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Executive summary 

This document summarises the legacy of two long-term biological (macroinvertebrate) monitoring 

projects developed by the Murray Darling Basin Authority (MDBA) through its water quality 

monitoring program. The River Murray and the Mitta Mitta River Biological Monitoring Projects are 

unique; they cover over 2500 km of river length and have been operating for 34 and 16 years 

respectively. These projects have been fundamental in describing the biodiversity of 

macroinvertebrate fauna, gauging the distribution of endangered species, evaluating the spread of 

invasive species, and determining the health of the rivers in response to climate, flow, water quality 

and river management changes. 

Analysis of this long-term dataset revealed a substantial decline in biological health throughout the 

River Murray from 1996 and 2010, a period of significantly low rainfall. During this period, species 

that are associated with poor water quality, habitat and flow conditions, and are typically considered 

‘weedy species’, increased in diversity and abundance while less tolerant species declined. These 

data also provided valuable insight into the likely response of the Murray River fauna under 

predicted conditions of reduced water availability and elevated stream temperatures. 

The construction and operation of Dartmouth Dam has resulted in a substantial decline in the 

macroinvertebrate diversity of the Mitta Mitta River. The Mitta Mitta River Biological Monitoring 

Project has shown that the macroinvertebrate community remains compromised as compared to 

the pre-dam community, despite a number of attempts to modify water delivery to benefit 

ecosystem health. Only through strategically developed monitoring programs will any improvement 

in the Mitta Mitta River fauna be measured. 

The MDBA through the implementation of the Basin Plan has the objective of returning the basin to 

a healthy working state, including healthy and resilient ecosystems. Defensible science and 

monitoring that clearly demonstrate the success of the Basin Plan is key to maintaining socio-

economic support for environmental watering. The MDBA biological monitoring program is an 

outstanding resource to achieve this, and is unsurpassed by any other monitoring program within 

the Murray–Darling Basin. Continuation of the biological monitoring program will provide data that 

can contribute directly to the adaptive management of the River Murray and will provide the 

mechanism by which the success of environmental watering activities EWAs can be gauged. Without 

biological monitoring programs, any biological response to EWA is likely to go undetected.  
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1 Introduction 

The MDBA has a statutory responsibility to monitor the water quality of the River Murray under the 

Murray–Darling Basin Agreement, Schedule 1 of the Water Act 2007. The MDBA undertakes two 

biological (macroinvertebrate) monitoring programs as part of its water quality monitoring program: 

the River Murray Biological Monitoring Program and the Mitta Mitta River Monitoring Program. 

These two projects were established with quite different objectives. The River Murray Biological 

Monitoring Program was instigated in 1980 to monitor water quality and biodiversity along the 

length of the Murray and lower Darling Rivers. The Mitta Mitta River Biological Monitoring Program 

was established in 1998 to assess the impacts of Dartmouth Dam on the biological condition of the 

Mitta Mitta River, downstream of Dartmouth Dam (Fig. 1). 

Macroinvertebrates are commonly used as indicators to monitor water quality and river health. 

Macroinvertebrates comprise a wide range of organisms, offering the possibility of detecting 

responses to different environmental stresses (Hellawell 1986). In particular, aquatic 

macroinvertebrates have life history strategies intimately linked to the physical and chemical 

characteristics of the habitat in which they exist (Townsend et al. 1997; Lytle & Poff 2004; Daufresne 

et al. 2007) and are therefore likely to respond to physical and chemical changes in their stream 

environment. The sedentary habits of most members of the group are conducive to spatial analyses 

while the duration of their life cycles enable temporal changes in the prevailing environmental 

conditions to be assessed (Hellawell 1986).  

The Murray-Darling River system is geologically, climatically and hydrologically highly variable and 

this imparts a variety of challenges to its biotic communities. Significant variability in water quality, 

water temperature and habitat availability, factors which are known to impact on biotic 

communities, are features of waterways within the Murray–Darling Basin. As a consequence, the 

macroinvertebrate communities may vary to a greater or lesser degree from one year to the next 

(Cook et al. 2011a). 

Accurate assessment of variability in biological systems requires data of sufficient temporal 

magnitude to discern reliable patterns. Long-term monitoring programs are rare both nationally and 

internationally, consequently the data that they generate provides valuable insight into the nature 

of stream communities and their variability. Such long-term data sets enable seasonal and inter-

annual variation in communities to be distinguished from longer term changes which may be a result 

of anthropogenic disturbance, climate change or management interventions (Daufresne et al. 2003; 

Daufresne et al. 2007; Durance & Ormerod 2007; Chessman 2009). 
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Figure 1 Time line of the River Murray Biological Monitoring Program and Mitta Mitta River Biological 
Monitoring Program 

* 1980 fourteen monitoring sites, eleven on the River Murray (Jingellic, Heywoods Bridge, Yarrawonga, Torrumbarry, Swan Hill, Euston, 
Merbein, Lock 9, Murtho, Morgan and Woods Point) and three on the main tributaries (Tallandoon on the Mitta Mitta River; Balranald on 
the Murrumbidgee River and Burtundy on the Darling River) 

** 1986 reduced to seven sites, six on the River Murray (Jingellic, Yarrawonga, Euston, Lock 9, Murtho, Woods Point) and one on the 
Darling River at Burtundy. 

*** 2006 a site in the unregulated upland section of the River Murray at Biggara added. 

# 1998 four sites on the Mitta Mitta River downstream of Dartmouth Dam (Dartmouth, Colemans, Mitta Mitta, Tallandoon) and 1 site on 
the unregulated tributary Snowy Creek upstream of Mitta Mitta. 

## 2002 two tributary sites added, Mt Wills Creek and Watchingoora Creek. 

###. 2008 nine sites in the Mitta Mitta Catchment upstream of Dartmouth Dam added to assess landuse impacts on the Mitta Mitta River. 
Five sites added on the main stem of the Mitta Mitta River (White Rock Creek, Frog Track, Glen Valley, Hinnomunjie Bridge, Frasers 
Tableland), two impacted tributary streams (Livingstone and Bingo Munjie Creek) and two unimpacted reference streams 9Gibbo and 
Cobungra River) 

 

1.1 River Murray Biological Monitoring Program 

Declining water quality in the River Murray became a major concern in the 1970s. The River Murray 

Commission (now Murray-Darling Basin Authority) established the River Murray Water Quality 

Monitoring Program (WQMP) in 1978 to periodically assess and report on the water quality of the 

River Murray. A long-term project to collect physico-chemical parameters at 36 sites along the River 

Murray and the lower reaches of its tributaries was initiated (Mackay et al. 1988; MDBA 2011). To 

complement this project, the River Murray Commission started a biological monitoring program 

from 1980 (Bennison et al. 1989; Hawking 2010). 

The primary aim of the program was ‘to systematically sample and record the aquatic 

macroinvertebrate populations of the rivers in such a way as to provide a substantial long-term 

biological record to complement the existing physical and chemical data already being collected, and 

so provide an additional aid to detecting and interpreting changes in water quality and 

environmental conditions in the River Murray and its tributaries’ (Bennison et al. 1989). 

 
 
 
 
 
 
 
 
 
 
  
 1980               1986                          1998               2002           2006          2008                       2014 

Start of River 
Murray 

Biological 
Monitoring 

Program 

4 
Site# 

Start of Mitta 
Mitta 

Biological 
Monitoring 

Program 

6 
Site## 

15 
Site### 

14 
Site* 

7 
Site** 

8 
Site*** 
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The specific objectives were: 

• to provide long term baseline biological information for the rivers, collected using 

standardised methods to facilitate comparisons regionally and nationally 

• to provide the basis for assessment of the health of the river ecosystems such that spatial 

patterns and temporal trends in river health can be assessed 

• to provide biological data which will be the basis for State of the Environment reporting, 

standards and guidelines necessary for management and policy decision making, including 

development and evaluation of water quality management strategies for the rivers 

• to provide a reference voucher collection of preserved macroinvertebrates 

• to provide management information on the conservation status of rare or endangered 

aquatic macroinvertebrates from the rivers. 

The River Murray biological monitoring commenced in July 1980 at 14 sites. There were 11 sites 

along the River Murray and a site each on three of its tributaries: the Mitta Mitta River, 

Murrumbidgee River and the Darling River (Fig. 1). The Murray-Darling Freshwater Research Centre 

(MDFRC) conducted surveys at four sites :Jingellic, Heywoods Bridge (downstream Hume Dam) and 

Yarrawonga on the River Murray, and Tallandoon on the Mitta Mitta River; Water ECOscience 

conducted surveys at seven sites: Torrumbarry, Swan Hill, Euston, Merbein and Lock 9 on the River 

Murray, Balranald on the Murrumbidgee River and Burtundy on the Darling River; the Australian 

Water Quality Centre (AWQC) conducted surveys at three sites: Murtho, Morgan and Woods Point 

(see Bennison et al 1989; Hawking 2010). 

In 1986 the program was reduced to seven sites (Figure 4), with MDFRC continuing surveys at 

Jingellic and Yarrawonga; Water ECOscience at Euston, Lock 9 and Burtundy; AWQC at Murtho and 

Woods Point. In October 2006 an additional upper Murray site at Biggara, was added, bringing the 

total to eight sites. This site was included to provide data from an unregulated and more pristine 

upper reach. In 2011 the MDFRC was awarded the contract to conduct the monitoring of all sites 

along the River Murray and the lower Darling River(Bennison et al. 1989; Hawking 2010). 

The program reports annually on river health and identifies issues arising during the 12-month 

period, including information on collection of invasive species and Chironomidae deformities. In 

addition, a series of reviews have assessed trends in river health over longer time periods. To date, 

five reviews of the River Murray Biological Monitoring Program have been conducted; 1980-1985 

(Bennison et al. 1989); 1980-1997 (AWT 1999); 1980-2000 (Hoenderdos 2006); 1980-2009 (Cook et 

al. 2011a); 1980-2012 (Paul et al. 2013). The nature and strength of the findings differ in accordance 

with the duration of each review. 
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Bennison et al. (1989) determined that the River Murray could be grouped into five discrete zones 

on the basis of the macroinvertebrate communities. The biggest difference identified was the large 

reduction in macroinvertebrate abundance at the South Australian sites in the lower River Murray. 

This was attributed to increased turbidity downstream of the Rufus River confluence. The review, 

conducted by Australian Water Technologies (AWT), found that there had been change in the 

community structure over time but little change in taxa richness and abundance (AWT 1999). AWT 

(1999) identified increased taxa richness at three sites but suggested that this may have been due to 

improvements in taxonomic capabilities. Hoenderdos (2006) confirmed the zonation identified by 

Bennison et al. (1989) and identified two periods of distinct change in the macroinvertebrate 

community structure, one in 1985 and one in 1994. Cook et al. (2011a) found that there were major 

changes in community structure throughout the River Murray system with shifts towards small-

bodied, rapid life cycle tolerant ‘weedy’ species at all sites. In particular, there was loss of the spatial 

variability in the system so that all sites were becoming similar to the sites in the semi-arid mid-

Murray. Paul et al. (2013) confirmed the findings of Cook et al. (2011a) but found that with flooding 

and a return to wetter conditions there was an indication of recovery of some components, of the 

macroinvertebrate communities, such as reduced abundance of Chironomidae and increased 

abundance of Ephemeroptera at most sites. 

 

Figure 2. MDFRC field officers undertaking field sampling in the River Murray for the River Murray Biological 
Monitoring Program. (a) Kathie Le Busque tying an artificial substrate sampler to a snag, Yarrawonga; (b) 
James Wyatt setting an artificial substrate sampler in the Darling River, Burtundy, during low flow conditions; 

(a) 

(d) (c) 

(b) 
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(c) Paul McInerney undertaking a sweep net sample at Lock 9 (d) James Wyatt undertaking water quality 
measurement at Euston. 

1.2 Mitta Mitta River Biological Monitoring Program 

The Mitta Mitta River is a major tributary of the River Murray, with a catchment of approximately 

10, 000 square km, which drains the Australian Alps in north-east Victoria (GMW 2011). The river 

rises in the Bogong Highplains with Whiterock Creek at its source, flowing north-east to become the 

Big River, then south to become the Mitta Mitta River at the confluence with the Cobungra River, 

where it changes course to flow north through the Omeo Valley. Here, the Mitta Mitta River flows 

through agricultural land before winding back into the Alpine National Park, where it enters 

Dartmouth Dam. 

 

Dartmouth Dam was constructed downstream of the junction of the Mitta Mitta and Dart rivers 

between 1973 and 1979 and was established to function as a secondary storage for Lake Hume, a 

flood control and a generator of hydro-electricity. The management of releases from Dartmouth 

Dam typically involve minimum discharge and long-term storage during winter to spring, followed by 

high discharge releases, typically during the summer months (Doeg 1984). Water released from 

Dartmouth Dam passes through predominantly agricultural land prior to entering Lake Hume, 

approximately 100km downstream. 

 

Environmental concern for the Mitta Mitta River developed with the proposal to build the 

Dartmouth Dam and increased with its construction and operation. An initial survey of the biological 

community was undertaken between January 1973 and January 1975 in the area to be inundated by 

Dartmouth Dam. The survey ‘was intended to describe the fauna and to provide baseline data upon 

which a subsequent quantitative study and environmental monitoring could be based’ (Smith et al. 

1977, 1978). 

 

A number of studies were undertaken during the construction, filling and initial release period, all of 

which raised concerns about the environmental impacts of the dam. Blyth et al. (1984) investigated 

the response of macroinvertebrates during construction and filling. The investigation reported a 

series of acute and chronic impacts, with a major reduction in headwater taxa, resulting in a larger 

component of foothill taxa below the dam. A further study by Doeg (1984) investigated the response 

of macroinvertebrates to irrigation releases and found that the hypolimnetic releases caused a 

reduction in diversity immediately downstream of the dam.  
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Later studies conducted after the commissioning of the dam also reported major environmental 

impacts due to the irrigation releases. Koehn et al. (1995) found that the macroinvertebrate fauna in 

the Mitta Mitta River downstream of Dartmouth Dam was indicative of a highly disturbed ecosystem 

with low diversity and dominated by only a few species. Further surveys were conducted in 1995 and 

1996 by WATER ECOscience. A review of the biological monitoring of the Mitta Mitta River between 

1987 and 1996 indicated a decline in the environmental health of the river since the construction 

and operation of the dam and with the greatest impact at sites closest to the dam (Mitchell 1999).  

 

The bi-annual monitoring for the Mitta Mitta Biological Monitoring Program began spring 1998 (Fig. 

1). The primary aim was to monitor the macroinvertebrate communities and biological health of the 

Mitta Mitta River in relation to the impacts of the operation of Dartmouth Dam. The monitoring was 

initially conducted by WATER ECOscience (WES), which undertook monitoring at four sites along the 

Mitta Mitta River and at one reference site on the major tributary, Snowy Creek. In spring of 2002, 

two more reference sites, one on Mount Wills Creek and one on Watchingorra Creek, were added to 

the program (Figure 4). During early 2005 MDFRC was contracted to continue the program. 

 

In 2008 the program was expanded to include nine additional sites, all in the Mitta Mitta catchment 

upstream of Dartmouth Dam. The catchment above Dartmouth Dam had its own environmental 

issues, mainly associated with land use, and many of the tributary streams, such as Livingstone 

Creek, were classed as being of poor quality (North East CMA 2006).The primary aim of this 

component of the monitoring was to assess the biological health of the Mitta Mitta River in response 

to catchment landuse activities. 

 

In 2011 a major review of the results from the monitoring program for the period 1998 to 2009 was 

conducted (Cook et al. 2011b). The main conclusions of this report were that the macroinvertebrate 

communities downstream of Dartmouth Dam are significantly impaired, and have undergone no 

recovery since the dam was constructed. Some recovery in river health occurs downstream of the 

confluence of the Mitta Mitta River and Snowy Creek, which is thought to provide a source of 

macroinvertebrate recruitment to the Mitta Mitta River and also reinstate some of the natural flow 

regime to the Mitta Mitta River (Cook et al 2011b). 
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Figure 3. River Murray macroinvertebrates: (a) Introduced snail, Physa acuta (Family Physidae); (b) Little Clam 
mussel, Corbiculina sp.; (c) Chironomid larvae (d) Caddis-fly Notalina bifaria; (e) Dragonfly larva of 
Austrogomphus australis; (f) Freshwater Prawn, Macrobrachium australiense. 

  

(a) 

(e) 

(d) (c) 

(b) 

(f) 
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2 Extent of the monitoring program 

The River Murray and Mitta Mitta biological monitoring programs combined cover approximately 

3000 km of river. River Murray monitoring covers 2300 km (Fig. 4) and the Mitta Mitta River 

monitoring approximately 200 km in addition to monitoring of seven sub catchments within the 

Mitta Mitta River catchment (Fig. 5) (See Cook et al. 2011a and Cook et al. 2011b for more detailed 

site descriptions). The program provides unprecedented spatial coverage and encapsulates alpine, 

sub alpine, montane temperate to semi-arid climatic conditions with annual rainfall ranging from 

over 2000 mm in the upper catchment to less than 275 mm in the mid-Murray. The River Murray 

Biological Monitoring Program is unprecedented in terms of its duration in an Australian context and 

from an international perspective its duration is equivalent to anywhere else in the world. The Mitta 

Mitta Biological Monitoring Program has been operating for 15 years, which is also rare by Australian 

standards. This spatial and temporal coverage is unique world-wide and provides outstanding 

potential to assess biological changes in response to river and land management, water quality and 

climate change. 

 

Figure 4. Map of the Murray-Darling Basing Authority Biological (macroinvertebrate) Monitoring Program 
monitoring sites.  
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Figure 5. Map of Mitta Mitta biological monitoring sites.  

3 Outcomes 

3.1 River Murray monitoring 

Annual reports are produced for this project which outline key findings of the monitoring period 

including; macroinvertebrate abundance and diversity at each site, collection of invasive species, 

collection of endangered species or species of significance and Chironomidae deformities (Hawking 

et al 2010; Smith et al 2011; McInerney and Hawking 2012; McInerney and Cook 2013, 2014). 

Additional reports have been produced over the course of the monitoring program, which analyse 

and review the data over longer time frames, with each successive report incorporating a longer 

time frame. The information gleaned from the monitoring and the strength of the conclusions that 

can be drawn from the data has improved over time. The early reports were largely descriptive and 

provided a baseline of the types of macroinvertebrate communities that existed in the River Murray 

(Bennsion et al. 1989). Later reports have been increasingly able to describe the variability of the 

macroinvertebrate communities. Due to the duration of the monitoring program, the data is now at 

a point such that long-term patterns in biotic variability can be robustly assessed and the 

contribution of environmental variables such as water quality, drought and flood can be identified 

(Cook et al. 2011a; Paul et al. 2013). The monitoring program is now at a point where casual 
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relationships can be determined and predictive modelling is possible (Paul et al. 2013). Importantly, 

the duration of the monitoring program has highlighted the value of long-term data sets, which 

provide information that cannot be attained with piecemeal or short-term projects. 

3.1.1 Key findings 

• The monitoring has established a description of the macroinvertebrate communities and 

biodiversity along the River Murray and how these communities changed at each of the sites 

over time (Fig. 5). 

• Deterioration in the macroinvertebrate communities was evident from the mid-1990s to the 

late 2000s. This deterioration did not involve a loss of biodiversity but involved major 

changes to the species which dominated the communities. These changes included: 

• a reduction in the relative abundance of many sensitive taxa, which are indicative of 

good water quality or habitat condition, particularly during the extended drought 

period of 1996 - 2010. 

• a shift towards small-bodied, rapid lifecycle, opportunistic taxa with broad 

tolerances for water quality, temperature and hydrological conditions. These taxa 

thrive in disturbed or harsh environments and are often considered ‘weedy species’. 

• a reduction in the  natural variability of communities along the length of the River 

Murray such that communities within the temperate zones of the catchment were 

becoming similar to those in the semi-arid mid Murray. This is consistent with the 

intensification of the drought conditions from the mid-1990s and the associated 

reduced discharge, increased water temperature and altered water quality such 

habitat conditions were more typical of a semi-arid river throughout the River 

Murray. 

• The drought period of 1996-2010 was broken by a major flood event on 2010. Changes to 

the macroinvertebrate community following flooding indicated that some components of 

the communities may have been returning to a prior state indicative of higher water quality 

and/or habitat condition. This highlights the potential resilience of the River Murray 

macroinvertebrate communities. 

• Climate and water quality appear to be major drivers of the long-term trends in the 

macroinvertebrate communities. 

• The monitoring provides insight into the type of communities that may exist under the 

predicted climate change scenarios of higher frequency and intensity of drought. The 

foodweb and functional consequences of these biological changes remain unknown. 
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Figure 6. Principle coordinate (PCO) plot indicating the change in the macroinvertebrate communities at 
different sites along the River Murray over time. Note: the trajectories are such that all sites are becoming 
more similar (closer together) and there seems to be a slight shift back toward the earlier state following the 
flooding which occurred in 2010. 

3.1.2 Key implications of findings/importance for managing rivers 

• Key to understanding the effects of management actions on river health knowledge of how 

communities change over time and in response to stressors such as altered climate and flow 

conditions. The 34-year baseline, established by the biological monitoring program, has built 

an excellent understanding of the nature of change in the macroinvertebrate communities 

during drought and flood. 

• The macroinvertebrate communities of the River Murray appear to effectively assess the 

river health in response to climate, flow condition and water quality. Importantly, the 

macroinvertebrate community appeared to respond to improved flow conditions as 

indicated by some recovery following the breaking of the drought and suggests some 

resilience to hydrological stress. 
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• The monitoring program can provide a valuable data set for assessing changes in response to 

the implementation of the Basin Plan. 

• Casual modelling can be used to predict changes in river health in response to management 

actions and adaptive management can be implemented in light of these predictions. 

 

 
 

Figure 7. River Murray biological monitoring sites under different flow conditions (a) Jingell ic site 801, low flow 
(b) Jingell ic site 801, high flow (c) Euston site 808, low flow (d) Euston site, 808 high flow (e) Burtundy site, 810 
low flow (f) Burtundy site 810, high flow 

(a) (b) 

(c) (d) 

(f) (e) 
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3.2 Mitta Mitta River monitoring 

Prior to the commencement of the monitoring programs report were produced which documented 

the macroinvertebrate communities before the construction of Dartmouth Dam (Smith et al. 1977, 

1978), during the construction (Blyth et al. 1984) and following construction (Doeg 1984; Koehn et al 

1995). Since 1998 six reports have been produced from the Mitta Mitta Monitoring Program and the 

key finding of all the reports is that the macroinvertebrate community of the Mitta Mitta River has 

been severely affected by the construction and operation of Dartmouth Dam (Mitchell 1999, WES 

2002; Cook, et al. 2007, Cook et al. 2011b, Davey & Hawking, 2012, Davey and Cook 2013). During 15 

years of monitoring there has been no sign of recovery in the biological health of the Mitta Mitta 

River immediately below the dam to that which existed prior to the construction. This is despite 

several changes to the delivery of the flows from the dam which have been implemented with the 

aim of improving biological health. These changes to the delivery of flows have had short-term 

positive effects (Sutherland et al. 2002; Watts et al. 2005; Watts et al. 2006; Watts et al. 2009) but 

there has been no long-term improvement in river health (Cook et al. 2011b). The duration of this 

program has been important in establishing that flow management to date has been ineffective in 

rehabilitating the biological health of the Mitta Mitta River. It also provides an outstanding baseline 

from which to assess the effectiveness of river and land use management for rehabilitating stream 

communities. 

 

3.2.1 Key findings: downstream of Dartmouth Dam 

• The construction and operation of Dartmouth Dam has had profound impacts on the 

macroinvertebrate communities and biological condition of the Mitta Mitta River 

downstream of Dartmouth Dam. There has been a loss of biodiversity, a fundamental 

change in the composition and a decline in the quality of the macroinvertebrate fauna of the 

Mitta Mitta River downstream of Dartmouth Dam since construction (Fig. 7). 

• The faunal changes which occurred during and immediately after the construction of 

Dartmouth Dam have persisted, with no recovery in the stream fauna. 

• Numerous local extinctions and declines are documented. The taxa impacted most appear to 

be herbivores which consume biofilm from cobbles and were typically from families 

considered sensitive, whilst a community of mostly tolerant fauna remain. 

• The faunal changes and loss of species downstream of Dartmouth Dam are likely to have 

resulted from altered temperature and flow regimes and the associated changes in food 

resources. 
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• Drift is considered to be one of the most important mechanisms for recolonisation following 

a disturbance. The presence of dams represents a barrier to drifting organisms and 

Dartmouth Dam would have contributed to the lack of recovery since its construction. 

• It is unlikely that the macroinvertebrate fauna will recover without major alteration to the 

operation of Dartmouth Dam. 

• Snowy Creek appears to be an important contributor to the improvement in biological 

condition of the Mitta Mitta River through colonisation of species from the Snowy Creek via 

mechanisms such as larval drift and aerial colonisation by adults. 

• Snowy Creek also provides some improvement to natural flow variability, food availability 

and water quality of the Mitta Mitta River downstream of the confluence. This provides 

improved habitat conditions, which are matched to the life history of the species. 

• Tributary streams were in the highest biological condition and therefore provide good 

quality streams against which to assess the biological condition of the Mitta Mitta River. 

• There has been a proliferation of exotic species such as Physa acuta and the liver fluke snail 

Austropeplea huonensis (formerly A. tomentosa), a species of economic importance. 

• Stability of assessments over the past 12 years provides a sound basis to assess any change 

in the future. 
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Figure 8. Macroinvertebrate community composition comparing pre-dam construction composition obtained 
from Smith et al (1978) with post construction and operation data generated by the Mitta Mitta River 
Monitoring Project. Data obtained after construction is summarised to compare the Mitta Mitta River sites 
upstream of the Snowy Creek confluence (sites 501 and 502) with the Mitta Mitta sites downstream of the 
confluence (sites 503 and 504) and the tributary sites (sites 505, 506 and 507). Note: this figure shows that the 
macroinvertebrate community composition before -dam construction were most similar to the unregulated 
tributary streams. The Mitta Mitta River sites are now significantly different from the pre-dam communities 
and the reference streams. 

 

3.2.2 Key findings: upstream of Dartmouth Dam 

• The sites on the Mitta Mitta River upstream of Dartmouth Dam generally had taxonomically 

rich macroinvertebrate communities, and unlike sites downstream of the dam, had similar 

macroinvertebrate communities to the pre-dam communities. 

• A decline in the taxonomic richness and river health was detected at the Mitta Mitta sites 

located within the Omeo Valley. This was linked to the poor condition of tributaries such as 

Livingstone and Bingo Munjie Creeks, which flow through cleared agricultural land and 

generally had poor water quality. The macroinvertebrate communities of these tributaries 

were found to be severely impaired. 

• Reference streams with intact native catchment and limited agricultural activity had high 

biodiversity and high river health scores. 
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• Return to wetter conditions in 2010 resulted in increased river health scores, most likely due 

to improved river flows and associated water quality. 

• The alpine site at Whiterock Creek contained a suite of specialist alpine species, which were 

confined to the region of winter snow cover. This habitat is important for maintaining 

biodiversity in the Mitta Mitta River catchment. 

• The caddis fly Archaeophylax canarus, which is listed as ‘data deficient’ on the Advisory List 

of Threatened Invertebrate Fauna (Victorian Department of Sustainability and Environment, 

2009), was collected from various sites during the study. Six other species from this list have 

ranges that overlap with this study, but were not found. 

• Four species of snails, three introduced and one native, were collected from degraded sites, 

with two species being vectors of the liver fluke Fasciola hepatica and all are of ecological 

and economic concern. 

 

3.2.3 Key implications of finding/importance for managing rivers 

• Substantial change to the operation of Dartmouth Dam will be required to rehabilitate the 

biological communities immediately below the dam. 

• Improved riparian and land use management would assist with improving biodiversity and 

river health in agricultural catchments and assist with improving water quality of flows 

entering Dartmouth Dam and subsequently Hume Dam. 

• Unregulated streams with an intact native riparian zone and catchment unaffected by 

agricultural practices are important for maintaining biodiversity within catchments and for 

the recovery of streams affected by dams and regulated flows. This highlights the 

importance of connectivity and dispersal processes for maintaining biodiversity in river 

systems. 

• Conversely, tributary streams with poor water quality and habitat condition can have a 

negative effect upon river condition. 
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Figure 9. Mitta Mitta monitoring sites downstream of Dartmouth Dam under different flow conditions (a) 
Mitta Mitta River at Colemans, site 502 (b) Mitta Mitta River at Colemans, site 502 (c) Mitta Mitta River at 
Dartmouth Road bridge (d) Mitta Mitta River at Dartmouth Road bridge (e) Snowy Creek, site 505 (reference 
stream) (f) Snowy Creek, site 505, (reference stream). 

 

(f) (e) 

(d) (c) 

(b) (a) 
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Figure 10. Mitta Mitta River biological monitoring sites (a) White Rock Creek (Alpine, Mitta Mitta River) site 
510 (b) Big River at Frog Track (subalpine site, Mitta Mitta River), site 511 (c) Mitta Mitta River at Hinnomunjie 
Bridge, site 513 (d) Mitta Mitta River at Frasers Tableland, site 514 (e) Gibbo River Corryong to Benambra Road 
(reference stream), site 518 (f) Livingstone Creek at Omeo Valley Road (impacted tributary stream), site 517. 
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4 Links to other Murray-Darling Basin Authority monitoring 
Macroinvertebrates are intimately linked to their environment and respond to changes in the quality 

of the habitat in which they exist. Consequently, changes in water quality often drive changes in 

macroinvertebrate communities. The River Murray Water Quality Monitoring Program provides 

valuable information on the nature of the physico-chemical environment in which the 

macroinvertebrates exist. The water quality monitoring program is essential to the biological 

monitoring program as it enables some of the drivers of change in the macroinvertebrate 

community to be identified. Concomitantly, the macroinvertebrate monitoring program can help to 

establish the biological significance of changes in water quality. Analysis to date identified several 

water quality parameters which may be contributing to shifts in the biological health of the River 

Murray, in particular salinity, turbidity and temperature. It is anticipated the MDBA algal monitoring 

program could play a similar role in establishing additional biological relevance of the water quality 

monitoring program.  

The success of management activities, which aim to restore water quality, biodiversity and river 

function, require an understanding of how and why water quality and biological condition are 

changing in response to the management activities. This enables an adaptive management 

framework to be implemented. The three monitoring programs (water quality, algal and 

macroinvertebrate) could potentially be combined into a single modelling tool which could provide 

greater predictive power for assessing the biological response to management activities than any of 

the monitoring programs on their own. 

5 Strengths over other monitoring programs 
Several other macroinvertebrate monitoring programs have operated within the Murray–Darling 

Basin such as the Sustainable Rivers Audit (SRA) and a number of state based environmental 

monitoring programs. These programs have been valuable for their general overview of river health 

but provide little information on factors driving change in macroinvertebrate communities and river 

health due to the sampling methods used and temporal scale employed. The SRA uses AUSRIVAS 

methods, which require identification of macroinvertebrates to family level and generate 

presence/absence data only. No information on shifts in abundance of taxa can be determined using 

this method and sampling generally lacked inter-annual site fidelity. The River Murray Biological 

(macroinvertebrate) Monitoring Program generates long-term data, enabling shifts in abundance to 

be determined, and has been fundamental in the assessment of biological changes in the River 

Murray. If this program had been generating presence/absence data only, as with AUSRIVAS, the 

assessment would likely have determined that river health had improved due to an increase in taxa 
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richness. The assessment would not have detected the major increase in abundance of species 

which are indicative of poor water quality and habitat conditions, and the decline in the species 

indicative of good water quality. 

The Mitta Mitta Biological Monitoring Program employs modified AUSRIVAS techniques where the 

site fidelity is maintained every year. Importantly, both the River Murray and Mitta Mitta monitoring 

programs employ species level identification which enhances biodiversity assessment, establishes 

species distribution (especially the spread of invasive and non-native species), and distribution of 

rare and endangered species.  

6 Value to the Murray-Darling Basin Authority and other 
stakeholders 

At a primary level this program enables the MDBA to meet its statutory obligations to monitoring 

the water quality of the River Murray outlined in the Murray–Darling Basin Agreement, under 

Schedule 1 of the Water Act 2007. 

The program enables biodiversity patterns to be assessed, the spread of invasive species to be 

identified and tracked and the distributions of rare and endangered species and species of 

significance to be monitored. In particular, the monitoring program can help determine how these 

changes in distribution over time relate to management activities employed by the MDBA or other 

management agencies. 

The biological monitoring programs and in particular the River Murray Monitoring Program has 

encapsulated some of the most extreme climatic events and some substantial changes in 

consumptive water use over its 34 year history. The value of the biological baseline is immense when 

it comes to understanding the nature of variability in biotic communities and assessing change into 

the future. 

The biological monitoring program has the ability to highlight the biological significance and benefit 

of management activities, particularly if the potential causal or explanatory water quality links are 

obtained. For example, the review conducted by Cook et al (2011a) identified that management 

activities in the lower Murray, such as salt interception schemes which have reduced salinity levels in 

the lower Murray, and the periods of reduced turbidity associated with lower inflows from the 

Darling River, were associated with increased diversity and abundance. The early 1980s were 

associated with very low abundance of macroinvertebrates which was considered to be due to high 

turbidity resulting from Darling River inflows (Bennison et al.l 1989). This is an example of how 
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linking water quality monitoring and biological monitoring to management interventions can 

demonstrate its impact on overall biological health of river. 

The program has highlighted for the MDBA and the wider audiences that biological health and the 

nature of the biological communities of the River Murray are susceptible to water stress. Water 

resource demand and climate change impacts, which are likely to increase water demand and 

decrease water availability, are likely to place the ecological communities of the Murray-Darling 

Basin under significant stress. The results obtained through the current monitoring program have 

indicated the potential deterioration in biological health that may occur under the predicted climate 

change scenarios, such as increased intensity and duration of drought (Bureau of Meteorology 

2014). Importantly, the monitoring has also highlighted that a return to wetter conditions and a 

greater volume of water in the river systems appears to have resulted in improved biological health. 

The program has established a baseline of biological health against which to assess the success of 

EWA in sustaining or improving biotic communities and river health. This is particularly important in 

the face of climate change and the expected changes to water management under the Basin Plan. 

The Basin Plan sets out the use of an adaptive management framework to enable the continual 

improvement of environmental water delivery. The data generated from the River Murray Biological 

Monitoring Program is a valuable resource to help achieve this. Through the development of 

predictive or causal modelling based on the monitoring data, the potential biological response to 

climate variability, EWA and other on ground management activities can be predicted, providing 

guidance to the implementation of environmental water delivery (see Paul 2013). When 

incorporated into an adaptive management framework, the biological monitoring program could 

contribute to ensuring that water delivery is based upon the best available science.  

6.1 Value in light of the Basin Plan 

The Murray-Darling Basin is in an unprecedented situation with the implementation of the Basin 

Plan and associated implementation of river management activities aimed at restoring or 

maintaining river health and function. Water is a highly valued resource and it is therefore important 

that the success of the EWA in improving river health is assessed. Key to assessing the success of any 

rehabilitation works is having a baseline against which to assess changes. Both the River Murray and 

Mitta Mitta biological monitoring programs are outstanding resources to achieve this. 

Causal modelling based upon the biological and water quality monitoring programs would enable 

predictions to be made on how macroinvertebrate communities will respond to altered 

management of the river system. This modelling could therefore suggest how environmental water 
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could be allocated for improved biological condition or predict how macroinvertebrate communities 

will respond if changes are made. 

7 Risks associated with not continuing the monitoring program 
The management of the Murray–Darling Basin is about to enter into unchartered territory with the 

implementation of the Basin Plan and associated allocation of environmental water. Social and 

political pressures around the return of environmental water have and will continue to be intense. 

Therefore, determining the environmental benefit of the removal of water from productive use and 

the associated financial expense will be essential for generating and/or maintaining political and 

community support.  

Key to maintaining support will be providing defensible science and monitoring which can 

demonstrate the level of success of the EWA. The biological and water quality monitoring programs 

of the MDBA provide the most robust baseline against which to assess the value of the 

environmental watering program. Failure to continue the monitoring programs risks not detecting a 

biological response to the EWAs and therefore the ability to justify allocation of water to the wider 

community. The adaptive management approach to the EWA is outlined within the Basin Plan and is 

reliant upon having an understanding of the type of biological communities that exist and the 

communities that are desired or expected. No other monitoring program in the Murray–Darling 

Basin has the baseline from which to assess the biological response to EWAs and to put any changes 

in the context of the long-term variability of the system. 

The biological monitoring programs are also of enormous scientific value, providing information on 

the distribution of species and identifying potential reasons for changes in distribution and local 

extinctions. The long-term nature of these monitoring programs is extremely valuable for 

understanding the nature of variability in macroinvertebrate communities. As macroinvertebrates 

are regularly used for biological monitoring and assessment, the ability to identify a response to a 

management intervention over and above natural variability is critical to their value. This will 

become increasingly important with the onset of climate change effects on river hydrology and 

water quality which will alter species distributions and abundances. The nature of these changes will 

be of intense interest to the scientific community and to agencies conducting biological monitoring 

programs. Failure to continue monitoring when such significant changes are likely to occur to the 

Murray–Darling Basin rivers would result in a loss of a major opportunity to understand how 

macroinvertebrate communities respond. 
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8 The future 
Two key areas for development are envisaged for the future which will bring major benefit of the 

biological monitoring programs for MDBA, and wider management/scientific community. One is to 

develop the predictive modelling capabilities based on the biological and water quality monitoring 

programs. The other is the development of the DNA database of the macroinvertebrate 

communities of the Murray–Darling Basin. 

Predictive modelling utilises data on how macroinvertebrates have responded to changes in their 

environment, land and river management as well as the relative contribution of the different 

components to how they change. Predictions can then be made about expected biological responses 

to river operations which can then provide guidance on the delivery of environmental water. The 

continuation of monitoring will enable refinement of the model so more accurate predictions can be 

made into the future and continually refine and improve environmental water delivery. 

The MDFRC is currently establishing a DNA database of the macroinvertebrates collected as part of 

the biological monitoring programs. Further developing the DNA database will provide greater 

understanding of the biodiversity of the Murray–Darling Basin and will improve the quality and 

efficiency of the traditional taxonomic knowledge and methods currently used to identify specimens. 

Eventually, there will be the potential to develop environmental DNA monitoring techniques which 

complement and improve the traditional monitoring methods (Shackleton et al. 2013, 2014). 

With the implementation of the Basin Plan, much of the environmental watering will be diverted 

into the six icon sites along the River Murray – initially established under The Living Murray program. 

It is potentially advantageous to add monitoring sites that better reflect the location of these sites 

along the River Murray. This would be in addition to, but not at the expense of, the current sites 

already monitored. Where possible, additional monitoring sites would align with the sites which 

were part of the initial monitoring program of 1980-1985 (see Bennison et al. 1989). This would 

provide some background data for the monitoring sites. 

The inclusion of an assessment of macroinvertebrate community abundance for the Mitta Mitta 

Monitoring Program would be advantageous. The current sampling technique has been effective in 

detecting the major community composition and biological changes resulting from the construction 

and operation of the dam. However, it appears that the current sampling protocol is insensitive to 

changes in hydrology and climatic conditions. Flow regime and hydraulic conditions are major drivers 

of community composition and structure in streams, and no relationship between 

macroinvertebrate community and flow or climate was detected in the Mitta Mitta River 

downstream of Dartmouth Dam. The macroinvertebrate communities that now exist downstream of 
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Dartmouth Dam may not respond changing climate or flow variability by losing or gaining species but 

by altering the relative abundance of the populations within the community (Chessman 2012), as 

highlighted by the River Murray Monitoring Project (Cook et al. 2011a; Paul 2013). 
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