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Executive Summary
The purpose of the current review is to examine what data already exists on water quality
in Lake Mulwala in order to make recommendations for the ongoing monitoring and
assessment of the lake. This review considers a wide range of water quality parameters,
(including water chemistry) algae, bacteria, macroinvertebrates, fish, plants and other
species. In addition to published articles, reports and syntheses, we have considered
primary data obtained from the Murray-Darling Basin Commission (MDBC) long-term
monitoring program, the Department of Infrastructure, Planning and Natural Resources
(DIPNR), Goulburn Murray Water (GMW), North East Water, and the Victorian Water
Resources Data Warehouse at sites on the River Murray and Ovens River upstream of
Lake Mulwala, within the lake itself, in the Mulwala Main Canal and downstream of
Yarrawonga Weir.
The main conclusions regarding existing data are:
•

The concentration of nutrients in Lake Mulwala are consistently higher than the
Australian and New Zealand Environment and Conservation Council’s trigger
levels for lakes and reservoirs but generally lower than the trigger levels for
lowland rivers (ANZECC, 2000). Phosphorus levels in particular are consistently
higher than levels need to sustain algal blooms.

•

The electrical conductivity of the water in Lake Mulwala is significantly below
the thresholds that impact on aquatic organisms and the level would generally be
considered low for River Murray waters. The movement of salt through the lake
is highly episodic, the largest flux occurring during floods. The Ovens River has
a strong influence on the transport of salt into the lake.

•

Turbidity levels in the lake generally fall within acceptable levels and while the
lake is slightly clearer than the upstream sources, it does not appear to
significantly influence downstream water clarity.

•

Lake Mulwala may act as a sink for metals through sedimentation of suspended
particles.

•

Limited monitoring of pesticides in the system has detected pesticides in the
Ovens River, the Mulwala Main Canal and within Lake Mulwala, but only on a
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very few occasions. Pesticide concentrations in lake sediment (potentially the
largest sink for pesticides) have not been studied.
•

Algal blooms are a significant water quality issue in Lake Mulwala and a number
of severe outbreaks of blue-green algae have occurred in recent years. However
there are serious inconstancies in the available algal data sets that need to be
resolved.

•

Long-term trends in the vegetation of the lake cannot be assessed as only a single
extensive survey has been carried out (providing a “snapshot” of the vegetation
distribution at that time). There is some anecdotal evidence that vegetation on the
northern side of the lake may be impacted by saline groundwater intrusions.

•

Lake Mulwala is an important recreational fishery for Murray Cod. However, the
average size of cod caught in fishing competitions has declined over the last
decade, suggesting that the population may be under stress.

Several key processes which may be threatening to the water quality in Lake Mulwala
have been identified. They include:
•

Remobilisation of pollutants from sediments: Sediment quality is poorly
understood in Lake Mulwala, but remobilisation of pollutants (nutrients, metals
and pesticides) is a potential threat to water quality in the lake.

•

Stormwater: Loads of pollutants from stormwater draining directly into the lake
and the resultant impact on the lakes biota are poorly quantified.

•

Hydrocarbons: Hydrocarbons entering the lake with stormwater, from fuel
storage facilities and recreational activities are potential threats to water and
sediment quality in the lake.

•

Aerial deposition: Aerial deposition of pollutants (particularly nitrogen) into the
lake from industrial activities is a potential (but unquantified) risk to the water
quality.

•

Bushfires: Bushfires upstream in the catchment have the potential to cause severe
degradation of water quality in Lake Mulwala by increasing the amount of
sediment and toxic substances that enter the system following storm events.

iv

Sediment mobilised following the last bushfire in the Ovens River catchment will
eventually reach Lake Mulwala.
•

Weeds: Patches of weeds within the lake have to potential to spread and become
problematic for lake users if appropriate controls are not put into place.

•

Blue-Green Algae: The apparent increase in the number of serious blue-green
algal blooms requires further investigation.

•

pH. An apparent decreasing trend in the pH of the water in both the lake and
surrounding catchments is a potential long-term threatening process.

Recommendations for areas of further study include:
•

A survey of the sediments to determine the extent to which nutrients, metals
and pesticides have been accumulating within the lake and the potential for
release of these substances back into the water column.

•

Determining the impact of stormwater on the water quality within the lake.

•

A study to determine whether stratification occurs within the lake.
Stratification has important influences on the cycling of metals and nutrients
within the system.

•

Clarification of the causes of differences in the various algal monitoring
programs data in order to establish whether or not the incidence of blooms in
the lake is actually increasing.

•

Improved monitoring programs to allow accurate calculation of loads for
various important chemical parameters entering and leaving the lake. The
current monitoring regime is not sufficient to calculate loads accurately.

•

Ongoing monitoring of vegetation distribution and health in the lake and its
foreshore.
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Introduction

1.1 Lake Mulwala Background
Lake Mulwala is an impoundment of the River Murray, near the towns of Mulwala and
Yarrawonga in New South Wales and Victoria, respectively. The lake was formed in
1939, following the construction of the Yarrawonga Weir, and is primarily used to
provide irrigation water to NSW and Victoria via the Mulwala Main Canal and
Yarrawonga Main Channel, respectively. The Mulwala Canal has a discharge capacity of
approximately 10 000 ML/day and the Yarrawonga Main Channel has a discharge
capacity of 3 200 ML/day (MDBC 2004). The lake has become an important recreational
area and is a popular site for waterskiing, swimming, boating and fishing. Lake Mulwala
covers an area of 4536 ha and the movement of water within the lake is strongly
influenced by the deep, meandering channel of the River Murray, close to the Victorian
bank of the lake (Hart et al. 1976). The full supply level of Lake Mulwala is 124.90 m
relative to the Australian Height Datum and it has a capacity of 118 GL (of which 113
GL is ‘dead’ storage which cannot be supplied to the irrigation channels) (MDBC 2004).
It is possible to surcharge the weir by 0.25 m for brief periods to provide a further 11 GL
of storage.
An average of 6.58 million megalitres (ML) of water passes through Lake Mulwala each
year, 30% of this being derived from the Ovens River, An average of 0.08 million ML is
lost from the lake due to evaporation (Walker and Hillman 1977). Surface water
temperatures for the lake vary from 10 oC to 25 oC and the shallowness of the lake and its
short water retention time means the lake is probably not persistently stratified (Walker
and Hillman 1977). The eastern end of Lake Mulwala has a range of wetlands which fill
at varying flow levels and have complex hydrology. Some of the wetlands are only
affected by changes in the level of the weir pool, some are only affected by changes in
river flow and some are influenced by both (Green 2003). The management of these
wetlands recently received attention due to suggestions that the operating level of the lake
might be changed, which would influence the water regime in the wetlands. It has been
suggested that lowering the operational level of Lake Mulwala during the summer
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months would enable better management of rain rejection flows and help to reduce
unseasonal flooding of the Barmah-Millewa Forest downstream (Chong and Ladson
2003). This suggestion has been met with considerable community opposition. However
community concerns that a reduction in the operating level would be as much as 2.5
metres has been addressed by the Murray-Darling Basin Commission (Kirk 2003):•

changes to the operating levels would need to be less than half a metre,

•

are not imminent and,

•

a consultation process will take place before any changes are made.

The suggestions of a change to the operation of the weir have resulted in considerable
community interest in the draft Lake Mulwala Land and On-water Management Plan
(Goulburn-Murray Water 2003a; Goulburn-Murray Water 2003b) and considerable
action by local community groups.

1.2 Purpose of Review
The purpose of the current review is to examine what data already exists on water quality
in Lake Mulwala in order to make recommendations for the ongoing monitoring and
assessment of the lake. This review considers a wide range of water quality parameters,
including water chemistry, algae, bacteria, macroinvertebrates, fish, plants and other
species.
1.3

General Methodology

In addition to published articles, reports and syntheses, we have considered primary data
obtained from the Murray-Darling Basin Commission (MDBC) long-term monitoring
program, the Department of Infrastructure, Planning and Natural Resources (DIPNR),
Goulburn Murray Water (GMW), North East Water, and the Victorian Water Resources
Data Warehouse. Data was considered from the following sites (site code):
•

Murray River at Heywood’s Bridge (409016)

•

Murray River at Corowa (409002)

•

Ovens River at Peechelba (403241)
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•

Lake Mulwala (40910121)

•

Upstream of Yarrawonga Weir (409216)

•

Downstream of Yarrawonga Weir (409025)

•

Mulwala Main Canal (409026)

No data was obtained for the Yarrawonga Main Channel (409703).
Where previous syntheses of this data have been published we have critically reviewed
both the methodology employed and the conclusions reached.
Where appropriate we have summarised the primary data in the form of box plots to
show the variability inherent in the data.. Box plots provide a graphical illustration of the
spread of the data. The error bars indicate the 10th and 90th percentile, with outliers
plotted as data points. The lower and upper limits of the box indicate the 25th and 75th
percentiles and the line indicates the median value. Working with a median instead of a
mean value is more meaningful in this instance, as median values are less affected by
extreme outliers than mean values are, and so the summary data is less skewed by spikes
in the data associated with short-duration events.

1.4

Legislative Considerations

Lake Mulwala lie on the boundary between NSW and Victoria and as such, is affected by
legislation from both states and the Commonwealth. The legislation relevant to the
management of Lake Mulwala has been well documented in the draft management plan
(Goulburn-Murray Water 2003b) and won’t be considered further in this review.
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2
2.1

Physicochemical Studies
Nutrients

2.1.1 Monitoring Programs and Databases
There are a number of existing monitoring programs that regularly sample from sites
relevant to this report. There are sampling sites located upstream of the lake on the River
Murray (MDBC and DIPNR) and Ovens River (MDBC, North East Water), within the
lake itself (DIPNR, GMW), downstream of Yarrawonga Weir (MDBC, DIPNR, GMW)
and in the Mulwala Canal (DIPNR). Data was not obtained for the Yarrawonga Main
Channel.
Summaries of the MDBC database have been compiled and can be obtained by
contacting them directly. The raw data is also available on request.
The data held by DIPNR has been summarised on the department’s website:
http://waterinfo.dlwc.nsw.gov.au/
Data listed on this website is available on request, either through the website link or
directly from the Albury office.
The water quality data collected by Victorian agencies has been made available for
download through the Victorian Water Resources Data Warehouse:
http://www.vicwaterdata.net/vicwaterdata/home.aspx
It should be noted that there is very little data available in the various data bases on
quality assurance/quality control protocols associated with both the sampling programs
and their subsequent analyses.
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2.1.2 Previous Syntheses
There are a number of reports that have synthesised the water chemistry (including trend
analyses and load estimations) for both the River Murray and lower Ovens River
(Mackay et al. 1988; Water ECOscience 2002).
The Murray-Darling Basin Commission’s dataset has been subject to an extensive
analysis, concentrating on fourteen monitoring stations along the River Murray (Water
ECOscience 2002). The more recent Water ECOscience report includes trend analysis
and load estimations. That paper used data from July 1978 to June 1997. Trends in the
data were modelled using a Generalised Additive Model (GAM) on loge transformed
data. The GAMs use spline (arbitrarily smooth) functions to model the effect of flow and
time in the regression equation. The equations also incorporated sine and cosine
functions to account for seasonal effects and linear components to estimate long-term
trends. Data from Corowa was not included in this later analysis, so in our report, we
have reported upstream water quality trends at Heywood’s Bridge (immediately
downstream of the dam wall at Lake Hume) recognising that this doesn’t include the
influence of Albury-Wodonga, Corowa or other downstream inputs.
The Victorian Water Quality Monitoring Network Trend Analysis (Smith and Nathan
1999), in part considered pH, turbidity, electrical conductivity, total P and total N trends
for the monitoring station at Peechelba on the lower Ovens River . The analysis involved
a GAM which incorporates spline functions to account for time and streamflow and
additional functions to account for seasonality, serial dependence and non-normality. In
some cases polynomials were used in place of splines.
A snapshot of the physico-chemical water quality data for the Wangaratta-Mulwala reach
of the Ovens River from the Victorian Water Resources Data Warehouse for the period
1979-2001 has also been produced (Cottingham et al. 2001).
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Table 2.1.2.1 Summary statistics for water quality in the lower Ovens River (Cottingham
et al. 2001).
Turb. (NTU)
SS (mg/L)
pH
EC (µS/cm)
DO (mg/L)
Calcium
Sodium
Potassium
Magnesium
Chloride
Sulfate
TKN(mg/L)
TP (mg/L)
NOx (mg/L)
FRP (mg/L)
Silica(mg/L)

Mean
14.2
21.5
7.0
82.4
8.6
2.3
8.8
1.2
2.3
9.9
2.9
0.320
0.060
0.150
0.010
8.70

Min
0.8
2.0
5.4
10.0
4.0
1.3
3.1
0.25
1.2
1.0
0.3
0.050
0.011
0.002
0.002
0.40

10%ile
4.9
11.0
6.4
46.0
6.3
1.7
4.5
0.8
1.6
4.0
1.3
0.200
0.034
0.0388
0.003
6.47

Median
11.5
20.0
7.0
70.0
8.6
2.1
7.4
1.1
2.1
7.0
2.3
0.300
0.049
0.140
0.010
9.00

90%ile
24.9
33.6
7.6
120.0
10.6
2.9
14.0
1.7
3.2
15.0
5.4
0.500
0.087
0.280
0.028
11.00

Max
155.0
43.0
9.2
610.0
11.9
12.0
31.0
6.6
5.2
89.0
12.0
1.200
0.520
1.000
0.230
12.00

2.1.3 Phosphorus
Previous Studies
In the 1970s, a survey of the limnology of the River Murray from Lake Hume to just
downstream of Lake Mulwala was initiated to provide baseline data for the ecology and
water quality of the area to enable future impacts of the development of Albury-Wodonga
to be assessed (Gutteridge Haskins and Davey 1974; Croome et al. 1976). Sampling sites
included the Murray downstream of Corowa, within Lake Mulwala, downstream of
Yarrawonga Weir and the Ovens River. Orthophosphate and total phosphorus were
monitored monthly and preliminary findings (October 1973-July 1974) suggested that
virtually all the phosphorus present in the water was associated with particulate matter or
was present as dissolved organic P, with orthophosphate generally being below 0.005
mg/l. Very little was retained in the lake sediments, and substantial contributions to the
load in Lake Mulwala came from the Kiewa and Ovens Rivers (Gutteridge Haskins and
Davey 1974; Croome et al. 1976). Nutrient enrichment experiments using the diatoms
Aulacoseira granulata (formerly known as Melosira granulata) and Nitzschia palea
indicated that P was a limiting nutrient for algal growth in Lake Mulwala (Gutteridge

6

Haskins and Davey 1974). Phosphorus concentrations in Lake Mulwala ranged between
0.02-0.04 mg/l with the highest values recorded in March and May.
Phosphorus loads were monitored over a four year period including two ‘wet’ years
(1974-75) and two dry years (1976-77) (Walker and Hillman 1982). Data was collected
monthly until March 1975, and four times per month after that. Loads were calculated
using measured total P and mean flow for the period. Most of the phosphorus was found
to be associated with particulate matter. In 1974- 75, runoff from land between AlburyWodonga and Lake Mulwala increased the load of total P by 49%, with the authors
concluding that this was predominantly agriculturally derived. In the two drier years this
load increase was reduced to 17%. Phosphorus retention in Lake Mulwala was relatively
low (7-8%) over the four-year period, suggesting that at low flow, water still passes
rapidly through the lake, probably following the former river channel (Walker and
Hillman 1982). The lake frequently exceeded the threshold for eutrophic lakes (0.02
mg/l TP).
Total phosphorus was found to be much higher than filterable reactive P (frP) during
most of the period between 1977 and 1982, indicating that much of the phosphorus is
associated with suspended sediments (Brymner 1982). A phosphorus budget for the lake
suggested that a proportion of both FRP and particulate phosphorus were generally
retained by the lake over the period. A small release of phosphorus from the sediments
was noted in 1978.
A review of the MDBC monitoring data for July 1978-June 1986 notes an increasing
trend in total phosphorus and FRP as the river progresses downstream (Mackay et al.
1988).
The importance of upstream point sources of total phosphorus has been found to vary
considerably with the annual rainfall (Gutteridge Haskins & Davey 1992). In a dry year
it has been estimated that 27% of the TP load is contributed by point sources upstream of
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Yarrawonga Weir, while this figure changes to 35% and 16% in average and wet years,
respectively.
Table 2.1.3.1 Total Phosphorus (mg/L) July 1978-June 1986 (Mackay et al. 1988).
Site

Mean Range

No.

Percentiles
10th

50th

90th

Samples

Murray at Heywood’s 0.029 0.002-0.135 0.008

0.026

0.049

190

Ovens R.

0.059 0.011-0.340 0.026

0.046

0.100

88

d.s. Yarrawonga

0.058 0.005-0.310 0.020

0.050

0.100

262

Table 2.1.3.2 Filterable Reactive Phosphorus (mg/L) July 1978-June 1986 (Mackay et al.
1988).
Site

Mean Range

Percentiles
10th

No.

50th

90th

Samples

Murray at Heywood’s 0.009 0.001-0.044 0.002

0.008

0.018

186

Ovens R.

0.030 0.003-0.280 0.007

0.016

0.053

83

d.s. Yarrawonga

0.014 0.001-0.080 0.004

0.010

0.027

207

A comparison of data from the Major Storages Operational Monitoring Program
(upstream of the weir wall) and the MDBC data (downstream of the weir wall),
concluded that the filterable reactive P results were significantly different between the
two sites (Smalley and Fraser 1999). The downstream site tended to have higher frP
levels, most likely due to the resuspension of sediment due to turbulence.
Some studies of the phosphorus in the sediments of Lake Mulwala have also been
conducted (Hart et al. 1976; Baldwin 1996). The total phosphorus in the sediments was
strongly associated with organic material, suggesting it entered the lake associated with
suspended particulate material and is deposited in the less turbulent western areas of the
lake (Hart et al. 1976). Sediments from Lake Mulwala have been found to adsorb up to
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1g/kg of orthophosphate phosphorus from solution in 11 days (under laboratory
conditions). Total P concentrations ranged from 350-1188 mg/kg sediment (dry weight)
with approximately half being considered available for exchange with the water column
(Hart et al. 1976). Orthophosphate was found to account for between 34.2 and 38.8% of
the total P in Lake Mulwala sediments (Baldwin 1996).
Data Analysis
Summary: Box plots for total P and filterable reactive P are presented in Figures 2.1.3.1
and 2.1.3.2 respectively. The data presented in the figures is predominantly derived from
the Murray-Darling Basin Commission dataset, with the addition of data from Goulburn
Murray Water (Lake Mulwala* data), and DIPNR data for the Mulwala Canal.

0.80

Total P (mg/L)

0.60

0.15

0.10

0.05

0.00
Corowa

Peechelba

Upstream

Lake Mulwala*

M Canal

Downstream

Figure 2.1.3.1 Summary data for Total Phosphorus
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Lake Mulwala*

M Canal

Downstream

Figure 2.1.3.2 Summary data for soluble reactive phosphorus.
Trigger Levels: Levels of total P consistently exceed ANZECC Guidelines (ANZECC
2000) default trigger values for total P in lakes and reservoirs (0.01 mg/l), but not
consistently for lowland rivers (0.05g/l). Levels of frP also consistently exceed ANZECC
Guidelines default trigger values for lake and reservoirs (0.005mg/l), but do not
consistently exceed the trigger values for lowland rivers (0.02 mg/l). However, it is clear
that, P levels in the lake can, at times be exceedingly high, with the potential for the
formation of algal blooms.
Trend Analysis: A significant increasing trend has been reported for total P at
Heywood’s Bridge (2% p.a.), a decreasing trend was reported downstream of
Yarrawonga Weir (-1.4% p.a.) and no significant trend has been found at Peechelba
(Water ECOscience 2002).
Load Estimates: Estimated loads of total P from 1979-1996 have been reported (Water
ECOscience 2002) but these have been calculated using monthly phosphorus results, or,
where more data was available, using monthly averages (see Figure 2.1.3.3). The use of
10

such low-resolution data for concentration produces load estimates that are too heavily
dominated by flow variation – see later. We believe that there is insufficient data in the
current data sets to perform accurate load calculations.

1.6
Heywoods
Peechelba
Downstream

1.4

Total P (tonnes/day)

1.2

1.0

0.8

0.6

0.4

0.2

0.0

1978

1980

1982

1984

1986

1988

1990

1992

1994

1996

1998

Date
Figure 2.1.3.3 Total phosphorus loads based on monthly data (Water ECOscience
2002).
2.1.4 Nitrogen
Previous Studies
Nitrogen exists as a range of chemical species in aquatic systems, ranging from dissolved
nitrogen gas, through oxidised nitrogen species (nitrate and nitrite), as ammonia (or
ammonium cation) and in a range of organic compounds. Much of the early monitoring
of nitrogen in this system considered nitrate and in some cases Total Kjeldahl Nitrogen
(TKN), a measure of organic nitrogen plus ammonium. The studies relied on the
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assumption that the waters were well oxygenated, and that nitrite and ammonia would
therefore be insignificant to the nitrogen budget (Gutteridge Haskins and Davey 1974).
Nitrate nitrogen concentrations in Lake Mulwala were correlated to flows, with lows of
0.02 mg/l in March and April and highs of 0.2 mg/l in May. TKN during the May 1974
flood was 0.59 mg/l (Gutteridge Haskins and Davey 1974).
The concentrations of nitrate and TKN in the lake and the Murray and Ovens Rivers were
measured regularly between 1974 and 1977 (Walker and Hillman 1982). Nitrate was
found to be a small but variable proportion of the total nitrogen and both nitrate and TKN
loads increased between Lake Hume and Lake Mulwala, TKN having the most
substantial increase. It was noted that stormwater nitrogen was likely to be significant,
but was obscured in the data by the use of calculated averages. During high flows, input
of total N was less than the output from the lake, but during low flows input exceeded
output (suggesting perhaps storage of nitrogen within the sediments). Nitrate-nitrogen
inputs exceeded the outputs. Denitrification appeared to be significant during the low
flow period but there was insufficient data for a detailed analysis of this process.
Peak nitrate concentrations in Lake Mulwala are generally measured in winter or spring,
with concentrations approaching the limit of detection during summer, possibly due to
uptake by phytoplankton (Brymner 1982). This author also calculated monthly nitrogen
loads for the River Murray upstream and downstream of the lake, and for the Ovens
River at Peechelba. These were used to calculate a nitrogen budget for Lake Mulwala
which estimated that between 200 and 450 tonnes/year of nitrate-nitrogen are retained by
the lake. It is recognised that there are multiple mechanisms for the interconversion
between different forms of nitrogen, but it is suggested that there is a nett loss of nitrogen
through sedimentation and uptake by macrophytes. Given the low resolution of the data,
the nitrogen budget for the lake is unlikely to be sufficiently accurate to draw any
conclusions on the cycling of nitrogen within the lake.
Oxidised nitrogen ions (NOx) have quite variable concentrations and have been observed
to be lower in dry years while TKN has been found to have a seasonal pattern with the
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highest values in spring and a trough in autumn (Mackay et al. 1988). The summary data
in Table 2.1.4.1 indicates that NOx values tend to be lower downstream of Lake Mulwala
than at the upstream sites, suggesting that biological or depositional processes are
removing NOx from the water column during transit through the lake.
Table 2.1.4.1 Oxidised Nitogen (mg/L) July 1978-June 1986 (Mackay et al. 1988)
Site

Mean Range

Percentiles
10th

No.

50th

90th

Samples

Murray at Heywood’s 0.128 0.003-0.574 0.006

0.075

0.350

118

Ovens R.

0.133 0.005-0.400 0.014

0.106

0.294

87

d.s. Yarrawonga

0.085 0.003-0.600 0.008

0.030

0.260

232

Table 2.1.4.2 Total Kjeldahl Nitrogen (mg/L) July 1978-June 1986 (Mackay et al. 1988)
Site

Mean Range

Percentiles

No.

10th

50th

90th

Samples

Murray at Heywood’s 0.28

0.04-1.10 0.09

0.26

0.50

161

Ovens R.

0.36

0.15-0.90 0.20

0.30

0.55

88

d.s. Yarrawonga

0.47

0.07-1.38 0.23

0.45

0.72

225

Total Nitrogen and Total Kjeldahl Nitrogen values have been found to be significantly
lower upstream of the weir wall than immediately downstream, most likely due to
resuspension of sediment and aeration of the water (Smalley and Fraser 1999). Kjeldahl
nitrogen concentration in the sediments of Lake Mulwala have been found to range
between 0.48 and 3.19 g/kg sediment (dry weight) (Hart et al. 1976).
Data Analysis
Summary: Box plots for oxides of nitrogen and TKN are presented in Figures 2.1.4.1 and
2.1.4.2 respectively. The data presented in the figures is predominantly derived from the
Murray-Darling Basin Commission dataset, with the addition of data from Goulburn
Murray Water (Lake Mulwala* data), and DIPNR data for the Mulwala Canal. The data
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in Figure 2.1.4.1 is consistent with previous reports of retention of nitrate in the Lake.
The upstream, Lake Mulwala*, Mulwala Canal and Downstream sites all involve
sampling of water that has passed through the majority of the lake and the NOx
concentrations at these sites have substantially lower median values than is found for the
water from the two input rivers. This likely reflects a combination of bacterial and plant
activity, as well as loss to the sediments. TKN does not appear to be routinely retained
by the lake.
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Figure 2.1.4.1 Summary data for NOx

14

2.5

TKN (mg/L)

2.0

1.5

1.0

0.5

0.0
Corowa

Peechelba

Upstream

Lake Mulwala*

M Canal

Downstream

Figure 2.1.4.2 Summary Data for TKN
Trigger Levels: Levels of NOx and TKN consistently exceed ANZECC Guidelines
(ANZECC 2000) default trigger values for N in lakes and reservoirs (0.01 mg/L; 0.35
mg/L respectively) but they do not consistently exceed trigger levels for lowland rivers
(0.04 mg/L; 0.5 mg/L).
Trend Analysis No significant trends have been reported for NOx at the three examined
sites, but an increasing trend of 2.5% p.a. at Heywood’s Bridge and a decreasing trend of
-1.6% p.a. at Peechelba have been reported for TKN (Water ECOscience 2002). Load
data cannot be calculated for nitrogen, due to the amount of missing data.
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2.1.5 Silica
Previous Studies
Silica enters aquatic systems through erosion of rocks and minerals. It is an essential
nutrient for diatoms, a group of algae that construct cell walls from silica (Walker and
Hillman 1977).
Silica levels in Lake Mulwala were found to vary erratically over the period between
1977 and 1982, with no trend apparent (Brymner 1982). However, median silica values
have been observed to decline along the River Murray from its headwaters to the
Torrumbarry weir (Mackay et al. 1988). The pattern in concentration was associated
with uptake and release by diatoms, particularly Aulacoseira granulata, the dominant
algae in the lake (Walker and Hillman 1977).
Table 2.1.5.1 Silica (mg/L SiO2) July 1978-June 1986 (Mackay et al. 1988).
Site

Mean Range

Percentiles
10

th

50

th

90

th

No.
Samples

Murray at Heywood’s

5.8

0.3-17

1.6

6.2

9.8

169

Ovens R.

7.0

0.4-11

4.4

7.3

9.4

89

d.s. Yarrawonga

4.6

0.1-24

0.3

4.3

8.7

260

Data Analysis
Summary: Figure 2.1.5 summarises the MDBC data base for silica. In general, the
current monitoring data for silica is consistent with the trends observed between July
1978 and June 1986 (McKay et al 1988).
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Figure 2.1.5 Summary data for silica

Trigger Levels No guidelines for silica are given under the ANZECC guidelines
(ANZECC 2000)
Trend Analysis The only significant trend reported for silica is an increasing trend at
Peechelba of 0.9% p.a. (Water ECOscience 2002).
2.1.6 Sulfur
Previous Studies
Traditionally, it has been assumed that sulphur is not an important element in freshwater
ecosystems for the breakdown of organic matter (Reeburgh 1983; Atlas and Bartha
1993), therefore, sulfate and other species were not included in many of the early water
quality studies in the region. However, it has been shown that sulfur plays an important
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role in the anaerobic release of P from freshwater sediments (e.g. (Baldwin et al. 2002)
and reference therein) and also can be involved in the formation of acid producing
sediments. Some sulfate data was included in an earlier review (Mackay et al. 1988).
Table 2.1.6.1 Sulfate (mg/L) July 198-June 1986 (Mackay et al. 1988).
Site

Mean

Range

No.

Percentiles
10th

50th

90th

Samples

Murray at Heywoods

2.4

0.1-6.6

0.6

2.2

4.4

91

Ovens R.

3.0

1.0-9.3

1.5

2.3

5.5

36

d.s. Yarrawonga

2.0

0.4-7.4

1.0

2.0

3.2

81

Data Analysis
Summary: Dissolved concentrations of sulfate are presented in Figure 2.1.6. While
generally low, there are a few instances where the apparent levels of sulfate could be of
some concern.
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Figure 2.1.6 Summary data for sulfate
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Trigger Levels No guidelines for sulfur are given (ANZECC 2000).
Trend Analysis No trend analysis has been undertaken for sulfate in this system.

2.1.7 Colour
Previous Studies
Colour is a general indicator of the presence of dissolved organic matter such as tannins
and metal complexes. Dissolved organic matter in freshwater ecosystems is linked to
light penetration (and protection of aquatic organisms from damage by UV light) and
influences metal cycling and oxygen consumption. Peak colour has been found to
coincide with periods of maximum flow (Mackay et al. 1988).
Table 2.1.7.1 Colour (HU) July 1978-June 1986 (Mackay et al. 1988).
Site

Mean

Range

No.

Percentiles
10th

50th

90th

Samples

Murray at Heywoods

15

1-50

5

13

31

131

Ovens R.

24

5-60

10

20

40

35

d.s. Yarrawonga

12

3-55

5

9

21

107

Lake Mulwala has been reported to have little impact on the water colour in the Murray
River (Brymner 1982).
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Figure 2.1.7 Summary data for colour
Trend Analysis Increasing trends have been reported for colour at both Heywood’s
Bridge (8.2% p.a.) and Peechelba (6.7% p.a.) (Water ECOScience 2002)
2.2

Electrical Conductivity

Previous Studies
Electrical conductivity is used as a measure of the salinity of the system. The addition of
cations and anions (dissolved salts) to water increases the conductivity of the solution. In
the Hume Dam to Yarrawonga Weir section of the River Murray, bicarbonate is the
dominant anion in the water column (approximately 65-80% of the total), followed by
chloride (15-30%) and sulfate (<10%) (Mackay et al. 1988). Sodium is the dominant
cation (approximately 40% of total) followed by magnesium (>30%) and calcium
(<30%).
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Table 2.2.1 Conductivity (µS/cm @ 25oC) July 1978-June 1986 (Mackay et al. 1988).
Site

Mean Range

Percentiles

No.

10th

50th

90th

Samples

Murray at Heywood’s 56

41-75

50

56

63

419

Ovens R.

89

29-480 46

74

136

351

d.s. Yarrawonga

65

39-138 55

62

78

278

The electrical conductivity of the water in Lake Mulwala tends to increase over the
winter months (Brymner 1982). This is a result of decreased flow in the River Murray,
and relatively higher contributions from the Ovens River, which tends to have higher
salinity in the summer and autumn period, this water being retained in the lake over
winter. This water is flushed out of the lake with fresher water from the Ovens River
after the snow begins to melt in the spring (Brymner 1982).
Data Analysis
Summary: The electrical conductivity levels at Lake Mulwala are significantly below the
thresholds that have been found to impact on aquatic organisms (Nielson et al. 2003) –
Figure 2.2.1. Indeed, most measured conductivities varied very little over time.
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Figure 2.2.1 Summary data for electrical conductivity.
Trigger Levels The conductivity of the lake consistently exceeds the default trigger
values for lakes and reservoirs (20-30 µScm-1), but is generally below the values for
lowland rivers (125-2200 µScm-1) (ANZECC 2000). These levels would generally be
considered low for River Murray waters.
Trend Analysis The Water ECOscience analysis found no significant trend in EC at
Heywood’s bridge or downstream of Yarrawonga Weir, but a 0.88% per annum
increasing trend was reported at Peechelba (Water ECOscience 2002). However, an
alternative analysis of the data for Peechelba found no trend was apparent (Smith and
Nathan 1999).
Load Estimates Load estimates have been published using monthly data from 1979-1996
Figure 2.2.2 (Water ECOscience 2002), however, given the variability possible in EC
measurements over much smaller time periods, we do not believe that monthly results are
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adequate to estimate loads, and give undue emphasis to the flow variability in the load
calculations.
The extent to which flow is dominating the load estimates in Figure 2.2.2 is illustrated by
Figure 2.2.3, which compares the load estimates for salt downstream of Yarrawonga to
the load estimates for total P at the same site (from Figure 2.1.3.3) . The high degree of
correlation between load estimates (r2= 0.79) indicates that a common factor, probably
flow, is the dominant variable in each calculation. It is notable that the unusual pattern in
the load data at the various sites is repeated in both the salt and phosphorus data. For
example, at the downstream site the load is very consistent until 1985 and then increases
in both magnitude and variability, whereas at the Heywood’s site the variability ceases in
1991. These unusual patterns suggest that there may be problems with the load
calculations.
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Figure 2.2.2 Salt loads calculated using monthly results (Water ECOscience 2002)

23

1.6

P Load (Tonnes Day)

1.4

1.2

1.0

0.8

0.6

0.4

0.2

0.0
200

300

400

500

600

700

800

900

1000

Salt Load (Tonnes Day)

Figure 2.2.3 Regression of estimated salt load vs total P load, downstream of Yarrawonga
(Water ECOscience 2002)
More recent Murray-Darling Basin Commission data includes daily measurements of
electrical conductivity as well as flow. We have used this daily data to estimate salt loads
(based on a conversion factor of 0.6 EC units equates to 1mg/ l of salt – (Mackay et al.
1988)) – see Figure 2.2.4. While, there is some question on the long-term reliability of
continuous EC measurements (because of bio-fouling of the sensors), nevertheless, from
the figure it can be seen that salt movement is highly episodic – with the largest flux
occurring during floods. It also shows the importance of the Ovens River to salt loads in
the River Murray.
Groundwater Inputs: We have been unable to find any documented evidence for the
input of salt into the lake from ground water (see Chapter 3) however anecdotal evidence,
(based in part on the presence of spike rush and observed decline in tree health – see
Chapter 5) suggests that there may be saline groundwater intrusions on the northern side
of the lake (Murray Rural Lands Protection Board – unpublished).
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Figure 2.2.4 Salt loads calculated from daily EC data.

2.3

pH

Previous Studies
Early monitoring indicates that the pH in the lake and its catchment tend to lie in the
normal range for freshwaters – Table 2.3.1
Table 2.3.1 pH July 1978-June 1986 (Mackay et al. 1988).
Site

Mean

Range

No.

Percentiles
10th

50th

90th

Samples

Murray at Heywood’s 7.4

6.6-8.7

7.0

7.4

7.8

419

Ovens R.

7.4

6.2-8.4

6.9

7.4

7.8

341

d.s. Yarrawonga

7.2

6.4-8.6

6.9

7.3

7.5

411
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Lake Mulwala has been found to have slightly higher pH than the river in the summer
period due to the effect of algal activity (Brymner 1982). During a very wet period in
1981 both river and lake pH values were reduced, possibly due to higher concentrations
of humic acids (Brymner 1982).
Data analysis
Summary: The available pH data for Lake Mulwala is presented in Figure 2.3.1
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Figure 2.3.1 Summary of pH results
Trigger Levels The pH results mostly fall in the range expected for inland waters with
very few outliers falling outside the range recommended for lowland rivers, freshwater
lakes and reservoirs (6.5-8.0) (ANZECC 2000).
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Trend Analysis Trends analysis (Water ECOscience 2002) indicate significant decreasing
trends at Heywood’s Bridge (-0.66% p.a.), downstream of Yarrawonga Weir (-0.23%
p.a.) and at Peechelba (-0.74% p.a.). However, to calculate these trends, the authors took
the natural log of the pH data, as had been done with all the other water chemistry data.
As pH is already the log (base 10) of the concentration data, it is not appropriate to log
this data again before analysis. A linear annual trend of -0.047 pH units has been
reported for the Ovens River at Peechelba (Smith and Nathan 1999). The declining pH is
consistent with other reports of decreasing pH in the Goulburn-Broken system (Hart and
Davis 1997) and in the North-East (Smith and Nathan 1999) and is potentially a longterm threatening process –see later)
2.4

Turbidity

Previous Studies
A short-term study of the turbidity in Lake Mulwala (Gutteridge Haskins and Davey
1974) found that the turbidity was generally greater than at Lake Hume. It was found
that as Lake Mulwala has a fairly rapid renewal time (as low as 12 days at high flow), it
is subject to greater variation in turbidity than most standing waters. The observed
turbidity ‘load’ at the monitoring station downstream of Yarrawonga Weir was in
reasonable agreement with the sum of the loads from the Ovens, Kiewa and Murray
Rivers, minus the load in the Mulwala Main Canal and the Yarrawonga Main Channel
(Mackay et al. 1988) indicating that sediment wasn’t accumulating in the lake.
Table 2.4.1 Turbidity (NTU) July 1978-June 1986 (Mackay et al. 1988).
Site

Mean

Range

No.

Percentiles
10th

50th

90th

Samples

Murray at Heywoods

5.2

0.8-46

1.9

3.9

9.9

415

Ovens R.

9.2

0.8-61

2.3

6.4

19

345

d.s. Yarrawonga

9.2

0.5-125

2.2

6.0

18

417
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Data Analysis
Summary Long-term turbidity data for Lake Mulwala and associated waters is presented
in Figure 2.4.1 Based on the data, it would appear that while water in the lake is slightly
clearer than the upstream sources, the lake doesn’t appear to have an affect on
downstream water clarity.
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Figure 2.4.1 Summary data for turbidity
Nevertheless, because turbidity doesn’t necessarily equate to suspended sediment
concentration (e.g. it also includes a contribution from phytoplankton) it is difficult to
determine whether or not Lake Mulwala is a net depositional zone. Certainly the weir
wall will serve to significantly increase the residence time of sediments relative to nonimpounded reaches.
Trigger Levels The turbidity levels in Lake Mulwala generally fall within the range of
default trigger values for lakes and reservoirs (1-20 NTU) and lowland rivers (6-50
NTU).
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Trend Analysis Increasing trends in turbidity have been reported at Peechelba (4.9% p.a.)
and downstream of Yarrawonga (4.1% p.a.) (Water ECOscience 2002). The Victorian
Water Quality Monitoring Network Trends Analysis (Smith and Nathan 1999) also
reports an increasing trend for the Ovens River at Peechelba (0.46 NTU per year).

2.5

Metals

Previous Studies
Most studies of trace metals in the region (except for Fe and Mn) occurred in the 1970s
and 1980s. The earliest data is summarised in previous reports (Gutteridge Haskins and
Davey 1974; Hart 1976; Hart 1977; Brymner 1983). Based on the methodology used,
(particularly that of Brymner, where the samples were concentrated by boiling) the data
needs to be treated with at least some caution.
The earliest study (Gutteridge Haskins and Davey 1974) included some preliminary
analyses for cadmium, copper, iron, manganese, lead and zinc, but filtration in the field
resulted in some question over the accuracy of the zinc and iron data. In most cases the
metals were at very low concentrations in the water, or below the limit of detection,
however iron was present at levels up to 2 mg/L. This study, however, identified the
potential for many aquatic organisms to bioaccumulate a number of pollutants, including
heavy metals. Preliminary work using mussels (Velesunio ambiguus) caged below Lake
Mulwala found very high levels of iron and manganese.
Although levels of metal ions are low are generally low in the water column, Lake
Mulwala is potentially a sink for heavy metals through a sediment trapping mechanism
(Hart 1976; Hart 1977). The iron level in sediment taken from the lower reaches of Lake
Mulwala is four times higher than in sediment taken from the upper reaches where little
sedimentation would have occurred (Hart 1976). A similar (but smaller) trend was also
observed for other trace metals. Trace metal concentration in the water of Lake Mulwala,
the River Murray and the Ovens River were found to be low, but quite variable,
suggesting that monitoring of sediments or biological materials may be more valuable
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(Hart 1977). Much of the iron transported within the system is associated with suspended
sediments (Brymner 1983). Analysis of mussels (Velesunio ambiguus and Alathyria
jacksoni) from Lake Mulwala indicated a gradation in heavy metal concentrations (and
particularly manganese) with the lowest concentrations being closer to the weir wall
(Walker and Hillman 1977).
The early studies identified the potential for iron and manganese to cause aesthetic
problems in drinking water at particular times of the year (Hart 1976; Hart 1977).
Manganese was identified as a problem in water purification during the drawdown of
Lake Mulwala in mid 2002 with concentration in the raw water pumped from the river
being between 0.37 and 0.42 mg Mn/L (Samblebe 2003). The presence of soluble
manganese in the water suggests that anoxic water was present in the lake, indicating
stratification.

2.6

Pesticides

Previous Studies
Pesticide monitoring within Lake Mulwala has been limited. Elevated levels of dieldrin
and DDT in the water column and in freshwater mussels and fish within the lake have
been reported (Gutteridge Haskins and Davey 1974; Croome et al. 1976). The Ovens and
Kiewa Rivers have been identified as sources of pesticides to Lake Mulwala (Walker and
Hillman 1977) Organochlorine residues were studied in both sediment and water
samples in the Ovens and King Rivers (McKenzie-Smith et al. 1994). Dieldrin and DDT
(including breakdown products) were found in sediment samples at each of the five sites
(all upstream of Wangaratta), but no other organochlorines were detected in this study.
While some residues were detected in the water column, in excess of 99% of the residues
detected were associated with the sediments. Higher levels of both compounds were
detected in the water during a high flow event after rainfall. The first peak was
associated with the peak turbidity value but two subsequent peaks were measured and did
not correlate to the turbidity and may have included pesticides that had been flushed into
the system with the rainfall.
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An additional study in the Ovens Catchment, (Moore et al. 1996: reported in (Cottingham
et al. 2001)) also found pesticide residues in the Ovens River, but strong evidence for an
impact on macroinvertebrates and fish was not obtained.
Levels of 14 pesticides in Mulwala Main Cannel were monitored by (what is now)
DIPNR between 1990 and 1994. Only three pesticides were detected during this study:
2,4 D at 0.5 µg/L on one sampling date, Atrazine at 0.2 µg/L on one sampling date, and
Molinate on two occasions, at 7.1 µg/L and 0.5 µg/L (Bowmer et al. 1998).

Data Analysis
DIPNR currently conduct monitoring of pesticides in the water column of the River
Murray. Since July 2000 DIPNR have monitored a suite of 29 pesticides in the River
Murray at Corowa, but no positive results have been reported.
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3

Groundwater

Only very limited data is available on the groundwater of the Lake Mulwala area. The
watertable in the Lake Mulwala area lies between 6-12 m below the soil surface and little
work has been done on interactions between surface water and groundwater (pers.
comm.- Nimal Kulatunga, DIPNR). Shallow groundwater aquifers are present across
much of the Moira Shire, in most places 3-50 m below surface with high quality water
and deep aquifers are also present (Sinclair Knight Merz 2002). It is known that ADI Ltd
conducted some studies of groundwater in the area downstream of the lake, but that data
was not available for inclusion in this report. Electrical conductivity data for
groundwater near the lake was not able to be obtained, and it is not advisable to transfer
EC results from surrounding districts to the groundwater in the area of the lake, as
groundwater salinity can vary substantially over relatively short distances, especially if
there is a possibility that abandoned river courses may influence groundwater movement.
DIPNR have a piezometer nest about 2 km from the lake (35m and 75m deep) giving
readings of water depth (pressure)- See Figure 3.1. The standing water level has fallen
and become more variable in the last few years, possibly indicating additional extraction
from these deep water bearing zones, as a result of the drought and changes in irrigation
water availability.

32

0
Pipe 1
Pipe 2

Standing Water Level (m)

-2
-4
-6
-8
-10
-12
-14
-16
-18
78

80

82

84

86

88

90

92

94

96

98

00

02

04

Date
Figure 3.1 Standing water level at piezometer site GW036355 (negative values indicate
depth below surface) (Data source: DIPNR)
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4
4.1

Phytoplankton
Introduction

4.1.1 Monitoring Programs and Datasets
The algal community of Lake Mulwala was studied as part of the early limnological
surveys of the River Murray below Lake Hume (Gutteridge Haskins and Davey 1974;
Croome et al. 1976; Walker and Hillman 1977). The Murray-Darling Basin Commission
has been conducting regular monitoring of two of the sites included in these surveys since
1980. Both sites (Heywood’s Bridge and downstream of Yarrawonga Weir) were
considered in a recent review of the MDBC dataset (Water ECOscience 2002), but only
the Yarrawonga dataset will be examined in detail here.
Water ECOscience conducts algal monitoring programs of Lake Mulwala as part of the
Victorian Major Storage Monitoring Program (Smalley and Fraser 1999). DIPNR have
recently begun including analyses for blue-green algae in their monitoring program, and
have sites in the River Murray at Corowa and within Lake Mulwala itself.
4.1.2 Previous Syntheses
The early phytoplankton data for the River Murray held in the MDBC dataset has been
summarized (Sullivan et al. 1988) but this review tends to examine general trends and
very little specific consideration is given to Lake Mulwala. More specific consideration
of the lake is included in reports derived from the early limnological surveys of the River
Murray below Lake Hume (Gutteridge Haskins and Davey 1974; Croome et al. 1976;
Walker and Hillman 1977).
The lake supports a mixture of algal species generally found in oligotrophic (low fertility)
and eutrophic (high fertility) systems, suggesting that Lake Mulwala exists in an
intermediate (mesotrophic) state, despite the fact that other indicators suggests the lake is
closer to eutrophic (Viyakornvilas 1974; Croome et al. 1976). In surveys of Lake
Mulwala and Lake Hume between 1967 and 1976, one hundred and thirty seven species
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of phytoplankton were recorded. The dominant algae were from the group Aulacoseira
(A. distans, A. granulata and A. varians) with the subdominant species varying between
years (Walker and Hillman 1977; Walker and Hillman 1982). For example: in 1974 the
principal subdominant species were Anabaena spiroides (a blue-green algae) and
chrysophytes Cryptomonas and Synura; in 1975 blue-greens were insignificant and the
principle subdominants were green algae and chrysophytes; in 1976 the relative
abundance of species other than Aulacoseira increased, including colonial green algae,
Trachelomonas (a euglenophyte), Asterionella Formosa (a diatom) and Anabaena
spiroides and Anacystis cyanea (blue-greens). It is of note that the community
composition in Lake Hume has a strong observed effect on the community in Lake
Mulwala (Walker and Hillman 1977; Walker and Hillman 1982). The algal population
in Lake Mulwala tended to a peak in the summer, declining through autumn and winter,
although the peak in 1976 was delayed until autumn, following the draining of the lake in
the previous winter. Productivity measurements found very little photosynthesis
occurred below 4m due to the shading effect of suspended solids and productivity
maxima generally occurred 0.5-1 m below the surface. High productivity required
adequate biomass, low colour and low turbidity (Walker and Hillman 1977). Algal
growth was not stimulated by experimental addition of nutrients when turbidity was high,
but growth was stimulated under conditions of low turbidity (Walker and Hillman 1977;
Walker and Hillman 1982)
Through the period 1977-86 the phytoplankton biomass was dominated (approximately
85%) by diatoms (Bacillariophyceae) and 2.7% were green algae (Chlorophyceae - 27
taxa including species of Pediastrum, Staurastrum and Cosmarium) (Hillman 1989).
Blue-green algae (Cyanophyceae) were much less prevalent, making up only 1.4% of the
total biomass. This group was dominated by Microcystis cyanae and two species of
Anabaena. Low algal biomass coincided with high turbidity, low phosphorus
concentrations or both, and the opposite conditions were correlated with high algal
biomass. It was noted that the total-P levels in the lake relate most closely to those in the
River Murray, while the turbidity was more closely correlated to that in the Ovens River,
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suggesting that each of the rivers feeding Lake Mulwala controlled one of the two key
parameters influencing algal growth.
A review of the MDBC weekly dataset from 1980-1992 (Hötzel and Croome 1996), with
a particular focus on the population dynamics of the dominant alga Aulacoseira
granulata, found that a ten-fold increase in median cell densities occurred between
Heywood’s Bridge and downstream of Yarrawonga weir, with most of the increase
probably occurring in the Yarrawonga weir pool. This species is unlikely to be greatly
affected by increases in turbidity, as it is known to be well adapted to low levels of
irradiance in well-mixed water. Periods of rapid increase in cell density were
accompanied by a decrease in the silica concentrations (silica is used in the construction
of cell walls by diatoms).
A comparison of the data from the MDBC site, 200m downstream of Yarrawonga Weir
and data from the Major Storages Operational Monitoring Program (MSOMP) site just
upstream of the weir wall has been undertaken using paired t-tests (Smalley and Fraser
1999). Significant differences in cell numbers were found between the sites for the
flagellate and green algae groups and for the following taxa: Anabaena, centric diatoms,
Crysophyta, Cryptophyceae, Euglenophyceae and the Other Chlorophyta grouping.
Higher abundances were generally found in the upstream site than the downstream site
(except for Anabaena which may have been affected by some extreme values). This
study considered the sites to be significantly different for a number of algal species,
however the data analysis pairs similar sampling dates, not identical dates. Differences
between analytical and sampling techniques were also not considered.
The MSOMP data for the period 1992-2002 has also been reviewed (Water ECOscience
2004). The blue-green algae data was considered and Anabaena numbers were reported
to be in reduced abundance during 2002 and reached Alert Level 1 on two occasions in
autumn. Microcystis reached Alert Level 2 in summer and Aphanizomenon reached Alert
Level 1 in both the summer and autumn. The Anabaena blooms in summer and autumn
were thought to be linked to reduced turbidity and increased ammonia concentrations.
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Very few additional conclusions can be drawn from the graphed data due to the small and
cluttered nature of the graphs.
The MDBC algal dataset for the period 1980-1997 has been subject to trend analysis
using the GAM approach, incorporating some manipulation and transformation of the
data, especially where zero values were present in the dataset (Water ECOscience 2002).
However, the report cautions that the use of GAM analysis for the phytoplankton data
may be inappropriate for the datasets that contain large sections of zero results and the
trend estimates are therefore of little value unless cross-checked against the graphs. The
results that the authors considered significant for the site downstream of Yarrawonga
Weir are summarised below:
•

An increasing trend of 21.5% p.a. in Aulacoseira distans, a small,
filamentous centric diatom which is numerous following spring flows.

•

No significant trend for the dominant species Aulacoseira granulata.

•

An increasing trend of 15.5 % p.a. for Pennate diatoms was reported, with
a slight downturn in the trend at the end of the period.

•

Two green algae taxa, Ankistrodesmus and Scenedesmus had significant
overall increasing trends (15.1% p.a. and 7.1% p.a.respectively) with two
distinct peaks centred around 1984-86 and 1992-95.

•

The trend graphs for the three groupings of blue-green algae (Anabaena,
Aphanizomenon and Other Cyanophyceae) all displayed a sharp increase
towards the end of the study period, but it was thought that changes to
counting practices around 1990 have influenced the dataset. Other groups
affected by this change included the Euglenophyceae and
Chrysomonodales and possibly others.

•

Anabaena was the most common blue-green algae found in the Murray.

•

Associations between physico-chemical variables and various algal
populations are considered, but it is noted that due to the complexity of the
relationships, more sophisticated modelling would be required to untangle
the relationships. The strongest association was a positive association
between Scenedesmus and NOx.
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4.2

Data Analysis

4.2.1 Chlorophyll-a
Chlorophyll-a (Chl-a) can be used to give an estimate of the algal biomass present at a
given time, being the green pigment used by the cells for photosynthesis. However, as
the amount of the pigment in algal cells may vary under different environmental
conditions, the relationship between Chlorophyll and biomass is not simple (Walker and
Hillman 1977). Chlorophyll-a measurements may also be affected by high levels of
suspended solids.
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Figure 4.2.1.1 Chlorophyll-a concentrations downstream of Yarrawonga Weir (data
obtained from DIPNR).

Chlorophyll-a was included in monitoring downstream of Yarrawonga Weir by DIPNR
from 1975 to 1991 (see Figure 4.2.1.1). Quite a lot of scatter exists in the data, but levels
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of Chl-a are generally higher in the summer and decrease over winter. Default trigger
values for Chlorophyll-a in lowland rivers, lakes and reservoirs have been set at 0.005
mg/l (ANZECC 2000), and it is clear that the concentrations downstream of the weir
regularly exceed this value. Similarly, levels of Chl-a within Lake Mulwala regularly
exceed the default trigger values (Figure 4.2.1.2)
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Figure 4.2.1.2 Chlorophyll-a concentrations within Lake Mulwala.
4.2.2 Phaeophytin
Phaeophytin is a breakdown product of chlorophyll which may interfere with the
measurement of chlorophyll-a. Measurements of phaeophytin are used in some cases to
correct the chlorophyll-a results to give a measure of active chlorophyll, rather than total
algal pigment (R. Oliver, MDFRC, pers. comm.). Measurement of phaeophytin has been
limited in the monitoring programs to date. The data collected by DIPNR downstream of
Yarrawonga Weir is shown in Figure 4.2.2.1 and that collected by GMW for Lake
Mulwala is shown in Figure 4.2.2.2.
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Figure 4.2.2.1 Phaeophytin concentration downstream of Yarrawonga Weir (data source:
DIPNR)
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Figure 4.2.2.2 Phaeophytin concentrations within Lake Mulwala (data source: GMW)
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4.2.3 Algal counts
Blue-Green Algae
Blue-green algae levels are compared against three Alert Levels- known as Low Alert,
Medium Alert and High Alert, or Alert Levels I, II, and III- which give guidelines for
responses to the bloom and possible risks involved. A Low Alert is not considered bloom
level but has algae in sufficient numbers that a bloom could rapidly develop: between 500
to 2000 cells/mL (NSW Murray Regional Algal Coordinating Committee 2002). At the
Medium Alert Level (2000 to 15000 cells/mL) it is common for musty smells to be
present, algae to be visible as green specks in the water and water treatment or alternative
sources need to be considered for drinking water. At the High Alert Level (>15000
cells/mL) it is considered to be an algae bloom and humans, stock and pets are at risk
from the water and alternative water sources need to be found. Fishing is not
recommended under High Alert conditions, and care must be taken with the cleaning of
fish under Medium Alert conditions. Yabbies, mussels and shrimp should not be eaten
under either Medium Alert or High Alert conditions, and skin contact with the water
should also be avoided.

MDBC Data Set: Data in the MDBC database are only for downstream of the weir, and
are split into multiple taxa, sometimes down to species level. Data for Anabaena
downstream of Yarrawonga Weir are shown in Figure 4.2.3.1, in this dataset Anabaena
circinalis reaches a Medium Alert level in most summers.
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Figure 4.2.3.1 Anabaena downstream of Yarrawonga Weir (data source: MDBC)

Water ECOscience Data Set: Total blue-green algal data from the MSOP program for the
period 1993-2004 (from Water ECOscience,- supplied to the authors by GoulburnMurray Water) show that the lake has only been on High Alert twice during the study
period (December 1994 and April 2003) but reaches Medium Alert level conditions in
most years – Figure 4.2.3.2 . Only a relatively short data series is available from DIPNR
for blue-green algae (cyanobacteria), and the available data for the River Murray at
Corowa, Lake Mulwala, downstream of Yarrawonga Weir and in the Mulwala Canal are
shown in Figures 4.2.3.3-6 below. All four of the monitored sites reached High Alert
levels in the first half of 2003, and then algal numbers fell back to acceptable levels over
winter. The River Murray at Corowa, Lake Mulwala and the Mulwala Canal again had
High Alert conditions early in 2004.
Although there is only a small period of overlap between the Water ECOscience data set
and the DIPNR data set, there is a major discrepancy between the two. The maximum

42

cell count for the 2003 bloom from the WaterECO Science data is approximately 25000,
while from the DIPNR data set it is about 160,000. Under bloom conditions, blue-green
algae rise to the surface of the water and are therefore susceptible to movement by wind.
Under these conditions cell density will not have a uniform distribution across the weir,
and choice of sampling site could have a significant impact on the results of algal counts.
Discrepancies could also be a consequence of differences in counting techniques. While
we are not in a position to gauge which (if either) of the two data sets are correct, if the
longer-term monitoring within the weir consistently under-reported the incidence of bluegreen algal blooms in the lake – this would have some major implications for its future
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Figure 4.2.3.2 Blue-green algae in Lake Mulwala (data source Water ECOscience)
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Figure 4.2.3.3 Blue-green algae in the River Murray at Corowa (data source: DIPNR)
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Figure 4.2.3.4 Blue-green algae within Lake Mulwala (data source: DIPNR)
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Figure 4.2.3.5 Blue-green algae downstream of Yarrawonga Weir (data source: DIPNR)
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Figure 4.2.3.6 Blue-green algae in the Mulwala Canal (data source: DIPNR)
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Other Algae
The MDBC database contains data on algae other than blue-green algae for the sampling
site downstream of Yarrawonga Weir. This data has recently been extensively reviewed
for trends in algal populations (Water ECOscience 2002), as reported above. It is noted
however, that several problems exist in the database, and extensive additional analysis of
the data has not been undertaken in this report. As noted by Water ECOscience (Water
ECOscience 2002), a change in the method in 1990 has invalidated comparisons between
the early data and the newer data and only a selection of the recent results will be
reviewed here. In addition, examination of the database has revealed a number of
inconsistencies in the data, particularly instances where identification has not been
consistently taken to the same taxonomic level over time. This makes it difficult to
determine if species were absent from the population at various times, or whether they
were sometimes just grouped with others. An example (in this case a blue-green algae)
can be found in Figure 4.2.3.7.
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Figure 4.2.3.7 Aphanizomenon downstream of Yarrawonga Weir (Data source: MDBC)
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The annual summer peak in Aulacoseira numbers can be clearly seen in Figure 4.2.3.8, as
can their dominance over other diatom species.
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Figure 4.2.3.8 Diatoms downstream of the Yarrawonga Weir (data source: MDBC)
Data from the basin commission was obtained in two files, 1997-2002 and then some
weeks later, 1980-1997. It was found that substantial differences existed between the
1997 data in the two files, both in the number of categories and taxonomic resolution, but
also in the actual count numbers in some instances. A review of the dataset by MDBC is
in progress, and it is apparent that some of the problems are being addressed over time.
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5

Vegetation

The studies of Lake Mulwala’s vegetation have been very limited. Mulwala Lagoon, a
backwater on the northern side of the lake has been reported to contain large clumps of
Vallisneria gigantea (Ribbonweed) and is surrounded by River Red Gum (Eucalyptus
camaldulensis) (Spencer 2000). This description can also be applied to the lake in
general. Ribbonweed is a common native submerged macrophyte and may grow up to
three metres long, in some cases restricting water flow (Sainty and Jacobs 1988).
A more detailed assessment of the vegetation in Lake Mulwala was conduced during
January and February of 1999, providing a ‘snapshot’ of the vegetation present at that
time (Lewin and Putt 1999). The lake was divided into twelve major vegetation zones,
and nine minor vegetation zones, based on the dominant species. The major zones were
defined as being dominated by:
1. Giant Rush (Juncus ingens)
2. Willow (Salix spp.) Introduced
3. River Clubrush (Schoenoplectus validus)
4. Water Primrose (Ludwigia peploides)
5. Cumbungi (Typha sp.)
6. Marsh Clubrush (Bolboschoenus medianus)
7. Common Reed (Phragmites australis)
8. Sedge (Carex gaudichaudiana)
9. Ribbonweed (Vallisneria sp.)
10. Floating Pondweed (Potamogeton tricarinatus)
11. Blunt Pondweed (Potamogeton ochreatus)
12. Hornwort (Ceratophyllum sp.)
Minor zones were defined by:
13. Slender Knotweed (Persecaria decipiens)
14. Arrowhead (Saggittaria graminea) Introduced
15. Water Couch (Paspalum distichum) Introduced
16. Spikerush
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17. Poong’ort (Carex tereticaulis)
18. River Red Gum (Eucalyptus camaldulensis)
19. Ferny Azolla (Azolla pinnata)
20. Dense Waterweed (Egeria densa) Introduced
21. Watermilfoil (Myriophyllum sp.)
Four zones were identified by dominance of introduced species. Willow are present on
the margins of the lake, on small islands and in the Everglades area. The trees in
residential areas were older and larger than the others, and appeared not to be spreading,
but there is some concern over older trees dropping limbs. The report notes the invasive
nature of willow species, but it has also been pointed out that various species have
differing modes of spreading and differing degrees of invasiveness (Mitchell 2002).
Willows in Lake Mulwala were not identified to species level in the assessment, and
further investigation should be carried out before action is taken on this matter. The
willows are stabilising sediments and possibly preventing erosion (Lewin and Putt 1999),
and the natural spread of trees within the lake cannot be determined as extensive
unofficial plantings have taken place. Small areas of Arrowhead were found in the
Everglades area and a small number of areas were dominated by water couch, although
the introduced status of this plant has been questioned (Mitchell 2002). Dense waterweed
was found most commonly in recreational areas, particularly the swimming areas at
Yarrawonga. It is also noted that this plant is deliberately disturbed by boaters to prevent
it interfering with skiers, a process likely to contribute to its spread in the lake.
The assessment also identifies a number of native species as being of concern: Cumbungi
and Common Reed (may encourage sedimentation), Floating Pondweed (interferes with
recreational activities and aesthetics) and Ribbonweed (washes up on foreshore and may
tangle swimmers). It is important that management of native species in the lake also take
into account the role of the plants in the ecology of the lake, before action is taken on
these issues.
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Due to high turbidity at the time of the survey, the results for submerged species are
estimates based on observation, grapple samples or vegetation found washed up on the
shore. For example, Blunt Pondweed was not observed growing during the survey, but
was known to be present due to samples washed up on shore and caught on the grapple
hook. It is possible, therefore, that the distribution of submerged species may vary
substantially from the maps associated with this report. Seasonal and long-term trends
for vegetation are not available.
Plants as indicators of salt intrusions: Anecdotal evidence, (based in part on the
presence of spike rush and observed decline in tree health) suggests that there may be
saline groundwater intrusions on the northern side of the lake (Murray Rural Lands
Protection Board – unpublished). However, there is no published data to support this.

Figure 5.1 Willows associated with recreational areas of the lake.
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6
6.1

Macroinvertebrates
Previous Studies

The aquatic invertebrate fauna of Lake Mulwala and the River Murray, in the vicinity of
the lake have been studied over a period of 30 years and the accumulated data provides a
detailed insight of the fauna from above Lake Mulwala. The Cities Commission (197475) and the Albury-Wodonga Development Corporation (AWDC) (1975-1986) surveyed
the fauna above, below and in Lake Mulwala, plus the Ovens River, and the MurrayDarling Freshwater Research Centre (MDFRC) has continued the monitoring above and
below Lake Mulwala from 1986 until the present. Detail faunal assessments have been
conducted on the River Murray, Barmah and the Ovens River, Peechelba, during the
CRCFE’s Lowland Rivers Project between 2000 and 2002.
The published literature on the macroinvertebrate communities of Lake Mulwala, the
River Murray above and below the lake, and the Mulwala and Yarrawonga Canals is
sparse and scattered. The earliest surveys were conducted by Gutteridge Haskins &
Davey for the Cities Commission and present an introduction to the fauna (Gutteridge
Haskins and Davey 1974). A later study prepared by Gutteridge Haskins & Davey for the
Albury Wodonga Development Corporation presented macroinvertebrate taxa data for
the Murray at Corowa (AWDC Stn 12), Murray below Yarrawonga (AWDC Stn 14) and
Ovens River at Peechelba (AWDC Stn 15) (Walker and Hillman 1977). This report
presented community composition data, however, the taxonomy of aquatic invertebrates
was in its infancy and the discrimination of taxa was only to the major groups or
occasionally family level. The number of taxa recorded was very low, with only 13 taxa
recorded from Corowa, 12 from below Yarrawonga and 10 from Peechelba. A later study
(Bennison et al. 1989) provided macroinvertebrate community data for the Murray River,
immediately below Lake Hume and immediately below Lake Mulwala and reported
temporal and spatial patterns for the two sites between 1978 and 1985. An in-depth
account of the ecology and biology of Murray River mussels has been published (Walker
1981). Some of the work was undertaken by Dr T. J. Hillman and the staff of the AWDC
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Peter Till Laboratory and focused on research of mussels from Lake Mulwala and the
River Murray in above and below the lake.
6.2

Current Study

The data considered here combines data sets collected by the AWDC and the MDRFC
from work conducted at seven sites (see Table 6.2.1). Some of this data has been
reported in earlier studies (Gutteridge Haskins and Davey 1974; Walker and Hillman
1977; Bennison et al. 1989).
Table 6.2.1 Study sites for macroinvertebrate sampling
No.
1

Location
Sampling Date
Sampled By
Murray River above Lake Mulwala,
1976-1980
AWDC
Jillamatong (20 km west of Corowa)*
2
Ovens River, Peechelba, 15 km upstream
1976-1980
AWDC
from Bundalong
2001-2002
MDFRC
3
Lake Mulwala, opposite Yacht Club
1976-1986
AWDC
4
Murray River, Chinaman’s Bend, 5 km
1976-1986
AWDC
below Yarrawonga
1986-2004
MDFRC
5
Murray River, Fisherman’s Bend, Mathoura 2001-2002
MDFRC/CRCFE
6
Mulwala Canal, 1 km east of Mulwala
1978-1981
AWDC
7
Yarrawonga Canal, 1 km south of
1978-1981
AWDC
Yarrawonga
* This site is far enough above the lake for flow to be unaffected by the backwaters.
It is of note that this data is complied from surveys conducted over the past 30 years and,
as there have been significant advances in taxonomic identifications progressively
throughout this period, much of the data has been lumped at a higher level ( e.g.
Oligochaeta, Baetidae, Caenidae, Dytiscidae, chironomid subfamilies, Ecnomus). The
total species list would be much higher for each site (probably 50% more taxa) if all the
taxa recorded were identified to species level. It must be remembered that abundance
data can’t be used as the many data sets are not comparable; however, it is acceptable to
use the data for presence/absence comparisons, which will allow trends to be drawn.
One hundred and three taxa were identified in the review of the available data. The
community richness at each site ranged from 81 taxa at Site 1 to 69 at sites 3 and 5 (Table
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6.2.2; see also Appendix 1). The highest taxa richness occurred above Lake Mulwala
(River Murray and Ovens River) and reduced with distance below the lake, 74 taxa
immediately below the lake to 69 taxa 100 km below the lake. The lake fauna richness
was equivalent to that of the Murray at Barmah. The community structure at each site is
best show by the habitat preference of the taxa. The composition of the generalist taxa at
the site was similar, except immediately below Lake Mulwala being slightly higher
(Table 6.2.2). The lake contained double the number of standing water taxa than the
River Murray sites and likewise the lake had less than half the riverine taxa.

Table 6.2.2 Classification of flow-habitat preference* of macroinvertebrates
for Sites 1-5.
Generalist taxa
Standing water taxa
Riverine taxa
Standing / riverine
taxa
Total # of taxa from
each site

Site 1
43
(53%)
6
(9%)
28
(35%)
4
(5%)

Site 2
43
(54%)
11
(14%)
23
(29%)
4
(5%)

Site 3
42
(61%)
16
(23%)
7
(10%)
4
(6%)

Site 4
46
(62%)
8
(11%)
16
(22%)
4
(5%)

Site 5
40
(58%)
8
(12%)
18
(22%)
4
(6%)

81

80

69

74

69

Generalist taxa – occur in all types of water bodies
Standing water taxa – occur in only still waters
Riverine taxa. – occur only in flowing water
Standing / Riverine taxa – Taxa which have species confined to each habitat
*Derived from habitats listed in (Hawking and Smith 1997).
Site 1. Murray River, Jillamatong
The macroinvertebrate community was dominated by generalist taxa (53%), however, a
very high proportion (35%), were stream animals and 9% of the taxa were standing water
taxa (Table 6.2.2). Of these taxa, six were not found at the other sites. This site had the
lowest number of standing water taxa (only six). The Dragonfly Austroaeschna unicornis
was found at this site, above the lake, however, it is not recorded below the lake. The
river mussel, Alathyria jacksoni was abundant at this site with average of 226 mussels per
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m2 (based on two samples of 303 and 149 specimens collected on 14th June 1979 Hillman & Hawking unpublished data, 1979). All the mussels collected were large (total
length 62.3 - 91.3 mm), except for one individual which was considerably smaller, length
of 39.0 mm. No very small juveniles were collected. Walker & Hillman (1977) listed
Paratya australiensis, Caridina mccullochi and Macrobrachium australiense as collected
from willow roots on 26/01/1977.
Site 2. Ovens River, Peechelba
The macroinvertebrate community was dominated by generalist taxa (54%), stream
animals (29%) and 14% standing water fauna (Table 6.2.2). Of these taxa, only one,
Nymphuline sp.8 was not found at the other sites. The river mussel, Alathyria jacksoni
was abundant and all mussels collected were mature specimens, with no juveniles
(Hillman & Hawking unpublished data 1979). On 25/01/1978, 169 mussels were
measured with total length range of 51.8 mm – 84.0 mm and on the 15/02/1979, 194
mussels were measured with total length range of 46.0 mm – 85.4 mm.
Site 3. Lake Mulwala, Yarrawonga
The macroinvertebrate community was dominated by the generalist taxa (61%, 42 taxa),
and standing water taxa (23%). The stream animals were low in numbers, contributing
only 10% of the species and they were generally found in the area near the dam wall of
the lake or foreshore, where the willows provides habitat and the flow through the lake
(following the old channel which is adjacent the foreshore) provides a more riverine
environment. This was the case for the larvae of the damselflies Nososticta solida,
Pseudagrion aureofrons and Rhadinosticta simplex which were predominantly found
abundant amongst the roots of willows adjacent the weir and along the constructed
foreshore (Hawking 1986, unpublished data).
The generalist taxa were most abundant in the shallow upper reaches of the lake amongst
the vegetated lake margins and the large emergent reed beds (Fig. 6.2.1), being surveyed
between 1980 -1986 (Hillman & Hawking unpublished data). The generalist taxa
comprised some species of Odonata (dragonflies, damselflies), Hemiptera (Bugs),
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Coleoptera (Beetles) and Diptera (midges). The dragonflies and damselfly fauna
consisted of seven species. Hemicordulia tau, Ischnura heterosticta, I. aurora, and
Austrolestes analis were the common species in the reedy, vegetated backwater areas of
the lake. Hemicordulia tau exuviae were abundant on the trunks of the dead trees in the
open water areas of the lake. Hand net samples were taken from the willow roots in the
section from the Yacht Club to the Yarrawonga town foreshore on January 1980. The
willow roots were also the habitat for the shrimps Paratya australiensis and Caridina
mccullochi, and the caddis flies, Oecetis NMV sp. 10 and Triaenodes NMV sp. 8.
Walker & Hillman (1977) also listed Paratya australiensis, Caridina mccullochi and
Macrobrachium australiense from willow roots in the Ovens arm of Lake Mulwala,
26/01/1977.

Figure 6.2.1. Emergent macrophyte and the floating fern along the northern bank of Lake
Mulwala, 5km upstream from Mulwala, NSW.
Gutteridge Haskins and Davey (1974) report the presence of two species of Oligochaeta
(worms), Branchiura sowerbyi and Tubifex tubifex, collected from the deep water bottom
sediment of Lake Mulwala by an Ekman grab sampler. Since the worms from the other
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studies have not been identified to species level, they have all been lumped as
Oligocheata.
During the draining of Lake Mulwala for maintenance (mid June to mid July 1979) the
billabong mussel Velesunio ambiguus was found on the dry lake floor, during a survey in
late June 1979 (Hillman & Hawking, unpublished data). Velesunio ambiguus was
widespread across the lake floor, however the areas of greatest abundance was the littoral
zone on the Mulwala side. In contrast, during this survey, several very old, large live
Alathyria jacksoni mussels (average length 115.0 mm) were found on the bank of the old
River Murray channel which was still visible on the floor of Lake Mulwala (Fig. 6.2.2).
However, A. jacksoni was not recorded from the lake floor, or from the old channel
proper, which now contains much fine silt, and as these specimens are most likely
remnants from pre- impoundment, they are not considered as lake fauna.

Figure 6.2.2 Lake Mulwala, with the lake floor exposed during maintenance on the weir
gates and showing the old river channel in the fore-ground, June 2002.
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Site 4. Murray River, Chinaman’s Bend
Seventy four macroinvertebrate taxa occurred at this site immediately below Lake
Mulwala. The dominant group was again the opportunistic taxa (62%), which is higher
than at the other sites. The riverine species only contributed 22% of the taxa which is
lower than the other river sites. This is the only site on the River Murray that the two
species of Alathyria species were found co-existing. The results were: 29/09/1980, 28
mussels consisting of 9 A. jacksoni and 17 A. condola; 02/10/1980, 106 mussels
consisting of 63 A. jacksoni and 43 A. condola specimens. Averaging the results shows
that the two species occur in roughly in the proportions, with A. jacksoni, 54% and A.
condola 46%. This is only an estimate as the sample size is too small and they were not
collected randomly.
Site 5. Murray River, Fisherman’s Bend, Mathoura
This was the most down stream site below Lake Mulwala. The dominant group was
again the opportunistic taxa (58%), which is higher than the two sites above Lake
Mulwala. The riverine species only contributed 22% of the taxa which is lower than the
other river sites. The mussel A. jacksoni was collected from this site between 2000 and
2002 (Hawking & Gawne unpublished data 2002).
Site 6. Mulwala Canal, Mulwala
The available data suggests that this site has only been survey specifically for mussels
and not for macroinvertebrates. At this site two of unionoid mussels, V. ambiguus and A.
condola were found co-existing. The composition of the 92 mussels collected in the
survey of 19/07/1979 was V. ambiguus 36 and A. condola 56 specimens. A. condola was
the predominant species contributing 60% of the abundance and V. ambiguus 40%. The
composition of the 79 mussels collected in the second survey of 11/08/1980 was, V.
ambiguus 60 and A. condola 19 specimens. V. ambiguus was the predominant species
contributing 76% of the abundance and A. condola 24%.
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Site 7. Yarrawonga Canal, Yarrawonga
The available data for the canal (Fig. 6.2.3) suggests that this site has only been surveyed
specifically for mussels and there is no data for macroinvertebrates. At this site two
different mussels co-existed, V. ambiguus and A. jacksoni. The composition of the 97
mussels collected in the survey of 19/07/1979 was, V. ambiguus 51 and A. jacksoni 46
specimens. V. ambiguus was the predominant species contributing 53% of the abundance
and A. jacksoni 47%.

Figure 6.2.3. Yarrawonga Canal, during the non irrigation period, June 2002.

6.3

Synthesis

Lake Mulwala forms an ecological discontinuum along the River Murray changing the
river faunal community to a standing water community. The construction of the lake has
allowed the colonization of this large water body by standing water taxa and also favours
plant inhabiting taxa at the expense of the original riverine community, which inhabited
logs and gravels in the river channel (Hawking and New 1999). To understand this
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discontinuum and determine the effect of changing flows on habitat structure it is
imperative that the community structure at each site be evaluated.
The major component of the macroinvertebrate community assemblages at each site was
the generalist taxa, which contributed greater than 50%, of the total taxa. The lowest
percentage of generalists was the Murray at Site 1 (53%) and Ovens at Site 2 (54%),
whereas Site 3, Lake Mulwala (61%) and Site 4, immediately below the lake (62%) were
10 percent higher. This shows that the base component of macroinvertebrate
communities, both standing waters and flowing, are similar and it is the obligate species
of either the standing waters or flowing waters that determine assemblage structure. This
is borne out when you evaluate the presence of standing water and riverine taxa. The
community at Site 1, Murray River (flowing water) was composed of 35% riverine and
9% standing water taxa, whereas at Site 3, Lake Mulwala (standing water) was composed
of 10% riverine and 23% standing water taxa. These differences in flow-habitat
preference of the taxa can be better understood by examining the taxa which contribute to
the differences.
The major taxa present in the river, but absent from the lake were the Stoneflies, Mayfly
(Coloburiscoides), dragonflies (Austrogomphus and Apocordulia macrops) and the Black
Flies (Simuliids) which all are restricted to flowing waters (Hawking and Smith 1997).
These taxa are all listed in the Group A “clean water” forms (Bennison et al. 1989).
These taxa all have habitat requirements which are not present in the standing waters.
Coloburiscoides inhabits gravels in streams, where they graze on the biofilm on the
stones and likewise the simuliids attach to rocks or plants and capture particle driven into
their nets by the current (Hawking and Smith 1997). These habitat requirement are
available in the River Murray above Lake Mulwala, however the still water of the lake
and fluctuating water level below the lake will exclude this species from these sites.
Likewise, the lake, with its still waters, benthos of fine sediment and emergent
macrophytes lacks the habitat requirements to support riverine fauna. In contrast, the still
water fauna like: the damselfly Ischnura aurora which needs still water and submerged
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macrophytes for oviposition; pond snail Austopeplea lessoni which grazes on biofilm
attached to macrophytes; and billabong mussel Velesunio ambiguous which lives in the
bottom sediments of still waters, are all adapted to this habitat. The billabong mussel
Velesunio ambiguous is recorded as inhabiting the floodplain billabongs (Walker 1983)
and it is this mussel that has established in Lake Mulwala.
The original River Murray, pre- construction of Lake Mulwala, can be assumed to have
contained populations of the mussel A. jacksoni, which is also supported by the large
specimens of this species found on the margins of the old channel. Alathyria jacksoni
occurs only in the river channel of both the Murray and Ovens Rivers and few old
remnant specimens still inhabit the margins of the old river (Table 6.3.1). However, the
lake bed is now inhabited by the stillwater mussel Velesunio ambiguous. A third mussel,
the thick shelled mussel Alathyria condola is now found in the Mulwala Canal and
immediately below Lake Mulwala. It appears that the A. condola has established in this
area via the Mulwala Canal, which connects the drainage areas of its previously known
range of the Murrumbidgee and Lachlan Rivers (Walker 1981). Surprisingly, A. condola
is not found in the Yarrawonga Canal, like it is in the Mulwala Canal.
Table 6.3.1 Distribution of the Unionoida mussels from Sites 1-7, Mulwala Canal and
Yarrawonga Canal.
Site 1

Velesunio

Site 2

Site 3

Site 4

Site 5

Site 6

Site 7

Lake

Mulwala Yarrawonga

Mulwala

Canal

Canal

-

-

*

-

-

*

*

*

*

-#

*

*

-

*

-

-

-

*

-

*

-

ambiguus
Alathyria
jacksoni
Alathyria
condola
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Lake Mulwala forms a gap in the restricted distribution in of the silk case caddis fly
Hellyethira eskensis (Family Hydroptilidae) which has only been found in Ovens River at
Peechelba (Site 2) and at immediately below Yarrawonga (Site 4). This distinctively
marked animal, which builds a stone covered silk case, appears to only inhabit gravel
beds of the two rivers. This is a southern outlier population, of a species with a northern
distribution; E Qld, NE NSW, N NT (Wells 1997) and must be regarded as of special
interest for conservation.
The dense stands of willows in Lake Mulwala and immediately downstream of the lake
has created a microhabitat for some dragonflies and caddis flies, which have become
extremely abundant. The willow roots provide the ideal habitat for the damselflies
Nososticta solida and Pseudagrion aureofrons to lay their eggs into and to use for
predation avoidance. Consequently, the case making caddis flies Triaenodes, Oecetis and
Triplectides are also very abundant in the willow roots. This introduced habitat has
increasing the abundances of a few species, but most likely has reduced the species
diversity, which would have inhabited the natural snags of the past.
The large stands of emergent macrophytes in the northern and upper end of the lake have
been colonized by three families of snails (Planorbidae, Lymnaeidae and Physidae). The
pond snail Austropeplea lessoni (family Lymnaeidae) is only found in ponds (still waters)
and is well established in the weedbeds of the back waters of the lake. Species from the
other two families are generalists and are common throughout the lake. The native
planorbid snails are natives and are under extreme competition pressure from the
introduced snail Physa acuta (family Physidae) (Fig. 6.3.1). In 2004 this species is wide
spread over Vic, NSW and southern Qld and is of conservation concern and is under
consideration for listing as an invasive species.
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Figure 6.3.1 Introduced snail Physa acuta (family Physidae)
(Image K. Le Busque)
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7

7.1

Vertebrates

Fish

The fish population of Lake Mulwala is protected by legislation within both New South
Wales and Victoria. The aquatic community of the lake forms part of the Lower Murray
Endangered Ecological Community (Fisheries Management Act 1994, NSW) and in
Victoria is part of the Lowland Riverine Fish Community of the Southern MurrayDarling Basin (Flora and Fauna Guarantee Act 1988). In addition, some individual
species are given protection. For example, the Murray cod (Maccullochella peelii peelii)
has been listed as a vulnerable species under the Commonwealth Environment Protection
and Biodiversity Conservation Act 1999, and the Trout cod (Maccullochella
macquariensis) which lives downstream of the weir has been listed as endangered under
the Act. Nine species of fish have been listed under state and/or Commonwealth
legislation as either listed, vulnerable, endangered or critically endangered (GoulburnMurray Water 2003b).
Murray cod are the most intensively studied fish in the lake. Lake Mulwala is considered
the premier Murray cod fishery in NSW and is an important nursery for the species.
Murray cod from Lake Mulwala, and the nearby regions of the Ovens and Murray Rivers
have been studied using radiotracking techniques (Koehn 1996). Cod have been found to
have seasonally variable movement patterns: only local movement is observed during
summer, autumn and early winter but in late winter and early spring an upstream
migration occurs that continues until late spring (Koehn 1996). Migration was found to
coincide with a rise in water levels, although it occurred in both flood and non-flood
years and appeared to be related to pre-spawning activity. During migration cod make
use of the whole river, including the creeks and anabranches and in some cases moved up
to 120 km upstream. Individual fish were found to follow the same migration pattern
each year. Following spawning, cod rapidly migrate back to their original location. The
migration pattern is stronger in the Ovens River than the River Murray, and the greatest
activity correlates with peak flows (Koehn and Nicol 1998). The radio-tracked cod
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showed preference for habitat with high densities of wood debris and close to banks and
vegetation where the water velocity was lower (Koehn 1994; Koehn 1996).
In a study that also included the Murray downstream of Yarrawonga Weir, Murray cod,
trout cod, golden perch, silver perch and carp were all found to make use of anabranches
and smaller channels during flooding but did not extensively use the floodplain (Koehn
and Nicol 1998). Murray cod and trout cod both had a preference for benthic habitat with
wood debris, but the trout cod made more use of deeper and faster flowing water than the
Murray cod. Golden perch and carp used the mid-levels of the water column and were
more mobile in the river system throughout the year, and carp were found to make more
use of billabongs and the slowest water areas. Movement of the adults of all species
appeared better correlated to season and flow than to water temperature. A fishway
exists at Lake Mulwala (Koehn 2003), but at the time of writing, no data has been
obtained on the upstream movement of fish past the Yarrawonga weir.
The movement of fish eggs, larvae and juveniles in the system have also been examined
(Koehn and Nicol 1998; Humphries et al. 1999; Gilligan and Schiller 2003). The
distribution of drifting Murray cod eggs and larvae is determined by the flow during the
spawning and hatching period, and under natural conditions the river levels would be
falling during this period, reducing the distance that eggs and larvae were carried (Koehn
and Nicol 1998). High irrigation flows at this time and unsuitable habitat in the irrigation
channels may affect the recruitment of cod in Lake Mulwala (Koehn and Nicol 1998). It
is also unknown what effect passing through the turbines of the Lake Mulwala power
station has on larval fish. It has been suggested that the relatively large distances
travelled by adult golden and silver perch might be linked to the relatively small and
buoyant eggs, embryos and larvae, which would be expected to drift further downstream
than cod larvae (Humphries et al. 1999). The movement of larval and juvenile fish in the
stretch of the Murray located between Yarrawonga weir and Barham was examined
between 1997 and 2000 (Gilligan and Schiller 2003). Cod larvae commenced drifting in
late October and drifting occurred over a period of approximately two months, with peak
densities during November. Cod larvae are likely to undergo downstream drift for only a
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few days, possibly settling to the bottom after that period. Cod larvae were found at
similar densities above and below Torrumbarry Weir, suggesting that the weir did not
obstruct downstream drift of the larvae, however, the Yarrawonga Weir has an associated
hydroelectric scheme, which may affect the survival of larvae passing downstream. It
was suggested that the weir pool may provide good habitat for larvae, as both larvae and
plankton are likely to settle in the pool due to reduced flow velocity. Unregulated
systems would generally have low flows during the breeding season. The issue of water
extraction is also considered in this report: millions of cod larvae and the eggs and larvae
of golden and silver perch can be lost from the river system with extracted water. It is
suggested that manipulation of the timing (seasonal and daily) of the water extraction
could reduce the number of cod larvae lost into the irrigation canals.
Data on the Murray cod population dynamics in Lake Mulwala has been collected since
the mid 1990s through three fishing competitions (Freshwater Masters, Mulwala Classic
and the Native Fish Challenge) and in particular, size distributions of the catch are
recorded (Kearney and Kildea 2001). Of particular concern was the decline in fish sizes
over the course of the study, with very few legal-sized fish (over 500mm) caught in the
last year of the study. The evidence for declines in fish size in Lake Mulwala (indicative
of a population under stress) was used in part to support the listing of Murray cod as
threatened under the EPBC act (Threatened Species Scientifc Committee –undated).
There has been at least one reported case of fish kills in Lake Mulwala, also affecting the
Murray and Ovens Rivers upstream (Rowland and Ingram 1991). In that instance, the
death of a number of large Murray cod were reported, and while no definite cause was
established, it was believed to have been the result of an outbreak of disease.
7.2

Turtles

The population and nesting ecology of the Murray River short-necked turtle (Emydura
macquarii) has been examined at Lake Mulwala (Spencer 2000). Two other species of
turtle (the eastern longneck turtle, Chelodina longicollis, and the broad shell turtle,
Chelodina expansa) exist in the Murray-Darling system, but these did not form part of
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the study. The short-necked turtle was studied in the lake itself and in Mulwala Lagoon.
Islands at the eastern end of the lake, near the point where the Ovens River meets the
Murray, are suitable habitat for turtle recruitment, but it has been found that foxes swim
between the island and prey on the turtles and their nests. Elsewhere in the lake, turtles
have been found to use partially submerged logs to sunbake during the day. The turtles
in Mulwala Lagoon were found to lay between eleven and thirty five eggs per female
each year, with variations noted between years. Eggs are laid in October/November, with
some late nesting or second clutches laid in December. Turtles are at greatest risk from
fox predation when nesting, with foxes eating both the females and the eggs. Magpies
also consume eggs, often shortly after the female leaves the nest. The peak of nesting is
in mid-November, triggered by storms and rain. These turtles prefer warm water
temperatures and prefer lagoons to the main river channel upstream of Lake Mulwala
(due to cool water from Lake Hume), but make more use of the channel downstream of
Lake Mulwala. Flooding is an important process for dispersal of the species.
7.3

Birds

A variety of birds, including pelicans, swans and a number of duck species are known to
frequent the lake area (Spencer 2000). Twenty seven species of birds that reside in the
Lake Mulwala area have been listed for conservation purposes under state or
Commonwealth legislation (Goulburn-Murray Water 2003b).
A study of habitat use by birds in the River Red Gum/Black Wattle forests 15 km
northwest of Wangaratta (on the Ovens River) emphasised the importance of billabongs
and temporary wetlands to both aquatic and non-aquatic species (Parkinson et al. 2002)
While both provided important habitat, temporary wetlands had shallower water,
extensive cover of macrophytes and were thought to have high abundance of
macroinvertebrates. Diving birds preferred open water and billabongs.
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Figure 7.3.1 Bird life at Lake Mulwala
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8

Potential Threats to Water Quality in Lake Mulwala

One of the aims of this literature review was to identify processes potentially threats to
water quality in Lake Mulwala, to better inform the on-going management of the lake.
Seven threats were identified that may impact on water.

8.1

Internal Loading of Nutrients and Metals

Lake Mulwala represents a potential sink for nutrients and metals in the River Murray.
Inputs upstream of the lake from towns, industry and run-off from agriculture can
potentially be retained within Lake Mulwala, and cause water quality problems. Metals
and phosphorus adsorb readily to suspended sediments in the water column, and as the
water slows upstream of the Yarrawonga Weir, some of the sediment will settle out into
the lake, gradually accumulating the phosphorus and metals in the sediments of the lake.
Higher phosphorus concentration have been measured in the areas of Lake Mulwala with
higher levels of sediment deposition (Hart et al. 1976). While adsorbed metals and
phosphorus remain relatively stable in oxic water and sediments, they can be readily remobilized into the water column in anoxic environments.
Figure 8.1.1 illustrates some of the processes involved in the cycling of iron and
phosphorus across an oxic/anoxic boundary layer, where the anoxic layer represents the
sediment surface. Iron is most common as FeIII in well-oxygenated water and forms
insoluble oxides to which phosphorus binds very strongly. These coagulate and settle to
the surface of the sediment. If the oxygen has been depleted in the sediments (and
overlying water), bacterial processes convert the FeIII to FeII, releasing the phosphorus
and soluble iron. Other metals may also be released from anoxic sediments by similar
processes.
It has generally been assumed that as Lake Mulwala is predominantly shallow lake, that
stratification and the formation of anoxic water and sediment are not significant.
However, the presence of soluble manganese in the lake (Samblebe 2003) suggests that
stratification may occur at times, or that the drawdown disturbed anoxic sediments. It has
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been acknowledged that water from the deeper parts of the lake are generally lower in
oxygen (DIPNR 2004). Thus, it is possible that even under conditions of low phosphorus
and metal inputs, internal loading from the sediments may lead to elevated concentrations
under some conditions. Anoxia is also of interest as nitrogen cycling in anoxic
environments can result in the production of ammonia, which may be toxic to fish
(Randall and Tsui 2002).
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CO2, CH4
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Figure 8.1.1 Nutrient cycling between anoxic and oxic zones.
8.2

Stormwater

Stormwater enters Lake Mulwala directly from Yarrawonga, Mulwala and Bundalong,
and indirectly from towns upstream that discharge stormwater into the River Murray or
Ovens River. Stormwater could potentially contain a huge variety of contaminants from
residential and industrial areas and the threat from stormwater is generally poorly
quantified.
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Sixteen of the twenty-three stormwater drains in Mulwala drain directly into the lake.
Spot sampling of six stormwater drains (three each in Corowa and Mulwala) suggest that
nitrogen and phosphorus are the biggest issue, but that copper and lead levels were also
high (SJE Consulting 1999). Unfortunately, short-term sampling of stormwater drains
does not provide a good understanding of the loads of contaminants entering the lake, or
the variation in the make-up of the stormwater. Other point sources in Mulwala include
washdown areas, an industrial area, the ADI munitions factory and the sewage works. It
is believed that direct drainage from the munitions factory and sewage works enter the
river downstream of the lake
Residential and commercial stormwater from Yarrawonga is either directed towards Lake
Mulwala or the river downstream. (Sinclair Knight Merz 2002). It has been estimated
that stormwater exports 154 tonne of total suspended solids, 2.7 tonne of TN, 1.4 tonne of
NOx, 0.3 tonne of TP and 76 tonne of SRP from Yarrawonga each year (Sinclair Knight
Merz 2002), but the proportion of this material that enters the lake is unclear. A one-off
sampling in January 2000 found 1 mg/L of suspended solids, 1.2-1.4 mg/L TN and 0.420.46 mg/L TP in stormwater (Sinclair Knight Merz 2002) from Andrea Ct retention basin
and the Orr St outfall, but again, one-off measurements do not give a good approximation
to annual load. The bulk of the stormwater from industrial areas is discharged across the
floodplain below Lake Mulwala.
Stormwater from residential and industrial areas upstream of Lake Mulwala may also
impact on the lake. Stormwater from Wangaratta is deposited into the Ovens River, and
a tradewaste plant in Wangaratta discharges into the Ovens (via Fifteen Mile Creek)
(Miller and Barbee 2003). It is estimated that stormwater from the Ovens contributes
about 13 tonnes of total phosphorus and 54 tonnes of total nitrogen to the River Murray
each year (Miller and Barbee 2003). Stormwater from Corowa enters the River Murray
and Croppers Lagoon via approximately 27 outlet structures (SJE Consulting 1999).

70

Potential threats from stormwater have been identified as:
1. Sediment- smothers benthic surfaces, adds to turbidity, can block fish gills
and carries other bound pollutants.
2. Nutrients- from erosion; atmospheric deposition; fertilizer runoff from
parks, gardens and golf courses; sullage and septic tank effluent;
detergents and dog faeces.
3. Microbiological contamination from sullage and septic tank discharges,
runoff from sale yards, overflows from sewerage systems.
4. Organic material including leaves and grass clippings.
5. Litter (mostly from areas around shopping centres and schools).
6. Heavy metals and other contaminants (includes pesticides, surfactants, oils
and grease). Runoff from industrial areas and major roads the most likely
sources.
7. Other threats, including reduced visual amenity and erosion from water
flow.
The report (Sinclair Knight Merz 2002) summarises the risks to Lake Mulwala from
each site as:
1. Bundalong: Residential runoff (V high), Construction and development
sites (V high), Highways and unsealed roads (Moderate), sullage and
septic tank overflows (Moderate), parks etc (Moderate), upstream inflows
(Moderate), unstable and degraded waterways (High)
2. Yarrawonga: Residential runoff (V high), industrial runoff (Low),
Commercial/industrial runoff (V high), construction and development sites
(V high), highways and unsealed roads (High), sewer overflows (Low),
parks etc (High), upstream inflows (Mod), unstable and degraded
waterways (Mod).
The stormwater drainage from residential areas is going to be highly variable in content,
and may contain detergents, pesticides, grease and oil, paints, nutrients, metals and litter,
and will depend on the activities of the residents (so may have a strong seasonal
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influence). Many of these substances are likely to be retained by the sediments near the
stormwater outfalls and it is possible that there are hotspots of contamination around the
shoreline of the lake and in depositional areas.
Another risk with stormwater is the introduction of microbiological contamination.
Bacteria, viruses and other pathogens can enter stormwater from sullage and septic tanks,
runoff from sale yards or accidental discharges from sewerage systems (Sinclair Knight
Merz 2002). Pathogens can also be introduced to the lake and its surrounds by
recreational users such as campers and boaters if appropriate toilet facilities are not used.
Guidelines for microbiological characteristics in recreational waters indicate that the
median bacterial content for swimming should not exceed 150 faecal coliform
organism/100 mL (minimum of five samples taken at regular intervals no exceeding one
month) or 1000 faecal coliform organisms/100mL for secondary contact such as boating
and fishing (ANZECC 2000).
The faecal coliforms used as indicator species in the ANZECC guidelines are a subset of
the total coliform population and are usually approximately 97% E. coli (ANZECC
2000). Over the monitoring period, levels of E. coli in Lake Mulwala have not exceeded
the guidelines for recreational use of the lake, but a number of peaks occur (most
summers). Two of these peaks correspond with peaks in total coliforms, and may
indicate contamination by stormwater or input of sewage from upstream, in stormwater
or from recreational use of the lake or rivers upstream (such as campers or houseboaters).
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Figure 8.2.1 Total coliforms (above) and E. coli (below) measured in the intake water for
the Yarrawonga water treatment plant.
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8.3

Hydrocarbons

Hydrocarbons (grease, oil, diesel, petrol) are damaging to aquatic ecosystems and can
also damage the visual amenity of aquatic systems if present in sufficiently high
concentrations. Hydrocarbons in aquatic system interfere with gas exchange (potentially
impeding oxygenation of water or sediments), can contain compounds that are toxic to
aquatic organisms and may coat waterbirds and other animals if present in large enough
quantities to form a slick. Hydrocarbons are most likely to enter the lake via stormwater
run off from roads and industrial areas, and directly from recreational uses such as motor
boating. The input of hydrocarbons to Lake Mulwala has not been quantified. While
there is no direct evidence that fuel storage/transfer sites in Bundalong have, to date
impacted on the lake, nevertheless, the close proximity of these facilities to the water
should be monitored.
8.4

Aerial Deposition

Aerial deposition is another potential mechanism for the movement of pollutants into
Lake Mulwala. Wind-borne particles (such as soot or dust) can be deposited into the lake
and may also carry adsorbed pollutants such as agricultural or industrial chemicals. In
addition, air-borne chemicals may be deposited directly in the lake or washed in with
rain. A potential point source for the production of air-borne contaminants is the ADI
Ltd munitions facility in Mulwala. This factory produces a range of chemicals for the
defence industry, including nitric acid, nitrocellulose and nitroglycerine, calcium nitrate,
ether, TNT and other explosives (Department of Infrastructure Planning and Natural
Resources 2003). Although the actual impact of this facility is unknown, the munitions
factory has a licence to emit a range of compounds directly into the atmosphere,
including NOx and nitric acid, hydrogen chloride (hydrochloric acid), fluorine
compounds, metals, SO2, CO, ethanol, ethyl ether, acetone and a number of other
compounds (Department of Infrastructure Planning and Natural Resources 2003;
Knowles 2003; NSW EPA 2003). The potential inputs from this facility to the lake are
unable to be assessed as the licence agreement provides for maximum concentrations but
does not specify the maximum loads for each compound. Whether or not a given
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pollutant will enter the water will depend in the most part on weather conditions – wind
direction and speed, rain or fog, presence of a temperature inversion etc.
It has recently been suggested in the media (Stewart and McKinnon 2004) that the ADI
factory has exceeded its licence conditions for concentrations of contaminants in
wastewater emitted from the factory (this is released into the River Murray downstream
of the weir), but we have been unable to source any information on their compliance for
gaseous emissions.. (Potential groundwater contamination is also an unknown; ADI
conducts groundwater monitoring, but again we were unable to obtain this data.)

8.5

Fire

Bushfires within the catchment upstream of Lake Mulwala can have significant impacts
on the quality of water entering the lake. Bushfires in early 2003 affected significant
portions of the upper catchment and water quality problems have already resulted in the
Ovens River (EPA Victoria 2003). The flash flooding that followed approximately a
month after these fires provides an excellent example of the potential impact of bushfire
on aquatic ecosystems.
An intense storm (150 mm rain in one hour) in late February 2003 in the catchment of
Dingo Creek resulted is a slug of ash and mud that entering the Ovens River (via the
Buckland River). Within 24 hours of flash flooding fish kills in the Ovens River had
been reported and at least 70 native fish, 100 yabbies and crayfish and a large number of
introduced fish were killed (EPA Victoria 2003).
Extremely poor water quality was associated with this fish kill: large increases in
turbidity (peaking at 70,000 NTU at Myrtleford compared with normal levels of 10
NTU); suspended solids increased from < 6 mg/L to 33,000 mg/L (3.3 %) and dissolved
oxygen fell to 0.1 mg/L. The turbid slug of water passed quickly (approximately 24
hours) with water quality improving relatively quickly after the front passed (dissolved
oxygen improved but remained low (3-4 mg/L) for several days). The peak in turbidity
took 12 days to reach Wangaratta and turbidity had dropped to 2370 NTU due to
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deposition of fine sediment. Carp, redfin, Murray cod and trout cod were observed
struggling for oxygen near the water surface (Myrtleford-Whorouly) and dead fish
included Murray cod, river blackfish, smelt and carp. Freshwater crayfish were also
observed to exit the water.
A comparison of the fish population with pre-existing data found that there had been a
98% reduction in native fish abundance in the Buckland river after the event and similar
in the Ovens near the confluence. It was not determined what proportion of this
reduction was due to the death of fish and what proportion migrated to less affected parts
of the river.
Sampling of macroinvertebrates and analysis against SIGNAL (indicator of water
quality) and AUSRIVAS (measure of community structure) guidelines indicate a decline
in the health of the Ovens River.
Lake Mulwala can be expected to receive higher loads of sediment from the Ovens River
for some time as the sediment deposited during this event is re-mobilised during high
flow events.

8.6

Weeds and Blue-Green Algae

Both weeds and algae have been highlighted as potentially ongoing problems for the
management of Lake Mulwala and have the potential to impact on several of the uses for
the lake. It is important to realise that these two issues need to be managed together as
the populations of macrophytes and algae compete with each other for nutrients and light.
The apparent trend to increasing severity of blue-green algal blooms in Lake Mulwala is
a particular management concern, as these species can be toxic to humans, stock and pets
and blooms can have an impact on domestic, agricultural and recreational uses for the
water. Other species of algae may also impact on the water quality if present in high
numbers, causing taste and odour problems, although bacteria may also be responsible for
taste and odour problems (Boon 1989). However, blue-green algae have a competitive
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advantage over other species- blue-green algae can fix nitrogen from the atmosphere and
are not dependent on nitrogen sources from within the water column (Sullivan et al.
1988). Other problems associated with algal blooms can include: interference with
chlorination and production of chlorinated organics in water treatment plants, providing
food sources for other organisms in water pipes, encouraging corrosion and clogging of
pipes, fish kills (due to low oxygen levels as large blooms decay) (Sullivan et al. 1988).
As has already been discussed, the growth of algae in Lake Mulwala is linked to
phosphorus and turbidity levels.
Management of nutrients and algae in shallow lakes has been linked with management of
macrophytes, and it has been found that systems dominated by macrophytes are resistant
to low levels of nutrient enrichment, but high loadings can result in a switch to an algaldominated system (Bailey et al. 2002). Submerged water plants help to protect against
algal blooms by providing habitat for zooplankton that graze on algae and competing for
light and nutrients, so it is important that macrophyte growth in the lake be encouraged to
help protect against algal blooms. However, this may require not only management
works but also community education, to ensure that native species are encouraged and
appreciated and that weed species are not spread, either inadvertently or deliberately.
The “chopping” of weed species with boat propellers and deliberate planting of thousands
of willow poles by members of the general public (Lewin and Putt 1999) are probably the
greatest weed risks in the lake. Some native macrophytes also appear to be considered as
weeds by some members of the public, especially in recreational areas, and further
investigation into the species involved and the environmental benefits versus safety and
aesthetic issues is required.
8.7

pH trends

As noted in Chapter 2, there is evidence for downtrend in pH levels not only in Lake
Mulwala and the Ovens River but in the Goulburn-Murray Catchment area in general. A
gradual decrease in pH levels could be a matter for long-term concern. The acidification
of aquatic systems has impacts on the chemistry and biota of the system. For example,
the solubility of metals is increased under acidic conditions, and the metals become more
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available to biota through release from the sediments, dissolution of oxides and release
from complexes with dissolved humic material. In addition, transformation between
oxidation states is affected by pH, not only influencing the solubility but also having the
potential to alter associated nutrient cycles. For example, the oxidation of iron(II) to
iron(III) is slower under acidic conditions; iron(II) is more soluble and has a lower
affinity for phosphorus than iron(III), so influencing this reaction may increase both the
concentration of dissolved iron and phosphorus in the water column (effectively
remobilizing phosphorus from the sediments). Another effect of decreasing the pH of a
waterbody is to increase the clarity of the water, as dissolved organic matter will begin to
precipitate out under acidic conditions. Dissolved organic matter absorbs light as it
passes through the water column, providing protection from damage by ultraviolet light
for aquatic organisms, and reducing light availability for algae.
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9
9.1

Identified Knowledge Needs
Sediments

The importance of sediments as a sink for a range substances including nutrients,
hydrocarbons, pesticides and heavy metals has been highlighted throughout this report.
This means that the sediments are not only an important source of contaminants to the
water column, or sink of contaminants from the water column, depending on the
conditions at the time, they also potentially provide a method of assessing the history of
inputs to the lake. Analysis of sediment samples is important to determine if low
concentrations of heavy metals and pesticides (which have been poorly characterised in
the water column by existing monitoring programs) have been imported into the lake
over time, and whether they may have accumulated to concentrations that may be of
concern. In addition, sampling sediment at increasing distances from stormwater outputs
will assist with the determination of the impact of stormwater on the lake and the types of
contaminants that are being introduced to the lake from runoff. This would be an
important tool when the management of stormwater from Mulwala and Yarrawonga is
being planned. It is also important for nutrient and algal management plans to have an
indication of the amount of nutrients already stored within the sediments of the lake,
which may be returned to the water column, particularly under conditions of
stratification.
9.2

Stratification

It is particularly important to consider the possibility of stratification within Lake
Mulwala when dealing with the issue of nutrient inputs to the lake. The biogeochemistry
of sediments is quite different under anoxic conditions and, as has already been
discussed, has the potential to turn the sediments from a sink for nutrients and metals to a
source of metals and nutrients (particularly phosphorus). In addition, changes to nutrient
cycling under anoxic conditions can potentially result in the production of chemical
species like ammonia and hydrogen sulphide that are toxic to aquatic organisms such as
fish and mussels. It has generally been assumed that Lake Mulwala is not subject to
stratification, even in the summer period, as a result of its shallow depth and rapid
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turnover of water. However, the presence of soluble manganese (Samblebe 2003)
suggests that at least part of the lake has very low oxygen at some times. It is possible
that under low flows, low wind conditions, high organic loadings or during periods of
high temperature that parts of the lake become stratified or oxygen depleted. It is
important that the question of stratification and oxygen depletion is addressed so that all
potential sources of nutrients and metals to the lake are considered in management plans.
9.3

Blue-Green Algae

It is clear that blue-green algae is an important issue for the management of Lake
Mulwala, especially as blooms not only interfere with the supply of drinking water to
local and downstream residents, but are also likely to coincide with peak times for
recreational use of the lake (as happened this summer) and have the potential to impact
on the tourist industry if the lake is closed to recreational users during the summer
months. An important step in dealing with the blue-green algae problem is to reconcile
the differences in the various monitoring programs so that it can be determined if the
increasing trends are real or the result of changes to sampling or analytical techniques.
9.4

Loads

It is not possible to calculate accurate load estimates for most chemical parameters
relevant to the lake due to the low frequency of sampling. Weekly or monthly data is
simply of insufficient resolution for accurate load assessments to be made, as nutrient
concentrations in the water can vary substantially over a period of days, or even hours.
By measuring chemical parameters at low resolution and using daily flow parameters to
calculate loads, undue emphasis is given to flow on the load calculation. Under this
scenario, pulses of water with very high or very low concentrations of nutrients, salts etc
will be lost in the calculation and this may result in a gross over- or under- calculation of
the actual load. Loads for key chemical parameters can be easily measured if a sampling
regime is put in place to measure the concentrations in incoming and outgoing water at a
higher resolution (such as daily).
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9.5

Vegetation Mapping

The existing studies of vegetation in Lake Mulwala have provided only a snapshot of the
vegetation communities over a very short period of time. Management of the vegetation
in and around the lake requires ongoing monitoring so that annual or long-term
community changes can be observed. In particular, the surveys of submerged plants
should be repeated during periods of low turbidity so that an accurate map of both native
and introduced species can be created. There is significant potential for weed species to
be spread both within and downstream of the lake by recreational activities and members
of the general public, so long-term monitoring of these species is essential. In addition,
community education, and signage for visitors on the spread of aquatic weeds should be
considered.
Anecdotal evidence for tree decline and increasing occurrence of spikerush as indicators
of saline groundwater intrusions at the northern edge of the lake need to be investigated.

81

10

Appendix 1

Macroinvertebrate community taxa list for Sites 1 -5, compiled from all published and
unpublished sources (see Chapter 6)

Sponges Spongillidae
Bryozoa
Hydra
Cordylophora
Oligocheata
Nematode
Nemertea
Temnocephalidae
Dugesiidae
Sphaeriidae
Corbiculidae
Velesunio ambiguus
Alathyria jacksoni
Lymnaeidae A. tomentosa
Ancylidae Ferrissia petterdi
Thiara (P) balonnensis
Glypophysa aliace
Glyptophysa gibbosa
Physidae Physa acuta
Acarina
Amphipoda
Janiridae Heterias
Ostracoda
Paratya australiensis
Caridina mccullochi
Macrobrachium
Cherax destructor
Euastacus armatus
Baetidae
Caenidae
Coloburiscoides
Atalophlebia sp. 9
Atalophlebia sp. 13
Tasmanophlebia
Apocordulia macrops
Ischnura aurora
Ischnura heterosticta

Flow
Habitat
preference
o
r
o
o
s/r
o
o
r
o
s
r
s
r
s
o
r
o
o
o
s/r
r
r
o
o
o
r
s
r
s/r
o
r
r
s
r
r
o
o

Site 1
1
1
1
0
0
1
1
0
1
1
0
1
0
1
0
0
0
1
1
0
1
1
1
1
1
1
1
1
1
1
1
1
1
0
1
1
0
1

Site 2

Site 3

Site 4

Site 5

1
1
0
0
1
1
0
1
0
0
1
0
1
0
1
0
0
1
1
1
0
0
1
1
1
1
1
1
1
1
1
1
0
1
1
0
1

0
0
0
0
1
1
0
1
1
1
1
1
0*
1
1
1
0
1
1
1
0
0
1
1
1
1
1
0
1
1
0
0
1
0
0
1
1

1
1
1
1
1
1
1
1
1
1
1
0
1
0
1
0
0
1
0
1
0
1
1
1
1
1
1
1
1
1
0
0
1
0
1
0
1

1
1
0
0
1
1
0
1
1
0
1
0
1
0
1
0
0
1
1
1
0
0
1
1
1
1
1
1
1
1
1
1
0
0
1
1
1
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Pseudagrion aureofrons
Hemicordulia australiae
Hemicordulia tau
Austrogomphus
Austroaeschna unicornis
Rhadinosticta simplex
Austrolestes
Nososticta solida
Gripopterygidae
Agraptocorixa
Sigara
Micronecta
Gerridae
Hydrometra ribeci
Naucoridae Naucoris congrex
Nepidae Laccotrephes tristis
Nepidae Ranatra dispar
Notonectidae Enithares
Notonectidae Anisops
Velliidae
Sisyridae
Antiporus femoralis
Necterosoma regulare
Rhantus suturalis
Sternopriscus
Onychohydrus scutellaris
Dytiscidae spp
Elmidae Coxelmis v-fasciata
Elmidae Notriolus maculatus
Aulonogyrus strigosus
Macrogyrus
Hydraenidae
Haliplidae Haliplus
Berosus
Enochrus
Helochares
Hydrochus
Limnoxenus zelandicus
Sternolophus
Hygrobiidae Hygrobia
Scirtidae
Empididae
Culicinae
Ceratopogonidae
Chironominae
Orthocladinae
Tanypodinae

o
o
o
r
r
r
s
r
r
o
o
o
o
s
s
s
s
s
s
o
r
o
o
o
o
o
o
r
r
o
o
s
o
o
o
o
o
o
o
s
o
o
s
o
o
o
o

1
0
0
1
1
1
0
1
1
1
1
1
1
0
1
0
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
0
1
1
0
1
1
1
1

0
1
1
1

1
0
1
0

1
1
1
1

1
0
1
1

1
1
1
1
1
1
1
1
0
1
1
1
1
1
1
0
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
0
1
1
0
1
1
1
1

1
1
1
0
1
1
1
1
1
1
1
1
1
1
1
0
1
1
1
1
1
1
0
0
1
1
1
0
1
1
1
1
1
1
0
1
0
1
1
1
1
1

1
0
1
0
1
1
1
1
0
0
0
0
1
1
1
0
1
1
1
1
1
1
1
0
1
1
0
0
1
1
1
1
1
1
1
0
1
0
1
1
1
1

1
1
1
1
1
1
1
1
1
1
1
0
1
1
1
1
0
0
0
1
1
1
1
0
1
1
0
0
1
1
1
1
1
0
0
1
1
1
1
1
1
1
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Muscidae
Psychodidae
Tipulidae
Simuliidae
Stratiomyidae
Calamoceratidae
Conoesucidae
Ecnomidae Ecnomus
Hydrobiosidae
Cheumatopsyche sp.
Hellyethira eskensis
Hellyethira simp-maleof
Hydroptilidae Orthotrichia
Hydroptilidae Hydroptila
Leptoceridae Notolina
Leptoceridae Oecetis
Leptoceridae Triaenodes
Leptoceridae Triplectides
Nymphulinae sp. 8
Nymphulinae sp. 12

s
s
o
r
s
o
r
s/r
r
r
r
o
r
r
r
o
o
o
r
r

0
0
1
1
0
1
1
1
1
1
0
1
1
1
1
1
1
1
1
0
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1
0
1
1
1
1
1
1
1
1
1
0
1
0
0
1
1
1
0
1
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1
0
1
0
1
1
0
1
0
0
0
0
0
0
0
1
1
1
0
0
69

1
1
1
0
0
1
0
1
1
1
1
1
1
0
0
1
1
1
0
0
74

0
0
1
1
0
0
0
1
0
1
0
0
1
0
0
1
1
1
0
0
69
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