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EXECUTIVE SUMMARY 

The Pike and Katarapko systems are two of three major anabranch and floodplain complexes (the 

other being Chowilla) in the South Australian Riverland. These anabranch systems comprise a 

mosaic of aquatic habitats, including permanent lotic (flowing) creeks and subsequently, support 

a diversity of native aquatic biota, including fish species of conservation concern. The associated 

floodplains of these systems also support significant vegetation communities that include river red 

gum (Eucalyptus camaldulensis) and black box (Eucalyptus largiflorens) woodlands, lignum 

(Duma florulenta) shrublands, chenopod shrublands, herblands (incl. flood responsive ephemeral 

communities) and dunes.  

Due to the declining condition of long-lived floodplain vegetation, the South Australia Riverland 

Floodplains Integrated Infrastructure Program (SARFIIP) was undertaken (completed in 2020) to 

facilitate engineered (managed) floodplain inundation at the Pike and Katarapko anabranch 

systems with the aim of restoring floodplain condition and function. SARFIIP and the preceding 

Riverine Recovery Project (RRP) involved a range of on-ground works including: the upgrade, 

installation and replacement of banks and flow regulating structures, construction of fishways, 

floodplain groundwater and salinity management, and a range of complementary measures. 

Together, this infrastructure will be used to promote a hydrological regime at Pike and Katarapko 

that includes: 1) improved connectivity and extension of lotic habitats under normal operating 

conditions; and 2) more frequent floodplain inundation owing to managed inundation events. The 

operation of this infrastructure will be guided by the Pike and Katarapko Floodplain Operations 

Plans and a Monitoring, Evaluation, Reporting and Improvement (MERI) framework.  

Fish are a key ecological attribute of the Pike and Katarapko systems that stand to be influenced 

by future management. As such, a series of draft Ecological Objectives and Targets were 

established to guide system management. An understanding of fish species diversity, extent, 

abundance and demography is critical to assess these targets, and ultimately, variability in 

ecological condition through time. This study aims to refine fish-related Ecological Targets and 

develop associated indices to assist in quantifying change in ecological condition at the Pike and 

Katarapko anabranch systems through time. Specific objectives were to: 

1. Review current fish-related objectives and ecological targets, and retain or revise as 

appropriate; and 
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2. Use existing empirical data to develop quantitative indices associated with ecological 

targets to allow future assessment of fish community condition at the Pike and Katarapko 

anabranch systems.  

 

The review and refinement process led to the proposal of seven specific fish-related Ecological 

Targets related to: 1) species diversity; 2) species extent (distribution); 3) abundance of 

freshwater catfish (Tandanus tandanus); 4) abundance of Murray cod (Maccullochella peelii); 5) 

recruitment of Murray cod; 6) recruitment of generalist species; and 7) recruitment of non-native 

species. Quantitative indices were developed for each target and guided by the approach recently 

applied at the Chowilla Icon Site under The Living Murray Program. Data collected from past fish 

surveys at Pike (2009–2020) and Katarapko (2009–2015) using standardised sampling methods 

(i.e. boat electrofishing) were used to calculate reference values for each index.  

The refined Ecological Targets and indices will form a framework with which to assess the 

condition of the fish community at the Pike and Katarapko systems into the future. Monitoring 

undertaken in 2021 will provide the first opportunity to apply these targets. An effort has been 

made to ensure consistency with the approach used at Chowilla, ensuring comparability of data 

across anabranch systems in the Riverland. Nonetheless, it is suggested that targets are 

reviewed again in three to five years to ensure continued appropriateness. 

Keywords: Pike, Katarapko, Ecological Target, Condition Monitoring, Fish. 
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1. INTRODUCTION 

1.1. Background 

The Pike and Katarapko systems are two of the three major anabranch complexes (the other 

being Chowilla) in the South Australian Riverland. The Pike Anabranch, located near Renmark, 

bypasses Lock and Weir no. 5, while the Katarapko Anabranch is located near Berri and bypasses 

Lock and Weir no. 4. The head differential created by bypassing a weir results in both systems 

comprising a mosaic of aquatic environments, including permanent lotic (flowing) habitats that are 

now rare in the main channel of the River Murray (Bice et al. 2017). Subsequently, the Pike and 

Katarapko systems support a diversity of native aquatic biota (Beyer et al. 2010, Leigh et al. 2012, 

Wilson et al. 2013). This includes fishes of national and state conservation concern, namely: 

Murray cod (Maccullochella peelii; vulnerable under the Commonwealth Environment Protection 

and Biodiversity Conservation (EPBC) Act 1999); freshwater catfish (Tandanus tandanus; 

protected under the Fisheries Management Act 2007); silver perch (Bidyanus bidyanus; critically 

endangered under EPBC Act 1999); and Murray hardyhead (Craterocephalus fluviatilis; 

endangered under EPBC Act 1999). 

Due to the declining condition of long-lived floodplain vegetation and a need to meet 

environmental objectives with limited water, the South Australia Riverland Floodplains Integrated 

Infrastructure Program (SARFIIP) was initiated to facilitate engineered (managed) floodplain 

inundation at the Pike and Katarapko anabranch systems with the aim of restoring floodplain 

condition and function (DEWNR 2016 a & b). The program involved a range of on-ground works 

including: the upgrade, installation and replacement of banks and flow regulating structures, 

construction of fishways, floodplain groundwater and salinity management, and a range of 

complementary measures. SARFIIP works were completed in 2020 and followed on from the 

Riverine Recovery Program (RRP, Murray Futures; DEWNR 2011), which included various in-

channel remediation works. Together, this infrastructure will be used to promote a hydrological 

regime at Pike and Katarapko that includes: 1) improved connectivity and extension of lotic 

habitats under normal operating conditions; and 2) more frequent floodplain inundation than would 

occur naturally under current conditions owing to managed inundation events. The operation of 

this infrastructure will be guided by the Pike Floodplain and Katarapko Floodplain Operations 

Plans (DEW 2020 a & b) and a Monitoring, Evaluation, Reporting and Improvement (MERI) 

framework. 
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Fish are a key ecological attribute of the Pike and Katarapko systems that stand to be influenced 

by future management. As such, Ecological Objectives and Targets for fish have previously been 

developed for both systems (DEWNR 2017).  To inform adaptive management, an understanding 

of fish species diversity, extent, abundance and demography is critical to assess these ecological 

targets, and ultimately, variability in ecological condition through time. This is, however, reliant on 

the development of associated quantifiable indices of diversity, extent and population abundance 

and demography. 

Refinement of fish-related ecological targets and development of associated quantitative indices 

was recently undertaken to support Condition Monitoring in the Chowilla Anabranch under The 

Living Murray Program (TLM; Fredberg et al. 2021). This was supported by substantial empirical 

data from standardised electrofishing surveys undertaken at Chowilla since 2005 (Zampatti et al. 

2011). Such data exists for the Pike and Katarapko systems where standardised fish assemblage 

surveys have occurred sporadically from 2009–2020 prior to the completion of SARFIIP works. 

Given the similarity in the hydrological characteristics, fish assemblages and management of 

these systems, the approach undertaken for Chowilla forms a useful guide for undertaking such 

an exercise for Pike and Katarapko. In addition to facilitating better quantification of fish condition 

at Pike and Katarapko, this approach will result in consistency of reporting across all three major 

South Australian anabranch systems and improve comparability of data.  

1.2. Objectives 

This project aims to refine fish-related ecological targets and develop associated indices to assist 

in quantifying change in ecological condition at the Pike and Katarapko anabranch systems 

through time. Specific objectives were to: 

1. Review current fish-related objectives and ecological targets, and retain or revise as 

appropriate; and 

2. Use existing empirical data to develop quantitative indices associated with ecological 

targets to allow future assessment of fish community condition at the Pike and Katarapko 

anabranch systems.  
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2. METHODS  

2.1. Sampling and previous survey detail 

General approach 

Fish assemblages at Katarapko and Pike are generally sampled in autumn (March–May) using 

standardised boat electrofishing. This is a proven method to effectively and rapidly sample both 

large and small-bodied fish in the littoral zone of turbid lowland rivers and creeks (Faragher and 

Rodgers 1997), and is commonly used in anabranches and the main channel of the lower River 

Murray (Baumgartner et al. 2008, Zampatti et al. 2011). Fish are sampled using a Smith-Root® 5 

kW electrofishing unit. At each site, 12 (six on each bank) x 90 second (power on time) 

‘electrofishing shots’ are conducted during daylight hours and fish were dip-netted by a team of 

two netters and placed in a live well. For each electrofishing shot, all sampled fish are identified, 

enumerated and a sub-sample of 20 individuals per species measured for fork length (FL) or total 

length (TL) (mm). Any positively identified fish unable to be dip netted were recorded as ‘observed’ 

and included in abundance measures. 

All sites are assigned to a hydraulic mesohabitat category largely based upon the mean velocity 

of water flow, namely; 1) fast flowing anabranches (>0.18 m s-1); 2) slow flowing anabranches 

(0.05–0.18 m s-1); 3) backwaters (<0.05 m.s-1) and 4) main channel (varying water velocity). Sites 

in the River Murray are classified as ‘main channel’ mesohabitats regardless of water velocity. 

These mesohabitats types were originally proposed for Chowilla in 2005 (sensu Zampatti et al. 

2011) and were subsequently adopted at Pike and Katarapko.   

Length frequency distributions are generally considered to be an appropriate method to 

investigate the recruitment of individual fish species to young of the year (YOY). As such, length 

data are used to generate length-frequency histograms for most native and non-native species 

and assess recruitment to YOY. For Murray cod, however, recruitment to sexual maturity is also 

of interest. Murray cod may show variability in length-at-age (Zampatti et al. 2014), particularly as 

length increases, and thus, otolith-based assessment of age structure is most accurate for 

investigating population demography. Nonetheless, we have elected not to use a destructive 

ageing technique due to the conservation status of this species (listed as vulnerable under the 

Commonwealth Environment Protection and Biodiversity Conservation (EPBC) Act 1999) and 

instead use length frequency distributions to investigate recruitment at both YOY (<200 mm) and 

to estimated sexual maturity (400-600 mm). 
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Pike Anabranch 

Standardised electrofishing surveys have occurred in the Pike Anabranch on five occasions, 

namely: 2009, 2013, 2015, 2016 and 2020 (Beyer et al. 2010, Bice et al. 2013, 2015, 2016). In 

total, 16–18 sites were sampled on each occasion (Table 1 and Figure 1). Between 2009–2013, 

sites 1–16 were sampled; whilst Sites 17 (Deep Creek) and 18 (Margaret-Dowling Creek) were 

added in 2015 and 2016 but were not surveyed in 2020. Nonetheless, all data collected over 

2009–2020 were used to calculate indices to assess future fish condition monitoring in the region. 

Table 1. Site number, site name, year sampled and flow type (1 = fast flowing anabranches, 2 = 
slow flowing anabranches, 3 = backwaters, 4 = main channel) for sites sampled within the Pike 
Anabranch system between 2009–2020 and used to calculate all indices and reference values 
for future condition monitoring reporting. 

Site 
no. 

 Site name 2009 2013 2015 2016 2020 Flow 
type 

1  Mundic H Bank access * * * * * 3 
2  Downstream Bank D  * * *  3 
3  Tanyaca Creek * * * * * 3 
4  Tanyaca Creek (d/s horseshoe)  * * * * 2 
5  Lower Pike * * * * * 2 
6  Lower Pike (Simarloo) * * * * * 2 
7  Lower Pike (d/s of Lyrup Rd) * * * *  3 
8  Mundic to Pike Cutting * * * * * 1 
9  Upper Pike (d/s) Pike Lagoon  * * * * 2 
10  Coomb’s Bridge (d/s bridge) * * * *  2 
11  Lower Snake Creek * * * *  3 
12  Upper Pike (cliffs) * * * * * 2 
13  Pike River (downstream of Col Col) * * * * * 3 
14  Main channel Murray (u/s Lock 5) * * * *  4 
15  Main channel Murray (d/s Lk 5) * * * *  4 
16  Main channel Murray (d/s Pike Junction) * * * *  4 
17  Deep Creek   * *  1 
18  Margaret-Dowling Creek  *  * *  1 
19  Rumpagunyah Creek *    * 2 
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Figure 1. The 18 sites sampled from 2009–2020 to calculate indices and reference values for 
future fish condition monitoring in the Pike anabranch system.     

 

Katarapko 

Standardised electrofishing surveys have occurred in the Katarapko Anabranch on six occasions, 

namely: 2009, 2010, 2011, 2012, 2013 and 2015 (Leigh et al. 2009, 2012, Wilson et al. 2012, 

2013, Bice et al. 2015). In most years, sampling site numbers ranged from 13–14, but in 2012 

and 2013, just four sites were sampled due to varying objectives of monitoring in those years 

(Wilson et al. 2012, 2013). In total, data from 16 sites within Katarapko and the adjacent River 

Murray were used to calculate indices and reference values that will be used to assess future fish 

community condition in the region (Table 2 and Figure 2).  
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Table 2. Site number, site name, year sampled and flow type (1 = fast flowing anabranches, 2 = 
slow flowing anabranches, 3 = backwaters, 4 = main channel) for sites sampled at Katarapko 
between 2009–2015 and used to calculate all indices and reference values for future condition 
monitoring reporting. 

Site 
no. 

 Site name 2009 2010 2011 2012 2013 2015 Flow 
type 

1  Eckert creek d/s weir * *    * 1 
2  Eckert creek Wide Water * * *   * 3 
3  Eckert creek u/s log crossing * * * * * * 2 
4  Eckert creek d/s log crossing * * * * * * 1 
5  The Splash * * *   * 3 
6  Katarapko d/s weir * * *   * 2 
7  Katarapko Creek u/s (Katarapko Isl.) * * *    2 
9  Katarapko lower * * *   * 2 
10  Murray 3-4km d/s Lock 4 * * *   * 4 
12  Murray d/s Katarapko junction * * *   * 4 
13  Eckert Creek below ford * * *   * 2 
14  Murray u/s Lock 4 * * *   * 4 
20  Eckert widewater u/s^  *  * *  3 
22  Eckert Creek d/s Eckert weir^  *  * *  1 

*previous fyke netting sites, however, a part of electrofishing sampling in 2012-2013 
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Figure 2. The 16 sites sampled between 2009–2015 to calculate indices and reference values 
for future fish condition monitoring in Katarapko.  
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2.2. Fish assemblages and management of the Pike and Katarapko anabranches 

Past surveys of the Pike and Katarapko anabranches and adjacent River Murray have collectively 

recorded totals of 17 and 18 species, respectively (Table 3).  This assemblage comprises species 

with a range of different life history strategies, sizes, and habitat affinities. Several different guild 

approaches have been used to group these species based on similarity in life history 

characteristics; such approaches assume that species within the same guilds will respond to 

environmental stimuli and management actions in a similar fashion. Here we adopt two guild 

approaches to group these species, proposed by Bice et al. (2014) and Mallen-Cooper and 

Zampatti (2015), respectively. The Bice et al. (2014) approach was adapted from that of 

Baumgartner et al. (2013) and grouped species based on similarities in physiology, behavior and 

habitat use that could be linked to flow. Importantly, the Mallen-Cooper and Zampatti (2015) 

approach adds additional information by defining the habitats in which recruitment occurs (i.e. 

lotic and/or lentic) and the minimum spatial-scales over which spawning and recruitment occur 

(i.e. micro (< 10 m), meso (100s m to 10s km) or macro (100s km)).  This information is critical for 

determining the detail of fish-related Ecological Targets at Pike and Katarapko. 

Under SARFIIP, conceptual models of ecological response to management and Ecological 

Targets were drafted for a range of biota, including fishes (DEWNR 2017). The guilds described 

above were critical in framing conceptual models and inclusion of specific Ecological Targets, 

particularly when considering the spatial-scale of influence of management at the Pike and 

Katarapko systems (i.e. 10s km). For instance, for flow-dependent specialist, macro-lotic species 

(e.g. golden perch), recruitment processes typically occur over large spatial-scales (100s km) and 

therefore, actions at the scale of the Pike and Katarapko systems are unlikely to influence 

recruitment. For circa-annual spawning nesting species and foraging generalists, however, 

recruitment may occur over micro (10s m) and meso-scales (100s m to 10s km). This spatial-

scale is consistent with that of system management, and thus, recruitment in these species 

represent appropriate Ecological Targets for condition assessment.  
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Table 3. Fish species previously recorded from the Pike and Katarapko anabranch systems. Species are 
grouped based on size and the guild approaches of Bice et al. (2014) and Mallen-Cooper and Zampatti 
(2015). Size: large = adult body length typically >300 mm, medium = adult body length typically 100–300 
mm, small = adult body length typically <100 mm. 

Common 
Name 

Scientific Name Guild Recorded in surveys Size 

  
Bice et al. 

2014 

Mallen-
Cooper and 

Zampatti 2015 
Pike Katarapko  

Murray Cod  
Maccullochella 
peelii  

Circa-annual 
spawning 

nester 
Meso-lotic Y Y Large 

Freshwater 
Catfish  

Tandanus 
tandanus  

Circa-annual 
spawning 

nester 

Meso-
lotic/lentic 

Y Y Large 

Golden Perch  
Macquaria 
ambigua 
ambigua  

Flow 
dependent 
specialist 

Macro-lotic Y Y Large 

Silver Perch  
Bidyanus 
bidyanus  

Flow 
dependent 
specialist 

Macro-lotic Y Y Large 

Spangled 
Perch 

Leiopotherapon 
unicolor 

Foraging 
generalist 

Meso-
lotic/lentic 

Y Y Medium 

Bony Herring  
Nematalosa 
erebi  

Foraging 
generalist 

Meso-
lotic/lentic 

Y Y Medium 

Australian 
Smelt  

Retropinna 
semoni  

Foraging 
generalist 

Micro 
lotic/lentic 

Y Y Small 

Carp Gudgeon 
complex  

Hypseleotris spp.  
Foraging 
generalist 

Micro 
lotic/lentic 

Y Y Small 

Flat-headed 
gudgeon  

Philypnodon 
grandiceps  

Foraging 
generalist 

Micro 
lotic/lentic 

Y Y Small 

Dwarf flat-
headed 
Gudgeon  

Philypnodon 
macrostomus  

Foraging 
generalist 

Micro 
lotic/lentic 

Y Y Small 

Murray 
Rainbowfish  

Melanotaenia 
fluviatilis  

Foraging 
generalist 

Micro 
lotic/lentic 

Y Y Small 

Unspecked 
Hardyhead  

Craterocephalus 
fulvus  

Foraging 
generalist 

Micro 
lotic/lentic 

Y Y Small 

Murray 
Hardyhead  

Craterocephalus 
fluviatilis  

Wetland 
specialist 

Micro lentic N Y Small 

Common carp Cyprinus carpio Non-native 
Micro 

lotic/lentic 
Y Y Large 

Goldfish 
Carassius 
auratus 

Non-native 
Micro 

lotic/lentic 
Y Y Medium 

Eastern 
gambusia 

Gambusia 
holbrooki 

Non-native Micro lentic Y Y Small 

Redfin perch Perca fluviatilis Non-native 
Micro 

lotic/lentic 
Y Y Large 

Oriental 
weatherloach 

Misgurnis 
anguilicaudata 

Non-native Micro lentic Y Y Small 
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2.3. Review of targets and index development 

Original fish-related Ecological Targets were reviewed by authors and DEW project managers, 

and a final list of targets confirmed for supporting system Ecological Objectives. Secondly, indices 

associated with these targets were developed and reference values were calculated from past 

data to assist in assessing change. Index development and calculation followed that recently 

applied at the Chowilla Anabranch and is specifically outlined for each target and index below.  
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3. RESULTS  

 

3.1. Fish-related Ecological Objectives and Targets 

The ecological objectives for native fish at the Katarapko and Pike floodplains are: 

1. To restore and maintain resilient populations of large-bodied native fish (i.e. Murray cod, 

golden perch, silver perch, and freshwater catfish); and 

2. To restore and maintain resilient populations of native foraging generalists (e.g. Australian 

smelt, bony herring, Murray rainbowfish, unspecked hardyhead, carp gudgeon, flathead 

gudgeon); and  

3. To minimise the recruitment of introduced species (e.g. common carp) 

 

A total of seven ecological targets were originally associated with these objectives. These have 

been reviewed and refined in Table 4. A general ‘diversity’ target has been added for consistency 

with Condition Monitoring at Chowilla, while indices have been developed to quantify achievement 

of each Ecological Target.  
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Table 4. Summary of original and revised fish-related ecological targets and associated indices to allow future assessment of fish community 
condition at the Pike and Katarapko anabranches. 

Original Ecological Target Revised Ecological Target Indices 

- Maintain or enhance species diversity  Diversity 

Maintain or enhance extent of species across 
the site as indicated by species-specific ‘extent 
index’ 

Maintain or enhance extent of species across 
the site as indicated by species-specific ‘extent 
index’ 

Extent (species-specific) 

Abundance of silver perch and golden perch 
exhibits a positive trajectory, with increases of 
≥30% over a 5-year period from 2020 

- - 

Abundance (CPUE) of Freshwater Catfish 
exhibits a positive trajectory, with increases of 
≥30% over a 5-year period from 2020 

Abundance (CPUE) of Freshwater Catfish 
exhibits a positive trajectory over a 5-year 
period from 2020 

Freshwater catfish abundance 

Abundance (CPUE) of Murray Cod exhibits a 
positive trajectory over a 5-year period from 
2020 

Abundance (CPUE) of Murray Cod exhibits a 
positive trajectory over a 5-year period from 
2020 

Murray cod abundance 

Recent recruitment of Murray Cod is evident as 
displayed by the presence of individuals 
<400mm TL 

Recent recruitment of Murray Cod to YOY and 
the adult population is evident as displayed by 
the presence of individuals <200 and 400–600 
mm TL, respectively. 

Murray cod recruitment 

Annual recruitment of native foraging 
generalists is maintained or enhanced relative 
to historical levels, as indicated by species-
specific ‘recruitment index’ 

Annual recruitment of foraging generalists is 
maintained or enhanced relative to historical 
levels, as indicated by species-specific 
‘recruitment index’ 

Recruitment (species-specific) 

Relative abundance and biomass of common 
carp, goldfish and/or eastern gambusia do not 
increase in the absence of meeting key targets 
under managed inundations (e.g. improved 
condition of long-lived floodplain vegetation) 

Recruitment events for common carp and 
goldfish do not occur in the absence of meeting 
other key targets under managed inundations 
(e.g. improved condition of long-lived floodplain 
vegetation) 

Recruitment (species-specific), long-lived 
floodplain vegetation condition 
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3.2. Indices and reference values  

The following section details the approach for using indices to assess achievement of Ecological 

Targets in future years. This includes the approach to calculating reference values against which 

future annual index values will be compared. 

3.2.1. Diversity Index 

Ecological Target: Maintain or enhance species diversity 

Establishing point of reference  

The diversity index aims to assess changes in species richness at the Pike and Katarapko 

anabranch systems across time. The index and associated reference values were derived using 

an ‘expected vs predicted’ approach adapted from the Sustainable Rivers Audit (SRA) method 

outlined in appendix 78.3.1 of Robinson (2014). An expectedness weight was developed for each 

species for each mesohabitat type (i.e. fast-flowing, slow-flowing, backwater and river) based 

upon all historical sampling at Pike (2009–2020) and Katarapko (2009–2015). The proportion of 

sites at which a species was sampled, within each mesohabitat, was calculated for every sampling 

year, and the mean of this value across years (hereafter called ‘expectedness ratio’) was then 

used to calculate the ‘expectedness weight’ for each species (Table 5).  Rarity scores were also 

assigned to each native species based upon expert opinion (Robinson 2014) (Table 5).  

Table 5. Summary of rarity scores (RS), interpretation of expectedness ratio (ER) and 
expectedness weight to be assigned to fish species at the Pike and Katarapko anabranches.  

RS Interpretation (expectedness ratio, ER) Expectedness weight 
1 Either rare or cryptic species. Expected to be collected in up to 20% 

of sites. 
0.10 

3 Locally abundant species. Expected to be collected in 20 to 70 % of 
sites. 

0.45 

5 Common and abundant species. Expected to be collected in 70 to 
100% of sites. 

0.85 

0 Native species not historically recorded. Not included in 
expectedness calculations. 

0 

 

Rarity scores, mean expectedness ratio (i.e. proportional presence of native fish within 

mesohabitats) and associated expectedness weights for all native fish species using the 

standardised method are presented below in Table 6 and 7. These metrics are presented 

separately for each mesohabitat type at Pike and Katarapko. Non-native species are not included 

in diversity calculations. The expected number of species is calculated as the sum of the species 

expectedness weights. 
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Table 6. Rarity scores, expectedness ratio and expectedness weight for all native species 
sampled at Pike anabranch within fast-flowing, slow-flowing, main channel and backwater 
mesohabitats. 

Species Rarity score Expectedness ratio Expectedness weight 
Fast-flowing    
Australian smelt 5 1 0.85 
Bony herring 5 1 0.85 
Carp gudgeon complex 3 1 0.85 
Dwarf flat-headed gudgeon 1 0.27 0.45 
Flat-headed gudgeon 3 0.07 0.10 
Freshwater catfish 3 0.4 0.45 
Golden perch 5 0.8 0.85 
Murray cod 3 0.33 0.45 
Murray rainbowfish 5 0.9 0.85 
Silver perch 3 0.47 0.45 
Spangled perch 0 0 0 
Unspecked hardyhead 5 1 0.85 
 Predicted no. species 11 
 Expected no. species 7 
Slow-flowing    
Australian smelt 5 0.75 0.85 
Bony herring 5 1 0.85 
Carp gudgeon complex 3 0.69 0.45 
Dwarf flat-headed gudgeon 1 0 0 
Flat-headed gudgeon 3 0.31 0.45 
Freshwater catfish 3 0.23 0.45 
Golden perch 5 0.72 0.85 
Murray cod 3 0.07 0.1 
Murray rainbowfish 5 0.89 0.85 
Silver perch 3 0.21 0.45 
Spangled perch 0 0 0 
Unspecked hardyhead 5 0.93 0.85 
 Predicted no. species 10 
 Expected no. species 6.15 

Main channel    
Australian smelt 5 0.92 0.85 
Bony herring 5 1 0.85 
Carp gudgeon complex 3 0.67 0.45 
Dwarf flat-headed gudgeon 1 0.17 0.10 
Flat-headed gudgeon 3 0.5 0.45 
Freshwater catfish 3 0.5 0.45 
Golden perch 5 1 0.85 
Murray cod 3 0.08 0.10 
Murray rainbowfish 5 1 0.85 
Silver perch 3 0.25 0.45 
Spangled perch 0 0 0 
Unspecked hardyhead 5 0.92 0.85 
 Predicted no. species 11 
 Expected no. species 6.25 

Backwater    
Australian smelt 5 0.9 0.85 
Bony herring 5 1 0.85 
Carp gudgeon complex 3 0.69 0.45 
Dwarf flat-headed gudgeon 1 0.07 0.10 
Flat-headed gudgeon 3 0.41 0.45 
Freshwater catfish 3 0 0 
Golden perch 5 0.48 0.45 
Murray cod 3 0 0 
Murray rainbowfish 5 0.55 0.45 
Silver perch 3 0 0 
Spangled perch 0 0 0 
Unspecked hardyhead 5 0.9 0.85 
 Predicted no. species 8 
 Expected no. species 4.45 
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Table 7. Rarity scores, expectedness ratio and expectedness weight for all native species 
sampled at Katarapko within fast-flowing, slow-flowing, main channel and backwater 
mesohabitats. 
 

Species Rarity score Expectedness ratio Expectedness weight 
Fast-flowing    
Australian smelt 5 1 0.85 
Bony herring 5 1 0.85 
Carp gudgeon complex 3 0.71 0.85 
Dwarf flat-headed gudgeon 1 0 0 
Flat-headed gudgeon 3 0.38 0.45 
Freshwater catfish 3 0.50 0.45 
Golden perch 5 0.92 0.85 
Murray cod 3 0 0 
Murray rainbowfish 5 0.92 0.85 
Silver perch 3 0.38 0.45 
Spangled perch 0 0.08 0.10 
Unspecked hardyhead 5 0.92 0.85 
 Predicted no. species 10 
 Expected no. species 6.55 
Slow-flowing    
Australian smelt 5 0.97 0.85 
Bony herring 5 1 0.85 
Carp gudgeon complex 3 0.60 0.45 
Dwarf flat-headed gudgeon 1 0.02 0.1 
Flat-headed gudgeon 3 0.13 0.1 
Freshwater catfish 3 0.41 0.45 
Golden perch 5 0.92 0.85 
Murray cod 3 0.06 0.1 
Murray rainbowfish 5 1 0.85 
Silver perch 3 0.31 0.45 
Spangled perch 0 0 0 
Unspecked hardyhead 5 1 0.85 
 Predicted no. species 11 
 Expected no. species 5.9 

Main channel    
Australian smelt 5 1 0.85 
Bony herring 5 1 0.85 
Carp gudgeon complex 3 0.79 0.85 
Dwarf flat-headed gudgeon 1 0.06 0.10 
Flat-headed gudgeon 3 0.31 0.45 
Freshwater catfish 3 0.31 0.45 
Golden perch 5 1 0.85 
Murray cod 3 0.48 0.45 
Murray rainbowfish 5 1 0.85 
Silver perch 3 0.52 0.45 
Spangled perch 0 0.13 0.1 
Unspecked hardyhead 5 1 0.85 
 Predicted no. species 12 
 Expected no. species 7.1 

Backwater    
Australian smelt 5 0.94 0.85 
Bony herring 5 1 0.85 
Carp gudgeon complex 3 0.44 0.45 
Dwarf flat-headed gudgeon 1 0 0 
Flat-headed gudgeon 3 0.25 0.45 
Freshwater catfish 3 0 0 
Golden perch 5 0.36 0.45 
Murray cod 3 0.17 0.1 
Murray rainbowfish 5 0.53 0.45 
Silver perch 3 0 0 
Spangled perch 0 0 0 
Unspecked hardyhead 5 0.83 0.85 
 Predicted no. species 8 
 Expected no. species 4.45 
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Reporting against the Ecological Target  
 

For each year of sampling, each site within a mesohabitat is scored against the expected number 

of species (i.e. no. of species actually sampled/expected no. of species) to provide a diversity 

index (DI) for each site. The mesohabitat diversity index represents the mean of these site values 

and are presented for Pike and Katarapko in Table 8 and 9, respectively. In turn, the overall 

system score is the mean of the mesohabitat indices (Figure 3). Values of DI >1.0 indicate 

diversity greater than the expected, whilst values <1.0 indicate diversity less than expected. Data 

collected at Pike and Katarapko from 2009–2020 suggest generally high diversity for both 

systems with the diversity index above the reference value for all sampling years. Future 

calculation of this metric will allow continued assessment of this target, as well as trajectories 

relative to pre-SARFIIP.  
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Table 8. Summary of diversity indices for fast-flowing, slow-flowing, backwater and River Murray 
main channel mesohabitats at the Pike anabranch from 2009–2020. 
 

Year Mesohabitat 
Mean species 

richness 
Expected # 

species 
Mesohabitat DI 

Sites 
sampled 

2009 fast-flowing 10 7 1.357 2 

 slow-flowing 8 6.15 1.301 5 
 backwater 6 4.45 1.386 6 
 main channel 9 6.25 1.493 3 
 Overall site   1.384 16 

2013 fast-flowing 11 7 1.571 1 
 slow-flowing 8 6.15 1.247 6 
 backwater 7 4.45 1.610 6 
 main channel 8 6.25 1.333 3 
 Overall site   1.440 16 

2015 fast-flowing 11 7 1.571 3 

 slow-flowing 9 6.15 1.491 5 
 backwater 8 4.45 1.798 5 
 main channel 9 6.25 1.440 3 
 Overall site   1.575 16 

2016 fast-flowing 10 7 1.381 3 
 slow-flowing 10 6.15 1.545 6 
 backwater 9 4.45 1.985 6 
 main channel 11 6.25 1.813 3 
 Overall site   1.681 18 

2020 fast-flowing 7 7 1.000 1 
 slow-flowing 9 6.15 1.409 6 
 backwater 7 4.45 1.498 3 
 Overall site   1.302 10 
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Table 9. Summary of diversity indices for fast-flowing, slow-flowing, backwater and River Murray 
main channel mesohabitats at Katarapko from 2009–2015. 

Year Mesohabitat 
Mean species 

richness 
Expected # 

species 
Mesohabitat DI 

Sites 
sampled 

2009 fast-flowing 10 6.55 1.450 2 

 slow-flowing 9 5.9 1.497 6 

 backwater 8 4.45 1.685 2 

 main channel 11 7.1 1.585 3 

 Overall site   1.55 13 

2010 fast-flowing 10 6.55 1.527 4 

 slow-flowing 8 5.9 1.404 7 

 backwater 8 4.45 1.798 3 

 main channel 10 7.1 1.408 3 

 Overall site   1.53 17 

2011 fast-flowing 11 6.55 1.679 1 

 slow-flowing 10 5.9 1.719 7 

 backwater 9 4.45 2.097 3 

 main channel 12 7.1 1.620 4 

 Overall site   1.78 15 

2012 fast-flowing 8 6.55 1.221 2 

 slow-flowing 8 5.9 1.356 1 

 backwater 4 4.45 0.899 1 

 Overall site   1.16 4 

2013 fast-flowing 10 6.55 1.527 2 

 slow-flowing 10 5.9 1.695 1 

 backwater 6 4.45 1.348 1 

 Overall site   1.52 4 

2015 fast-flowing 11 6.55 1.679 2 

 slow-flowing 9 5.9 1.492 5 

 backwater 7 4.45 1.573 2 

 main channel 8 7.1 1.127 2 

 Overall site   1.47 11 
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Figure 3. Summary of the calculated Diversity Index (DI) at the a) Pike anabranch and b) 
Katarapko Anabranch from 2009–2020. 

 

 

3.2.2. Extent Index 

Ecological Target: Maintain or enhance extent of species across the site as indicated by species-

specific ‘extent index’ 

 

Establishing point of reference  
 

The Extent Index (EI) aims to assess changes in the distribution of species across the Pike and 

Katarapko anabranch systems over time. The expectedness ratios developed above for the 

Diversity Index (Table 6 and 7) represent the reference values for the extent index. These 

expectedness ratios represent the mean distribution of individual species across mesohabitats 

types (i.e. proportion of sites within a mesohabitat where the species was sampled), across the 

study period, i.e. 2009–2020 in the case of Pike, and 2009–2015 in the case of Katarapko.  

 

Reporting against the Ecological Target  

 

The extent index is species-specific and is calculated using the following equation where EI = 

extent index, MH = mesohabitat, Ryear = the ratio of sites where a species was sampled in a 

given year and ER = expected ratio for each mesohabitat type. 
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EI = mean (MH1(Ryear/ERMH1) + MH2(Ryear/ERMH2) + MH3(Ryear/ERMH3) + MH4(Ryear/ERMH4)) 

 

Scores of EI = 0.75 –1.25 represent stable extent, EI >1.25 represents increased extent and EI 

<0.75 represents decreased extent. Species with rarity scores of 0 (i.e. spangled perch, 

Leipotherapon unicolour) were excluded. Furthermore, Murray cod do not have an expectedness 

ratio in backwater mesohabitats, as they have never been sampled in this mesohabitat type in 

the Pike or Katarapko anabranches. Extent indices for 2009–2020 are presented in Table 10 and 

Figure 4. 

 

Table 10. Site extent index (EI) values for native species sampled at both the Pike and Katarapko 

anabranches between 2009–2020. Spangled perch have been excluded from analyses due to 

rarity. 

Y
ea

r 

A
us

tr
al

ia
n 

sm
el

t 

B
on

y 
he

rr
in

g
 

C
ar

p 
g

ud
ge

o
n 

D
w

ar
f 

fla
t-

he
ad

ed
 g

ud
g

eo
n

 

F
la

t-
he

ad
e

d 
gu

dg
e

on
 

M
ur

ra
y 

ra
in

bo
w

fis
h

 

U
ns

p
ec

ke
d 

ha
rd

yh
e

ad
 

F
re

sh
w

at
er

 c
at

fis
h 

G
ol

de
n 

pe
rc

h
 

M
ur

ra
y 

co
d

 

S
ilv

er
 p

er
ch

 
Pike           

2009 0.84 1 0.84 0.94 1.12 0.69 1.02 0.79 0.94 0.00 0.78 

2013 0.77 1 0.74 0.50 0.13 1.02 0.93 1.04 1.26 0.00 1.47 

2015 1.14 1 1.09 0.99 0.51 1.08 1.07 0.79 1.00 0.88 0.71 

2016 1.14 1 1.35 1.07 2.39 1.11 1.07 0.70 0.91 1.25 0.53 

2020 1.11 1 0.98 0.25 0.85 1.11 0.91 0.43 0.89 1.63 0.25 

Katarapko           

2009 0.98 1.00 1.15 1.00 1.43 0.87 1.07 0.45 0.75 0.94 0.65 

2010 0.93 1.00 1.11 0.00 1.11 1.09 1.07 0.65 1.18 0.26 0.87 

2011 1.02 1.00 1.47 1.50 2.23 1.25 1.07 0.57 1.49 1.63 1.49 

2012 1.03 1.00 0.00 0.00 0.00 0.70 0.52 1.47 0.72 0.00 0.44 

2013 1.03 1.00 0.79 0.00 0.00 1.33 1.10 1.47 0.72 0.00 0.00 

2015 1.02 1.00 1.18 0.00 0.72 0.77 1.07 0.12 1.00 1.17 0.66 
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Figure 4. Summary of Extent Index (EI) scores for a) large-bodied native species and b) small- 
to medium-bodied native species at both the Pike (left column) and Katarapko (right column) 
anabranches between 2009–2020. Black dashed line represents extent equal to the reference, 
green dashed line extent 25% greater than reference and red dashed line extent 25% lesser than 
reference.   

 

Extent Index (EI) values for large-bodied and small-bodied native fishes have been temporally 

variable at both Pike and Katarapko. At Pike, the ecological targets have generally been achieved 

for large-bodied fishes, especially golden perch. Exceptions include freshwater catfish and silver 

perch in 2016 and 2020, and Murray cod in 2009 and 2013, yet increasing extent has been 

observed for Murray cod in recent years.  Similarly, at Katarapko, the extent index was typically 

achieved for golden perch, but was more variable for silver perch, freshwater catfish and Murray 

cod. For small-bodied fishes, the Extent Index typically exceeds the reference value and the 

ecological targets were achieved in most years. Exceptions include 2012 and 2013, years when 

sampling followed high flow events. In addition, results from Katarapko in 2012 and 2013 must be 

viewed with caution due to the limited number of sites sampled (n = 4). 
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3.2.3. Murray cod and freshwater catfish abundance indices 

Ecological Target: Abundance (CPUE) of Murray cod exhibits a positive trajectory over a 5-year 

period from 2020 

Ecological Target: Abundance (CPUE) of Freshwater Catfish exhibits a positive trajectory over a 

5-year period from 2020 

 

Establishing point of reference 

One of the key ecological targets for native fish in the Pike and Katarapko anabranch systems is 

to restore and maintain resilient populations of large-bodied native fish. Specifically, interventions 

that have improved flow in the anabranch systems over spatial scales of 1–10s km stand to 

improve habitat quality for Murray cod and freshwater catfish. As such, specific targets have been 

developed for both species that propose increasing trajectories of abundance relative to a 

reference value. For both species, this reference is the mean abundance (CPUE; fish.minute 

electrofishing-1.site-1) across all previous years of sampling at Pike and Katarapko. 

 

Reporting against the Ecological Target 

 

To assess future trends in abundance, for each future sampling year, the mean abundance of 

freshwater catfish and Murray cod will be calculated and plotted against historical data and the 

reference value for the Pike (freshwater catfish = 0.15 fish.minute electrofishing-1.site-1, Murray 

cod = 0.05 fish.minute electrofishing-1.site-1) and Katarapko systems (freshwater catfish = 0.25 

fish.minute electrofishing-1.site-1, Murray cod = 0.09 fish.minute electrofishing-1.site-1).  

 

The abundance index for Murray cod and freshwater catfish has been temporally variable at Pike 

and Katarapko (Figure 5). At Pike in recent years, Murray cod have generally exhibited a positive 

trajectory and exceeded the reference value. At Katarapko, Murray cod abundance has typically 

exceeded the reference value in years when the full complement of sites has been sampled (e.g. 

2009 and 2015). Peak abundance of freshwater catfish occurred at both sites in 2012 and 2013, 

but abundance was below the reference in the most recent surveys at both systems.    
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Figure 5. Mean abundance (CPUE; fish.minute electrofishing-1.site-1) ±SE for a) Murray cod and 
b) freshwater catfish at the Pike (left column)  and Katarapko (right column) anabranches between 
2009–2020. The blue dashed line represents mean abundance equal to the reference value.  

 

 

3.2.4. Murray cod recruitment index 

 

Ecological Target: Recent recruitment of Murray Cod to YOY and the adult population is evident 

as displayed by the presence of individuals <200 and 400–600 mm TL, respectively. 

 

Establishing point of reference  

 

The recruitment index for Murray cod incorporates length frequency data only. Abundance is not 

included due to the low numbers of fish typically sampled. Murray cod recruitment is measured in 

two ways: 1) recruitment to YOY; and 2) recruitment to the adult population. Recruitment to YOY 

is indicated by the proportion of fish <200 mm TL and provides a useful measure of survival of 
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recently spawned fish. Recruitment to the adult population is assessed as the proportion of fish 

ranging 400–600 mm TL. This length range corresponds to individuals 3–6 years of age in the 

lower River Murray (Zampatti et al. 2014) and the age at sexual maturity (Rowland 1998). 

 

The reference values are the mean proportion of the population comprised of fish YOY <200 mm 

TL and 400–600 mm TL from 2009–2020 at the Pike and Katarapko anabranches. At Katarapko, 

these values are 17% for fish <200 mm TL and 6% for fish 400–600 mm TL, respectively. 

At Pike, the calculated values were 43% for fish <200 mm TL and 0% for fish 400–600 mm TL. A 

value of 0% for recruitment to adult, however, does not represent a meaningful target, and 

therefore the target reference value calculated for Katarapko (i.e. 6%) is adopted for Pike also.   

 

Reporting against the Ecological Target  

 

To assess future trends in recruitment, for each future sampling year, recruitment index values 

(RI) will be calculated using the following equation, where AV = annual proportion of population 

in given size class and RV = reference value for proportion of population in given size class. 

 

The recruitment index (RI) is then calculated as RI = AV/RV 

 Values of RI >1.0 represent enhanced recruitment relative to reference 
 Values of RI <1.0 represent diminished recruitment relative to reference 

 

Figure 6 presents the recruitment index values (RI) derived from the above calculations for the 

Pike and Katarapko anabranch systems between 2009–2020. At Pike, recruitment to adult has 

been absent, but recruitment of YOY has been greater than the reference value and therefore 

the target has been met during the last three surveys (2015, 2016 and 2020). At Katarapko, 

recruitment to adult was above the reference value in 2009, but not any other year, whilst the 

YOY recruitment target was met in 2009 and 2015.
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Figure 6. Summary of Recruitment Index (RI) values for sexually mature (400-600 mm) and 

YOY (0-200 mm) Murray cod at a) Pike anabranch and b) Katarapko between 2009–2020. 

Dashed blue line represents recruitment equal to the reference value and the dashed red line, 

recruitment 75% of the reference value. 

 

3.2.5. Recruitment of generalist native species  

 

Ecological Target: Annual recruitment of foraging generalists is maintained or enhanced relative 

to historical levels, as indicated by species-specific ‘recruitment index’. 

 

Establishing point of reference  

 

Recruitment indices were developed for four small-to-medium bodied fishes representative of the 

native assemblage, namely: 

 Unspecked hardyhead (Craterocephalus fulvus); 
 Murray rainbowfish (Melantaenia fluviatilis); 
 Australian smelt (Retropinna semoni); and 
 Bony herring (Nematalosa erebi). 

 

The indices for the above species incorporate age/size structure and abundance. The above 

species are typically short-lived (1–5 years) and are thus reliant upon annual recruitment. In most 

of these species, fish comprising the YOY cohort in autumn will contribute to the reproductively 

mature adult population the following spawning season. Abundance is included in the index, as 

reliance on an age/size structure alone may result in years where few fish are sampled being 
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classified as years of ‘successful’ recruitment. For these species, length is an appropriate 

surrogate for more accurate methods of estimating age (e.g. otolith increment counts).  

 

The reference values for these indices are effectively the mean abundance of the YOY cohort for 

these species from 2009–2020. The reference values are species-specific (Table 8) and were 

calculated using the following equation where X = site abundance (fish.minute electrofishing-1.site-

1), rstandard = set proportion YOY.  

 

Reference value (RV) = mean((Xyear1*rstandard) +  (Xyear2*rstandard) +……... (Xyear n*rstandard))     

 

rstandard was determined as the mean proportion of the population comprised of the YOY cohort 

across all previous sampling years (Table 11). 

 

Table 11. Species, typical length of the YOY cohort during annual sampling (based upon 
knowledge of species biology), the mean proportion of the population comprised by the YOY 
cohort (rstandard) and the recruitment index reference value (RV) of select generalist species at the 
Pike and Katarapko anabranches from 2009–2020. 
 

  Pike Katarapko 

Species Length YOY rstandard RV rstandard RV 

Unspecked hardyhead <40 mm FL 84% 4.77 63% 2.47 

Murray rainbowfish <40 mm FL 42% 0.70 25% 0.68 

Australian smelt <40 mm FL 42% 1.14 32% 0.74 

Bony herring <100 mm FL 84% 16.35 67% 7.92 

 

 

Reporting against the Ecological Target  

 

To assess future trends in recruitment, for each future sampling year, recruitment index values 

(RI) will be calculated using the following equation, where Xyear = annual abundance (fish.minute 

electrofishing-1.site-1), ryear = annual proportion of YOY. 

 

Annual recruitment value (AV) = Xyear*ryear 

 

Recruitment index (RI) = AV/RV 
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 Values of RI >1.0 represent enhanced recruitment relative to reference 

 Values of RI <1.0 represent diminished recruitment relative to reference 

 

Figure 7 and Table 12 and 13 present the recruitment index values (RI) derived from the above 

calculations for the Pike anabranch system from 2009–2020. Recruitment has been variable for 

these species, and generally the Ecological Target has been achieved. In some years (e.g. 2013), 

however, the target has not been met, and at both Pike and Katarapko this has generally followed 

high flow events. 

 

Figure 7. Summary of Recruitment Index (RI) values for representative small- and medium-
bodied generalist native fishes (i.e. unspecked hardyhead, Murray rainbowfish, Australian smelt, 
bony herring) at the a) Pike (lefthand column) and b) Katarapko anabranches (righthand column) 
from 2009–2020. Dashed blue line represents recruitment equal to the reference value and the 
dashed red line, recruitment 75% of the reference value. 
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Table 12. Summary of species abundance (X, fish.minute electrofishing-1.site-1), proportion of the 
population comprised of YOY (ryear), annual recruitment value (AV), reference value (RV) and 
Recruitment Index (RI) for unspecked hardyhead, Murray rainbowfish, unspecked hardyhead, 
bony herring, common carp and goldfish at the Pike anabranch from 2009–2020. 

Species Year X ryear (%) AV RV RI 

Unspecked hardyhead 2009 7.28 68.05 4.96 4.77 1.04 

 2013 1.04 87.91 0.91 4.77 0.19 

 2015 4.29 87.69 3.76 4.77 0.79 

 2016 14.20 86.88 12.34 4.77 2.59 

 2020 1.63 88.99 1.45 4.77 0.30 

Murray rainbowfish 2009 1.27 27.78 0.35 0.70 0.50 

 2013 0.81 28.41 0.23 0.70 0.33 

 2015 3.00 45.63 1.37 0.70 1.96 

 2016 1.94 36.59 0.71 0.70 1.01 

 2020 1.28 74.07 0.95 0.70 1.35 

Australian smelt 2009 1.32 42.22 0.56 1.14 0.49 

 2013 0.51 0.00 0.00 1.14 0.00 

 2015 3.47 39.32 1.36 1.14 1.19 

 2016 6.52 76.12 4.96 1.14 4.35 

 2020 1.77 53.45 0.95 1.14 0.83 

Bony herring 2009 5.57 77.61 4.32 16.35 0.26 

 2013 7.88 82.94 6.54 16.35 0.40 

 2015 21.31 88.39 18.84 16.35 1.15 

 2016 16.76 84.15 14.10 16.35 0.86 

 2020 45.78 89.09 40.79 16.35 2.49 
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Table 13. Summary of species abundance (X, fish.minute electrofishing-1.site-1), proportion of the 
population comprised of YOY (ryear), annual recruitment value (AV), reference value (RV) and 
Recruitment Index (RI) for unspecked hardyhead, Murray rainbowfish, unspecked hardyhead, 
bony herring, common carp and goldfish at Katarapko from 2009–2015. 

Species Year X ryear (%) AV RV RI 

Unspecked hardyhead 2009 4.02 68.18 2.74 2.98 0.92 

 2010 4.71 71.76 3.38 2.98 1.13 

 2011 3.71 53.48 1.98 2.98 0.67 

 2012 0.32 85.71 0.28 2.98 0.09 

 2013 2.14 85.71 1.83 2.98 0.61 

 2015 8.65 91.77 7.93 2.98 2.66 

Murray rainbowfish 2009 1.41 41.67 0.59 0.73 0.80 

 2010 1.45 31.37 0.46 0.73 0.62 

 2011 7.69 3.41 0.26 0.73 0.36 

 2012 0.66 9.26 0.06 0.73 0.08 

 2013 2.36 30.56 0.72 0.73 0.99 

 2015 2.66 43.53 1.16 0.73 1.59 

Australian smelt 2009 1.00 48.00 0.48 0.91 0.53 

 2010 2.48 79.13 1.96 0.91 2.16 

 2011 2.83 1.45 0.04 0.91 0.05 

 2012 3.40 0.00 0.00 0.91 0.00 

 2013 1.96 2.70 0.05 0.91 0.06 

 2015 2.12 64.21 1.36 0.91 1.50 

Bony herring 2009 6.62 73.77 4.88 8.15 0.60 

 2010 25.67 82.37 21.14 8.15 2.59 

 2011 5.00 52.40 2.62 8.15 0.32 

 2012 1.16 44.29 0.51 8.15 0.06 

 2013 12.21 72.83 8.90 8.15 1.09 

 2015 20.23 88.88 17.98 8.15 2.21 
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3.2.6. Recruitment of non-native species 

 

Ecological Target: Recruitment events for common carp and goldfish do not occur in the absence 

of meeting other key targets under managed inundations (e.g. improved condition of long-lived 

floodplain vegetation). However, recruitment of these species will be inevitable in most years. As 

such, reporting on the recruitment of carp and goldfish will still be meaningful and will continue to 

be reported in the future, including in years when managed inundations do not occur.   

 

Establishing point of reference  

 

Recruitment indices were developed for two non-native species, namely: 

 Common carp (Cyprinus carpio); and 
 Goldfish (Carassius auratus). 

 

Development of these indices followed the approach for small-bodied native species (section 

3.1.5) and incorporates age/size structure and abundance. For common carp and goldfish, length 

is appropriate for discerning the annual YOY cohort from autumn sampling. Length, however, is 

not a surrogate for true measures of age (e.g. otolith increment counts) for older individuals.  

 

The reference values for these indices are effectively the mean abundance of the YOY cohort for 

these species from 2009–2020. The reference values are species-specific (Table 8) and were 

calculated using the following equation where X = site abundance (fish.minute electrofishing-1.site-

1), rstandard = set proportion YOY.  

 

Reference value (RV) = mean((Xyear1*rstandard) +  (Xyear2*rstandard) +……... (Xyear n*rstandard))     

 

rstandard was determined as the mean proportion of the population comprised of the YOY cohort 

across all previous sampling years (Table 11). 
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Table 14. Species, typical length of the YOY cohort during annual sampling (based upon 
knowledge of species biology), the mean proportion of the population comprised by the YOY 
cohort (rstandard) and the recruitment index reference value (RV) for select non-native fishes at the 
Pike and Katarapko anabranches from 2009–2020. 
 

  Pike Katarapko 

Species Length YOY rstandard RV rstandard RV 

Common carp <150 mm FL 28% 0.50 40% 5.01 

Goldfish <100 mm FL 85% 1.69 62% 3.16 

 

Reporting against the Ecological Target  

 

To assess future trends in recruitment, for each future sampling year, recruitment index values 

(RI) will be calculated using the following equation, where Xyear = annual abundance (fish.minute 

electrofishing-1.site-1), ryear = annual proportion of YOY. 

 

Annual recruitment value (AV) = Xyear*ryear 

 

Recruitment index (RI) = AV/RV 

 Values of RI >1.0 represent enhanced recruitment relative to reference 

 Values of RI <1.0 represent diminished recruitment relative to reference 

 

Figure 8 and Table 15 present the recruitment index values (RI) derived from the above 

calculations for the Pike anabranch system between 2009-2020. Recruitment for these species 

has been variable and exceeded the reference value on several occasions, and generally 

following high flow events. 

Recruitment responses from common carp and goldfish will be interpreted differently to 

recruitment of generalist fishes despite the similar approach. Firstly, achievement of the target is 

indicated by annual index values below the reference value. Annual values that breach the 

reference value, however, may be accepted if ecological objectives related to floodplain 

vegetation are achieved in that year (e.g. recruitment of river redgums).  
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Figure 8. Summary of Recruitment Index (RI) values for non-native common carp and goldfish at 
the a) Pike and b) Katarapko anabranches from 2009–2020. Dashed blue line represents 
recruitment equal to the reference value and the dashed red line, recruitment 75% of the reference 
value. 
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Table 15. Summary of species abundance (X, fish.minute electrofishing-1.site-1), proportion of the 
population comprised of YOY (ryear), annual recruitment value (AV), reference value (RV) and 
Recruitment Index (RI) for common carp and goldfish at the Pike and Katarapko anabranches 
from 2009–2020. 

Species Year X ryear (%) AV RV RI 

Pike 2020 45.78 89.09 40.79 16.35 2.49 

Common carp 2009 1.23 35.63 0.44 0.50 0.88 

 2013 3.18 25.61 0.82 0.50 1.63 

 2015 1.49 14.42 0.22 0.50 0.43 

 2016 1.67 56.49 0.95 0.50 1.89 

 2020 1.31 9.38 0.12 0.50 0.25 

Goldfish 2009 2.12 81.25 1.72 1.69 1.02 

 2013 0.94 72.92 0.69 1.69 0.41 

 2015 2.58 85.38 2.20 1.69 1.30 

 2016 3.70 93.85 3.47 1.69 2.05 

 2020 0.59 91.43 0.54 1.69 0.32 

Katarapko       

Common carp 2009 1.19 9.09 0.11 5.01 0.02 

 2010 1.25 26.90 0.34 5.01 0.07 

 2011 59.57 88.03 52.44 5.01 10.47 

 2012 5.25 41.59 2.18 5.01 0.44 

 2013 5.74 39.13 2.25 5.01 0.45 

 2015 2.22 34.62 0.77 5.01 0.15 

Goldfish 2009 1.78 65.24 1.16 3.16 0.37 

 2010 1.92 47.62 0.91 3.16 0.29 

 2011 16.80 77.74 13.06 3.16 4.13 

 2012 4.55 27.07 1.23 3.16 0.39 

 2013 3.83 48.54 1.86 3.16 0.59 

 2015 1.74 107.02 1.86 3.16 0.59 
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4. DISCUSSION 

The Pike and Katarapko anabranch systems comprise a diversity of aquatic and floodplain 

habitats and are sites of significant ecological value within the South Australian River Murray. 

Both systems have recently been the subject of substantial infrastructure works under RRP and 

SARFIIP that aim to promote a hydrological regime that includes: 1) improved connectivity and 

extension of lotic habitats under normal operating conditions; and 2) more frequent floodplain 

inundation than would occur naturally under current conditions owing to managed inundation 

events. The adaptive management of these systems will be guided by a series of Ecological 

Objectives and Targets for a range of biota including fish. The current project has reviewed and 

refined fish-related Ecological Targets for the Pike and Katarapko anabranches and developed 

associated indices for assessing future condition of fish communities. 

The Ecological Targets and indices adopted for Pike and Katarapko anabranches are based upon 

knowledge of fish life history and predicted interaction with site management. The species 

diversity and extent indices have a focus on the whole fish assemblage, while the abundance and 

recruitment indices have a species-specific focus. These target species are those with life 

histories that operate over spatial scales similar to site management (i.e. micro- to meso-scales, 

e.g. Murray cod), more so than species with life histories that operate over macro-scales (e.g. 

golden perch). Notwithstanding, caution must be exercised when interpreting annual indices and 

targets, as ultimately, broad-scale hydrology and management of the lower River Murray can 

have great influence on ecological patterns at the anabranch system scale. 

The refined Ecological Targets and indices will form a framework with which to assess the 

condition of the fish community at the Pike and Katarapko systems into the future. Monitoring to 

be undertaken in autumn 2021 will provide the first opportunity to apply these targets. We suggest 

that the proposed targets and indices be reviewed again in coming years (e.g. three–five) to 

ensure appropriateness. Change in ecological condition through time may necessitate changes 

to targets and indices (e.g. changed focus from improving to maintaining abundance).    
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5. CONCLUSION 

The outputs of the current project will allow quantitative assessment of the future condition of fish 

communities at the Pike and Katarapko anabranch systems. This will be critical to evaluate the 

influence of management on fish-related ecological patterns. The process used to develop indices 

followed that previously applied at the Chowilla anabranch Icon Site in The Living Murray 

condition monitoring refinement project (Fredberg et al. 2019). As such, the current project will 

support future consistency in reporting of fish condition across all three major Riverland 

anabranches and improve comparability of data.   
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