
125

INLAND WATERS   126

 BACKGROUND  126

  Pressures on Victorian inland water 126

  Impacts on aquatic biodiversity 126

  Climate change 127

 MAIN FINDINGS  128

  Condition of freshwater aquatic ecosystems 128

  Freshwater biodiversity 128

  Condition of flow regimes 129

  Surface water quality 130

  Groundwater 130

 INDICATOR ASSESSMENT 131

  Indicator summary 131

  Indicator IW1: Condition of Freshwater Aquatic Ecosystems 132

  Indicator IW2: Freshwater biodiversity 141

  Indicator IW3: Condition of Flow Regimes of Major Rivers and Tributaries 150

  Indicator IW4: Water quality 155

  Indicator IW5: Groundwater Levels and Quality 158

  Data gaps  161

  References  576

DETAILED CONTENTS ChApTEr THREE



126

2013 | Science Policy and PeoPle    Victoria: STATE Of ThE environment    |     PART A: CHAPTER THREE INLAND WATERS

BACKGrOUND
This chapter assesses the status of Victoria’s inland waters. Estuarine and coastal waters 
are discussed in Part A: 4 Marine and Coastal Environments. The management of Victoria’s 
land and biodiversity on private land is strongly related to the health of inland waters and is 
discussed in Foundation Paper Two: Land and Biodiversity Victoria: The Science, Our Private 
Land Holders, Incentives and Connectivity.1

Victoria’s inland waters (rivers, streams, wetlands, lakes and groundwater) and their surrounding 
riparian and floodplain lands provide a range of environmental benefits and ecosystem services 
that support biodiversity, agriculture and industry, and rural and urban communities. They 
provide habitat for both aquatic and terrestrial species, supply water resources, cycle nutrients 
and purify water, and are sites of recreation and social interaction.

Pressures on Victorian inland water
Inland waters are intimately connected with the land because all land forms part of a 
catchment. Consequently, the degradation of land health has significant impacts on inland 
waters. Inland waters are also connected to estuaries and as such are a significant influence  
on the health of coastal waters.

Around half of Victoria’s native vegetation has been cleared, including riparian vegetation, 
increasing runoff and erosion. This has resulted in a significant decline in water quality with 
increases in sedimentation, nutrient pollution, algal blooms, as well as toxicants from roads, 
agriculture and industry. 

The clearing of vegetation, combined with irrigation practices, has also resulted in shallow 
watertables and increased groundwater recharge, leading to salinity problems in some inland 
waters. In addition, point-source pollution from domestic and industrial wastewaters impacts on 
water quality, although pollution from unregulated diffuse sources remains the major cause of 
poor water quality. Poor water quality not only affects aquatic biodiversity, but limits the use of 
water resources and increases treatment costs.

Almost all rivers and catchments in Victoria, and almost all larger streams, have been modified 
to some degree. A history of works designed to store, drain, control and change the direction 
and speed of water as it moves through the landscape has extensively degraded flow regimes 
and reduced the volume of water available to the environment. Changes to flow regimes place 
pressure on river, wetland and floodplain ecosystems and their biodiversity. Drought, combined 
with current levels of extraction compounds pressures on flow regimes, and has implications for 
all issues discussed in this chapter of the report.

Major storages (dams), weirs and levees are the most common cause of alteration to flow 
regimes. At least one major on-stream storage has been constructed in 19 of Victoria’s 29 river 
basins, affecting most major rivers throughout Victoria. The level of water extraction is another 
significant impact on flow regimes, with large proportions of the total surface water in several 
of Victoria’s river basins extracted for consumption, particularly in dry years. Other activities 
impacting on flows are channel modification (including that to decrease the duration and 
frequency of flooding, e.g. de-snagging, straightening, and the construction of artificial levees), 
and changes in land use.

Impacts on aquatic biodiversity
Alteration of habitat is a major pressure for aquatic fauna and a primary cause of decreasing 
native fish populations. Altered flow regimes and increased sedimentation changes the physical 
habitat in river systems by smothering pools and rocky substrate. Removal of snags and other 
woody structures reduces available habitat for fish and other aquatic and terrestrial organisms, 
increases erosion and decreases variation in channel shape. Loss of connectivity due to 
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structures such as dams, weirs and levees threatens aquatic fauna, as it excludes migratory fish 
such as Murray cod and golden perch from their spawning grounds and reduces the prospect 
of recolonisation when conditions improve after drought. The extensive modification and 
fragmentation of inland waters has also aided the spread of invasive species such as carp.

The loss and degradation of riparian zones and wetland vegetation impacts both aquatic and 
terrestrial biodiversity. Riparian and wetland vegetation supports aquatic ecosystems by providing 
woody habitat, shade, stable banks, filtering out sediments and processing nutrients (particularly 
nitrogen), and providing organic matter, a major source of food for aquatic plants and animals. 

Riparian vegetation also buffers freshwater ecosystems from disturbances in the catchment 
and promotes recovery afterwards, helping to maintain biodiversity. Riparian zones provide 
habitat for terrestrial species and are areas of refuge during drought. In cleared catchments 
riparian vegetation is often the only native vegetation remaining making them vital wildlife 
corridors. Many riparian species, particularly those on floodplains such as River Red Gum 
forests, require regular flooding for regeneration. Changes to flow regimes have significantly 
reduced the flooding of such areas, leading to a decline in floodplain vegetation health.

Some of the other significant pressures on aquatic fauna are:

 •  Inputs of sediment, salt and nutrients, and a broad range of toxic substances such  
as pesticides.

 •  Water released from dams to supply irrigation and other industries does not mimic natural 
seasonal flows and can be much colder than receiving waters. This interferes with the 
lifecycles of aquatic species, including the breeding cycles of fish. Water temperature 
depression from dam releases is known to occur at up to 49 dams across Victoria.2

 •  Introduced species and translocated native species that place pressure on native aquatic fauna 
through predation, competition, aggressive behaviour, disease and habitat modification.

 •  Fishing can impact on species already affected by other pressures, particularly unregulated 
recreational fishing.

 •  Bushfires have important implications for river health and water quality because of their 
impacts on vegetation cover and soil structure. Fire can remove riparian vegetation, 
affecting the availability of food resources. Large sediment and ash slugs can be deposited 
in rivers when rain follows a bushfire, dramatically reducing water quality and smothering 
habitat. In addition, forest regrowth following bushfire increases the uptake of water and 
can have a significant impact on streamflow.

Climate change
Climate change will exacerbate the impacts of many pressures on aquatic fauna. Reduced 
rainfall and increased evapotranspiration are likely to increase the frequency and severity of 
drought, and permanently reduce the availability of water for freshwater systems. 

Under climate change, streamflow is projected to decrease by up to 50% across much of Victoria 
by 2070.3 Decreases in the frequency of flooding will have severe consequences for floodplain 
ecosystems and the projected reduction in snow cover (see Part A: 1 Climate Change and Air 
Quality) has significant consequences for alpine and downstream inland waters in Victoria.

A warmer climate will lead to higher water temperatures, affecting the distribution of many 
aquatic species. Increased temperatures also have water quality implications through reduced 
concentrations in dissolved oxygen and potential increase in algal blooms. Increased bushfires 
will also impact on water quality and riparian vegetation.

The impacts of climate change on inland waters is discussed in Foundation Paper One: Climate 
Change Victoria: The Science, Our People, and Our State of Play.4
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MAIN fINDINGS
Condition of freshwater aquatic ecosystems
 •  Results from the Index of Stream Condition 2010 (ISC) show that 23% of major rivers and 

tributaries in Victoria were in good or excellent condition, 43% were in moderate condition 
and 32% were in poor to very poor condition.

 •  Almost half the basins in Victoria have less than 10% of major rivers and tributaries in 
good or excellent condition. These are mainly in the mid-west of Victoria and have been 
extensively cleared for agriculture. The basins in the east of the state had more river length 
in good or excellent condition compared with basins in the west.

 •  There was no substantial difference between the 2004 and 2010 ISC results. This was 
despite data for the ISC 2010 being collected during the Millennium Drought. This result 
shows that rivers in good or excellent condition are likely to be resilient to prolonged 
periods of drought.

 •  Results for riparian vegetation show that 21 of 29 river basins had less than 50% of their 
assessed river length with riparian vegetation in good condition. Basins in the east of the 
state were in generally in better condition than those in the west due to extensive clearing 
for agriculture.

 •  Since European settlement, 23% of natural wetlands have been lost, reducing Victoria’s 
wetland area by an estimated 200,000 hectares, over a quarter of the pre-existing area. 
Expert opinion suggests that the extent of wetlands is declining further.

 •  Only 56% of Victoria’s high-value wetlands were assessed as being in good or excellent 
condition and 14% were in poor or very poor condition. For non-high-value wetlands, 51% 
were assessed as being good or excellent condition and 26% in poor or very poor condition.

 •  The condition of wetlands was poorer on private land. This is because threat sources were 
up to 10 times more prevalent at wetlands on private land.

Freshwater biodiversity
 •  As at 2013, three species of fish were regionally extinct. A further 20 aquatic fauna species 

were critically endangered, 17 endangered, 26 vulnerable, and seven near threatened.

 •  Fish and amphibian species make up the majority of critically endangered and endangered 
aquatic species. 43% of amphibians and 55% of freshwater fish are threatened in Victoria.

 •  Between 2007 and 2013, nine inland aquatic vertebrate species declined in status and 
four species were added to the Advisory List because of decreasing populations. Only five 
species improved their threatened status.

 •  Native fish communities are being affected by a range of pressures. For the majority of 
river basins, consistently lower numbers of native species were found compared to those 
predicted to be present.

 •  Alien fish species are common in many Victorian streams. Alien fish were found in all 
but one river basin (Millicent Coast) and accounted for 10% or higher of the total fish 
abundance in all but four river basins, and over 50% in the Campaspe, Maribrynong and 
Kiewa river basins.

 •  In 20 of Victoria’s river basins, alien fish accounted for 60% of the total fish biomass, and for 
over 90% of the total biomass in seven river basins. This has significant implications for native 
fish communities, particularly with regard to competition for food and habitat resources.
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 •  The significant presence of non-native fish species in Victorian rivers indicates that 
modified landscapes and river systems have created favourable conditions for alien 
species to thrive.

 •  To increase the population of native fish, stocking has more than doubled since 2008, with 
over 2 million fingerlings released annually from 2011. The vast majority of stocked fish 
were Murray cod and golden perch.

 •  Assessments of macroinvertebrate community health from spring 2009 to autumn 2012 
show that western catchments, including Hopkins, Wimmera, Avoca and Loddon, are 
generally in poor health. Eastern catchments show improved health, with the exception 
of the Broken and Kiewa catchments. The Werribee and Maribyrnong catchments have 
continued to see a decline in the health of macroinvertebrate communities. This is likely  
to be because of increases in urban development.

 •  Statewide information on the number and distribution of introduced aquatic species remains 
poor and has not been updated since the 2008 Victorian State of the Environment report.

Condition of flow regimes
 •  The drought conditions between 1996 and 2010 severely reduced Victoria’s river flows 

across many catchments, particularly in central and western Victoria. Many catchments 
experienced some of the lowest streamflows on record, with 2006–07 and 2008–09 
volumes only 27% and 32% of the long-term average respectively.

 •  Results from ISC 2010 show that only eight of the 29 river basins had flow regimes in good 
condition for more than 50% of the length assessed. The basins in the east of the state 
generally had more river length in good or excellent condition for flow regimes compared with 
basins in the west. Results also showed that virtually all reaches were adversely affected by 
the Millennium Drought and that the south-west of Victoria was the most severely affected.

 •  Increases in rainfall since 2010, including the severe flooding over the 2010–11 summer, are 
likely to have improved flow regimes in many areas of Victoria.

 •  Between 2005–06 and 2009–10 (during the drought period), over 25% of Victoria’s 
river basins had more than three-quarters of their annual streamflow harvested for 
consumption, and over 40% had more than half their streamflow harvested. The most 
impacted river basins were the Avoca, Werribee, Loddon, Moorabool, Campaspe, 
Wimmera and Goulburn.

 •  After significant increases in rainfall and widespread flooding in 2010–11, less than half of 
the annual streamflow was harvested for all river basins.

 •  In many rivers and aquifers the current Environmental Water Reserve (EWR) is inadequate 
and vulnerable, placing environmental values at risk.

 •  The EWR available between 2006–07 and 2009–10 was affected by drought conditions. 
However, less than 50% of available water was used over this period, with only 22% 
used in 2006–07. During times of low river flow, the water allocation system reduces 
environmental flows more than it reduces water for consumptive uses. This has severe 
consequences for aquatic systems which receive lower amounts of water during times of 
increased need.

 •  With greater river flows in 2010–11, the EWR available increased five-fold, and almost 70% 
of the available water was used for environmental purposes.
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Surface water quality
 •  The Commissioner for Environmental Sustainability was unable to obtain a comprehensive 

statewide assessment of water quality for Victoria. Consequently, it is not possible to 
report on water quality trends since the previous State of the Environment report, including 
whether water quality objectives are being met.

Groundwater
 •  There remain critical gaps in our understanding of the condition of Victoria’s groundwater 

resources. An investigation by the Victorian Auditor-General’s Office was unable to 
determine if groundwater use in Victoria is sustainable.

 •  There is no statewide information on long-term changes in groundwater salinity or the 
statewide occurrence of groundwater contamination.

 •  For shallow aquifers, groundwater levels declined from the late 1990s to 2010 due to a 
combination of increased groundwater use and reduced recharge both from surface water 
irrigation and rainfall. Since 2011, groundwater levels across Victoria have generally risen or 
remained stable in response to increased rainfall.

 •  For deep aquifers, long-term declines have continued in Gippsland associated with the 
Latrobe Valley coal mines and offshore oil and gas extraction. In other areas, restrictions 
on use and a return to wetter conditions have led to stable or rising groundwater levels.
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Indicator Summary 

Indicator Summary Status and trends Data 
quality

Good Fair Poor Unknown

IW1 
Condition of 
freshwater aquatic 
ecosystems

Assessments of river health carried out for the Index of Stream 
Condition 2010 shows that only 23% of major rivers and tributaries in 
Victoria were in good or excellent condition, 43% were in moderate 
condition and 32% were in poor to very poor condition. Almost 
half the basins in Victoria have less than 10% of major rivers and 
tributaries in good or excellent condition. The basins in the east of the 
State had more river length in good or excellent condition compared 
with basins in the west. Just over half of Victoria’s wetlands are in 
good condition, the extent of wetlands is also declining. 

IW2
Freshwater 
biodiversity

Continued decline in freshwater biodiversity with many species listed 
as threatened. Between 2007 and 2013, nine inland aquatic vertebrate 
species declined in status and four species were added to the Advisory 
List because of decreasing populations. Only five species improved 
their threatened status. Native fish populations are under pressure, with 
alien species common in many rivers. Waterbirds are showing a long-
term decline across eastern Australia. Macroinvertebrate community 
health remains poor in western catchments. 

IW3
Condition of 
flow regimes of 
major rivers and 
tributaries

Drought conditions between 1996 and 2010 severely reduced Victoria’s 
river flows across many catchments. Results from ISC 2010 show that 
only 8 of the 29 river basins had flow regimes in good condition for more 
than 50% of the length assessed. The basins in the east of the State 
generally had more river length in good or excellent condition for flow 
regimes compared with basins in the west. Results also showed that 
virtually all reaches were adversely affected by the Millennium drought 
and that the south-west of Victoria was the most severely affected. Many 
river basins continue to have large volumes extracted for consumption, 
particularly during drought periods. The current Environmental Water 
Reserve is inadequate to maintain the ecosystem health of many inland 
waters and is further reduced during drought periods. 

IW4
Water quality

The Commissioner for Environmental Sustainability was unable to 
obtain a comprehensive statewide assessment of water quality for 
Victoria. Consequently, it is not possible to report on water quality 
trends, including whether water quality objectives are being met. 
Previous statewide assessments have shown that water quality is 
generally poor in much of Victoria, particularly in Victoria’s lowlands 
and in the west of the state.

? *? *

IW5
Groundwater 
levels and quality

There remain critical gaps in our understanding of the condition 
of Victoria’s groundwater resources, including its sustainable use. 
Groundwater levels declined in many areas during the drought but 
some have recovered with increased rainfall from 2010. However, 
long-term declines have continued in Gippsland associated with the 
Latrobe Valley coal mines and offshore oil and gas extraction.

??

INDICATOr ASSESSMENT

Status

Trends

Indicator Assessment Legend 

Deteriorating Improving Stable Unclear?

Data QualityEnvironmental condition is healthy across Victoria, OR pressure likely to have negligible 
impact on environmental condition and/or human health.

Environmental condition is neither positive or negative and may be variable across Victoria, 
OR pressure likely to have limited impact on environmental condition and/or human health.

Environmental condition is under significant stress, OR pressure likely to have significant 
impact on environmental condition and/or human health. 

Data is insufficient to make an assessment of status and trends.

UnknownFairGood Poor
Adequate high-quality evidence 
and high level of consensus

Limited evidence or
limited consensus

Evidence and consensus too 
low to make an assessment

Good

Fair

Poor

NA Assessments of status, trends and data quality are not appropriate for the indicator.

Note: 
*  Although water quality monitoring is considered to be good across Victoria, the lack of statewide assessment means that trends cannot 

be determined. Consequently, data confidence is rated as poor for water quality.
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Indicator IW1: Condition of Freshwater Aquatic Ecosystems
The condition of freshwater aquatic ecosystems is dependent on a range of factors, including 
surrounding land-use types and their impacts, the level of native vegetation clearing (particularly 
riparian), physical modification of river and wetland systems, and the availability of water 
(influenced by rainfall and the presence of dams and other structures).

Victoria’s highly modified landscapes and aquatic habitats, combined with 

high levels of water regulation and extraction, have put enormous pressure on 

aquatic ecosystems.

River health
The most comprehensive condition assessments for freshwater aquatic ecosystems are 
available for major rivers and streams, which are assessed using the Index of Stream Condition 
(ISC).5 The ISC assesses five key aspects of river health: hydrology (amount, timing and 
duration of flow), water quality, streamside zone (riparian vegetation), physical form (bank 
condition and in-stream habitat) and aquatic life.

Three ISC assessments (1999, 2004 and 2010) have been conducted to date. The results 
from the ISC 2010 for overall condition and riparian vegetation are discussed below. For the 
condition of flow regimes see Indicator IW3: Condition of Flow Regimes of Major Rivers and 
Tributaries. Direct comparisons between the 2004 and 2010 results are not possible due 
to changes in methodology. For example, the ISC 2010 has incorporated remote sensing 
technologies to provide a more accurate and extensive assessment of the condition of riparian 
vegetation, river banks and in-stream habitat. However, general comparisons of overall river 
health can be made.

The 2010 ISC assessed approximately 29,000 kilometres of Victoria’s rivers and streams. 
Results show that 23% of major rivers and tributaries in Victoria were in good or excellent 
condition, 43% were in moderate condition and 32% were in poor to very poor condition 
(Figure A.3.1).

The results from the 2010 are very similar to those in 2004. For rivers and streams that were in 
good or excellent condition, there was no substantial difference between the 2004 and 2010 
results, despite the fact that data for the ISC 2010 was collected over six years that coincided 
with the severe Millennium Drought (1997–2009). It is likely that rivers and streams that are 
in good or excellent condition are fairly resilient and able to withstand prolonged periods of 
drought. However, results also showed it is likely that the impacts of bushfires are continuing 
to influence river condition. Large fires such as the 2003 Great Divide fire, 2006 Grampians 
fire, 2007 Victorian Alps fire and the 2009 Black Saturday fires can impact on river health by 
removing vegetation and degrading water quality.
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Management activities such as fencing, revegetation, weed control and the 

release of environmental flows have played an important role in maintaining and 

improving river condition.

These activities are likely to have improved river resilience during the long drought period, 
and will further improve resilience in the future. Many of the changes, as a result of these 
management activities, are not yet obvious in the ISC results. The improvements due to 
management works and increased environmental flows will take a number of years to detect 
and be reflected ISC results.

Figure A.3.1: Overall condition of river  
reaches (percentage of river reach length  
assessed), 2010 Index of Stream Condition

Source: DEpI.

The basins in the east of the state had more river length in good or excellent condition 
compared with basins in the west (Figure A.3.2 and Figure A.3.3). Three basins had at least 
70% of their river length in good or excellent condition and include the East Gippsland, Snowy 
and Mitchell basins. These basins are largely inside National Parks. Another three basins 
(Tambo, Thomson and the Upper Murray) had at least 50% of their river length in good or 
excellent condition. Another two basins (Latrobe and Otway) have one-third of their river length 
in good or excellent condition.

Fourteen basins, almost half the basins in Victoria, have less than 10% of major 

rivers and tributaries in good or excellent condition. These represent a broad 

band of basins in the mid-west of Victoria. Typically these basins have been 

extensively cleared for agriculture.

It should be noted that stream condition within river basins can be variable. For example, the 
upper reaches or the Thomson are in good condition, whereas the lower reaches have been 
highly modified and are in poorer condition.
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Figure A.3.2: Percentage river length in good or excellent condition, 2010 Index of 
stream condition

Source: DEpI.
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Figure A.3.3: Condition of river reaches in Victorian basins, 2010 Index of Stream 
Condition

Source: DEpI.
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Riparian vegetation
The condition of riparian vegetation was assessed for the 2010 ISC.5 Results showed that 21 of 
29 river basins had less than 50% of their assessed river length, with riparian vegetation in good 
condition (Figure A.3.4). River basins with riparian vegetation in the poorest condition were the 
Hopkins, Corangamite and Portland basins. The basins in the east of the state had more river 
length, with riparian vegetation in good or excellent condition, compared with basins in the 
west. Again this is mainly because of extensive clearing for agriculture in the west of the state.

Figure A.3.4: Condition of streamside zone (riparian vegetation) in Victorian basins, 
2010 Index of Stream Condition

Source: DEpI.
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sediments. They are also important areas for terrestrial and aquatic biodiversity.

Victoria’s wetlands can be broadly classed as shallow and temporary or deep and more 
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Extent

There are more than 12,800 natural wetlands in Victoria, with a total area of more than  
530,000 ha (Figure A.3.5 and Figure A.3.6). The majority of these (72%) are on private land, 
including 81% of shallow freshwater wetlands. There also at least 3,000 artificial wetlands, 
including farm dams, reservoirs, sewage treatment ponds and saltworks.6

Since European settlement, almost 4,000, or 23%, of natural wetlands have been lost, reducing 
Victoria’s wetland area by an estimated 200,000 ha – over a quarter of the pre-existing area.6 
Some 90% of wetlands lost were on private land.

This assessment of change in wetland extent is mainly based on 1994 data. Wetland extent 
has not been assessed on a statewide basis since. However, expert opinion suggests that the 
extent of wetlands is declining.7

 

Figure A.3.5: Wetland Inventory Update Project, 2012

Source: DEpI.
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Figure A.3.6: Broad wetland types in Victoria, with their land tenure and loss since 
European settlement6
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Condition

Wetland health is determined using the Index of Wetland Condition (IWC), the first statewide 
assessment of wetland condition in Victoria.6 The IWC uses the following six sub-indices that 
affect the health of wetlands:

 •  wetland catchment (land-use intensity and buffer characteristics e.g. native vegetation)

 •  physical form (reduction in wetland area and changes in depth profile)

 •  hydrology (wetland water regime)

 •  water properties (nutrient enrichment activities and change in salinity)

 •  soils (amount and severity of wetland soil disturbance)

 •  biota (vegetation diversity, structure and health, weed presence)

Results are based on two survey periods. The first between spring 2009 and autumn 2010 
following a period of extended drought. This assessment focused on 587 high-value wetlands, 
including 39% of those listed under the Ramsar Convention, Directory of Important Wetlands 
in Australia and high-value wetlands in the Wimmera region. The second assessment was 
made between spring 2010 and autumn 2011 after a period of widespread and severe flooding. 
This assessment focused on 240 representative wetlands selected to represent the range of 
Victorian wetland types.

Because this is the first assessment undertaken for the IWC, it is not possible to provide trends 
in wetland condition over time. However, this assessment will provide a baseline for future 
surveys with the next condition assessment planned for 2017–18.

Overall wetland condition
For high-value wetlands, 56% were assessed as being in good or excellent condition, 30% in 
moderate condition and 14% in poor or very poor condition (Figure A.3.7). The high percentage 
of wetlands in excellent or good condition despite the long period of drought may reflect the 
resilience of these wetlands, the effectiveness of management interventions, or both.

For representative wetlands, 51% were assessed as being good or excellent condition, 24%  
in moderate condition, and 26% in poor or very poor condition. The higher number of wetlands 
in poor and very poor condition is most likely because threats are less prevalent or more 
effectively managed at the high-value wetlands.

The condition of both high-value and representative wetlands was better on public land  
(Figure A.3.8). This is again likely to be the result of less prevalent threats on public land.
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Figure A.3.7: Condition of wetlands in Victoria as assessed by the Index of Wetland 
Condition

Source: DEpI.

Figure A.3.8: Condition of wetlands in Victoria as assessed by the Index of Wetland 
Condition, by land tenure

Source: DEpI.
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Threats to wetland condition
Over half the wetlands assessed were subjected to at least one threat. With the exception 
of altered hydrology, threats were more prevalent at representative wetlands than at high-
value wetlands (Figure A.3.9). The most prevalent threat sources at high-value wetlands were 
livestock grazing, driving of vehicles on the wetland, and excavation of the wetland bed. For the 
representative wetlands the most prevalent were water pollution, livestock grazing, pugging by 
livestock and feral animals, excavation of the wetland bed, alteration of the flow regime of the 
water source, and alteration of the topography (e.g. levelling). Threat sources were up to 10 
times more prevalent at wetlands on private land than for wetlands on public land.

Other findings include:

 •  Many of Victoria’s high-value wetlands retain their original area and form, their soils are 
relatively unmodified and there is no change to salinity levels.

 •  Nearly half of high-value wetlands have altered water regimes, with a third substantially modified. 
This is largely due to the number of river-fed high-value wetlands affected by river regulation. 
Fewer representative wetlands had very poor hydrology compared to high-value wetlands.

 •  Wetlands fed by groundwater and local runoff were more likely to be in better condition 
than those fed by rivers.

 •  The condition of wetlands with no water present was significantly poorer than those that 
contained some water with the condition of wetland vegetation affected by the dry conditions.

 •  Over two-thirds of wetlands contain vegetation in ‘moderate’ to ‘very poor’ condition. 
This is likely due to changes in water regimes, grazing by livestock, cropping and weed 
invasion, exacerbated by long-term drought.

 •  At the representative wetlands, a larger proportion of seasonal wetlands were in poor 
condition, compared to permanent wetlands. Seasonal wetlands are more likely to be 
exposed to threats because they are more accessible and subject to activities such as 
grazing and cultivation.

Figure A.3.9: Percentage of wetlands affected by threat category, as assessed by the 
Index of Wetland Condition

Source: DEpI.
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Indicator IW2: Freshwater biodiversity
This indicator reports the status of aquatic fauna reliant on inland waters. It should be noted that 
many species of fish and waterbirds depend on a range of freshwater, estuarine and marine 
habitats. The status of such species can be affected by impacts on any of these habitats. Estuarine, 
coastal and marine fauna are reported in Part A: 4 Marine and Coastal Environments. The overall 
status of biodiversity, including threatened species, is reported in Part A: 2 Biodiversity and Land.

Freshwater fauna contribute significantly to Victoria’s biodiversity, and are integral 

components of freshwater ecosystems. 

Victoria’s freshwater systems support two species of freshwater mammals (the platypus 
(Ornithorhynchus anatinus) and water rat (Hydromys chrysogaster), over 100 species of 
waterbirds, 33 species of amphibians, 46 species of freshwater fish, and several reptiles. There 
are also an undetermined number of invertebrate species, including insects such as dragonflies 
and stoneflies, crustaceans such as crayfish and shrimp, molluscs such as snails, and worms.

The other issues covered in this chapter of the report – condition of aquatic ecosystems, 
introduced species, flow regimes, water quality, and groundwater – can all impact on aquatic 
fauna. For example, declining water quality is listed as a threatening process for 35 native species 
(see Part A: 2 Biodiversity and Land). Declines in native aquatic fauna can result in the reduced 
survival and diversity of species, and degraded ecosystem function and ecosystem services.

Conservation status of inland aquatic species
The Department of Environment and Primary Industries (DEPI) maintains threatened species 
Advisory Lists, which document the threat status for various species.8 Information about the 
Advisory Lists are provided in Part A: 2 Biodiversity and Land.

As at 2013, three species of inland aquatic vertebrate fauna were regionally extinct, 20 species 
were critically endangered, 17 endangered, 26 vulnerable, and seven near threatened. Data 
was found to be deficient for four species (Figure A.3.10). All of the regionally extinct species 
are native fish – Agassiz’s chanda perch (Ambassis agassizii), freshwater herring (Potamalosa 
richmondia) and southern purple spotted gudgeon (Mogurnda adspersa).

Fish were the most listed of the inland aquatic fauna groups, with 33 species currently 
threatened. In addition, 25 species of birds and 18 amphibian species were also listed as 
threatened. Fish and amphibian species make up the majority of critically endangered and 
endangered species. These groups have a considerable proportion of their extant species 
threatened in Victoria (includes regionally extinct, critically endangered, endangered and 
vulnerable categories), with 43% of amphibians and 55% of freshwater fish listed.7

Between 2007 and 2013, nine inland aquatic vertebrate species declined in 

status and four species were added to the Advisory List because of decreasing 

populations. Only five species improved their threatened status.

The Advisory List for threatened invertebrate fauna contains many freshwater species, including 
critically endangered crustaceans, molluscs and insects.9 The number of invertebrate species 
in Victorian freshwater systems is unknown, but it is estimated to greatly exceed the diversity of 
vertebrate fauna. Consequently, the knowledge of conservation status also remains poor, and 
the current number of threatened species is likely to be vastly under-reported.
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Figure A.3.10: Number of Victorian inland aquatic vertebrate species listed on the 
Advisory List of Threatened Vertebrate Fauna in Victoria, 2013

Source: DEPI.

Distribution and abundance of native fish
There is general consensus that many native freshwater fish have a reduced distribution and 
abundance, compared to before European settlement. In the Murray–Darling Basin, it is estimated 
that only 10% of fish communities remain, and these are in danger of further decline.10

Extraction of water, regulation of flow regimes, poor water quality, and alteration of habitat 
are primary causes of decreasing native fish populations. Structures such as dams, weirs 
and levees exclude migratory fish such as Murray cod and golden perch from their spawning 
grounds and prevent recolonisation when conditions improve after drought. Other pressures 
on native fish include introduced species and recreational fishing, particularly unregulated 
(unlicensed) fishing. Commercial fishing for native fish species, including Murray cod, golden 
perch and silver perch, is now banned in Victoria’s inland waters except for some estuaries.

Since European settlement, several exotic species of fish have adversely affected 

native fish populations. Humans have played a major role in the dispersal of 

exotic freshwater species in Victoria for recreational fishing, ornamental purposes 

and biological control, while translocation of native species has been used for 

aquaculture and to enhance recreational fishing.

Introduced species and translocated native species place pressure on native aquatic fauna 
through predation, competition, aggressive behaviour, disease and habitat modification. 
In addition, cleared land, poor water quality and modified hydrology associated with major 
water storages are known to favour some alien species. Introduced fish include rainbow trout 
(Oncorhynchus mykiss) and brown trout (Salmo trutta), which favour cool upland streams and 
lakes, and were stocked for recreational purposes. Most trout are now only stocked in ‘closed 
systems’ for recreational fishing. Carp, oriental weatherloach (Misgurnus anguillicaudatus), 
gambusia, goldfish (Carassius auratus) and redfin perch (Perca fluviatilus) are other significant 
exotic species that prefer slow-flowing or still water.
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The impact of introduced species can be significant. For example, the aggressive gambusia 
has been implicated in the decline of at least nine species of fish and the decline of more than 
10 frog species in Australia; carp may alter zooplankton levels, increase turbidity and bank 
instability, and even increase the risk of algal blooms; and the distribution and abundance of 
native galaxiid species in south-eastern Australia, has been seriously reduced wherever brown 
trout and rainbow trout have been introduced.11

Native fish in Victorian inland waters
Between 2004–05 and 2010–11, native fish surveys were undertaken in 29 Victorian river basins as 
part of the Sustainable Rivers Audit and Southern Basins Project.12 A total of 73,164 fish were collected, 
51,462 (70%) of which were native representing 39 species. Ten species of alien fish were recorded.

In nine of the river basins, only half or less of the number of predicted native species were found 
(Figure A.3.11). Only seven river basins had two-thirds or more of predicted native species. For 
the majority of river basins, consistently lower numbers of native species were found compared to 
those predicted to be present under reference conditions (unmodified rivers of high quality). This 
indicates that native fish communities are being affected by a range of pressures in these areas.

 

Figure A.3.11: Percentage of predicted native fish species found in Victorian river 
basins between 2004–05 and 2010–11

Source: DEpI.
Note: Predicted species are those expected to be captured under reference condition in each river basin. 
Urbanised sections of the Yarra and Maribyrnong basins were not assessed, which potentially lowered the 
number of species captured in these catchments.
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Although the surveys found that native fish accounted for the majority of the species present in 
rivers, and were more abundant, it is clear that alien and introduced native species are common 
in many Victorian streams (Figure A.3.12 and Figure A.3.13). Alien fish were found in all but 
one river basin (Millicent Coast) and accounted for 10% or higher of the total fish abundance 
in all but four river basins, 25% or higher in 13 river basins, and over 50% in the Campaspe, 
Maribrynong and Kiewa river basins.

Figure A.3.12: Number of native, introduced native and alien fish species found in 
Victorian river basins between 2004–05 and 2010–11

Source: DEpI.
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Figure A.3.13: Abundance of native and alien fish species found in Victorian river 
basins between 2004–05 and 2010–11, percentage of total numbers collected

Source: DEpI.

Despite the higher abundances of native fish species, the biomass (a measurement of the 
relative size of species) of alien species is far greater (Figure A.3.14). Alien fish accounted for 
60% of the total fish biomass in 20 of Victoria’s river basins, and over 90% of the total biomass 
in seven river basins. Only nine of the 29 river basins had a native fish biomass greater than 
alien species. This is mainly due to the size of introduced fish such as carp, rainbow trout and 
brown trout, which are often much larger than native species. The greater biomass of alien 
species has significant implications for native fish communities, particularly with regard to 
competition for food and habitat resources.

The significant presence of non-native fish species in Victorian rivers indicates that modified 
landscapes and river systems have created favourable conditions for alien species to thrive.
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Figure A.3.14: Biomass of native and alien fish species found in Victorian river basins 
between 2004–05 and 2010–11, percentage of total biomass collected

Source: DEpI.

Fish stocking
Since 1988, the Victorian Government has augmented the populations of some native fish species 
through the stocking of fingerlings. The purpose of stocking is to support recreational fishing and 
maintain native fish populations. However, stocking is also important for conservation purposes 
with trout cod (critically endangered), Macquarie perch (endangered), Murray cod and silver perch 
(vulnerable), and golden perch (near threatened) all listed as threatened species in Victoria.8

Murray cod, golden perch, silver perch and trout cod are native to the Murray–Darling Basin 
and stocked into inland waters north of the Divide. Selected lakes south of the Divide are 
stocked with Australian bass, Macquarie perch, trout cod and estuary perch. Introduced 
salmonids such as brown trout, rainbow trout and salmon are also stocked to inland waters for 
recreational fishing, but most are released into lakes and impoundments.

The stocking of native fish has more than doubled since 2008, with over 2 million 

fingerlings released annually from 2011 (Figure A.3.15). The vast majority of 

stocked fish were Murray cod and golden perch, which accounted for over 90% 

of the total released. 
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While restocking programs contribute significant numbers of juvenile fish, the proportion 
of overall fish populations resulting from restocking has not been ascertained in Victoria. 
In addition, the loss of large, mature fish due from recreational fishing, degraded aquatic 
ecosystems, and significant pollution or drought events are not easily replaced by restocking 
programs, despite the large numbers of fingerlings released.

Figure A.3.15: Number of native fish species stocked to inland waters

Source: DEpI.

Distribution and abundance of waterbirds
Victorian inland waters provide critical habitat for indigenous and migratory waterbirds. 
Waterbird communities depend on a range of aquatic organisms for food and can provide an 
indication of changes to inland water biodiversity, as well as ecosystem health. The abundance 
and distribution of species can be indicative of the condition of individual species as well as 
waterbird species collectively. However, the high mobility of waterbirds makes population 
estimates difficult. Periods of lower rainfall can concentrate waterbirds in remaining wetlands 
and drought refuges, whereas increased rainfall can result in widely dispersed populations 
taking advantage of newly available habitat.

Populations of waterbirds are thought to be declining in parts of Australia. Surveys for eastern 
Australia over a 27-year period from 1983 to 2009 found that, while numbers are variable, 
generally corresponding to periods of flooding and drying, long-term declines in both the 
number of waterbirds breeding and the number of breeding species was evident.13 Declines are 
in part due to river regulation reducing the extent of wetlands across eastern Australia.

Condition of macroinvertebrate communities of major rivers and tributaries
Freshwater macroinvertebrates are a diverse group of insects, crustaceans and molluscs, 
including snails, yabbies, water boatmen, dragonflies, stoneflies and worms. They are relatively 
sedentary, spend at least part of their life in aquatic ecosystems, and are critical to aquatic 
ecosystem health. Because of their sensitivity to a range of pressures, macroinvertebrates 
are routinely used as indicators of the condition of freshwater systems and their surrounding 
catchments. Land-use change, aquatic and riparian habitat modification, water pollution, and 
river regulation all impact on macroinvertebrate community health.
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The Victorian EPA undertakes macroinvertebrate surveys, results of which are used in the Index 
of Stream Condition (see Indicator IW1: Condition of Freshwater Aquatic Ecosystems). Figure 
A.3.16 shows results from combined season sampling from spring 2009 to autumn 2012 for 
each Victorian catchment. Only catchments that contained four or more combined season 
samples in the period are shown. Macroinvertebrate community health is shown using Aquatic 
Life Scores (ALS); the higher the score, the healthier the community (scores are based on the 
presence of macroinvertebrate families and their sensitivity to pollutants).

The sampling period encompasses the final year a significant drought period in Victoria, and 
two above-average rainfall years (see Part A: 1 Climate Change and Air Quality). Results 
highlight an east-to-west gradient for macroinvertebrate health. Western Victoria is typically 
arid with lower streamflows, and has higher levels of native vegetation clearing and agriculture 
compared to catchments on the eastern side of the state. The western Hopkins, Wimmera, 
Avoca, and Loddon catchments are generally in poor health. Eastern catchments show 
improved health, with the exception of the Broken and Kiewa catchments. This may be related 
to increases in rainfall and streamflows.

The increase in rainfall since 2010 appears to have been disproportionately beneficial to the 
eastern catchments. This can be attributed to the better macroinvertebrate community health 
during the long drought period. In contrast, the health of macroinvertebrate communities was 
much poorer in the west and will take longer to respond to rainfall increases.

The slightly poorer health of the Broken catchment is not only because of drought impacts, but also 
because of significant flooding in 2010 and 2011 which impacted on water quality and in-stream 
habitat. The Werribee and Maribyrnong catchments have continued to see a decline in the health of 
macroinvertebrate communities, this is likely to be because of increases in urban development.

Figure A.3.16: Combined season (spring and autumn) macroinvertebrate Aquatic Life 
Score for Victorian catchments, spring 2009 to autumn 2012

Source: EpA.
Note: Data is for combined season sampling from spring 2009 to autumn 2012. Only catchments that contained 
four or more combined season samples in the period are shown. Macroinvertebrate community health is shown 
using Aquatic Life Scores (ALS); the higher the score, the healthier the community.
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Introduced aquatic plants and animals
Background information on introduced plants and animals is provided in Part A: 2 Biodiversity 
and Land.

Aquatic ecosystem health is impacted by a range of introduced species, including fish and 
aquatic weeds. Aquatic weeds can dominate inland waters, degrading ecosystem health 
and threatening native species, and impacting on irrigation suitability and recreational values. 
Aquatic weeds can cover a water body in a short period of time, restricting the flow of water 
and substantially altering the flow regime of rivers. Weeds can also threaten biodiversity by out-
competing native species, altering habitat and reducing sunlight penetration. Large amounts 
of aquatic weeds can also reduce the dissolved oxygen concentration of water through the 
bacterial breakdown of decaying plant matter.

Aquatic weeds are a serious problem for water authorities and irrigators when 

channels and drains become infested. For example, the spread of the aquatic 

weed Arrowhead cost Goulburn–Murray Water alone in excess of $1 million per 

year in control and eradication activities.2 The extremely high costs associated 

with weed and pest control also compromise the delivery of other resource 

management activities by competing for available funding.

Terrestrial weeds that inhabit riparian zones and floodplains also impact on aquatic ecosystems. 
Weeds also degrade the quality of riparian vegetation by strangling native plants, out-competing 
native species and altering ground conditions, preventing the regeneration of native species 
and reducing biodiversity.

Statewide information on the number and distribution of introduced aquatic species remains 
poor and has not been updated since the 2008 Victorian State of the Environment report.  
Main findings included:

 •  Arrowhead (Sagittaria graminea) is a serious problem in the waterways of Northern Victoria.

 •  Presence of weeds is also an important indicator of the health of riparian vegetation. 
Common riparian weeds include willow (Salix spp.), blackberry (Rubus fruticosis 
aggregate), phalaris (Phalaris aquatica), rye grass (Lolium spp.) and thistles. Both willow 
and blackberry are now recognised as weeds of national significance.

 •  Tree and shrub weeds such as willow and blackberry have a more detrimental impact than 
groundcover weeds.

 •  Watercourses dominated by willows exhibit reductions in numbers and diversity of 
invertebrates, fish and native plants.

 •  While extensive areas of willow in the upper catchment of the Snowy River have recently 
been removed, the extent and distribution of willow in Victoria has not been fully mapped.
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Indicator IW3: Condition of Flow Regimes of Major Rivers and Tributaries
This indicator assesses the condition of flow regimes with regard to environmental health. 
Information on the use of water resources is discussed in Part A: 5 Human Settlements.

A flow regime is a specific combination of the timing, size and duration of river flow events.  
It is a key driver of river and floodplain wetland ecosystems. Each river has its own flow 
regime, which influences river morphology, biodiversity, and the processes that sustain aquatic 
ecosystems. Aquatic plant and animal species have evolved life histories directly in response to 
the natural flow regimes.

Streamflow in Victoria is highly variable, with most basins receiving only a fraction 

of their average flow in most years. The generally dry conditions are punctuated 

by wet years with flows well in excess of the average, which replenish storages 

and river systems.

Modification of natural flow regimes may affect biodiversity, alter riverine habitat, and facilitate 
the invasion of exotic species. Flow variability and volume underpin many ecosystem processes 
in inland waters, regulating the transport of nutrients, sediment and salt within inland waters 
and onto associated floodplains. Changes to flow variability and volume, combined with altered 
land-use practices, have resulted in many inland waters with modified loads and concentrations 
of natural contaminants such as nutrients.

The presence of dams and other barriers, regulation of flow, extraction of water for consumption, 
channel modification, and changes in land use all impact on flow regimes. These pressures affect 
groundwater and wetlands, as well as rivers. Indirect pressures such as the clearing of vegetation, 
agriculture, groundwater extraction, farm dams, plantation forestry and regrowth following 
bushfires have also altered catchment hydrology. The main pressures on flow regimes include:

 •  Regulation of flow by major storages, weirs and levees. At least one major on-stream 
storage occurs in 65% of Victoria’s river basins (19 out of 29). Storages often result in large 
decreases in flow immediately downstream. For example, there is a 95% reduction in 
flow immediately downstream of the Upper Yarra Dam.14 River regulation can significantly 
reduce the volume of high flows below natural levels, and can also increase the duration of 
low flows, with significant impacts on biodiversity and ecological processes.

 •  In irrigation areas, flow regimes are dictated by the needs of consumers rather than 
environmental requirements, as rivers are used to convey water released from storages. 
Consequently, river regulation reverses the seasonality of natural flows, with large volumes 
of water released for irrigation during the dry season. This is thought to have caused 
significant changes in some Victorian ecological communities, e.g. by diminishing the 
reproductive success of many aquatic species. Water is also released from storages for 
hydro-electricity generation.

 •  Extraction of water for consumption reduces the volume of water available for the 
environment. As competition for water resources has increased, the cumulative impacts 
of water harvesting have become more acute. These pressures have been compounded 
in the past decade by drought conditions that have resulted in streamflows well below the 
long-term average (see Part A: 1 Climate Change and Air Quality). During times of low 
streamflow, the water allocation system reduces environmental flows more than it reduces 
water for consumptive uses.
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 •  Altered catchment hydrology has resulted in changes to runoff and groundwater recharge 
rates. Approximately half of Victoria’s native vegetation has been cleared increasing surface 
water runoff and recharge to groundwater. This has placed pressure on terrestrial systems 
as well as inland waters (see Indicator IW4: Water Quality, Indicator IW5: Groundwater 
Levels and Quality, and Part A: 2 Biodiversity and Land).

 •  The proliferation of farm dams, which number over 350,000 in Victoria, reduces streamflow 
by intercepting runoff.15

 •  Widespread reforestation, through plantation forestry or smaller-scale agroforestry 
activities, can change the hydrology of catchments by intercepting groundwater recharge. 
Young, rapidly growing trees use much more water than mature forest. Fire may also affect 
water availability through its effects on vegetation.

 •  Urbanisation affects streamflow by making it much more variable, reducing low flow rates 
and, after heavy rain, increasing peak flow rates and shortening their duration.

 •  The construction of levee banks to prevent the flooding of land and property can isolate 
the river from the floodplain.

Impact of drought on river flows in Victoria
The drought conditions between 1996 and 2010 (see Part A: 1 Climate Change and Air Quality) 
severely reduced Victoria’s river flows across many catchments, particularly in central and 
western Victoria (Figure A.3.17 and Figure A.3.18). Many catchments experienced some of the 
lowest streamflows on record, with 2006–07 and 2008–09 volumes only 27% and 32% of the 
long-term average respectively. Many environmental water rights across Victoria were used 
during the drought to augment consumptive supply.7 This further reduced the volume of water 
available for aquatic ecosystems.

Figure A.3.17: Streamflow expressed as a percentage of long-term average flow, 
1997–2010 

Source: DEpI.
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Figure A.3.18: Victorian streamflow compared to long-term average

Source: DEpI.

Condition of flow regimes
The condition of flow regimes is reported through the Index of Stream Condition (ISC – see 
Indicator IW1: Condition of Freshwater Aquatic Ecosystems).5 Results from ISC 2010 show that 
only eight of the 29 river basins had flow regimes in good condition for more than 50% of the 
length assessed (Figure A.3.19). The East Gippsland, Mitchell, and Upper Murray basins had flow 
regimes in best the condition. Eleven basins had flow regimes in poor condition for 50% or more 
of their length assessed. The Hopkins, Mallee and Maribyrnong basins had flow regimes in the 
worst condition (highly modified flaws). The basins in the east of the state generally had more river 
length in good or excellent condition for flow regimes compared with basins in the west.

Results also showed that virtually all reaches were adversely affected by the Millennium 
Drought, and that the south-west of Victoria was the most severely affected. Drought had a 
major impact on flow regimes across the entire state, with rivers in the Wimmera, Portland and 
Glenelg basins being the most drought affected in Victoria.

Figure A.3.19: Condition of hydrology (flow regime) in Victorian basins, 2010 Index of 
Stream Condition

Source: DEpI.
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Surface water harvested for consumptive use
The percentage of total streamflow leaving a river basin (i.e. that remaining after water 
extraction) is an indicator of the pressure that consumption exerts in each basin. Water 
consumption reduces the water available to support aquatic ecosystems and increases the 
impact of dry conditions on biodiversity.

Between 2005–06 and 2009–10 (during the drought period), over 25% of Victoria’s river basins 
had more than three-quarters of their annual streamflow harvested for consumption, and over 
40% had more than half their streamflow harvested (Figure A.3.20). In 2006–07 and 2008–09, 
over 50% of river basins had more than half their steamflow harvested. The basins experiencing 
the greatest reduction in streamflow over this time also recorded the highest percentage of water 
harvested. The most impacted were the Avoca, Werribee, Loddon, Moorabool, Campaspe, 
Wimmera and Goulburn river basins. After significant increases in rainfall and widespread flooding 
in 2010–11, less than half of the annual streamflow was harvested for all river basins.

These results show the increased pressure placed on aquatic ecosystems during times of low 
flow when water resources become more scarce. In some river basins, the absence of rainfall 
means that large percentages of available water are extracted to supply domestic, industrial 
and agricultural needs. It is clear that too much water is now being taken out of many of 
Victoria’s rivers, wetlands and aquifers.

Figure A.3.20: Proportion of streamflows leaving Victorian river basins, 2005–06 to 
2010–11

Source: DEpI Water Accounts.
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Environmental flows – delivering the Environmental Water Reserve
Environmental flows are vital in regulated river systems, where water storages and extraction alter 
natural variations in streamflow, including the reduction in the size and frequency of flood events. 
Environmental flows help to maintain aquatic ecosystem health by improving the quality and 
connectivity of in-stream habitat, flooding wetlands and floodplain and riparian vegetation, improving 
water quality and providing conditions required for aquatic fauna life histories (e.g. fish breeding).

The availability of the Victorian Environmental Water Reserve (EWR) and its usage is shown in 
Figure A.3.21. The EWR available between 2006–07 and 2009–10 was affected by drought 
conditions, which saw severely decreased river flows across much of Victoria. However, less 
than 50% of available water was used over this period, with only 22% used in 2006–07. With 
greater river flows in 2010–11, the EWR available increased five-fold, and almost 70% of the 
available water was used for environmental purposes.

During times of low river flow, the water allocation system reduces environmental flows more 
than it reduces water for consumptive uses.2 This has severe consequences for aquatic systems, 
which receive lower amounts of water during times of increased need. In many rivers and aquifers 
the current EWR is inadequate and vulnerable, placing environmental values at risk.

Figure A.3.21: Environmental Water Reserve availability and usage, 2006–07 to 2010–11

Source: DEpI Water Accounts.
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Indicator IW4: Water quality
Water quality is fundamental to the ecosystem services that inland waters provide, such as 
drinking water, cycling of nutrients, maintenance of biodiversity, and recreational and cultural 
opportunities. Poor water quality has serious implications for the ecological health of inland 
waters, biodiversity, and human and livestock health.

Inland waters have long been used as drains for the catchment, degrading the ecosystem services 
provided by high-quality water. As water quality degrades, inland waters can fundamentally change, 
increasing the cost of water treatment, marginalising agricultural activity and reducing the viability of 
other economic and recreational activities that support community wellbeing.

Impacts on water quality
Sources of water quality pollutants can be broadly classified as point (directly from industry 
and treatment plants) or diffuse (runoff from catchments). With significant improvements in the 
regulation of point-source pollution, diffuse sources are now the major cause of water pollution. 
For example, urban stormwater is the most significant source of pollution to Melbourne’s rivers, 
creeks and wetlands.

Water quality is influenced by a range of environmental factors, including land use, flow regimes, 
riparian vegetation and in-stream habitat. Land clearing for agriculture and urbanisation 
has led to major catchment-wide changes, including increased erosion and salinity and the 
increased runoff of a range of pollutants. Agricultural use of chemicals and fertilisers has 
increased concentrations of nitrogen and phosphorus in waterways, as well as concentrations 
of herbicides and pesticides. In-stream pressures on water quality include stock access to 
streams, sedimentation, river regulation and extraction of water, and the impact of invasive 
species such as carp and willow.

Water pollutants

The main water quality issues for Victoria are salinity, turbidity, nitrogen and phosphorus. At 
a statewide and national level, these variables are considered to be the most significant river 
contaminants. However, there are numerous other variables that contribute to water quality, such 
as pH, pesticides, heavy metals and temperature, which may have particular local or regional 
significance. Water quality is also affected by interactions between these components. For 
example, salinity and temperature both affect the saturation concentration of dissolved oxygen.

Salinity

Water salinity is a serious issue for many lowland inland waters throughout Victoria.  
While Victoria has some naturally occurring saline areas, most salinity has been caused  
by the clearing of native vegetation or by excess irrigation (for information on salinity see  
Part A: 2 Biodiversity and Land). The occurrence of land salinity slowed during the recent dry 
period due to lower groundwater tables.16 However, drought conditions can cause water  
salinity problems when high evaporation rates concentrate the salt already in surface waters.

Salinisation presents a direct threat to aquatic ecosystems, particularly groundwater-dependent 
wetlands. While some aquatic species tolerate a range of salt concentrations, changes in salinity 
can kill a wide range of plants and animals. Human settlements are also affected by salinity 
because it accelerates corrosion and can damage infrastructure, such as roads and bridges.  
It also affects soil, plant and livestock health, and can therefore reduce agricultural productivity.
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Turbidity and sedimentation

Many inland waters in Victoria are naturally turbid due to high concentrations of suspended 
sediment. Sediment transport is a natural and important function of inland waters, but 
excessive quantities of sediment are an ecological threat. Erosion is the main cause of turbidity 
and sediment problems in Victorian inland waters.

Turbidity reduces light and consequently the ability of aquatic plants to photosynthesise and 
makes it more difficult for animals to live within the waterway, particularly those that are visual 
predators. At very high levels, suspended sediment can clog and damage fish gills and the 
filter-feeding apparatus of animals such as mussels.

Sediment contaminated with heavy metals, nutrients and toxic organic 

compounds may cause a loss of biodiversity through the direct impact of 

toxicants or indirectly through cyanobacterial blooms. 

Large-scale sediment deposition can bury entire reaches, replace diverse river habitats with 
uniform sand beds, and create shallow flow areas that are subject to greater temperature 
extremes and the risk of invasion by aquatic weeds.

Nutrients

Although nitrogen and phosphorus are essential plant nutrients, elevated concentrations can 
cause excessive plant growth (eutrophication), including toxic algal blooms. Nutrient enrichment 
affects aquatic communities by changing community composition and dissolved oxygen levels. 
The major cause of increased nutrient levels is runoff from urban and agricultural catchments, 
particularly in areas with high fertiliser usage. Point sources of pollution, such as discharges 
from agriculture, industry and wastewater treatment plants, have also elevated concentrations 
of phosphorus and nitrogen.

Research undertaken nationally in 2001 showed that phosphorus concentrations in inland 
waters were three times higher than pre-European estimates, while nitrogen concentrations 
were estimated to be at least double.17

Impact of bushfires on water quality
Rainfall and runoff after bushfires can result in intense short-term increases in turbidity, 
sediment and nutrients, and decreases in dissolved oxygen in streams and rivers. These issues 
may then lead to longer-term problems in receiving waters, including impacts on biodiversity 
such as the loss of fish and macroinvertebrate communities. Fire suppressant chemicals that 
enter waterways can also cause fish kills and affect nutrient concentrations. Severe fires can 
result in the loss of riparian vegetation and the shading it provides. This can affect the survival 
of fauna species through increased water temperatures, reduced dissolved oxygen levels, and 
the loss of food resources. In addition, nutrient and sediment loads received by storages and 
estuaries may be significantly higher than normal following bushfires, contributing to long-term 
water quality problems and increased treatment costs. This has significant implications for 
water supply to towns depending on river water.
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Water quality in Victoria
In 2012–13, water quality monitoring was conducted at some 451 Regional Water Monitoring 
Partnership sites across Victoria. A range of water quality parameters were either continuously 
monitored or sampled at regular intervals at these sites. In addition, Melbourne Water collected 
water quality data from a large number of sites within the greater metropolitan region.

At the time of writing this report, DEPI was unable to provide a statewide assessment of water 
quality in Victoria. Consequently it is not possible to update information presented in the 
previous State of the Environment report, nor to determine whether water quality objectives are 
being met. Main findings from the previous report included:

 •  Land clearing for agriculture and urbanisation, and contemporary land-use change has led 
to major catchment-wide changes, including erosion and salinity, which have significantly 
affected water quality in inland waters.

 •  Water quality is generally poorer in Victoria’s lowlands.

 •  In 2005, water quality objectives for salinity were met at 68% of sites across Victoria, but 
objectives for total nitrogen, total phosphorus, and turbidity were met at less than half of 
the sites monitored.

 •  Concentrations of total nitrogen and total phosphorus posed a risk to ecosystem health at 
about 80% of lowland sites in 2005.

 •  Increasing trends in total nitrogen were detected at over half the sites across Victoria.

 •  River regulation, along with increased nutrient inputs and low streamflow, are now 
recognised as a major cause of cyanobacterial blooms in rivers.

 •  Degradation of important receiving waters such as Port Phillip Bay, Western Port and the 
Gippsland Lakes is occurring because of poor inland water quality.

Algal blooms
Cyanobacteria (blue–green algae) are naturally present in Victoria’s inland waters. Under certain 
conditions their populations can increase causing a potentially toxic bloom. Low flows caused 
by river regulation have been identified as a primary cause of cyanobacterial blooms, with the 
availability of nutrients affecting the size of the bloom.

Some species of cyanobacteria can produce toxins that are dangerous to 

animals and humans if they are consumed or possibly even touched. This makes 

waterways unsuitable for agricultural and recreational activities and can result in 

substantial financial costs for agriculture and recreational and tourism operations. 

Large blooms in reservoirs can cause major difficulties for drinking water supply, 

as they block filters and produce tastes and odours that are difficult to treat.

Between 2008–09 and 2010–11, there were 90 cyanobacterial blooms in Victorian inland 
waters. Because of the high variability in algal bloom number and extent, it is not possible 
to determine any trends, particularly as blooms are heavily influenced by climate and flow 
conditions. However, the reported number of cyanobacterial blooms has increased dramatically 
since 1990, although this has been largely due to improved scrutiny of water bodies.2
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Indicator IW5: Groundwater Levels and Quality
This indicator assesses the condition of groundwater resources with regard to environmental health. 
Information on the use of groundwater resources is discussed in Part A: 5 Human Settlements.

Groundwater is underground water, stored in gaps or pore spaces between rocks, sand and 
gravel. Due to the different depths of aquifers, and varying speed with which the water moves 
through the ground, some groundwater may not have any interaction with surface waters 
for thousands of years (e.g. in the Mallee), whereas other groundwater is functionally part of 
river and wetland ecosystems. Groundwater is often connected to rivers and wetlands, and 
most rivers derive base flow from groundwater most of the time. This connectivity means that 
groundwater is important for maintaining the health of rivers, floodplain wetlands and other 
groundwater-dependent ecosystems.

Impacts on groundwater quality, such as increases in salinity or contamination 

by pollutants, have serious implications for the ecological health of inland waters 

and both aquatic and terrestrial biodiversity. 

Changes to groundwater levels through climate variability and extraction also impacts on the 
ecological health of inland waters by reducing river flows and wetland inundation (see Indicator 
IW3: Condition of Flow Regimes of Major Rivers and Tributaries; and Indicator IW4: Water Quality).

Groundwater is an important resource for agriculture, industry and domestic use. Although 
useable groundwater resources are small compared to surfaces waters (approximately 10% 
surface water resources), it is widely used in more than 80 cities and towns in Victoria. Poor 
groundwater quality limits groundwater use by domestic, agricultural, commercial and industrial 
users and the productivity of lands reliant on borewater irrigation. It can also have severe 
implications for human and livestock health.

Groundwater quality
Groundwater salinity is a commonly used measure of groundwater quality although statewide 
data are patchy in spatial and temporal coverage. Groundwater contaminants such as 
nitrates, phosphates and toxicants also affect groundwater quality. Victoria has relatively 
little contaminated groundwater, with groundwater contamination only occurring in isolated 
instances primarily associated with man-made sources such as manufacturing sites, chemical 
and petrol storage, and munitions storage.

The salinity of groundwater in Victoria is shown in Figure A.3.22. The most saline groundwater 
occurs in the state’s north-west.7 Groundwater in this part of the state has typically been in the 
aquifer for an extended period, providing more opportunity for salts to become concentrated, 
and less surface water is available for groundwater recharge in this semi-arid area, meaning 
that salts remain concentrated. In addition, the high level of native vegetation clearing in the 
state’s west has led to shallower water tables, increasing the concentration of salts through 
evapotranspiration (see Part A: 2 Biodiversity and Land).

The Great Dividing Range of central and eastern Victoria has fresher groundwater. Rainfall is 
generally higher in these areas, and groundwater flow is often within rock cracks. This leads 
to the water generally being in the aquifer for shorter periods of time, particularly near the 
surface, resulting in less opportunity for concentration of salts through evapotranspiration and 
dissolution of rock material.
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Groundwater salinity (mg/L)

boundary

There is no statewide information on long-term changes in groundwater salinity, since data are 
not collated or analysed to demonstrate trends at this level. Similarly, while data on groundwater 
contamination are collected regularly (generally as part of environmental audits associated with 
manufacturing, chemical storage, petroleum product storage and other industrial processes), 
these data are not collated and cannot be easily reported at the statewide level. Consequently, 
groundwater contamination cannot be reported here.

Figure A.3.22: Groundwater salinity in Victoria

Source: DEpI.

Groundwater levels
Trends in groundwater levels reflect differences between what flows into (recharge) and what 
flows out of (discharge) an aquifer. Groundwater levels, coupled with knowledge of the aquifer, 
climate, and groundwater extraction can be used as an indicator of the sustainable use of 
groundwater resources.

As with river flows, groundwater levels are greatly affected by climate trends. The drought 
conditions between 1996 and 2010 severely reduced groundwater recharge. Subsequent  
high rainfall during the summer in 2010–11 reversed this trend, particularly in the north of 
the state (see Part A: 1 Climate Change and Air Quality). In addition, the use of groundwater 
resources is increased in times of drought when the availability of surface water is greatly 
reduced, further impacting on groundwater levels. For example, groundwater extracted after  
the summer 2010–11 rainfall was much lower than during the drought period: about 30% of  
the long-term average north of the Divide and about 50% south of the Divide.

There remain critical gaps in our understanding of the condition of Victoria’s groundwater 
resources. The legacy of historic groundwater extraction on river flow is an emerging issue. 
The time lag between the commencement of groundwater extraction and its full impacts being 
observed in rivers may be decades.2 An investigation by the Victorian Auditor-General’s Office 
was unable to determine if groundwater use in Victoria is sustainable.18 Australia still has no 
agreed method for assessing the sustainable yield of groundwater.
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Figure A.3.23 and Figure A.3.24 show groundwater levels in shallow and deep aquifers in Water 
Supply Protection Areas (WSPAs) and Groundwater Management Areas (GMAs). Deep aquifers 
are confined aquifers, or aquifers where the water table is generally deeper than 40 metres. 
Groundwater level trends in shallow aquifers are more likely to reflect changes in recharge, from 
either rainfall or irrigation, whereas deeper aquifer trends may show a greater influence from 
pumping. Deeper aquifers are less likely to contribute water to groundwater-dependent ecosystems.

Shallow aquifers

Groundwater levels in the Riverine Plains (Goulburn, Campaspe and Loddon Valleys) declined from 
the late 1990s to 2010 due to a combination of increased groundwater use and reduced recharge 
both from surface water irrigation and rainfall.7 Groundwater declines were also observed in the 
Upper Loddon GMA, Upper Ovens, Deutgam WSPA, Nepean GMA and Glenelg GMA (Figure 
A.3.23). However, since 2011 groundwater levels across Victoria have risen in response to rainfall, 
flooding and irrigation. Elsewhere, groundwater level trends are generally stable.

 Figure A.3.23: Groundwater level trends in shallow aquifers, 2007–2012

Source: DEpI.

Deep aquifers

Since 2007, long-term declines in deep aquifer levels have continued in Gippsland (Figure 
A.3.24).7 This trend is associated with the Latrobe Valley coal mines (dewatering) and offshore 
oil and gas extraction (Bass Strait). In other areas of the state, restrictions to groundwater use 
and a return to wetter conditions in 2011, have contributed to the recovery of groundwater levels 
in deep aquifers with groundwater levels either stable or rising.

Trend in groundwater level

CMA boundary
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Figure A.3.24: Groundwater level trends in deep aquifers, 2007–2012

Source: DEpI.

Data gaps
Data remains poor for the following:

 •  Regular statewide assessment of water quality in Victoria, particularly against water quality 
objectives.

 •  Long-term changes in groundwater condition, including contamination. This is because 
data are not collated or analysed to demonstrate trends at the statewide level.

 •  Very limited data on water quality for wetlands.

 •  Little information exists on the condition of small streams, anabranch networks and 
floodplain connections, which comprise 93% of the total stream length in Victoria.

 •  Improved information is required on freshwater biodiversity, particularly waterbirds, with most 
survey effort in Victoria devoted to duck species for recreational hunting management.

 •  Knowledge of aquatic invertebrates remains poor for aquatic ecosystems. Very limited data 
exists on wetland macroinvertebrate communities.

 •  Improved information is required on aquatic pests. Although data on alien fish is available, 
statewide data on pest plants and animals remains poor.

Trend in groundwater level

CMA boundary
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