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1 Executive Summary   

The actions identified in this management plan seek to improve the saline aquatic environment at the 
Disher Creek Saline Water Disposal Basin (Disher Creek Basin) and secure the long term future of the 
present Murray hardyhead population at the site. The proposed outcomes will be achieved through the wise 
use and management of both the Renmark Irrigation drainage and Murtho SIS saline water with the 
addition of River Murray environmental flows. The Disher Creek Basin is located on the River Murray 
floodplain down stream of Renmark within the Murray River National Park (Lyrup Flats). In 1967 Disher 
Creek became a saline water disposal basin with drainage water from the Renmark Irrigation Area being 
disposed into the wetland via the Renmark Area Drainage Disposal Scheme (RADDS).  

The Disher Creek Basin is currently experiencing changing hydrology due to reduced flushing by River 
Murray flood events and improvements in irrigation efficiency which has reduced drainage water inflows 
from the Renmark Irrigation Area.  The reduction in both fresh and saline water has caused salinities to 
gradually increase to extreme levels (190,000 uS/cm) within the Main Basin. The extreme salinities within 
the Disher Creek Main Basin have resulted in the recent extinction of Murray hardyhead at this wetland. 
Murray hardyhead now only survive in the Disher Creek Outfall Pond due to the flushing of irrigation 
drainage water through the wetland to the Disher Creek Main Basin.      

The Murray hardyheadis listed as vulnerable under the Commonwealth Environment Protection and 
Biodiversity Conservation Act 1999 ,  endangered under the SA National Parks and Wildlife Act 1972, and 
endangered under the International Union for the Conservation of Nature s Red List, due to population 
decline and local extinctions (Ebner et al. 2003).  As of August 2009 the known Murray hardyhead 
population centres on a small number of sites ranging from the Kerang Lakes in Victoria to the Lower Lakes 
in South Australia. The Disher Creek Basin provides critical habitat for the survival Murray hardyhead within 
the Murray Darling Basin.  

Murray hardyhead have been recorded residing in habitats with salinities as low as ~500 S/cm and as 
high as 71,600 S.cm.  Recent studies have established that the salinity tolerance of the Murray hardyhead 
was not independent of the population or lake salinity regime, meaning that different populations have 
different sensitivities to salinity. These authors found that there was no specific species tolerance to 
salinity, and that it was possible that historical hydrology regimes were having an effect on current 
populations. Site monitoring data indicates that the Disher Creek Basin Murray hardyhead population have 
successfully bred in the Outfall Pond in the past at salinities between 26,000uS/cm to 36,000 uS/cm. 
Therefore it is proposed that salinity levels within the Disher Creek Basin Murray hardyhead habitat sites be 
maintained at or below that  which breeding events have occurred in past. 
. 
The proposal to dispose of the Murtho Salt Interception Scheme (SIS) saline groundwater to the existing 
Noora Saline Water Disposal Basin via the Disher Creek Basin has been the catalyst for the development 
of this hydrological management plan. The plan seeks to;  

 

Maintain  the present hydrological parameters within the Disher Creek Outfall Pond (1ha) through the 
continued discharge of Renmark Area Drainage Disposal Scheme (RADDS) water into the wetland;  

 

Create an additional 16.8ha of Murray hardyhead habitat (Northern Basin) by utilizing both RADDS and 
Murtho SIS saline discharge water which will be supplemented with River Murray water to maintain 
appropriate salinity and water hardness levels;  

 

Maintain appropriate water salinity levels within the Disher Creek Main Basin to support a viable saline 
ecosystem through the discharge of Murtho SIS saline water into the basin prior to pumping the water 
to the Noora Saline Water Disposal Basin;  

 

Maintain connectivity with the River Murray by allowing the Disher Creek Basin to flush at river flows 
above 38,000ML/d.  



  

5

 
2 Introduction   

The Disher Creek Basin is located on the River Murray floodplain approximately 8 kilometres south of 
Renmark is within the Murray River National Park (Lyrup Flats). Over the last five years inflows of irrigation 
drainage water from the Renmark Irrigation Area into the Disher Creek Basin have declined significantly 
resulting in the majority of the main Basin drying out during the summer months. Reduced volumes of 
irrigation flows are primarily due to the ongoing drought conditions and improved efficiency in irrigation 
practices.  

The Murray hardyhead Craterocephalus fluviatilis (McCulloch), lis listed as vulnerable under the 
Commonwealth Environment Protection and Biodiversity Conservation Act 1999 , and only survives in four 
known locations along the River Murray in South Australia. The Disher Creek Basin is one of two sites 
occurring within the Riverland Region, the other being the Berri Saline Water Disposal Basin.  Both 
populations are composed of a relatively small number of individuals and limited year classes. Reduced 
irrigation drainage water inflows combined with reduced basin flushing due to a lack of recent River Murray 
floods has resulted in the majority of the Basin becoming unsuitable for Murray hardyhead, with electrical 
conductivities (EC) in excess of 190,000 uS/cm (microsiemens per centimetre). The Disher Creek Basin 
Murray hardyhead population is presently confined to the small irrigation drainage water Outfall Pond 
(approximately 1ha in size) which is isolated from the main Basin. All the Renmark Area Drainage Disposal 
Scheme (RADDS) saline water flows through the pond before spilling in to the Main Basin which has 
maintained water salinities favourable to Murray hardyhead.  

The proposal to dispose of the Murtho Salt Interception Scheme (SIS) saline groundwater to the existing 
Noora Saline Water Disposal Basin via the Disher Creek Basin has created the opportunity to improve the 
aquatic environment at the Disher Creek Basin.  

2.1 Murray River National Park Management Objectives  

The Disher Creek Basin and surrounding floodplain is a National Park managed by the South Australian 
Department for Environment and Heritage. From the River Murray National Park Management Plan, the 
National Parks and Wildlife Act 1972 describes the general objectives of managing a National Park in 
South Australia as: 

 

Preservation of management and wildlife; 

 

Preservation of historic sites, objects and structures of historic or scientific interest; 

 

Preservation of features of geographical, natural or scenic interest; 

 

Destruction of dangerous weeds and eradication or control of noxious weeds and exotic plants; 

 

Control of vermin and exotic animals; 

 

Control and eradication of disease of animals and vegetation; 

 

Prevention and suppression of bush fires and other hazards; 

 

Encouragement of public use and enjoyment of reserves, and education in, and a proper understanding 
and recognition of their purpose and significance; and 

 

Generally the promotion of the public interest.  

Specific objectives for management of the Murray River National Park are: 

 

To provide opportunities for recreation in a near natural environment; 

 

To ensure long-term protection of the riverine environment and associated values; 

 

To encourage natural regeneration of degraded areas; and, 

 

To manage the Katarapko Island and Disher Creek Saline Water Disposal Basins for drainage water 
management whilst enhancing their wetland habitat values.   

2.2 Murtho Salt Interception Scheme   

The Murtho SIS is being constructed to reduce the inflow of saline groundwater to the River Murray, 
consistent with the aims and objectives of the Murray Darling Basin Ministerial Council s Basin Salinity 
Management Strategy 2001-2015 and the South Australian River Murray Salinity Strategy 2001.  

In the Murtho area located along the River Murray between Paringa to Victorian border it is estimated that 
bout 138.5 t/day, 30yr.modelled average of salt are delivered to the River Murray, resulting in an average 
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salinity impact of 27.7Ec as modelled at Morgan. In addition to the modelled benefits in River salinity, it is 
anticipated that the Murtho SIS will also provide some ecological benefits to the adjacent Riverland Ramsar 
site by installing and operating works that will minimise future salt impacts on the River Murray and it s 
floodplain from irrigation activities, within the Murtho reach.  

The scheme involves pumping saline groundwater from a series of strategically located bores adjacent the 
River Murray and disposing of the intercepted groundwater to the existing Noora Saline Water Disposal 
Basin via the Disher Creek Basin.  The intercepted groundwater is to be transferred by pipeline from the 
borefield to Noora Saline Water Disposal Basin.  

It is predicted that inflows to the Disher Creek Basin from the Murtho SIS will be of a constant flow and 
salinity of 60L/s and 39 000 uS/cm (22t/ML) (AWE 2008). A limited data set indicates that the Murtho SIS 
groundwater potential water hardness values on average will be under 1,000mg/L .  

2.3 National Recovery Plan for the Murray hardyhead  

The National Recovery Plan details the species distribution, biology and ecology, threats and recovery 
objectives and actions necessary to ensure the long-term survival of the Murray hardyhead.   

The overall objective for recovery of the Murray hardyhead is to minimise the probability of extinction of the 
Murray hardyhead in the wild, and to increase the probability of important populations becoming self-
sustaining in the long term.   

Within the life span of this Recovery Plan, the Specific Objectives for recovery of the Murray hardyhead are 
to:  1. Investigate and manage threats to populations and habitats.   

2. Determine population persistence and trends.   
3. Determine habitat preferences.   
4. Investigate important life history attributes.   
5. Establish and maintain the Murray hardyhead in captivity.   
6. Establish new populations of Murray hardyhead in the wild.   
7. Increase community awareness of Murray hardyhead conservation.   

2.4 River Murray Wetland Management Plans  

Legislation has been introduced that requires River Murray wetlands projects that aim to manage the flow 
of water to and from wetlands to obtain a water licence and an associated water allocation under certain 
conditions.  

In accordance with Part 4 subsection 9 (1) of the Water Resources Act 1997:  

A person must not take water from a prescribed watercourse, lake or well or take surface water 
from a surface water prescribed area unless authorised to do so by a water licence granted by the 
relevant authority .  

Therefore any action that controls the movement of River Murray water in or out of a wetland will require a 
licence and water allocation.  

The Water Allocation Plan for the River Murray Prescribed Watercourse provides the legal policy 
framework (principles 11, 12, 13 and 14) for the allocation and use of this water for wetland management 
purposes.  

The development and subsequent endorsement of a wetland management plan is a fundamental 
requirement of any wetland project. In particular, it is necessary that a wetland management plan meets the 
criteria in the Guidelines for Developing Wetland Management Plans for the River Murray in South 
Australia ( Guideline ) report (DWLBC 2003).to procure a wetland water licence and associated water 
allocation.    
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2.5 Disher Creek Basin Management Objectives  

Ecological:   

1. Ensure the Disher Creek Basin supports a sustainable Murray hardyhead population by:   

 
Maintaining  the present hydrological parameters within the Outfall Pond through the continued 
discharge of Renmark Area Drainage Disposal Scheme (RADDS) water into the wetland;  

 
Creating an additional Murray hardyhead habitat site by utilizing both Murtho SIS and RADDS saline 
discharge water which will be supplemented with River Murray water as required;  

 

Maintain connectivity with the River Murray by allowing Disher Creek Basin to flush at river flows above 
38,000ML/d.  

2. Maintain appropriate water salinity levels within the Main Basin to support a viable saline ecosystem 
which supports aquatic and littoral zone vegetation and waterbirds.  

Saline Water Disposal:   

3. Continue to discharge the RADDS water into Disher Creek Basin via the Outfall Pond.  

4. Discharge Murtho SIS saline water into the Disher Creek Main Basin prior to pumping the water to the 
Noora Saline Water Disposal Basin.  
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3 Site Description   

3.1 Location and site overview  

The Disher Creek Basin is a floodplain depression located approximately 8km south of Renmark on the 
northern bank of the River Murray Floodplain between Berri and Renmark adjacent to the Pike River 
Floodplain (Figure 1). The Disher Creek Basin has an inundation extent of 13.2m AHD which is at Lock 4 
weir pool level. When inundated at this elevation the volume of water which the basin is able to hold is 360 
ML. When water volumes reach this amount additional water is pumped to the Noora Saline Water 
Disposal Basin in order to prevent the potential for saline groundwater to enter the River Murray. The 
Disher Creek Basin becomes inundated when River flows exceed 38 000 ML/d.  

 

Figure 1. Location Map  
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In the early 1920s tile drains were installed at a depth of between 1.2 and 1.8 m beneath the ground 
surface to intercept excess irrigation drainage throughout the Renmark and Ral Ral Irrigation Areas (Rolls 
2007). The intercepted water flows by gravity to caissons (a large storage container open at the top or 
bottom and one side), where it is pumped via a pipeline and channel system to a disposal basin. From 
1967 drainage from the Renmark Irrigation Area was partly disposed of to the Disher Creek Basin via the 
Renmark Area Drainage Disposal Scheme (RADDS) (Woodward Clyde, 1999).   

Prior to 1982, drainage water from the Renmark Irrigation areas was directed to both the Disher Creek and 
Bulyong Island  Basins. However, the consequent high water levels in these Basins altered the 
hydrogeological regime, causing highly saline groundwater beneath the floodplain to flow into the River 
Murray. In an attempt to combat this problem, the Noora Drainage Disposal Scheme (east of Loxton) was 
commissioned in 1982 which enable excess water from Disher Creek and Berri Basins to be pumped to the 
Noora Saline Water Disposal Basin to minimise salinity impacts on the River Murray (Rolls 2007).  

3.2 Disher Creek Basin Current Operating Practices 
(Taken from Ken Smith 2002 Review of Saline Water Disposal Basins Operations and Guidelines)  

Current operations include maintaining the water level in the Disher Creek Main Basin at about mean river 
level (close to Lock and Weir 4 upper pool EL 13.2) by means of pumping to Noora Saline Water Disposal 
Basin. Pumping to Noora ceases when it is predicted that river flows will exceed 15,000 ML/day.  

When flows at Lock 5 exceed 15,000 ML/day and the EC is less than 450 uS/cm, the 750mm pipe culvert 
outlet structure in the southern embankment of the Disher Creek Basin may be opened if the basin water 
level is higher than the river level controlled release may be undertaken, or if the river level is higher than 
the basin water level, controlled inflows may be initiated to freshen the basin water. The pipe culvert may 
also be opened when river flows exceed 38,000 ML/day enabling the Basin to be flushed. The Disher 
Creek Outfall main bypasses to Bookmark Creek are opened when river flows exceed 15,000 ML/day and 
river EC is less than 450 uS/cm, the outfall is closed again when recession of river flows approaches 
15,000 ML/day. In addition if the Disher Creek Outfall main bypasses to Bookmark Creek are open and 
river flows do not exceed 38,000 ML/day it is possible for the basin to dry or partially dry out  

3.3 Drainage Water Parameters   

Water is delivered to the Disher Creek Basin from the Renmark Area Drainage Disposal Scheme (RADDS) 
via a pipeline and an open channel (Figure 2 & 3). This outfall then fills the basin from the north. Water 
levels and salinity within the Outfall Pond fluctuate according to subsurface and overland irrigation drainage 
flows. Salinity levels within the Outfall Pond respond accordingly to the volume of drainage influx (Figure 4). 
As these fluctuations occur water levels within the pond rise and fall exposing clay ledges and promoting 
littoral vegetation growth of plant species such as Water Ribbons Triglochin striatum (M. Harper Pers. 
Obs.). These fluctuations in both salinity and water level promote planktonic life cycles and may act as 
breeding cues to the Murray hardyhead.  

        

 

Figure 2 RADDS Outfall Channel    Figure 3 Disher Creek Outfall Pond    
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The Renmark Irrigation Trust (RIT) has monitored the salinity and flow of drainage waters at caissons since 
1979. An estimate of 1800 ML/y disposed to Disher Creek Basin over the period 1989 93 (Woodward-
Clyde, 1999), and 1645 ML in 2004 (Rolls 2007). The total flow in 2004 estimated from RIT pump records 
was 1645 ML (Table 1), suggesting that annual drainage flows are decreasing, as the following 12 months 
(11/10/2005 to 10/10/2006) of monitoring flow and EC at the Dishers Creek Basin gauging station, the total 
flow was 1106 ML and mean daily salinity varied between 9764 30 730 EC (Table 1), averaging 24 473 
EC.   
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Figure 4 Disher Creek Outfall Pond salinity and flow fluctuations    

Table 1. Salinity and flow of drainage waters to Disher Creek Basin      
EC   

Period Water Source Range Mean Flow ML/y

 

2004 Caissons 1 4  2500  5300 3502 817

  

Caisson 5  

  

19 800 828

  

Total to Dishers Creek   

   

1645

 

2005 06    RADDS gauging station 9764  30,730 24 473  1106

   

3.4 Environmental Condition  

Vegetation: In February 2008 Australian Water Environments mapped the dominate vegetation types 
within the Disher Creek Basin (see Figure 5).  Observations recorded during the survey indicate that the 
past and current use of the Disher Creek Basin as a drainage disposal basin has led to severe damage to 
the ecology of the floodplain specifically through the drowning of fringing River Red Gums, and the 
retention of saline water which restricts the range of plants and animals that can survive. Vegetation health 
has declined significantly and there has been a transformation in the structure of vegetation communities 
e.g. more Samphire, and other highly salt tolerant species present on the flood plain replacing the 
vegetation that would have been present under pre-scheme hydrological conditions (AWE 2008). Large 
scale Black Box deaths are apparent on lower floodplain areas along with a lack of regeneration, decline in 
Lignum cover and health in all lower areas. The deaths of River Red Gums adjacent to the channels and on 
the lower floodplain, and a lack of re-establishment, has resulted in a large scale loss of River Red Gum 
communities from the site (AWE 2008).  
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The upper floodplain areas support or previously supported Black Box Woodland (10-30% projective foliage 
cover) with an understorey generally dominated by River Saltbush. Trees typically range from 5 to 8 metres 
in height to occasionally larger older trees and in some small patches scattered Dryland Teatree were 
present as small trees. Understorey shrubs noted included Spreading Emu-bush, Nitre Goosefoot, Sticky 
Hopbush, Samphire species and Desert Glasswort. Undershrub and ground layer species noted include 
Berry Saltbush, Baldoo, Climbing Saltbush, and Round-leaf Pigface. It was noted that mistletoe was 
prevalent in tree canopies (AWE 2008).  

On the Lower Floodplain areas tree health is generally poor to very poor. Black Box trees are in moderate 
health. The tree cover consisted of a wide range of mature aged trees (estimated from 40-70+ years old) 
with very few trees of young age classes. A large proportion of the standing trees appeared to be dead and 
had probably been dead for 5-10+ years. The majority of live trees were in very poor condition (<25% 
foliage remaining, up to 50% of main branches dead). However in two areas that straddle the levee bank, 
on the Lower Floodplain there appears to be some freshwater input through groundwater leakage from the 
river side, there was a higher diversity of understorey, regeneration of Coobah Acacia stenophylla and 
Black Box. Observations of canopy size and density of trees from past aerial photographs indicate that 
trees in these areas appear to be in good to excellent health just prior to the1956 flood through to 1961. By 
1979 the trees have reduced canopies and are in very poor health, by 1995 the majority of trees were dead 
or in very poor health (AWE 2008). These observations concur with descriptions of tree death in the Disher 
Basin in the Murray River National Park Management Plan (1994) and observations made on site by Gates 
(1996) in 1992.  

Areas or immediately adjacent to the channels there was scant groundcover, of some species such as 
Mitchell grass and some evidence of salt scalding in patches. The cover of River Murray Saltbush, and 
other herb species were very sparse to absent in some areas and were replaced almost entirely by Pigface 
in unusually poor health. The Desert Glasswort and Samphire increased in numbers in most areas that 
generally had a much sparser woody shrub understorey and poor tree health; an indication of high soil 
salinity. In addition, samphire cover also lines all the major channels occurring 1-2 metres below the line of 
Lignum and dead standing River Red Gums. Growing in some areas of the littoral zone are narrow bands 
of dead standing dwarfed common reed (Phragmites australis) up to 1m high. This is an indication that 
flushing from either a large rainfall decreased soil salinity above sufficiently to enable the reed to reshoot 
briefly.   

Monitoring undertaken by Suter et al (1993) between 1990  1992 (AWE 2008) noted patches of emergent 
macrophytes including Phragmites australis, spiny flat sedge (Cyperus gymnocaulos), variable flat sedge 
(Cyperus difformis), Spiky Club-rush (Schoenoplectus pungens) and Salt Club-rush (Bolboschoenus 
caldwellii. This period of monitoring encompassed two floods that reached over 16 m AHD and a minor 
flood which resulted in inundation to 14.5 m AHD. The emergent macrophytes listed above were not 
observed during the 2008 sampling, however in several locations the remnants of root mats or stands of 
dead lower stems could be seen on banks.  

Disher Creek Basin Murray hardyhead Population: The Disher Creek Basin provides critical habitat for 
the Murray hardyhead, listed as vulnerable under the Commonwealth Environment Protection and 
Biodiversity Conservation Act 1999 . Murray hardyhead were first recorded in the Disher Creek Basin in 
1986 (Lloyd & Walker 1986). The last survey record of the species found in the Disher Creek Main Basin is 
October 2006 when EC levels were around 50,000 uS/cm (Figure 6) the current (April 2009) EC of the 
Disher Creek Main Basin is 194,200 uS/cm (Table 2). It is considered that Murray hardyhead are now 
extinct in Disher Creek Main Basin.  
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Salinity at Disher Creek Evaporation Basin 2001-2007
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Figure 6. Salinity at Disher Creek Main Basin 2001-2007     

         
Table 2. Salinities of Disher Creek Main Basin 
Sampling trip Electrical Conductivity (uS/cm) 

Autumn 2006 65,700 

Summer 2006 67,500 

Spring 2007 70,300 

Autumn 2008 178,600 

Spring 2008 100,400 

Autumn 2009 194,200 

 

Currently Murray hardyhead are only found within the Disher Creek Outfall Pond, the dominant aquatic 
vegetation within this wetland is slender water mat Lepilaena preissii (Lehm) (Wedderburn and Walker 
2008). The current (August 2009) EC of the Outfall Pond is approximately 31,300 S/cm (L. Suitor 
Monitoring data August 2009) but has been as low as 26,200 S/cm (Summer 2009) and as high as 39,000 

S/cm (Autumn 2008) (SA DEH Drought Action Plan for Lower Murray Fishes Monitoring Data) (Table 3). 
Figure 7 presents length-frequency distribution for Murray hardyhead captured in the Outfall Pond during 
spring 2008 and autumn 2009 which indicates that the Murray hardyhead went through a breeding event 
during spring 2008 at the site. During the two survey periods it was found that Mosquito fish were dominate 
at the site (Table 4).  

Table 3. Salinity and Water Quality Parameters Disher Creek Oulfall Pond 

Sampling trip Temp (ºC) pH Cond (uS) DO (ppm) Secchi (m) 

Autumn 2006   26,800   

Autumn 2008    39,200   

Spring 2008  21.3 6.1 30100 13.7 > 0.6 

Autumn 2009 14.9 8.15 30100 9.56 > 0.6 
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Figure 7. Length-frequency distribution of Murray hardyhead sampled at Disher Creek Outfall Pond 
in spring (October) 2008 and autumn (May) 2009   

Table 4. Fish Species at Disher Creek Oulfall Pond ((SA DEH Drought Action Plan for Lower Murray 
Fishes Monitoring Data) 

Sampling trip # Murray hardyhead # Gambusia 

Spring 2008 3 2650 

Autumn 2009 174 9687 

  

Waterbirds; In the 1980 s, when the Disher Creek Basin was operating at full capacity Thompson (1983) 
recorded high numbers of water birds such as Black Swans, Grey Teal Ducks, Australian Pelicans, White 
Faced and White Necked Herons and Yellow-Billed Spoonbills. Between 1982 and 1987 local ornithologist 
Peter Schramm conducted wetland bird surveys. A total of 29 waterbirds were recorded, the most abundant 
species were the Grey Teal, the Black Swan, and the Australian Shelduck. Waterbird numbers recorded 
ranged from 220 in Autumn 1983 to 5,354 in Autumn 1986 (Figure 8). Seven species of significance were 
recorded; the Australasian Shoveler, Blue-billed Duck, Musk Duck, the Great Crested Grebe and the 
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intermediate Egret which are listed as rare in South Australia under the National Parks and Wildlife Act 
1972, the Freckled Duck listed as vulnerable under the above act. The Red-necked Stint and the Caspian 
Tern protected under the Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act) as a 
migratory species.   

Historic salinity data demonstrates varying salinity levels over time. Salinity has ranged from 21,380 uS/cm 
in 1982 to 7,560 uS/cm during 1984 to 22,600 uS/cm in 1987 (Figure 8). Waterbird species and diversity 
remained high during periods of increased salinity, during May 1987 20 species of waterbirds were 
recorded when salinities were 20,600 uS/cm (Figure 8). Water level fluctuated during this time ranging from 
14.41m AHD in 1982 to 13.46m AHD in 1987 (Figure 9). Over the monitoring period species diversity 
ranged between seven and twenty species of waterbirds. Due to current high salinities small numbers of 
waterbirds presently utilise the Basin with the dominant species being Grey Teal (pers. comm. M Harper).  
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Figure 8. Waterbird numbers and EC level between December 1983 and August 1987  
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Figure 9. Water level and EC level between December 1983 and August 1987 
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4 Management Rationale   

4.1 Murray hardyhead Ecology  

The Murray hardyhead (Figure 10) is endemic to the Murray-Darling Basin, and occurs in off-channel 
habitats such as permanent wetlands, backwaters and floodplain depressions (Wedderburn et al. 2007). 
The species belongs to the family Atherinidae, a group which is comprised of approximately 170 species, 
the majority of the family are marine or estuarine (Ivantsoff et. al. 1987). Twenty-six species are found in 
Australia, 14 of these predominantly inhabit freshwater systems (Cadwallander and Backhouse 1983). 
Freshwater hardyheads evolved from their marine ancestors which initially colonised inland saline waters, 
then progressively adapted to freshwater habitats (Allen 2002). The Murray hardyhead is listed as 
vulnerable under the Commonwealth Environment Protection and Biodiversity Conservation Act 1999 ,  
endangered under the SA National Parks and Wildlife Act 1972, endangered by the Australian Society for 
Fish Biology (ASFB 2001), vulnerable by the Australian and New Zealand Environment and Conservation 
Council (ANZECC 2000) and endangered under the International Union for the Conservation of Nature s 
Red List, due to population decline and local extinctions (Ebner et al. 2003). In March 2009 a nomination 
was submitted  to the Federal Government for the Murray hardyhead listing of vulnerable to be upgraded 
to critically endangered under the Commonwealth Environment Protection and Biodiversity Conservation 
Act 1999 .  

 

Figure 10 Adult Murray hardyhead (Photo: M. Hammer)   

Murray hardyhead Distribution: Due to numerous threats the Murray hardyhead have suffered a decline 
in distribution on both a state and basin wide scale. In 2008, Victorian populations were limited to three 
isolated populations; one near Mildura and two near Swan Hill (Ellis 2009). In South Australia four 
populations have been confirmed, two are near Berri (Berri and Disher Creek Saline Water Disposal 
Basin s), one wetland near Murray Bridge (Rocky Gully) and at least one within the Lower Lakes region of 
the Murray River (Boggy Creek). All South Australian populations are under increasing threat of extinction 
due to decreases in water level and habitat quality caused by increased irrigation efficiencies reducing 
volumes of drainage water. Figure 11 identifies historic and recent Murray hardyhead population locations 
within South Australia.    

As of August 2009 the known Murray hardyhead population centres on a small number of sites ranging 
from the Kerang Lakes in Victoria to the Lower Lakes in South Australia. In South Australia there is two 
distinct genetic populations one centred on the Lower Lakes the other in the Riverland (see Figure 5). Of 
ten recently known population sites below Lock 1 only four sites remain of which none are secure.  The 
sites are Boundary & Boggy Creeks Hindmarsh Island, Turveys Drain Milang Bay and Rocky Gully 
Wetland-Murray Bridge. The Berri and Disher Creek Saline Water Disposal Basins in the Riverland are the 
only other known populations in South Australia.  The Victorian wild populations have been reduced to 
three sites Round and Woorienen Lakes within the Kerang Lakes complex and Cardross Basin1 near 
Mildura. The Lake Hawthorn population is now only represented by a captive population located at the 
Murray Darling Freshwater Research Centre in Mildura. The Lake Hawthorn and Cardross Basin1 
populations are in the same genetic grouping as the Riverland populations.  
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Figure 11 Identifies historic and recent Murray hardyhead population locations within   
South Australia.  

Murray hardyhead Ecological Requirements:   

Salinity

 

Murray hardyhead can tolerate a wide range of salinities (~ 5,000 

 

33,000 S/cm) (Wedderburn et al. 
2007). Recent surveys have recorded the species residing in habitats with salinities as low as ~500 S/cm 
(Berri Evaporation Basin Outlet Creek, South Australia) and as high as 71,600 S.cm (Ellis et al. 2008) It is 
evident that few other fish species can co-occur with Murray hardyhead in these high salinity habitats 
(Wedderburn et al. 2007). Surveys of C. fluviatilis at sites in Lake Hawthorn when the salinity was recorded 
as 71,600 S/cm (Ellis et al. 2008) are currently the highest reported for the species.  
It is thought that the physiological characteristics of the Murray hardyhead which enables it to inhabit saline 
water may be the principal aspect of its survival regardless of other habitat features (Wedderburn et al. 
2007).   

Salinity increases coupled with reduced water level variability may have an impact on food sources such as 
zooplankton. Studies have found low EC (< 1000 uS/cm) may be too fresh for Murray hardyheads due to 
demonstrated physiological association with salinity (Wedderburn et al. 2007), and potentially other 
ecological factors such as competition or predation occurring at low salinities which may have a higher 
diversity of fish species in comparison to saline lakes (Backhouse et al. 2008a). Dixon et al (2005) 
examined the salinity tolerance of Murray hardhead from three Lakes near Kerang, Victoria. These authors 
established that there was no specific species tolerance to salinity, and that different populations have 
different sensitivities to salinity. Therefore salinity tolerance limits for one population should not be used as 
a management guide for managing salinity regimes for another  

Habitat

 

Murray hardyhead most frequently occur in shallow (<1m deep) open water over silty and sandy substrates 
where submerged macrophytes occur (Wedderburn and Hammer 2003) within billabongs, lakes and slow 
flowing tributaries (Cadwallader and Backhouse 1983, Lloyd and Walker 1986, Crowley and Ivantsoff, 
1990, Allen et. al. 2002). Plant species the Murray hardyhead is characteristically linked with include 
Ruppia sp, lepilaena sp and littoral vegetation Cumbungi (Typha sp.), Juncus species. Ruppia sp. in 
particular appears to be a significant aquatic plant species in saline lakes where Murray hardyhead occur 
(Backhouse et. al. 2008a) providing shelter, a food source and a substrate for spawning. Juvenile and Adult 
Murray hardyhead in Cardross and Hawthorn Lakes near Mildura have been observed schooling around 
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emergent stands of Typha. in shallow open water and deeper water around dense beds of submerged 
Ruppia sp. (Ellis 2005). More recent research has confirmed a clear association between fish assemblages 
dominated by Murray hardyheads and the aquatic macrophyte Ruppia sp. in saline wetlands.   

Reproduction

 
Murray hardyhead have been observed spawning from September through to January, peaking in October 
and November. They exhibit a potential for repeat spawning throughout the breeding season (Sharpe et al. 
2003). Ellis (2005) recorded that gonad size in Murray hardyhead increased in September and maintained 
size through until December, similar observations were recorded in the following year. Ruppia sp. has been 
observed to be particularly significant for spawning and deposition of Murray hardyhead eggs (Ellis 2005 
personal observation). Adults in spawning condition have been captured in stands of the plant, and adults 
lay their eggs with adhesive filaments amongst aquatic vegetation (Ivantsoff and Crowley 1996).   

Diet

 

Dietary analysis undertaken on fish from Cardross Basin 1 and Lake Hawthorn near Mildura found that fish 
from both lakes consumed significantly more food items during spring and summer than in autumn and 
winter (Ellis 2006). Gut analysis found the fish from both Lakes to be feeding predominantly on Zooplankton 
and their eggs (Copepods, ostracods and Cladoceran), organic and inorganic detritus and also Dipteran 
(midge and mosquito) larvae (Ellis 2006). Ellis (2006) suggests that a plentiful supply of both small and 
large zooplankton during the spring and summer breeding and recruitment period would sustain greater 
abundances of developing and adult Murray hardyhead. However increases in salinity which exceed 
tolerance levels of zooplankton, in combination with declining water level have potentially contributed to low 
abundances of C. fluviatilis in Lake Hawthorn and Cardross Basin 1 from 2004 to 2006 (Ellis 2006/07).  

General threats to the Murray hardyhead: The following section on threats to the Murray hardyhead is 
taken predominantly from Backhouse et. al. (2008a) National Recovery Plan for The Murray hardyhead   

Increasing salinity

 

The Murray hardyhead can tolerate moderately saline conditions, and all remaining populations occur in 
slightly moderately saline waters. Although Murray hardyhead can tolerate a wide range of salinities  
(~ 5,000 

 

33,000 S/cm) (Wedderburn et al. 2007). Whether they can survive and reproduce at high 
salinities is not known. Salinity tolerance varies between populations (Wedderburn et al. 2007). Increasing 
salinity is a major threat, especially to populations in lakes or basins away from the main river channel. In 
these locations, without intervention (eg. inflows of fresh water), salinity levels could increase to the point 
where they become lethal to the species.   

Lack of managed water for Murray hardyhead habitat

 

The lack of security for water to maintain Murray hardyhead habitat is a significant threat because without 
aquatic habitat this population will be lost. Appropriate water quality is also required to maintain the 
population. Although they can withstand elevated salinities, Murray hardyhead need appropriate salinities 
to ensure breeding occurs each year, due to their short life span of just 1-1.5 years (pers. comm. M 
Hammer).  

River regulation

 

River regulation, through reduced and altered flooding and run-off, is seen as a significant threat to Murray 
hardyhead, reducing connectivity between floodplain habitat and the main river channel. The amount and 
quality of inflows to wetlands is the main conservation issue that needs to be addressed in order to protect 
Murray hardyhead populations. Reduced flooding can lead to a number of potential problems including 
floodplain lakes drying out and causing local extinction of populations, fragmentation and isolation of 
populations, decreasing chances of dispersal and recolonisation, and increasing salinity (Backhouse et. al. 
2008a).   

Decreasing irrigation drainage water

 

Some wetlands inhabited by Murray hardyhead, (eg. Berri Disposal Basin, Cardross Lakes) have been 
used as disposal basins for excess water run-off from irrigated land, and water levels have been kept 
higher than would naturally occur. In the case of the Disher Creek Saline Water Disposal Basin, there has 
been a decrease in disposal water due to increased efficiency in water use by irrigators, which could pose a 
threat to the long-term viability of hardyhead populations in the Disher Outfall Pond. Decreasing water 
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levels also have a significant impact on the macrophyte communities within these systems, potentially 
reducing breeding and feeding habitat for hardyheads. Reduced run-off is also caused as a result of 
irrigators receiving only a small percentage of their normal entitlement due to current drought conditions 
(Backhouse et. al. 2008a).  

High nutrient levels

 
Lakes enriched with nutrients (primarily nitrogen and phosphorus), can be subject to excessive growths of 
phytoplankton (algal blooms). Algal blooms can effect the ecology of lake systems in many ways, the most 
serious of which is an excessive diurnal fluctuation in pH and dissolved oxygen, which can stress or 
eliminate sensitive species. Other problems include oxygen depletion resulting in the death of fish and 
other aquatic fauna, and reduced light penetration that can lead to macrophyte decline (ANZECC 2000). 
Round Lake (Vic) supports a population of Murray hardyhead, and fish have been found in spawning 
condition there. However, the overall condition of the water body for fish was considered moderate to poor, 
due to the combination of low water level, high turbidity and suspected high nutrient levels (Lyon et al. 
2002).   

Acid sulphate soils

 

Recent investigations into the formation of sulfidic materials in sediment, such as pyrite (FeS2) and 
monosulfides (FeS) have highlighted the potential for their development in inland saline waters, including 
those in the Murray-Darling Basin. When oxidised, elevated levels of sulfidic materials can cause a number 
of water quality problems, such as acid formation and low dissolved oxygen levels. This has the potential to 
cause serious harm to aquatic organisms, as was observed at Bottlebend Lagoon (NSW) in 2002, where 
there was a large fish kill caused by acid sulfate sediments (Lamontagne et al. 2004). Although it is not 
currently known which hardyhead habitats may contain sulfidic materials, preliminary indications are that at 
least some populations occurring in saline lakes may be at risk from this phenomenon. This is one potential 
cause of the apparent local extinction of hardyhead populations in recent years in several saline lakes in 
northern Victoria (Backhouse et. al. 2008a).   

Environmental contamination

 

Environmental contaminants such as petrochemicals and pesticides are utilised in urban and agricultural 
areas, and can accumulate in terminal lakes through storm water run-off, spray drift and transport through 
the irrigation system, and the lakes supporting Murray hardyheads are at risk from contamination. Some 
contaminants such as organochlorins are known to be very persistent in the environment, toxic in high 
concentrations and, because of their fat solubility, can accumulate readily in the fat tissue of organisms and 
therefore result in bioaccumulation (ANZECC 1992). High rates of spinal deformities have been observed in 
Murray hardyheads in Lake Hawthorn and Cardross lakes (Vic) (Ebner & Raadik 2001). The cause is not 
known, but may be due to an environmental contaminant (Backhouse et. al. 2008a).    

Sedimentation

 

Wetlands naturally trap sediment although increased sedimentation from increased soil erosion can block 
natural channels, divert flows, and raise soil levels so that wetlands lose deep habitats or are flooded less 
often. Sediment may also disrupt reproductive processes by rendering substrate unfit for egg attachment or 
settling on eggs and blocking development. Increased sedimentation has been identified as a major threat 
to Victorian native freshwater fish and a cause for decline in the range and abundance of native fish 
species (Backhouse et. al. 2008a).   

Barriers to Migration/Movement

 

The Murray hardyhead is not known to be a migratory species, and is able to complete its life cycle in 
isolated lakes. However, barriers to movement may affect recolonisation after local extinction of 
populations, such as through drying of floodplain lakes. River regulation, construction of levee banks, weirs 
and other barriers have potentially reduced the ability of Murray hardyhead to disperse along river systems 
and across floodplains (Backhouse et. al. 2008a).   

Impacts from Introduced fish species

 

Several introduced fish species including Common Carp Cyprinus carpio, Goldfish Carrasius auratus, 
Redfin Perca fluviatilis and in particular Eastern Gambusia Gambusia holbrooki occur with Murray 
hardyheads. The precise impact of introduced fish on Murray hardyheads is not known, but its small size, 
pelagic habitat and requirement for aquatic vegetation in which to spawn renders it susceptible to predation 
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and habitat degradation. Introduced fish species can pose a threat to native fish species and their habitats 
in the Murray-Darling River system, through predation, competition, disease transmission and other effects 
such as habitat destruction (MDBC 2003).   

Water hardness

 
Water hardness is a measurement of the concentration of ions such as calcium and magnesium, and 
additional trace amounts of other metals (e.g. iron and zinc). Water hardness is measured by the amount of 
carbonate, in ppm (parts per million) or mg/L which occurs in the water column. Water hardness is a 
significant water quality parameter which can affect fish health in many ways, specifically osmoregulation (a 
process by which fish maintain a constant internal body fluid concentration) (Ellis and Pyke 2009). The 
greater the difference in concentration between the fish s body fluids and the surrounding water, the greater 
the metabolic demands (of a fish) will increase to maintain osmotic equilibrium. The hardness of water, like 
salinity, increases at an accelerating rate as a wetland evaporates dry, and like salinity carbonate hardness 
may be diluted through the addition of fresher water i.e. rainwater. Murray hardyhead perished in Cardross 
Basin 1 West near Mildura Victoria in early 2008, when electrical conductivity (EC) was less than 18,000 

S/cm, and water hardness was 1300 mg/L CaCO3 (Ellis and Pyke 2009).The optimum hardness range for 
most aquarium fish is between 100  300 mg/L CaCO3 (Ellis and Pyke 2009).  

4.2 Threats to Disher Creek Basin Murray hardyhead   

The stressor model for Murray hardyhead habitat (Figure 12) identifies three drivers: climate, river 
hydrology and biological disturbance. In this area current irrigation practices influence the river hydrology. 
Within this model four identified stressors (or threats) influence the condition of Murray hardyhead habitat. 
All five of these threats were given a high priority rating.   

Lack of Environmental Flows and Saline Drainage Water: has affected the quality, level and volume of 
water at Disher Creek. Over the last five years inflows of irrigation drainage water into the Disher Creek  
Basin have declined significantly resulting in the majority of the main Basin drying out during the summer 
months. Reduced volumes of irrigation flows are primarily due to the ongoing drought conditions and 
improved efficiency in irrigation practices. The combination of not receiving River Murray fresh water since 
the 2000 high flow event and the discontinued flushing of the Main Basin by not requiring to pump drainage 
water to the Noora Saline Water Evaporation Basin has increased salinities levels in excess of 190,00EC.  
The present salinity levels within the Main Basin are well outside the salinity tolerance range of Murray 
hardyhead resulting in this species extinction at the site in 2006.   

Lack of Conductivity:  The lack of connectivity between this population and other suitable habitat also 
increases its risk of extinction.  The loss of connectivity is due to the reduction in River Murray high flow 
events flooding the site and the Disher Creek Basin infrastructure isolating the site at pool level.    

Small Isolated Population: Currently the single Murray hardyhead population within the Disher Creek 
Outfall Pond consists of a relatively small number of individuals, with one year class size. A small 
population size in a single location has increased risk of extinction. The population is more susceptible to 
catastrophic events; may no longer be able to maintain genetic diversity; and can lack the capability to 
move location in response to change. The lack of connectivity between this population and other suitable 
habitat.   

Mosquitofish (Gambusia holbrooki): Introduced fish species can pose a threat to native fish species and 
their habitats in the Murray-Darling River system, through predation, competition, and disease 
transmission. The Mosquitofish  (Gambusia holbrooki) is an exotic fish species introduced from Mexico to 
Australia to eat mosquito larvae. The fish is an aggressive species and is known to chase and fin nip fish 
much larger than themselves (Lintermans 2007). Gambusia cause significant decline in population growth 
rates of small native fish such as the Murray hardyhead through preying on eggs and larval fish 
(Lintermans 2007). Mosquitofish are a significant threat to Murray hardyhead as they are able to live in 
salinities of 34,821 uS/cm (Chessman and Williams 1974), and have an upper osmotic ability to tolerate 
salinities of up to 44,643 uS/cm (Nordlie and Mirandie 1996). This tolerance of high salinities allows 
Mosquitofish to compete with Murray hardyhead for valuable resources such as food and habitat in the 
hardyhead s preferred high salinity range especially in shallow habitat. Previous fish surveys within the 
Outfall Pond have recorded very high densities of Mosquitofish.
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Figure 12 Stressor Model of Disher Creek Basin Murray hardyhead habitat      by B Cale (2008)
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4.3 Artificial Saline Ecosystems  

Recently there has been interest in the use of saline groundwater salt interception schemes for aquaculture 
and other uses. Between September 2007 and September 2008 a study was conducted at the Stockyard 
Plain Saline Water Disposal Basin (Figure 13) to assess the impacts on the ecology of the basin of large 
scale drainage from a commercial development such as aquaculture. The study assessed monthly water 
quality, nutrients and plankton, benthic macroinvertebrate samples were collected on two occasions and 
seasonal bird surveys were conducted (Hutchinson and Barry 2009).  

The salinities recorded within the Stockyard Plains Saline Water Disposal Basin ranged from 38 036 uS/cm 
to 44 821 uS/cm in Pond A and 69 821 uS/cm to 99 107 uS/cm in Pond B. During this time nine types of 
zooplankton were recorded in the disposal basin including six different phyla, the most dominant taxa were 
the copepod Gladioferens spinosus, the ostracod Mytilcypris tasmanicus, and the cladoceran Daphniopsus 
pusilla indicating that these species can tolerate salinities in the order of 99 000 uS/cm (Hutchinson and 
Barry 2009). Six species of macroinvertebrates were recorded the most abundant taxa were the non-biting 
midge larvae Chironomidae and the salt lake snail species Coxiella striata.   

Waterbird numbers recorded ranged from 1,992 in winter to 2,716 in spring. A total of 41 waterbirds were 
recorded, the most abundant species were the Black Swan, the Eurasian Coot and the Grey Teal. Six 
species of significance were recorded within the basin the Australasian Shoveler, Blue-billed Duck, Musk 
Duck which are listed as rare in South Australia under the National Parks and Wildlife Act 1972, the 
Freckled Duck and the Banded Stilt listed as vulnerable in South Australia under the National Parks and 
Wildlife Act 1972 and the Red-necked Stint protected under the Environment Protection and Biodiversity 
Conservation Act 1999 (EPBC Act) as a migratory species.   

It is clear that regardless of high salinities the Stockyard Plains Saline Water Disposal Basin supports 
reasonably diverse and abundant populations of zooplankton and provides habitat for foraging and roosting 
of high numbers of water bird species including species of state significance. This data provides a good 
indication that Murtho SIS water of 39 000 uS/cm deposited in the main Disher creek disposal area would 
be able to support high diversity and abundances of zooplankton a food source for Murray hardyhead and 
therefore also support successful populations  

In addition, during 2008 in Lake Hawthorn near Mildura, Victoria, juvenile Murray hardyhead were captured 
at sites recording 36,000 S/cm suggesting larval survival at such concentrations, while adults were 
recorded in water measuring 71,000 S/cm (Ellis and Pyke 2009).  

  

    Figure 13  Scene of Stockyard Plain Saline Water Disposal Basin   Photo by G Schultz
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5 Management Actions  

The management objectives, actions and targets summarised in Table 5 are directed at improving the saline aquatic environment at Disher Creek and 
securing the future of the present Murray hardyhead population at the site.    

Table 5. Summary of management objectives, actions and targets 
Management Objectives Management Actions Management Targets 

Maintain Outfall Pond  
- Monitoring program and equipment  

1 Maintain current conditions and develop further understanding of the Disher 
Creek Outfall Pond  
2 Ensure Mosquitofish (Gambusia holbrooki) densities do not exceed that of 
Murray hardyhead  

1. Ensure the Disher Creek Basin supports a 
sustainable Murray hardyhead population 

Northern Basin saline aquatic habitat 
creation 
- Outlet embankment and regulator  
- Saline  water supply 
- River Murray water supply 
- Aquatic habitat creation 
- Monitoring program and equipment    

3 Prior to Murtho SIS water being deposited in the Main Basin both the 
Southern Arm Creek and the Northern Basin should be flushed..  
4 Maintain salinity levels within the Northern Basin between 26 000 uS/cm and 
36,000 uS/cm via irrigation drainage and allocated River Murray environmental 
water.  
5 Create salinity variability between 10 000 and 20 000 uS/cm through flushing 
of the wetland with River Murray environmental water at least every one in 
three years. 
6 Maintain water level at 13.2m AHD July to February via a combination of 
RADDS irrigation  drainage and Murtho SIS saline water if required. 
7 Allow water level to gradually draw down to 13.00m AHD over March and 
maintain level till  June via a combination of RADDS irrigation drainage and 
Murtho SIS saline water if required.  Utilizing allocated River Murray 
environmental flows if available raise water levels to 13.2 during July     
8 Maintain a carbonate level of 100  500 mg/L CaCO3 via irrigation drainage 
and allocated environmental flows. 
9Ensure Mosquitofish (Gambusia holbrooki) densities do not exceed that of 
Murrauy  hardyhead 
10 Once the Northern Basin water conditions and habitat values are suitable to 
support Murray hardyhead release captive Disher Creek population held at the  
Murray Darling Freshwater Research Station at Mildura.   
11 Commence flushing basin with River Murray  water once Lock 5 river flows 
exceed 38,000 ML/day 

2. Maintain appropriate water salinity levels within the 
Main Basin to support a viable saline ecosystem which 
supports aquatic and littoral zone vegetation and 
waterbirds. 

- Monitoring program 12 Maintain water levels between 12.9 and 13.2m AHD or less to enable 
hydrological management of the Northern Basin.  
13 Commence flushing basin with River Murray water once Lock 5 river flows 
exceed 38,000 ML/day 

3. Continue to discharge the RADDS water into Disher 
Creek Basin via the Outfall Pond. 

- No actions required Nil 

4. Discharge the majority of Murtho SIS saline water 
into the Disher Creek Main Basin (below the present 
Murray hardyhead habitat) prior to pumping the water to 
the Noora Saline Water Disposal Basin. 

- Saline water supply 
- Monitoring program 

Nil 
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5.1 Murray hardyhead Habitat Management  

Outfall Pond: it is proposed to maintain the present water level and water quality in this wetland through 
the continued discharge of Renmark Area Drainage Disposal Scheme water into the site, to maintain the 
primary breeding population of Murray hardyhead at Disher Creek Basin.  

Proposed Actions

 
(see Figure 14) 

To further understand the hydrology of the Outfall Pond the following works are required:  

Monitoring Program and Equipment (see Section 7)  

 

For the first three years all categories of monitoring (plants, invertebrates, fish, waterbirds and 
hydrology) should take place across the Outfall Pond to achieve a greater understanding of the 
interactions between Murray hardyhead and their habitat.  

 

On-site telemetry water level and salinity monitoring equipment. Data to be accessed via the 
DWLBC Website.   

Northern Basin saline aquatic habitat creation:  It is proposed to create a separate hydrological unit in 
the northern section of the Main Basin to increase the area of secure Murray hardyhead habitat.  At a full 
supply level this new hydrological unit will cover an area of 16.8 hectares at a maximum depth of 0.5m and 
hold a volume of 43ML.  It is proposed to have the ability to manipulate water levels between 13 and 13.2 
m AHD to promote fish habitat values. The primary source of water for this hydrological unit will be the spill 
over of RADDS water from the Outfall Pond which will be supplemented by Murtho SIS 39 000 uS/cm water 
when required.  To ensure salinities are maintained within the range to promote Murray hardyhead 
breeding events it is proposed to access gravity feed environment water from the River Murray via the 
Southern Arm Creek.  Additional aquatic habitat creation works will also be required to enhance the present 
site for Murray hardyhead.  

Proposed Actions

  

It is proposed to construct a new hydrological unit to create an additional secure Murray hardyhead habitat 
site within the Disher Creek Main Basin which will involve the following actions: 
   
Outlet embankment and regulator

   

160meter clay embankment set at 13.4m AHD  with stop log water control structure  with an invert 
of 12.7m AHD  

    

 

Figure 14 Site of Outlet Regulator   Figure 15 Southern Arm of Northern Basin    
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Figure 16 Disher Creek Basin Murray hardyhead habitat management 
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Saline  Water Supply

  
Murtho SIS outfall valve located at the eastern end of the Northern Arm.   

River Murray Water Supply

  
Reline timber blockages and dredge silt from Southern Arm to a depth of 12.8m AHD (Figures 17 & 
18)  

 
Two stop log water control structure with an invert of 12.8m AHD located either end of the Southern 
Arm Creek  

 
One pipe culvert through road embankment eastern end of the Southern Arm Creek   

Aquatic Habitat Creation

  

Five 2m x 20m X 1 deep trenches constructed to create topography variation within the basin and 
supply deep water refuge to Murray hardyhead from Mosquitofish.  The soil spoil will be used to 
create corresponding ridges which will be inundated at full supply level.   

 

Wood debris will be placed in the Basin to supply fish refuge sites.  

 

Revegetation of salt tolerant littoral zone and aquatic plants will be undertaken across the basin 
using root stock or relocating wetland soil from the Puddletown Outfall and Noora or Hart Lagoon 
and Stockyard Plain Saline Water Disposal Basins in order to establish salt tolerant species from 
seed banks.  Species to be utilised are; Marsh Club-rush Bolboschoenus medianus, Eel Grass 
Ruppia sp., Water Ribbons Triglochin striatum and Lepilaena spp.  Eel Grass Ruppia sp., Water 
Ribbons Triglochin striatum and Lepilaena spp.  Can also be relocated from the current habitat site 
in the Outfall Pond at Dishers Creek.  

      

  

      Figure 17  Southern Arm Creek      Figure 18 Road Crossing of Southern Arm Creek   

Monitoring Program and Equipment

 

(see Section 7)  

 

For the first three years all categories of monitoring (plants, invertebrates, fish, waterbirds and 
hydrology) should take place across the Northern Basin to achieve effect adaptive management.  

 

On-site telemetry water level and salinity monitoring equipment. Data to be accessed via the 
DWLBC Website.   

5.2 Main Basin Saline Ecosystem Management  

It is proposed to create a sustainable artificial saline ecosystem which supports aquatic and littoral zone 
vegetation and waterbirds through the use of the Murtho SIS interception water. The intercepted 
groundwater from the Murtho SIS will be pumped into the northern end of the Main Basin (see Figure 
1) which will act as a equalising basin, prior to the water being pumped to the Noora Saline Water 
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Saline Water Disposal Basin from the southern end of the Basin (see Figure 1). It is predicted that 
Murtho SIS inflows to the Main Basin will be of a constant flow and salinity of 60L/s and 39 000 uS/cm 
(22t/ML).  At a full supply level (13.2AHD) the Main Basin will cover an area of 48 hectares with a volume of 
approximately 310ML. It is proposed to manipulate water levels between 13 and 13.2 m AHD to promote 
habitat values and enable water level manipulation to occur within the Northern Basin. Salinity and water 
balance modelling by AWE indicate that salinity range within the Main Basin during periods of no river 
flushing (above 38,00ML/d river flows) will average 38,900 uS/cm with peaks of 90,000 uS/cm..  

Monitoring Program (see Section 7)  

 
For the first three years all categories of monitoring (plants, invertebrates, fish, waterbirds and 
hydrology) should take place across the Main Basin to achieve effect adaptive management.     
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6 Hydrological Management Guidelines  

6.1 Hydrological Operating Regime and Water Use   

The hydrological management principle is to secure the current Murray hardyhead habitat within the Disher 
Creek Outfall Pond as a permanent water body and to develop a new habitat area (Northern Basin) at an 
appropriated depth and salinity range to maintain a viable Murray hardyhead population.   Water volume of 
the Outfall Pond is currently maintained at approximately 14.62m  +/- 0.05 and the Northern Basin and 
Main Basin will be maintained at a full supply level of 13.2m AHD (Lock 4 upper pool level) between July 
and January followed by a draw down to 13m AHD the remainder of the year. .   

The following adaptive hydrological management should be implemented:    

Water Quality:  Maintenance of salinity within the Murray hardyhead s known range of tolerance, 
particularly during the breeding season and early life cycle of hatchlings and juveniles. It is thought that 
salinity levels should be kept between 6800 S/cm and 12,900 S/cm during these periods (Ellis 2005). If 
insufficient fresh water flows from rainfall events and irrigation drainage occur during this period there may 
be a need to deliver fresh water to the two sites. However it is thought that tolerance levels should not be 
generalised between populations. Dixon et al. (2005) examined the salinity tolerance of Murray hardhead 
from Lake Elizabeth, Round Lake and Woorinen North Lake (near Kerang). This study established that the 
salinity tolerance of the Murray hardyhead was not independent of the population or lake salinity regime, 
meaning that different populations have different sensitivities to salinity. These authors found that there was 
no specific species tolerance to salinity, and that it was possible that historical hydrology regimes were 
having an effect on current populations. Site monitoring data indicates that the Disher Creek Murray 
hardyhead population have successfully bred in the Outfall Pond in the past at salinities between 
26,000uS/cm to 36,000 uS/cm. Therefore it is proposed that salinity levels within the Outfall Pond and the 
Northern Basin be maintained at or below that  which breeding events have occurred in past.  

Water Level Fluctuation: is a natural occurrence which supports a series of beneficial trophic processes 
such as nutrient cycling and completion of zooplankton life cycles (Scholz and Gawne 2004, Scholz et al. 
2005). The timing of water level manipulations may be critical to the survival of Murray hardyhead (Ellis 
2006). Increased water levels in spring and summer, allows aquatic and fringing vegetation to be inundated 
during breeding and recruitment season of the Murray hardyhead (Ellis 2005b and Ellis 2006), while 
reduced levels during autumn and winter may be beneficial to the life cycle of Ruppia sp. which is thought 
to be a preferred habitat of the Murray hardyhead. Reducing water levels through drawdown in winter and 
autumn, prior to the breeding season of Murray hardyhead also provides a means of managing salinity 
(Ellis 2006). Manipulating water levels should provide ideal conditions for the growth of additional physical 
habitat and greater habitat diversity through the recruitment season and a more resilient zooplankton 
community, thus contributing to stronger recruitment of Murray hardyhead (Ellis 2006).   

Murray hardyhead Habitat Maintenance: To achieve the balance between water quality parameters and 
water level variation required to maintain habitat which will support a viable Murray hardyhead population at 
Disher Creek a combination of RADDS, Murtho SIS and River Murray environmental water will be utilised. 
Water balance and quality modelling by (Australian Water Environments 2009) has indicated that the 
Northern Basin can be maintained predominately through RADDS water and supplemented with Murtho 
SIS and River Murray water if required. Table 6 summaries the Northern Basin water balance and quality 
modelling results for a number of scenarios which indicates that through the management of water levels 
during January both the peak salinity and volumes of River Murray water required to limit salinity peaks is 
reduced to a minimum. To achieve the balance between the three water sources an adaptive management 
approach will need to be employed (see Section 7.3).   

Access to a River Murray environmental water allocation will be through the South Australian River Murray 
Environmental Manager via the annual watering plan process.  

Fish Passage: Two way fish access will be available between the Northern Basin (the site of the main 
Murray hardyhead population) and the Main Basin during periods of hydrological connection as water levels 
will be equal. Fish passage to and from the River Murray will occur during the flushing of the Basin at River 
flow events exceed 38,000ML/day or when freshwater is required for the Northern Basin to reduce salinity 
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levels. Due to the isolated nature of the Outfall Pond and its small population size it is seen that the present 
one way fish passage from the Outfall Pond to the Northern Basin and the connection to both the River and 
Northern Basin during high flow events will afford adequate fish passage.   

Table 6 summaries the Northern Basin management scenario water balance and quality modelling 
(Australian Water Environments 2009)    

Northern Basin 
No managed levels 
With Murtho water 

No managed levels 
No Murtho water 

Managed levels 
(Jan)   
No Murtho water 

Managed levels 
(Feb)   
No Murtho water 

Average Salinity 
(uS/cm) 

31,093 26,806 24,112 24,593 

Peak Salinity ( S/cm)

 

44,388 50,339 43,931 44,045 
% Time Salinity 
>36,000 ( S/cm) 

55% 30% 4% 11% 

Volume of River 
Murray water 
required to limit 
salinity peak to target 
levels (ML) 

190 46 6 16 

  

6.2 Management Targets  

Outfall Pond:  

Status Quo Management

   

1 Maintain current conditions and develop further understanding of the Disher Creek Outfall  
Pond   

Dixon et al (2005) examined salinity tolerance levels of Murray hardhead in three lakes near Kerang. The 
study established that there was no specific species tolerance to salinity, and that it was possible that 
historical hydrology regimes were having an effect on current populations. Continued delivery of RADDS 
irrigation flows to the Disher Creek Outfall Pond will ensure ongoing preservation of water quality and 
suitable habitat and breeding conditions for Murray hardyhead. Maintaining water level at no lower than 
14.57 mAHD and increasing water levels in spring and summer (when feasible) will retain areas of 
inundated of fringing vegetation such as Lignum and Water Ribbons Triglochin striatum which may serve 
as habitat for various life stages of Murray hardyhead (Ellis 2005b and Ellis 2006). Water level fluctuation 
supports a series of beneficial trophic processes such as nutrient cycling and completion of zooplankton life 
cycles (Scholz and Gawne 2004, Scholz et al. 2005). The timing of water level manipulations may be 
critical to the survival of Murray hardyhead (Ellis 2006). The installation of a water quality telemetry station 
will enable a better understanding of water quality and water level fluctuations occurring within the Outfall 
Pond due to changing irrigation flows. Monitoring results can be used to adapt and learn and to modify or 
refine management strategies.   

Mosquitofish Control

  

2 Ensure Mosquitofish (Gambusia holbrooki) densities do not exceed that of Murray  
hardyhead   

Gambusia will be removed from the Outfall Pond through targeted control monitoring and as part of the 
regular Murray hardyhead monitoring utilizing fyke nets (refer to Section 7.4).   
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Northern Basin:  

3 Prior to Murtho SIS water being deposited in the Main Basin both the Southern Arm Creek  
and the Northern Basin should be flushed with either allocated River Murray  
environmental flows or Murtho SIS water if environmental flows are unavailable for this  
process.   

A combination of reduced flows into Disher Creek and saline groundwater seepage has created pools of  
highly saline water (Table 7 and Figure 19) within the proposed Northern Basin and associated creek. 
system. A flushing of this system will dilute and remove salt from residual pools of water and salt crusts 
within the soil surface.  Approximately 50ML of water will be required to flush the Northern Basin   

Table 7. EC and pH levels in Southern and Northen arms of proposed Murray hardyhead habitat  
EC (uS/cm) pH 

Northern Arm  205 7.07 

 

120 7.32 
Southern Arm  201 7.41 

 

194 7.71 

  

Figure 19 Crusted salt 
Salinity 

  

4 Maintain salinity levels within the Northern Basin between 26 000 uS/cm and 36,000  
uS/cm via irrigation drainage and allocated River Murray environmental water.   

Dixon et al (2005) examined the salinity tolerance of Murray hardhead from Lake Elizabeth, Round Lake 
and Woorinen North Lake (near Kerang). This study established that the salinity tolerance of the Murray 
hardyhead was not independent of the population or lake salinity regime, meaning that different populations 
have different sensitivities to salinity. These authors found that there was no specific species tolerance to 
salinity, and that it was possible that historical hydrology regimes were having an effect on current 
populations. Salinity levels, between 26,000uS/cm to 30,000 uS/cm have been recorded in the Outfall Pond 
at which time breeding events have occurred in the past. In addition during 2008 in Lake Hawthorn near 
Mildura, Victoria, Murray hardyhead juveniles were captured at sites recording 36,000 S/cm suggesting 
larval survival at such concentrations, while adults were recorded in water measuring 71,000 S/cm (Ellis 
and Pyke 2009).  

Allocated River Murray water can be gravity feed into the Northern Basin via the Southern Arm Creek.    

5 Create salinity variability between 10 000 and 20 000 uS/cm through flushing of the wetland  
with River Murray environmental water at least every one in three years.  

A reduction in salinity, would increase and improve the available habitat and food sources for the Murray 
hardyhead, and potentially cue a breeding event. The water within the new habitat will need continual 
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flushing as it is not a flow through system as the current habitat area within the Disher Outfall Pond is. 
Environmental water additions to the Northern Basin will be required to ensure water quality specifically 
salinity and hardness do not deteriorate to the point that surviving fish and zooplankton food sources 
expire.   

Water Level 

  
6 Maintain water level at 13.2m AHD July to February via a combination of RADDS irrigation  

drainage and Murtho SIS saline water if required.  

A level of 13.2 AHD (upper Lock 4 pool level) has been established as the most suitable level to support 
the breeding population of Murray hardyhead in the Disher Creek Northern Basin throughout early spring 
and summer. Doing so would maintain inundated areas of fringing vegetation such as Lignum and Water 
Ribbons Triglochin striatum which may serve as habitat for various life stages of Murray hardyhead. 
Increased water levels in spring and summer, allows aquatic and fringing vegetation to be inundated during 
breeding and recruitment season of the Murray hardyhead (Ellis 2005b and Ellis 2006)  

7 Allow water level to gradually draw down to 13.00m AHD over March and maintain level till  
June via a combination of RADDS irrigation drainage and Murtho SIS saline water if required.  
Utilizing allocated River Murray environmental flows if available raise water levels to 13.2  
during July      

By seasonally allowing shallow sections to dry, before re-inundation with River Murray environmental flows 
in spring, a managed wet dry cycle could be instated. Water level fluctuation supports a series of beneficial 
trophic processes such as nutrient cycling and completion of zooplankton life cycles (Scholz and Gawne 
2004, Scholz et al. 2005). The timing of water level manipulations may be critical to the survival of Murray 
hardyhead (Ellis 2006). Reduced water levels during winter and autumn may be beneficial to the life cycle 
of Ruppia sp. Reducing water levels through drawdown in autumn and winter, prior to the breeding season 
of Murray hardyhead also provides a means of managing salinity (Ellis 2006). Manipulating water levels 
should provide ideal conditions for the growth of additional physical habitat and greater habitat diversity 
through the recruitment season and a more resilient zooplankton community, thus contributing to stronger 
recruitment of Murray hardyhead (Ellis 2006). However water levels should only be allowed to draw down 
to a level at which hardyhead populations can be easily sustained, if water levels drop below 30cm in depth 
Murtho SIS water should immediately be added  

Water Hardness

  

8 Maintain a carbonate level of 100 

 

500 mg/L CaCO3 via irrigation drainage and allocated  
environmental flows.  

The hardness of water, like salinity, increases at an accelerating rate as a wetland evaporates dry, and like 
salinity water hardness may be diluted through the addition of fresher water i.e rainwater. Murray 
hardyhead perished in Cardross Basin 1 West near Mildura Victoria in early 2008, when electrical 
conductivity (EC) was less than 18,000 S/cm, and water hardness was 1300 mg/L CaCO3 (Ellis and Pyke 
2009).The optimum hardness range for most aquarium fish is between 100 

 

500 mg/L CaCO3 (Ellis and 
Pyke 2009). A limited data set indicates that the Murtho SIS groundwater potential water hardness values 
on average will be under 1,000mg/L .If and when Murtho SIS water is introduced into the Northern Basin 
water hardness values should be monitored on a daily bases until an understanding of the impacts to water 
quality are understood.  

Mosquitofish Control

  

9 Ensure Mosquitofish (Gambusia holbrooki) densities do not exceed that of Murrauy  
hardyhead  

Gambusia will be removed from the Northern Basin through targeted control monitoring and as part of the 
regular Murray hardyhead monitoring utilizing fyke nets(refer to Section 7.4)   
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Murray hardyhead Reintroduction

  
10 Once water conditions and habitat values are suitable to support Murray hardyhead within 

the Northern Basin the Disher Creek Murray hardyhead captive population located at the 
Murray Darling Freshwater Research Station at Mildura will be release into the Northern 
Basin.    

The translocation procedure will adhere to the Department for Environment and Heritage (2007) 
Translocation of fauna in South Australia. Draft. NPWSA standard operating procedures. Department for 
Environment and Heritage

  

Ellis (per com) recommends the following procedure be followed when introducing Murray hardyhead to a 
wetland site: 

 

Ensure habitat parameters are suitable to support a fish population (Water quality, aquatic 
vegetation (Ruppia) and food supply (zooplankton) monthly surveys pre and post introduction);  

 

Water quantity parameters of both the original and introduction sites are similar;  

 

Release fish into new sites in early spring (Sept/Oct);  

The current project will only translocate the present captive Disher Creek Murray hardyhead population.  

Basin Flushing

  

11 Commence flushing basin with River Murray  water once Lock 5 river flows exceed  
 38,000 ML/day  

When flows at Lock 5 exceed 38,000 ML/day all the Northern Basin water control structures and the 
750mm pipe culvert outlet structure in the southern embankment of the Disher Creek Basin should be 
opened to enable the Basin to be flushed.    

Disher Creek Main Disposal Basin:  

Water Level 

  

12 Maintain water levels between 12.9 and 13.2m AHD or less to enable hydrological  
management of the Northern Basin.   

By seasonally allowing shallow sections to dry, before re-inundation in spring, a managed wet dry cycle 
could be instated. Water level fluctuation supports a series of beneficial trophic processes such as nutrient 
cycling and completion of zooplankton life cycles (Scholz and Gawne 2004, Scholz et al. 2005).  To 
manage water levels and to allow excess flow through the Northern Basin the Main Basin water level needs 
to correspond or be at a lower level than the Northern Basin.   

Basin Flushing

  

13 Commence flushing basin with River Murray water once Lock 5 river flows exceed   
38,000 ML/day  

When flows at Lock 5 exceed 38,000 ML/day all the Northern Basin water control structures and the 
750mm pipe culvert outlet structure in the southern embankment of the Disher Creek Basin should be 
opened to enable the Basin to be flushed.   



  

33

 
7 Management & Evaluation   

The Disher Creek Saline Water Disposal Basin hydrological management proposal involves the 
Department for Environment and Heritage (DEH), Department of Water Land and Biodiversity Conservation 
(DWLBC) and SA Water as active participants. Each agency has the following interests in the project:  

Department for Environment and Heritage  land owner responsible for recreational and conservation land 
management outcomes and ecological monitoring.     

Department of Water Land and Biodiversity Conservation  manager of SA River Murray, Saline Water 
Disposal Basins.   

SA Water 

 

Agent of the Murray Darling Basin South Australian Contracting Authority responsible for the 
construction and operation of the Murtho SIS.   

7.1 Infrastructure Ownership and Maintenance    

DWLBC will own and manage all new hydrological infrastructure associated with the Northern Basin which 
includes the outlet embankment and regulator and the three water control structures along the Southern 
Arm Creek between the River and the Basin.   

SA Water will mange all Murtho SIS infrastructure, including the two outfall valves at Disher Creek.   

7.2 Project Management   

Ongoing water shortages are a major threat to the Murray hardyhead. Ongoing ecological monitoring will 
give an indication of species abundance and further enhance understanding of seasonal and annual 
variability in populations within the Disher Creek Basin.  The ecological and hydrological data will form the 
bases of an adaptive management approach to the ongoing management of the Disher Creek Basin.   

Guided by the monitoring data DEH will; 

 

advise SA Water, River Murray Operations Unit to open and close the Northern Basin Murtho SIS 
valve when saline water is required; 

 

advise DLWBC, NRM Assets Unit to operate the hydrological structures as required, or on behalf of 
DWLBC operate the hydrological structures; 

 

seek an water allocation from the South Australian River Murray Environmental Manager  through 
the annual watering plan process if River Murray environmental water is required.   

To assist the evaluation of the project and partner communications it is proposed to establish a Disher 
Creek Environmental Management Steering Group managed and chaired by DWLBC. The group will 
consist of at least one representative from DWLBC, DEH and SA Water and one representative from the 
Renmark Irrigation Trust. The group will meet at least once a year to evaluate the project and if required 
recommend to DWLBC any management changes to achieve the planned ecological objectives.  

7.3  Adaptive Management   

The Disher Creek project will use an approach termed adaptive management to enhance its effectiveness. 
Adaptive management is a systematic process for continually improving management practices by learning 
from the outcomes of operational programs or learning by doing (Walters and Holling ). This approach 
assists in answering a central question of all conservation projects Are our actions effective in achieving 
our conservation goals? (CMP 2007).  

Figure 20 shows an adaptive management cycle where monitoring provides the critical link between 
objectives and adaptive (or alternative) management (adapted from Margoluis and Salafsky 1998).  A 
successful adaptive management cycle involves the following steps:  

1. Clarify the mission or ecological goal of the conservation program. 
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2. Use the best available information to design a conceptual model of the system. Information for the 

model may be derived from existing information, baseline data and predictions of environmental 
responses. 

3. The conceptual model is used to develop objectives and strategies to meet the ecological goal, and 
these are used to produce a Management Plan. 

4. A range of indicators are identified to assess the effectiveness of the monitoring strategies. 
Monitoring methods selected depend on the objectives, and these are used to produce a Monitoring 
Plan. 

5. Implement the Management and Monitoring Plans. 
6. Monitoring data are analyses. Firstly, the monitoring methods should be assessed to determine 

whether they are collecting appropriate information. If not, there may be a need to modify or refine 
the monitoring methods (see Effective Monitoring section). If monitoring methods are appropriate 
the results need to be evaluated against the desired indicator ratings. 

7. Communicate monitoring results to the project team. 
8. Use monitoring results to adapt and learn. Monitoring provides information to measure progress 

towards meeting the project s objectives, and results are used to modify or refine management 
strategies if objectives have not been met. In addition, monitoring provides information that can be 
used to further refine the conceptual model.   

    

Figure 20 Adaptive management cycle (adapted from Margoluis and Salafsky 1998). 
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7.4 Monitoring   

The focus and indicators to be used in monitoring at the Disher Creek Basin are summarized below (Table 
8). It is proposed that for the first three years all categories of monitoring should take place at all three 
hydrological units (Outfall Pond, Northern Basin and Main Basin) to achieve effect adaptive management. 
After three years the monitoring program could be reassessed however because of the importance of the 
Disher Creek Basin to the conservation of Murray hardyhead high importance should be placed to 
continuing both the water and fish monitoring at the Outfall Pond and Northern Basin.     

     Table 8 : Summary of intervention monitoring for Katfish Reach project 
Category Focus Indicators 
Plants Aquatic macrophytes 

Littoral plant assemblage 
Species diversity 
Relative abundance 

Invertebrates Zooplankton 
macroinvertebrate 

Species diversity 
Relative abundance 

Fish Murray Hardyhead 
Mosquito fish 

Relative abundance 
Size class distribution 

Waterbirds Waterbird assemblage Species diversity 
Relative abundance 
Breeding 
Electrical conductivity 
pH 
Dissolved oxygen 
Turbidity 
Temperature 
Water hardness 

Hydrology Water quality      

Water Depth Gauge boards 
Telemetry stations 

 

Ongoing water shortages are a major threat to the Murray hardyhead. Ongoing monitoring (Ellis and Pyke 
2009), will give an indication of species abundance and successful recruitment levels, in combination with 
water quality telemetry in both the secured habitat and the new habitat, will further enhance understanding 
of seasonal and annual variability in populations within the Disher Creek Outfall Pond. Monitoring of 
Northern Basin new habitat site is of great importance if it is to be considered as a successful translocation 
site. In addition ongoing monitoring will present early warning signs of potential population collapse so that 
emergency management intervention can be implemented to conserve Murray hardyhead within this 
system.  

Results Chains: For the two ecological objective identified in the Plan, a results chain has been 
developed. Each results chain provides a series of if-then assumptions that link the objectives and desired 
results, and represent a predicted response of the system to management interventions. Constructing 
these result chains was a means to ensure sufficient monitoring is carried for each objective, and helps 
visualize the link between objectives and monitoring.   

The following result chains summarise indicators used in intervention monitoring (which determine if the 
conservation actions being undertaken are achieving their desired results) and compliance monitoring (a 
check of whether an intervention was been carried out as planned). Indicators for intervention monitoring 
are shown in red beneath desired outcomes. Indicators for compliance monitoring are shown in green 
beneath the objective. Assets to benefit from each objective also are shown. 
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Vegetation 

 

Aquatic and littoral plant community   

Desired Indicator Response: Spatial variation in water regime will increase the diversity and relative 
abundance of aquatic macrophyte and littoral vegetation.   

Recommended Monitoring Method: Monitoring of aquatic macrophytes and littoral vegetation will use the 
methods described for the Chowilla Floodplain (CMF 2006, Zampatti et al. 2006a), where 
presence/absence of plant species within quadrats is used to produce a frequency score for each species. 
Permanent quadrats need to be established at each site to enable comparison of plant assemblages on 
repeat surveys, and thereby monitor medium to long-term changes.   

At each site three replicate transects, 50 m apart, will be located across the creek perpendicular to the 
bank. Each transect will be surveyed at four elevation positions on each bank site; at current pool water 
level (0 cm), at 30 cm below the water, and at points 30 cm and 60 cm higher than water level (Figure 4). 
Elevation levels need to be determined using a dumpy level or similar surveying device. At each elevation 
level, a 15 m x 1 m quadrat will be positioned along the contour (Figure 21). For each quadrat the 
presence/absence of individual species in each 1 m x 1 m cell are recorded, giving a score for each 
species of between 0  15. Plant species can be identified using Sainty and Jacobs (1994), Cunningham et 
al. (1992) and Jessop and Toelken (1986). The optimum number of quadrats to be used at each elevation 
level should be determined by assessing species area curves determined following the initial survey. 
Vegetation surveys on Chowilla Floodplain found 15 x 1 m quadrats was adequate (Zampatti et al. 2006a).  

Maintain appropriate 
water quality for Murray 

hardyhead survival 

Salinity, pH, DO, Water Hardness 

Increase algae, microbe 
and zooplankton production  

Species diversity & relative abundance   

Water Levels 

Ensure Disher Creek 
supports a sustainable 

Murray hardyhead 
population. 

Increase aquatic and 
littoral zone vegetation 

diversity and abundance 

Increase abundance and 
recruitment of the Murray 
hardyhead populations in 
the Disher Creek system.  

Diversity & relative abundance of 
submergent and littoral plant species 

Relative abundance of Murray hardyhead  

Size class distribution of Murray hardyhead  

Maintain appropriate 
water quality including 

flushing events 

Salinity, Water level 

Increase algae, microbe 
and zooplankton production  

Species diversity & relative abundance   

Water Levels 

  Maintain appropriate  
salinity levels to support a 
viable saline ecosystem 
which supports aquatic  
 & littoral zone vegetation  
   & waterbirds.  

Increase aquatic and 
littoral zone vegetation 

diversity and abundance 

Increase diversity and 
abundance of waterbirds 

Diversity & relative abundance of 
submergent and littoral plant species 

Diversity and relative abundance of waterbirds  

Relative abundance of breeding units (nests, 
clutches of young)  
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For this methodology it may be necessary to include some scope for changing the heights above and below 
pool level used, as these levels will not necessarily correspond with changes in vegetation communities.   

For each quadrat the GPS location (map datum WGS 84) needs to be recorded, as well as a description of 
nearby track and a permanent reference point (i.e., easily recognisable landscape feature).   

Timing: Spatial variation in water regime are planned to occur twice a year. To observe the response of 
aquatic and littoral vegetation to this water level change the vegetation will be assessed in spring and 
autumn which collates with the active growing season for many species.    

    

Figure 21 Site plans for vegetation surveys in wetlands         

Invertebrates

  

Desired Indicator Response: Fluctuating water levels of the Northern Basin of the Disher Creek Saline 
Water Disposal Basin will maintain the diversity and relative abundance of microinvertebrates  

Recommended Monitoring Method: Zooplankton will be sampled using methods from similar studies 
(Ellis and Pyke 2009) by passing 60L of water through a 50 m mesh with samples preserved in 70% 
ethanol (Ellis and Pyke 2009). One sample will be collected at each fish site in all three hydrological units. 
Samples will be collected amongst varying habitat types where present e.g. woody debris, littoral and 
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submerged vegetation, open water in order to encompass a diversity of habitat types. Each sample will be 
sub-sampled in the laboratory in order to make counting and identification more efficient, specimens will 
then be counted and identified (using appropriate taxonomic keys) to a suitable level using a Sedgewick-
Rafter counting chamber. All counts will be standardised to density of animals (count L-1)  

Timing: Sampling bi-monthly is required to determine season patterns in abundance.  

Fish 

  
Desired Indicator Response: Managing the water quality of the Outfall Pond and Northern Basin of the 
Disher Creek Saline Water Disposal Basin will maintain or increase the Murray hardyhead population size.  

Recommended Monitoring Method: Surveys of Murray hardyhead and Mosquito fish are to follow 
methods used by Wedderburn et al. (2007). In this study fish were sampled with four single-leader fyke 
nets (5 mm half mesh) set overnight for 12 hrs, within 1-2 hrs of sunset and sunrise, and for 4 hrs during 
the day. The mesh size allowed the capture of fish >15 mm total length, including juveniles and adults. Nets 
were set 10 m apart, perpendicular to the bank, with the leader attached to a post at the water s edge (first 
and third nets) or in open water (second and fourth nets). All captured fish are identified and counted. A 
standardised measure of abundance can be calculated as number of individuals per fyke net per hour 
(catch per unit effort) (CPUE). Standard length of Murray hardyhead needs to be recorded to assess size 
class distribution.  

Timing: Quarterly sampling is required to determine season patterns in abundance and recruitment.  

Waterbirds 

  

Desired Indicator Response: Improved water quality and spatial variation in water regime will increase 
the diversity and relative abundance waterbirds and increase breeding opportunities.  

Recommended Monitoring Method: Total counts of wetlands can be made by surveying birds from a 
number of points around the wetland. Survey points should be approached quietly to avoid disturbing 
waterbirds. With a spotting scope or binoculars waterbirds can be counted and identified using appropriate 
field guides (e.g., Pizzey and Knight 2003). Breeding should be recorded as the number of active nests and 
number of clutches of young. Survey duration, time of day and survey area should be recorded. The survey 
duration will depend on the size of each wetland, number of observers and number of sites to be covered.  

Timing: Species count and abundance is required monthly to determine use patterns.  

Hydrological

  

Desired Indicator Response: Utilizing RADDS, Murtho SIS and River Murray water will improve water 
quality and inundation extent suitable to achieve the project s ecological objectives  

Recommended Monitoring Method: Due to the critical nature of water level and salinity in regards to 
Murray hardyhead habitat quality it is proposed to establish a standard DWLBC operating telemetry system 
for water level and salinity located within the Outfall Pond and the Northern Basin water control structure. 
Data will be accessed via the DWLBC Web site. Water gauge stations should be established in all three 
hydrological units. To complement and back up the telemetry stations monthly water levels and water 
quality (electrical conductivity, pH, dissolved oxygen, turbidity, temperature and water hardness) will be 
conducted manually at both wetland sites.   

Timing: To complement the telemetry monitoring manual water quality and level readings will occur 
monthly across the site. 
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