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1 Introduction  

A FLOWS study was completed for the Wimmera River in 2002 (SKM 2002) during the development of the 
FLOWS method (NRE 2002). The recommendations from this study were subsequently expanded, including 
environmental flow recommendations for regulated tributaries in the Wimmera catchment, into the Wimmera 
Glenelg Bulk Entitlement Conversion report (SKM 2003), which has become the main reference for 
environmental flow management in the Wimmera and Glenelg systems. 

In the decade since the original FLOWS study was completed, there have been considerably developments in 
environmental water management, including changes to governance infrastructure and advancement in 
knowledge, as well as an update to the FLOWS method itself (DSE draft unpublished).  To build on these 
advancements, the Wimmera Catchment Management Authority (Wimmera CMA) in partnership with the 
Glenelg Hopkins Catchment Management Authority (Glenelg Hopkins CMA) has engaged Alluvium to 
undertake a review of the existing FLOWS studies. 

The objective of this project is to improve the information used in decision making regarding the management 
of water and provision of environmental water in the Wimmera and Glenelg River systems.  The intended 
outcome is to enhance the existing Wimmera and Glenelg environmental flow recommendations by 
incorporating new information.    

1.1 Project scope  
The scope of this project includes:  

¶ Review of the compliance point specification and reach delineation 

¶ Review and revise flow dependent objectives 

¶ Improve understanding of temporal flow components 

¶ LƳǇǊƻǾŜ ƛƴŦƻǊƳŀǘƛƻƴ ŀǘ ΨōΩ ǎƛǘŜǎ  

¶ Update FLOWS study  

This project is not a full FLOWs study, but will build on the large amount of work already done to date on these 
systems. 

1.2 Study reaches  
The Review Report identified ten reaches in the Wimmera catchment for update in this environmental flows 
study (Table 1, Figure 1).  A detailed description of each reach is provided in Sections 5 - 6. 

Note: Review of the environmental flow requirements for the terminal lakes (Lake Hindmarsh and Albacutya) 
was not included in the scope of this study.  Information regarding the requirements for these lakes can be 
found in The Environmental Water Needs of the Wimmera Terminal Lakes - Final Report (Ecological Associates 
2004).  
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Figure 1.  Study reaches for the Wimmera catchment 
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Table 1.  Study reaches 

Waterway  Reach ID Description  Different to 2002 
study? 

Priority for 
update  

Wimmera River  2+3 IǳŘŘƭŜǎǘƻƴΩǎ ²ŜƛǊ ǘƻ aŀŎYŜƴȊƛŜ wƛǾŜǊ Yes (combined) High 

4 MacKenzie River to Lake Hindmarsh No  High 

MacKenzie River  1 Lake Wartook to Dad and Dave Weir No Low 

2 Dad and Dave Weir to Distribution Heads Weir  No High 

3 Distribution Heads Weir to Wimmera River No  High  

Mt William 
Creek 

1 Lake Lonsdale to Wimmera River No  Moderate  

Bungalally  
Creek  

1 Toolondo Channel to MacKenzie River No  Moderate  

Burnt Creek  UPPER Distribution Heads Weir to Toolondo Channel No (relabelled) Moderate  

LOWER Toolondo Channel to Wimmera River No  (relabelled) Moderate  

Yarriambiack 
Creek  

1 Downstream of the Wimmera River No  High 

 

1.3 Study limitations  
It is important to recognise the following limitations of this study when using the recommendations contained 
in this report:  

¶ !Ǿŀƛƭŀōƛƭƛǘȅ ƻŦ ƴŀǘǳǊŀƭ ƻǊ  ΨǳƴƛƳǇŀŎǘŜŘΩ ƘȅŘǊƻƭƻƎȅ Řŀǘŀ 

¶ Hydraulic model quality 

Ψ¦ƴƛƳǇŀŎǘŜŘΩ ƘȅŘǊƻƭƻƎȅ ǊŜŦŜǊǎ ǘƻ ǘƘŜ Ŧƭƻǿ ǊŜƎƛƳŜ ǘƘŀǘ ǿƻǳƭŘ ƻŎŎǳǊ ƛŦ ŀƭƭ ŀƴǘƘǊƻǇƻƎŜƴƛŎ ŜȄǘǊŀŎǘƛƻƴǎΣ ǿŀǘŜǊ 
harvesting and impoundments were removed

1
.  Modelled unimpacted flow datasets were only available with 

sufficient length for three sites in the Wimmera system; inflows to Lake Lonsdale, Lake Wartook and Wimmera 
River flows at Glenorchy.  For the reaches downstream of these sites, the recommended flow frequency and 
duration was determined using the modelled unimpacted flows.  However in other reaches, it was necessary 
to assume that the frequency and duration for each flow component from the nearby reaches where 
undisturbed flow data was available. This introduces some uncertainty in the validity of the recommended 
frequency and durations, but does not affect the estimated flow magnitudes, which are based on site by site 
hydraulic models.  If and when unimpacted modelled flow data becomes available it is recommended that 
spells analysis is revised to update the recommended frequencies and durations. 

Hydraulic models have been used to identify the flow magnitude required to meet various ecological 
objectives.  Each model represents a site of approximately 1-2 km length which is assumed to be 
representative of the reach (and its environmental values).  Initially no new models were to be developed for 
this study, so our recommendations for most reaches were based on available HEC-RAS models.  Two 
exceptions to this were the development of HEC-RAS models using available LiDAR data for Bungalally Creek 
and YarriambiŀŎƪ /ǊŜŜƪ ǿƘƛŎƘ ǿŜǊŜ ǇǳǊǇƻǎŜ ōǳƛƭǘ ŦƻǊ ǘƘƛǎ ǎǘǳŘȅΦ !ƴ ŜǾŀƭǳŀǘƛƻƴ ƻŦ ŜŀŎƘ ƳƻŘŜƭΩǎ ǎǳƛǘŀōƛƭƛǘȅ ŦƻǊ 
determining recommendations is provided in Sections 5 -6 of this report. 

  

                                                                 
1 bƻǘŜ ǘƘŀǘ ǳƴƛƳǇŀŎǘŜŘ Ŧƭƻǿ ƛǎ ŘƛŦŦŜǊŜƴǘ ŦǊƻƳ ΨƴŀǘǳǊŀƭΩ Ŧƭƻǿ ǿƘƛŎƘ ǊŜŦŜǊǎ ǘƻ ǘƘŜ ǇǊŜ-European flow regime and takes into account the 
impact of landscape-style changes  on flow (e.g. vegetation clearing). 
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1.4 Purpose of this report  
This report, the Wimmera Environmental Flows Study, provides an update to the 2002 FLOWS study for the 
Wimmera system.  In particular, this report describes:  

¶ the updated environmental values and threats in the Wimmera system 

¶ environmental objectives for flow depending environmental values 

¶ reach by reach environmental flow requirements to meet the objectives  

¶ an assessment of the performance and risk associated with the current water management regime.   

The information provided in this report can be used by environmental managers to make informed decisions 
regarding efficient and effective management of water for environmental benefit in the Wimmera catchment. 
The report follows the first deliverable for this project, the Review Report which identified the priority tasks for 
updating the environmental flow recommendations for the Wimmera and Glenelg systems.  As part of this 
project a separate report (the Glenelg Environmental Flows Study) has been prepared for the Glenelg system.  
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2 Water resource development in the Wimmera catchment  

The Wimmera River lies in the semi-arid north-western part of Victoria. Its catchment covers an area of 24,011 
square kilometres, with headwaters and tributaries commencing in the Mount Buangor State Park, the 
Pyrenees Ranges and the Grampians. The major tributaries include the MacKenzie River, Mount William Creek, 
Fyans Creek, Burnt Creek and Mount Cole Creek. The lower Wimmera also contains two distributary systems 
flowing out of the Wimmera River; Yarriambiack and Dunmunkle Creeks. The Wimmera River is an endorheic 
system, meaning that instead of flowing out to the sea it flows inland and discharges a series of terminal lakes 
and wetlands including Lake Hindmarsh and Lake Albacutya.   

The catchment is highly modified from its natural state, with the majority cleared for agriculture and used for 
dry land farming (cropping and livestock).  Small irrigation areas near Horsham and Murtoa were recently 
decommissioned.  The largest areas of uncleared land with remnant native vegetation are the Grampians 
National Park in the south of the catchment, and Little Desert National Park to the west; smaller areas of 
native vegetation are conserved also in Mount Arapiles-Tooan State Park and in the Wimmera Salt Lakes 
Reserves (containing Pink Lake and Mitre Lake), both in the western parts of the catchment.  Lakes Hindmarsh 
and Albacutya are both just south of Wyperfeld National Park, one of the largest areas of native vegetation 
remaining in the north-west of the State.  The largest towns in the catchment are Horsham and Stawell.  

The Wimmera Supply System is a complex network of channels, pipes and storages operated by Grampians 
Wimmera Mallee Water. The customers supplied by this system are predominantly urban and domestic and 
stock users.  The major on-stream storages are Lake Wartook on the MacKenzie River (29.5 GL), Lake Lonsdale 
on Mt William Creek (65.5 GL), and Lake Bellfield on Fyans Creek (78.5 GL).  Lake Toolondo (92.4 GL), Pine Lake 
(redundant) (64.0 D[ύ ŀƴŘ ¢ŀȅƭƻǊΩǎ [ŀƪŜ όнтΦл D[ύ ŀǊŜ ǎƛƎƴƛŦƛŎŀƴǘ ƻŦŦ-stream storages located in the Wimmera 
caǘŎƘƳŜƴǘΦ ²ƛƳƳŜǊŀ wƛǾŜǊ Ŧƭƻǿǎ ŀǊŜ ƘŀǊǾŜǎǘŜŘ ƛƴǘƻ ¢ŀȅƭƻǊΩǎ [ŀƪŜ ŦǊƻƳ IǳŘŘƭŜǎǘƻƴΩǎ ²ŜƛǊ ŀƴŘ aŀŎYŜƴȊƛŜ 
River flows via Distribution Heads. Inflows to these storages are also diverted from the Glenelg River 
catchment via one of the following mechanisms:   

¶ from Moora Moora Reservoir, via the Moora Channel into Distribution Heads on the MacKenzie River 

¶ from Rocklands Reservoir via the Rocklands-Toolondo Channel into Lake Toolondo 

¶ ŦǊƻƳ wƻŎƪƭŀƴŘǎ wŜǎŜǊǾƻƛǊ ƻǊ [ŀƪŜ ¢ƻƻƭƻƴŘƻ ƛƴǘƻ tƛƴŜ [ŀƪŜΣ ¢ŀȅƭƻǊΩǎ [ŀƪŜ ŀƴŘ DǊŜŜƴ [ŀƪe, and 

¶ from Wannon River into Lake Bellfield. 

The completion of the Wimmera Mallee Pipeline in 2010 has precipitated changes to the operation of the 
²ƛƳƳŜǊŀ {ǳǇǇƭȅ {ȅǎǘŜƳΦ  {ǳǇǇƭȅ ǾƻƭǳƳŜǎ ǊŜǉǳƛǊŜŘ ǘƻ ƳŜŜǘ ŜƴŘ ƻŦ ǎȅǎǘŜƳ ŎǳǎǘƻƳŜǊǎΩ ŘŜƭƛǾŜǊƛŜǎ ŀǊŜ 
considerably less due to reduced seepage and evaporation losses incurred when water was supplied via open, 
earthen channels.  As a result of the pipeline, diversions from the Wimmera River at Glenorchy are no longer 
required for water supply.  Consequently, the weir has been decommissioned so that the reach of river 
ōŜǘǿŜŜƴ DƭŜƴƻǊŎƘȅ ŀƴŘ IǳŘŘƭŜǎǘƻƴΩǎ ²ŜƛǊ ƛǎ ƴƻǿ ǳƴǊŜƎǳƭŀǘŜŘΦ  ¢ƘŜ ƻƴƭȅ ƳŀƧƻǊ ŘƛǾŜǊǎƛƻƴ ŦǊƻƳ ǘƘŜ ²ƛƳƳŜǊŀ 
wƛǾŜǊ ƴƻǿ ƻŎŎǳǊǎ ŀǘ IǳŘŘƭŜǎǘƻƴΩǎ ²ŜƛǊΦ hǘƘŜǊ ŘƛǾŜǊǎƛƻƴǎ ŦǊƻƳ ǘƘŜ ǘǊƛōǳǘŀǊƛŜǎ ƛƴǘƻ ǘƘŜ ǎǳǇǇƭȅ ǎȅǎǘŜƳ ƻŎcur 
from the MacKenzie River, Burnt Creek, Mount William Creek and Fyans Creek.  

Cƭƻǿǎ ƛƴ ǘƘŜ ²ƛƳƳŜǊŀ wƛǾŜǊ ǎȅǎǘŜƳ ŀǊŜ ƴŀǘǳǊŀƭƭȅ ƘƛƎƘƭȅ ǾŀǊƛŀōƭŜ ŘǳŜ ǘƻ ǘƘŜ ǊƛǾŜǊΩǎ ƭƻŎŀǘƛƻƴ ƛƴ ŀ ǎŜƳƛ-arid 
region of Victoria.  Moreover, the natural flow regime has been substantially altered due to land use change, 
the construction of large numbers of farm dams and construction of the Wimmera Supply System. In some 
reaches, for example the upper part of Burnt Creek, flows under the current regime are much higher than 
under natural conditions, due to its use as a conduit for transferring water within the supply system.  In other 
reaches flows are significantly lower, for example the MacKenzie River downstream of Distribution Heads and 
Burnt Creek downstream of Toolondo Channel (GHCMA & WCMA 2007).  Important consequences arising from 
the altered flow regimes in various parts of the Wimmera system include salinization, especially in the lower 
reaches of the Wimmera River, nutrient enrichment and increased turbidity as a result of agricultural activities, 
sediment accumulation in the lower reaches of the streams, loss of fish and macroinvertebrate habitat, and 
disturbance to fish life cycles (GHCMA & WCMA 2007).  
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Lake Albacutya is designated as a wetland of international significance under the Ramsar Convention. The 
lower Wimmera River is of high environmental value and contains sections of intact riparian and instream 
vegetation, including a section listed under the Heritage Rivers Act 1992.  The environmental condition of the 
Wimmera River, however, deteriorates further downstream with highly degraded water quality, including 
saline pools in the lower Wimmera (SKM 2002).  The MacKenzie River has a number of significant instream 
values, including blackfish and platypus in the upper reaches, and many of its habitat features are considered 
to be in excellent condition (GHCMA & WCMA 2007). As a result, the MacKenzie River is currently the highest 
priority in the Wimmera system for receiving environmental water releases. 

2.1 Surface water hydrology 

Available data 
A number of streamflow gauges are located throughout the study area (Table 2). Data recorded at these 
gauges varies in length of record and quality.   Some of these gauges have been inactive for many years. Gauge 
data used for individual reach assessments in this study are described in Attachment A. 

Table 2.  Streamflow gauges in the Wimmera system 

Reach Gauge 
ID 

Name  Status  Period of record available 

Wimmera 2/3 

415200 Wimmera River @ Horsham Active 5 Jan 1889 to present 

415239 Wimmera River @ Drung Drung Active 9 Aug 1978 to present 

415240 Wimmera River @ Faux Bridge Inactive 10 Aug 1978 to  13 Apr 1987 

415201 Wimmera River @ Glenorchy weir tail gauge Active 21 Mar 1980 to present 

Wimmera 4 

415255 Wimmera River @ U/S Dimboola (Big Bend) Inactive 20 Jul 1989 to 15 Jul 1993 

415256 Wimmera River @ U/S Dimboola Active 13 May 1989 to present 

415246 Wimmera River @ Lochiel Railway Bridge Active 28 Feb 1987 to present 

415247 Wimmera River @ Tarranyurk Active 27 Feb 1987 to present 

415212 Wimmera River @ Jeparit Inactive 26 May 1998 to 28 Jul 1998 

415216 Wimmera River @ Antwerp Inactive 4 Aug 1960 to 7 Apr 1987 

415261 Wimmera River @ Quantong Active 2 Jul 2009 to present 

MacKenzie 1 415202 MacKenzie River @ Wartook Reservoir Active 30 Mar 1887 to present 

MacKenzie 3 415251 MacKenzie River @ MacKenzie Creek Active 25 Aug 1988 to present 

Mt William
 

415203 Mt William Ck @ Lake Lonsdale (Tail Gauge) Active 2 Jan 1910 to present 

Upper Burnt 415223 Burnt Creek @ Wonwondah East Active 12 Sep 1965 to present 

Bungalally 415249 Bungalally Creek @ MacKenzie Creek Inactive 9 Jul 1988 to 1 Dec 1993 

Yarriambiack 415241 Yarriambiack Creek @ Murtoa (Wimmera Hwy) Active 7 Jul 1978 to Present 

Modelled daily unimpacted flows at Glenorchy (Wimmera River 2/3), Lake Wartook (MacKenzie River 1) and 
Lake Lonsdale (Mt William Creek) are available for over 100 years (1 January 1903 to 30 June 2004).  
Unimpacted flows are modelled based on the current land use practises without man made diversions, 
demands or impoundments in the catchment. This data was derived in 2005 for an update to the Resource 
Allocation Model (REALM) model for the Wimmera-Mallee system (SKM 2005a).  Prior to this, the REALM 
model used monthly inputs including monthly unimpacted inflows to Lake Wartook and Lake Lonsdale and to 
Glynwyllyn and between Glynwyllyn and Glenorchy. 

The daily flow series have been derived using a combination of rainfall runoff modelling, gauged data, 
regressions and water balances.  Where available the monthly data was disaggregated using nearby 
streamflow patterns.  Modelled daily unimpacted flows from the REALM model used in this study are:  

¶ GLENORCHY INFLOWς representing the unimpacted flow in the Wimmera River at Glenorchy  



Wimmera River environmental flows study  7 

¶ WARTOOK INFLOWς representing the inflow to Lake Wartook 

¶ LONSDALE INFLOWς representing the inflow to Lake Lonsdale. 

Another dataset of modelled daily unimpacted inflows within the Wimmera catchment was provided by the 
Wimmera CMA for the period from 1989 to 1999.  Given the short period available for this data (only 11 
years), the analysis of unimpacted flows in the Wimmera catchment has been undertaken using the longer 
REALM model dataset. 

Seasonality of the flow regime  
In general, the annual flow regime of streams in temperate climatic zones can be divided into four seasons, not 
entirely related to the calendar seasons, but determined by fundamental characteristics of the natural flow 
regime: 

¶ a low flow season: generally extended periods of low flows driven mostly by baseflowς or periods of 
ƴƻ ŦƭƻǿΣ ŎŀƭƭŜŘ ΨŎŜŀǎŜ ǘƻ ŦƭƻǿΩ ǇŜǊƛƻŘǎ ς with infrequent shorter periods of high flow ς freshes ς 
caused by small localised rainfall events. 

¶ a transitional flow season from low to high: higher flows becoming more common, due to more 
widespread and frequent storms, but low baseflows still relatively common. 

¶ a high flow season: higher baseflow with frequent, sometimes extended, periods of higher flows from 
larger, more frequent and more widespread storms.  

¶ a transitional flow season from high to low: lower flows becoming more common as rainfall events 
become smaller, less frequent and more localised. 

Higher rainfall during the high flow season typically keeps the catchment wet so that even between rainfall 
events the river and tributaries are primed with connected pools.  Contrastingly the hot dry weather that 
usually occurs during the low flow season means that often the pools are dried out and more rainfall is 
required to start flow in system. 

Identifying the seasons in which these four hydrological categories take place is somewhat arbitrary, but a 
method that has been used is to perform a frequency analysis on daily flow data in each month. In this 
method, the percentage of individual daily flows in each month that lie within a number of particular flow 
bands is calculated. The most frequent flow bands and the distribution of frequent flows can be used to 
identify the characteristics of the various flow seasons (Figure 2 to Figure 4). 

 
Figure 2.  Proportions of daily flows in the lower, mid and upper third percentiles in each month (Wimmera 2) 
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Figure 3.  Proportions of daily flows in the lower, mid and upper third percentiles in each month (Mt William) 

 
Figure 4.  Proportions of daily flows in the lower, mid and upper third percentiles in each month (MacKenzie) 

From this analysis, the unimpacted flows in the Wimmera system display a typical temperate seasonal pattern 
(Table 3), characterised by: 

¶ January to May have a constant high proportion in the lower flow band (and constant low proportions 
in the upper flow bands as well).  These are clearly low flow season months. 

¶ June is a typical late transitional month, as the flow regime swaps between low and high flows, but 
the mid-range flows are still the most common. 

¶ July to October has a constant high proportion in the upper flow band (and constant low proportions 
in the lower flow bands as well).  These are clearly high flow season months. 

¶ November has a similar flow structure to the transitional June month and is an early transitional 
month from high flows to low flows. 

¶ December is similar to May and is a late transitional month from high to low flows (it arguably could 
be a low flow month due to the increased proportion of low flows).   

Table 3.  Flow seasons for the Wimmera River 

Flow season Jan Feb  Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Low flow season             

Transition season (low to high)             

High flow season             

Transition season (high to low)             
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These analyses form the basis for the proposed seasons used in this study. The two broad seasons adopted are 
a low flow season from December to May, and a high flow season from June to November. 

Summary of flow characteristics  
The 2002 FLOWS study (SKM 2002) describes in detail the impact of development in the catchment on 
streamflows in the Wimmera River. Key points raised in the 2002 study include:  

¶ Flow in the Wimmera River is highly variable and has been substantially altered downstream of 
Glenorchy.  Regulation of the system has historically altered the natural variability in discharge from 
May to November. 

¶ Low and zero flows in the system are not uncommon under natural conditions, however under 
regulated conditions these events have been extended and the frequency and duration exacerbated 
ŘƻǿƴǎǘǊŜŀƳ ƻŦ IǳŘŘƭŜǎǘƻƴΩǎ ²ŜƛǊΦ  

¶ High flows in the upper Wimmera tend to be short-lived. Peaks may last for only a few hours and the 
streams tend to return to low flow conditions within  a few days, unless boosted by another rainfall 
event (SKM 2002) 

¶ Overbank flooding has remained unaltered and closely resembles the unimpacted hydrology. 

For this study, a plot of the unimpacted median flows at Glenorchy, Wartook and Lake Lonsdale for each 
month of the year (Figure 5 to Figure 7) under different annual seasonal conditions (i.e. wet, average, dry and 
drought years) was developed to demonstrate the magnitude of difference in flow under each condition. 
Seasonal conditions have been considered in the update of environmental flow recommendations (Sections 5 
to 7). 

 
Figure 5.  Median monthly flows under different seasonal conditions (unimpacted modelled daily data at Glenorchy) ς 
Wimmera 2/3 
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Figure 6.  Median monthly flows under different seasonal conditions (unimpacted modelled daily data at Wartook)- 
MacKenzie River 1/2 

 
Figure 7.  Median monthly flows under different seasonal conditions (unimpacted modelled daily data at Lake Lonsdale) ς 
Mt William Creek 

Further assessment of the hydrology of the Wimmera River system can be found in the previous FLOWS study 
(SKM 2002, SKM 2003). 
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Note regarding flow components:  
The characteristic flow components capture the relationships between hydrologic variability and ecological 
values for the purpose of environmental flow determination. Flow components are defined by the magnitude, 
frequency, duration and timing of flow to characterise this otherwise inherently complex flow regime. These 
components will be discussed throughout this report. Definitions and a graphical representation of flow 
components are provided in Figure 8.  

 
Type of flow Description 

Cease to flow This may lead to either total or partial drying of the river channel, depending on the specifics of the 
system. 

Low flows Low flows generally provide a continuous flow through the channel. This may either maintain the 
Ŧƭƻǿ ŀōƻǾŜ ŀ ΩŎŜŀǎŜ ǘƻ ŦƭƻǿΨΣ ƻǊ ǇǊƻǾƛŘŜ Ƙŀōƛǘŀǘ ŀǎ ŀ ŎƘŀƴƎŜ ŦǊƻƳ ΩƘƛƎƘ ŦƭƻǿǎΩΦ 

Freshes Small or short duration peak flow events. These are flows that exceed the base flow and last for at 
least several days. 

Freshes are a key contributor to the variability of flow regimes, providing short pulses in flow. 

High flows Persistent increases in the seasonal base flows that remain within the channel. High flows do not fill 
ǘƘŜ ŎƘŀƴƴŜƭ ǘƻ ΩōŀƴƪŦǳƭƭΩΦ 

Bankfull flows Flows of sufficient size to reach the top of the river bank with little flow spilling onto the floodplain. 

Overbank flows Cƭƻǿǎ ƎǊŜŀǘŜǊ ǘƘŀƴ ΩōŀƴƪŦǳƭƭΨΣ ǊŜǎǳƭǘƛƴƎ ƛƴ ƛƴǳƴŘŀǘƛƻƴ ƻŦ ǘƘŜ ŀŘƧŀŎŜƴǘ ŦƭƻƻŘǇƭŀƛƴ ƘŀōƛǘŀǘǎΦ 

Figure 8.  Illustrative guide to flow components (source: VEWH 2013).   

 

2.2 Groundwater 
The geology of the Wimmera region is diverse, ranging from the Cambrian metasediments and Devonian 
granites in the uplands, through to the younger Tertiary strata of the Murray Basin on the Wimmera plains, 
most notable for the purpose of this study being the Parilla Sands aquifer that hosts the regional water table. 
In the upper catchment, however, Palaeozoic metasediments form localised fractured rock aquifers which host 
limited alluvium associated with streams flowing from the Grampians. 

Depth to water table 
The depth to water table (Figure 9) for the Wimmera system shows that there are extensive connections 
between the Parilla Sands water table and the river over much of its length.  This is consistent with previous 
studies which have identified reaches where saline groundwater inflows occur to many parts of the river, 
including deep river pools (see below). The depth to water table plot also shows groundwater contributions to 
headwater streams, which monitoring data demonstrates are significant.   
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Figure 9.  Depth to water table ς Wimmera catchment  

Baseflow filter 
The groundwater-driven baseflow component of recorded streamflow has been estimated using a baseflow 
filter, notably the Lyne-Hollick method (Nathan and McMahon 1990). The method does not have a strong 
physical hydrological basis, but is designed to generate an objective, repeatable and easily automated index 
that can be related to groundwater flow contributions to streams. There are acknowledged limitations (Brodie 
et al. 2007), including: 

¶ Baseflow digital filters tend to overestimate groundwater flow contributions to streams 

¶ River regulation, water use and other management activities can significantly affect the baseflow 
regime. 

This means that baseflow analysis should ideally only be undertaken in unregulated reaches, which renders the 
results of the analysis useful in qualitative or semi-quantitative terms for the Wimmera River. Nevertheless, 
the Lyne-Hollick filter was applied to the streamflow time series data for the sites below (Table 4), with the 
optimum alpha parameter identified as 0.98 to 0.99.   
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Table 4.  Baseflow analysis sites 

Streamflow gauge number Site name 

415200 Wimmera River @ Horsham 

415203 Mount William Creek @ Lake Lonsdale (Tail Gauge) 

415223 Burnt Creek @ Wonwondah East 

415246 Wimmera River @ Lochiel Railway Bridge  

415247 Wimmera River @ Tarrenyurk 

415251 MacKenzie River @ McKenzie Creek 

415256 Wimmera River @ Upstream of Dimboola 

The analysis shows that there are significant periods of zero flow at most stations, indicating that groundwater 
flow contributions in these reaches are ephemeral. Examples of the baseflow series for the Wimmera River 
upstream of Dimboola and the MacKenzie River at Mackenzie Creek are shown below (Figure 10).  

 

Figure 10.  Estimated baseflow at two Wimmera sites (calculated using the Lyne-Hollick filter) 

Previous studies on river-aquifer interaction  
A comprehensive river-aquifer connectivity assessment was undertaken for the Murray-Darling Basin 
Sustainable Yield project (CSIRO 2008).  While it was designed to provide information on the links between 
surface water and groundwater resources, the Wimmera catchment was not formally assessed, due to a 
reported lack of information. 

However, the groundwater table in the Wimmera region predominantly occurs in the regionally extensive and 
saline Parilla Sands aquifer.  Thus any potentially gaining river reaches (i.e. those parts of the Wimmera River 
that may be incised below the water table) are susceptible to saline groundwater flow contributions. The 
baseflow analysis and depth to water table results (see above) indicate that there is substantial river-aquifer 
interaction. 

Low risk of effects due to groundwater pumping 
Most groundwater extraction occurs west of the Wimmera River from the confined Murray Group Limestone 
aquifer, and in locations 30 to 40 km from the Wimmera River around the townships of Nhill, Goroke and 



Wimmera River environmental flows study  14 

Gymbowen which are not serviced by the surface water. The regional groundwater flow in the Murray Group 
Limestone aquifer is also to the west and north-west, away from the Wimmera River. For these reasons the 
groundwaterςsurface water connectivity of the Wimmera River is classified as very low, manifesting over large 
time scales (i.e. greater than 50 years) (SKM 2012). 

A recent modelling study (SKM 2012) classified the Wimmera River and its adjoining aquifers as having low 
connectivity (in the context of a low risk if streamflow depletion due to groundwater pumping, which is 
remote from the river).  It is stressed that this is a risk-based modelling study rather than a study based on the 
analysis of measurements.  

Saline pools 
A number of previous studies have identified the influence of deep saline pools (>50,000 mg/L) in the 
Wimmera River (SKM 2002), which are believed to be due to saline groundwater inflows.  These pools are also 
considered to also cause density-driven anoxic and/or temperature stratification, which invokes considerable 
complexity when developing environmental flow strategies, due to conflicting effects.  For example, the 
following issues have been identified from investigations on the Edward-Wakool River system in southern NSW 
(Green 2001), although similar findings were reported in the previous environmental flow study for the 
Wimmera River (SKM 2002): 

¶ Low river levels/flows prior to a sudden pulse usually results in mobilisŀǘƛƻƴ ƻŦ ŀ άǎŀƭǘ ǎƭǳƎέΦ 

¶ Under moderate flows, saline flows from any deep holes may be carried downstream, with variable 
effects depending on dilution effects;  the moderate flows may not entirely flush the saline pool, and 
the groundwater flows subsequently replenish the saline pools (within about three months; SKM 
2002). 

¶ Higher flows can be turbulent enough to disturb the stratification and thus mobilise the entire salt 
load within the pool, with variable effects downstream depending on dilution.  

¶ Higher flows or flood events can export a large amount of salt volume (not necessarily with high 
salinity due to dilution), which originates not only from the river channel but also from adjacent 
wetlands/billabongs where other saline intrusions or concentrations occur; this is an important salt 
export process from the system. 

¶ The amount of water required to disturb and flush saline water from the holes varies due to the holes 
having different depths and morphology, as well as different groundwater inflows (volume and 
salinity) due to different penetration into the water table. 

Salinity levels in the Wimmera have been monitored for a pool downstream of Horsham since March 2010.  
Results show very high salinity levels, with considerable variation in levels during the period and for different 
sampling depths.  The relationship between streamflow in the Wimmera and salinity levels in the system 
cannot be easily identified from the results due to their complexity.  However the large amount of data 
available should provide a good sample for a detailed analysis to better understand the effects of a range of 
flows on the water quality of downstream flows, and the subsequent replenishment of the saline pool. 
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3 Environmental objectives  

Environmental objectives were identified by the Wimmera CMA in consultation with their Rivers and Streams 
Advisory Group.  The objectives therefore reflect the environmental values of the Wimmera system considered 
important by both waterway managers and the community.  Objectives were determined in the context of the 
current water resource management, likely environmental conditions and social and economic values of the 
region. The environmental objectives are discussed in further detail in the following sections. 

3.1 Catchment environmental values  
Water dependent environmental values for the Wimmera River catchment were identified by Wimmera CMA 
and Technical Panel through literature review and field assessment (details provided in the Review Report 
(Alluvium 2012)) and are summarised in Figure 11.  These represent the overarching values that are sought to 
be maintained and or improved through the management of water for environmental benefit.   

 
Figure 11. Key water-dependent environmental values in the Wimmera River catchment.  

The environmental values are discussed in further detail under the relevant sub-headings in this section. 

3.2 Catchment influences 
A number of issues that influence the condition of environmental values in the Wimmera River system are: 

¶ Flow regulation ς diversions from natural watercourses in the Wimmera (e.g. the Wimmera River at 
IǳŘŘƭŜǎǘƻƴΩǎ ²ŜƛǊύ ŀƴŘ ǳǎŜ ƻŦ ƻǘƘŜǊ ǿŀǘŜǊŎƻǳǊǎŜǎ όŜΦƎΦ .ǳǊƴǘ /ǊŜŜƪ ǳǇǎǘǊŜŀƳ ƻŦ ¢ƻƻƭƻƴŘƻ /ƘŀƴƴŜƭύ 
to transfer water for urban supply substantially alter the natural flow regime.  Operation of the supply 
system impacts the flood frequency (slightly), magnitude and duration of events, and flow seasonality 
in the Wimmera system.  These changes have implications for water quality, geomorphic condition 
and instream, riparian and terminal lake flora and fauna condition. 
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¶ Deterioration of water quality ς the primary flow-related water quality issues in the Wimmera River 
are high levels of salinity and nutrients and low levels of dissolved oxygen (Anderson and Morison 
1989). High salinity levels may have lethal or sub-lethal effects on flora and fauna such as reduced 
growth rates, reduced reproductive success and reduced health and vigour.   Excessive nutrients have 
reduced the quality of aquatic habitats through eutrophication, channel restriction and subsequent 
bank erosion and sedimentation.  Depletion of dissolved oxygen in pools reduces the condition of 
important habitat including refuge for fish during summer low flows (SKM 2003).  

¶ Stream bed and bank condition ς clearing of vegetation in the catchment has resulted in sheet and 
bank erosion, bed incision of tributary streams and sediment delivery to the Wimmera River and 
regulation has altered the changes in channel morphology (SKM 2002). 

¶ Environmental entitlement ς a limit on the volume of water available to the deliver environmental 
flows in the Wimmera system is set out in the Wimmera and Glenelg Rivers Environmental 
Entitlement. Delivery of environmental water is subject to the operational arrangements made with 
the storage manager (Grampians Wimmera Mallee Water) and other entitlement holders. 

¶  Exotic species ς European Carp Cyprinus carpio are a serious problem in Victorian streams, especially 
their impacts on submerged and semi-emergent vegetation (Koehn et al. 2000).  High flows in 2009 
resulted in high recruitment of exotic species, particularly carp, redfin and gambusia (SKM, 2010) and 
growth of weedy plants.   

¶ Amenity and recreation values ς the use of water in the Wimmera system to maintain amenity and 
recreation is important to the community and may not always align with achieving environmental 
objectives.  A number of pools in the system created as part of regulation hold significant social values 
namely town weirs and water storages. 

This study recommends actions to improve the flow regime to achieve environmental objectives (discussed in 
Section 3.3). However, the issues listed above also require complementary management in order for 
environmental flows to achieve their intended purpose. 

3.3 Environmental flow objectives  
The environmental objectives were developed by Wimmera CMA and the requirements to achieve each 
objective in the study reaches have been documented by members of the Technical Panel. The objectives are 
structured and described in the following sections under these themes: 

¶ Self sustaining fish populations 

¶ Healthy and diverse water dependent  

¶ Diverse and abundant macroinvertebrates 

¶ Healthy platypus communities  

¶ Geomorphic processes 

¶ Water quality  

For each theme the Technical Panel has described the current state of the asset, the environmental flow 
ƻōƧŜŎǘƛǾŜǎ ŀƴŘ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ƻŦ ǘƘŜ Ŧƭƻǿǎ ǊŜǉǳƛǊŜŘ ǘƻ ŀŎƘƛŜǾŜ ǘƘŜƳΣ ŀƴŘ ǘƘŜ Ψƴƻƴ-ŦƭƻǿΩ ƭƛƳƛǘŀǘƛƻƴǎ ǘƻ 
achieving the environmental objectives described. A full list of the environmental flow objectives and specific 
measureable criteria to meet each objective is provided in Attachment B.  

3.4 Self-sustaining fish populations  
The six environmental objectives relating to self sustaining fish populations identified by the Wimmera CMA 
are:  

¶ Maintain a self-sustaining freshwater catfish population in lower Wimmera River 
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¶ Maintain intact endemic fish communities in Mt William Creek and the upper MacKenzie River 

¶ Restore endemic fish community diversity and abundance in the Wimmera River 

¶ Provide adequate water quality/habitat for fish refuge locations in dry periods 

¶ Facilitate dispersal and establishment of endemic fish species in wet periods 

¶ Provide adequate water quality to maintain introduced recreational native species 

Description  
There has been numerous fish surveys conducted on the Wimmera River since the 1980s, many to assess the 
status of stocked fish populations (e.g. Douglas and Brown 2000). The composition of the fish fauna is 
relatively well understood (Table 5), and as well as a number of exotic species, there are a several native 
species (golden perch, silver perch, freshwater catfish and Murray cod) that have been actively translocated 
into the river system beginning in the 1970s and 1980s (SKM 2002). Of these three species, only catfish have 
established a self-sustaining population, while stocking of silver perch and yellowbelly is ongoing (SKM 2010, 
DPI 2007).  Two other native diadromous species (Galaxias maculatus and Anguilla australis) have also 
colonised the upper reaches of the Wimmera catchment, most probably via the inter-basin transfer system 
connecting the Wimmera and Glenelg Rivers (SKM 2003a). Of these two only G. maculatus has (and is capable) 
of developing self-sustaining populations. 

Table 5.  Summary of fish species present in each of the reaches based on (SKM 2010) and (SKM 2006a). 

 
 

Species name Common name Wimmera 
McKenzie 
1/2 & Burnt 
Upper 

McKenzie 
3 & Burnt 
Lower 

Bungalally & 
Yarriambiack* 

Mt 
William 
Creek 

E
n
d
e
m

ic 

Gadopsis marmoratus River Blackfish  Â    

Galaxias olidus 
Mountain 
Galaxias 

Â Â Â  Â 

Nannoperca australis 
Southern Pygmy 
Perch 

 Â Â  Â 

Philypnodon grandiceps 
Flatheaded 
Gudgeon 

Â Â   Â 

Retropinna semoni Australian Smelt Â  Â  Â 

N
o

n-
e
n
d

e
m

ic 

Anguilla australis Short finned eel  Â Â   

Bidyanus bidyanus Silver Perch Â  Â   

Galaxias maculatus 
Common 
Galaxias 

 Â Â  Â 

Hypseleotris klunzingeri 
Carp Gudgeon 
(Complex) 

Â Â Â  Â 

Maccullochella peelii peelii Murray Cod Â  Â   

Macquaria ambigua Golden Perch Â  Â   

Tandanus tandanus
$ Freshwater 

Catfish 

Â  Â   

E
x
o

tic
 

Carassius auratus Goldfish Â Â Â  Â 

Cyprinus carpio Carp Â  Â Â Â 

Gambusia holbrooki Gambusia Â Â Â Â Â 

Perca fluviatilis Redfin Â Â Â  Â 

Salmo trutta Brown Trout  Â    

Tinca tinca Tench   Â  Â 

*based on field observations, $
 Listed under the Flora and Fauna Guarantee Act, Victoria. 
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The Sustainable Rivers Audit (Davies et al. 2008) summarised the Wimmera fish community as being in poor 
condition, with the Lowland Zone in very poor condition but the Slopes Zone in near reference condition. The 
SRA report (2008) noted that surveys conducted during 2004/2007 found most predicted native species, but 
these accounted for only 10% of the total biomass, which was dominated by alien (exotic) and introduced 
species. Native species richness was also reduced in the lowland sections.  More recently surveys have been 
conducted annually at 12 sites in the lower Wimmera River as part of the VEFMAP project (WCMA 2011, SKM 
2010).  Summarised results of these surveys support the general findings of the SRA, including showing high 
numbers of introduced species relative to endemic natives.  Fish numbers were found to have declined from 
2005-2008 due to the effects of drought, and associated loss of fish habitat.  Higher flows in 2009 saw 
improved fish numbers, but exotic species, particularly carp, had higher recruitment than native ones (SKM, 
2010).   Further analysis of this data will be prepared by VEFMAP in due course. The large volume of data 
collected for VEFMAP makes this a major task, and not one that can be emulated for this study.   

Relevant reaches  
One of the major decisions in revising the environmental flow objectives was trying to determine appropriate 
goals for Bungalally Creek and Yarriambiack Creek, and the lower reaches of the MacKenzie River and Burnt 
Creek, which receive only limited flows due to diversions into the Toolondo Channel. These river sections are 
not only highly intermittent, but because of their smaller channels also sustain no permanent refuges (Figure 
12). This differentiates them from the upper sections of the MacKenzie River and the mid and lower reaches of 
the Wimmera River which contain important refuge areas (Figure 13).  On this basis, the CMA established a set 
of fish objectives that focus primarily on those sections of the river that sustain permanent refuge habitats. At 
the same time, it was recognised that during prolonged wet periods, fish will likely move into and out of less 
permanent habitats. For this reason, the maintenance of longitudinal connectivity was applied to all reaches 
(Table 6). Achieving this objective invokes the need to manage any barriers that may limit fish passage at the 
prescribed flows. 

 
Figure 12.   Burnt Creek illustrating the small channel with insufficient depths to sustain permanent refuges (March 2013) 
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Figure 13.  Large permanent refuges on upper MacKenzie River (left) and the reach 2 on the Wimmera (March 2013) 

Table 6.  Relevant fish objectives for each of the reaches examined. 

Fish objective  Wimmera 
River 

MacKenzie 
River 

Mt 
William 
Creek 

Burnt 
Creek  

Bungalally 
Creek 

Yarriambiack 
Creek 

Maintain a self-sustaining freshwater catfish 
population in lower Wimmera River 

Â      

Maintain intact endemic fish communities in 
Mt William Creek and the upper MacKenzie 
River 

 
Reach 1&2 

only 
Â    

Restore endemic fish community diversity 
and abundance in the Wimmera River 

Reach 2/3 
only 

     

Provide adequate water quality/habitat for 
fish refuge locations in dry periods 

Â Reach 1&2 
only 

Â    

Facilitate dispersal and establishment of 
endemic fish species 

1 
Â Â Â Upper 

only 
  

Provide adequate water quality to maintain 
native recreational species 

2 
Reach 4 

only 
     

1This objective was initially identified for the Bungalally, Yarriambiack and Lower Burnt Creeks, however following discussion with 
Wimmera CMA it was agreed that since these creeks do not sustain permanent refuge habitats, it is appropriate to exclude these from our 
recommendations. 
2This does not preclude endemic fish species being in this reach. (Similarly restoring endemic fish populations in reach 2/3 of the Wimmera 
will also sustain recreational species).   

Flow objectives  
While the reach-level objectives vary significantly, it is worth noting that the persistence of fish populations in 
highly intermittent river systems such as the Wimmera depends on the presence of permanent refuge areas, 
which allow isolated populations of fish to survive during droughts, which can disperse and recolonise 
previously dry reaches when flows return (SKM, 2006a; Bond et al., 2008; Davies et al., 2008; SKM, 2010). 
These cycles can occur across large-spatial scales, and it is therefore important to consider local refuges in a 
regional context in managing flows and other aspects of the riverine environment.   

Against this backdrop, flow variability can play a key role in maintaining healthy native fish populations, in 
particular by: 
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¶ Maintaining suitable habitat for each life-history stage 

¶ Providing opportunities for movement between different habitats 

¶ Acting as a trigger for spawning, including spawning migrations 

¶ Maintaining productive food sources 

¶ Regulating populations of some invasive species 

The flow recommendations for native fish outlined in this report thus seek to address these five key areas, 
noting that the achievement of some of them will also depend on relevant vegetation, geomorphic and 
macroinvertebrate objectives also being met. These include a mix of both high flows ς bankfull and in-channel 
pulses, and seasonally varying minimum flows to provide access to and connectivity between different 
habitats. For example, fish habitats are maintained both from channel forming flows (flow pulses and bankfull 
flows), which maintain channel features such as scour pools, and as the minimum flows required to maintain a 
sufficient diversity and area of specific hydraulic environments within the channel. Periodic high flows are now 
particularly important in the Wimmera because of the threats to native fish from saline groundwater, which 
Ŏŀƴ ǊƛǎŜ ǊŀǇƛŘƭȅ ŘǳǊƛƴƎ ƭƻǿ Ŧƭƻǿ ŀƴŘ ΨŎŜŀǎŜ ǘƻ ŦƭƻǿΩ ǇŜǊƛƻŘǎΦ wŜǾƛŜǿǎ ƻŦ ǘƘŜ ǎŀƭƛƴƛǘȅ ǘƻƭŜǊŀƴŎŜǎ ƻŦ ƴŀǘƛǾŜ ŀƴŘ 
introduced freshwater fish (Hart et al., 1991; James et al., 2003; SKM, 2010) show that most lowland fish 
species have relatively high tolerance to high salinities. For example, available estimates of the LD50 (the lethal 
dose at which 50% of individual animals die) for native fish in the Wimmera range from ~10,000-50,000 mg/L 
(~16,600-83,300 µS/cm). Early life-stages tend to be more sensitive, but still approach ~10,000 mg/L among 
lowland species ; James et al., 2003). These concentrations are frequently exceeded in the Wimmera River 
during extended dry periods, due to saline groundwater discharge. For this reason, periodic freshes have been 
recommended to dilute and flush saline pools. These freshes require a sufficient duration to prevent simply 
ŎǊŜŀǘƛƴƎ ŀ ΨǎƭǳƎΩ ƻŦ ǎŀƭƛƴŜ ǿŀǘŜǊ ǘƘŀǘ ƳƻǾŜǎ Řƻǿƴ ǘƘŜ ǊƛǾŜǊ ŀƴŘ ƳƛȄŜǎ ƻǘƘŜǊǿƛǎŜ ǎǘǊŀǘƛŦƛŜŘ ŦǊŜǎƘ ŀƴŘ ǎŀƭǘǿŀǘŜǊ 
layers.  

A further requirement of fish populations is the ability to move between habitats, whether to reach specific 
spawning sites or to colonise areas from which local populations have been lost due to drought and other 
disturbances. Flows play a critical role in these movements, in some cases acting as a trigger for movement, 
and in others ensuring that any potential barriers are inundated. For example, golden perch dispersal is 
triggered by flow pulses (Dave Crook, unpublished data), as are movements of many other species. Such 
movements can be associated with spawning (including pre-spawning movements), but are also important in 
allowing fish to access ς both by moving into and away from ς refuge habitats.  

A further goal of the flow objectives for fish is to ensure sufficient production of food resources occurs to 
ensure that fish populations are not energy limited. Most species of fish in the Wimmera River prey primarily 
on invertebrates (insects and crustaceans), with fish a secondary component of the diet. For this reason, the 
flows required to sustain an energy base for fish are largely covered under the invertebrate flow 
recommendations. It is however worth noting once again that flow variability, and in particular the periodic 
inundation of off-channel habitats tends to support higher levels of overall ecosystem productivity (e.g. 
Baldwin & Mitchell, 2000). The nature of this relationship is not well quantified for most river systems but 
periodic high flows, including floodplain inundation, are likely required to support a high native fish biomass. 

Table 7.  Environmental flow objectives for fish in the Wimmera catchment  

Environmental 
objective 

Flow objective 
Flow 
component 

Timing 
Frequency and 
duration 

Maintain a self-
sustaining freshwater 
catfish population 

Maintain sufficient area of pool 
habitat greater than 1.5m deep, 
complex edge habitats 
submerged (e.g. tree roots, 
logs). 

Low flow All year  
Continuous/ near 
continuous 

Protect flows during the 
spawning/nesting 

Low flow 
Oct - Dec 
(nesting 
period) 

Wet and average 
years (maximum of 4 
years without) 
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System limitations to achieving environmental objective for fish 
The achievement of healthy and self-sustaining native fish assemblages will not be met through flow 
management alone. Key issues in the Wimmera include the legacies of broad-scale catchment clearing and 
stock access to streams.  Salinity effects arising from land-clearing have been considered as part of the flows 
assessment, but the effects of riparian clearing and stock access on nutrient and sediment loads, basal 
resource availability, and water temperature (among other factors; e.g. Hansen et al., 2010) must also be 
addressed if the full benefits of improved flow management are to be realised. The other main issue pertaining 
to fish are the effects of small in-stream barriers on movement. While one of the goals of flow pulses is to 
inundate low-flow barriers, weirs, culverts and dams all can act to disrupt those movements, and not all can be 
sufficiently overtopped by small flow pulses to allow upstream and downstream movement. SKM (2006b) 
found that none of the native species in the Wimmera and MacKenzie Rivers require fish passage and 
suggested that barriers may help limit carp movement. However to achieve fish dispersal objectives it is 
important that any potential barriers are identified, and where necessary modified to reduce their effects on 
fish passage.   

3.5 Healthy and diverse water dependent vegetation 
The overarching environmental objective relating to water-dependent vegetation of the Wimmera system is to 
maintain healthy and diverse mosaics of water-dependent vegetation.  

In some cases, this high-level objective can be applied to all the different types of water-dependent vegetation 
in the river system, including that on the floodplain, in the riparian zone, and for submerged and emergent 
vegetation in in-stream environments.  This all-encompassing objective would apply, for example, to Wimmera 
and MacKenzie Rivers.  In other cases, for example with Burnt, Bungalally and Yarriambiack Creeks, the 

Environmental 
objective 

Flow objective 
Flow 
component 

Timing 
Frequency and 
duration 

Maintain intact 
endemic fish 
communities 

Maintain sufficient area of pool 
habitat greater than 1.5m deep 

Low flow All year  
Continuous/ near 
continuous 

Maintain shallow water littoral 
habitats for small bodied 
species (e.g. pygmy perch, 
flathead gudgeon) 

Low flow All year 
Continuous/ near 
continuous 

Restore endemic fish 
community diversity 
and abundance  

Provide flow variability to 
maintain water quality and a 
diversity of habitats (increase of 
about 0.1-0.2 m recommended) 

Low Flow 
fresh 

Base on 
unimpacted 
hydrology 

All years. Frequency 
& duration based on 
unimpacted median High Flow 

fresh 

Jun - Nov 

 

Provide adequate 
water quality/habitat 
for fish refuge 
locations in dry 
periods 

Maintain oxygen and salinity 
levels within tolerances of 
native species 

Low flow All year 
Continuous/ near 
continuous 

Flush salt from waterholes 
High flow 
fresh 

Jun - Nov 
All years, based on 
monitored salinity 
levels. 

Prevent artificial extension of 
unimpacted cease to flow spells     

Facilitate dispersal 
and establishment of 
endemic fish species 

Flow pulses to provide stimulus 
for fish movement (needs to 
inundate in-stream barriers by 
at least 0.1m) 

Low Flow 
fresh 

Base on 
unimpacted 
hydrology  

Wet and average 
years only frequency 
& duration based on 
unimpacted median High Flow 

fresh 
Jun - Nov  

Provide adequate 
water quality to 
maintain introduced 
recreational species 

Prevent high salinities that 
exceed the tolerances of golden 
perch, silver perch and 
freshwater catfish (~15,000 
mg/L) 

High flow 
fresh 

As necessary 
based on real-
time 
monitoring 

All years 
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ephemeral nature of their flow regime means that submerged and emergent aquatic vegetation in in-stream 
habitats is of less interest.  In these cases, the high-level objective refers to riparian and floodplain 
environments only.   

Water dependent vegetation of the Wimmera system 
There are a number of sources of information on water-dependent vegetation in the Wimmera River system, 
including: 

¶ Vegetation descriptions in the original SKM FLOWS studies 

¶ Vegetation maps (using EVCs, or Ecological Vegetation Classes) available from the interactive 
biodiversity mapsite of DSE or from other sources 

¶ Detailed descriptions of vegetation, often undertaken as part of VEFMAP studies 

¶ Information gleaned as part of the field inspections of early March 2013.    

As commented on in the companion Glenelg River FLOWS study (see Alluvium 2013), the Issues paper for the 
original FLOWS study of the Wimmera River undertaken by SKM (SKM 2001) used the presence of rare or 
threatened plant species as the only indicator of vegetation values. This report reported that there were 135 
threatened species of plant in the Wimmera River catchment, of which 24 were deemed to be water-
dependent (SKM 2001, page 59).  A focus on rare or threatened species was criticised by Dyer & Roberts 
(2006) and, as we have noted also for the Glenelg River study, such a focus is of little practical use when 
attempting to describe the vegetation values and issues for the Wimmera River when developing 
environmental flow recommendations.   

Some additional information on in-stream, riparian and wetland vegetation is provided in SKM (2002, pages 
мтҍнсύΣ ōǳǘ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƻōƧŜŎǘƛǾŜǎ όŀǎ ƭƛǎǘŜŘ ƻƴ ǇŀƎŜ олύ ŀǊŜ ǎȅǎǘŜƳ-wide and, again, given solely in 
terms of rare or threatened species: 

¶ Sustainable Lizard Orchid communities (maintenance: overbank flows in spring) 

¶ Dwarf Flat-sedge communities (maintenance and recruitment: overbank flows in spring) 

¶ Sustainable Yarra Gum communities (maintenance and recruitment: overbank flows in spring) 

¶ Sustainable Bead Glasswort communities (maintenance and recruitment: overbank flows in spring) 

¶ Sustainable Slender Darling-pea communities (maintenance and recruitment: overbank flows in 
spring) 

¶ Sustainable Tiny Arrowgrass communities (maintenance and recruitment: overbank flows in spring). 

There has been considerable progress with devising environmental flows for inland rivers in Victoria since the 
early FLOWS studies, and the approach nowadays is to identify environmental values and environmental 
objectives not in terms of listed species but instead in terms of aquatic, riparian and wetland plant 
communities, often with EVCs acting as a high-level surrogate.  Once the crucial vegetation types have been 
identified and assessed, information is extracted from literature sources and from anecdotal reports on the 
hydrological requirements to maintain either individual species or broad plant types.  If the former are used, it 
is often as a surrogate for the latter.  This approach requires spatially explicit information on the vegetation 
present in each study reach, and this information is most often obtained with a mixture of field inspections 
and vegetation maps from pre-existing sources.  Figure 14 shows the type of vegetation mapping currently 
available, using as an example the Wimmera River near Dimboola. Often it is useful to compare present-day 
vegetation (i.e. in terms of 2005 EVCs) with modelled pre-European (i.e. 1750) distributions, in order to 
envisage the types of vegetation that might be amenable to system-ǿƛŘŜ ǊŜƘŀōƛƭƛǘŀǘƛƻƴ ŀƴŘ ŀǎ ŀ ΨǊŜŀƭƛǘȅ ŎƘŜŎƪΩ 
on final recommendations.    
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Figure 14.  Example of vegetation mapping that can be used when devising environmental flow recommendations: 
vegetation of the Wimmera River near Dimboola (left shows modelled 1750 EVCs, right shows EVCs mapped in 2005).  
Source: DSE biodiversity interactive mapsite. 

In contrast to the case with fish (see above, section 3.4) and macroinvertebrates (see below, section 3.6), there 
have been relatively few studies of the water-dependent vegetation of the Wimmera system.  An example of 
supplementary information on vegetation available from VEFMAP studies is the report by SMEC (2011) on 
monitoring along the Wimmera and MacKenzie Rivers.  This study monitored water-dependent vegetation at 
five monitoring sites, one on the MacKenzie River and four on the Wimmera River, at Gross Bridge, 
Polkemmet, Big Bend, and the Wundersitz Crossing.  Between 15 and 18 transects were intended to be 
assessed at each site for woody habitat, vegetation profiles, and River Red Gum condition.  Unfortunately, a 
number of assessments (e.g. of soil composition, the large woody debris assessments, etc) could not be 
undertaken because of the severe flooding that had taken place in mid-2010 to early 2011, just before field 
work commenced.   Moreover, it was difficult to compare the results that were obtained with those of earlier 
assessments, because field work had been undertaken in different seasons. 

Nevertheless, the report drew some conclusions as to the condition of the riparian zone at the five sites that 
were surveyed.  First, it concluded that the recent flooding had provided such a severe ecological disturbance 
to the vegetation that any benefits thought to accrue from prior environmental flows were overwhelmed by 
the destructive force of the floods.  In the case of the Mackenzie River, it concluded that recent flooding had 
reduced the biodiversity value of most of the riparian communities surveyed (page12), and that this vegetation 
had been, until the floods, slowly changing in response to chronically drier conditions (page 22). For the 
Wimmera River, there was some indication that the condition of River Red Gums had improved at some 
transects, but again it was impossible to differentiate the effects of prior environmental flows from the effects 
of the recent extensive flooding.   

A number of specific studies of River Red Gum condition have been undertaken along the Wimmera River 
(Brett Lane & Associates 2008, 2007, 2009), which are similar to studies undertaken at roughly the same time 
elsewhere in north-central and north-western Victoria in response to widespread concern about the loss of 
these plant communities during the drought (e.g. Brett Lane & Associates 2009). This period also saw the 
progressive development of more powerful monitoring techniques to assess the condition of riparian 
vegetation, and especially River Red Gum condition (e.g. see Cunningham et al. 2007; Souter et al. 2010).  




















































































































































































































