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Executive Summary
A number of environmental issues associated with the regulation of flows in the Darling Anabranch
have been reported. These include channel siltation, salinization, the increased incidence of blue-green
algal blooms, the proliferation of some aquatic plants (e.g. Cumbungi) and fish (e.g. Carp), reductions
in the numbers of native fish and yabbies, and the restriction of fish movement. To date, however,
environmental monitoring within the Anabranch has been largely ad hoc in nature and lends only
cursory support to these reports.
This study presents the findings of two surveys of the Anabranch conducted during June and December
2002. Issues identified during the surveys were used to generate a framework for the future monitoring
of the system. Because the processes that drive each of the recognised issues operate over different
spatial and temporal scales, separate monitoring programs are proposed.
The piping of water for domestic and stock use along the Anabranch as proposed by the DAMP (Nias
2002) provides an opportunity to address key environmental issues within the Anabranch by allowing
for the removal of in-stream barriers and the re-instatement of a more natural (i.e. variable) water
regime. Gauging the impacts of these actions will to a large extent depend on the availability of
adequate reference (i.e. current) ecological data. As such data is scarce, it is vital that the suggested
monitoring programs be implemented as soon as possible and that ongoing funding be secured.
The success of actions aimed at addressing key environmental issues will depend on the level of
understanding of the links between aspects of the proposed flow regime and ecosystem responses. It is
anticipated that altering the flow regime of the Anabranch will enhance a broad range of environmental
values. More precise modelling of ecosystem responses to specific flow regimes and flow volumes will
be possible once channel topography has been mapped.
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Background
Water resource development above and within the Darling Anabranch has greatly modified the flow
regime experienced by the system. This has given rise to a number of environmental problems and has
highlighted the need for a review of management. However, insufficient ecological information is
currently available to assess the impact of changes in flow management.
In the early 1870s, the commence-to-flow level of the Anabranch was lowered to take advantage of
Darling River flows exceeding 10 GL.day-1. From 1890 to 1961, prior to the completion of the
Menindee Lakes Storage Scheme, inflows to the Anabranch occurred about every two and a half years
in its upper reaches. Downstream flows were less frequent due to the sequential filling of lakes in the
lower reaches of the Anabranch. During this period, flushing flows through the entire Anabranch
occurred on only 9 occasions (Jenkins 1999). Dams and block bank structures currently present within
the Anabranch restrict the filling of many of the floodplain deflation basins and increase the retention
of water within the main channel, ensuring the security of water supply to adjacent land-holders.
Flows entering the Darling Anabranch may be derived from three potential sources i) controlled
releases from Lake Cawndilla via Tandou and Redbank creeks, ii) the Darling River when river flows
at Menindee exceed 10 GL.day-1, and iii) the Darling River via Tandou and Redbank creeks when
Darling River flows at Menindee exceed 20 GL.day-1. The current system for supplying water to the
Darling Anabranch involves the release of a 50 GL.yr-1 ‘replenishment’ flow from Lake Cawndilla.
These annual flows are ponded in 17 weir pools along the Anabranch. When full, these form a
continuous chain of weir pools extending 467 km downstream from Packers Crossing to the Murray
River, falling only 25.99 m over that distance (Figure 1). Distances between weirs vary from 10-54 km
(Table 1). Weir pools retract as water levels fall between filling events, exposing streambed sediments
and riparian vegetation. Only 3 GL.yr-1 (6%) of the 50 GL.yr-1 ‘replenishment’ flows is actively utilised
by landholders, the balance being accounted for by evaporation, seepage, the environment (riparian
vegetation) and transmission losses. Little if any of the ‘replenishment’ flows actually reaches the
Murray River (Nias 2002).
Jenkins (1999) identified key environmental issues associated with the ponding of water within the
Anabranch. These include siltation of the channel, adverse groundwater interactions leading to
salinization, the increased incidence of blue-green algal blooms, the proliferation of some aquatic
plants (e.g. Cumbungi) and fish (e.g. Carp), reduced numbers of native fish and yabbies, and the
restriction of fish movement.
The Darling Anabranch Management Plan (DAMP; Nias 2002) proposed a pipelined stock and
domestic supply from the Darling and Murray rivers with an adaptively managed environmental flow
to address the stated environmental issues, poor water quality and water use efficiency. The DAMP
proposal involves two pipelines, a 69 km long southern pipeline commencing at the Murray River
downstream of Wentworth and terminating at Bunnerungie, and a northern pipeline approximately 132
km long running from the Darling River east of Polia Lake to the Anabranch near Travellers Lake. An
environmental flow of 60-75 GL every 2 years averaged over 10 years has been proposed. This flow is
required to ensure an ‘end of stream flow’ and requires a release from Lake Cawndilla of 1.5-2 GL.day1
for 30-45 days (45-90 GL.yr-1) (NB. These flow estimates are likely to change once more accurate
modelling has been completed). Under this pipeline proposal, existing block banks may be removed or
retained but with regulators kept open to facilitate flows through the system. Whilst ponding behind the
existing block banks will be eliminated, water is likely to collect in pools in the bed of the Anabranch,
and at times much of the Anabranch will dry out in a manner similar to pre-European settlement.
Little ecological information relating specifically to the Anabranch currently exists (Briggs and
Townsend 1993, Briggs and Jenkins 1998, Jenkins 1999, Scholz et al. 2001). Monitoring of Anabranch
water quality by DLWC has occurred on an ad hoc basis since the late 1960s. Much of this has focused
on changes in salinity associated with replenishment flow events. More recently, other parameters such
as nutrients and algae have been examined before and after flow events, though this has also been ad
hoc in nature (Reid 2000). Better-structured ecological information is needed to provide a basis from
which the impact of future changes in flow management may be determined.
The ambit of this pilot study was threefold: i) to conduct an initial baseline ecological survey of the
Anabranch, ii), to develop a longer-term monitoring program capable of identifying the impact of
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future changes in flow regime on the key environmental issues identified by Jenkins (1999), and iii) to
assess the potential environmental benefits to be gained from a return to a more natural water regime.
Weir
Pool
No.
1
2
3
4
5
6
7
8
9
11
12
13
14
15
16
17
18

Weir Structure
Packers Crossing Dam
Chapel Hut
Junction Dam
Newhouse Dam
Comra Dam
Moola Dam
Patagorah Dam
Woodlands Dam
Windamingle Dam
Dam 183
Toora Dam
Quambi Dam
Bells Camp Dam
Bingo Main Dam
Tara Downs Dam
Warra’s Dam
Oakbank Dam
Oakbank to Murray River
junction
(not a weir pool)

Length of
weir pool
(km)
23.35
31.89
24.21
54.25
10.33
40.43
11.54
29.73
24.31
22.98
12.84
28.72
30.45
13.78
26.16
28.81

Weir crest
(mAHD)

Latitude

Longitude

55.88

32o43.03S

142o05.58E

51.95
49.85
45.30
45.08
44.35
42.90
41.56
42.61
38.19
37.13
35.96
33.96
33.45
32.52
29.89

32o54.27S

142o08.83E

33o12.28S
33o14.24S
33o13.92S
33o16.79S
33o23.24S
33o26.83S
33o42.80S
33o44.90S
33o48.97S
33o54.08S
33o56.61S
33o59.96S
34o02.82S

141o59.46E
141o55.62E
141o46.96E
141o47.32E
141o45.49E
141o48.32E
141o43.14E
141o43.17E
141o46.65E
141o44.42E
141o44.64E
141o49.40E
141o46.90E

12.98

Table 1: Weir structure locations and weir pool lengths.
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Figure 1: Map of the Darling Anabranch showing location of block banks
(Source: Nias 2002)
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I: Ecological Surveys
Two ecological surveys of the Darling Anabranch were conducted as part of this study. The first during
June 2002 examined water quality and plankton assemblages within 13 of the Anabranch weir pools.
The second survey during December 2002 examined the structure of macro-invertebrate and fish
populations present within 5 weir pools.
Water quality and Plankton
Methods
Three open-water sampling sites approximately 50 m apart at one location within each of 13 weir pools
were sampled on 25/26 June 2002. Sites selected for this survey included many used by DLWC (Table
2). Photos taken at each site are shown in Appendix 1.

Weir pool No.

Site name

3
3
4
6
7
8
9
10
10
11
12
13
14
14
15
16
16
17
17
17
18
18

Tor Downs
Wycot
Cuthero Bridge
Popiltah
Woodlands
Windamingle
Dam 183
Nindethana
Bunnerungee
Toora
Quambi
Bulpunga
Anabranch Hall
Glen Esk
Tara Downs
Pollards Shed
Warra’s Dam
10 Mile
Tona
Oakbank (upstream)
Oakbank (downstream)
10 Mile Bridge

DLWC station No.
425013
42510027
42510062
42510063
42510064
42510065
42510066
42510067
42510068
42510069
425011
42510070
42510071
42510072
42510074
42510073
42510075
42510076

Sites used in current
study
X
X
X
X
X
X
X
X
X
X
X
X
X

42510077

Table 2: Location of Anabranch sampling sites used by DLWC and in this study.
Flow data was sourced from DLWC. Water column conductivity (µS.cm-1 standardised to 25 oC),
turbidity (NTU), pH and dissolved oxygen (mg.L-1) were recorded using a U-10 multi-probe (HORIBA
Ltd., Australia). Suspended chlorophyll a pigment (µgCHL.L-1) concentrations provided a measure of
algal biomass. CHL was determined from 500 ml of unfiltered water, collected at a depth of 0.25 m
below the water surface, using hot ethanol extraction without acidification and measurement at 665 nm
and 750 nm (APHA 1995).
Plankton was sampled by passing 75 L of water through a 50 µm mesh plankton net. Filtered samples
were preserved with Lugol’s solution (APHA 1995). Phytoplankton species were identified and ranked
in order of dominance (by biomass). Zooplankton abundances were determined quantitatively. At least
200 micro-invertebrate individuals were counted from at least 3 Sedgewick-Rafter cell preparations per
sample. Invertebrate classifications followed Shiel (1995) and Ingram et al. (1997).
Other than where specified, data are presented as means ± standard errors. Pearson correlations with
Bonferroni adjusted P-values were calculated using SYSTAT® 9 (SPSS Inc. Chicago, USA). Non-
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metric multi-dimensional scaling (NMDS) was used to examine relationships of water quality and
invertebrate assemblages between Anabranch sites. Rank-based NMDS was used in preference to other
ordination techniques, such as principal components analysis (PCA) or canonical correspondence
analysis (CCA), as it makes fewer assumptions about the data, is effected less by the presence of zero
values in the data matrix and is less susceptible to distortion by rarer species (Potvin and Roff 1993,
Clarke and Warwick 1994).
All multivariate analyses were calculated using PRIMER 5 (Clarke & Gorley 2001). Untransformed
water quality data (EC, NTU, pH, DO and CHL) were standardised to equate measurement scales and
Euclidean similarity coefficients calculated prior to NMDS. Zooplankton data were 4√x transformed to
down-weigh abundant taxa and to increase the relative contributions of rare species prior to the
calculation of Bray-Curtis dissimilarity coefficients. Correlations between biotic and abiotic similarity
matrices were calculated for all combinations of environmental parameters and expressed as a
Spearman rank correlation co-efficient (ρ) using BIO-ENV. Values of ρ approaching 1 indicate
complete agreement between two sets of ranks. Because ranks are based on a large number of strongly
interdependent similarity calculations it is not possible to infer statistical significance (Clarke and
Warwick 1994). SIMPER was used to examine specific differences between homogeneous site groups,
identified using CLUSTER analysis.
Results
Flows
The timing of ‘replenishment’ flows derived from Lake Cawndilla and Darling River flood flows
entering the Anabranch since 1996 are shown in figures 2 and 3, respectively. Recent releases from
Lake Cawndilla of 100.5 GL (1/11/2001–19/3/2002) and 9.04 GL (13/4/2002–4/5/2002) exceeded the
annual 50 GL ‘replenishment’ target. It is estimated here that the 100.5 GL release alone contributed 33
tonnes of salt, 80 tonnes of nitrogen and 45 tonnes of phosphorus to the system. Note that net inflows
to the Anabranch are reduced by extractions above Packers Crossing by Tandou Ltd. Note also that the
proportion of Darling River flows above 10 GL.day-1 that are diverted into the Anabranch have not
been determined.
In recent years the timing of ‘replenishment’ flows has varied, though tending to occur during the
warmer months. Whilst such timing might be expected to disrupt the development of blue-green algal
blooms, the timing of flows most appropriate for other ecological management issues, such as the
recruitment of native fish species have yet to be determined.
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Figure 2: Releases from Cawndilla Outlet (GL.day-1).
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Figure 3: Darling River flows at Weir 32 (GL.day-1).
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Summary statistics for water quality parameters collected as part of this study (conducted 3 months
after the April/May 2002 flow event) and by DLWC since the late 1960s are provided in Appendix 2.
Electrical conductivities (EC) recorded in the Anabranch ranged from 770-2,000 µS.cm-1 (Figure 4).
Salinity recorded at the top of the Anabranch was slightly higher than that of the most recent releases
from Lake Cawndilla (620-720 µS.cm-1). Salinity increased with distance downstream until the last
weir pool (Oakbank). This longitudinal increase was attributed to evaporative concentration and lack of
system flushing and especially further downstream possibly also to groundwater intrusion (Nias 2002).
Below Oakbank Dam the Anabranch is open to the Murray River and not subject to the same processes
that occur within the Anabranch weir pools. Little groundwater information is currently available.

Figure 4: Electrical conductivity (µS.cm-1) recorded at sites along the Anabranch.
Turbidity recorded in the Anabranch ranged from 30-481 NTU (Figure 5). No consistent longitudinal
trend in NTU was evident. Whilst available DLWC data suggests a gradual reduction in NTU
downstream, the number of sites examined and samples collected are limited (refer to Appendix 2).
Turbidity is influenced by processes that promote or reduce the re-suspension of sediments and through
changes in the composition of entrained particles. No information relevant to re-suspension processes,
such as wind reach or strength, the activity of fish such as carp, or the extent of macrophyte cover, is
available.
Chlorophyll a (CHL) concentrations recorded within the Anabranch ranged from 2.4-180 µgCHL.L-1
(Figure 6). CHL concentrations showed no consistent longitudinal trend. Though higher CHL
concentrations occurred at sites where samples were taken close to the upstream side of a weir structure
(Dam 183, Toora, and Oakbank), the highest CHL concentrations were recorded at the 10 Mile site,
mid-way between weir structures. CHL and NTU were significantly positively correlated (Pearson
r=0.818, p=0.001, n=13). Whilst not measured in this study, correlations between NTU and total
phosphorus concentrations arising through particle-association have been reported for the Darling
River (Oliver et al. 1999). Algal development may thus be stimulated by the increased availability of
particle-associated phosphorus as waters become more turbid until light becomes limiting.
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Figure 5: Turbidity (NTU) recorded at sites along the Anabranch
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Figure 6: Chlorophyll pigment concentrations (µgCHL.L-1) recorded at sites along the
Anabranch.

15
12
9
6
3
0

Oakbank
(downstream)

Oakbank
(upstream)

10 Miles

Tara Downs

Glen Esk

Anabranch
Hall

Toora

Nindethana

Dam 183

Woodlands

Popiltah

Cuthero Bridge

.
Tor Downs

DO (mg.L-1)

Dissolved oxygen (DO) concentrations and pH may vary throughout the day due to processes such as
photosynthesis and respiration. The single measurements of DO and pH taken at different times for
each site in this survey, therefore, only provide a rough guide as to oxygen and ion availability.
Dissolved oxygen (DO) concentrations and pH recorded within the Anabranch ranged from 5.8-12.8
mg.L-1 and 7.4-8.6, respectively (Figures 7 and 8). DO and pH were significantly positively correlated
(Pearson r=0.756, p=0.003, n=13). Lowest values of both were recorded at Woodlands and Tara
Downs, sites where submerged leaf litter seemed greatest. Increased microbial oxygen demand and
oxidation associated with the decomposition of organic matter would account for the decreases in DO
and pH observed at these sites.

Figure 7: Dissolved oxygen concentrations (mg.L-1) recorded at sites along the
Anabranch.
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Figure 8: pH values recorded at sites along the Anabranch.

Phytoplankton (incl. blue-green algae)
Sixty phytoplankton taxa have been identified from samples collected from the Anabranch as part of
this study and by DLWC since 1996. These include 31 chlorophytes, 11 cyanophytes (blue-green
algae), 10 diatoms, and 4 euglenids (Appendix 3), all of which have been recorded in the Menindee
Lakes and Darling River (DLWC unpublished data).
During this survey, diatoms, including Surrirella sp., Melosira sp., Fragilaria sp. and Gyrosigma sp.,
were most widespread. Though not quantified, phytoplankton biomass varied noticeably between sites.
Local apparent biomass peaks were attributable to Surirella sp. at Popiltah and Nindethana,
Oedogonium sp. and Spirogyra sp. at Woodlands, Euglena sp. at Glen Esk and Microcystis sp. at 10
Mile. Samples collected from 3 sites during the current study (Tor Downs, Cuthero and Oakbank
upstream) were lost to inadequate preservation.
Cyanobacteria are a naturally occurring component of aquatic ecosystems and do not present a threat to
public health or stock until environmental conditions lead to the formation of blooms. Though ad hoc
in nature, historical records show that cyanobacterial blooms have occurred at various times throughout
the Anabranch (DLWC data). Low flows and warm temperatures leading to thermal stratification is
generally considered the key determinant of bloom formation, although other contributory factors, such
as wind, turbidity and nutrient availability have also been implicated (Bormans et al. 1997, Grace et al.
1997, Bormans and Condie 1998, Webster et al. 2000, Maier et al. 2001, Mitrovic et al. 2003, Scholz
2003). As flow-stratification relationships are site specific, threshold flows above which stratification is
prevented need to be determined within each weir pool. No such information is currently available for
sites within the Anabranch.
Zooplankton
Zooplankton provide major trophic links in aquatic food chains by facilitating the transfer of nutrients,
carbon and energy between bacteria, algae and higher consumers, such as fish and water fowl (Boon
and Shiel 1990, Boulton and Jenkins 1998). Zooplankton assemblages typically vary in their abundance
and diversity over a range of spatial and temporal scales and are generally dominated by only four
major groups of animals: rotifers, two subclasses of crustaceans, the cladocerans and copepods, and
protozoa (Wetzel 1983). Life history characteristics, food availability, predation pressure, water
quality, habitat diversity, flow/flush rates and source of inflowing water (e.g. Lake Cawndilla or
Darling River) have all been implicated as determinants of zooplankton community structure (Wiggins
et al. 1980, Shiel and Walker 1985, Williams 1985, Shiel 1985, 1986, 1995).
Twenty-five micro-invertebrate taxa were identified in samples collected from the Anabranch. These
included 19 rotifers, 4 cladocerans and 2 copepods (not including nauplii) (Appendix 4). Zooplankton
abundances ranged from 13-1,450 individuals.L-1 and were dominated by rotifers at all sites except
Woodlands (Figure 9). Lowest total abundances were recorded at Woodlands and highest abundances
were recorded at 10 Mile. Samples from 3 sites (Tor Downs, Cuthero and Oakbank upstream) were lost
to inadequate preservation.
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Figure 9: Contributions of rotifers, cladocerans and copepods to total zooplankton
abundance (individuals.L-1) determined at each site along the Anabranch.
Differences in zooplankton community structure between replicate samples within sites were generally
smaller than were differences between sites (Figure 10). Sites could be divided into four groups, within
which zooplankton communities were at least 50% similar. The distribution of sites between these
groups did not correspond to their geographic location. Species contributing most to similarities of
community structure within these groups is shown in Table 3. Zooplankton communities at the 10 Mile
site were the most different of all sites sampled, sharing a similarity of less than 6.8% with groups 2, 3
and 4. Groups 2, 3 and 4 were much more similar to each other with between group similarities ranging
from 22-40%.
Correlation of multivariate zooplankton and water quality data sets using BIO-ENV indicated that EC
and NTU together best explained observed variations in community structure (Spearman ρ = 0.686).
Correlations of community structure with individual water quality parameters were weaker; EC ρ
=0.660, CHL ρ =0.554, pH ρ =0.480, NTU ρ =0.372 and DO ρ =0.277. Note that these are correlates,
not determinants, of zooplankton structure. No information describing how changes in zooplankton
community structure, as a food source impacts on fish populations present within the Anabranch is
currently available.

Group 3

Group 4
Nindethana

Group 1

Oakbank D/S

10 Miles
Toora
Anabranch Hall

Popiltah
Woodlands

Glen Esk

Tara Dow ns
Dam 183

Group 2

Figure 10: NMDS plot of zooplankton community structure showing 50% Bray-Curtis
similarity contours for replicate (n=3) samples collected from each Anabranch site
(stress=0.14).
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Group

Sites

Percentage
similarity
within
groups

1

10 Mile

81.5

2

Dam 183,
Glen Esk
Tara Downs
Toora,
Anabranch Hall
Oakbank (d/s)

63.8

Popiltah
Woodlands
Nindethana

56.33

3

4

64.8

Species contributing most
to community similarity
within groups
Brachionus angularis
Nauplius
Brachionus calyciflorus gigantea
Nauplius
Calanoida
Brachionus novazealandia
Brachionus calyciflorus gigantea
Daphnia lumholtzi
Nauplius
Calanoida
Brachionus novazealandia
Nauplius
Daphnia lumholtzi

Percentage
contribution
to within
group
similarity
77.4
17.5
63.5
22.7
9.0
55.8
15.4
14.6
7.4
40.7
35.1
11.8
11.5

Table 3: Species characterising each of the identified community types. Note that the
higher within group similarity of Group 1 is due to it containing only one site.
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Macro-invertebrates
Introduction
Aquatic macro-invertebrates are commonly monitored as a surrogate technique for assessing the
ecological integrity and health of waterways because of their sensitivity to environmental change and
their importance as a fish food resource (e.g. Pusey and Kennard 1995). ‘Healthy’ environments are
characterised by having a high diversity of freshwater macro-invertebrates belonging to a range of
functional feeding groups (detritivores, herbivores, carnivores, omnivores). High species richness is
thought to both maximise the retention of resources within the ecosystem and to increase ecosystem
resilience to directional or stochastic variation in the environment (Pimm 1986, Chapin et al. 1998). As
systems become more stressed through pollution (e.g. nutrients, salinity), altered flows and altered
habitat structure, for example, community structure and functional diversity tend to become simplified
(Chapin et al. 1998, Naeem et al. 1999).
No information describing the macro-invertebrate fauna of the Anabranch currently exists. Additional
surveys to that presented here are required to identify seasonality, responses to replenishment flows or
to longer-term changes in flow regime as proposed in the DAMP (Nias 2002).
Methods
The rapid bio-assessment protocol of Tiller and Metzeling (1998) (see also Coysh et al. 2001) was used
to sample the macro-invertebrate communities present within five weir pools (Tor Downs, Popiltah,
Dam 183, Tara Downs and Oakbank). Macro-invertebrates were sampled on 18/20 December 2002 by
sweep netting (250 µm mesh size) a single representative 10 m reach of littoral habitat within each weir
pool. Compared with other commonly used active and passive sampling methods, sweep netting
provides similar diversity though lower abundances (Humphries et al. 1998). Collected samples were
preserved in ethanol for later processing. Identifications to family followed Williams (1980) and
Hawking and Smith (1997). As the robustness of models, such as AUSRIVAS (Tiller and Metzeling
1998) or biotic index SIGNAL (Chessman 1995), used to generate a quantitative measure of
environmental impact has not been adequately examined for turbid lowland systems (Coysh et al.
2001), data were analysed using univariate statistics: abundance, species richness, species diversity
(Margalef’s d) and evenness (Shannon-Wiener H′).
Results
Total macro-invertebrate abundances determined for each site ranged from 4,231-7,840 individuals
caught per 10 m sweep (Figure 11). Lowest abundances were encountered at Dam 183 amongst Typha
beds, which constituted the principal littoral habitat sampled at that site. Higher macro-invertebrate
abundances recorded at the other sites appeared to be associated with greater littoral woody debris and
leaf litter loads. This association was not quantified.
Twenty-four macro-invertebrate taxa were present in samples collected from the Anabranch. Macroinvertebrate diversity at each site ranged from 9-17 taxa. The feeding characteristics of each taxa
identified is shown in Appendix 5. Macro-invertebrate communities at all sites were dominated by
omnivorous chironomids (blood worms) and corixids (water boatmen) and to a lesser extent
herbivorous/detritivorous caenids (mayflies). Omnivores constituted between 81-96 % of individuals
collected from each site. Carnivores and herbivores/detritivores constituted 1-9 % and 3-16 % of the
communities at each site, respectively. Lowest carnivore and herbivore/detritivore contributions to
community structure occurred at Oakbank (Figure 12).
Lowest macro-invertebrate diversity and species richness (Margalef’s d) were recorded at Oakbank
(Table 4). Macro-invertebrate communities also tended to become less evenly structured with distance
downstream (Table 4, Shannon-Wiener H′). At Oakbank, for example, corixids constituted 77% of the
community. Habitat diversity at Oakbank was qualitatively similar to that sampled at all other sites
excluding Dam 183, where only Typha domingensis beds were sampled, suggesting that physicochemical and/or biotic factors were more important determinants of macro-invertebrate community
structure. For example, EC during the December 2002 survey was greater at Oakbank (1,640-1,790
µS.cm-1) than was recorded between Tor Downs and Tara Downs (1,010-1,200 µS.cm-1). As stated
above, additional surveys are required to resolve the influences of key determinants of macro-
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invertebrate community structure that operate over different temporal scale (i.e. seasonality, flow
regime).
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Figure 11: Contributions of the three major macro-invertebrate taxa to total macroinvertebrate abundance (individuals.10m sweep-1) determined at each site along the
Anabranch.

herbivore/detritivore

Figure 12: Relative contributions of macro-invertebrate functional feeding groups
(carnivores, omnivores and herbivores) determined for each of the Anabranch sites.

-1

Abundance (individuals.10m )
No. of taxa
Margalef’s d
Shannon-Wiener H′

Tor
Downs
5,370
14
3.5
0.63

Popiltah

Dam 183

4,480
17
4.4
0.57

4,231
17
4.4
0.59

Tara
Downs
6,033
16
4.0
0.46

Oakbank
7,840
9
2.1
0.35

Table 4: Macro-invertebrate abundance (individuals.10m-1), number of taxa, species
diversity (Margalef’s d) and species evenness (Shannon-Wiener H′) determined for
sites within the Anabranch.
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Fish
Introduction
Native fish throughout the Murray-Darling Basin have been severely impacted by the loss of habitat,
changed flow regimes and barriers to passage. These changes are thought to have favoured alien
species, such as carp (Cyprinus carpio), which are an acknowledged pest within the Anabranch. Many
studies have examined the biology and life history of key native fish species. Much of this information
has been summarised by Koehn and O’Connor (1990) and Treadwell and Hardwick (2002a,b).
The fish community is an important component of aquatic ecosystems. The diversity of feeding modes
exhibited by fishes enable them to impact on a range of prey populations. Further, fish are important
dietary constituents for higher consumers including larger fish, birds and humans. Consequently,
processes impacting on the fish community are potentially powerful structuring agents of aquatic
ecosystem function.
Much of the available recent information describing the fish community of the Darling River and its
tributaries is contained in two surveys; Llewellyn (1983) and Harris and Gehrke (1997). These studies
indicated the presence of 13 native and 4 exotic species within the lower Darling system (Table 5). No
fish survey data relating specifically to the Anabranch exists other than NSW commercial fisheries data
collected over the period 1961-1978 (Reid et al. 1997). Although this older data set does not provide a
breakdown of annual reported catches by site, catch effort or biomass, it does cover an important
period; the change from ephemeral to permanent flow regime in 1961 (Jenkins 1999). This change
adversely impacted on Murray Cod populations (Figure 13). The invasion by European carp of the
Anabranch during the early 1970s preceded the decline of Golden, Redfin and Silver Perch and catfish.
Tench (Tinca tinca), an introduced species, reported in the commercial fisheries data was not recorded
in the surveys of Llewellyn (1983) and Harris and Gehrke (1997).
Methods
Sustainable Rivers Audit (Davies 2001) electro-fishing protocols were used to assess the fish
communities present within five weir pools (Tor Downs, Popiltah, Dam 183, Tara Downs and
Oakbank) on 18/20 December 2002. Electro-fishing involves the generation of a pulsed DC electric
field through submerged electrodes that both attracts and immobilises nearby fish allowing them to be
retrieved. Although electro-fishing is a standard technique it is not entirely free of sampling bias. For
example, larger fish are more readily immobilised, species react differently to a given electric field
(sink/float), generating an adequate current becomes increasingly difficult as water conductivity
increases (upper limit of ca. 3000 EC) and retrieval efficiency of immobilised fish decreases with
increasing water turbidity (Reynolds 1996, Growns et al. 1996, Harris and Gehrke 1997). Though geartype biases are recognised, electro-fishing has advantages over ‘passive’ techniques (Fragher and
Rodgers 1997).
Boat electro-fishing involved 15 x 2 minute ‘shots’ per site stratified in proportion to the dominant
habitats within each site (open water, snags, reeds). All fish caught (except for carp) were kept alive
until measured and returned. Standard lengths to the nearest 1mm and weights to the nearest gram were
recorded for all fish caught. Additional electro-fishing of 2 x 50 m of littoral habitat (‘bank’
electrofishing) was targeted at smaller fish species. Only fish numbers were recorded. Fish
identifications to species followed McDowall (1980). Due to difficulty in differentiating between
species of carp gudgeons (Bertozzi et al. 2000), these species were pooled as Hypseleotris spp. Though
caught in small numbers, Yabbies (Cherax destructor) and freshwater prawns (Macrobrachium
australiense) were not included in the current census.
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Common Name

Llewellyn
(1983)

Harris and
Gehrke (1997)

Olive perchlet
Silver perch
Fly specked hardyhead

♦
♦
♦

♦
♦

Carp gudgeons
Spangled perch
Murray cod
Golden perch
Crimson-spotted rainbowfish
Purple spotted gudgeon
Bony herring
Flatheaded gudgeon
Australian smelt
Catfish

♦
♦
♦
♦
♦
♦
♦
♦
♦

♦
♦
♦
♦
♦
♦
♦
♦
♦
♦

Goldfish
Carp
Mosquitofish
Redfin / European perch

♦
♦
♦

♦
♦
♦
♦

Species Name
Native Species
Ambassis agassizii
Bidyanus bidyanus
Craterocephalus
stercusmuscarum fulvus
Hypseleotris spp
Leiopothearpon unicolor
Maccullochella peelii
Macquaria ambigua
Melanotaenia fluviatilis
Mogurnda adspersa
Nematalosa erebi
Philypnodon grandiceps
Retropinna semoni
Tandanus tandanus
Exotic Species
Carassius auratus
Cyprinus carpio
Gambusia holbrooki
Perca fluviatilis

Table 5: Fish species collected (♦) by Llewellyn (1983) and Harris and Gehrke (1997)
within the Darling River catchment. Upland and Northern Murray-Darling Basin species
reported in either surveys have been omitted.
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Figure 13: Commercial fisheries catch data (numerical proportions) 1961-1978 for fish
caught within the Darling Anabranch. Note: no data available for the years 1966-1968.
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Results
A total of 425 fish were caught during the December 2002 survey. These included four common native
species and two exotic species (Table 6). The low species diversity encountered in the current survey
reflects a real decline relative to the diversity predicted by the surveys of Llewellyn (1983) and Harris
and Gehrke (1997) and/or sampling bias arising from the use of electro-fishing. No Murray Cod were
caught during the present survey of five sites. Anecdotal evidence (pers. com. Anabranch landholders)
does, however, suggest that these have been caught within the past two years.

Species Name
Native Species
Hypseleotris spp.
Macquaria ambigua
Nematalosa erebi
Philypnodon grandiceps
Exotic Species
Cyprinus carpio
Gambusia holbrooki

Common Name

Conservation Status

Western Carp Gudgeons
Golden Perch
Bony Herring
Flat-headed Gudgeon

Common
Common
Common
Common

European carp
Eastern Gambusia

Table 6: Native and exotic fish collected from the Darling Anabranch in December 2002
showing conservation status (DNRE 1999).

Popiltah

Dam 183

Tara Downs

Oakbank

Total

Number fish sampled
Bony Herring
Golden Perch
European Carp
Total
Biomass (kg) of fish sampled
Bony Herring
Golden Perch
European Carp
Total
% native

Tor Downs

Carp were the most abundant fish caught by boat electro-fishing (Table 7). Because of their larger size
(220-570mm) relative to bony herring (45-350mm) and golden perch (186-431mm), carp also
constituted a significant component (83.5%) of the total biomass of fish caught. Native fish
contributions to total caught biomass were greatest at sites where habitat complexity in the form of
large woody debris seemed greatest (Tor Downs, Tara Downs and Oakbank). Habitat mapping is
required to quantify this relationship.

8
5
20
33

11
11

10
10
20

23
21
44

2
4
12
18

43
9
74
126

0.9
3.2
30.7
34.8
11.9

24.2
24.2
0

0.2
12.6
12.8
1.7

11.5
22.8
34.2
33.5

0.2
5.4
17.9
23.5
23.5

12.8
8.6
108.2
129.5
16.5

Table 7: Numbers and biomass (kg) of fish sampled from the Darling Anabranch in
December 2002 by boat electro-fishing.
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Popiltah

Dam 183

Tara Downs

Oakbank

Total

Number of fish caught
Western Carp Gudgeon
Flat-headed Gudgeon
European Carp
Eastern Gambusia
Total

Tor Downs

Bank electro-fishing targeted smaller fish species inhabiting shallow littoral areas, where habitat
structure ranged from bare sediments, small woody debris (incl. tree roots) and emergent vegetation,
such as cumbungi (Typha domingensis) and lignum (Muehlenbeckia florulenta). Overall, carp
gudgeons were most abundant, especially at sites dominated by small woody debris (Tara Downs,
Oakbank). Most gambusia were encountered amongst cumbungi beds (Dam 183) (Table 8). Gambusia
is considered a potential competitor resulting in spatial segregation or even the displacement of
endemic species, such as gudgeons (Fletcher 1986, Piet and Guruge 1997).

4
3
7

11
5
4
20

21
1
19
41

126
1
2
3
132

95
4
99

257
1
11
30
299

Table 8: Numbers of fish sampled from the Darling Anabranch in December 2002 by
bank electro-fishing.
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II: Proposed Monitoring Framework
Water resource development has significantly altered the natural flow regime of the Darling
Anabranch. Issues of environmental degradation, poor water quality and water use efficiency arising
from the current management of flows have stimulated a review of management options. The success
of any implemented management action, such as the piping of domestic and stock water supplies and
concomitant increases in environmental flows as proposed by the DAMP (Nias 2001), will to a large
extent depend upon the integration of ecological information into an adaptive management framework.
Many knowledge gaps regarding the ecological function of the Anabranch currently exist and no
systematic monitoring of key environmental parameters occurs. The surveys conducted as part of this
report have sought to address the paucity of ecological data currently available to managers.
This pilot study provides a ‘snap-shot’ of the physico-chemistry, plankton, macro-invertebrate and fish
communities present within the Anabranch. As has been reported previously (Reid 2000, Nias 2000,
2002), salinity increased with distance downstream. This was most probably a consequence of
processes including evaporation, salt loading due to restricted flushing and possibly also to
groundwater intrusions. Some evidence of groundwater salt-induced die-back of fringing Red gums
(Eucalyptus camaldulensis) was observed at Warra’s dam (J. Val pers. obs.). Whilst salinity was a
significant correlate of zooplankton community structure, the implications of a salinity gradient or of
increasing salinity on other ecosystem components such as fish communities, either directly through an
effect on spawning and recruitment success or indirectly by modifying food resources (i.e.
zooplankton, macro-invertebrate), are at present unknown.
The lack of system flushing also suggests that significant long-term sediment and nutrient loading is
occurring. Whilst ecosystem processes such as primary production and microbial decomposition within
the Anabranch have not been examined directly, these are likely to be influenced by localised
sedimentation and nutrient availability. A preliminary survey of Anabranch channel morphometry
indicated that sedimentation tended to be localised immediately upstream of block-bank structures, and
that the severity of sedimentation increased with distance downstream (B. McCarthy 2000 unpublished
data). However, a more detailed examination of channel morphometry is needed to validate these
findings and to identify deeper channel sections where remnant pools are likely to form under more
ephemeral flow regimes.
Cyanobacterial blooms represent a significant threat to water quality throughout the Darling
Anabranch. Despite the paucity of historical data relating the frequency and extent of blooms within
the Anabranch, flow regulation since the 1960s is likely to have contributed substantially to increases
in bloom incidence and severity. Key information, such as the flows required to disrupt bloom
formation, is currently unavailable and should provide a focus for future investigation.
Though not examined in detail here, significant stands of Cumbungi (Typha domingensis) were noted
at Dam 183, Bulpunga and Bingo Dam (Appendix 1). Cumbungi is an invasive species, growing
vigorously in response to disturbance, particularly altered water regime (such as ponding), silt deposits
and/or increased nutrients, and as such has potential as an indicator of longer-term environmental
change.
Aquatic macro-invertebrates are commonly used to assess the ecological integrity and health of
waterways. The diversity and evenness of macro-invertebrate community structure appeared to decline
with distance downstream along the Anabranch, suggesting that ecological integrity was compromised.
Further surveys are needed to identify spatial (between habitat types within sites) and seasonal
variability, responses to replenishment flows and to longer-term changes in flow regime. Though a
potentially important food resource for native fish (e.g. Pusey and Kennard 1995) and useful indicator
of ecosystem health (Coysh et al. 2001), macro-invertebrates have not been identified as a management
issue within the DAMP (Nias 2002) and have not been incorporated within the monitoring programs
outlined below.
Historical commercial fisheries data documents the decline of Murray Cod populations within the
Anabranch with the onset of altered flow conditions in the early 1960s and the decline of native fish
populations since the invasion by European carp in the early 1970s. Carp now constitute a significant
component (66.5-98.3 %) of the large fish biomass within the system. Variations in large and small
exotic:native fish ratios appeared to be influenced by habitat quality. Native species appeared to be
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favoured by greater habitat complexity in the form of woody debris, though further quantification of
this relationship in conjunction with habitat mapping is required to facilitate the prediction of responses
to altered flow regimes.
The key environmental issues associated with the current flow management within the Anabranch
include channel siltation, salinization, the increased incidence of blue-green algal blooms, the
proliferation of some aquatic plants (e.g. Cumbungi) and fish (e.g. European Carp), reductions in the
native fish and yabby populations, and the restriction of fish movement (Jenkins 1999, Nias 2002). As
the processes that drive each of these issues operate over different spatial and temporal scales the
following issues-based monitoring programs are proposed. Gauging the efficacy of future management
actions, such as the removal of block banks and imposition of a more variable flow regime, will to a
large extent depend on the availability of adequate reference or pre-impact ecological data. As such
data is scarce, it is vital that the suggested monitoring programs be implemented as soon as possible
and that ongoing funding be secured.
I: Channel morphometry
Objective / Key questions
o Mapping of key physical characteristics of the Anabranch channel will permit the determination of
water levels under different flow volumes. This is a necessary prerequisite to modelling the
impacts of flow regimes on ecosystem processes, such as the extent and frequency of littoral zone
inundation, floodplain lake interactions and the location and temporal connectivity of remnant
pools during low flow periods.
Actions
o Morphometric mapping forms a key element of other proposed monitoring programs and should
be carried out prior to implementation of the DAMP.
o Identify longitudinal and cross-sectional resolutions required for subsequent monitoring programs.
II: Siltation
Objective / Key questions
o Where is sediment loading occurring within the Anabranch?
Actions
o Mapping and monitoring of in-stream morphometry to identify zones of erosion and deposition.
o Develop a conceptual mass transport model describing rates of sedimentation/scouring under
different flow conditions.
III: Salinization
Objective / Key questions
o To ameliorate the intrusion of saline groundwater.
o Will periodic reductions in water level reduce hydraulic pressure, increasing rates of saline
groundwater intrusion?
Actions
o Modelling of groundwater-surface water interactions.
o Identify surface flows required to minimise groundwater intrusion.
o Identify areas of high-risk of groundwater intrusion.
IV: Blue Green Algae
Objective / Key questions
o To reduce the incidence of bloom formation.
o What flows are required to disrupt bloom formation?
Actions
o Event based (during summer and before and after flood pulses) monitoring of algal populations.
o Concurrent monitoring of key water quality parameters, such as thermal stratification, turbidity,
light attenuation gradients and nutrients.
o Examine the applicability of existing blue-green algal bloom models (e.g. Bormans et al. 1997,
Grace et al. 1997, Bormans and Condie 1998, Webster et al. 2000, Maier et al. 2001, Mitrovic et
al. 2003).
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V: Macrophytes
Objective / Key questions
o To predict the distribution of ‘pest’ macrophytes, such as Typha domingensis (Cumbungi), under
different flow regimes.
Actions
o Review literature regarding the hydrological requirements of native and ‘exotic’ species (e.g.
Roberts and Marston 2000).
o Mapping of channel morphometry and current vegetation distribution.
o Mapping inundation and flow frequency contours within the Anabranch will facilitate the
prediction of changes in macrophyte distribution arising from altered flow regime.
o Periodic (>>annual) mapping of vegetation distribution will be required to track changes and
ground truth predictions.
VI: Fish
Objective / Key questions
o What native and exotic fish species are present within the Anabranch?
o What are the habitat and flow requirements of these species?
o How can exotic fish abundances be reduced?
Actions
Many basic knowledge gaps currently exist regarding the fish assemblages present within the
Anabranch. These gaps are best filled by a combination of monitoring and targeted research.
o Six-monthly sampling of fish populations within a few selected weir pools using a ‘quantitative’
electrofishing technique should prove sufficient to identify diversity, relative abundances and
recruitment events. Difficulties associated with the variation in channel morphometry prohibit the
use of ‘non-quantitative’ passive nets.
o Fish tagging or tracking methods are needed to identify fish movements through the system.
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III: Environmental Benefits of Returning a More Natural Water Regime
The flow regime experienced by the Darling Anabranch has been greatly modified by the construction
of block bank structures and the regulation of flows. These changes have adversely impacted on
ecosystem function. The piping of water for domestic and stock use along the Anabranch as proposed
by the DAMP (Nias 2002) provides an opportunity to address key environmental issues within the
Anabranch by allowing for the removal of in-stream barriers and the re-instatement of a more natural
water regime. The success of this initiative will depend on the level of understanding of the links
between aspects of the proposed flow regime and ecosystem responses. At present, little ecological
information relating specifically to the Anabranch is available (e.g. Briggs and Townsend 1993, Briggs
and Jenkins 1998, Jenkins 1999, Scholz et al. 2001), and potential ecological responses to changes in
flow regime need be inferred from studies of other aquatic systems.
Jenkins (1999) identified the flow regimes experienced by the Anabranch at different times: prior to
European settlement, prior to the development of the Menindee Storage and current. Whilst much
information concerning aspects of historical flow regimes, such as variations in the volume, frequency,
duration, timing (seasonality) and variability of flows, is lacking, it is clear that under current operation
much of the variability in flow regime has been eliminated from the Anabranch. Bunn et al. (1997)
have identified the loss of flow regime variability as a principal threatening process in aquatic systems.
Accordingly, the Environmental Flows Committee established by the DAMP acknowledged that
increasing the variability of flows within the Anabranch was most likely to address identified
ecological issues and to improve ecosystem function (Nias 2002).
This section outlines the most likely ecosystem responses to the removal of in-stream structures and the
imposition of increased flow variability. Though the discussion focuses on each of the key
environmental issues identified in Section II individually, considerable overlap of potential responses
between issues is apparent.
I: Siltation
The elimination of in-stream control structures and increasing flow volumes is likely, in the short-term,
to lead to the re-mobilisation of unconsolidated sediments, such as those that appear to have
accumulated behind current block bank structures, and to localised increases in bank erosion. Flow
volumes and durations will determine whether any net downstream movement of sediments takes
place. Over longer time frames, the re-imposition of episodes of channel drying is likely to facilitate
the consolidation of sediments, reducing post-flood re-suspension and turbidity (e.g. Van der Wielen
2002), and greater water level variability is likely to stimulate the establishment of a more diverse
riparian vegetation structure, consolidating exposed stream banks, providing a buffer to catchment
sediment run-off and facilitating sedimentation.
Sedimentation and turbidity have several direct and indirect consequences for stream fish, such as
altering food availability, reducing foraging behaviour and efficiency, reducing habitat suitability for
spawning, foraging and refuge, increasing egg mortality and reducing recruitment success (reviewed by
Pusey and Arthrington 2003). Reductions in siltation and turbidity arising from altered flows are thus
likely to benefit native fish populations.
II: Salinization
The presence of water within the Anabranch channel maintains hydraulic pressure and a fresh
groundwater lens, reducing the intrusion of saline groundwater. Saline groundwater incursions are
more likely during periods of low flow or water level, especially in the lower reaches of the Anabranch
where groundwater salinity is highest. The increased residence time of water during periods of lowflow might also be expected to magnify the effects of evaporative concentration. Subsequent flushing is
likely to result in a salt slug once flows recommence (cf. Wakool River; MacKay et al. 1988). Thus,
whilst the imposition of flushing flows is likely to dilute in-stream salt concentrations they may also
lead to significant pulses of salt entering the River Murray, especially after low-flow and dry periods.
III: Blue-green Algae
Blue-green algae flourish in poorly mixed water bodies, especially during the warmer months when
thermal stratification is most likely to develop (e.g. Mitrovic et al. 2003, Scholz 2003). Removal of instream barriers and the concomitant increases in flow are likely to reduce the potential for nuisance
algal growth, especially where higher flows are maintained during the summer months. However,
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during no-flow periods when standing water recedes to remnant pools the incidence and severity of
nuisance blooms may actually be increased, reflecting pre-regulation conditions.
IV: Macrophytes
Surveys of littoral vegetation distribution along the lower Murray have found that most (41 of 48)
species occurred where water levels showed the greatest fluctuation, with only a few species dependent
on stable water levels (Walker et al. 1994, Blanch et al. 2000). Increases in water level variability
(including a drying phase) are thus likely to reduce the localised dominance of Typha (Roberts and
Marston 2000). Whilst Typha forms dense mono-specific stands that provide important habitat for
certain water birds, increased littoral habitat diversity is likely to benefit overall waterfowl diversity.
The promotion of a more diverse littoral plant community by increasing water level variability is also
likely to increase aquatic habitat diversity with beneficial impacts on water quality, and invertebrate
and fish populations.
V: Fish
The imposition of weir structures and altered flows has been shown to restrict the movement of fish
and created conditions thought to be more suited to the development of exotic fish species at the
expense of native species (Gehrke et al. 1995). The movement of individual fish occurs for a variety of
reasons and over a range of scales and may be initiated by impulses such as the search for food, shelter
or areas suitable for spawning. Of the 28 native freshwater fish occurring within the Murray and
Darling Rivers, 17 are recognised as having a migratory stage in their life cycle (McDowall 1996,
Thorncraft and Harris 2000). Regulatory structures act as physical barriers to the natural movements of
fish and may adversely impact on recruitment and growth and reduce species fitness by limiting genetic
exchanges between populations (Reynolds 1983). The construction of block banks along the
Anabranch is thus likely to have contributed to the localised loss of native species. Whilst the removal
of these barriers is likely to facilitate the re-establishment of native populations, competitive exclusion
by exotic species such as carp and gambusia may retard this process by their potential for modifying
habitats and aggressive behaviour, respectively. Options most suited to the control of these pest species
within the Anabranch have yet to be evaluated.
The imposition of drying events resulting in the formation of isolated remnant pools typically leads to
the concentration of nutrients and salts and to extreme fluctuations in water quality (e.g. pH, DO) as the
buffering capacity of the water is diminished and becomes more exposed to the weather. Whilst such
conditions are believed to cue the deposition of drought resistant propagules by micro-invertebrates
(Boulton and Jenkins 1998, Jenkins and Bouton 1998), algae (Davis 1972) and plants (Brock 1998),
and other animals may find refuge in burrows (yabbies and frogs) or in moist habitats under the litter
(Boulton 1989, Wiggins et al. 1980), fish populations are likely to decline significantly. As the remnant
streambed pools dry, structural changes in the fish community are also likely to occur. These are driven
by the progressive loss of submerged habitat/refuges and increased predation by waterfowl. Under such
pressures, smaller fish species are more likely to disappear first, leaving larger and less palatable
species, namely carp (Scholz et al. 1999). Initial post-flood re-colonisation by fish is primarily driven
by immigration and subsequently by in-stream recruitment. During this stage, the absence of in-stream
barriers is crucial. Scholz et al. (1999) reported that carp were especially quick to re-invade the
Menindee Lakes as they flooded. This is likely also to be the case in the Anabranch, whose flows are
sourced from the Lakes.
Recent work has indicated that spawning (i.e. egg laying) in native fish occurs irrespective of flow
events, and that food availability is a key determinant of subsequent recruitment success (i.e. the
survival of fish larvae through to sub-adults) (Humphries et al. 1999, 2002, Meredith et al. 2003). A
number of local studies have demonstrated the link between system drying and post-flood increases in
nutrient availability (McComb and Qiu 1998, Baldwin and Mitchell 2000, Scholz et al. 2002) and in
turn food resource (invertebrate) productivity (e.g. Maher and Carpenter 1984, Boulton and Lloyd
1992, Jenkins and Boulton 1998, Scholz et al. 2001). The potential, therefore, exists to time flood
events and subsequent increases in food resource availability to coincide with fish recruitment demand,
thereby increasing recruitment success. Work currently in progress at Lindsay Island (north-western
Victoria) examining the impact of timing of flow events on fish populations is aimed at increasing the
ability to manage native fish populations than is currently possible (Meredith MDFRC Lower Basin
Laboratory).
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As a consequence of their long life cycles, the recovery of native fish populations in response to altered
flow regime will be much slower than will be observable changes in water quality, habitat quality and
food (e.g. invertebrate) availability, and may take many decades (Detenbeck et al. 1992, Harding et al.
1998).
Conclusion
It is anticipated that the removal of in-stream barriers and the re-instatement of a more natural water
regime as proposed under the DAMP (Nias 2002) will have the capacity to enhance a broad range of
environmental values, although some issues such as saline groundwater intrusion and the incidence of
blue-green algal blooms may be exacerbated during periods of low flow or complete channel drying.
More precise modelling of ecosystem responses to specific flow regimes and flow volumes will be
possible once channel topography has been mapped. This will allow the identification of deeper
sections where pools are likely to remain during drying periods, the temporal connectivity of these
pools, and the extent and frequency of littoral zone inundation.
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Appendix 1:Anabranch sites from north to south

Figure 1: Tor Downs (facing downstream)

Figure 2:Cuthero Bridge (facing downstream)
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Figure 3: Popiltah (facing downstream)

Figure 4: Woodlands (facing downstream)
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Figure 5: 183 Dam (facing upstream)

Figure 6: Nindethana (facing downstream)
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Figure 7: Bunerungee Bridge (facing downstream)

Figure 8: Toora block bank (facing upstream)

34

Scholz et al. 2003: Monitoring the Anabranch

Figure 9: Bulpunga (facing downstream)

Figure 10: Anabranch Hall (facing downstream)
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Figure 11: Bingo block bank (facing upstream)

Figure 12: 10 Mile (facing upstream)
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Figure 13: Oakbank (facing upstream)
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Appendix 2: Water quality data

EC
µS.cm-1
Tor Downs/Wycot
788 ± 1
Cuthero Bridge
772 ± 1
Popiltah
824 ± 2
Woodlands
816 ± 1
Dam 183
843 ± 1
Nindethana
812 ± 1
Toora
867 ± 1
Anabranch Hall
1000 ± 0
Glen Esk
966 ± 17
Tara Downs
1370 ± 3
10 Miles
2000 ± 0
Oakbank (upstream)
1393 ± 3
Oakbank (downstream)
800 ± 4
Site

NTU

pH

95 ± 2.9
85 ± 7.6
72 ± 2.2
35 ± 3.7
469 ± 6.2
62 ± 6.2
118 ± 2.2
170 ± 4.3
243 ± 11.7
72 ± 8.0
283 ± 23.5
361 ± 3.5
99 ± 0.6

7.81 ± 0.01
7.77 ± 0.01
7.79 ± 0.02
7.47 ± 0.04
8.15 ± 0.01
7.84 ± 0.01
8.24 ± 0.00
8.20 ± 0.01
8.21 ± 0.00
7.69 ± 0.01
8.61 ± 0.01
8.39 ± 0.02
7.97 ± 0.01

DO
Mg.L-1
8.2 ± 0.0
8.2 ± 0.2
8.7 ± 0.1
6.2 ± 0.2
10.2 ±0 .3
7.6 ± 0.0
10.1 ± 0.0
9.7 ± 0.0
10.3 ± 0.1
6.7 ± 0.1
10.6 ±0 .1
12.5 ±0.1
9.9 ± 0.1

TCP
µgCHL.ml-1
10.6 ± 4.7
5.6 ± 1.3
4.8 ± 0.3
10.1 ± 2.2
113.9 ± 18.4
9.5 ± 1.0
89.3 ± 8.5
29.1 ± 2.4
68.3 ± 1.9
35.3 ± 1.0
167.6 ± 10.1
149.4 ± 19.3
28.6 ± 3.1

Table 1: Mean + standard errors (n=3) for water quality parameters determined on 25/26
June 2002 at sites along the Anabranch.

Site
Wycot
Cut hero
Popiltah
Woodlands
Windamingle
Dam 183
Nindethana
Bunnerungee
Toora
Quambi
Bulpunga
Glen Esk
Tara Downs
Pollards Shead
Warra's Dam
10 Mile
Tona
Oakbank
10 Mile Bridge

No of
samples
taken
52
24
45
49
38
96
90
31
39
95
54
51
87
26
31
108
38
44
52

10%ile

Median

90%ile

Period

334
487
390
418
454
428
450
532
523
502
403
565
419
585
650
474
536
503
271

634
710
668
782
772
902
906
853
876
950
653
930
858
830
1090
1113
984
852
507

1179
1185
1423
1186
1134
1630
1585
2760
1504
1600
1173
2140
1908
1178
1853
2236
2167
1864
1396

Jul 1968- Jul 2000
Mar 1978- Jul 2000
Feb 1986- Jul 2000
Feb 1987- Jul 2000
Mar 1990- Jul 2000
Jan 1980- Jul 2000
Jan 1980- Jul 2000
Oct 1993- Jul 2000
Jul 1983- Jul 2000
Jan 1983- Jul 2000
May 1971- Jul 2000
Mar 1980- Jul 2000
Jun 1980- Jul 2000
May 1996- Jul 2000
Sep 1988- Jul 2000
Jan 1980- Jul 2000
Aug 1983- Jul 2000
Jul 1981- Jul 2000
Aug 1983- Jul 2000

Table 2: Electrical Conductivity (µS.cm-1 at 25°C) percentiles for data collected by
DLWC at sites along the Anabranch. Source: Nias (2002).
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Site
Wycot
Dam183
Bulpunga
Tara Downs

No of
samples
taken
21
8
16
7

10%ile

Median

90%ile

Period

15
53
25
24

97
93
59
40

158
157
132
42

Nov 1976- Jul 2000
Apr 1996- Jul 2000
Sep 1976- Mar 1999
Jun 1996- Jul 2000

Table 3: Turbidity (NTU) percentiles for data collected by DLWC at sites along the
Anabranch. Source: Nias (2002).

Site
Wycot
Dam183
Bulpunga
Tara Downs

No of
samples
taken
20
7
17
6

10%ile

Median

90%ile

Period

7.6
7.9
7.6
8.2

8.2
8.2
8.5
8.5

8.7
8.7
8.8
8.7

Jul 1976- Jul 2000
Apr 1996- Jul 2000
May 1974- Mar 1999
Jun 1996- Jul 2000

Table 4: pH percentiles for data collected by DLWC at sites along the Anabranch.
Source: Nias (2002).
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Chlorophyceae
(Green algae)

(Diatoms)

Actinastrum
Ankistrodesmus
Ankyra
Carteria
Chlamydomonas
Chlorella
Chlorogonium
Chodatella
Closterium
Coelastrum
Cosmarium
Crucigenia
Dictyosphaerium
Elakatothrix
Gloeoactinium
Golenkinia
Kirchneriella
Micractinium
Monoraphidium
Nephrocytium
Oedogonium
Oocystis
Pediastrum
Pteromonas
Scenedesmus
Schroederia
Sphaerocystis
Spirogyra
Stigeoclonium
Tetraedron
Planktonema
Cyclotella
Cymbella
Fragilaria
Gyrosigma
Melosira/Aulacoseira
Navicula
Nitzschia
Rhopalodia
Surirella
Synedra

x

x

x

x

x

x
x

x
x
x

x

x

x

x
x
x

x
x
x
x
x

x
x
x
x
x
x

x
x
x
x

x

x

x
x
x

x

x

x

x
x
x

x
x

x
x
x
x
x
x
x
x
x
x
x

x
x
x

x

x

x

Tara Downs (42510071)

Dam 183 (42510065)

Wycot (425013)

Oakbank D/S

Oakbank U/S

10 Mile

Tara Downs

Glen Esk

Anabranch Hall

Toora

Nindethana

183 dam

Woodlands

Popiltah

Cuthero

Tor Downs

Appendix 3: Phytoplankton taxa identified within the Anabranch during the June 2002
survey, and those identified at tree sites by DLWC since 1996 (shaded).

x
x
x
x
x
x

x
x
x
x
x
x

x
x
x
x
x
x

x
x
x

x
x
x

x
x
x

x
x

x

x

x
x
x
x
x

x

x
x

x

x

x

x
x
x
x

x

x
x

x
x

x
x

x
x
x

x
x
x
x

x
x

x
x
x

x

x

x

x
x
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Cyanophyceae
(Blue-green algae)

Euglenophyceae
(Euglenids)

Cryptophyceae
Dinophyceae

Anabaena
Anabaenopsis
Aphanizomenon
Aphanocapsa
Cylindrospermopsis
Merismopedia
Microcystis
Oscillatoria
Planktolyngbya
Pseudanabaena
Raphidiopsis
Euglena
Lepocinclis
Phacus
Trachelomonas
Cryptomonas
Rhodomonas
Peridinium

x
x
x
x
x
x

x
x

x

x

x

x

x

x

x

x

x
x
x
x

x

x
x
x
x
x
x
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x
x
x
x
x
x
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x
x
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Bdelloida sp.
Brachionus angularis
B. calyciflorus gigantea
B. novaezelandia
B. quadridentatus
B. urceolaris
Cephalodella sp.
Dicranophorus
Filinia australis
F. terminalis
Keratella australis
K. procurva
Lecane sp.
Polyarthra sp.
Proales sp.
Rotaria neptuna
Trichocerca sp.
Trichotria tetractris
Unidentified sp.
Cladocera
Chydorid
Daphnia lumholtzi
Macrothrix
Ostracoda
Copepoda
Calanoida
Cyclopoida
Nauplii

Rotifera

TOTAL

mean
standard error

2

102 458 196 195
245 809 409 7
1 10
2 1
4
2 13 29
1
1
18 1

2158
4

6

1

4
2

2

1

6

16

3 8
43 43

8

2

Oakbank D/S
47
4
198
2

4
47

2
4

102
462

2

2
22
27
1

Oakbank U/S

1

429
321 28

10 Mile

Tara Downs

Glen Esk

Anabranch Hall

Toora

Nindethana

Dam 183

Woodlands

Popiltah

Cuthero

Tor Downs

Appendix 4: Mean zooplankton abundances (individuals.l-1) recorded at sites within the
Anabranch during the June 2002 survey. Shaded areas indicate where samples
were lost to inadequate preservation.

2

2

1
2
1
1

4
4
60 104 151
1

4
141 138 332 172 49
1
98 21 72 98 62

3
4

144 21 30 31
1
144
96 87 91 456

613 247 864 584 1147 1282 336 370 2893
41 26 185 57 100 96 43 44 384

4
191

11
84
1107
61
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Class

Order

Family

Nematoda
Annelida

Oligochaeta

Mollusca

Gastropoda

Arthropoda

Crustacea

Insecta

omnivore

10

detritivore

170

60

Ancilidae

scraper/grazer

10

10

20

30

40
10

Physidae

scraper/grazer

10

Decapoda

Atyidae

omnivore

20

40

430

Decapoda

Palaemonidae

omnivore

30

20

2

Decapoda

Parastacidae

omnivore

10

1

1

Coleoptera

Dytiscidae

carnivore

10

10

20

Coleoptera

Hydraenidae

herbivore

50

Coleoptera

Hydrophiliadae

30

Diptera

Diptera

Ceratopogonidae
Chironomidae (s/f
Chironominae)
Chironomidae (s/f
Orthocladiinae)
Chironomidae (s/f
Tanypodinae)

carnivore
carnivore, engulfer or
collector-gatherer

Diptera

Diptera

90

100

Oakbank

Dam 183

Popiltah

Functional Feeding
Group

Tara Downs

Phylum

Tor Downs

Appendix 5: Abundance (individuals.10m-1) and functional feeding group of macroinvertebrate taxa collected from sites within the Anabranch.
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