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Executive Summary
This project examines two questions:
1. Do the density, spatial distribution and complexity of available habitats (snags assemblages)
influence the spatial distribution and abundance of large and small -bodied fish in the
Pomona Priority Habitat Reach (PPHR) of the Lower-Darling River?
2. Are there particular habitat features which define the character of fish populations in the
Lower-Darling River?
Structural Woody Habitat (SWH), commonly referred to as ‘snags’, are known to be important to the
ecology of fish for a number of reasons. SWH provides shelter from predation, shelter from sunlight,
spawning sites (e.g. for Murray cod) and delineates territories. This study categorized all discernable
SWH within four replicate 1 kilometre reaches of the Lower-Darling River near Pomona classified as
containing Low (2 X 1km reaches) and High (2 X 1km reaches) snag densities. Characteristics
examined here were snag density (abundance), complexity, orientation and planform area for each
discernable SWH unit (‘individual snag’) at the four study reaches at Pomona and Bellevue on the
Lower-Darling River.
Each SWH unit was categorized using high definition side-scanning sonar. Overall, 145 individual
snag units were categorised across the four reaches. The structure of fish communities occupying
the reaches of differing snag density were examined by electrofishing throughout each entire reach
in conjunction with passive sampling through the deployment gill and small fyke nets.. This suite of
techniques was considered appropriate to sample the full range of species across all size classes
within each assemblage. Additional targeted electrofishing at 10 snags within each reach was
conducted to assess the SWH features in each reach selected by individual fish at the time of their
encounter. This sampling regime was conducted during spring and autumn on two occasions over
the two year study period (2008 and 2009).
A total of 3,742 fish from 13 species (9 native and 4 exotic) were encountered during this study.
Bony herring was the most abundant large bodied species, followed by goldfish, carp, golden perch,
and silver perch, in that order. Additionally, three redfin and one freshwater catfish were recorded.
No Murray cod were recorded throughout this survey. Carp gudgeon was the most abundant small
bodied species, followed by Australian smelt, un-specked hardyhead, Gambusia, flathead gudgeon
and Murray-Darling rainbowfish, in that order.
Higher densities of SWH had some influence on the structure fish communities in the Pomona
Priority Habitat Reach (PPHR). In particular, the abundance of most species was greater within the
high snag density reaches as compared to low snag density reaches. Despite the differences in
abundance of snags between high and low density reaches, the characteristics (complexity etc.) of
snags was shown not be significantly different overall, thus the density of snags was considered
more influential in the structure of associated fish assemblages present within study reaches.
Overall, golden perch and bony herring were more abundant in the high density SWH reaches
relative to the corresponding low density SWH reaches. Carp populations were not significantly
different in their relative abundance between high and low snag density reaches.
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Both native and exotic large bodied species appeared to exhibit a preference for highly complex
snags oriented generally perpendicular to the direction of flow, which provide a variety of refuges
and flow-relief sites, as well as locations from which predators can ambush prey. These snags
represented the majority of SWH units in the high density reaches, being the general characteristics
exhibited by fallen trees.
Patterns of abundance exhibited by native and exotic fish species across high and low snag density
reaches during this study suggest that the native fish community within the PPHR is influenced by
the availability of snags, and also by factors not observed during this investigation. For example,
while Murray cod are known to be present in the study area, they were not recorded in the
electrofishing of netting surveys, despite the number of snags per kilometre and the overall
character of snags from the high snag density reaches resembling other sties in the Darling River
where Murray cod are abundant (Sharpe et al. 2009). As such, the number and character of snags
observed in the PPHR was not considered to be limiting the Murray cod population there, rather the
population is considered to be suppressed.
While there are numerous factors likely to influence the status of large bodied fish populations in
the PPHR, those considered most relevant and worthy of further consideration are:
A general lack of fast flowing habitats
A general lack of heterogeneity of flowing habitats
A general lack of temporal flow variability
Historical overfishing and angling pressure
An enhanced understanding the causative factors suppressing large bodied native fish populations in
the PPHR is prerequisite to maximising future rehabilitation efforts.
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1. Introduction
The Lower Murray Darling CMA in conjunction with NSW DPI are planning a strategic and targeted
investment in aquatic habitat restoration within the Lower Murray Darling (LMD) Catchment with
one identified priority reach being the Pomona Priority Habitat Reach (PPHR). One of the key
activities that have been identified in the aquatic habitat restoration project is re-snagging works.
The Pomona Priority Habitat Reach is accessed by the public and is a known recreational fishing
area. The development and progression of fish habitat restoration activities in this area will directly
engage both fishing club affiliated stakeholders and broader catchment community members.
Structural woody habitat, or ‘snags’ are extensively utilised by native fish throughout their life-cycle.
Snags are considered critical to the ecology of several native species (e.g. Murray cod and golden
perch) as they offer shelter from predation, spawning substrate, and enhance predatory fishes
encounter rates with their preferred prey, among other ecological functions. Since European
settlement, snags have been extensively removed from rivers to improve navigation and flow rate
for irrigation supply. It is widely accepted that this activity has been detrimental to native fish
populations within de-snagged areas.
Re-snagging works have been undertaken in recent years to restore the ecological function of rivers,
especially for native fish. It is anticipated that implementation of a re-snagging project in the
Pomona reach will improve habitat quantity and quality for native fish and subsequently enhance
the native fish community within the targeted areas. This project aims to provide data on the
relationship between snag density/complexity and native fish communities (e.g. total abundance,
species diversity, biomass, size class structure) within the Pomona Priority Habitat Reach.
This report details a research project undertaken in the Lower-Darling River (LDR) during 2008 and
2009. It forms a deliverable for Project contract No. MD 152.07 between the NSW Department of
Primary Industries and the Murray-Darling Freshwater Research Centre (MDFRC), as part of a larger
project being delivered by NSW DPI to the LMDCMA.

The Darling River
The Darling River drains the northern and western portion of the Murray-Darling Basin (MDB).
Annual median rainfall in the Darling River catchment decreases westward from > 1200 mm in the
upland headwaters to < 200 mm at Broken Hill (see also Thoms and Sheldon 2000). Consequently,
the majority of flows in the Darling originate in the eastern areas of the catchment, with the
headwater tributaries Condomine-Balone, Macintyre, Gwider, Namoi, Castlereagh, and Macquarie
Rivers contributing the majority of flow into the Darling River below the confluence of the Barwon
River near Burke NSW. The Paroo and Warrego Rivers in contrast have their headwaters in the more
arid west and only contribute significant inflow to the Darling during periods of high rainfall (Thoms
and Sheldon 2000).
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The Lower-Darling River
The Lower Murray-Darling catchment region lies in the southwest corner of New South Wales and
covers an area of 63,000 square kilometres. The catchment includes the lower reaches of the Darling
River and the Great Darling Anabranch, with the River Murray forming the southern border of the
catchment. The region is dominated by a semi-arid climate and highly variable rainfall. Inflows to the
Lower -Darling River are dominated by subtropical summer monsoon precipitation arriving from the
headwaters and to a lesser extent by temperate winter storms (Thoms and Sheldon 2000b). Both of
these are strongly influenced by El-Niño Southern Oscillation (ENSO) cycles that are driven by
changes in sea surface temperatures (Simpson et al. 1993, Chiew et al. 1998). The Pomona Priority
Habitat Reach (PPHR) lies within the Lower Murray-Darling catchment region upstream of
Wentworth, NSW (Figure 1)

Bellevue High Density (BH)

Bellevue High Density (BL)

Pomona Low Density (PL)

N

NSW

VIC

Pomona High Density (PH)

LOWER DARLING RIVER

Wentworth
MURRAY RIVER

Figure 1. Location of study sites (reaches) in the PPHR on the Lower- Darling River, upstream of
Wentworth.

Native Fish Communities in the Lower-Darling River
Drainage and catchment divisions, together with latitude, dictate the fish fauna found within rivers.
As such, the fish fauna commonly distributed throughout the Lower Murray-Darling catchment may
be expected to occur within the Lower-Darling River. Anthropogenic impacts, most notably the
establishment of barriers to fish movement, over-fishing, habitat fragmentation, and flow regulation
have drastically influenced the distribution of native fish within the Lower Murray- Darling
10

catchment. Twenty-two native fish taxa (21 species and one species complex of up to four carpgudgeon Hypseleotris spp.) are considered to have existed in the Lower Murray- Darling catchment.
However, the congollis (Pseudaphritis urvillii ) is catadromous and would rarely migrate upstream
from the Murray estuary into the Lower Murray- Darling catchment (Gilligan 2005), and the region
lies outside the southern range limit of Hyrtl’s tandan (Neosilurus hyrtlii). Of the 20 remaining
species expected to regularly exist within the catchment, three species; trout cod (Maccullochella
macquariensis), Macquarie perch (Macquaria australasica), and dwarf flat-headed gudgeon
(Philypnodon macrostomus) are only known from the Murray River and have not been recorded in
the Darling River. Spangled perch (Leiopotherapon unicolour) is only regularly captured in the Darling
River above Menindee, and would be considered a vagrant in the Lower Murray. Therefore, 19
species are expected in the Lower Murray, 17 species are expected in the Lower -Darling
components of the Lower Murray-Darling catchment (Table 1) (Gilligan 2005).

Threatened species within the catchment:
As at 2009, within the Lower Murray-Darling catchment a total of nine of the 20 (45%) native
freshwater fish species are either listed, or regarded as threatened species; eight species are listed
as threatened under state or federal legislation. Flat-headed galaxias although not listed as
threatened under any jurisdiction, are considered likely to be locally extinct in the Lower MurrayDarling catchment (Table 1). Therefore, in recognition of this, the entire ecological community of the
Lower Murray- Darling catchment has been declared endangered as part of the Lower Murray and
Lower -Darling endangered Ecological Communities under the NSW Fisheries Management Act 1994.
These ecological communities include all main channels, tributaries, anabranches, lagoons, wetlands
and lakes of the entire catchment. Since European settlement, an additional seven species of nonnative fish have been recorded in the Lower Murray-Darling catchment (Table 2).
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Table 1. Native Fish species previously recorded in the Lower Murray-Darling catchment.
Com m on nam e

Scientific nam e

Australian smelt

Retropinna semoni

Bony herring

Nematalosa erebi

Carp gudgeon

Hypseleotris spp.

Dw arf flat-headed gudgeon

Philypnodon macrostomus

Freshw ater catfish

Tandanus tandanus

Flat-headed gudgeon

Philypnodon grandiceps

Fly-specked hardyhead

Craterocephalus stercusmuscarum fulvus

Golden perch

Macquaria ambigua

Flat-headed galaxias

Galaxias rostratus

Murray cod

Maccullochella peelii

Murray hardyhead

Craterocephalus fluviatilis

Olive perchlet

Ambassis agassizii

Short-headed lamprey

Mordacia mordax

Silver perch

Bidyanus bidyanus

Southern purple-spotted gudgeon

Mogurnda adspersa

Southern pygmy perch

Nannoperca australis

Murray-Darling rainbow fish

Melanotaenia fluviatilis

Table 2. Exotic fish species previously recorded in the Lower Murray-Darling Catchment.
Com m on nam e

Scientific nam e

Brow n trout *

Salmo trutta

Common carp *

Cyprinus carpio

Gambusia (Mosquito fish) *

Gambusia holbrooki

Goldfish *

Carassius auratus

Redfin *

Perca fluviatilis

Oriental Weatherloach *

Misgurnus anguillicaudatus

Tench *

Tinca tinca

There have been no reports of the native southern pygmy perch, flat-headed galaxias, olive perchlet,
southern purple spotted gudgeon, trout cod, short-headed lamprey or Macquarie perch in the Lower
-Murray-Darling catchment for several decades. Murray hardyhead have only been recorded in
isolated saline wetlands in Victoria in recent years, and not in the Murray or Darling River channels.
A number of the exotic species have not been recently recorded in the last decade, including brown
trout and tench. These species are currently considered locally extinct in the Lower Murray-Darling
catchment. Omitting the vagrant and potentially extinct populations, the current fish fauna of the
Lower Murray-Darling catchment typically consists of 11 native and 5 non-native fish species. The
most recent fish surveys in the Lower-Darling River recorded 6 native and 3 exotic species (Gilligan et
al. 2005; Wallace et al. 2008).
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Project Scope and Objectives
It is widely recognised that large-bodied native fish, and to lesser extent, large bodied exotic fish
species, extensively utilise structural woody habitat (SWH) throughout their life-history (Koehn
2009). The loss of woody habitat via direct removal or declining recruitment of SWH to rivers has
long been implicated in the decline of fish in the Murray-Darling River system (Crook 2004). The
rehabilitation of habitat is considered important for the restoration of fish populations in the
Murray-Darling system. However, fish – habitat associations, or more specifically the key features of
SWH that are important for native fish, remain largely unknown (Koehn 2009).
The focus of the current study is confined to four 1 km long reaches of the Lower-Darling River
between 12 and 35 river kilometres upstream of Wentworth (Figure 1). This project aims to:
1. Establish monitoring reaches with contrasting levels of snag density (low and high) in the
weir pool environment of the PPHR.
2. Characterise the available SWH within each sample reach.
3. Assess the relationship between snag density/complexity and native fish communities (e.g.
total abundance, species diversity, biomass, size class structure) in the PPHR.
4. Provide scientifically defensible, regionally specific data to inform future re-snagging works
in the Lower Murray-Darling region.
The information gained here may be utilised to inform and enhance fish habitat rehabilitation works
undertaken in the Lower-Darling River and elsewhere.

2. Methods
Study Sites
Reach scale surveys undertaken by NSW DPI in April 2008 mapped woody material (snags)
observable from above the water surface in PPHR. Based on the data generated from these surveys,
replicated reaches containing high and low density of snag loading or structural woody habitat
(SWH) were selected for examination in this project (Figure 1).

Figure 2. Typical Lower-Darling River reaches in (A) high density SWH, and (B) low density SWH.
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One high density and one low density reach were located adjacent to Bellevue station and are
referred to as Bellevue High Density (BH) and Bellevue Low Density (BL) (Figure 1). One high density
and one low density reach were located adjacent to Pomona station and are referred to as Pomona
High Density (PH) and Pomona Low Density (PL) (Figure 1). The coordinates of each reach are
documented in Table 3. For the purposes of this study, each reach was standardised to 1km in
stream length.
Table 3: Site names and coordinates
Site name

Upstream coordinates

Downstream coordinates

Bellevue High Density (BH)

33° 57’ 43.674 S

33° 57’ 57.852 S

141° 57’ 24.924 E

141° 56’ 57.642 E

33° 58’ 30.228 S

33° 58’ 54.798 S

141° 55’ 51.972 E

141° 55’ 35.496 E

34° 02’ 18.996 S

34° 02’ 41.598 S

141° 54’ 08.214 E

141° 54’ 37.434 E

34° 00’ 50.745 S

34° 01’ 19.980 S

141° 53’ 51.156 E

141° 54’ 06.564 E

Bellevue Low Density (BL)

Pomona High Density (PH)

Pomona Low Density (PL)

In May 2008 the Murray-Darling Freshwater Research Centre (MDFRC) undertook habitat mapping
of submerged material (snags) using high definition 3D side scanning sonar at the four monitoring
reaches. Subsequent to the mapping of SWH, four surveys of the fish community in each reach were
conducted. These surveys were conducted in June 2008 (autumn) October (spring) 2008, June
(autumn) 2009 and October (spring) 2009.

Water Quality
Water quality data was collected using a U-52 multi-probe (Horiba Ltd, Australia) at each site on
each sampling occasion. Temperature (◦C), pH, turbidity (NTU), electrical conductivity (μS.cm-1) and
dissolved oxygen (mg.L-1) were recorded at a depth of 0.2 m below the water surface.
Measurements were taken between 9 am – 5 pm.

SWH Units (Snags)
At each study reach (i.e. BH, BL, PH, PL) an assessment of SWH with the side-scanning sonar was
conducted. Each reach was assessed from a vessel located mid-channel, first on one bank in the
upstream direction, and then along the alternate bank in the downstream direction. This technique
enabled the entire wetted area of each reach to be assessed for SWH.
The sonar enabled determination of attributes relevant to classifying each snag. The size (plan-form
area), orientation and complexity each snag within the entire study reach was assessed either by
sonar or visually, or both. Figure 3 shows the sonar mounted in the boat and an example of the
14

imagery and data output. An image of each snag observed using the sonar was saved and stored as a
bitmap file.

Figure 3. Side-scanning sonar mounted in boat, and two examples of the sonar output.
Detailed SWH assessments occurred within each reach. Every SWH unit (individual snag) that could
be identified was assessed for a range of parameters. The following parameters were visually
assessed or identified from the sonar:
1. Orientation
2. Complexity
3. Planform Area
The assessment method for each of the parameters follows:
Orientation
SWH can be recruited to a waterway naturally by erosion, bank trees dying and collapsing or by
floodwaters relocating debris from the floodplain. Overhanging trees can also supply SWH to the
waterway through limb collapse. The orientation of SWH is influenced by the hydraulic nature of the
waterway and the mode of recruitment. The orientation trends may influence the occurrence of fish
as this feature may provide some velocity / flow refuge, shelter from predation, increase encounter
rates with prey drifting with flow, or any combination of these. If re-snagging is considered, the SWH
orientation trends as well as other characteristics may guide the placement of individual snags.
Orientation was recorded as A, B, C, D, and E, and are assessed in relation to the direction of flow as
indicated in Figure 4.
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Figure 4. SWH orientation naming convention.
Complexity
Complexity of an individual snag or a debris pile has been assessed on a 4-grade complexity scale:
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;
These grades follow a convention for complexity commonly adopted by NSW DPI. Figure 5 provides
a visual representation of the 5 complexity grades as observed from above the water.

Grade 1

Grade 2
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Grade 3

Grade 4

Figure 5. Examples of snag complexity categories.
Planform Area (Length x Width)
The planform area of each SWH was determined by estimating its length and width. This was done
by visual estimate to the nearest 5 metre increment (Fig. 6). Therefore, the minimum size would be
5m long x 5m wide = 25m2 regardless of the complexity.

Figure 6. Example of the Planform Area measurements estimated to the nearest 5m.
SWH data collection
All SWH characteristic data was recorded either in the field or at desktop level using electronic
images (bitmap files) saved from each SWH unit observed in the field. An example of the sonar
images captured during the boating assessment of SWH is provided in Figure 7. All SWH attributes
17

(orientation, complexity, length, width, depth around SWH) were entered into a Microsoft Excel
spreadsheet for subsequent analysis.

Figure 7. Example of the sonar images (snapshots) and inferred SWH attributes inferred from the
image.

Fish
To effectively sample all size ranges and life-history stages of native and exotic fish species in each
reach, a suite of contemporary survey techniques was applied. For each sampling occasion,
standardised boat electrofishing was conducted in concert with 10 panel nets (gill nets) which were
deployed in the river channel within each reach together with 4 small fyke nets (SFN) to sample the
small bodied fish communities. This methodology was repeated on all four sampling occasions (June
2008, October 2008, June 2009 and October 2009).
Electrofishing
A boat electrofishing system (5.5 kW ETS Wisconsin) was used to sample the large-bodied fish
community at each study reach. The electro-fishing boat was powered by an ETS petrol pulsator with
a DC output of approximately 100V/10 amps and a pulse rate of 120 Hz. Electro-fishing methodology
18

consisted of 4 by 360 second shots at each of 4 sites along both banks within the reach. Each shot
incorporated edge and open water habitat and submerged woody debris. Further to this, at each of
10 individual snags in each reach a 30 second shot (total of 300 seconds of power-on time for the
reach) was conducted to allow determination of the SWH features in each reach selected by
individual fish at the time of capture .
During each operation, dip-netters removed all electrofished individuals and placed them in an
aerated live-well. Each individual fish was identified to species level following McDowall (1996) and
Lintermans (2007), measured to the nearest 1.0 mm as standard length (SL) and large bodied species
were weighed to the nearest gram. The biomass of large bodied fish captured during electrofishing
shots at each site for the four trips combined was calculated to compare the biomass between high
and low density SWH sites. All fish were released at their point of capture immediately following
processing.
Netting
On each sampling occasion a set of panel gill nets (152, 203, 254, 305 & 356 mm knot-to-knot mesh
sizes) were set in open water at the upstream and downstream ends of each reach (ie. 2 replicates
of each mesh size per reach). The gill nets were set in the afternoon, checked 2-3 times during the
evening to remove and record captured fish, and retrieved early the following morning. Gill net data
were standardised to 24 net hours per gill net set per reach, allowing a comparison of taxa richness
and abundance between reaches.
Four small fyke nets (SFN) were deployed on each sampling occasion at each site (2 at the upstream
end and 2 at the down stream end of the reach) to include a diversity of structural habitat (open
water, vegetation and woody material). Small fyke nets (SFN) had dual wings (each 2.5 m x 1.2 m),
with a first supporting hoop ( = 0.4 m) fitted with a square entry (0.15 m x 0.15 m) covered by a
plastic grid with rigid square openings (0.05 m x 0.05 m). Each SFN had a stretched mesh size of 2
mm. Fyke nets were set in the afternoon and collected the following morning. SFN data were
standardised to 24 net hours per reach, allowing a comparison of taxa richness and abundance
between reaches.
All fish were released at their point of capture immediately following processing. Ethics approval was
obtained prior to sampling through La Trobe University Animal Ethics Committee (Permit No. AEC0720-MD-V2).

Data Analysis
Water Quality
Data on instantaneous water quality measures for pH, EC, Turbidity, Dissolved oxygen and
temperature was analysed using non-statistical (descriptive) comparisons. Where relevant, data was
interpreted with regard to standard water quality trigger values (e.g. ANZECC guidelines) and
previously reported physiological tolerances of native fish. Significant variations in parameter
values were considered when relating the spatial distribution of fish to SWH and other habitat
features.
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SWH analysis
Differences in the total number of snags between sites was examined using a one-sampled t-test in
S-PLUS (P = 0.05, df = 3) (v3, Math-Soft Inc. 2000). A number of characteristics, as described above
were assessed for each SWH unit identified in the detailed assessment of each sub-reach. Each of
these characteristics was reviewed for each assessment site, allowing the calculation of the
frequency and proportion of each orientation and classification type for SWH in each reach, as well
as density and plan form area of SWH per km2.
Multivariate patterns in snag characteristics were examined in PRIMER V6 (Clarke and Gorley, 2006).
Sang characteristic data was square root transformed with a Bray Curtis similarity applied. The factor
“orientation” was excluded from this analysis because the parameter was not on a linear scale.
Because snag characteristics are assessed on a range of scales (e.g. categorical and meters), data
was normalised prior to generation of a similarity matrix. An ANOSIM test (with 99,999
permutations) was applied to the similarity matrix to determine if the characteristics of snags
differed significantly between the sites within the a priori grouping of high and low snag density. A
Principal Components Analysis (PCA) was undertaken on the transformed data to assess the
components responsible for any differences. Results of tests were accepted as significant where P
values were greater than 5%.
Fish – Habitat relationships
Comparisons of patterns in abundance of fish distribution in relation to SWH habitat characteristics
at each reach (PH, PL, BH, BL) were made in PRIMER V6 (Clarke and Gorley, 2006). Fish abundance
data was square root transformed with a Bray Curtis similarity applied. The transformation was
applied to down-weight the influence of numerically abundant species. A Multi-Dimensional Scaling
(MDS) ordination was generated from the resulting similarity matrix, from which a hierarchical
cluster analysis supported with a SIMPROF test (with 999 permutations) was applied to assess the
extent of similarity between data sets. Results of tests were accepted as significant where P values
were greater than 5%. The BEST procedure within the BIOENV model was applied to indicate species
most responsible for differences between the fish assemblages of high and low snag density reaches.
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3. Results
Water quality
Average values for each water quality parameter recorded at each study reach are presented in
Table 4. Throughout the four surveys trips, all values remained within the ANZECC (2000) guidelines
for lowland rivers in the study region (Table 5).
Table 4. Mean water quality parameters recorded at each study reach. Values are means of pooled
data from four bi-annual field surveys.
Bellevue High

Bellevue Low

Pomona High

Pomona Low

0.398
8.2
282.2
8.0
15.4
4.68

0.373
8.9
302.4
8.0
16.1
4.01

0.365
7.9
242.1
7.7
15.4
5.35

0.392
7.5
294.4
8.0
16.9
4.99

-1

EC (uS.cm )
DO (mg/L)
Turbidity (NTU)
pH
Temperature (ºC)
Depth

Table 5. Seasonal water quality parameters recorded at each study reach.
Bellview High

Bellview Low

Pomona High

Pomona Low

Jun-08 Oct-08 Jun-09 Oct-09 Jun-08 Oct-08 Jun-09 Oct-09 Jun-08 Oct-08 Jun-09 Oct-09 Jun-08 Oct-08 Jun-09 Oct-09
EC (uS.cm -1 )

0.306

0.332

0.67

0.391

DO (mg/L)

6.01

7.77

14

5.81

Turbidity (NTU)

205

524

75

144

pH

7.79

8.11

8.28

Temperature (ºC)

10.9

19.3

15.77

0.291

0.332

0.645

0.645

0.276

0.336

0.61

0.571

0.281

0.336

0.554

0.575

7.56

11.72

11.72

6.12

7.96

14

8.11

5.7

7.96

9.48

7.19

188

529

94.1

94.1

190

548

79

42

169

548

86.1

63.6

7.86

7.89

8.1

8.17

8.17

7.38

8.02

8.45

8.1

7.71

8.02

8.36

8.07

15.25

12.1

20.5

15.95

15.95

12.9

20.7

16.52

15.68

12.7

20.7

16.77

14.31
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Structural Woody Habitat (SWH)
A number of characteristics, as described in Section 2, were assessed for each SWH unit identified at
each sub-reach and study site. Each of these characteristics has been reviewed for each sub-reach
and a brief discussion follows.
Orientation
The relative percentage orientation of SWH at each study reach is indicated in Figure 9.

Figure 8. Average orientation (percentage) of SWH at study site.
The orientation of SWH at each reach generally follows the same trend with the greatest number of
SWH oriented perpendicular to the direction of flow and bank or oriented slightly downstream (D)
with the trunk section of the SWH upstream and the branch end downstream (Figure 8). In the PL
reach 75% of SWH was oriented slightly downstream (D).
Complexity
The complexity of each SWH unit at each reach was assessed according to the convention shown in
Figure 5. Figure 9 indicates the relative proportion of complexity type at each of the four study
reaches. Overall, the greatest proportion of SWH present at each reach was in categories 1 and 2,
with category 3 existing as the lowest proportion among the SWH available at each site. The
proportion of each SWH complexity category was relatively constant between study reaches, except
for SWH of category 1 which constituted a higher proportion of SWH observations at PL than at the
other three reaches. Overall, the PL site had the greatest density of category 1 SWH, but relatively
fewer SWH of complexity grades 3, and 4 than other sites. The PH and BH sites exhibited a greater
proportion of highly complex SWH (Category 4) than the corresponding low density reaches in the
study area.
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Figure 9. Overall patterns of SWH complexity at each study site.
Planform Area
The total number of snags within each assessment site was counted and the number per kilometre
determined for each sub-reach (Table 5). The total planform area of SWH from each sub reach was
then related to the overall stream area for each sub-reach (Figure 12). The BH reach had the
greatest density of SWH per kilometre (52 SWH units), and the greatest proportional area of SWH
(10.4%) (Table 5). Conversely, the PL site had the lowest density of SWH per kilometre (20 SWH
units), together with the lowest proportional planform area of SWH (0.8%).
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Table 5. Reach and SWH characteristics for each assessed reach, including the planform area of
SWH (m2), and the percentage of planform area constituted by SWH (indicating the relative loading
of SWH at each reach).

Assessed Reach

Reach Area
2
(m )

Average Width
(m)

Reach Length
(m)

No. Snags

Average Snag Area
2
(m )

Bellevue High

46000

46

1000

52

92

Bellevue Low

47000

47

1000

24

43

Pomona High

59000

59

1000

49

95

Pomona Low

70000

70

1000

20

28

Assessed Reach

SWH per Km

Plan Form Area
2
SWH (m )

SWH per K m

Average
Depth (m)

Prportional Area of
SWH (%)

Bellevue High

52

4775

0.1

4.7

10.4

Bellevue Low

24

1025

0.0

4.0

2.2

Pomona High

49

4650

0.1

5.3

7.9

Pomona Low

20

550

0.0

5.0

0.8

2

Figure 10. Planform areas (m2) of SWH at each reach indicating the relative cover of SWH per overall
area within each study site.

24

SWH Characteristics Analysis
SWH was assessed across the study area to determine and compare loadings and physical
characteristics within each study reach. The results of this assessment provide an appreciation of
how SWH loadings and characteristics differ across the study area and how patterns in SWH may
influence fish assemblage characteristics. The one-sample t-test indicated a significant difference in
the total number of snags detected at each study reach (t = 4.3726, df = 3, p = 0.0221; α = 0.05), with
a higher number or snags present within the PH and BH as compared to the PL and BL reaches.
Figure 11 provides a visual representation of the difference in the total number of snags between
high and low density reaches.

Figure 11. Box plot indicating the total number, and difference in the number of snags between each
study reach.
The results of the ANOSIM test demonstrated that there was no difference in snag characteristics
between the four sites (R = 0.006, P = 0.37), despite the significant difference in the total number of
snags at the high as compared to low snag density reaches. PCA supported this finding (Figure 12),
evidenced by the large extent of overlap in data points within the ordination. Of the variation in
location of data points (snags) within the PCA, 52% of the variation was explained by the first axis,
with an additional 21% explained by the secondary axis (total = 73%). The data points skewed
towards the centre of the circle to the bottom left quadrant of the ordination are characterised by
progressively larger (plan-form area and diameter) snags at the high snag density reaches, however
the extra number of these types of snags was relatively low as compared to the low density reaches.
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snag data
5

site
SITE
Pomona
PomonaHigh
High
PomonaLow
Low
Pomona
BellevueHigh
High
Bellview
BellevueLow
Low
Bellview
Complexity

0
PC2

Length

-5

Plan Form Area
Width

Depth water at snag

-10
-15

-10

-5
PC1

0

5

Figure 12. PCA of snag characteristics based on results of habitat mapping data. The factor
orientation was excluded from the analysis as it was not on a linear scale.

Fish
A total of 3,742 individual fish from 13 species were recorded during this investigation. Species
richness was marginally higher in the PH than the PL reach (13 and 12 species respectively), and was
also greater in the BH reach than the BL reach (12 and 10 species respectively). A summary of the
total catch both large and small bodies species captured are presented in Table 7, and standardised
abundances for both large and small bodies species captured are presented in Table 8.
Four large bodied native species (golden perch, bony herring, silver perch and freshwater catfish)
and three exotic species (common carp, goldfish and redfin) were recorded in this survey. An
additional six small bodied fish species were recorded in the small fyke netting surveys, including
native gudgeon, Australian smelt, un-specked hardyhead, Murray-Darling rainbowfish and flatheaded gudgeon, as well as the introduced Gambusia (mosquitofish).
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Table 7. Total catch of fish species sampled within each reach by each sampling method. Exotic
species are indicated by *.
EF Shots

EF Snags

Gill nets

SFN

Site totals

Grand
Total

Method and site
BH

BL

PH

BH

BL

PH

PL

3

1

Goldfish *

134

61

33

52

36

7

17

15

Common carp *

97

46

48

43

21

1

7

5

2

6

3

4

1

5

3

1

1

3

12

21

11

4

2

Silver perch

Un-specked hardyhead
Gambusia *
Carp gudgeon
Golden perch

31

Murray-Darling rainbowfish
Bony herring

5

PL

320 141 260 119

Redfin *

1

BH

BL

1

6

3

3

5

1

93

33

11

PH

PL

2

22

23

9

1

2

9

PH

3

2

18

4
11

PL

BH

3

1

1

7

1

Total

590 265 391 245 128

5

17

136

60

1

30

50

68

363

129

70

78

66

343
169

11

25

53

76

15

4

26

45

17

7

95

232

272

243

261

1008

57

26

33

22

138

2

4

38

30

60

36

8

14

11
42

52

23

12

5

88

2
71

66

3

62

4
174

45

10

68

PL

51

18

1

PH

26

4

5

5

2

5

0

9

5

19

8

7

431

194

421

195

1241

1

0

1

1

3

6

10

7

11

6

11

7

35

72

81

76

44

74

95

84

297

0

0

1

0

1

813

1058

732

3742

1

7

Freshwater catfish

BL

25

232 271 239 255

1
2

BL

1
65

Flat-headed gudgeon
Australian smelt

BH

353 469 443 375 1139

The relative abundances for each large bodied species caught in each reach using each sampling
technique were calculated (standardised to 2600 seconds of general electrofishing shots and 300
seconds targeted electrofishing on 10 individual snags and 24 net hours for a set of gill nets per
seasonal survey) and are given in Table 8. The relative abundance of small bodied species captured
using small fyke nets was calculated standardised to 24 net hours (Table 8).
Across all study sites, bony herring was the most abundant large bodied species encountered,
followed by goldfish, common carp, golden perch, silver perch, redfin and freshwater catfish, in that
order. Carp-gudgeon were the most abundant small bodied species captured, followed by
Australian smelt, un-specked hardyhead, Gambusia, Murray-Darling rainbowfish and flat-headed
gudgeon in that order.
Table 8. Relative abundance of fish species sampled within each reach (standardised to 2600
seconds habitat electrofishing, 300 snag-targeting electrofishing, 24 multi-panel gill net hours and 24
SFN net hours per seasonal sampling survey).
Large bodied species

Bellview High

Bellview Low

Pomona High

Pomona Low

Bony herring

Nematalosa erebi

388

155

357

155

Golden perch

Macquaria ambigua

42

14

29

15

Silver perch

Bidyanus bidyanus

1

1

10

1

Freshwater catfish

Tandanus tandanus

0

0

1

0

Common carp *

Cyprinus carpio

126

49

58

54

Goldfish *

Carassius auratus

172

69

50

67

Redfin *

Perca fluviatilis

1

0

1

1

Small bodied species
Carp gudgeon

Hypseleotris spp.

88

97

86

99

Australian smelt

Retropinna semoni

19

28

41

36

Un-specked hardyhead

Craterocephalus stercusmuscarum

10

20

32

8

Murray-Darling rainbowfish

Melanotaenia fluviatilis

5

0

6

4

Flat-headed gudgeon

Philypnodon grandiceps

5

2

5

3

Gambusia (Mosquito fish) *

Gambusia holbrook i

10

16

9

4

867

449

685

447
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Golden perch
Across all reaches surveyed, a total of 138 golden perch were encountered (Table 7). The relative
abundance of golden perch was highest at BH (n=42) followed by PH (n=29), with BL and PL
recording 14 and 15 individuals respectively (Table 8). The majority of fish captured at each sites
were adult size classes (> 200mm SL) although juvenile golden perch were present at all sites (<
100mm SL).

Figure 12. Size class frequency distributions for golden perch at each survey reach (all methods of
sampling combined).
Silver perch
Across all reaches surveyed, a total of 30 silver perch were encountered (Table 7). The relative
abundance of silver perch was highest at PH (n=10) driven largely by the presence of 18 juvenile fish
captured in the SFN’s at this site on one sampling event (Figure 13). The relative abundance of silver
perch at the remaining sites was low (n=1 at each of BH, BL and PL).

Figure 13. Size class frequency distributions for silver perch at each survey reach (all methods of
sampling combined).
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Murray cod
No Murray cod were captured in these surveys (Table 7).
Bony herring
Bony herring were the most abundant species at each reach with a total of 1241 bony herring
recorded (Table 7). The relative abundance of bony herring was greater at high density SWH sites
than corresponding low density sites driven largely by greater abundances of small size classes of
bony herring (less than 200mm standard length) at both higher density SWH sites (Figure 14).

Figure 14. Size class frequency distributions for bony herring at each survey reach (all methods of
sampling combined).
Common carp
Across all of the survey reaches 343 common carp were captured (Table 7). Relative carp abundance
was greatest at BH (n=126), and was lower but similar at the remaining study reaches (n=58 at PH,
n=54 at PL and n=49 at BL) (Table 8). Carp from 200-400mm SL were the most abundant size classes
in all reaches (Figure 15). No juvenile carp less than 100mm were recorded in the high density SWH
reaches
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Figure 15. Size class frequency distributions for common carp at each survey reach (all methods of
sampling combined).
Goldfish
Across all of the survey reaches, 363 goldfish were captured (Table 7). As with carp, relative goldfish
abundance was greatest at BH (n=172), and lower at the remaining study reaches (n=50 at PH, n=67
at PL and n=69 at BL) (Table 8).

Figure 16. Size class frequency distribution common carp at each survey reach (all methods of
sampling combined).
Other large bodied species
The remaining large bodied species encountered during this survey (freshwater catfish and redfin)
were captured in such low numbers (n = 1 and 3 respectively) that discussion as to the influence of
SWH characteristics and their spatial distribution and relative abundance was not possible.
Small bodied species
In terms of standardised catch, Carp-gudgeon were ubiquitous and the most abundant small bodied
species recorded at all sites in this survey, and were more abundant in the low snag density sites
than the corresponding high density sites. Australian smelt un-specked hardyhead and MurrayDarling rainbowfish were most abundant at the PH site (Figure 17). Flat-headed gudgeon were most
abundant at the PH and BH sites, whilst Gambusia was most abundant at the BL site (Table 8).
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Standardised small bodied fish catch (24 SFN hours)
120

100

Un-specked hardyhead

80

Gambusia (Mosquito fish) *
Carp gudgeon

60

Murray-Darling rainbowfish
40

Flat-headed gudgeon

Australian smelt
20

0
BH

BL

PH

PL

Figure 17. Standardised small bodied fish catch in SFN for each reach. Exotic species are indicated
by *.
Large bodied fish biomass
The total biomass of large bodied species recorded in electrofishing surveys throughout this study is
presented in Figure 18. Carp contributed 61.6% of the total large bodied fish biomass, followed by
bony herring (18%), golden perch (11.9%), and goldfish (7.6%). Freshwater catfish, silver perch and
redfin contributed less than 1% of total large bodied fish biomass in electrofishing surveys.
For all species except goldfish, the biomass recorded in each high density SWH reach was greater
than that for the corresponding low density SWH reach. This result was true for goldfish in the
Bellevue reaches, but not in the Pomona reaches where goldfish biomass was greater at PL.
Biomass of large bodied fish
80

biomass (kg)

60

Silver perch
Goldfish *
Common carp *

40

Golden perch
Bony herring
20

Redfin *

Freshwater catfish
0
BH

BL

PH

PL

Figure 18. Total biomass of large bodied fish species sampled within each reach by electrofishing
surveys over all four sampling occasions. Exotic species are indicated by *.
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SWH characteristics and Fish species associations
At the assemblage level, overall relative abundance of fish was greatest at BH (n=867), followed by
PH (n=685), BL (n=449) and PL (n=447) (Table 8).
Orientation
The majority of the fish captured using targeted electrofishing of snags (72.1%) were associated with
snags of orientation category C (perpendicular to the direction of flow) whilst 16.7% were associated
with snags oriented slightly downstream (D.)A further 5% of captured fish were associated with
snags oriented lightly upstream (B), with the remaining 6.1% of fish associated with snags parallel to
the shore (Table 7).
Table 7. Total number of individuals for each species associated with each SWH orientation (for fish
captured by targeted electrofishing of individual snags at all sites combined). Exotic species are
indicated by *.
Orientation

Goldfish *
Common carp *
Un-specked hardyhead
Golden perch
Murray-Darling rainbowfish
Bony herring
Redfin *
Flat-headed gudgeon
Australian smelt
Carp gudgeon
Total
proportion

A

B

C

D

E

5
1

5
4

53
19
5
9

10
10

2

1
3

7

9
2.6

17
5.0

146
1
1
6
6
246
72.1

2
1
34

10

57
16.7

12
3.5

Total
75
34
5
12
1
200
1
1
6
6
341

Complexity
The majority of the fish captured were associated with highly complex SWH of category 4(61.9%).
Fish associated with less complex SWH of category 3 constituted 14.4%, and 13.2% were associated
with category 2 SWH (Table 8). Only 10.6% of the fish recorded were associated with SWH consisting
of a single stem (category 1).
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Table 8. Total number of individuals for each species associated with each SWH complexity
category (for fish captured by targeted electrofishing of individual snags at all sites combined). Exotic
species are indicated by *.

Complexity
Goldfish *
Common carp *
Un-specked hardyhead
Golden perch
Murray-Darling rainbowfish
Bony herring
Redfin *
Flat-headed gudgeon
Australian smelt
Carp gudgeon
Total
proportion

1

2

3

4

5
4

15
7

10
5
1

45
18
4
11

1
20

28

129

1
1
45
13.2

1
4
49
14.4

3
1
211
61.9

1
23
1
1
1
36
10.6

Total
75
34
5
12
1
200
1
1
6
6
341
100.0

Statistical Comparison of fish assemblages at high and low snag density reaches
The MDS ordination (Figure 19) of fish assemblage structure and relative abundance of species
indicated that the fish assemblages within low snag density reaches were similar to each other, but
different to the assemblage at high density reaches. Cluster analysis (Figure 20) indicated that the
high snag density reaches (BH, PH) were 87% similar in fish assemblage structure and abundance
while the low snag density reaches (BL, PL) were 93% similar. SIMPROF indicated that the fish
assemblage structure and species abundance at high and low density reaches were significantly
different (p=0.82 %). The BEST procedure indicated that differences in the relative abundance of
golden perch, bony herring and carp (in that order), which were higher at the high snag density
reaches (Table 8), were most responsible for the difference in the structure of fish assemblages
observed at high and low density reaches.
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Figure 19. MDS of fish community based on abundance data, all methods (fyke nets, gill nets and
electrofishing) across all four trips (all trips pooled).

Figure 20. Cluster analysis of similarity between the abundance of species within fish assemblages
at high and low snag density reaches.

34

The relative abundance of the large and small bodied fish assemblages at each sampling event per
reach is presented in Figure 21 (large bodied species only) and Figure 22 (small bodied species only).
The relative abundance of species at the sapling event level (i.e. trip) had a substantial influence on
the structure of fish assemblages between snag density reaches, with most species displaying an
increase in relative abundance at the spring sampling events .
BH

BL
300

250

Silver perch

200

Goldfish *

Common carp *

150

Golden perch

100

Bony herring
Redfin *

50

standardised abundance

standardised abundance

300

250

Silver perch

200

Goldfish *

Common carp *

150

Golden perch

100

Bony herring
Redfin *

50

Tt

Tt

0

0
Spring 2008

Autumn 2009

Spring 2009

Autumn 2008

Autumn 2008

Spring 2008

PH

Spring 2009

PL
300

250

Silver perch

200

Goldfish *
Common carp *

150

Golden perch
100

Bony herring

Redfin *

50

standardised abundance

300
standardised abundance

Autumn 2009

250

Silver perch

200

Goldfish *
Common carp *

150

Golden perch
100

Bony herring

Redfin *

50

Tt

Tt

0

0
Autumn 2008

Spring 2008

Autumn 2009

Spring 2009

Autumn 2008

Spring 2008

Autumn 2009

Spring 2009

Figure 21. Standardised seasonal large bodied fish catch in for each reach.
BH

BL
50

40
Un-specked hardyhead

Gambusia

30

Carp gudgeon

20

Murray-Darling rainbowfish
Flat-headed gudgeon

10

standardised abundance

standardised abundance

50

Australian smelt

0

40
Un-specked hardyhead

Gambusia

30

Carp gudgeon

20

Murray-Darling rainbowfish
Flat-headed gudgeon

10

Australian smelt

0
Autumn 2008

Spring 2008

Autumn 2009

Spring 2009

Autumn 2008

Spring 2008

PH

Spring 2009

BL
50

40

Un-specked hardyhead
Gambusia

30

Carp gudgeon
20

Murray-Darling rainbowfish
Flat-headed gudgeon

10

Australian smelt

0

standardised abundance

50
standardised abundance

Autumn 2009

40

Un-specked hardyhead
Gambusia

30

Carp gudgeon
20

Murray-Darling rainbowfish
Flat-headed gudgeon

10

Australian smelt

0
Autumn 2008

Spring 2008

Autumn 2009

Spring 2009

Autumn 2008

Spring 2008

Autumn 2009

Spring 2009

Figure 22. Standardised seasonal small bodied fish catch each reach.
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4. Discussion
Snag density as well as the number of highly complex SWH (Category 4) was greater in the PH and
BH reaches than the corresponding low density reaches (PL and BL). The proportion of plan-form
river reach area which consisted of SWH was also greater in the PH and BH high density SWH sites
(7.9% and 10.4 % respectively) than the corresponding low SWH density sites (0.8% and 2.2% in the
PL and BL reaches respectively).
The variety of sampling techniques utilised in this study (boat electrofishing, gill netting and small
fyke netting) enabled empirical observation of the influence of high and low snag density upon fish
community structure and relative abundance in the PPHR. Targeted electrofishing of individual SWH
complex’s demonstrated that highly complex SWH (Orientation C and Complexity 4) was strongly
selected for by fish communities in the PPHR. In particular, golden perch and bony herring were
more abundant in the high density SWH reaches relative to the corresponding low density SWH
reaches, with a preference for highly complex SWH demonstrated by both species. Bony herring
were the most abundant fish species encountered in this study. This species is a consumer of
microinvertebrates and algae (Bunn et al 2006) and are an important food resource for Murray cod
and golden perch (Ebner 2006) facilitating the transfer of carbon and nutrients upward through the
riverine food-web (Bunn et al. 2006). The spatial distribution of bony herring and golden perch in
the PPHR is likely a consequence of the increased availability of highly complex SWH. Unsurprisingly,
the biomass of these species (as well as total large bodied fish biomass) was greater in the high
density SWH reaches (Figure 12).
Habitat selection by carp and goldfish was different to that of bony herring and golden perch. These
exotic species were most abundant at the BH site, yet relatively consistent in abundance at the other
three sites. The spatial distribution of carp and goldfish therefore did not appear to be associated
with SWH. This result is supported by a study in the Lower-Darling River upstream of Pooncarie by
Sharpe et al. (2009), in which common carp did not exhibit a preference for a particular suite of SWH
characteristics; rather this species appears to select a very broad range of habitats. The greater
abundance of carp and goldfish recorded in this survey at BH may be due to upstream movement
from a permanently connected billabong located just downstream of the BH site, given these species
are known to prefer shallow, well vegetated sites (Lintermans 2007).
Very few adult silver perch were encountered in any reach during this survey which precluded the
identification of SWH related habitat preference for this species. However, 18 individual juvenile
silver perch were captured in SFN at PH during the spring 2008 (October) survey suggesting that the
population received some recruitment during 2007/08. The habitats selected by freshwater catfish
and redfin in the PPHR were not discernable due to the overall low occurrence of these species
recorded in this study.
Similar SWH relationships have been reported elsewhere in Australia for the species examined here
(Crook and Robertson 1999; Koehn et al. 2004). Structural Woody habitat provides shelter from
predation, shelter from sunlight, spawning sites (eg. for Murray cod), can support food sources and
defines territories. The spatial distribution and habitat selection of golden perch and bony herring in
this study could be considered to be influenced by the occurrence of highly complex SWH.
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This study provides a baseline survey of the current spatial distribution and habitat preference of
fish in the Pomona Priority Habitat Reach of the Lower-Darling River (PPHR). While useful within this
context, this study did not aim to observe temporal (diurnal, seasonal) patterns in fish habitat use, or
the influence of flow variability on fish communities and SWH associations. We recommend that
understanding of habitat use by fish in the Lower-Darling River can be enhanced by gaining acute
diurnal/seasonal observations of fish movement by means of radio tracking/acoustic tagging, and
more rigorous seasonal monitoring of community structure. Achievement of this observation would
further enhance management of base-flow, thus provision of appropriate habitat to ensure
preservation of the current status of the Lower-Darling River fish community.
Future fish-habitat rehabilitation works in the Lower-Darling River can be informed by the results of
this study which demonstrate that native golden perch and bony herring select areas which contain
a high density of complex structural wooded habitats oriented roughly perpendicular to the
direction of flow. These findings should be considered if re-snagging efforts in the PPHR are
implemented to ensure appropriate habitat is created that is preferred by these species in the PPHR,
and by Murray cod as demonstrated in other Lower-Darling reaches (Sharpe et al. 2009).
However the patterns of abundance exhibited by native and exotic fish species across high and low
snag density reaches during this study suggest that the large bodied native fish community within
the PPHR is influenced not only by the availability of snags, but also by factors which were not
examined during this investigation. Murray cod are known to currently inhabit the PPHR via
anecdotal reports from local anglers. However, their absence in the catch for this survey suggest a
very low local abundance despite the occurrence of highly complex snags at densities comparable to
those observed in the Darling River approximately 300kms upstream of the PPHR by Sharpe et al.
(2009) where a relatively robust Murray cod population currently exists. As such, the number and
character of snags observed in the PPHR was not considered to be limiting the Murray cod
population there, rather the population is considered to be suppressed by other influences.
We suggest that low abundances of Murray cod may be in part a consequence the long-term
barriers to migration at the Burtundy and Pooncarrie Weirs (prior to recent construction of fishways), flow regulation resulting from the influence of the Wentworth Weir, persistent low-flows in
the Lower-Darling River across the past decade, and historical overfishing/ angling pressure (rather
than de-snagging on its own). Barriers to fish passage in the Lower-Darling River and the PPHR are
being mitigated via the construction of fish-passage at Burtundy Weir during 2008 and the
immanent construction of fish passage at Pooncarrie Weir. The time required for re-colonisation of
the PPHR from these areas is unknown but is likely to occur over many years.
Frequent alteration of water levels in the PPHR may benefit the natural recruitment of large bodied
native species in the PPHR. Management of the flow regime from the Menindee Lakes scheme to
mimic natural flows in the Lower-Darling River would likely boost within-channel productivity, as wet
and dry cycles are reintroduced to the littoral zone, including the large lateral benches which occur
along the PPHR. Re-snagging works will be most beneficial to the Murray cod in the PPHR if habitat
variability with regard to other ecological requirements is provided (in particular flow) to support
stocked populations and migrating fish from upstream and downstream environments.
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Historical overfishing and ongoing angling pressure may also be impacting on the abundance of
Murray cod in the PPHR. Angler creel surveys in the PPHR would provide useful information
regarding the extent of Murray cod removal from the system, and therefore its impact on population
structure.
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