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SUMMARY 
 
Spatial segregation of species, due to differences in habitat use, is important for the health and 

structure of fish communities. River regulation in the Murray-Darling Basin has resulted in 

altered flow regimes, restrictions to fish movement and decreases in available habitat for fish. 

Such changes are often associated with decreases in abundance and distribution of native fish. 

In the South Australian River Murray, off-channel habitats such as Chowilla, Katarapko and the 

Pike Anabranch systems may provide important habitat for fish.  

 

The Pike Anabranch system consists of a series of creeks, backwaters and lagoons extending 

over 4,000 ha of floodplain, between the townships of Paringa and Lyrup, in South Australia. 

The aim of this study was to assess the fish populations and aquatic habitats in the Pike 

Anabranch system. The specific objectives were to:  

1) determine the distribution and community structure of fish assemblages in the Pike 

Anabranch system;  

2) determine the distribution and community structure of in-stream habitat in the Pike 

Anabranch system; and  

3) investigate the relationship between fish assemblages, micro-habitat and meso-

habitats (flow types). 

 

A total of 16 sites were assessed across the Pike Anabranch system, including three in the main 

channel of the River Murray. Fish were sampled using an electro-fishing approach and detailed 

habitat assessments were undertaken at each fish survey site. Quantitative habitat 

assessments were also carried out for every 90-second electrofishing shot to allow analysis of 

fish-habitat associations. 

 

During the survey, a total of 4138 fish were collected in the Pike Anabranch system and 

adjacent River Murray representing nine native and four non-native species. The most abundant 

species were bony herring Nematolosa erebi (n=1524), un-specked hardyhead Craterocephalus 

stercusmuscarum fulvus (n=1424), goldfish Carassius auratus (n=442), common carp Cyprinus 

carpio (n=237) and Australian smelt Retropinna semoni (n=181). Two fish species of specific 

conservation interest were also captured in low abundance, freshwater catfish Tandanus 

tandanus and silver perch Bidyanus bidyanus. Both species are protected under the South 

Australian Fisheries Management Act 2007. Overall, fish species richness was comparatively 

 ix
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 x

lower than the species richness recorded in the off-channel habitats of Katarapko and Chowilla 

Anabranch systems. In addition, the fish community composition of the Pike Anabranch system 

did not differ between meso-habitat types.  

 

In general, riparian habitat within the Pike Anabranch system was poor condition, while the in-

stream habitat was relatively good and dominated by native taxa. Only a few habitat 

associations were revealed in some fish species, which may relate to the lack of distinct habitat 

types in this anabranch system, i.e. low habitat heterogeneity. Generally, the system appears to 

provide conditions supporting an increased presence of non-native fish species, as opposed to 

native species, hence the Pike Anabranch system may provide a good template for a habitat 

restoration approach. Floodplain management activities within the Pike Anabranch systems, 

such as increasing connectivity and flowing habitats, may facilitate increased native fish 

diversity and abundance, by increasing the diversity of micro- and meso-habitats.   
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1. INTRODUCTION 
 
The spatial segregation of species, due to differences in resource use (e.g. habitat and food), is 

important for the health and structure of fish communities (Ross, 1986; Schoener, 1986; 

Arlettaz, 1999; Young, 2001). Habitat variables often associated with these segregation 

processes include water depth, water velocity, vegetation and substratum size (Gorman and 

Karr, 1978; Harvey and Stewart, 1991; Facey and Grossman, 1992; van Snik Gray and Stauffer, 

1999). Habitat use is further influenced by biological factors such as predation pressure (or 

predation-risk), inter- and intra-specific competition, the availability and quality of food, as well 

as physical constraints (Baltz et al., 1982; Harvey and Stewart, 1991; Facey and Grossman, 

1992; Hill and Grossman, 1993).  

 

River regulation in the Murray-Darling Basin has resulted in marked alterations in hydrology, 

restrictions to fish movement and decreased habitat availability for fish. These changes are 

often associated with a decrease in the abundance and distribution of native fish (Cadwallader 

1978; Gehrke et al. 1995). Flow regulation has particularly altered the natural hydrodynamics of 

the Lower River Murray (Maheshwari et al. 1995; Walker & Thoms 1993), so that it is now often 

described as a series of weir pool habitats, supporting a lower species diversity than lotic 

habitats.  

 

In the Lower River Murray, within South Australia, off-channel habitats such as Chowilla, 

Katarapko and the Pike floodplain systems provide important habitat for fish. These systems 

bypass major structures, which create barriers to fish passage and may facilitate fish movement 

around these structures (Leigh & Zampatti, 2005). The headloss through these systems 

(equivalent to that over the weir) creates diverse habitats, including flowing habitats, which 

would have been present in the main channel before river regulation (Mallen-Cooper et al. 

2008). Such off-channel systems serve as important refugia for riverine species adapted to 

flowing habitats (Mallen-Cooper et al. 2008). 

 
This study was carried out in the Pike Anabranch system, which consists of a series of creeks, 

backwaters and lagoons, extending over 4,000 ha of floodplain between the townships of 

Paringa and Lyrup in South Australia (Jensen et al. 1996). In recent years the Pike system has 

experienced a significant decline in ecological condition due to the impacts of: rising saline 

 1
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groundwater, reduced flooding, pest plants and animals, altered flow regimes, grazing and 

barriers to fish passage. The South Australian Murray Darling Basin Natural Resources 

Management Board (SAMDBNRMB) has identified the Pike Anabranch system as a high priority 

system, with considerable potential for restoration. The restoration of these habitats is expected 

to improve conditions for native fish populations within the Lower Murray River. 

 
The aims of this study were to assess fish populations and aquatic habitats in the Pike 

anabranch system. The specific objectives were to: 

1. determine the distribution and community structure of fish assemblages in the Pike 

Anabranch system; 

2. determine the distribution and community structure of in-stream habitat in the Pike 

Anabranch system; and  

3. investigate the relationship between fish assemblages, physical habitat and flow types. 

 2
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2. METHODS 

2.1.  Study Site 

 
The Pike Anabranch system consists of a series of creeks (e.g. Mundic, Tanyaca, Snake and  

Rumpaganyah Creeks), backwaters and lagoons (e.g. Pike Lagoon) in an area of 4,000 ha of 

floodplain along the Lower River Murray between the townships of Paringa and Lyrup in South 

Australia (Jensen et al. 1996). The system bypasses the Lock and Weir No 5 and the resulting 

head loss has created diverse habitats, which may provide valuable habitat for native fish 

species (Mallen-Cooper et al. 2008).  

 

 
Figure 1: Map of the Pike Anabranch System indicating the 16 sampling locations 
assessed in  April 2009. For further details of each site see Table 1. 
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Table 1: Sampling site codes, names, GPS coordinates and flow types [1) Fast anabranch 
(>0.18 ms-1), 2) Slow anabranch (0.05-0.18 ms-1), 3) Backwater (<0.05 ms-1), and 4) main river 
channel].  

 
Site  
Code 

Site Name Latitude Longitude Flow  
type 

1 A Bank Apex Park S34°11.186' E140°47.103' 1 
4 Mundic to Pike Cutting S34°11.966' E140°47.624' 1 
5 Mundic H Bank Access  S34°12.984' E140°47.105' 3 
7 Tanyaca Creek  S34°13.388' E140°45.495' 3 
9 Rumpaganyah Creek S34°14.404' E140°45.074' 3 
10 Pike River  S34°15.304' E140 46.153' 3 
11 Lower Pike  S34°15.580' E140°45.554' 3 
12 Lower Pike (Simarloo; downstream  

of Salora Pumping Station) S34°16.459' E140°43.974' 3 
16 Lower Pike (downstream of Lyrup Rd) S34°15.712' E140°41.223' 3 
17 Main channel Murray (downstream) S34°15.268' E140°40.646' 4 
18 Main channel Murray (mid section) S34°13.550' E140°44.150' 4 
19 Main channel Murray (upstream of Lock 5) S34°11.028' E140°46.421' 4 
20 Lower Snake Creek S34°14.267' E140°49.262' 3 
21 Upper Pike  S34°14.262' E140°49.550' 3 
22 Pike River (downstream of Col Col) S34°15.513' E140°47.161' 1 
23 Coombs Bridge (downstream of Sandy 

Crossing) S34°13.435' E140°48.537' 2 
 

2.2.  Fish Survey 

A total of 16 sites were sampled across the Pike Anabranch system, including three in the main 

channel of the River Murray (Figure 1). Fish sampling was undertaken using a boat mounted 

5kW Smith Root Model GPP electrofishing system. At each site, 12 (six on each bank) x 90 

second (‘power on’ time) electrofishing shots were undertaken during daylight hours. All fish 

were dip netted and placed in a re-circulating well. Fish from each shot were identified and a 

sub-sample of 20 individuals measured for length (fork length (FL)/total length (TL)) to the 

nearest 1.0mm. Any identified fish unable to be dip-netted were recorded as ‘observed’.  
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2.3.  Habitat Assessment 

Micro-habitat assessment 

Detailed habitat surveys were undertaken at each fish survey site using a combination of the 

methods used at Chowilla (Zampatti et al. 2006a), Katarapko (Leigh et al. 2008), the Darling 

River (NSW), and Mullaroo Creek and Lindsay River (Vic) (Sharpe and Ellis 2008). 

Quantitative habitat assessments were carried out for every 90-second electrofishing shot by an 

observer visually estimating the percentage cover of each aquatic macrophyte species, large 

woody debris loading and open water in the area covered by the electrofishing shot.   

For the purpose of estimating large woody debris loading, woody debris was divided into the 

following categories:  

• CWD 1: twigs and branches with diameter <1 cm 

• CWD 2: branches with diameter between1-5 cm 

• CWD 3: branches and trunks with diameter >5 cm 

• Tree Roots: Eucalyptus camaldulensis roots 

Meso-habitat Mapping 

The extent of emergent, submergent and riparian vegetation was mapped in situ using printed 

aerial photographs of the reach. Submerged woody debris and vegetation was detected and 

quantified using high resolution 3D side scanning sonar imaging (see Appendix 1 for more detail 

on this method). Submerged vegetation detected by sonar was sampled using a van Veen grab 

to enable identification and the extent of the bed mapped. GIS layers of woody debris and 

vegetation were produced using Arc GIS Desktop 9.3 (ESRI) and habitat maps were compiled 

of the electrofished reach using these layers and relevant imagery.   

Woody debris 

The location, type and complexity of woody debris were mapped for each electrofished reach 

(12 shots per reach) plus approximately 500m up- and downstream, immediately adjacent to the 

electrofished reach.  
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Mapping of submerged woody debris and vegetation was undertaken using high resolution 3D 

side scanning sonar imaging (see Appendix 1 for more detail on this method). The type and 

complexity of submerged woody debris was mapped as above. Submerged vegetation detected 

by sonar was sampled using a van Veen grab to enable identification and the extent of the bed 

mapped as described above. 

During side scanning sonar imaging, every submerged woody habitat (SWH) that could be 

identified was assessed for a range of parameters, including: 1) orientation, 2) complexity, 3) 

diameter and 4) depth. 

2.4.  Data Analysis  

Length frequency analysis 

Information relating to population dynamics and associated life history aspects of the fish 

species captured during the survey were derived using length frequency distributions, where a 

sufficient number of individuals were captured. In many fish species, the generated length 

modes may describe age groups, which are generally most pronounced in fish with a short 

spawning season, and fast and uniform growth (Bagenal and Tesch, 1968). 

Fish assemblage and aquatic mesohabitat types 

Each site was classified into one of four mesohabitat types based on mean current velocity and 

location (sensu Zampatti et al., 2009): 1) fast anabranch (>0.18 ms-1), 2) slow anabranch (0.05-

0.18 ms-1), 3) backwater (<0.05 ms-1), and 4) main river channel. Differences in fish species 

composition (CPUE) between meso-habitats was assessed using indicator species analysis 

(Dufrene and Legendre, 1997). 

Fish species and habitat 

Fish-habitat associations were determined (using the data from the microhabitat assessment) 

by indicator species analysis (Dufrene and Legendre, 1997) using the package PCOrd version 

5.12 (McCune and Mefford, 2006). This test was used to determine whether a plant species (or 

CWD category) was a significant indicator when a fish species was either present or absent.  
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3. RESULTS 

3.1.  Fish Community Structure 

 

Abundance, species richness and distribution of fish 
 
During the fish survey in April 2009 a total of 4138 fish were collected, representing nine native 

and four non-native species (Table 2). The most abundant species were bony herring 

Nematolosa erebi (n=1524), followed by un-specked hardyhead Craterocephalus 

stercusmuscarum fulvus (n=1424), goldfish Carassius auratus (n=442), common carp Cyprinus 

carpio (n=237) and Australian smelt Retropinna semoni (n=181). During the survey two species: 

freshwater catfish (Tandanus tandanus) (n=8) and silver perch (Bidyanus bidyanus) (n=5), 

which have a high conservation interest and are protected under the South Australian Fisheries 

Management Act 2007, were also captured in low numbers.  

 
Of the total 13 fish species observed, species richness ranged from 5 to 10 species across 

different sampling sites in the Pike Anabranch system (Table 2). The greatest number of 

species (n=10) were observed in the main channel (sites 17 and 19) and sites 4 (fast 

anabranch), 7 and 9 (both backwaters). Silver perch occurred at sites 1 (fast anabranch; n=1), 4 

(fast anabranch; n=3) and 9 (backwater; n=1) only. Freshwater catfish were only recorded from 

sites 1 (fast anabranch; n=6), 4 (fast anabranch; n=1) and 19 (main channel; n=1).  

 

The most abundant fish species were also the most widely distributed across the Pike 

Anabranch system, with bony herring and common carp collected at every site. Un-specked 

hardyhead, goldfish and Australian smelt were also widely distributed, but not necessarily 

recorded from every sampling site (Table 2). 
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Table 2:  Overview of total numbers of fish captured in the Pike Anabranch system during surveys in April 2009. NN, denotes non-
native fish species; CPUE, denotes the catch-per-unit effort calculated as fish captured per second fished. Flow types are defined 
as follows: 1) fast anabranch (>0.18 ms-1), 2) slow anabranch (0.05-0.18 ms-1), 3) backwater (<0.05 ms-1), and 4) main 
river channel. 
 

Site code 1 4 5 7 9 10 11 12 16 17 18 19 20 21 22 23 Totals 
Flow type 1 1 3 3 3 3 3 3 3 4 4 4 3 3 1 2  
Un-specked 
hardyhead 25 1  78 370 65 105 151 14 107 311 126 20 8 34 9 1424 

Silver perch 1 3   1            5 
Redfin perch (NN) 1        1       1 3 
MD rainbowfish  1  4 2  4 14  15 6 29  6   81 
Goldfish (NN)  3 2 135 52 95 16 38 3 8 5  36 3 45 1 442 
Golden perch 1 3 1 1 7  8 5  9 5 7     47 
Freshwater catfish 6 1          1     8 
Flathead gudgeon   1 2 1 1  1  1 18 3     28 
Eastern gambusia 
(NN)    12 73  3 3  3  6  1   101 

Common carp (NN) 12 1 19 51 12 13 15 12 13 12 19 15 9 18 7 9 237 
Carp gudgeon 1 1  3 1 1 1   43  2    4 57 
Bony herring 37 362 3 8 3 30 42 38 322 40 223 121 182 88 22 3 1524 
Australian smelt 93 17  1  10    1 44 2 3 1 7 2 181 
Total 177 393 26 295 522 215 194 262 353 239 631 312 250 125 115 29 4138 
Species diversity 9 10 5 10 10 7 8 8 5 10 8 10 5 7 5 7  
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Length distribution 
 
The length distributions of small-bodied fish species (≤100 mm length) were generally multi-

nodal, with some modes more distinct than others (Figures 2 and 3). The length distributions of 

medium- and large-bodied fish species (≥100 mm length) were also multi-nodal,  with goldfish 

and bony herring displaying strong cohorts for fish between 50 to 100 mm, and 30 to 90 mm 

respectively (Figure 4). Similarly, common carp displayed multiple modes with a distinct mode of 

smaller individuals (<200 mm) (Figure 5). 
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Figure 2: The length distribution of a) un-specked hardyhead (n=1424), b) eastern gambusia 
(n=101) and c) carp gudgeon (n=57) captured at sites within the Pike Anabranch system and 
adjacent River Murray in April 2009. 
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Figure 3: The length distribution of a) Murray- Darling rainbowfish (n=81), b) flathead gudgeon 
(n=28) and c) Australian smelt (n=181) captured at sites within the Pike Anabranch system and 
adjacent River Murray in April 2009. 
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Figure 4:  The length distribution of a) goldfish (n=442) and b) bony herring (n=1524) captured 
at sites within the Pike Anabranch system and adjacent River Murray in April 2009. 
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Figure 5: The length distribution of a) common carp (n=237) and b) golden perch (n=47) 
captured at sites within the Pike Anabranch system and adjacent River Murray in April 2009. 

 

3.2.  Habitat availability  

 
Habitat assessments provided detailed information on available emergent, submergent and 

riparian vegetation as well as woody debris and open water coverage at each sampling site. 

GIS maps for each site were generated to 1) describe the prevalent habitat and 2) incorporate 

the complexity of snaps (SWH) collected during the side scanning sonar imaging (Appendix 2). 

Further  results for remaining parameters recorded during side scanning sonar imaging are 

presented in Appendix 3. Site names, codes, associated GPS coordinates and flow types can 

be found in Table 1 (see also Figure 1 for a map of all sites). 

 
Site 1 (A Bank) 

At Site 1, both sides of the creek were dominated by dense stands of emergent reeds and 

sedges: Typha spp. and Phragmites australis with occasional patches of fringing aquatics: 

Ludwigia peploides and Rumex bidens (Figure 6). The submergent species Vallisneria spiralis 

was ubiquitous across the entire creek bed. On the northern bank the riparian zone was 

predominantly an Eucalyptus camaldulensis overstorey, whereas the southern bank was 

predominantly bare, with a sparse Eucalyptus largiflorens overstorey.  
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Figure 6: Habitat map of site 1 (A Bank Apex Park; fast anabranch; number of fish=177 representing 9 species) indicating the 
riparian, emergent and submergent vegetation present.   
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Site 4 (Mundic to Pike Cutting) 

At Site 4, located on the creek connecting Pike Lagoon and Mundic Creek, dense stands of the 

emergent sedge Typha spp. were present along both edges with occasional thick patches of the 

floating, attached aquatic, Ludwigia peploides (Figure 7). Both banks where characterised by 

bare soil with a sparse Eucalyptus camaldulensis overstorey. Vallisneria spiralis was the only 

submergent species recorded and was confined to the edges of the creek.  

Site 5 (Mundic H Bank) 

At Site 5, located on Mundic Creek, dense stands of Typha spp. dominated both sides of the 

creek, and two discrete, localised patches of Vallisneria spiralis were observed toward the 

eastern edge (Figure 8). The riparian zone of the creek was dominated by an overstorey of 

Eucalyptus camaldulensis, whereas the eastern edge was predominantly bare with only a few  

Eucalyptus camaldulensis present.  
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Figure 7: Habitat map of site 4 (Mundic-to-Pike Cutting; fast anabranch; number of fish=393 representing 10 species) indicating the 
riparian, emergent and submergent vegetation and the location, complexity (Grade1-5) and area (m2) of snags within the reach.   
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Figure 8: Habitat map of site 5 (Mundic H Bank Access; backwater; number of fish=26 
representing 5 species) indicating the riparian, emergent and submergent vegetation and the 
location, complexity (Grade1-5) and area (m2) of snags within the reach. 
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Site 7 (Tanyaca Creek) 

At Site 7, both sides of Tanyaca creek were predominantly bare with a few Eucalyptus 

camaldulensis trees present, although a few chenopods such as ruby saltbush 

(Enchylaena tomentosa) and the emergent Cyperus gymnocaulos, were also observed 

on the eastern bank (Figure 9). Stands of Typha spp. with submergent/emergent 

Myriophyllum verrucosum occurred intermittently along each bank and submergent 

Vallisneria spiralis was mostly present below the banks throughout the reach.  

 

Figure 9: Habitat map of site 7 (Tanyaca Creek; backwater; number of fish=295 representing 
10 species) indicating the riparian, emergent and submergent vegetation and the location, 
complexity (Grade1-5) and area (m2) of snags within the reach. 
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Site 9 (Rumpaganyah Creek) 

At Site 9, located on Rumpaganyah Creek, the riparian zone along the western banks was 

predominantly comprised of Eucalyptus camaldulensis overstorey and shrub (e.g. Senecio sp.) 

understorey. Instream vegetation consisted of dense beds of floating attached Ludwigia 

peploides and submergent Vallisneria spiralis (Figure 10). The riparian zone along the eastern 

edge of the creek was also comprised of a Eucalyptus camaldulensis overstorey and Senecio 

sp. understorey, although both species were less abundant compared to the western banks. 

The in-stream vegetation was predominantly Vallisneria spiralis, although mixed patches of 

Ludwigia peploides and Vallisneria spiralis were also present in the southern portion of the 

reach.  
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Figure 10: Habitat map of site 9 (Rumpaganyah Creek; backwater; number of fish=522 
representing 10 species) indicating the riparian, emergent and submergent vegetation and the 
location, complexity (Grade1-5) and area (m2) of snags within the reach. 
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Site 10 (Pike River) 

At Site 10, located on the Pike River, both riparian zones of the reach were bare, with only dead 

Eucalyptus camaldulensis trees present (Figure 11). Dense stands of Phragmites australis, 

interspersed with intermittent stands of Typha spp. occurred along the southern bank, whereas 

dense patches Vallisneria spiralis and Myriophyllum verrucosum covered most of the river bed. 

 

 

Figure 11: Habitat map of site 10 (Pike River; backwater; number of fish=215 representing 7 
species) indicating the riparian, emergent and submergent vegetation and the location, 
complexity (Grade1-5) and area (m2) of snags within the reach. 
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Site 11 (Lower Pike) 

At site Site 11, located on the Pike River (in close proximity to an unused ferry cable), both 

riparian zones of the reach were bare with a high abundance of dead Eucalyptus camaldulensis 

trees (Figure 12). Thick patches of Ludwigia peploides were prominent throughout the reach, 

and submergent species, Vallisneria spiralis and Potamogeton tricarinatus were also observed 

close to both banks. A discreet stand of Phragmites australis was found along the western bank, 

and a single Typha spp. stand along the eastern bank.  
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Figure 12: Habitat map of site 11 (Lower Pike; backwater; number of fish=194 representing 8 
species) indicating the riparian, emergent and submergent vegetation and the location, 
complexity (Grade1-5) and area (m2) of snags within the reach. 
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Site 12 (Lower Pike, Simarloo) 

At Site 12, located on the lower Pike River, downstream of the Salora pumping station, the 

vegetation differed between the western and eastern portion of the creek (Figure 13). On the 

western portion of the creek the riparian zone on both banks was predominantly bare, with 

occasional Eucalyptus camaldulensis trees present. Along the northern bank of this section the 

submergent/emergent species Vallisneria spiralis, Potamogeton tricarinatus and Myriophyllum 

verrucosum formed a narrow bed, whereas on the southern bank a dense bed of Ludwigia 

peploides, Vallisneria spiralis and Potamogeton tricarinatus was observed. A dense bed of 

Vallisneria spiralis was also present on a sandbar at the junction of the two creeks. A discreet 

Typha spp. stand occurred along the northern bank between the sand bar and another dense 

Vallisneria spiralis bed. The riparian zone along the eastern portion of the site along both banks 

was dominated by invasive Salix spp. trees, interspersed with a few Eucalyptus camaldulensis 

trees.  
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Figure 13: Habitat map of site 12 (Lower Pike Simarloo; backwater; number of fish=262 representing 8 species) indicating the 
riparian, emergent and submergent vegetation and the location, complexity (Grade1-5) and area (m2) of snags within the reach. 
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Site 16 (Lower Pike, downstream Lyrup Rd) 

At Site 16, located on the lower Pike River and immediately downstream from the confluence of 

the River Murray, the riparian zone along each bank was characterised by a sparse Acacia 

stenophylla and Eucalyptus camaldulensis overstorey, with occasional stands of fringing Typha 

spp. and/or Phragmites australis stands (Figure 14). Dense beds of submergent species:  

Potamogeton tricarinatus, Potamogeton crispus, Vallisneria spiralis, Myriophyllum verrucosum, 

Hydrilla verticillata and Zannichellia palustris occurred along both banks, although these beds 

were wider along the eastern bank.   
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Figure 14: Habitat map of site 16 (Lower Pike Lyrup Rd; backwater; number of fish=353 
representing 5 species) indicating the riparian, emergent and submergent vegetation and the 
location, complexity (Grade1-5) and area (m2) of snags within the reach. 
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Site 17 (main river channel, downstream) 

At Site 17, located on the main river channel of the River Murray, below the Pike system 

confluence, the eastern bank was dominated by a dense Eucalyptus camaldulensis overstorey 

with Phragmites australis and intermittent Typha sp. stands (Figure 15). A dense bed of the 

submergent species: Hydrilla verticillata, Elodea Canadensis and Potamogeton tricarinatus, 

extended from the bank (width of ~20 to 50 m). On the western part of the River Murray, the 

riparian zone was predominantly bare with either Eucalyptus camaldulensis or Eucalyptus 

largiflorens trees present, although one Salix spp. stand was observed. The same suite of 

submergent species was found extending from the western bank; however the bed was not as 

dense or wide as the eastern side.  
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Figure 15: Habitat map of site 17 (Main Channel (downstream); main river channel; number of 
fish=239 representing 10 species) indicating the riparian, emergent and submergent vegetation 
and the location, complexity (Grade1-5) and area (m2) of snags within the reach. 
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Site 18 (main river channel, mid section) 

At Site 18, located on the main River Murray channel, between the two confluences of the Pike 

anabranch system, the vegetation patterns of the inside and outside bends of the banks 

differed. The inner bank was a gradual slope, with a thin band of heavily grazed Schoenoplectus 

validus fringing the emergent zone. With increasing distance from the water’s edge, Eucalyptus 

camaldulensis trees formed thick stands (Figure 16). Dense, mixed beds of submergent 

species: Hydrilla verticillata, Elodea canadensis and Vallisneria spiralis, were present ~ 30 to 60 

m from the bank. On the outside bend, the riparian zone was predominantly bare in the 

southern portion of the reach, but further upstream the bank was dominated by an Acacia 

stenophylla and Eucalyptus camaldulensis overstorey. The same suite of submergent species 

describe above (with the addition of Potamogeton tricarinatus and Potamogeton crispus) was 

found along the outside bend although this was not as dense or wide as the beds present on the 

inside bend.  Upstream of the wetland entrance, the riparian zone along the outside bend was 

dominated by emergents such as Phragmites australis and Schoenoplectus validus, and an 

overstorey of Eucalyptus camaldulensis. 
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Figure 16: Habitat map of site 18 (Main Channel (mid section); main river channel; number of 
fish=631 representing 8 species) indicating the riparian, emergent and submergent vegetation 
and the location, complexity (Grade1-5) and area (m2) of snags within the reach. 
 

 

 29



Fish and Habitat in the Pike Anabranch System  Beyer et al. 20010 

Site 19 (main river channel, upstream of Lock 5) 

At Site 19, located on the River Murray, upstream of Lock 5 and the Pike Anabranch system 

had a riparian zone on both banks that was dominated by Salix spp. , although sections of the 

western bank also contained Eucalyptus camaldulensis with Phragmites australis, Typha spp. 

and Schoenoplectus validus (Figure 17). Within these more diverse sections, a narrow band of 

the submergent species: Hydrilla verticillata, Vallisneria spiralis and Potamogeton tricarinatus 

was observed. These submergent species were also found along the eastern side of the River 

Murray in recreationally lawned areas within the adjacent reserve. 
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Figure 17: Habitat map of site 19 (Main Channel (upstream of Lock 5); main river channel; 
number of fish=312 representing 10 species) indicating the riparian, emergent and submergent 
vegetation and the location, complexity (Grade1-5) and area (m2) of snags within the reach. 
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Site 20 (Lower Snake Creek) 

At Site 20, located on Snake Creek was characterised by predominantly bare banks on both 

sides (Figure 18). The emergent zone was predominantly fringed by dense stands of Typha 

spp., and dense beds of Vallisneria spiralis interspersed with Potamogeton crispus in the 

deeper areas. This site was too shallow to obtain sonar images, and therefore no such 

information is available.  

 

Figure 18: Habitat map of site 20 (Lower Snake Creek; backwater; number of fish=250 
representing 5 species) indicating the riparian, emergent and submergent vegetation and the 
location, complexity (Grade1-5) and area (m2) of snags within the reach. 
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Site 21 (Upper Pike) 

At Site 21, located on the upper Pike River,  the western side of the creek had bare edges with 

occasional stands of emergent Typha spp. and thin patches of the charophyte (Chara sp.) 

adjacent to the bank (Figure 19). The edges along the eastern side were predominantly bare 

with sparse Eucalyptus camaldulensis overstorey. Stands of Typha spp. dominated the 

emergent zone along the eastern bank and the large sand bar toward the creek narrowing. The 

submergent Vallisneria spiralis was patchily distributed in the centre of the creek.   
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Figure 19: Habitat map of site 21 (Upper Pike; backwater; number of fish=125 representing 7 
species) indicating the riparian, emergent and submergent vegetation and the location, 
complexity (Grade1-5) and area (m2) of snags within the reach. 
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Site 22 (Pike River, downstream of Col Col) 

Site 22, located along the Pike River, had bare banks along both sidesof the creek although 

dead Eucalyptus camaldulensis were present (Figure 20). Intermittent patches of Typha spp. 

were distributed along the southern portion of the bank, and submergent species: Vallisneria 

spiralis and Myriophyllum verrucosum, were distributed across the majority of the river bed at 

this site. 
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Figure 20: Habitat map of site 22 (Pike River (downstream of Col Col); fast anabranch; number of fish=115 representing 5 species) 
indicating the riparian, emergent and submergent vegetation and the location, complexity (Grade1-5) and area (m2) of snags within 
the reach. 
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Site 23 (Coombs Bridge) 

Site 23 was located downstream of Sandy Crossing. The riparian zone on the western bank was 

bare with some dense Typha spp. stands interspersed with large patches of Ludwigia peploides 

(Figure 21). Along the eastern bank Eucalyptus camaldulensis trees were sparsely distributed 

over a bare understorey with Phragmites australis and Typha spp. found in the emergent zone 

across most of the bank. However, the northernmost section of this reach was dominated by 

Salix sp. The submergent species Vallisneria spiralis and Potamogeton tricarinatus occurred in 

discreet patches near both banks, in between areas of Typha spp. and Ludwigia peploides. 
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Figure 21: Habitat map of site 23 (Coombs Bridge; slow anabranch; number of fish=29 
representing 7 species) indicating the riparian, emergent and submergent vegetation and the 
location, complexity (Grade1-5) and area (m2) of snags within the reach. 
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3.3.  Fish-Habitat Associations 

 
Fish assemblage and aquatic mesohabitat types 
 
Indicator species analysis revealed no significant indicators (species present in significantly 

higher abundances) for any of the mesohabitats (e.g. fast and/or slow anabranch, backwater or 

main River Murray channel) within the Pike Anabranch system (Table 3).  

 
Table 3: Indicator species analysis results assessing the fish community structure (CPUE) 
between the four mesohabitats. 
 
Common name Scientific name Mesohabitat P* 

Silver perch      Bidyanus bidyanus Fast Anabranch 0.1660 
Goldfish     Carassius auratus Backwater 0.4891 
Un-specked 
hardyhead      

Craterocephalus 
stercusmuscarum fulvus River Murray channel 0.5861 

Common carp      Cyprinus carpio Backwater 0.9418 
Eastern gambusia   Gambusia holbroki Backwater 0.6183 
Carp gudgeon         Hypseleotris spp River Murray channel  0.6727 
Golden perch          Macquaria ambigua ambigua River Murray channel 0.2665 
MD rainbowfish       Melanotaenia fluviatilis River Murray channel 0.1504 
Bony herring           Nematalosa erebi Fast Anabranch 0.9270 
Redfin perch           Perca fluviatilis Slow Anabranch 0.0930 
Flathead gudgeon   Philypnodon grandiceps River Murray channel 0.0988 
Australia smelt         Retropinna semoni Fast Anabranch 0.4335 
Freshwater catfish   Tandanus tandanus Fast Anabranch 0.1848 
 
Fish species and micro-habitat  
 
Indicator species analysis revealed that goldfish, un-specked hardyhead, and carp gudgeons 

had no statistically significant micro-habitat associations, however the remaining species did 

(P≤0.05) (Table 4). Some species only showed significant associations with one microhabitat 

type. For instance, freshwater catfish were significantly associated with the exotic riparian tree 

Salix babylonica (Sal bab), bony herring with emergent Bolboschoenus caldwellii (Bol cal), 

Eastern gambusia and flathead gudgeon were associated with the native riparian tree Acacia 

stenophylla (Aca ste), while common carp and golden perch were associated with large woody 

debris (CWD3) (Table 4). Alternatively other species showed significant associations with 

multiple micro-habitat types, such as silver perch, which was significantly associated with the 
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floating aquatic, Ludwigia peploides (Lug pep), and emergents,: Persicaria lapathifolium (Per 

lap) and Phragmites australis (Phr aus). Similarly Murray-Darling rainbowfish were associated 

with large woody debris (CWD3) and Acacia stenophylla (Aca ste) (Table 4). Redfin perch 

showed the greatest number of significant associations with emergents such as Persicaria 

lapathifolium (Per lap) and Phragmites australis (Phr aus), but also with the submergent 

Zannichellia palustris (Zan pal) and the non-native riparian tree Salix babylonica (Sal bab) and 

with physical micro-habitat types, such as medium sized woody debris (CWD 2) and open water 

(Table 4).  
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Table 4: P-values indicating significance of habitat preferences for each fish species captured in the Pike anabranch system during 
April 2009. *, denotes significance at P≤0.05; **, denotes significance at P≤0.01. Categories for CWD4 and CWD 5 are not presented 
here as they contained ‘empty’ habitat categories and were excluded from this analysis.  

P values 
Silver  
perch 

Gold- 
fish       

Un- 
specked  
hardyhead     

Common  
carp      

Eastern  
Gambusia   

Carp 
gudgeon     

Golden  
perch       

Murray- 
Darling  
rainbow- 
fish           

Bony  
herring     

Redfin  
perch       

Flathead  
gudgeon     

Australian  
smelt           

Freshwater  
catfish          

Aca ste 1.00 0.68 0.79 0.79 0.02* 0.89 0.22 0.003** 0.78 1.00 0.02* 0.82 1.00 
Bol cal 1.00 0.27 0.30 0.30 1.00 0.19 1.00 0.30 0.04* 1.00 0.16 1.00 1.00 
CWD 1 0.99 0.32 1.00 0.94 0.96 0.67 0.93 0.44 0.94 0.17 0.97 0.46 0.99 
CWD 2        0.60 0.46 0.35 0.98 0.89 0.44 0.58 0.18 0.91 0.012* 0.48 0.16 0.12 
CWD 3        0.09 0.96 0.51 0.04* 0.14 0.11 0.01** 0.03* 0.45 0.47 0.31 0.28 0.94 
Cyp gym     1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Hyd ver       0.76 0.95 0.52 0.41 0.18 0.69 0.69 0.35 0.95 1.00 0.12 0.71 0.76 
Jun usi     1.00 0.42 0.96 0.95 0.20 0.31 1.00 0.30 0.95 1.00 0.26 0.33 1.00 
Lud pep     0.01** 0.88 0.76 0.60 0.73 0.72 0.38 0.07 0.42 0.12 0.60 0.75 1.00 
Mor flo        1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Myr ver       0.67 0.82 0.25 0.24 0.83 0.64 0.47 0.67 0.22 0.91 0.12 0.82 0.67 
Nitella        1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Open          0.07 0.66 0.28 0.73 0.97 0.87 0.96 0.65 0.33 0.03* 0.57 0.05* 0.49 
Pas dis       0.12 0.77 0.95 0.95 1.00 0.96 0.06 0.29 0.95 1.00 0.26 0.96 1.00 
Per lap        0.05* 1.00 1.00 0.24 1.00 0.24 0.24 1.00 0.89 0.049* 1.00 0.16 1.00 
Phr aus       0.03* 0.75 0.72 0.68 0.00 0.99 0.03 0.23 0.19 0.02* 0.54 0.41 0.98 
Pot cri       1.00 0.92 0.10 0.88 0.74 0.69 0.69 0.75 0.89 0.17 0.96 0.65 1.00 
Pot tri          0.67 0.65 0.19 0.53 0.53 0.06 0.85 0.25 0.24 1.00 0.15 0.21 0.40 
Rock          1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Rum bid      0.11 0.77 0.77 0.21 1.00 1.00 1.00 1.00 0.90 0.11 1.00 0.14 1.00 
Sal bab       1.00 0.58 0.72 0.71 0.24 0.79 1.00 1.00 0.70 0.049* 1.00 0.93 0.046* 
Sch val       1.00 0.66 0.54 0.50 0.95 0.11 0.65 0.77 0.51 1.00 0.78 0.61 0.18 
Sen spp      1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Tree           1.00 0.66 0.74 0.66 1.00 1.00 0.40 1.00 0.65 1.00 1.00 0.78 1.00 
Typ spp      0.41 0.55 0.82 0.79 0.53 0.59 0.97 0.81 0.89 0.95 0.39 0.96 0.48 
Val spi        0.94 0.89 0.51 0.72 0.44 0.83 0.37 0.31 0.50 0.60 0.76 0.23 0.24 
Zan pal       1.00 0.22 1.00 0.80 1.00 1.00 1.00 1.00 0.81 0.045* 1.00 1.00 1.00 
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4. DISCUSSION 
 
With a total of 4138 fishes captured at 16 sampling sites within the Pike anabranch system in 

April 2009 (Table 2), a relatively low number of fish were observed when compared to the 

Chowilla Anabranch system. At Chowilla, fish surveys where the same methods and sampling 

site numbers were used, over a period of 4 years (2005-2008), recorded an average of 9735 ± 

575 individual fish per year (Zampatti et al., 2008). Similarly in the Katarapko Anabranch 

system, surveys conducted over 14 sites during March/April 2009 yielded a total of 3580 

individual fish (Leigh et al., 2009). Based on the total number of fish, as well as the average 

numbers of fish per sampling site (average ± S.E.), it appears that both, the Pike (258 ± 40 

individual fish per site; this study) and Katarapko (255 ± 34 individual fish per site; Leigh et al., 

2009) Anabranch systems, may represent similar systems in terms of fish abundance, while  

Chowilla is a system that yields a much greater abundance of fish (between 2006-2008: 692  ± 

96 individual fish per site; Zampatti et al., 2008). 

 

Total species richness in the Pike Anabranch system was 13 species (Table 2), compared to 15 

at both, the Katarapko and Chowilla systems (Zampatti et al., 2008; Leigh et al., 2009). In 

particular, dwarf flat-headed gudgeon (Philypnodon macrostomus) and the nationally threatened 

species Murray cod Maccullochella peelii peelii (EPBC Act, 1999), were not captured during the 

survey at Pike, but occurred at Katarapko and Chowilla (Zampatti et al., 2008; Leigh et al., 

2009). Overall, species richness ranged from 5 to 10 fish species per sampling site (Table 2), 

which is again lower than the range recorded at Katarapko (7 to 12 fish species per sampling 

site in 2009; Leigh et al., 2009) and Chowilla Anabranch systems (6 to 12 fish species per 

sampling site between 2005 and 2008; Zampatti et al., 2008). During the present study, the 

River Murray main channel sampling sites held the greatest species richness (8 to 10 species, 

Table 2), while the greatest range of species richness (5 to 10) was observed at sites with 

<0.05 m s-1 (i.e. backwater mesohabitat types). However, indicator species analysis did not 

reveal any species with significantly higher abundances in a particular mesohabitat (Table 3). 

Generally, differences in fish abundance and species diversity between sampling sites and 

between different floodplain systems are likely related to differences in the availability, diversity 

and complexity of the habitat for fish between those (Gorman & Karr, 1978; Merigoux et al., 

1998; Young, 2001). Habitat heterogeneity has been confirmed as one the major factors to 

describe large-scale fish species richness in 292 rivers at a global scale (Guegan et al., 1997). 
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The lack of habitat heterogeneity within the Pike Anabranch system is a likely factor that has 

contributed to the comparably low species richness observed during this study. 

 

The absence of high conservation species, such as the Murray cod is not necessarily a 

confirmation that the species does not occur in the Pike system, as only a small area of the 

system was sampled at a single occasion. Murray cod appear to require hydraulically diverse 

habitat as well as an abundance of woody debris to allow successful recruitment (Koehn & 

Nicol, 1998; Zampatti & Leigh, unpubl. data). Based on the habitat analysis alone, the woody 

debris is not expected to have limited the occurrence of Murray Cod, while it may be the lack of 

hydraulic diversity that has facilitated the non-presence of the species at the 16 sites at the time 

of sampling (Koehn & Nicol, 1998; Zampatti & Leigh, unpubl. data). Indeed, Murray cod may 

occur in low abundances in some meso-habitats within the Pike system, and/or may only use 

certain habitat types, at certain times (Koehn 2009).  
 
Absence of individuals <20 mm total length (TL) and limited distinctness in length modes was 

observed in short-lived small-bodied fish species, including un-specked hardyhead, eastern 

gambusia, carp gudgeon, Murray-Darling rainbowfish, flathead gudgeon and Australian smelt 

(Figure 2; Figure 3). A relatively wide size range was observed for those species with small 

maximum body sizes (≤100mm TL; Lintermans, 2007), and recruitment is expected to have 

taken place within the Pike system and the adjacent Murray River. However, the boat electro-

fishing method used for the fish surveys was expected to lead to some bias towards larger 

individuals, which may have caused the diminished distinctness of length modes in some fish 

species. Low numbers of fish may have further reduced mode distinctness for certain species. 
 

Strong cohorts of smaller individuals in the medium-bodied fish species in non-native goldfish 

(50–100mm FL; ≤1 year old; Lintermans, 2007) and native bony herring (30–90mm FL; ≤1 year 

old; Puckridge & Walker, 1990) confirm the recent recruitment for these species (Figure 4). 

Bony herring are well suited to recruit in environments that provide variable flow conditions 

(Humphries et al., 1999), and this is particularly important in floodplain habitats such as the Pike 

system. Common carp revealed relatively distinct modes of small (140mm FL; mostly ≤1 year 

old [Brown et al., 2005]) and large (300–450mm FL; ≈5-8 years old [Brown et al., 2005]) 

individuals and this confirms the species’ successful recruitment and population strength in the 

Pike river system (Figure 5a). This is further corroborated by Lintermans (2007), who suggests 

that male and female carp are sexually mature at >300mm and >350mm respectively.  
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Golden perch are flow-cued spawners with generally variable recruitment in floodplain habitats 

(Humphries et al., 1999; Mallen-Cooper & Stuart, 2003). Due to the low numbers of golden 

perch captured within the Pike system, age analysis (i.e. and associated euthanisation) was not 

carried out during this study. The size range of individuals observed (Figure 5b), reveals the 

presence of a large size range of individuals: 280–600mm TL. Age determination (using otoliths) 

from golden perch of a similar size range captured at the Katarapko anabranch system revealed 

the presence of fish from four different age groups, i.e. 3, 8, 10 and 12 year olds (Leigh et al., 

2009). Similar length-at-age variability was observed from golden perch in the Chowilla 

anabranch system (Zampatti et al., 2008). In the spring/summer 2005 a period of increased 

discharge (3,800-15,000 ML/d; DWLBC SWA) is assumed to have facilitated golden perch 

spawning and this cohort has been found in both, Katarapko and Chowilla (Leigh et al., 2009; 

Zampatti et al., 2008), and may have contributed to the golden perch population in the Pike 

system. 

 

During this study, silver perch and freshwater catfish, both of which are protected under the 

South Australian Fisheries Management Act 2007, were observed. Though in low numbers, the 

presence of both species further underpins the importance of protecting, restoring and 

maintaining habitat for fish in the Pike system. Despite being considered generally widespread 

throughout the lower River Murray (Clunie and Koehn, 2001; Lintermans, 2007), only eight 

individual freshwater catfish were captured during the surveys of the Pike system. Seven of 

those were recorded from sites 1 (A Bank Apex Park) and 4 (Mundic to Pike Cutting), which are 

both classed as ‘fast anabranch’ flow types (>0.18ms-1), and one individual occurred in the main 

channel (Table 2). This is in contrast to previous information that freshwater catfish may be 

associated with slow-flowing habitats (Clunie and Koehn, 2001). The fast-flowing sites 1 and 4 

also harbored four of the five silver perch individuals captured during the survey. However, 

habitat variability and diversity may be a more important factor for the presence of freshwater 

catfish (Clunie and Koehn, 2001; Zampatti and Leigh, 2005) and silver perch (see section 3.2 

for site descriptions).  

 

Statistically significant micro-habitat associations were observed in all fish species (range: 1–3) 

except for goldfish, un-specked hardyhead and carp gudgeons, with the greatest number of 

habitat associations observed in redfin perch, silver perch, and MD rainbowfish (Table 4). 

Interestingly, goldfish and carp gudgeon were significantly associated with a range of micro-

habitat types at Chowilla (Zampatti et al., 2009). Generally, low numbers of significant micro-
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habitat associations are assumed to indicate habitat plasticity in fishes (Beyer et al., 2007). 

However, the low numbers of habitat associations for fish species in the Pike system, may be 

indicative of a limited availability of the required habitat types, though this can not be proven in 

this study.  

 

Woody debris appeared to be an important habitat type that was important for the presence of a 

number of fish species including non-native redfin perch (P≤0.05), and common carp (P≤0.05), 

as well as native Murray-Darling rainbowfish (P≤0.05) and golden perch (P≤0.01) (Table 4). 

Woody debris has been found to be an important habitat variable for a number of native fishes 

in the Murray-Darling Basin including golden perch and Murray cod (not captured during the 

present study) (Koehn and Nicol, 1998; Crook et al., 2001; Lintermans, 2007).  

 

Non-native common carp generally display limited habitat associations in the Murray River 

(Crook et al., 2001; Nicol et al., 2004; Zampatti et al, 2009), and during the present study only 

one significant association (CWD3; P≤0.05) was revealed. Low habitat affinity in non-native 

species generally promotes habitat plasticity and therefore a species’ potential to successfully 

invade a new habitat (Beyer et al., 2007). Similarly, goldfish and eastern gambusia had no or 

minimal habitat associations and some aspects of their invasion success in the River Murray 

may be explained with a plastic breadth of habitat use. However, in the Chowilla Anabranch 

system goldfish were found significantly associated (P≤0.01 or P≤0.05) with at least six 

submergent, fringing and emergent taxa representing physical habitat, and eastern gambusia 

with one emergent taxon (Typha spp.; P≤0.05) (Zampatti et al., 2009).  

 

Silver perch showed a distinct habitat profile, with strong associations with submergents such as 

Ludwigia peploides (P≤0.01), Persicaria lapathifolia (P≤0.05) and the common reed, Phragmites 

australis (P≤0.05) (Table 4). Ludwigia peploides is a perennial, floating aquatic that can form 

dense, if not obstructive beds within the water column (Sainty and Jacobs 2003). Phragmites 

australis also forms dense stands, as does the broad-leaved emergent Persicaria lapathifolia. 

The dense in-stream cover and overhanging shade provided by these plants may serve to 

function as refuge and shelter structures, especially for small individuals. Silver perch were also 

significantly associated with the fringing stands of the perennial grass, Paspalum distichum 

(P≤0.05) and physical microhabitat types, such as woody debris (CWD2; P≤0.05) within the 

Chowilla system (Zampatti et al., 2009). 
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Australian smelt were significantly associated with open water (P≤0.05) as would be expected 

since the species is pelagic (McDowall, 1996; Lintermans, 2007). Redfin perch (P≤0.05) and 

freshwater catfish (P≤0.05) were found to be significantly associated with Salix babylonica 

(Table 4).  S. babylonica generally provides a large amount of overhanging shade and this is 

one of the factors that may drive spatial segregation in fishes (Power, 1984). 

 

The condition of the riparian and in stream habitats in the Pike Anabranch system is similar to 

those present throughout the Lower River Murray. Generally, the riparian and floodplain habitats 

are degraded, most likely due to the lack of overbank flows and water regulation practices 

causing stabilisation of river water levels, in recent years. Observations of the floodplain 

vegetation show similar patterns of degradation in the Chowilla system with extensive areas of 

salt tolerant vegetation and bare soil (Marsland et al., 2009), with a very narrow strip of riparian 

understory at the edge of the permanent water bodies (Zampatti et al., 2006a; b). In contrast, 

the aquatic habitat within the Pike Anabranch system is dominated by native submergent and 

amphibious species and could be classed as being in relatively good condition and can be 

compared to the aquatic habitats of the Chowilla system (Zampatti et al., 2006a; b).   
 

The survey of the Pike Anabranch system revealed low fish abundances and low overall fish 

species richness. These results would have been determined by the prevalent habitat in the 

system, and meso-habitat was overall relatively low in heterogeneity. Only few habitat 

associations were revealed in some fish species and this may be related to the lack of distinct 

habitat types in this anabranch system. Generally, the system appears to provide conditions 

facilitating the increased presence of non-native fish species as opposed to native species. 

However, the Pike anabranch system may provide a good template for a habitat restoration 

approach. Management of the floodplain via the increase of the diversity of micro- and meso-

habitats, i.e. through the increase of connectivity and flowing habitats, may facilitate increased 

fish species diversity and abundance within the Pike Anabranch system. 
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6. APPENDICES 

6.1.  Appendix 1: Side scanning sonar imaging methodology 

a)

b) c)

a)

b) c)

 
Figure 22: Images of a) a snag or submerged woody habitat (SWH) unit, b) side-scanning 
sonar mounted in boat, and c) an example of the sonar image output.   
 

During side scanning sonar imaging, every submerged woody habitat (SWH) that could be 

identified at was assessed for a range of parameters. The following four parameters were 

visually assessed or identified from the sonar for each SWH unit:  
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1) Orientation:  

An orientation score of A, B, C, D, E, A-E or Z was allocated to each SWH unit. Orientations 

from A to E are indicative of SWH orientated at different angles. Orientation was categorised 

depending upon the alignment of the trunk / branch at the roots in relation to the direction of flow 

(Figure 23). An orientation of Z was classified as a vertical trunk in the water column. 

Orientation A-E was classified as several overlapping or a ‘raft’ of individual snags orientated 

across all other classifications. 

 

Figure 23: Snag Orientation classifications A to E. 

 
2) Complexity:  

Complexity of an individual snag or a debris pile was assessed on a 5-grade complexity scale 

(Figure 24): Grade 1) SWH composed of a single trunk or limb; Grade 2) SWH composed of a 

trunk or limb with one or two branches; Grade 3) SWH composed of one or more trunks with 

multiple branches; Grade 4) SWH comprising a highly complex complete tree with most limbs 

and smaller branches present, including the root-ball; and Grade 5) a raft of highly complex 

debris including multiple trunks, branches and root-balls. 

 51



Fish and Habitat in the Pike Anabranch System  Beyer et al. 20010 

a) b)

c) d)

e)

a) b)

c) d)

e)
 

Figure 24: Examples of the five snag complexity categories, a) Grade 1, b) Grade 2, c) Grade 
3, d) Grade 4, and e) Grade 5. 

 

3) Diameter: 

The average diameter of each SWH was visually estimated to the nearest 1.0m. 
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4) Depth: 

The depth to the nearest 0.1m of water around SWH was determined using the sonar or 

estimated if visibly shallow or in a location that the boat could not access (i.e. close to the bank). 

The boat was manoeuvred near the deepest section of the SWH and a depth reading noted 

from the sonar. 

 

6.2.  Appendix 2: Side scanning sonar imaging parameter results 
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Figure 25: The proportional orientation of submerged woody habitat (SWH) presenting the 
respective orientation scores (A, B, C, D, E, A-E or Z) observed using side scanning sonar 
imaging at each sampling site during April 2009.  
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Figure 26: The proportional complexity of submerged woody habitat (SWH) presenting the 
respective complexity grades 1 to 5 observed using side scanning sonar imaging at each 
sampling site during April 2009.  
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Figure 27: The proportional diameter range of submerged woody habitat (SWH) observed using 
side scanning sonar imaging at each sampling site during April 2009.  
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Figure 28: The water depth surrounding the submerged woody habitat (SWH) recorded during 
side scanning sonar imaging at each sampling site during April 2009.  
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