.au/monitoring.htm). 

 

  

http://data.water.vic.gov.au/monitoring.htm
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3.3 Forest wetting and drying 

A summary of Gunbower Forest wetland hydrological conditions and watering from 2005–2018 is 
provided below in Table 4. Environmental water releases have occurred since 2005. Dry and drying 
wetlands were more prevalent during the drought (2005–2010). Since that time, dry and drying 
conditions have only occurred on two occasions (2013/14 and 2017/18), with environmental watering 
used extensively in 2014/15 and 2015/16. 

Table 4 Gunbower Forest hydrological conditions and watering (2005–2018) summary 

Site ‘05-
06 

‘06-07 ‘07-
08 

‘08-09 ‘09-
10 

‘10-11 ‘11-
12 

‘12-13 ‘13-14 ‘14-
15 

’15-
16 

’16-
17 

’17-18 ’18-
19 

Little Reedy Lagoon 
Complex (includes 
Crayfish Island) 

W W-D W W-D D W W W D W W W D W 

 
E     U U U  E E 

   

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

 
E     U U U  E E 

   

Little Gunbower 
Wetland Complex W W-D W W W W W W W-D W W W D-W W 

 
E  E E E U E U  E E 

   

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

 
E    E U U U  E E 

   

Key: 
D Dry wetland E Managed environmental water release 
W-D Drying U Unregulated flows 
W Water present 
 

3.4 Other relevant conditions and management 

The following additional information provides important context for the interpretation of this year’s 
results: 

• In 2017, the floodplain and wetlands were left to draw down and dry, and Reedy Lagoon was 
pumped down to facilitate the manual removal of carp using seine nets and electrofishing. 
Approximately 880kg of adult carp were removed; 

• Watering was used to partially fill Reedy Lagoon in spring 2017, enabling aquatic flora and 
fauna to flourish in the relative absence of carp; 

• High flows in the Murray River in December 2017 were prevented from entering Reedy 
Lagoon thereby precluding access for carp to recolonise; and  

• The Gunbower Creek ‘large-bodied fish hydrograph’ or ‘Murray Cod hydrograph’ was fully 
implemented in 2016 and 2017. 
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4 Monitoring locations 

The Gunbower monitoring sites are categorised into four macrohabitats; Creek, Lagoon, Wetland and 
River (as per section 1.1.1). Between 21 and 28 sites have been monitored annually since 2008, with the 
exception of 2015 when only 10 sites were sampled due to a lack of TLM funding (K Stanislawski pers. 
comm. 2016). A list of the monitoring sites and the years in which each site has been monitored is 
provided in Table 5. The location coordinates of these sites are listed in the monitoring plan (DELWP & 
North Central CMA 2015).  

Table 5 The Gunbower Forest fish community monitoring site names, macrohabitat 
categories and years in which they have been sampled. (* - Dry sites in 2018) 

Macrohabitat Site name Code 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 
# of 

years 

Creek 

Gunbower Creek Reach 1 GCR1            10 

Gunbower Creek Reach 2 GCR2            10 

Gunbower Creek Reach 3 GCR3            10 

Gunbower Creek Reach 4 GCR4            10 

Gunbower Creek Reach 5 GCR5            10 

Gunbower Creek Reach 6 GCR6            10 

Gunbower Creek Reach 7 GCR7            10 

Lagoon 

Cockatoo Lagoon COL            11 

Gum Lagoon GML            10 

Longmore Lagoon LOL            10 

Phyland Lagoon PHL            11 

Safe Lagoon SAL            10 

Splatt Lagoon SPL            10 

Taylor Lagoon TAL            10 

Turner Lagoon TUL            11 

Upper Gunbower Lagoon UGL            11 

Wetland 

Black Charlie Lagoon BCL            7 

Black Creek BLC            1 

Black Swamp BLS            6 

Charcoal Swamp CHS           * 3 

Corduroy Swamp COS           * 7 

Crayfish Lagoon CRI            10 

Green Swamp GRS           * 10 

Little Reedy Lagoon LRL            5 

Reedy Lagoon REL            9 

Yarran Creek YAC            4 

River 

Murray River Cohuna MRC            8 

Murray River Koondrook MRK            8 

Murray River Torrumbarry MRT            8 

Number of sites sampled per year 22 22 21 25 28 24 23 10 26 26 25   
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As outlined in section 1.1.1, the Gunbower Creek reaches are delineated by major blockages such as 
weirs or bridges as outlined in the Gunbower Creek Waterway Action Plan (North Central CMA 2007). 
The reaches are numbered in order of upstream (Headworks Weir) to downstream (Koondrook). A 
description of the reach locations and the associated lagoons is provided in Table 6. 

Table 6 Description of Gunbower Creek reach names and connected lagoons. 

Gunbower Creek 
Reach name Location description Connected lagoons 

Reach 1 Headworks Weir — Torrumbarry Weir Rd  

Reach 2 Torrumbarry Weir Rd — Gunbower Weir Splatts, Turner, Phyland, Upper 
Gunbower, Longmore 

Reach 3 Gunbower Weir — Thompsons Weir Gum, Cockatoo 

Reach 4 Thompsons Weir — Burkes Bridge  

Reach 5 Burkes Bridge — Cohuna Weir Taylor 

Reach 6 Cohuna Weir — Spences Bridge  

Reach 7 Spences Bridge — Koondrook Safes 

 

In 2018, 22 sites were sampled including nine Lagoons, seven sites on Gunbower Creek, three Wetland 
sites, and three sites on the Murray River (Table 5, Table 7 and Figure 3). 25 sites were targeted for 
sampling, however three of the six selected Wetland sites were found to be dry. 

In terms of data continuity, the following observations are made: 

• Four Lagoon sites have been monitored every year since 2008; 

• All Creek sites and the remaining Lagoon sites have been monitored every year since 2008, 
with the exception of 2015; 

• Two Wetland sites have been monitored in ten out of the eleven year monitoring period; 

• The River sites have been monitored annually since 2010, again with the exception of 2015; 
and 

• Most Wetland sites have been monitored sporadically over the monitoring period, with their 
annual selection by North Central CMA being prioritised according to water and habitat 
availability and funding (K Stanislawski pers. comm. 2016). 
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Figure 3 The location of Gunbower TLM 2018 monitoring sites. 
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5 Methods 

5.1 Fish sampling 

Fish have been sampled in accordance with the TLM consistent monitoring framework for fish, the most 
recent version of which is appended to the condition monitoring report (DELWP & North Central CMA 
2015). In summary, the sampling techniques have included: 

• Boat or backpack electrofishing using the Sustainable Rivers Audit (SRA) protocols level of 
survey effort per site (12 x 90 seconds of ‘power on’ time for boat electrofishing, and 8 x 150 
seconds for backpack electrofishing); 

• At each of the electrofished sites, 10 unbaited bait traps are set at the beginning of 
electrofishing operations and retrieved following completion, with a minimum soak time of 
two hours; and 

• Four pairs of a combination of large (i.e. coarse-meshed) and small (i.e. dual wing fine-
meshed) fyke nets being set at four fixed locations within each site (i.e. eight fyke nets per 
site). 

Sampling has been undertaken by: 

• The Murray Darling Freshwater Research Centre (2008–2011); 

• Biosis (2015)(note this was a substantially reduced program – only ten sites); 

• CPS Environmental (2012–2014 and 2016–2017); and 

• Ecology Australia (2018) 

Fish sampling occurred between 19 March and 24 May 2018. The survey locations are established 
sites, including four fixed points per site for deployment of fyke net pairs. Although examination of 
the location coordinates revealed some discrepancies over the monitoring period, the survey 
locations used in 2018 were consistent with those used from 2014 onwards and are depicted in Figure 
3. 

As per the TLM and SRA approaches, the choice between the use of boat or backpack electrofishing at 
a given site depends upon waterbody size, depth and boat access considerations. An outline of the 
sites sampled and sampling techniques used in 2018 is provided in Table 7. 

Boat electrofishing was undertaken using a Smith Root 7.5 GPP electrofisher fitted to a medium sized 
(4.1 m long), flat bottomed punt owned and operated by Ecology Australia. Bait traps and fyke net 
types, net dimensions and mesh sizes were consistent with that used previously (e.g. Sharpe et al 
2014). 

The first 50 individuals of each species for each gear type were measured to the nearest mm. The 
length measurements used were Total Length (TL) for round-tailed species and caudal fork length 
(LCF) for fork-tailed species. The measured fish were also weighed, except for small fish below a size 
typically weighing less than 1 gram, due to the high error rates associated with field-based weight 
measurement (e.g. due to the influence of wind etc.). The scales used to weigh fish being of a suitable 
resolution for the individual being measured (i.e. nearest 0.1 g for fish less than 100 g, and nearest 1.0 
gram for fish over 100 g). 
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Where time allowed, native fish of a minimum size of 300 mm TL were internally tagged with a 23 
mm half duplex (HDX) 134.2 kHz Passive Integrated Transponder (PIT) and a yellow 100 mm coded 
dart tag. The unique identifying numbers of both tags were recorded and carefully checked to ensure 
accurate transcription. Tagging only occurred if an existing dart tag was not present and scanning did 
not reveal an existing PIT. The overall condition of each fish was assessed prior to tagging, and any 
deemed to be in poor condition (e.g. excessive fin rot or Lernaea spp. infestation) were not tagged, 
due to the risk that tagging may compromise their survival. 

All fish sampling and tagging was undertaken in accordance with the terms and requirements of 
Fisheries Victoria Research Permit RP 1142 and 1320, DELWP Flora and Fauna Permit 10007806, 
Animal Ethics Approval 11.16, DEDJTR Scientific Procedures Licence SPFL20097, and NSW DPI 
scientific collection permit 18/0005-1.1, NSW DPI Animal Ethics permit 14/3027. All electrofishing 
operations adhered to the requirements of the Australian Code of Electrofishing Practice (NSW 
Fisheries 1997). The boat electrofishing vessel used complies with the requirements of commercial 
vessels in Victoria (Marine Safety (Domestic Commercial Vessel) National Law Act 2012) and holds a 
current Safe Construction Certificate and Safe Operating Certificate. All boat electrofishing was 
conducted in the presence of a staff member with the required Certificate of Competency (Class: 
Coxswain Grade 2 NC (E)) from the Australian Maritime Safety Authority. All electrofishing was 
undertaken under the direct supervision of Senior Operator(s) for electrofishing. 
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Table 7 Sites sampled and sampling effort in 2018. 

 Macrohabitat  Site 

Electrofishing effort (shots of 
‘power on’ seconds) 

Bait 
traps (#) 

Fyke nets (#) 

Boat Backpack 
Coarse-
meshed 

Fine-
meshed 

Creek 

Gunbower Creek Reach 1 12 x 90  10 4 4 

Gunbower Creek Reach 2 12 x 90  10 4 4 

Gunbower Creek Reach 3 12 x 90  10 4 4 

Gunbower Creek Reach 4 12 x 90  10 4 4 

Gunbower Creek Reach 5 12 x 90  10 4 4 

Gunbower Creek Reach 6 12 x 90  10 4 4 

Gunbower Creek Reach 7 12 x 90  10 4 4 

Lagoon 

Cockatoo Lagoon 12 x 90  10 4 4 

Gum Lagoon 12 x 90  10 4 4 

Longmore Lagoon 12 x 90  10 4 4 

Phyland Lagoon 12 x 90  10 4 4 

Safe Lagoon 12 x 90  10 4 4 

Splatt Lagoon 12 x 90  10 4 4 

Taylor Lagoon 12 x 90  10 4 4 

Turner Lagoon 12 x 90  10 4 4 

Upper Gunbower Lagoon 12 x 90  10 4 4 

Wetland Black Charlie Lagoon 12 x 90  10 4 4 

 Charcoal Swamp DRY 

 Corduroy Swamp DRY 

 Crayfish Lagoon 6 x 90 ISOLATED REFUGE POOL - electrofished only 

 Green Swamp DRY 

 Reedy Lagoon  8 x 150 10 4 4 

River 

Murray River Cohuna 12 x 90  10 4 4 

Murray River Koondrook 12 x 90  10 4 4 

Murray River Torrumbarry 12 x 90  10 4 4 
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In terms of survey technique continuity over the monitoring period, the following should be noted: 

• All River, Creek and Lagoon sites and one Wetland site (Black Charlie Lagoon) have been 
consistently boat electrofished; 

• One Wetland site (Crayfish Island) has alternated between backpack (2010–2012, 2015) and 
boat (2013–2014, 2016, 2018) electrofishing;  

• The remaining Wetland sites have always been backpack electrofished; and  

• Electrofishing did not commence at five of the nine Lagoon sites (Splatt, Phyland, Gum, 
Cockatoo and Taylors) until 2012, or at any of the Wetland sites until 2010, with fyke netting 
being the only technique used previously. 
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5.2 2018 Index calculations 

The fish condition monitoring objectives fall within three categories: 

• Objective 1: Abundance of native fish 

• Objective 2: Size classes of native fish species 

• Objective 3: Threatened native fish species populations 

The objectives are addressed separately for each macrohabitat (i.e. River, Creek, Lagoon & Wetland) by 
examining the scores of selected indices within each objective category. Examples of the calculations for 
each objective and the corresponding indices are included in Robinson and Bloink (2016). 

Table 8 A summary of the objectives and indices used to evaluate the Gunbower Forest 
Icon site 2018 and 2008 to 2018 dataset. All indices range between 0 and 1. 

Objective Indices Simplified description 

1. An increase in the 
abundance of native fish 
species 

Native species abundance Average native fish species abundance (CPUE) 

 Native species relative abundance 
Average abundance of native fish relative to total fish 

abundance  

 Native fish relative species richness Average proportion of fish species that are native  

 Native fish expected species 
Average proportion of historically expected native 

species present 

2. A range of age/size 
classes for large bodied 
native species present 

Large-bodied fish age categories  

Average number of YOY and non-YOY age categories 

present in sites (a high quality site has 5 of 6 categories 

present) 

 Large-bodied fish YOY extent 
Number of sites where YOY fish of large-bodied species  

are present 

3. A contribution to 
population recovery of 
threatened fish species 

Threatened species compliance 
Proportion of threatened species that occur in the 

expected number of sites 

 
Habitat threatened species 

occurrence 

Average proportion of sites that extant threatened 

species occur in 

 

5.2.1 Relative abundance vs raw catch data/CPUE 

The index approach relies on the calculation of relative abundance rather than the use of raw catch data 
or Catch Per Unit Effort (CPUE). This approach is used because even when effort is standardised, capture 
efficiency and hence abundance and CPUE, tends to be spatially and temporally variable due to the 
influence of a wide range of environmental and other factors. Thus, the spatial or temporal differences 
in fish abundance or CPUE may represent actual differences in the fish community, or unrelated 
differences in capture efficiency, or a combination of both. The use of relative abundance (e.g. the 
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abundance of a given species relative to the other species in a community) reduces the influence of 
capture variability on the analyses, in effect, partially standardising capture variability. However, it is not 
possible to fully standardise against capture variability because the variability may often not be uniform 
across all species.  

The use of relative abundance also allows cautious comparisons and calculations between sites in the 
same habitats using data that are collected with different methods. For example, Wetland sites are 
typically sampled either by boat or backpack due to differing waterbody depth, size and/or boat access. 
While this approach is not preferable in terms of data analysis, some cautious comparisons are possible 
if the influence of capture efficiency or habitat differences (e.g. depth) are reduced by the use of relative 
abundance, and if the influence of technique size/species bias is further reduced by analyses of grouped 
species (e.g. native vs exotic). 

Raw catch data/CPUE has been used for several tables and for the charts. These tables and charts have 
been included for ease of interpretation and consistency with previous reports (e.g. Sharpe et al 2014). 
In this instance the use of the CPUE does not imply a calculation has occurred to standardise effort (e.g. 
fish captured per hour of electrofishing), rather to indicate that a standard level of sampling effort was 
used. For River, Creek and Lagoon habitats, that effort consisted of 12 x 90 seconds of boat 
electrofishing, 4 coarse-meshed fykes, 4 fine-meshed fykes and 10 bait traps. Although small differences 
in soak times would have occurred for bait traps and fyke nets, these differences are deemed to be 
largely inconsequential. It should be noted that ‘observed’ data has been included in all indices 
calculations, and in raw catch data/CPUE.  

5.2.2 Objective 1: An increase in the abundance of native fish species 

As outlined in Table 8, this objective is addressed using four indices, the first of which uses CPUE 
abundance, while the latter three use relative abundance (refer to section 5.2.1). The Native species 
abundance (ISA) index is based on the Index of Species Abundance (ISA) used by Sharpe and Villizi (2014). 
The same measure is used for exotic species to put the native species score into context. This index is 
complemented by three simple indices (I Native abundance and I Native species and I Native expected) which compare 
the proportion of native fish by relative abundance, species richness and expected species in 2018 and 
through time. 

For each site, the following indices were calculated: 

• ISA = average status of CPUE (+1 =higher, -1 = lower) for native fish species that were present 
in 2010. 

• Note that this index has also been calculated for individual species at sites where 
present, otherwise known as ‘prevalence’; 

• I Native abundance = the proportion of fish abundance in each site that are native;  

• I Native species = the proportion of fish species in each site that are native; and 

• I Native expected = the proportion of historically expected native species present in each site. 

The historically expected native species are derived from the Pre European Reference Condition of fisH 
(PERCH) list for the Central Murray (Middle zone) developed for the Sustainable Rivers Audit (SRA), and 
from PERCH values specifically derived for the Koondrook Perricoota Forest by NSW Fisheries (Hohnberg 
et al 2015) (Table 9). The SRA PERCH values have been used for permanently flowing streams (‘River’ 
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and ‘Creek’ macrohabitats), while the Koondrook Perricoota PERCH values have been used for all semi-
permanently flowing and lentic habitats (‘Lagoons’ and ‘Wetlands’ macrohabitats). Note that this 
approach differs from that used previously (Robinson and Bloink 2016) but better reflects the managed 
hydrological regime of Gunbower Creek. The PERCH score indicates the likelihood of collection of a 
species at a site using the SRA sampling methods if it occurred in similar abundance and extent to Pre-
European levels. Note that the SRA and NSW Fisheries PERCH rarity scores were originally assigned on 
the basis of rarity ranges as follows: 

• Rarity score = 1 – Rarely recorded at a site (<20% of sampling occasions); 

• Rarity score = 3 – Usually recorded at sites where it is present (21-70% of sampling occasions); 

• Rarity score = 5 – Almost invariably recorded at a site (71-100% of sampling occasions). 

For indices calculation purposes, the rarity ranges have been converted to discrete values, to indicate 
expected occurrence as a percentage at a given site (using current sampling methods), as follows: 

• Rarity score = 1 – Expected to be recorded at 10% of sites; 

• Rarity score = 3 – Expected to be recorded at 45% of sites; and 

• Rarity score = 5 – Expected to be recorded at 85% of sites. 
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Table 9 Historic native fish species for Gunbower Forest Icon site and their PERCH score 
for Permanent (River and Creek) and Semi Permanent (Lagoon and Wetland) 
habitats. The longevity of each species is categorised as either Short-lived (SL), 
Long-lived (LL) or Intermediate lived (IL). The length thresholds for Young of 
Year (YOY) and adults are also provided (these are required for calculating 
other indices). 

Common name 

PERCH scores 

Longevity 

(Robinson 
2012) 

YOY size 
threshold (TL - 
mm) 

(Sharpe and 
Vilizzi 2014 or 
Robinson 
2012*) 

Adult size 
threshold (TL - 
mm) 

(Sharpe and 
Vilizzi 2014) 

Permanent 
habitats 
(River) 

Semi-
Permanent 
habitats (i.e. 
Creek, 
Lagoon and 
Wetland) 

Murray Cod 5 3 LL 115 425 

Trout Cod 5 1 LL 115  

Golden Perch 5 3 LL 118 268 

Silver Perch 5 1 LL 117  

Freshwater Catfish 3 3 LL 100  

Bony Herring 3 1 IL 93  

River Blackfish 3  IL 70*  

Short-headed lamprey 3     

Macquarie Perch 3  LL 75*  

Murray-Darling Rainbowfish 3 5 SL 39  

Murray Hardyhead 1 1 SL 40*  

Un-specked Hardyhead 3 5 SL 39  

Australian Smelt 5 3 SL 42  

Carp Gudgeon 5 5 SL 30  

Flathead Gudgeon 3 5 IL 50  

Southern Pygmy Perch 3 3 SL 30*  

Purple spotted Gudgeon 1 1 IL 49*  

Flat-headed galaxias 3 3 IL 80*  

Mountain Galaxias 1 1 IL 30*  

Olive Perchlet 3 3 SL 31*  

Dwarf Flathead Gudgeon 1  SL 28  

Expected Species per site 10.45 7.15    
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5.2.3 Objective 2: A range of age/size classes of native species present 

This objective is addressed using a method based on the Index of Population Structure developed by 
Sharpe and Vilizzi (2014) and aims to provide a measure of recruitment occurrence. The length 
thresholds for YOY (Table 10) are used to determine whether each measured fish is a Young of Year 
(YOY)(i.e. 0+ year old fish), or older. The number of age categories (i.e. YOY, sub-adult, adult) that are 
present at each site are calculated for each species. Ideally a site will support older and YOY age 
categories for a large number of species. All available data from the dataset was used to determine the 
best achievable values for native species richness and for native species age categories present (Table 
10). 

Table 10 Reference values for the total number of native species age categories recorded 
from the monitoring sites within each macrohabitat (based on 90th percentiles).  

Macrohabitat Number of site sampling 
events 

Reference number of native 
species present 

Reference number of native 
species age categories 
present 

River 18 8 13 

Creek 58 7 11 

Lagoon 72 6 9 

Wetland 43 3 6 

 
Using the values in Table 10Error! Reference source not found., two indices were calculated for each 
site: 

• I Age category = the proportion of native fish species age categories present compared to the 
reference value for that macrohabitat, and; 

• I Recruitment = the proportion of native fish species present that had YOY × (the number of native 
species collected ÷ the best achievable number of species collected for that macrohabitat). 

The premise of I Age category is that a site can be healthy by supporting many species that that are only 
periodically recruiting. This is complemented by I Recruitment, where a healthy site in any year is deemed 
to support many species that are recruiting. 

However, as outlined in the annual reports, the species of particular interest are Murray Cod and Golden 
Perch. The length data for these species and the threshold lengths for adults and YOY are used to 
calculate a Large Bodied Age Categories (LBAC) index. 

The approach used is to determine the status of each measured large-bodied fish (YOY, Sub-adult, or 
Adult) and to calculate a Large Bodied age categories index for each site. The LBAC index is calculated as 
the number of age categories per site, divided by 5, which means that a site with 5 or more of the 
possible 6 age categories present is deemed in excellent condition (score =1). 

• ILBAC = number of Murray cod and Golden Perch YOY, Sub-adult, and adult age categories 
present ÷ 5  

An additional index to determine how many of the sites sampled had YOY present for each of the large 
bodied species (LBYOY) is also calculated. The index is intended only for the River and Creek 
macrohabitats, because the Lagoons and Wetland macrohabitats are much less likely to support YOY of 
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these species (particularly Murray Cod). The premise of this index is that a healthier creek or river would 
have YOY present in more sites. This is a developmental index (Robinson and Bloink 2016) without a 
reference value, however it’s interpretation is simple and can be used an indicative measure of 
recruitment for these habitats. The statistical properties of this index have now been evaluated and are 
included as Appendix 1.  

• ILBYOY = average proportion of (creek or river) sites containing Murray cod and Golden Perch 
YOY 

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

This objective is addressed using a similar ‘species extent’ based method to those described in the 
Robinson (2015) report and are based on Sharpe and Villizi (2014), but differs in that only the seven 
threatened species that have been recorded during the 2008–2016 monitoring period are included. 
Other threatened species with potential to occur (e.g. Southern Pygmy Perch) have not been included 
because their potential to re-occur without direct intervention may be limited. These species can easily 
be included for future analyses if required.  

For this objective, two indices are calculated to compare the number of sites where threatened species 
were recorded, against the number of sites that are historically expected to have supported threatened 
species. The number of sites that are expected to have supported threatened species is based on the 
SRA PERCH list (Central Murray - Middle zone)(River and Creek), and Koondrook Perricoota Forest 
PERCH list (Lagoon and Wetland) as outlined in Table 9. 

Table 11 Threatened native fish species recorded and/or predicted to have historically 
occurred at Gunbower Forest, including the proportion of sites each species is 
historically expected to have been found at using the SRA sampling protocols, 
based on PERCH lists developed for SRA and for Koondrook Perricoota Forest. 

Common name 

Recorded during 
2008–2018 
monitoring 
(extant) 

The proportion of 
‘permanent’ sites (i.e. River 
and Creek) that each species 
is historically expected to 
have been found at using SRA 
protocols 

(%) 

The proportion of ‘semi-
permanent’ sites (Lagoon and 
Wetland) that each species is 
historically expected to have 
been found at using SRA 
protocols 

(%) 

Murray Cod  85 45 

Trout Cod  85 10 

Silver Perch  85 10 

Golden Perch  85 45 

Freshwater Catfish  45 45 

Murray-Darling 
Rainbowfish 

 45 85 

Un-specked Hardyhead  45 85 

Southern Pygmy Perch   45 45 

Southern Purple-  10 10 
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Common name 

Recorded during 
2008–2018 
monitoring 
(extant) 

The proportion of 
‘permanent’ sites (i.e. River 
and Creek) that each species 
is historically expected to 
have been found at using SRA 
protocols 

(%) 

The proportion of ‘semi-
permanent’ sites (Lagoon and 
Wetland) that each species is 
historically expected to have 
been found at using SRA 
protocols 

(%) 
spotted Gudgeon 

Flat-headed Galaxias  45 45 

Olive Perchlet  45 45 

Macquarie Perch  45 0 

Murray Hardyhead  10 10 

 

Average number of 
threatened native fish 

species expected in 
any site 

All spp. 6.75 4.8 

Extant spp. 4.75 3.25 

 

Summing the proportion of sites that each threatened (extant) species is expected to occur in gives an 
expectation of 4.75 species per site in permanent habitats (Rivers) and 3.25 species per site in semi-
permanent habitats (Creek, Lagoons and Wetlands). If subsequent years of monitoring were to detect 
additional extant species, then the expected number of species per site would need to be updated 
accordingly. 

Using the information provided above, the following site-based index is calculated: 

• I Rare species (previously called I Threatened species present) = The number of threatened species present ÷ 
expected number present for each site 

Further, an overall score for each habitat for the year is calculated: 

• I Population recovery (previously called I Threatened species occurrence) = The average proportion of sites that 
the threatened species occur in for that habitat 
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5.3 2008–2018 Index calculations and comparisons 

Previously there were subtle differences between the indices used for the current year and those used 
for the temporal comparisons (Robinson and Bloink 2016). On this occasion the indices used to assess 
the temporal changes are now the same as those used for the 2018 data. However, the focus is to 
examine trends through time and the qualifying aspects of the objectives (e.g. ‘an increase in…’) in 
relation to points of reference (e.g. 2009 for Lagoons). Data from 2008 has also been analysed, however 
is not used as a point of reference due to seasonal differences in the timing of sampling.  
As stated in section 1.2, the points of reference used are: 

• Murray River: 2010 (i.e. the first year that this macrohabitat was sampled as part of the 
program); and 

• Creek, Lagoons, Wetlands: 2009 (i.e. the first year that these macrohabitats were sampled in 
autumn as has remained the case for all subsequent years). 

These indices meet the Icon Site condition monitoring reporting requirements, however they are not 
definitive for the dataset and additional indices could be developed if required. 
It should be noted that calculation of I Age category and I Recruitment for fork-tailed species are affected by 
previous inconsistencies in the approach used for length measurement of these species (refer to section 
6). 
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6 Limitations 

As has been outlined previously (Robinson and Bloink 2016), there is a lack of consistency and 
documented transparency around the methods used in selecting/prioritising Wetland sites to be 
sampled (refer to section 9 for recommendations). The subjective selection criteria used for the 
annual selection of Wetland sites (i.e. based on water and habitat suitability and funding 
considerations) has data analyses implications. Put simply, the Wetland data cannot be properly 
analysed at the macrohabitat scale, because it is unclear what proportion of the total population the 
sampled Wetlands represent in any given year. Consequently, the Wetland data are most 
appropriately used for snapshot reporting at an individual sites scale, rather than used in long-term or 
whole-of-Icon-site scale reporting. The River, Creek and Lagoon macrohabitat sites can be analysed 
for long-term trends.  

The species summaries component of this report are intended to facilitate dissemination of this 
information to a broader audience including community members. It should be noted that the 
combining fish length data from all sites and macrohabitats is statistically inappropriate due to the 
substantial habitat differences and due to the lack of weighting applied to site data within 
macrohabitats (i.e. cluster sampling). The histograms are therefore not intended to provide an 
accurate depiction of population structure and are only intended to provide an overview of the range 
of sizes captured. Although weighted histograms could be produced for species of particular interest 
(e.g. Murray Cod and Golden Perch), the histograms produced would not provide an accurate 
estimation of population structure due to the small number of fish captured/measured. 

Long term analyses of recruitment and age categories was not previously (Robinson and Bloink 2016) 
calculated due to inconsistencies in the approach used to measure fork-tailed species (i.e. Standard 
Length/Total Length and no Length at Caudal Fork). A more consistent approach (i.e. LCF) was 
recommended by Robinson and Bloink (2016) for fork-tailed species and was applied in 2018. Long-
term analyses were undertaken on this occasion using the long-term dataset; however the accuracy 
of these long term analyses will improve following further rectification of the fork-tailed fish length 
data. 

There was one site sampled where a reduced level of sampling effort was applied due to the small 
size of a drying waterbody (Crayfish Island). In this instance the reduced effort is counteracted to 
some extent by the extreme fish densities encountered in this contracted refuge pool habitat. 
Therefore, rather than calculate CPUE to standardise the effort, the raw capture abundance was used 
and the data was flagged in the various table and chart captions. 
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7 Results 

7.1 Overview 

The 2018 survey captured a total of 31,857 fish from 16 species, 11 of which were native. Fish capture 
rates were much higher at Lagoon (2,740 fish per site) and Wetland (1,502 fish per site) macrohabitats 
compared with Creek (228 fish per site) and River (211 fish per site) macrohabitats due to the 
prevalence of small-bodied fish. One small bodied species, Carp Gudgeon Hypseleotris spp. comprised 
over 75% of the fish captured. Large-bodied species comprised only 2.7% of the fish captured and Carp 
Cyprinus carpio comprised by far the largest proportion of the large-bodied species catch (1.7%). 

The fish community differed considerably between macrohabitats, with small-bodied fish being far more 
abundant at Wetland and Lagoon sites than River or Creek sites and three native large-bodied species, 
Murray Cod Maccullochella peelii, Golden Perch Macquaria ambigua and Silver Perch typically rarely 
captured from Lagoon or Wetland sites. Although only three Wetland sites were sampled, exotic species 
were much more prevalent at Wetland sites, primarily due to very large numbers of Eastern Gambusia 
Gambusia holbrooki. 

Three species were recorded in very low abundance, together comprising just 0.02% of the total number 
of fish captured. These included Freshwater Catfish Tandanus tandanus (3 individuals) from Lagoon 
macrohabitat, Silver Perch Bidyanus bidyanus (3) from Creek and River macrohabitat and Redfin Perca 
fluviatilis (1) from Lagoon macrohabitat. A summary of 2016 monitoring results is provided in Table 12. 

Table 12 Overview summary of the Gunbower Icon Site survey catch results in 2018 (exotic 
species shaded).  

Species common Species name Creek Lagoon River Wetland Total 

Australian Smelt Retropinna semoni 453 649 209 3 1314 

Bony Herring Nematalosa erebi 1 7 3  11 

Carp Cyprinus carpio 134 221 89 108 552 

Carp Gudgeon Hypseleotris spp. 756 19862 32 3255 23906 

Dwarf Flat-headed Gudgeon Philypnodon macrostomus  12   12 

Eastern Gambusia Gambusia holbrooki 134 476  824 1434 

Flat-headed Gudgeon Philypnodon grandiceps 10 450 2 136 598 

Freshwater Catfish Tandanus tandanus  3   3 

Golden Perch Macquaria ambigua 14 3 10  27 

Goldfish Carassius auratus 21 94 4 72 191 

Goldfish/Carp Hybrid Carassius x Cyprinus  2  1 3 

Murray Cod Maccullochella peelii 27 1 23  51 

Murray-Darling Rainbowfish Melanotaenia fluviatilis 40 245 240 89 614 

Oriental Weatherloach Misgurnus anguillicaudatus  7  16 23 

Redfin Perca fluviatilis  1   1 

Silver Perch Bidyanus bidyanus 2  1  3 

Unspecked Hardyhead Craterocephalus stercusmuscarum fulvus 459 2632 20 3 3114 

 Number of fish caught 2051 24,665 633 4507 31,857 
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7.2 River 

The 2018 survey of the River sites captured 633 fish from 11 species (9 native)(See Table 13). The small-
bodied fishes, Australian Smelt Retropinna semoni and Murray-Darling Rainbowfish Melanotaenia 
fluviatilis dominated the catch, together comprising 71% of the fish caught. The most abundant large 
bodied species captured were Carp (14%) and Murray Cod (3.6%). 

Table 13 Survey results (exotic species shaded) for the River macrohabitat sites in 2018. 

Species 
Murray River 

Cohuna 
Murray River 
Koondrook 

Murray River 
Torrumbarry Total 

Australian Smelt 27 154 28 209 

Bony Herring  3  3 

Carp 28 37 24 89 

Carp Gudgeon  3 29 32 

Flat-headed Gudgeon   2 2 

Golden Perch 1 7 2 10 

Goldfish 1  3 4 

Murray Cod 15 6 2 23 

Murray-Darling Rainbowfish 40 134 66 240 

Silver Perch 1   1 

Unspecked Hardyhead  14 6 20 

Total 113 358 162 633 

 

 

Plate 1 Murray River at Cohuna (May 2018)  
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7.3 Creek 

The 2018 survey of the Creek sites captured 2051 fish from 12 species (9 native)(See Table 14). The 
small-bodied fishes, Australian Smelt, Carp Gudgeon, and Unspecked Hardyhead Craterocephalus 
stercusmuscarum fulvus and Murray-Darling Rainbowfish Melanotaenia fluviatilis dominated the catch, 
together comprising 81% of the fish caught. The most abundant large-bodied species captured were 
Carp (6.5%) and Murray Cod (1.0%). 

Table 14 Survey results (exotic species shaded) for the Creek macrohabitat sites in 2018. 

Species Reach 1 Reach 2 Reach 3 Reach 4 Reach 5 Reach 6 Reach 7 Total 

Australian Smelt 74 55 140 41 2 23 118 453 

Bony Herring      1  1 

Carp 6 24 13 27 44 13 7 134 

Carp Gudgeon 176 140 213 111 4 88 24 756 

Eastern Gambusia  7 26 3 5 91 2 134 

Flat-headed Gudgeon 2 3  4 1   10 

Golden Perch 1  2   11  14 

Goldfish 3 4 5 3 4 1 1 21 

Murray Cod 5 3 5  2 10 2 27 

Murray-Darling Rainbowfish 11 5 2  5 14 3 40 

Silver Perch      2  2 

Unspecked Hardyhead 2  77 141 63 170 6 459 

Total 280 241 483 330 130 424 163 2051 

Plate 2 Gunbower Creek Reach 1 (March 2018)  
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7.4 Lagoon 

The 2018 survey of the Lagoon sites captured 24,655 fish from 15 species (10 native)(See Table 15). Two 
small-bodied fishes, Carp Gudgeon and Unspecked Hardyhead dominated the catch, together 
comprising 91% of the fish caught. The most abundant large-bodied species captured were Carp (0.9%) 
and Goldfish (0.4%). 

Table 15 Survey results (exotic species shaded) for the Lagoon macrohabitat sites in 2018. 

Species 

Co
ck

at
oo

 
La

go
on

 

G
um

 
La

go
on

 

Lo
ng

m
or

e 
La

go
on

 

Ph
yl

an
d 

La
go

on
 

Sa
fe

s 
La

go
on

 

Sp
la

tt
 

La
go

on
 

Ta
yl

or
s 

La
go

on
 

Tu
rn

er
 

La
go

on
 

U
pp

er
 

G
un

bo
w

er
 

La
go

on
 

To
ta

l 

Australian Smelt 284 3 24 1 56 25 10 242 4 649 

Bony Herring   7       7 

Carp 26 22 44 26 10 40 24 9 20 221 

Carp Gudgeon species 8396 7804 709 191 88 715 1724 43 192 19862 

Dwarf Flat-headed Gudgeon 3 1 2 1  1 2 2  12 

Eastern Gambusia 8 3 54 7 14 226 44 57 63 476 

Flat-headed Gudgeon 23 9 202 73 17 91  35  450 

Freshwater Catfish 3         3 

Golden Perch      3    3 

Goldfish 5   14 61  1 11 2 94 

Goldfish/Carp Hybrid 1  1       2 

Murray Cod  1        1 

Murray-Darling Rainbowfish   3   241 1   245 

Oriental Weatherloach 1      3  3 7 

Redfin        1  1 

Unspecked Hardyhead 4 448 581 79 196 670 52 437 165 2632 

Total 8754 8291 1627 392 442 2012 1861 837 449 24665 
 

 

Plate 3 Cockatoo Lagoon (March 2018)  
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7.5 Wetland 

The 2018 survey of the Wetland sites captured 4,507 fish from 10 species (5 native)(See Table 16). Carp 
Gudgeon and Eastern Gambusia dominated the catch, together comprising 91% of the fish caught. The 
most abundant large-bodied species captured were Carp (2.4%) and Goldfish (1.6%). 

Table 16 Survey results (exotic species shaded) for the Wetland macrohabitat sites in 2018. 

Species common Black Charlie Lagoon Crayfish Island Reedy Lagoon Total 

Australian Smelt  3  3 

Carp 28 77 3 108 

Carp Gudgeon 1543 345 1367 3255 

Eastern Gambusia 74 1 749 824 

Flat-headed Gudgeon 136   136 

Goldfish 3 61 8 72 

Goldfish/Carp Hybrid  1  1 

Murray-Darling Rainbowfish 2 25 62 89 

Oriental Weatherloach 3  13 16 

Unspecked Hardyhead 3   3 

Total 1792 513 2202 4507 

 

 

Plate 4 Reedy Lagoon (May 2018) 
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7.6 Species summaries — Large-bodied species 

7.6.1 Bony Herring 

A total of 11 Bony Herring were captured during the 2018 monitoring surveys (See Table 12), seven of 
which were captured at Longmore Lagoon (Figure 4 — top). A wide range of sizes were captured, but no 
young of year (YOY)(Figure 4 — bottom). 

 

 

Figure 4 Top — the number of Bony Herring captured at sites and macrohabitats in 2018.                    
Bottom — length frequency distribution of Bony Herring. Note that this unweighted 
histogram is not intended to provide an accurate representation of population 
structure at the macrohabitat or whole-of-site scale. 
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Bony Herring have been captured in low abundance regularly over time in both the River and Creek 
macrohabitats, but more consistently in the River (2011–2018). Captures in the Lagoon habitats have 
been much more variable, with the species detected on only three occasions and one of those occasions 
(2012) being in much higher abundance (Figure 5). 

 

Figure 5 Average catch per site where Bony Herring were present (2008–2018). 

 

Plate 5 Bony Herring (adults) captured during the 2018 monitoring survey.  
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7.6.2 Carp 

A total of 552 Carp were captured during the 2018 monitoring surveys (See Table 12). The capture rate 
was very high at Crayfish Island (Figure 6 — top) with over 70 Carp captured despite using less than half 
the standard survey effort at this drying site (refer to section 6). The capture rate was very low at Reedy 
Lagoon, and this is likely to be the result of the carp removal trial undertaken in 2017, combined with 
the lower sampling efficacy of backpack electrofishing for this species. A wide range of sizes were 
captured including young of year (YOY)(Figure 6 — bottom). 

 

 

Figure 6 Top — the number of Carp captured at sites and macrohabitats in 2018.                    
Bottom — length frequency distribution of Carp including Young of Year (YOY). Note 
that this unweighted histogram is not intended to provide an accurate representation 
of population structure at the macrohabitat or whole-of-site scale. 
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The prevalence (i.e. abundance where present) of carp has remained relatively static over time for the 
Creek and Lagoon macrohabitats, and for the River macrohabitat with the exception of a large peak in 
2011 (Figure 7). The prevalence of carp in the wetland habitats has been much more variable, however 
the individual wetlands sampled and the number of wetlands sampled has varied between years, with 
only three wetlands sampled in 2018 including reduced sampling effort at Crayfish Island (refer to 
section 6).  

 

Figure 7 Average catch per site where Carp were present (2008–2018). 

 

  

Plate 6 Juvenile and Young of Year Carp recorded during the 2018 monitoring survey.  
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7.6.3 Freshwater Catfish 

A total of three Freshwater Catfish were captured during the 2018 monitoring surveys (See Table 12), all 
being captured from Cockatoo Lagoon (Figure 8— top). Adults and juveniles including young of year 
(YOY) were captured (Figure 8 — bottom). 

 

 

Figure 8 Top — the number of Freshwater Catfish captured at sites and macrohabitats in 2018. 
Bottom — length frequency distribution of Freshwater Catfish including Young of Year 
(YOY). Note that this unweighted histogram is not intended to provide an accurate 
representation of population structure at the macrohabitat or whole-of-site scale. 
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The prevalence (i.e. abundance where present) of Freshwater Catfish has remained low throughout the 
monitoring period (Figure 9), with the species regularly detected in the Lagoon macrohabitat and only 
once being detected in another macrohabitat (Creek macrohabitat — 2017). 

 

 

Figure 9 Average catch per site where Freshwater Catfish were present (2008–2018). 

 

  

Plate 7 Freshwater Catfish adult and Young of Year captured from Cockatoo Lagoon 
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7.6.4 Golden Perch 

A total of 27 Golden Perch were captured during the 2018 monitoring surveys (See Table 12). With the 
exception of three Young of Year captured in Splatt Lagoon, all Golden Perch were captured from 
Gunbower Creek (particularly Reach 6) and the Murray River (Figure 10— top). Adult and Young of Year 
were captured, however no older juvenile or sub-adult fish were encountered (Figure 10 — bottom). 

 

 

Figure 10 Top — the number of Golden Perch captured at sites and macrohabitats in 2018. 
Bottom — length frequency distribution of Golden Perch including Young of Year 
(YOY). Note that this unweighted histogram is not intended to provide an accurate 
representation of population structure at the macrohabitat or whole-of-site scale. 
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The average prevalence (abundance where present) of Golden Perch in the River macrohabitat has 
fluctuated over time more than in the Creek macrohabitat (Figure 11). Golden Perch were captured in 
the Lagoon macrohabitat in 2017 and 2018, but had not been detected in this macrohabitat over the 
three years prior (2014–2016). 

 

Figure 11 Average catch per site where Golden Perch were present (2008–2018). 

Stocking records 

Golden Perch are stocked into Gunbower Creek and Kow Swamp (https://vfa.vic.gov.au/db), and Murray 
River at Koondrook (https://www.dpi.nsw.gov.au/fishing/recreational/resources/stocking). Although 
Golden Perch have been stocked annually at Kow Swamp from 2008–2017, they have only been stocked 
in Gunbower Creek since 2016. In 2018, 200,000 Golden Perch were stocked in Gunbower Creek, a 
substantial increase in the numbers stocked in 2016 and 2017 (Figure 12). In 2018, Golden Perch were 
stocked at six sites located in reaches 3–7 (Jonathon Pini – DEDJTR, pers. comm. 2018). In most years, 
the stocked Golden Perch in Kow Swamp were chemically marked (e.g. calcein) to enable discrimination 
with wild reared stock, however 2017/18 stocked fish have not been marked (https://vfa.vic.gov.au/db). 

 

Figure 12 Golden Perch stocking records for Gunbower Creek, Kow Swamp and the Murray 
River. Source: https://vfa.vic.gov.au/db, 
https://www.dpi.nsw.gov.au/fishing/recreational/resources/stocking. 

https://vfa.vic.gov.au/db
https://www.dpi.nsw.gov.au/fishing/recreational/resources/stocking
https://vfa.vic.gov.au/db
https://vfa.vic.gov.au/db
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Plate 8 Adult and Young of Year Golden Perch captured during the 2018 monitoring survey. 
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7.6.5 Goldfish 

A total of 191 Goldfish were captured during the 2018 monitoring surveys (See Table 12). The capture 
rate was very high at Safes Lagoon and Crayfish Island (Figure 13 — top), with over 60 Goldfish captured 
at each of these sites, despite using less than half the standard survey effort at Crayfish Island (refer to 
section 6). A wide range of sizes were captured including a dominant young of year (YOY) size class 
(Figure 13— bottom). 

 

 

Figure 13 Top — the number of Goldfish captured at sites and macrohabitats in 2018.                    
Bottom — length frequency distribution of Goldfish including Young of Year (YOY). 
Note that this unweighted histogram is not intended to provide an accurate 
representation of population structure at the macrohabitat or whole-of-site scale. 
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The prevalence of Goldfish has remained relatively static over time for the Creek and River 
macrohabitats with the exception of a large peak in 2011 (Figure 14). The prevalence of Goldfish in the 
Wetland and Lagoon macrohabitats has been more variable; however the individual wetlands sampled 
and the number of wetlands sampled has varied between years, with only three wetlands sampled in 
2018 including reduced sampling effort at Crayfish Island.  

 

Figure 14 Average catch per site where Goldfish were present (2008–2018). 

 

  

Plate 9 Goldfish in poor condition (left) and Goldfish/Carp hybrid (right) recorded during the 
2018 monitoring survey. 
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7.6.6 Murray Cod 

A total of 51 Murray Cod were captured during the 2018 monitoring surveys (See Table 12). With the 
exception of a single individual captured in Gum Lagoon, all Murray Cod were captured from Gunbower 
Creek and the Murray River macrohabitats (Figure 15 — top). A wide range of sizes were captured 
including ten young of year (YOY), mostly from Gunbower Creek (Figure 15 — bottom). 

 

 

Figure 15 Top — the number of Murray Cod captured at sites and macrohabitats in 2018. 
Bottom — length frequency distribution of Murray Cod including Young of Year (YOY). 
Note that this unweighted histogram is not intended to provide an accurate 
representation of population structure at the macrohabitat or whole-of-site scale. 
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The prevalence of Murray Cod in the River macrohabitat has fluctuated considerably over time (Figure 
16). Fluctuations in the prevalence of Murray Cod in the Creek macrohabitat have been less marked, 
with 2015–2018 captures being elevated compared with 2008–2014. Murray Cod have been detected in 
low abundance in the Lagoon macrohabitat (Gum Lagoon) on two occasions (2016 and 2018). 

 

Figure 16 Average catch per site where Murray Cod were present (2008–2018). 

Stocking records 

Murray Cod are stocked into Gunbower Creek, Kow Swamp, and the Murray River at Koondrook and 
Torrumbarry (Figure 17). With the exception of 2009, Murray Cod have been stocked annually in 
Gunbower Creek, however the 100,000 Murray Cod stocked in the creek in 2018 was the highest 
number stocked since 2012. In 2018, Murray Cod were stocked at six sites located in reaches 3–7 
(Jonathon Pini – DEDJTR, pers. comm. 2018). In most years, the stocked Gunbower Creek Murray Cod 
were chemically marked (e.g. calcein) to assist in discriminating them from wild reared fish, however the 
fish stocked in 2017 and 2018 have not been chemically marked (https://vfa.vic.gov.au/db).  

 

Figure 17 Murray Cod stocking records for Gunbower Creek, Kow Swamp and the Murray River. 
Source: https://vfa.vic.gov.au/db, 
https://www.dpi.nsw.gov.au/fishing/recreational/resources/stocking.  

https://vfa.vic.gov.au/db
https://vfa.vic.gov.au/db
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Plate 10 Murray Cod captured during the 2018 monitoring surveys  
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7.6.7 Oriental Weatherloach 

A total of 23 Oriental Weatherloach were captured during the 2018 monitoring surveys (See Table 12). 
The species was only detected from Lagoon and Wetland macrohabitats and the capture rate was 
highest at Reedy Lagoon (Figure 18 — top). Differences between Wetland sites could be due to many 
factors, including the use of  backpack electrofishing at Reedy Lagoon and no netting or trapping being 
used at Crayfish Island. A narrow range of sizes were captured and no Young of Year were evident 
(Figure 18 — bottom). 

 

 

Figure 18 Top — the number of Oriental Weatherloach captured at sites and macrohabitats in 
2018. Bottom — length frequency distribution of Oriental Weatherloach. Note that 
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this unweighted histogram is not intended to provide an accurate representation of 
population structure at the macrohabitat or whole-of-site scale. 

 
The average prevalence of Oriental Weatherloach has been variable, particularly in the Wetland 
macrohabitat. The species has only once been recorded from the River macrohabitat and is occasionally 
recorded from the Creek macrohabitat (Figure 19). Temporal variability in the Wetland macrohabitat 
should be interpreted with caution as individual wetlands sampled and the number of wetlands sampled 
has varied between years, with only three wetlands sampled in 2018 including reduced sampling effort 
at Crayfish Island (refer to section 6).  

 

Figure 19 Average catch per site where Oriental Weatherloach were present (2008–2018). 

 

  
  

Plate 11 Oriental Weatherloach recorded during the 2018 monitoring survey.  
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7.6.8 Redfin 

A solitary Redfin was captured during the 2018 monitoring surveys, from Turner Lagoon (See Table 12 
and Figure 20). The individual was a juvenile but not a young of year (YOY)(Figure 20— bottom). 

 

 

Figure 20 Top — the number of Redfin captured at sites and macrohabitats in 2018.            
Bottom — length frequency distribution of Redfin. 
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The prevalence of Redfin has remained low throughout the monitoring period (Figure 21), with the 
species regularly detected in the Lagoon macrohabitat, but only rarely being detected in other 
macrohabitats. 

 

Figure 21 Average catch per site where Redfin were present (2008–2018). 

 

  

Plate 12 Redfin (juvenile) captured from Turner Lagoon 
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7.6.9 Silver Perch 

A total of three Silver Perch were captured during the 2018 monitoring surveys (See Table 12). All of 
them were captured from Creek and River macrohabitats (Figure 22— top). Only adults were captured 
(Figure 15 — bottom). 

 

 

Figure 22 Top — the number of Silver Perch captured at sites and macrohabitats in 2018.  
Bottom — length frequency distribution of Silver Perch.  
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The abundance of Silver Perch has remained low throughout the monitoring period (Figure 23), with the 
species only detected in the Creek and River macrohabitats and not being detected at all in 2017. 

 

Figure 23 Average catch per site where Silver Perch were present (2008–2018). 

 

 

Plate 13 Silver Perch captured and tagged from the 2018 monitoring survey  
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7.7 Species summaries — Small-bodied species 

7.7.1 Australian Smelt 

A total of 1314 Australian Smelt were captured during the 2018 monitoring surveys (See Table 12). The 
species was captured at the vast majority of sites (excluding Black Charlie Lagoon and Reedy Lagoon), 
with the highest numbers recorded at Cockatoo Lagoon and Turner Lagoon (Figure 24— top). A wide 
range of sizes were captured but the catch was dominated by young of year, particularly in Gunbower 
Creek (YOY)( Figure 24 — bottom). 

 

 

Figure 24 Top — the number of Australian Smelt captured at sites and macrohabitats in 2018.                    
Bottom — length frequency distribution of Australian Smelt. Note that this 
unweighted histogram is not intended to provide an accurate representation of 
population structure at the macrohabitat or whole-of-site scale. 



Gunbower Forest TLM fish monitoring 2018  
 

Final 01   56 

Australian Smelt capture rates (prevalence) have varied considerably over time in Lagoon, River and 
Wetland macrohabitats, with the highest average catch per site recorded for Lagoon habitats in 2017. 
Despite this variability, prevalence has generally increased over time in all but the Wetland 
macrohabitat (Figure 25). 

 

Figure 25 Average catch per site where Australian Smelt were present (2008–2018). 

 

 
Plate 14 Australian Smelt (adult) captured during the 2018 monitoring survey.  
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7.7.2 Carp Gudgeon 

Carp Gudgeon were captured at all sites except the Murray River at Cohuna. Capture rates varied 
markedly between sites, with captures at Cockatoo Lagoon (8,396) and Gum Lagoon (7,804) being much 
higher than any other site (Figure 26). A wide range of sizes were captured including a high proportion 
of Young of Year (Figure 26).  

 

 

 

Figure 26 - Top — the number of Carp Gudgeon captured at sites and macrohabitats in 2018.                          
Bottom — length frequency distribution of Carp Gudgeon. Note that this unweighted histogram is not 
intended to provide an accurate representation of population structure at the macrohabitat or whole-
of-site scale 
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The capture rates at sites where detected (prevalence) for Carp Gudgeon have varied considerably over 
time for all but the River sites, with the largest fluctuations occurring for the Lagoon and Wetland sites. 
The Lagoon capture rates have increased steadily since 2012  

 

Figure 27 Average catch per site where Carp Gudgeon were present (2008–2018). 

 

  
 

Plate 15 Carp Gudgeons captured during the 2018 monitoring survey. 
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7.7.3 Dwarf Flat-headed Gudgeon 

Dwarf Flat-headed Gudgeon were captured in low abundance at all Lagoon sites with the exception of 
Safe Lagoon and Upper Gunbower Lagoon. The species was not captured at any other macrohabitat 
sites (Figure 28). All of the individuals captured were adults or sub-adults (i.e. no YOY were captured)( 
Figure 28). 

 

 

Figure 28 Top — the number of Dwarf Flat-headed Gudgeon at sites and macrohabitats in 2018.                          
Bottom — length frequency distribution of Dwarf Flat-headed Gudgeon. Note that this 
unweighted histogram is not intended to provide an accurate representation of 
population structure at the macrohabitat or whole-of-site scale. 
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Dwarf Flat-headed Gudgeon were captured for the first time since 2014, albeit in low abundance. The 
species has previously been recorded in Wetland macrohabitats (2008–2009) and Creek macrohabitats 
(2008–2014)(Figure 29).  

 

Figure 29 Average catch per site where Dwarf Flat-headed Gudgeon were present (2008–2018). 

 

  
 

Plate 16 Dwarf Flat-headed Gudgeon (adults) captured during 2018 monitoring surveys. 
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7.7.4 Eastern Gambusia  

Eastern Gambusia were captured at all Lagoon and Wetland sites and the majority of Creek sites, but 
were not recorded at River sites (Figure 30). Capture rates were much higher at Reedy Lagoon than at 
any other site. A wide range of sizes were captured including a high proportion of YOY (Figure 30). 

 

 

 

Figure 30 Top — the number of Eastern Gambusia captured at sites and macrohabitats in 2018.                          
Bottom — length frequency distribution of Eastern Gambusia. Note that this 
unweighted histogram is not intended to provide an accurate representation of 
population structure at the macrohabitat or whole-of-site scale 
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Eastern Gambusia capture rates were generally highest in 2011, but have fluctuated considerably over 
time in most macrohabitats except for the River sites (Figure 31).  

 

Figure 31 Average catch per site where Eastern Gambusia were present (2008–2018). 

 

 

Plate 17 Eastern Gambusia (adult) captured during the 2018 monitoring survey. 
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7.7.5 Flat-headed Gudgeon 

Flat-headed Gudgeon were captured at most Lagoon sites and Creek sites in 2018. Capture rates were 
highest at Longmore Lagoon, Black Charlie Lagoon, Splatt Lagoon and Phyland Lagoon (Figure 32). A 
wide range of sizes were captured including a high proportion of YOY (Figure 32). 

 

 

 

Figure 32 Top — the number of Flat-headed Gudgeon captured at sites and macrohabitats.                          
Bottom — length frequency distribution of Flat-headed Gudgeon. Note that this 
unweighted histogram is not intended to provide an accurate representation of 
population structure at the macrohabitat or whole-of-site scale 
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Flat-headed Gudgeon capture rates have remained low and relatively static in River and Creek 
macrohabitats since 2009/2010, but have fluctuated considerably in Lagoon and Wetland macrohabitats 
(Figure 33). 

 

Figure 33 Average catch per site where Flat-headed Gudgeon were present (2008–2018). 

 

  

Plate 18 Flat-headed Gudgeon captured during the 2018 monitoring survey 
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7.7.6 Murray-Darling Rainbowfish 

Murray-Darling Rainbowfish were recorded from the vast majority of River and Creek sites, together 
with the Wetland sites and some Lagoon sites (Figure 34). The capture rates were highest at Splatt 
Lagoon and the Murray River at Koondrook (Figure 34). A wide range of sizes were captured including a 
high proportion of YOY (Figure 34). Over 50 predominantly large Rainbowfish were recorded from Reedy 
Lagoon, a site where the species had not previously been recorded during the monitoring program. 

 

 

Figure 34 Top — the number of Murray-Darling Rainbowfish captured at sites & macrohabitats.                          
Bottom — length frequency distribution of Murray-Darling Rainbowfish. Note that this 
unweighted histogram is not intended to provide an accurate representation of 
population structure at the macrohabitat or whole-of-site scale 
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Murray-Darling Rainbowfish capture rates have fluctuated considerably over time, with the highest 
capture rates recorded in the River sites in 2014 and relatively static at Creek sites (Figure 35). 

 

Figure 35 Average catch per site where Murray-Darling Rainbowfish were present (2008–2018). 

 

 

 

Plate 19 Murray-Darling Rainbowfish (adults) recorded from Reedy Lagoon during the 2018 
monitoring surveys.  
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7.7.7 Unspecked Hardyhead 

Unspecked Hardyhead were captured from all Lagoon sites and the majority of River and Creek sites. 
Capture rates were highest in the Lagoon and Creek sites (Figure 36). YOY dominated the catch, 
however a wide range of sizes were captured (Figure 36). 

 

 

Figure 36 Top — the number of Unspecked Hardyhead captured at sites and macrohabitats.                          
Bottom — length frequency distribution of Unspecked Hardyhead. Note that this 
unweighted histogram is not intended to provide an accurate representation of 
population structure at the macrohabitat or whole-of-site scale. 
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The capture rates of Unspecked Hardyhead have remained relatively static over time in the River sites, 
while fluctuating considerably in the Creek and particularly the Lagoon sites (Figure 37). The highest 
catch rates were from the Lagoon sites in 2016. 

 

Figure 37 Average catch per site where Unspecked Hardyhead were present (2008–2018). 

 

  

Plate 20 Unspecked Hardyhead captured during the 2018 monitoring surveys. 
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7.8 2018 TLM Indices 

7.8.1 Objective 1: native species abundance 

The proportion of native fish caught (I Native abundance) 

Between 80% (River) and 95% (Lagoon) of fish collected in 2018 were native (I Native abundance)(Figure 38). 
These high averages across the sites surveyed were primarily due to large abundances of Australian 
Smelt, Carp Gudgeon and Unspecked Hardyhead in Creek macrohabitats, Carp Gudgeon and Unspecked 
Hardyhead in Lagoon macrohabitats, Australian Smelt and Murray-Darling Rainbowfish in River 
macrohabitats, and Carp Gudgeon in Wetland macrohabitats (Table 12). 

The proportion of native fish species caught (I Native species) 

A greater proportion of the fish species detected were native in the River (I Native species) than for the other 
macrohabitats (Figure 38). The Creek and Lagoon macrohabitats averaged a similar proportion of native 
species (~0.6), while the Wetland macrohabitats had a lower proportion (~0.4) of native species. Sites 
with the highest proportion of native fish species were the Murray River at Koondrook and Torrumbarry, 
Gunbower Creek Reach 1, Longmore Lagoon and Splatt Lagoon. Sites with the lowest proportion of 
native fish species were Reedy Lagoon, and Upper Gunbower Lagoon, however native fish dominated 
the abundance at both of these sites (Figure 39). 

The proportion of historically expected native fish species present (I Native expected) 

A low proportion of the historically expected native fish species were recorded from Wetland sites 
(average I Native expected score of ~0.4)(Figure 38). The River sites supported the highest proportion of 
historically expected species, and the best individual sites were Murray River at Koondrook and 
Torrumbarry, Gunbower Creek Reach 1 and 6, Longmore Lagoon and Splatt Lagoon (Figure 39). The site 
with the lowest proportion of expected native fish species was again Reedy Lagoon. 
 

 

Figure 38 I Native abundance, I Native species and I Native expected indices scores for each macrohabitat in 2018. 
Boxes include the inter-quartile range (middle 50% of data), and the whiskers extend 
to the full range of scores, except where there is an outlier, identified by a +. The 
median is represented by the horizontal line inside the box. 
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Figure 39 I Native abundance, I Native species and I Native expected indices scores for each site in 2018 
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7.8.2 Objective 2: native species size classes 

The proportion of native fish species age categories present compared to reference (I Age category) 

I Age category scores averaged between 0.65 and 0.85 for all the macrohabitats, however the results varied 
considerably between sites (Figure 40) for all but the Creek macrohabitat. For example, for Murray River 
at Cohuna, only six native species lifeforms were detected (46% of reference), but the other two River 
sites had 11 and 13 lifeforms present, representing 85 and 92% of reference. Similarly, Lagoons ranged 
from 0.44 (Upper Gunbower Lagoon) to 1.0 (Cockatoo, Gum and Longmore Lagoons) and Wetlands 
ranged from 0.5 (Reedy Lagoon) to 1.0 (Black Charlie Lagoon). 

 

 
 

Figure 40 I Age categories average score (right) and distribution (left) for each macrohabitat in 2018. 
Boxes include the inter-quartile range (middle 50% of data), and the whiskers extend 
to the full range of scores, except where there is an outlier, identified by a +. The 
median is represented by the horizontal line inside the box. 

 

 

  



Gunbower Forest TLM fish monitoring 2018  
 

Final 01   72 

The proportion of native fish species with YOY present compared to reference (I Recruitment) 

The I Recruitment scores averaged around 0.5 in Creek, Lagoon and River macrohabitats but were slightly 
higher for Wetland. The scores again varied considerably between sites. The Creek sites ranged from 
0.43 (Reach 1, 5 and 7) to 83 (Reach 6), Lagoons ranged from 0.17 (Taylors and Upper Gunbower 
Lagoons) to 0.83 (Splatt and Longmore Lagoons), River sites ranged from 0.25 (Cohuna) to 0.63 
(Torrumbarry), and Wetland sites ranged from 0.33 (Reedy Lagoon) to 1.0 (Black Charlie Lagoon).  

 

 
 

Figure 41 I Recruitment average score (right) and score distribution (left) for each macrohabitat in 
2018. Boxes include the inter-quartile range (middle 50% of data), and the whiskers 
extend to the full range of scores, except where there is an outlier, identified by a +. 
The median is represented by the horizontal line inside the box. 
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Large-bodied fish age categories (ILBAC) 

The River (0.33) and Creek (0.26) macrohabitats scored poorly in terms of the average number of age 
categories expected to occur for large-bodied fish species (Figure 42). However, Murray Cod and Golden 
Perch Young of Year (one of the three age categories for this index) were present at a considerable 
proportion of sites (see below). 

Large-bodied fish YOY extent (ILBYOY) 

Murray Cod and Golden Perch sub-indices (ILBYOY) scores for Young of Year (YOY) were higher in the River 
macrohabitats than in the Creek macrohabitats. Murray Cod YOY were present in all three River sites, 
and six of the seven Creek sites. Golden Perch YOY were present in two of the three River sites and 
three of the seven Creek sites (Figure 42). Large bodied YOY were also present in Splatt Lagoon (Golden 
Perch) and Gum Lagoon (Murray Cod). 

  

Figure 42 Average ILBAC and I ILBYOY indices scores for each macrohabitat (left) and I ILBYOY indices 
scores for each large-bodied native species (right) in 2018. The orange bars on the left 
hand graph are the average of the two bars on the right hand graph. Note these 
indices are designed for lotic macrohabitats only, so the Wetland and Lagoon scores 
are only included for context. 
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7.8.3 Objective 3: threatened species 

The number of threatened species present compared with expected (I Rare species) 

The River and Creek macrohabitats averaged a higher number of expected species than the Lagoon and 
Wetland macrohabitats (Figure 43). However the I Rare species scores varied considerably for individual 
sites, with one site in Gunbower Creek having a perfect score of 1.0, but with Reach 4 having the lowest 
score overall. The Lagoon site scores were also highly variable, with the highest score at Splatt Lagoon 
and lowest scores at Phyland, Safe, Turner and Upper Gunbower Lagoons (Figure 14). 

 

  

 

 

Figure 43 I rare species index scores for each macrohabitat (left) and site (right) in 2018. 
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The proportion of sites that the threatened species occur in for each macrohabitat (I Population recovery) 

Threatened species occurred at a greater proportion of the Creek and River macrohabitats than the 
Wetland and Lagoon macrohabitats in 2018 (Figure 44). Murray Darling Rainbowfish and Unspecked 
Hardyhead occurred in all four macrohabitats, while Silver Perch occurred only in the River and Creek 
macrohabitats and Freshwater Catfish occurred only in the Lagoon macrohabitat. Golden Perch were 
recorded from all three River sites, but only three of the seven Creek sites.  

 

  

Figure 44 I Population recovery scores for rare or threatened species in each macrohabitat (left) and for 
each threatened species (right) in 2018. 
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7.9 TLM Indices (2008–2018) 

7.9.1 Objective 1: An increase in the abundance of native fish species 

Native species abundance (ISA) 

Native species abundance as measured by Catch Per Unit Effort where present (prevalence) has 
remained relatively stable in the Creek macrohabitat, particularly over the last three years. Scores for 
the River macrohabitat have been more variable, with substantially lower score reached in 2011–2013 
and 2017, and slightly elevated scores over 2014–2016. Native species abundance where present 
(prevalence) in the Lagoons was elevated during 2014–2017, while Wetland scores have been more 
variable than other macrohabitats (Figure 45).  

 

 

Figure 45 ISA scores (Y axis) for each macrohabitat 2008–2018, where 2010 is used as the 
baseline average (i.e. zero) for all macrohabitats, +1 = higher and -1 = lower. 
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The proportion of native fish caught (I Native abundance) 

The proportion of native fish species caught (I Native species) 

The proportion of historically expected native fish species present (I Native expected) 

These indices have been grouped together because more indices (4) have been used for this objective 
than for others (2) and because it readily allows comparisons of three of these indices to be made. 
Native fish have comprised a high proportion of the fish collected in most years and most 
macrohabitats, after a substantial drop in 2011 in River and Wetland habitats coinciding with large 
increases in abundance of Eastern Gambusia, Goldfish and Carp (Figure 46). There appears to have been 
an increase in the expected native fish index in Lagoon and Wetland habitats since 2011, and greater 
consistency for this index in recent years (i.e. 2011 onwards). The number of native species has 
generally been highest in the River and Creek macrohabitats, however there has been an increase in 
scores for all macrohabitats since the low scores reached in 2011, and a more modest increases since 
the 2009 and 2010 (River) ‘point of reference’ years.  

 

 

Figure 46 I Native abundance, I Native species and I Native expected indices scores for each macrohabitat from 
2008 to 2018. 
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7.9.2 Objective 2: A range of size classes for each native fish species present 

The proportion of native fish species age categories present compared to reference (I Age category) 

Native fish age categories scores have exhibited considerable inter-annual variation however have 
generally improved since 2011/12, with a more notable improvement evident for Wetland 
macrohabitats (Figure 47). The scores for this index were better for all macrohabitats collectively in 
2018 than they have been since 2010 (all macrohabitats) or since 2013 (if excluding wetlands). Creek 
and Lagoon macrohabitat scores are well above the scores for the 2009 point of reference year, while 
the River macrohabitat scores are slightly below the 2010 point of reference scores. 

 

Figure 47 I Age category scores for each macrohabitat 2008–2018 
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The proportion of native fish species with YOY present compared to reference (I Recruitment) 

Native fish recruitment scores have fluctuated considerably between years, however there appears to 
be a general trend for improvement since 2012, with 2018 scores the highest recorded for the Creek 
macrohabitat and second highest for Lagoon and Wetland macrohabitats (Figure 48). The scores for 
River habitat are marginally above the 2010 ‘point of reference’ year, while the scores for Creek and 
Lagoon macrohabitats are well above the 2009 ‘point of reference’ year. 

 

Figure 48  I Recruitment score for each macrohabitat 2008–2018 
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Large-bodied fish age categories (ILBAC) 

Large-bodied fish YOY extent (ILBYOY) 

The large bodied age and recruitment indices have been gradually improving in Gunbower Creek since 
2012, with a larger improvement in Murray Cod recruitment evident from 2012–2018 than for Golden 
Perch over the same period (Figure 49). These indices are typically higher but far more variable in the 
River macrohabitat than the Creek macrohabitat, although similar scores were recorded for both 
macrohabitats in 2018.  

 

  

Figure 49 ILBAC and ILBYOY scores for River and Creek macrohabitats (left), and ILBYOY for Murray 
Cod and Golden Perch (right)  
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7.9.3 Objective 3: A contribution to population recovery of threatened fish species. 

The number of threatened species present compared with expected (I Rare species) 

There has been a considerable improvement in the number of threatened species (compared with 
expected) in Gunbower Creek since 2010 and a slight improvement for the Wetland macrohabitat, 
however the index scores for other Lagoon and River macrohabitats appear more variable between 
years (Figure 50). Since 2013, the index scores for River and Creek have always been highest for River 
and Creek macrohabitats. 

 

Figure 50 Average I Rare species scores for each macrohabitat 2008–2018 
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The proportion of sites that the threatened species occur in for each macrohabitat (I Population recovery) 

Threatened species were most consistently captured from River and Creek sites and infrequently 
recorded from Wetland sites, although some improvement in threatened species occurrence has 
occurred for Wetland sites in recent years (Figure 51). There has been a notable increase in threatened 
species occurrence in Gunbower Creek since 2009 and a smaller increase evident for Lagoon sites. 

 

Figure 51 Average I population recovery scores for each macrohabitat 2008–2018 
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Unspecked Hardyhead and Murray Darling Rainbowfish have the highest occurrence of the threatened 
species, being recorded from most Creek and Wetland sites in most years, and the only threatened 
species to have been captured at the Wetland sites (Figure 52). Unspecked Hardyhead are also the only 
threatened species to be consistently recorded at all or most of the Lagoon sites. 

Murray Cod and Golden Perch are typically recorded from two or more of the three River sites each 
year. Murray Cod and Golden Perch occurrence has improved considerably in Gunbower Creek since 
2009 and in recent years Murray Cod have been recorded from most or all Gunbower Creek sites.  

Freshwater Catfish have only been recorded from the Lagoon and their occurrence appears fairly stable, 
typically being recorded at one to two of the Lagoon sites each year. 

Silver Perch are the only threatened species from the River sites that are highly variable in occurrence, 
sometimes being recorded from all sites (2013 and 2016) and sometimes recorded from none (2017). 
Trout Cod have only twice been recorded, both times from one site in Gunbower Creek (2008 and 2016). 

 

  

Figure 52 I Population recovery scores for each threatened species 2008–2018. Refer to Table 2 for fish 
name abbreviations. 
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8 Discussion 

8.1 2018 Condition 

The species richness at Gunbower Island in 2018 was higher than the previous year, at eleven native 
species and five exotic species. The only native species collected in two other years but not in 2018 was 
Trout Cod Maccullochella macquariensis, a species that has only relatively recently shown signs of 
expanding its range to recolonise the Mid-Murray region waterways (Douglas 2012; Koehn et al. 2013). 
Native fish species richness was high in flowing habitats (Creek and River) and the Lagoon 
macrohabitats, whereas in Wetland sites, native fish species-richness was low, with less species than 
expected based on historical distributions and PERCH lists. All five previously collected exotic species 
were again collected in 2018.  

In 2018, Wetland sites yielded less than half the native species expected from historical distributions. 
River and Creek habitats, and to some extent – Lagoons, fared better with many sites having > 60% and 
up to 85% proportion of native species and >80% abundance of native species at most sites. At one 
Lagoon sites (Longmore Lagoon and Splatt Lagoon), over 85% of the species expected were sampled. 
Most sites contained 2–3 exotic fish species and there was only one site (Murray River at Koondrook) 
where only one exotic species was found. Carp, Goldfish and Eastern Gambusia were almost ubiquitous 
and two rarer exotic species (Oriental weatherloach and Redfin) were only found in six Lagoon or 
Wetland sites. 

As is typical in Gunbower Forest, a small-bodied native species, Carp gudgeon Hypseleotris spp., 
dominated the catch abundance. Carp gudgeons were the most abundant species at 12 of the 26 survey 
sites, representing > 75% of overall abundance. Carp gudgeons in south-eastern Australia are a species-
complex of up to five species and three clades (Thacker et al. 2007). They are noted as ‘wetland habitat 
specialists’ (Young et al. 2003) and as ‘foraging generalists’ with few specific flow-requirements for 
population success (Baumgartner et al. 2014). Such characterisation is consistent with their dominance 
at some of the Lagoon and Wetland sites. 

Other small-bodied native fish such as Australian smelt Retropinna semoni, Un-specked hardyhead 
Craterocephalus sturcusmuscarum fulvus and the small-bodied exotic species, Eastern gambusia 
Gambusia holbrooki also accounted for a large proportion of fish collected in 2018 and again these 
(excluding Eastern Gambusia) are categorised as ‘foraging generalists’ (Baumgartner et al. 2014). Other 
small-bodied native species were recorded at considerably lower abundance (e.g. Flathead gudgeon 
Philipnodon grandiceps and Murray-Darling rainbowfish Melanotaenia fluviatilis). None of the 
‘floodplain specialists’ species (Baumgartner et al 2014), such as Southern Pygmy Perch Nannoperca 
australis or Flatheaded Galaxias Galaxias rostratus, have been recorded during the monitoring program, 
indicating these species to be either locally extinct or present in exceptionally low abundance. Without 
intervention, such as stocking or translocation, these absent species are unlikely to experience recovery. 

Low abundance was even more marked for the large-bodied native species with Murray cod 
Maccullochella peelii and/or Golden perch Macquaria ambigua being collected at twelve sites; where 
most sites yielded from one to fifteen specimens of these two important large-bodied native species. 
Murray Cod are an aquatic apex predator in the Gunbower Forest ecosystem (Ebner 2006). Both species 
have specific flow-related (Ebner et al. 2009; Humphries et al. 1999; King et al. 2009; Zampatti & Leigh 
2013), and habitat (Jones & Stuart 2007; Koehn 2009) requirements necessary for population success. 
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While the presence of young-of-year Golden perch and Murray cod is encouraging as potential future-
recruits for the Gunbower Forest population, the continued stocking of unmarked hatchery-fish with the 
concomitant lack of ability to discriminate between hatchery and wild fish, hampers our understanding 
of whether recruitment is due to environmental (flow and habitat) management such as the Murray Cod 
hydrograph (Sharpe et al 2015), stocking, or a combination of both. Although  

In other studies at sites in the Murray River and Murrumbidgee River, stocked Golden perch and Murray 
cod made up to 15% of observed recruitment (Forbes et al. 2015), and up to 38% for Golden perch in 
the Murrumbidgee River, Edward River and Billabong Creek (Crook et al. 2015). It seems likely based on 
the numbers of fish stocked in the Gunbower Creek (over 400,000 since January 2017), that stocking is 
responsible for both the presence of a significant number of YOY fish and also local population structure 
of these two species. Calcein-marking of stocked fish has ceased in recent years as the Victorian 
Fisheries Authority (VFA) moves away from the practice due unreliable field-based detection of calcein 
(Ingram et al 2015), cost and the development of the Murray Darling Basin FishGen program (B Ingram 
pers. comm. 2018). This program will allow for reliable discrimination of hatchery bred fish from wild 
fish based on genetic comparisons of captured fish with broodstock. It is therefore recommended that 
fin clips be collected from Golden Perch and Murray Cod (YOY, juveniles and potentially even sub-adults) 
and appropriately stored (refrigerated in 100% ethanol) for future analysis under this program. 

Murray cod and Golden perch are popular recreational angling species and subject to length-based 
protection (https://vfa.vic.gov.au/recreational-fishing/recreational-fishing-guide). Since 1 December 
2014, Murray cod between 550 mm and 750 mm are vulnerable to removal; while those larger and 
smaller than this ‘harvest-slot’ are protected. In 2018, seven of the 47 (15%) Murray Cod captured were 
within the legal size range, while four of the 47 (9%) of Murray Cod captured had grown larger than the 
upper-limit of the range. Golden perch are protected from removal by anglers until they reach 300 mm. 
In 2018, 14 of the 21 (66%) Golden Perch were of ‘legal size’. 

The 2018-data is consistent with previous years confirming that of the eleven native species recorded 
across the Icon Site; only Carp Gudgeon, Australian Smelt and Un-specked Hardyhead (a threatened 
species) can be considered ‘common’, and be expected to be collected at most sites. For the species 
collected at low relative abundances, small-bodied species such as Dwarf Flatheaded Gudgeon 
Philypnodon macrostomus, and more so for large bodied native species such as Silver Perch Bidyanus 
bidyanus, Freshwater Catfish Tandanus tandanus, Bony Herring Nematalosa erebi and Trout Cod 
Maccullochella macquariensis (in previous years); the persistent low level of abundance, fractured 
population structures and scattered spatial distribution, contribute to depression of the ecological 
condition of the fish community at Gunbower Island.  

8.2 Change in condition over time 

There has been substantial variability in individual species’ relative abundance and population structures 
throughout the Condition Monitoring period 2008–2018. Major fluctuations have occurred for many 
species as have condition-indicators following the substantial high-flow years of 2010/2011, 2012 and 
2016. This is particularly evident for exotic species, such as Carp and Eastern Gambusia which proliferate 
during or immediately after high flow events, thereby dominating samples in the subsequent survey 
year. However, recent years of survey including the current year are indicative of more stable conditions 
returning to the fish fauna at Gunbower Island.  
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Creek and Lagoon macrohabitats particularly, showed an increase in the abundance of native fish 
species since the 2009 point of reference year. River sites showed reduced relative abundance of native 
species, albeit with similar levels to the 2010 reference-year. There are indications that the trend for 
condition-recovery continues in Wetland macrohabitats, since the low observed in 2011. 

Native fish population resilience can be inferred from having robust population age-structure, with 
many age and size classes from juveniles through to older adults (Gwinn et al. 2013). Resilience in native 
fish populations of the Gunbower Island has showed some improvement across most microhabitats as 
the relative abundance of native fish age categories has increased, and is trending upwards in Creek 
macrohabitats for Golden perch and Murray cod. Successful 2017 spawning and larval survival may have 
resulted in YOY Murray Cod and Golden Perch in 64% of Creek and 83% of River sites being detected by 
2018 surveys; however only 26% (Creek) and 33% (River) of the ideal number of age/size classes of 
these two species was found in these macrohabitats. Although spawning and larval survival of Murray 
Cod may have occurred in both Gunbower Creek and the Murray River, spawning of Golden Perch is 
considered unlikely to occur in Gunbower Creek due to lack of a fishway at Koondrook Weir and the lack 
of end of system flows providing no stimulus for fish to enter (Mallen-Cooper et al. 2014). The Golden 
Perch in the Gunbower Creek system are thought to be the result of stocking, previous flood 
connections and larval drift from the Murray River via the National Channel Regulator (Mallen-Cooper et 
al. 2014). There is an obvious trend of improvement in the Murray Cod and Golden Perch populations of 
Gunbower Creek in terms of YOY and representation of coarse age classes (YOY, sub-adult), and this is 
noteworthy because the same improvement is not evident in the Murray River; the Murray River sites 
are included in the monitoring program as a ‘point of reference’ for Gunbower Creek sites. However, the 
relative influences of management through stocking hatchery bred fish and managing flows and 
improving habitat for Murray Cod and Golden Perch populations in the Gunbower Forest Icon Site are 
unclear (Crook et al. 2015; Forbes et al. 2015). 

Rare and threatened species 

The pattern of rare and threatened species recovery over time is highly variable among species and 
macrohabitats. Species within this category such as Un-specked Hardyhead, Murray-Darling 
Rainbowfish, Golden Perch and Murray Cod are at least moderately abundant in Creek and River sites 
most years (and Lagoon sites for Un-specked Hardyhead), while Murray-Darling Rainbowfish were 
recorded at Reedy Lagoon (see Plate 19) and Crayfish Island for the first time. There is however, 
potential for further recovery for threatened species with more frequent and abundant future-
occurrence of species such as Silver Perch, Freshwater catfish, Bony Herring and even Trout Cod. Bony 
Herring at Gunbower are probably near the limits of their geographic range driven largely by minimum 
winter-temperature tolerance (Puckridge et al. 1989). Whether climate change will favour future range-
shift and increased abundance of Bony Herring in the Gunbower Forest remains to be seen (Booth et al. 
2011; Morrongiello et al. 2011). Silver Perch in the Gunbower Forest are part of a broader, highly vagile, 
Murray-Lower Darling river population (Tonkin et al 2017). Silver perch are flow-dependant spawners 
with a present distribution concentrated around the longest free-flowing reaches of the Murray River 
between Lock-15 (Euston) and Lock-26 (Torrumbarry) (Tonkin et al 2017, Baumgartner et al. 2014; 
Koehn et al. 2014; Mallen-Cooper & Brand 2007). Silver perch are unlikely to show strong natural 
recruitment within the confines of Gunbower Creek and forest Lagoons and Wetlands unless stocked 
artificially or until free fish passage is provided at the significant barrier at the downstream end of 
Gunbower Creek (Koondrook Weir). 
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Freshwater catfish occurrence has been sporadic and at low abundance, almost entirely in Lagoon 
macrohabitats throughout the condition monitoring period. At the population densities present, the 
detection probability of Freshwater catfish during surveys is low even when the species is targeted with 
specific gear (fyke nets) during other studies (Huntley et al. 2015). For example, during 2018, comparing 
the present study with another complementary survey of Gunbower Forest lagoons which used similar 
(overlapping) methods albeit with a much higher level of effort (20 fyke net pairs per waterbody), two 
different pattern of presence-absence of Freshwater catfish were observed ,with no Freshwater catfish 
detected at Phyland Lagoon in this study and no Freshwater catfish detected at Cockatoo Lagoon in the 
other study (Brown et al. 2018). Brown et al. (2018) reported a three-fold decline in Freshwater catfish 
CPUE at Phylands Lagoon compared with the previous targeted survey in 2015 and expressed concern at 
the failure to detect Freshwater catfish at Turner Lagoon in particular, considering this lagoon (along 
with Phylands Lagoon) has previously been an apparent stronghold for the species. There could be a 
wide range of factors involved in the apparent decline of Freshwater catfish in the Gunbower Creek and 
associated lagoons, likely including low levels of or sporadic recruitment success. However the 2017/18 
recruitment success detected at Cockatoo Lagoon (this study) and Phyland Lagoon (Brown et al 2018) is 
encouraging and it is recommended that the 2017/18 hydrological regimes for these waterbodies 
(Gunbower Creek Reach 3 and 2 respectively) be examined and replicated in the hope of facilitating 
repeated recruitment success. 
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8.3 Objective and target attainment summary 

Although there is considerable room for improvement, the Gunbower Icon site supports a relatively diverse fish community. Caution is advised in examining the dataset for any particular year in isolation, however the 2008–2018 period 
and particularly the 2013–2018 period indicates that progress is being made towards most of the objectives and associated targets. Considerable improvements in native species age categories and recruitment, including for Murray Cod 
and Golden Perch, together with improvements in threatened species presence and distribution. 

Table 17 Objective attainment summary 

Detailed objectives (adapted from 
DELWP & North Central CMA 2015) 

Relevant Indices (this 
report) 

Creek attainment Lagoon attainment River attainment (note that this 
macrohabitat is included as a point of 
reference for Gunbower Creek) 

Wetland attainment* (Refer to Limitations 
section 6) 

• An increase in the abundance of 
native fish – using the 2009 
abundance as a baseline for 
Lagoons and the 2010 abundance 
for the River Murray 

• ISA No (at baseline) No (marginally lower than baseline) No (marginally lower than baseline) Yes (with high inter-annual variation) 

• I Native abundance No (marginally below baseline) No (marginally lower than baseline) No (marginally lower than baseline) No (marginally lower than baseline) 

• I Native species Yes (gradual improvement from baseline) Yes (gradual improvement from baseline) Yes (gradual improvement from baseline) No (gradual improvement since 2001 but 
marginal decline from baseline) 

• I Native expected Yes (gradual improvement from baseline) Yes (gradual improvement from baseline) No (marginal decline from baseline but 
more stable in recent years) 

Yes (marginal improvement from baseline) 

• 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 
thresholds identified in Sharpe and 
Villizi 2014) 

• I Age ategory Yes (considerable improvement from 
baseline) 

Yes (considerable improvement from 
baseline) 

No (marginal decline from baseline) No (marginal decline from baseline but 
large improvement since) 

• I Recruitment Yes (considerable improvement from 
baseline) 

Yes (considerable improvement from 
baseline) 

No (at baseline) No (marginal decline from baseline but high 
inter-annual variation) 

• ILBAC Yes (considerable improvement from 
baseline) 

N/A Yes (considerable improvement from 
baseline) 

N/A 

• ILBYOY Yes (considerable improvement from 
baseline) 

N/A No (at baseline) N/A 

• A contribution to population 
recovery of threatened fish species 
– recovery inferred by an increase in 
the abundance of each threatened 
species from 2009 levels 

• I Rare species Yes (considerable improvement from 
baseline) 

Yes (marginal improvement from baseline) Yes (marginal improvement from baseline) No (marginal decline from baseline) 

• I Population recovery Yes (considerable improvement from 
baseline) 

Yes (considerable improvement from 
baseline) 

No (marginal decline from baseline) Yes (marginal improvement from baseline) 

 

Table 18 Target attainment summary 

Descriptive targets (adapted from DELWP & North Central CMA 2015) Objective 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. 
• Attained (all species recorded) 

• 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, Un-specked Hardyhead, Freshwater Catfish) occur in any year. 

• Attained (six of seven species recorded in 2018) 



Gunbower Forest TLM fish monitoring 2018  
 

Final 01    89 

Descriptive targets (adapted from DELWP & North Central CMA 2015) Objective attainment 
• A decrease in the abundance of alien fish (i.e. non indigenous to Gunbower Island) since 2009 (Gunbower Creek and Lagoons) 

and since 2010 (Murray River) 
• River – not attained based on ISA and Inative 
• Creek – not attained based on ISA and Inative 
• Lagoon – not attained based on ISA and Inative 
• Wetland – attained based on ISA but not Inative 
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9 Recommendations 

The following recommendations are made: 

• Continue to manage data quality and progress the streamlined calculation of indices with the 
use of the database management system; 

• Revise the PERCH list derived for the Koondrook Perricoota Forest by NSW Fisheries 
(Hohnberg et al 2015). At a minimum, Dwarf Flatheaded Gudgeon should be assigned a rarity 
score of 1 for ‘semi-permanent’ habitats; 

• Develop a consistent and statistically sound approach to the selection of Wetland sites for 
sampling in any given year; 

• Further clean erroneous fish length data in the long term dataset and apply conversion 
factors to obtain LCF from TL and/or SL for fork-tailed species; 

• Ensure that the fish length measurement approached (i.e. LCF for fork-tailed species) outlined 
in this report continues to be used as the consistent method during future years of the 
program, and that the TLM monitoring method is updated accordingly; 

• Although electrofishing effort is standardised by time, reach length has an effect on CPUE 
variability and the extent to which CPUE may be considered indicative of fish densities (e.g. 
some sampled reaches are considerably longer due to a relative scarcity of woody debris). 
Determine an accurate length of the sampling reach at each site, by recording the start and 
stop coordinates, and aim to keep the sampled reach and reach length consistent between 
years, particularly for River and Creek habitats; 

• Ensure that the approach used for labelling of ‘observed’ individuals as outlined in this report 
continues to be used as the consistent method during future years of the program, and that 
and that the TLM monitoring method is updated accordingly; 

• Continue to PIT and dart tag large-bodied native fish species > 300 mm in total length, 
particularly Golden Perch and Silver Perch; 

• During future surveys, collect, preserve and store fin clips from Murray Cod and Golden Perch 
YOY and other size classes (if feasible) to enable future discrimination of hatchery bred and 
wild fish; 

• Request that the Victorian Fisheries Authority record the location and number of fish released 
at each of the Gunbower Creek stocking sites; 

• Continue to investigate opportunities to improve fish passage at selected barriers (e.g. weirs) 
along Gunbower Creek, particularly at Koondrook Weir; 

• Continue to investigate and capitalise on opportunities (e.g. high flows in the Murray River) to 
enable lateral fish passage from the Murray River to Gunbower Creek via Gunbower Forest;  

• Periodically assess Murray cod spawning success in Gunbower Creek and revise and refine the 
‘Murray cod hydrograph’ where appropriate; and 

• Replicate the spring-summer 2017/18 hydrological regimes of Cockatoo and Phylands 
Lagoons, to facilitate the potential for repeated recruitment success of Freshwater catfish. 
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Appendix 1 –Sensitivity Analysis for I age category & I recruitment indices 

Methods 

Sensitivity 

Sensitivity analysis is about documenting how a change in the fish data collected is manifested in the 
index. For example, a non- sensitive index may not respond to a change in the data (say age structure of 
fish in the community). When the index is composite, calculated across many species, it may respond in 
a different manner to changes in different species characteristics. This is especially so for the current 
program where the species vary in abundance and occurrence quite a lot. The influence of individual 
taxa on the Iage category & Irecruitment indices was investigated by removing or adding more of their life-
forms to the data set. The outcomes enables us to see which taxa are not having much influence at the 
moment (the score doesn’t change when the taxa is deleted), or have the potential return to a greatly 
improved condition score (the index increases if the taxa turns up in all three life stages in the future). 

Firstly, this entailed dropping each of the 12 native species from the data set one at a time and 
recalculated the indices for each survey. The new scores were subsequently compared  to the full 
complement score to determined the percent change in the overall habitat score in that year had the 
species been not detected (in any sites). This had no influence if the taxa did not occur in that year 
anyway. 

The analyses was repeated by also adding Mature, Juveniles and YOY for each species in each year to 
each site (this had no influence if the taxa already occurred in all three lifeforms).  

The results are presented as percent change in the index, with the histogram of changes (n = 11 years) 
used to show the relative importance for each species in each habitat, and the years that would have 
been most affected identified using a time series chart of the effects. 

Power analyses 

A mixed model analysis was performed  to compare the average score for each index in each habitat 
between years. Rather than identify which years had significantly higher or lower index scores, the 
standard errors were extracted from each model and converted into an effect size. That is, the size of a 
change in the index value that would be declared as a significant change between years. For example, an 
effect size of 0.1 would mean that a change in the index from say 0.4 to 0.55 (change of 0.15) would be 
significant. An effect size of 0.20 would result in the change not being significant for the current 
example.  

A lower and consistent effect size is desirable. 
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Results 

Removing Taxa from the indices 

HYPSPP play an important role in the life forms index in all habitats, especially in wetlands where they 
can affect the index by up to 100% in some years (Figure A1). In wetlands and lagoons the life forms 
index is mostly affected by HYPSPP and only CRASTE, RETSEM and PHIGRA make other significant inputs 
to the index and not in all years. MELFLU and PHIMAC have occasional slight influences on the life forms 
index. 

The same set of species are the major players in the Recruit Index (Figure A2) where the importance of 
HYPSPP is even greater than for the life forms index. 

HYPSPP were dominant in both indices in wetlands in 2011 and 2012 as they made up all the taxa in 
those years (Figure A3). In other years, HYPSPP made up about 25% of the life forms index and 40% of 
the recruit index. The other key species noted above were generally consistent in their influence on the 
indices through times (Figure A3), demonstrating that they are also generally collected in about the 
same number of sites and life forms regularly. 

 

 

 

 

  



Gunbower Forest TLM fish monitoring 2018  
 

Final 01     

 

Figure A1. Species influence on the Life Forms index in four different habitats. The % change indicates 
how the index would change if the species disappeared in that habitat in that year. Refer to 
Table 2 for fish name abbreviations. 
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Figure A2. Species influence on the Recruit index in four different habitats. The % change indicates 
how the index would change if the species disappeared in that habitat in that year. Refer to 
Table 2 for fish name abbreviations. 
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Figure A3. Species influence through time on the Recruit and life forms indices in four different 
habitats. The % change indicates how the index would change if the species disappeared in that 
habitat in that year. Refer to Table 2 for fish name abbreviations. 

 

Adding Taxa to the indices 

The addition of lifeforms from nearly all of the taxa played a role in improving the scores (Figures A4 and 
A5). Notably, the lagoon and wetland scores were less affected than the flowing habitat scores. Almost 
all species would contribute to improved recruitment and life forms scores if they appear in the rivers or 
creeks in all three life stages in the future (Figures A4 and A5). 
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Figure A4. Species influence on the Life Forms index in four different habitats. The % change indicates 
how the index would change if the species turned up with all three lifeforms present (YOY, 
Juvenile and Adult) in that habitat in that year. Refer to Table 2 for fish name abbreviations. 
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Figure A5. Species influence through time on the Recruit index in BMF habitats. The % change 
indicates how the index would change if the species turned up with all three lifeforms present 
(YOY, Juvenile and Adult) in that habitat in that year. Refer to Table 2 for fish name 
abbreviations. 
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The effect of adding a species and its age categories on each of the indices varied between habitats and 
years (Figure A6). HYPSPP would have had a substantial impact on both indices in wetlands in 2011.  
MELFLU and PHIGRA were the next most influencing taxa, also affecting the Recruitment index by up to 
40% in occasional years (Figure A6). All species except for MACMAC and TANTAN would have had an 
impact on the Recruitment index at some point in the study so far. The percent change in the life forms 
index was less substantial in most years than the recruitment index (Figure A6). 

 

 

 

Figure A6. Species influence through time on the Recruit and life forms indices in four different 
habitats. The % change indicates how the index would change if the species turned up with all 
three lifeforms present (YOY, Juvenile and Adult) in that habitat in that year. Refer to Table 2 
for fish name abbreviations. 

  



Gunbower Forest TLM fish monitoring 2018  
 

Final 01     

Effect Size 
The Effect sizes for River Creek and Lagoon macrohabitats were constant through time and this reflects 
that roughly the same number of sites were sampled each year in those habitats. For the Creek and 
Lagoon habitats, the effect size was always about 0.15 or less for both indices (Figure A7). The river 
effect sizes were between 0.2 and 0.25 – the larger value is a reflection of the smaller sample size (n=3). 
The wetland effect size varied through time as the number of sites sampled varied, with the average 
effect size around 0.2 for both indices (Figure A7). 

 

Figure A7. Effect sizes for Proportion of life forms and Recruitment indices for Gunbower Forest TLM 
fish condition monitoring program. 

 
The effect sizes are the same as the half confidence intervals for the long-term averages for each index 
(Figure A8.). As a simple and very conservative assessment tool, we can confidently say that the change 
has been significant when the confidence intervals do no overlap. For example, The Recruitment index 
in Creek habitats (mean 0.52) improved significantly in 2013 from the 2012 score (0.27) (Figure A8). 
However the method is conservative because the actual effect size is much smaller than the overlap 
method. For example, the recruit index dropped from 0.45 to 0.30 in 2008 to 2009 and this is right on 
the border of the effect size (Figure A7), but the confidence intervals do overlap significantly in Figure 
A8 and we would say a non-significant change if only using that graph. 
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Figure A8. Mean and 95% confidence intervals for Proportion of life forms and recruitment indices for 
Gunbower Forest TLM fish condition monitoring program. 

 

Summary 

• The life forms and recruitment indices are sensitive to changes in the raw data for most 
species. 

• HYPSPP have the most influence over both indices, whilst TANTAN and MACMAC have very 
little influence 

In other words, the common species are driving most of the variation in these indices. 

• The effect size required to detect a significant change in the scores in the Creek habitat is 
approximately 0.13, whilst the lagoon is 0.15, Rivers 0.24 and the wetlands 0.25. 
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