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Executive Summary
The floodplain vegetation in the region is sustained by natural flooding that historically occurred every
1-2 years. A dramatic change in the number and size of natural floods in the lower Murray reach has
led to widespread decline in health and death of both overstorey and understorey species such as
lignum, river cooba, black box but particularly river red gum. In response to widespread concern about
the decline in the health of red gum and the associated flora and fauna communities the DNR
coordinated an environmental watering program “Red Gum Rescue Project”. Seven key sites within
the Lower Murray Darling Region were provided selective environmental watering between
September 2005 and June 2006. A total of 3366 ML of Snowy River Recovery water and 2176 ML of
supplementary water were used to water the seven sites. Two hundred and forty eight hectares of red
gum dominated communities were flooded. A total of thirty four mapped wetlands were inundated.
Pumping and siphoning of water into these selected sites has resulted in significant ecological benefits,
the details of which are described below.
Pre-watering assessment of tree health was variable within and across the seven sites however some
general trends were evident. Across all sites red gum health was poor, between 40-50 percent of the
trees sampled were stressed, 10-40 percent were severely stressed, 5-10 percent were near death, and
less than 5 percent were in good condition. Response to the watering within a site and across the seven
sites was spatially variable. Typically 70-80 percent of the trees monitored responded through the
production of new canopy and epicormic growth. A small percentage of the trees did not appear to
respond to the watering typically these were located > 15m from the edge of the water, a small
percentage of trees continued to decline in health. A positive response to the watering was observed
across a wide range of age-classes and varying health categories. Few trees however responded to the
watering that had already lost 80% of their original canopy. The limited response by some trees at
some sites, particularly at Backwater Lagoon is consistent with the findings of other environmental
watering programs across the basin where repeated waterings are often required to vastly improve the
health of trees, shrubs and the general condition of the wetland. At many sites the watering promoted
the growth of a diversity of wetland plants, providing them with a rare opportunity of completing their
life cycles and contributing to the seed bank. Clearly one off watering programs are not the solution to
the decline in health and condition of floodplain communities rather a long term environmental
watering program is required to achieve substantial and sustained ecological benefits.
Large numbers and a diverse assemblage of waterbirds were attracted to the watered sites, including
the threatened Freckled Duck and Blue-billed Duck. The watering created a wide range of foraging
habitats and provide much needed drought refuge. The watered sites supported large numbers of
nomadic waterfowl, such as Pink-eared Ducks and Grey Teal. A small number of waders and
waterfowl bred as a result of the watering.
The response by frogs to the watering was immediate with large numbers of frogs observed at the
wetlands post watering. Although no surveys were undertaken at the sites pre-watering, few frogs
were observed at the adjacent permanent water bodies or control sites, no breeding males were heard,
and no tadpoles were recorded. While at all the watered sites a breeding response was observed (large
numbers of males heard, tadpoles sampled). At Moorna State Forest all six species known from the
area bred, including the threatened Southern Bell Frog.
The immediacy of the watering program and short term nature of the water availability precluded the
opportunity to report on the response of groundwater to the watering at all but Mallee Cliffs. Future
environmental watering program should invest greater effort to better understand surface and
groundwater interactions to reliably predict the environmental benefits of watering.
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The continuation of below average rainfall and the lack of and low likelihood of flooding in the region
highlights the need for continued investment of watering of key sites in the Lower Murray Darling
region. A broader view of the declining health and condition of floodplain communities is needed
rather than the somewhat narrow view of considering simply the health of red gum trees.
The following table summaries the physical results of the red gum rescue watering program.

Site

Number of
Wetlands

Type of
watering

Quantity & source Area
of water
(ha)
SPSupplementary
SN- Snowy

1. Moorna State
Forest

12 wetlands
Bunberoo Creek
system3 wetlands

Siphons

894 ML (SP)

60

Siphons

950 ML (SP)

20

3 wetlands
1 wetland
1 wetland

Pumping
Pumping
Pumping

160 ML (SP)
28 ML (SP)
144 ML (SP)

7
3
8

2 wetlands

Pumping

986 ML (SN)

44

12 wetlands

Pumping

2380 ML (SN)

106

34 wetlands

2176 ML Supplementary water

2. Backwater
Lagoon
3. Mallee Cliffs 1
4. Mallee Cliffs 2
5. Lucerne Day
Station
6. Six Mile Creek
system
7. Bengallow Creek
system
Totals

3366 ML Snowy River Recovery
water
5542 ML in total
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1. Introduction
The river red gum (Eucalyptus camaldulensis) is a common wide spread species along the Murray
River and is generally found adjacent to large water bodies (Beadle 1981, Boland et al 1987, Harden
1994). In the Lower Murray Darling where the average annual rainfall is low (<280mm) river red gum
communities tend to occurs in areas of the floodplain subject to frequent flooding by the Murray
River. The majority of the floodplain is dominated by black box (Eucalyptus largiflorens) woodland
that tends to occupy the higher elevations. Although red gum and black box communities occupy only
a small area of the Catchment they support a diverse and rich assemblage of fauna and flora species
including many state and nationally threatened species.
In recent years the decline in health of floodplain communities along the Murray River has been
acknowledged at a local, state and national level. Recent investigations into this phenomena described
widespread symptoms of severe and prolonged water stress typified by thinning crowns, changes in
leaf colour, leaf shed and at the final stages of deterioration the cracking of bark, (Lane 2003). The
deterioration of the red gum forest is linked to factors such as the reduction in the frequency of floods
(particularly smaller floods), magnitude and duration of floods being smaller and the timing of floods
shifting from a winter-spring to spring-summer due to river regulation (Kidson et al. 2000). It is also
widely reported that spring flooding of red gum forests reduces tree mortality significantly, thereby
highlighting the importance of flood timing (Kidson et al. 2000).
Watering of river red gum wetlands is becoming a common approach to environmentally manage
these stressed systems Thorburn and Walker (1993); Kidson et al. (2000); DWLBC (2002); Gehrig
(2005). The literature indicates opposing views as to whether red gums utilise surface waters or
groundwater. Thorburn and Walker (1993) undertook a study in the Barmah- Millewa forests of the
Murray River and concluded that the river red gums were mostly unable to take advantage of
opportunistic flooding of surface waters and found that near surface groundwater recharged from the
flooding was the most important source of water. However Kidson et al. (2000) argues from their
study that when watering the river red gums of the Macquarie Marshes the trees responded
immediately to surface water flows indicating the dependence of these trees on surface waters.
DWLBC (2002) showed that in the rasing of weir pool at Lock 5 caused significant changes in both
surface and groundwater levels in the wetland areas. Therefore a good connection between the surface
water and ground water aquifer existed and both sources of water would have been contributing to the
red gum health. Gehrig (2005) found that when watering the Chowilla floodplain groundwater
responses to watering generally decreased with increased distance from the main water body, and that
areas of greatest groundwater responses were associated with sandier soil conditions. These sandy soil
areas are also where the river red gum communities prefer, indicating that groundwater sources could
be of significant importance.
An important management consideration from the DWLBC (2002) study was that although the weir
pool was raised to a water level normally associated with a minor flood event the grade or slope of the
river level was much less than occurs naturally during flood events. Therefore raising the water level
artificially at weir pools gives a diminishing effect upstream with distance from the Lock. DWLBC
(2002) also reported comprehensively on the social impacts of raising weir pools for environmental
management. These included issues such as increased numbers of mosquitoes, and operational effects
to river tourism, such as house boats, impacts on river crossings. Gehrig (2005) also found that
inundation of the floodplains can cause groundwaters to flow back into the main creeks after flooding.
The study found that the groundwater was saline and therefore impacts of salt loads in the streams
were of some concern.
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The primary aims of this project were to
1. Enhance the health of stressed river red gum communities within the Lower Murray
in NSW
2. Increase our understanding of how stressed wetland areas and river red gums
respond to watering.
3. Increase our understanding of the response by waterbirds and frogs to watering
programs
4. Increase our understanding about surface and groundwater interactions in response
to the inundation of floodplain wetlands.
In order to address these aims and assess the hydrological and ecological response to the watering the
following monitoring was undertaken
•
•
•
•
•
•
•

Tree health/Canopy condition- change in canopy tree health in response to the watering
General dominance vegetation groundcover species
Frogs – breeding response by frogs species
Response by the waterbirds (Breeding, numbers, species)
Hydrology – area inundated, amount of water used, duration of inundation,
Surface water quality – EC, Dissolved Oxygen, pH, Turbidity
Groundwater- change in groundwater levels using existing bores (the existing bore network
was only sufficient to monitor changes at Mallee Cliffs sites 1 and 2).

1.1 GENERAL SITE INFORMATION
A series of sites along the Murray River between Euston and the South Australian border were
identified as potential sites for watering due to stresses observed within the floodplain communities.
The methods of watering are generally described in (Table 1). The site locations are shown on (Figure
1). In general all sites are characterised by a semi-arid climate with an average annual rainfall of
approximately 280mm and a potential evaporation of over 1000mm (Bureau of Meteorology 1988).
Rainfall distribution is winter dominated. Soils are generally characterised as grey cracking and noncracking clays of varying thickness that overlay unconsolidated fine and coarse sands (Walker 1991;
Jolly and Walker 1996).
Table 1. Sites watered and general description of watering method.
Watering by Pumping

Watering by Siphons

Mallee Cliffs Site 1

Moorna State Forest site (Wetlands No.)

Mallee Cliffs Site 2

Backwater Lagoon 2 (Wetland No.)

Lucerne day Station
Six Mile Creek
Bengallow Creek
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Figure 1 Site Location of wetlands
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2. Moorna State Forest
2.1. SITE DESCRIPTION
Site 1, Bunberoo Creek is a series of wetlands linked to Frenchman’s Creek and Carrs Creek between
Lock 9 and Lock 8. These wetlands are located within Moorna State Forest approximately 45km west
of Wentworth (Figure 2). A description of each of the nine individually mapped wetlands (Green and
Alexander 2003) proposed to be watered at Site 1 is described below.

Figure 2 Site 1 Moorna State Forest wetlands proposed to be watered
Wetland 941
Wetland 941 is a narrow creek that covers an area of 1.5 hectares. The wetland is connected to Carrs
Creek and has an overstorey dominated by mature Black Box (Eucalyptus largiflorens), River Cooba
(Acacia stenophylla) and scattered long dead Red Gums. The understorey is dominated by dead or
near dead Lignum (Muehlenbeckia florulenta), Nitre Goosefoot (Chenopodium nitrariaceum) and a
ground cover of annual Saltbush and forbs. Under natural conditions wetland 941 would fill from
Carrs Creek under regulated flow conditions of around 27.4m AHD (Green and Alexander 2003).
However a stone block bank has been constructed by SA Water at the junction with Carrs Creek that
prevents water diverting into this wetland (Figure 3).The wetland was dry during pre-watering
inspections with the overstorey condition reflecting varying degrees of drought stress.
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Figure 3 Stone block bank at the junction of Wetland 941
Wetland 959
Wetland 959 is a tributary of wetland 941 covering an area of 2.8 hectares. Under natural conditions
flows from Carrs Creek would travel via wetland 941into wetland 959. The general topography and
vegetation condition suggests this creek diverts flows in an easterly direction toward an elongated
lagoon (wetland 935). Vegetation along the creek is dominated by Black Box and River Cooba, dead
Lignum and annual Saltbush species. The Red Gum along this wetland were dead. A large number of
dead trees are present west of the junction within wetland 941, where there is was a distinct rise in
land surface elevation. It would appear that most flows are diverted along the eastern section of this
creek and only on large floods would water inundate the western section of the creek.
Wetland 935
Wetland 935 is an elongated billabong that covers an area of 5.3 hectares. Flows from Carrs Creek
travel via wetland 941 and wetland 959 into this lagoon. The northern most end of this lagoon was
previously connected with Carrs Creek, however a stone road crossing blocks this connection (Figure
4).
On the western side of the lagoon black box flank the edge of the lagoon with an understorey of dead
Lignum and Nitre Goosefoot. On the eastern side of the lagoon there is a dense area of Red Gum
regeneration, average DBH 40cm, most of which are severely stressed. At the southern terminal end of
the lagoon a narrow creek winds its way through Lignum flats for more than a 1km before it joins with
Bunberoo Creek (wetland 963). The lagoon was dry during pre-watering inspection, with terrestrial
forbs such as Streaked Poverty Bush (Sclerolaena tricuspis) and Slender Fruit Saltbush (Atriplex
leptocarpa) occupying the bed of the lake.
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Figure 4 Stone block bank at the junction of Carrs Creek with wetland 935, LHS is Carrs Creek,
RHS wetland 935
Wetland 957
Wetland 957 is a small lagoon covering approximately 1 hectare to the east of a larger lagoon wetland
935. This wetland has a broad less defined connection with Carrs Creek which has also been affected
by a road crossing near Carrs Creek. Wetland 957 has a commence to flow of 25.95m AHD or 28,000
ML (Green and Alexander 2003). At the time of the pre-watering inspections vegetation surrounding
the lagoon was severely drought stressed. There were numerous dead Red Gums on the western side
and toward the terminal end of the lagoon. Dense dead or near dead Lignum flanks both sides of the
lagoon. Scattered River Cooba flank the eastern side of the lagoon all of which are severely stressed or
dead.
Wetland 963 (Bunberoo Creek)
Wetland 963 also referred to as Bunberoo Creek is a long winding creek connected to Carrs Creek at
its western and eastern end and the Murray River to the south. Wetland 963 occupies an area of 12.8
hectares and is approximately 6 km long. In some areas the creek is associated with a narrow fringe of
mature Red Gum and Black Box surrounded by a broad treeless floodplain, while in other areas the
creek runs through more extensive floodplain woodland. Under natural conditions water enters the
creek via Carrs Creek near its connection with the Murray River and then winds its way in an easterly
direction to rejoin Carrs creek via wetland 954 (Figure 2). A concrete block bank referred to as Carrs
No. 2 prevents water from entering the creek under regulatory flows. On occasions when water is
being diverted into the Frenchmans Creek to fill Lake Victoria, flows in Carrs Creek spill over the
block bank and inundate sections of Bunberoo Creek. Red gum condition appeared to decline with
distance from Carrs No. 2, indicating that only small sections of this creek are inundated on a regular
basis. Additionally a pipe culvert affects the hydrology of this wetland (Figure 5).
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Figure 5 Carrs No. 2 block bank and pipe culvert at the junction of Bunberoo Creek and Carrs
Creek
Wetland 1017
Wetland 1017 is a shallow elongated billabong occupying an area of 11.6 hectares. The wetland is
filled from Bunberoo Creek at flows of 27.7 m AHD and 53,500 ML/d (Green and Alexander 2003).
The wetland is surrounded by a broad area of treeless floodplain dominated by a sparse Lignum annual
Saltbush shrubland.
Wetland 995
Wetland 995 is a narrow creek that links Bunberoo Creek to the River Murray. The Creek is between 5
to 15m wide, occupies an area of 6.7 hectares and flows 3.2 km from Bunberoo Creek to the Murray
River. It would appear that the creek is more frequently inundated from flows in Bunberoo Creek
rather than from the Murray River where the commence to flow is thought to be 28.4m or 67,900 ML
(Green and Alexander 2003). The creek winds its way through mature Red Gum and Black Box
woodland in the south to a sparse overstorey in the north. Tree health seems be slightly better closer
to the Bunberoo Creek. A stone block bank at the junction with the Murray River currently affects
frequency of inundation. This block bank appears to have been constructed mainly to protect a road to
Lock 9.

Figure 6 Stone block bank at the junction of wetland 995 and the Murray River, to right is
wetland 995 and to the left is the Murray River
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Wetland 950
Wetland 950 is a broad flood runner that joins Bunberoo Creek to the north and Capitts Creek to the
south. This wetland occupies an area of 27.3 hectares and has a commence to flow of 27.7m AHD or
53,500 ML (Green and Alexander 2003). The central part of the wetland is a narrow tree lined creek
flanked by dead or dying Red Gum and Black Box. The vegetation within this mapped wetland at the
time of the pre-watering inspection was severely stressed. Flows would appear to infrequently enter
the wetland from Bunberoo Creek and are confined to Narrow Creek that join Capitts Creek. A stone
levee bank constructed as a road crossing over Bunberoo creek upstream of this wetland clearly affects
its hydrology (Figure 7).

Figure 7 Levee bank over Bunberoo Creek
Wetland 954
Wetland 954 is a mapped creek that joins Bunberoo creek to Carrs Creek. It extends from the road
crossing over Bunberoo Creek to Carrs Creek covering an area of 28.9 hectares and 1.6 kilometres.
The wetland runs through an area of broad floodplain dominated by Black Box with Red Gum
predominantly confined along the edge of the creek. During pre-watering inspections the creek was
partially inundated and appears to predominantly receive flows from Carrs Creek rather than from
Bunberoo Creek. A concrete block bank referred to as Carr No. 1 affects the hydrology of this
wetland, as well as the levee bank over Bunberoo Creek (Figure 8 and Figure 7).
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Figure 8 Carrs No. 1 block bank and pipe culvert
2.2. HISTORY OF FLOODING
Some of the wetlands at Site 1 in the Moorna State Forest receive annual ‘replenishment flows’ as a
consequence of their connection with Frenchmans Creek and Carrs Creek. A review of imagery from
1990 to 2005 appears to indicate that Bunberoo Creek (Wetland 963, 995, 954) gets some water from
Frenchman’s Creek via Carrs Creek, almost on an annual basis. Regulated flows would inundate
Bunberoo Creek on a permanent basis, however concrete block banks along Carrs creek prevents
water entering the Creek and diverting back to the River Murray. Since the block banks have been
constructed, Bunberoo Creek is inundated either by flows that overflow the concrete block banks
when the Frenchman’s Creek is running high or by siphons installed by landholders.
Wetlands (935, 941, 950, 957, 959 and 1017) have been dry for more than 8 years. Since 1990 these
wetlands have only been inundated during the period 1995-97, at most they have been inundated three
out of 15 years. This group of wetlands require larger flows before they are inundated due to their
elevated position and because of works that have been undertaken to cut off their connection with
Carrs or the Frenchman’s Creek.
Table 2 History of flooding at Site 1. Moorna State Forest
Year

Wetlands

Wetlands

Wet (flooded)

Dry

1990

963, 995, 954

941, 935, 957, 950, 1017, 959,

1991

963, 995, 954

941, 935, 957, 950, 1017, 959

1993

963, 995, 954

941, 935, 957, 950, 1017, 959

1995

963, 995, 954, 941, 935, 957, 950,
1017, 959

19962

963, 995, 954,941, 935, 957, 950,
1017, 959

1997

963, 995, 954,941, 935, 957, 950,
1017, 959
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1999

963, 995, 954

941, 935, 957, 950, 1017, 959

2000

963, 995, 954

941, 935, 957, 950, 1017, 959

2004

963, 995, 954

941, 935, 957, 950, 1017, 959

2.3. WATERING METHODS
Watering was achieved installing twelve 6 inch PVC Siphons along Frenchmans Creek and Murray
River. These were activated using a vacuum pump. At site 1. two siphons were activated at the
junction of wetland 995 and the Murray River on the 19th of September (Figure 9 and Figure 10). Site
2 had three siphons that were activated at a concrete block bank at the junction of Wetland 934 and
963. Site 3 had two siphons that were activated over a rock levee bank at the junction of wetland 934
and wetland 941. At Site 4, four siphons were activated at Carrs 1 (a concrete levee bank) to fill
Wetland 954 (Carrs Creek) and wetland 963 (the western end of Bunberoo Creek). Site 5 had one
siphon that was placed at the junction of wetland 934 and wetland 957 on the 4th of October. This only
worked intermittently for the first two days; on the 6th of October a second siphon was placed at this
site to increase the flow.

Figure 9 Location of siphons at Site 1 Bunberoo Creek (Moorna State Forest).
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Figure 10 Location of siphons on Moorna State Forest sites 1-4 from left to right post installation

2.4. MONITORING METHODS
2.4.1. Tree health
The response of River Red Gums (E. camaldulensis) to the environmental watering program was
assessed using a tree crown condition index. An index from Tucker (2004) (Appendix 1; Table 1) was
utilised for the pre-water monitoring and an adapted Tucker (2004) index (Appendix 1; Table 2) was
utilised for the post-water monitoring. The Tucker (2004) index was originally developed to assess the
health of Red Gum and Black Box (E. largiflorens) trees on the Chowilla floodplain in South
Australia. The technique involves a visual assessment of the percentage of original canopy present, the
amount of dead branches and the amount of epicormic growth. The Tucker (2004) index was modified
for the post water monitoring to reflect epicormic growth as an improvement in tree health and a
positive response to the watering event. Similar modifications to tree health indexes have proven to be
effective in similar River Red Gum watering projects (T. Wallace, 2006). River Red Gums and Black
Box trees were scored using the same index.
Seven permanent tree health transects incorporating 210 trees were established at various sites within
Moorna State Forest (Figure 11). Trees within each transect were selected to include:
 Trees from each cohort of age class (in order to sample the natural variability in
age classes within the community);
 The respective composition of the community ie. Black Box and River Red Gum;
 Trees variable distances from the water body.
NSW Department of Natural Resources
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Each tree’s diameter at breast height (DBH) was measured, GPS location recorded and distance from
the high surface water line measured and recorded at the 8 week monitoring event. Trees with a
diameter at breast height of less than 10cm were excluded from the transects.
Photos of selected trees were used to illustrate visual changes which may not be reflected in the index,
such as leaf colour change, budding, flowering and increased canopy vigour. Field notes were taken at
each monitoring period in addition to using the tree health index. Field notes recorded responses
displayed by trees which may not be reflected in the index. For example, changes in leaf colour, in
canopy vigour, new growth verses epicormic growth were recorded. It was felt that the field notes
provided a more accurate indication of the number of responsive trees and therefore were used in the
analysis of the results.
Moorna State Forest pre-water monitoring was conducted on the 19th September 2005 for transects 1-4
and 6-7. Pre-water monitoring for transect 5 was conducted on the 5th October 2005. Post water
monitoring was conducted at 8 weeks and again at 22 weeks ending on the 14th February 2006. For the
8 week monitoring only field notes were used on whether each tree had responded or not and not
scored using the tree health index. An eight week monitoring was not conducted at transect 5.
A total of 210 trees were monitored.
Transect 1: Located downstream of Site 1, on the southern side of wetland #995 (Bunberoo Creek).
Creek contained many snags of fallen trees and branches.
Transect 2: Located downstream of Site 1, on the northern side of wetland #995 (Bunberoo Creek).
Transect 3: Located downstream of Site 2, parallel to wetland #963. Creek contained many snags and
also had a sandy bed. A number of long dead trees incorporated in transect.
Transect 4: Located downstream of Site 2, parallel to wetland #963.
Transect 5: Located downstream of Site 3, parallel to wetland #941. Pre-water monitoring conducted
on 5th October. 29 of the 30 trees in the transect were Black Box. Eight week monitoring not
completed.
Transect 6: Located downstream of Site 2, follows the margins of wetland #963
Transect 7: Located downstream of Site 5, parallel to wetland #957.
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Figure 11 Location of tree health transects at Moorna State Forest.

2.4.2. Waterbirds
The main objective of the waterbird monitoring program was to obtain a comprehensive list of
waterbirds attracted to these wetlands, identify the species breeding and monitor the use of the wetland
habitats in response to the artificial flooding and subsequent drying of the wetland.
The survey method was chosen to conform with Birds Australia’s methodology ‘ground based
waterbird searches’ (Barrett et al. 2003) and DNR’s Integrated Monitoring Environmental Flows
Manual ‘wetland waterbird survey’ (Driver et al. 2003) with slight adaptations to these methods to suit
the wetland type. Each wetland was visually searched using binoculars from a series of fixed points,
the number to points relative to the size of the wetland. A single observer visited each site to ensure
consistency between surveys. A ground marker and GPS waypoint were used to enable the site to be
re-visited at subsequent surveys. At each survey site, the observer identified and attempted to count
every waterbird present. Each survey site at a wetland was outside the field of vision from other sites
to prevent double counting. Where birds could be seen, the count was either a head count or a
systematic estimate of the number of birds seen, depending on the order of magnitude. Where birds
were heard and not seen, the count was the number of separate birds calling. The counts were not
extrapolated from samples to the whole area of the wetland. At the larger wetlands, counts were only
partial rather than total.
A breeding record was noted if an adult was seen sitting on eggs, if a nest with eggs or young was
seen, or if dependent young were seen outside the nest. No attempt was made to record nocturnal
calling/active species.
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2.4.3. Frogs
Frogs were surveyed on one occasion at Moorna State Forest on the 22nd of November 2005,
approximately 2 months after the commencement of watering. Six sites were sampled at each wetland:
one site at the inlet where there was permanent water and five within the wetland proper. The sites
within each wetland were selected to include as many of the different habitat types of the wetland as
possible, to ensure a good spatial coverage of the wetland and to maintain a reasonable distance
between sites to prevent the recording of overlapping frog calls.
Several techniques were used to survey frogs. Tadpoles were surveyed during the afternoon at each of
the six sites per wetland. Within each site five sweeps of 2m length were conducted along the
substratum at different local habitat types with a triangular, flat-bottomed dip net (resulting in a total
substrate coverage of 4.3m2 per site). Tadpoles sampled were removed after each sweep, identified
following Anstis (2002) and measured. Most tadpoles were returned alive at the point of capture.
However, some were returned to the laboratory to allow for their accurate identification before being
returned alive to the point of capture. Observations of frog spawn were also made.
Male frog breeding calls were recorded for 10 minutes at each site, with recording commencing at
least 20 minutes after sunset and concluding by midnight. The abundance of calling frogs was noted
for each species. Backup sound recordings were also obtained with a Sony tape cassette or Sony
digital sound recorder. The call of the Southern Bell Frog Litoria raniformis (listed as Threatened in
NSW and Endangered nationally) was played back for one minute at each site in an attempt to elicit a
calling response of any male adults present. This was not done where the species was heard calling.
Spotlight searches were also conducted for 10 minutes at each site, focussing on habitat along the
water’s edge, and the identity of any encountered frogs recorded.
Daily maximum temperatures at Mildura were courtesy of the Bureau of Meteorology.

2.4.4. Surface Water Quality
A snap-shot survey of the surface water physico-chemistry was conducted at six sites at Moorna State
Forest on the 22nd of November, approximately 2 months after commencing the watering program.
The six sample sites within each wetland were the same as for the frogs. One site was located in the
permanently inundated area from which the water was being pumped or siphoned, with the remaining
five being within the wetland proper. The variables of temperature (oC), pH, turbidity (NTU),
electrical conductivity (µS.cm-1 @ 25oC) and dissolved oxygen (mg.L-1) were measured at a depth of
0.2m with a Horiba U-10 Water Quality Checker.
2.5. RESULTS AND DISCUSSION
2.5.1. Watering Program
A total of sixty hectares was inundated, including 13 kilometres of narrow creeks (wetland 941, 959,
963, 995, 950, 954 and 6 lagoons (wetland 957, 935, 1017 including two un-named wetlands) (Figure
12). Flow rates at each site were calculated (13th October) with siphons delivering 6 litres per second
at site 5 and as much as 45 litres per second at site 4, with flow rates dependent on the difference in
head pressure at the site. The twelve siphons delivered on average 29.9 ML/d. A total of 894ML of
supplementary water1 was used to undertake the watering at Bunberoo Creek, although some of the
water would have returned to the River Murray via Capitts and Carrs Creek.

1

Supplementary water are flows in the Murray River over and above irrigation demand
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Wetland 995 and Wetland 963 (Bunberoo Creek) were dry prior to the commencement of the
environmental watering program, (Figure 13 & Figure 15). A week after activating the siphons at site
1 and 2 a large proportion of Bunberoo Creek including Wetland 995 had been inundated, (Figure 13).
After 8 days the siphons at site 3 had inundated two creek sections (wetland 941 and 959) and an
elongated lagoon (wetland 935) that was all dry prior to watering. After approximately 2 weeks
wetland 935 was full and began flowing into Bunberoo Creek via a narrow flood runner, (Figure 16).
Wetland 954 was the only wetland that wasn’t dry prior to the watering program, however the
activation of siphons at Site 1 (Carrs No. 1 levee bank) raised the level in this creek and eventually
forced water into wetland 950 after water had backed up against the levee bank at the road crossing to
Lock 9 (Figure 18). Wetland 957 being a shallow lagoon was filled in less than a week, (Figure 17).
Flow rates were low (6-10L/S) due to a minor difference between the water level in Carrs Creek and
the wetland. The minor head difference at this site also resulted in the siphons working intermittently.
Wetland 1017 and two un-named wetlands all of which were shallow depressions were inundated
toward the end of the watering program after water backup east and west of the levee bank on
Bunberoo Creek and cause water to spill out into these wetlands, (Figure 19).
During periods of high flows in the Frenchmans and associated Carrs Creek water was overflowing
the concrete levee banks at Site 4 and Site 2. This appears to have happen when large volumes of
water were being diverted into Lake Victoria. The siphon at site 4 increased the height of water
backing up behind the concrete levee bank diverting flows into wetland 954. Some of this water would
have returned to the River Murray via Carrs Creek. Additionally the siphons at Site 1, 2 and 3
inundated Bunberoo Creek which eventually spilled over and filtered through the levee bank at the
road crossing to Lock 9 forcing water into wetland 950. Wetland 950 is a shallow flood runner that
diverted flood water into the River Murray via Capitts Creek. Due to part of the system containing
water prior to the environmental watering and some water flowed back to the river, the exact quantity
of water required to inundate the wetlands at Moorna State Forest is largely unknown.

Figure 12 Wetlands inundated at Moorna State Forest
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Figure 13 Wetland 995 pre-watering and after one month of diverting flows into this wetland.

Figure 14 Aerial photograph of the junction of Wetland 959 with the River Murray 8 days after
starting the siphons at site 1.
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Figure 15 Wetland 963 (Bunberoo Creek) pre watering and 2 months after starting the siphons
approximately one kilometre downstream from Site 2

Figure 16 Wetland 935 17 days after starting watering, showing the inundation of terrestrial
forbs and at four and half months, now dominated by aquatic species such as Eleocharis and
Pseudoraphis spinescens (Spiny Mudgrass).
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Figure 17 Wetland 957 showing health and successional changes post inundation at 2 weeks, 3
weeks, 3 months and after drying at 6 months, from left to right

Figure 18 Wetland 950 soon after commence to flow
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Figure 19 From left to right Wetland 1017 and un-named wetland
2.5.2. Tree Health

Results

% of trees in category

Pre-water condition
Pre-watering assessments of the tree health transects indicated that the majority of trees were in a
stressed condition, with no trees recorded as being in excellent health. Twenty three percent (49 trees)
were in moderate condition (category 4), 57% (120 trees) were in stressed condition (category 3), 7%
(15 trees) were in severely stressed condition (category 2), 5% (10 trees) were near dead (category 1)
and 8% (16 trees) were dead (category 0) (Figure 20).
100%
90%
80%

Excellent

70%
60%
50%
40%
30%

Moderate
Stressed
Severely stressed
Near dead
Dead

20%
10%
0%
Pre-water

22 weeks

Figure 20: Percentage of trees sampled in each tree health category at pre-watering and 22
weeks post watering (Tree health index data).
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Responsive trees
Tree Health Index Results
Results from the Tree Health Index data indicate that the majority (74%) of trees at Moorna State
Forest maintained there original pre-water score (Figure 20), with only 11% of trees (24 trees)
showing a positive response2 to the watering.
It was felt that this was not an accurate indication of the overall response therefore field notes recorded
at 8 weeks and 16 weeks were used in determining the number of trees that responded positively to the
watering event. Due to the field notes results being a more accurate account of what happened, this
data was used to assess distance to water and Diameter at Breast Height (DBH) relationships. The
field notes are further supported by photos taken throughout the monitoring.
Field Note Results
Analysis of field notes showed a total of 167 trees (80%) responded positively to the watering event,
with the majority (69%) showing signs of a response 8 weeks post watering. Eighty percent or more of
the trees in each tree health category responded to the watering, except the dead trees (Figure 21,
Figure 25, 26, Figure 27 and Figure 28).
120

% of trees

100
80
60
40

n=10

n=15

n=120

n=49

20
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0
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5

Tree Health Category

Figure 21: Percentage of trees in each tree health category that responded positively to the
watering event (Field note results).
Distance to Water Response
No relationship between the distance to water and the number of responsive trees was observed for the
Moorna State Forest transects. Over half (68%) of the trees sampled at the site were located within 10
meters of the waters edge. Of the 138 trees within 10 metres of the waters edge 121 (88%) were found
to have responded positively to the watering event. Of the 12 trees located further than 20 metres from
the water’s edge, 50% responded positively (Figure 22). The furthest distance from the waters edge
where a tree was found to have responded was 34.8 metres.

2

A positive response is defined as an individual tree moving up a tree health category, eg. from a 3 to a 4 or 5.
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Figure 22: Percentage of trees that responded to the watering event in each distance to water
category (Field note results).

Age Class Cohorts (Diameter at Breast Height)
A representative spread of age classes present at the site were sampled with trees ranging from 20cm
to 276cm DBH (Figure 23). Trees in the 41-70cm DBH category made up the greatest proportion of
trees sampled and also had the highest percentage (87%) of responsive trees. The number of trees in
each DBH category that responded positively to the watering event were similar across all categories.
ie. no DBH category showed considerably more trees responding compared to other categories.
Therefore no clear relationship between age class (DBH) and response is present.

100

% of trees

80
60
40
n=39

n=55

10-40

41-70

n=42

n=43

n=31

20
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71-100 101-140

140+

DBH (cm)

Figure 23: Percentage of trees in each DBH category and percentage of trees that responded to
the watering at 8 weeks and 22 weeks (field note results).

NSW Department of Natural Resources
21

Discussion
The results from the tree health assessments at Moorna State Forest are a clear demonstration of the
weaknesses associated with using the Tucker (2004) tree health index. For example, results from the
index showed only 11% of trees responded positively and 74% of trees showed no response at all (ie.
maintained their original pre-water score). Results from the field notes showed a completely different
result with 80% of trees sampled responding positively to the watering. However, the extreme
differences between the two methods were compounded by a different observer completing the prewater monitoring and the 22 week monitoring. The results from the field notes are further supported
by the photos taken throughout the monitoring, which show a clear change in canopy condition at
most sites.
Although understorey quadrats were not completed at Moorna State Forest, incidental observations
indicated a diverse community of aquatic and amphibious species were present, especially within
Bunberoo Creek and wetlands #957, #935 and #941 (Table 3; Figure 24). The presence of pigs, goats
and sheep observed at watered sites greatly reduced the benefits of the environmental watering project.
Grazing by stock reduces the ability of understorey vegetation to germinate and replenish the seed
bank, reduces water quality, disturbs soil structure and increases nutrient loads. Grazing pressure also
reduces the chances of eucalypt seedlings germinating and being recruited into the population.
Table 3: Incidental aquatic and amphibious species list for Moorna State Forest
Scientific Name
Common Name
Milfoil
Myriophyllum spp
Water primrose
Ludwigia peploides
Spike rush
Eleocharis spp
Azolla
Azolla spp
Sneezeweed
Centipeda Cunningham
Marsilea drummondii,
Common nardoo
Alternanthera denticulata Lesser joyweed
Pseudoraphis spinescens Spiny mudgrass
Spiny sedge
Cyperus Gymnocaulos
Starfruit
Damasonium minus

Figure 24: Myriophyllum spp and Ludwigia peploides in Bunberoo Creek near transect 5 at 22
weeks (LHS). Eleocharis spp, Marsilea drummondii and Cyperus Gymnocaulos at wetland #941 at
22 weeks (RHS)
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The presence of Xanthium occidentale (Noogoora Burr) along the receding waterline at Transect 1 and
2 was observed. X. occidentale is of increasing concern in Lower Murray-Darling wetlands as its
infestation appears to be spreading. Due to the wetlands and creeks at Moorna State forest being interconnected there is a heightened risk that Noogoora Burr will spread to other wetlands following future
flood events. Close monitoring is therefore required.

Figure 25: Site 2, pre-water (LHS) and 22 weeks post watering (RHS), note increased vigour and
density of canopies.

Figure 26: Site 5, transect 1, trees 29 and 30, pre-water (LHS) and 22 weeks post water (RHS)
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Figure 27: Site 5, transect 1, tree 4. Pre-water (LHS) and 22 weeks post water (RHS).

Figure 28: Site 5, transect 7, tree 21. Pre-water (LHS) and 22 weeks post water (RHS).

NSW Department of Natural Resources
24

2.5.3. Waterbirds
A total of eleven species were observed using the two small lagoons (wetland 935and 957) during the
sampling period, (Table 4). The total number of waterbirds recorded was 428. The greatest diversity
of species was recorded two months post inundation, although the greatest number of birds but lowest
diversity was three months later in February. No uncommon or threatened species were observed
during the sampling period. Grey Teal was the most abundant and frequent observed species.
Numbers of Grey Teal peaked in February as the wetlands began to recede to an open expanse of
shallow mud flats.
The low diversity and numbers of waterbirds is likely to be related to both the small size of these
wetlands (5 & 0.8 hectares) and the diversity of habitats created. The main habitats at the site were;
open water lagoon, shallow muddy shoreline and freshwater marsh. Pre-watering, the two lagoons
were dominated by terrestrial saltbush and annual forbs. These were later replaced with a diversity of
wetland species, dominated by Eleocharis plana and Pseudoraphis spinescens. Both lagoons were
very shallow less than 80cm. On the last sampling period (six months post inundation) Wetland 957
had receded to as small pool and no waterbirds were observed at the site.
Dabbling ducks were the most abundant functional group while the Piscivores were the most diverse
functional group at these wetlands. Although not confirmed the siphons must have been capable of
allowing small to medium size fish to enter these wetlands, given the recording of Australian Pelicans
at the wetlands. Large numbers of frogs and tadpoles were recorded during surveys which would have
provided a ready food source for the large waders and some of the other Piscivors (Herons). The
proliferation of Spiny Mud Grass Pseudoraphis spinescens could explain the large numbers of the
grazing waterfowl, the Australian Wood Duck .

Table 4 Numbers of waterbirds recorded post watering of Wetlands 935 and 957
Common name
Scientific name
11.11.2005 07/02/2006 23/03/2006
Australian Pelican

Pelecanus conspicillatus

Little Pied Cormorant

Totals

14

14

Phalacrocorax melanogaster

1

1

White-necked Heron

Ardea pacifica

1

White-faced Heron

Ardea novaehollandiae

3

Australian White Ibis

Threskiornis molucca

Yellow-billed Spoonbill

Platalea flavipes

Grey Teal

Anas gracilis

35

Pacific Black Duck

Anas superciliosa

25

Australian Wood Duck

Chenonetta jubata

50

25

Masked Lapwing

Vanellus miles

5

1

Black-fronted Dotterel

Elseyornis melanops

6

1
1

12
6

Number of species record
Total number of waterbirds recorded
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4
12
6

210

245
3

28

40

115
6
6

11

3

3

11

158

236

44

438

Table 5 Waterbird counts at Moorna State Forest (Wetlands 935 & 957) classified by functional
groups, classification based on Roshier et al. (2002).
Common name
Species
Most frequently used habitats
Total
records
Grazing waterfowl
Australian Wood Duck

Chenonetta jubata

OWL, FM

Pacific Black Duck

Anas superciliosa

Grey Teal

Anas gracilis

Little Pied Cormorant

Phalacrocorax melanoleucos

White-necked Heron

Ardea pacifica

White-faced Heron
Australian Pelican

115

Dabbling ducks
OWL, FM

28

OWL, FM, SMS

245

OWL

1

Piscivores (fish –eaters)
FM

1

Ardea novaehollandiae

OWL

4

Pelecanus conspicillatus

OWL

14

Large waders
Yellow-billed Spoonbill Platalea flavipes

FM

6

Australian White Ibis

Threskiornis molucca

FM

12

Black-fronted Dotterel

Elseyornis melanops

SMS

6

Masked Lapwing

Vanellus tricolor

SMS

6

Small waders

Shoreline foragers
Habitat types: Open Water Lagoon (OWL, Shallow Muddy Shoreline (SMS), Freshwater Marsh (FM).
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2.5.4. Frogs
The sampling sites for frogs are shown in (Figure 29). Photographs of the aquatic habitat at each site
are shown in (Figure 30).

Figure 29 Location of survey sites for frog/tadpole and water quality sampling on Moorna State
Forest

Site A

Site B

Site C

Site D

Site E

Site F

Figure 30 Photographs of the six frog sampling sites at Moorna State Forest Wetlands
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The frog species and their abundances at the Moorna State Forest Wetlands are presented for each site
(Table 6) and summarised for the wetland (Table 7). The recording of frog calls and spotlighting
occurred from 21:00-24:00 during which period the weather conditions were warm and calm and the
air temperature was in the range of 21-24oC (maximum day temperature was 29.5oC at Mildura).
There was no response by Litoria raniformis to the playback of its call although it was calling at two
of the wetland sites (Sites B and C).
Table 6. Frogs at each site of Moorna State Forest Wetlands
Site
A
B

Male Calls
L. peronii (x1)
L. raniformis (x4)
L. peronii (x15+)
L. fletcheri (x5)
C. parinsignifera (x9)

C

L. raniformis (x2)
L. peronii (x15+)
L. fletcheri (x5)
L. tasmaniensis (x4)
C. parinsignifera (x15+)

D

L. peronii (x8)
C. parinsignifera (x1)

E

L. tasmaniensis (x2)
L. fletcheri (x4)
L. peronii (x15+)
C. parinsignifera (x15+)
L. peronii (x8)

F

Tadpoles
None
L. peronii (x14)
(10-50mm)
C. parinsignifera (x1)
L. tasmaniensis or
L. fletcheri (x1)
(30mm)
L. peronii (x4)
(all ca. 15mm)
L. tasmaniensis or
L. fletcheri (x5)
(all ca. 20mm)
L. dumerilii (x3)
(all ca. 20mm)
C. parinsignifera (x2)
(both ca. 15mm)
L. raniformis (x2)
(both ca. 40mm)
L. peronii (x2)
(15-23mm)
L. peronii (x3)
(18-23mm)
L. raniformis (x1)
(35mm)

Spotlighting
None
L. fletcheri (x1)
L. peronii (x5)

L. raniformis (x1)
L. peronii (x4)

None

C. parinsignifera (x2)
L. peronii (x5)
L. peronii (x1)

Table 7. Summary of frogs captured at the Moorna State Forest Wetlands
Species
Abundance1
Litoria raniformis
10
Litoria peronii
100+
Limnodynastes tasmaniensis
6
Limnodynastes fletcheri
15
Limnodynastes tasmaniensis/fletcheri2
6
3
Limnodynastes dumerilii
45+
Crinia parinsignifera
TOTAL
185+
1
Abundances pooled for calls, tadpoles and spotlighting
2
These species could not be separated in their tadpole form
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Other observations
Two weeks after commencing the watering at Moorna State Forest egg mass of Limnodynastes sp.
were observed at Site C (wetland 957) (Figure 31). On the 1st of November approximately 30
days after wetland 957 was inundated tadpoles were observed in the shallows and adult Limnodynastes
fletcheri, Limnodynastes tasmaniensis, and Litoria raniformis were heard calling in the
middle of the day. On the 12th of November during a routine inspection of the watering one adult
Banjo Frog Limnodynastes dumerilii was observed next to the siphons at site C.
The observation of large and juvenile Common Carp in the some of the wetlands indicates that fish
present in Carrs Creek were able to move along sections of Bunberoo Creek after water spilled over
the concrete levees during high flows in the Frenchmans’ and associated Carrs Creek. Likewise some
residual pools of water behind (Carrs No.1. levee bank) may have support a number of Carp that
would have been able to move along Bunberoo Creek up to the rock levee bank between site A and
site E.
Comments
All six species of frog known to the area (excluding those of the Neobatrachus genus) were present at
Moorna State Forest Wetlands making this a significant wetland complex for regional frog
populations. The abundance of frogs was also high relative to the other wetlands assessed. The
presence of the Southern Bell Frog Litoria raniformis at four of the five sites within the wetland is
significant as this species is listed as Endangered in NSW and Vulnerable nationally. This species was
located in both its adult and tadpole forms (Figure 31) demonstrating that the floodplain watering
event resulted in breeding of this species.
Peron’s Tree Frog Litoria peronii was the most abundant frog species at the wetland and was present
at all sites. The Eastern Banjo Frog Limnodynastes dumerilii was not heard calling at this wetland
during the surveys although tadpoles of this species were captured at one site and there was an
incidental observation at site C (Wetland 957).
Frog activity and breeding was greatest in ephemeral lagoons that were well vegetated, either with
aquatic vegetation or flooded terrestrial vegetation (site B, C & E), while creeks with limited aquatic
vegetation or flooded terrestrial vegetation (sites D & F) had lower levels of activity.
No frogs or tadpoles were observed at the control (permanent water) site. At all other sites flooded as
a result of the watering program, frogs and tadpoles were observed. Indeed at all 5 of the treatment
sites, a breeding response was observed (spawn and tadpoles). Although no follow up surveys were
undertaken to note metamorphosis of tadpoles to frogs, it’s highly likely that the watering resulted in
successful breeding of all six species.
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Figure 31 Adult Southern Bell Frog Litoria raniformis, Southern Bell Frog tadpole, egg mass of
Limnodynastes sp.
2.5.5. Surface Water Quality
Surface water quality at Moorna State Forest Wetlands was sampled at the same six sites that were
sampled for frogs (Figure 29 & Figure 30) and the results are presented in Table 8.

Table 8. Surface water quality at Moorna State Forest Wetlands (22/11/05)
Site
Site A*
Site B
Site C
Time
15:30
16:15
17:00
Electrical conductivity
88
97
157
(µS.cm-1)
Dissolved Oxygen
8.0
11.9
11.2
(mg.L-1)
Temperature (oC)
25.7
29.1
32.0
pH
7.9
9.1
8.1
Turbidity (NTU)
26
12
75
*Source water site located in Frenchman’s Creek

Site D
17:45
76

Site E
18:15
113

Site F
18:45
92

Range

9.5

8.8

4.3

4.3-11.9

28.9
8.1
90

26.5
8.5
77

25.1
7.2
14

25.1-32.0
7.2-9.1
12-90

76-157

Comments
The water quality variables measured were within the expected ranges for floodplain wetlands of the
region (e.g. Ho et al., 2004). The moderate differences in physico-chemical variables between sites is
reflective of the heterogeneous habitat within the wetland complex (Figure 30). Electrical conductivity
was very low in the inflowing water and remained low across the wetland sites suggesting that there
was relatively little surface salt mobilised on the floodplain. Dissolved oxygen was reasonably high
with the exception of Site F where the water was strongly coloured indicating strong leaching of
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organic matter (including carbon) that may have fuelled microbial productivity and increased oxygen
consumption from the water column. The comparatively low dissolved oxygen concentration at this
site (4.3 mg.L-1) did not appear to impact negatively on all gilled biota because a single L. raniformis
tadpole was captured at this site. Water temperature across the sites was relatively high and reflected
the warm spring conditions at the time of sampling. The pH of the water was slightly alkaline at all
sites. Turbidity was variable between sites and its range is typical of local wetland systems where the
effects of wind and waves can result in highly variable turbidity levels.
2.5.6. Conclusions and Future Recommendations
The number of trees that responded positively to the watering was similar across each DBH category
(30cm-140cm DBH) from sapling through to mature trees. No relationship between distance to water
and response was observed, although the majority of trees that responded were with 10m of the waters
edge. Incidental observations indicated that the influence of watering was greater around the edge of
billabongs than flood runners and creek lines. Although understorey and aquatic vegetation quadrats
were not monitored at the Moorna site, incidental records show a dramatic response with a diversity of
plants recorded, particularly at wetland 941,935, & 957 (Table 3, Figure 16, Figure 17, Figure 24).
It is recommended that the sites at Moorna State Forest receive future environmental water. Repeat
“waterings” have proved effective in ensuring new growth is permanently incorporated into the tree
canopy, ensuring the long term survival of the tree population. Control of stock should be a main
priority at the site, especially if a similar watering project is conducted in the future. Stock should be
excluded from the site during the wet phase and at least three months after the surface water has dried
to maximise the opportunity for vegetation to germinate and complete life cycles, improve water
quality and soil structure and increase the chances of eucalypt seedlings germinating and being
recruited into the population. Fencing of the wetlands is highly recommended as a long term goal to
enable easier stock management in and around the wetlands. It is also recommended that understorey
vegetation monitoring be conducted during future watering projects at a number of sites, such as
wetlands #941 and #957.
The regeneration of Xanthium occidentale (Noogoora Burr) post watering and the potential for spread
to other wetlands is a concern. Future watering will need to closely monitor infestation levels and look
at ways to manage this problem weed.
All six of the frogs known from the area (excluding the Neobatrachus genus) were observed at the
Moorna wetland. The numbers and breeding activity appeared to be greatest around the densely
vegetated billabongs (wetland 935, 957). Rewatering of wetlands 935 and 957 is recommend as both
these wetlands appear to be important breeding sites. These wetlands also support a population of
Southern Bell frogs that may be encouraged to breed again if watered again during spring 2006.
Although the Department of Natural Resources has a network of bores monitored and maintained
throughout the region none were close enough to provide any cluses regarding surface and
groundwater interactions. Therefore the strategic placement of bores around key wetlands on Moorna
State Forest (such as wetland 935 and 957) would allow a greater opportunity to interpret changes in
health of the surrounding floodplain vegetation in the future.
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3. Backwater Lagoon
3.1. SITE DESCRIPTION
Backwater Lagoon is a large elongated lagoon located between the Abbottsford Bridge and the
regulator on Frenchmans Creek, approximately 55km west of Wentworth. A large levee bank to the
north of Backwater lagoon blocks the natural connection with the Frenchmans Creek. To the south
Backwater lagoon is connected to the Murray River via a narrow flood runner, with a commence to
flow of 26.94m AHD and 40,700 ML, (Green and Alexander 2003). The lagoon covers and area of
12.4 hectares and at the time of assessment the bed of the lagoon was dominated by a flush of annual
terrestrial forbs and grasses germinated from recent rain (Figure 32).
Backwater Lagoon is located within Wangumma State Forest. Mature River Red Gum / Black Box /
River Cooba woodland dominate the area surrounding the lagoon. A mixed age class of River Red
Gum line the edge of the lagoon, ranging from mature River Red Gum (DBH 1-2m) to regenerants
(DBH 50-60cm). In general, away from the edge of the lagoon the stand density of River Red Gum
declines and Black Box becomes more dominant. Additionally the stand density of River Red Gum
increased at the river end of the lagoon. The understorey was dominated by dead or near dead Lignum,
annual Saltbush and Forbs. Tree health appeared to have improved with proximity to permanent water
(Frenchmans Creek, Big Rigamy Creek and the Murray River) and the edge of Backwater lagoon
(Figure 32). A series of narrow flood runners link Big Rigamy Creek with Backwater lagoon. These
were lined with dead or extremely stressed river red gum. Toward the river end of the lagoon there are
a few small islands with an area of dense regeneration of River Red Gum (DBH 20-40 cm).

Figure 32 Location of Backwater Lagoon, photo showing backwater lagoon prior to watering
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3.2. HISTORY OF FLOODING
Toward the end of July 1990 flows downstream of Lock 9 increased to above 40,000 ML/d and would
have commenced flowing into Backwater Lagoon (Figure 34). The lagoon would have been rapidly
inundated as flows increased and peaked on the 18th of October at 110,500 ML/d. As a consequence of
this flood Backwater Lagoon filled and spilled into numerous adjoining wetlands inundating a large
area, as depicted in the 1991 TM image (Figure 33). A minor flood in 1991 (44,100 ML/d) may have
assisted in maintaining the water level in the lagoon to some extent although flood waters from the
previous year would have remained on the floodplain over this period. There was no flood in 1992 but
in 1993 another large flood peaked in early November at 122, 500 ML/d further inundating the lagoon.
No further flooding occurred until 1995 when a minor flood 56, 300 ML/d occurred in early
September. The water shown on the floodplain in the 1995 image was probably floodwater from the
large flood in 1993 (Figure 33). A medium sized flood that peaked on the 28th November 1996 at
65,020 ML/d filled the lagoon. From 1996 to early 2000 river flows were insufficient to inundate the
lagoon. A 1997 TM satellite image taken in late November shows a considerable amount of water still
in the lagoon more than 12 months after being flooded. A small flood in late 2000 which peaked at 49,
980 ML/d on the 17th of December may have inundated a small area of the lagoon
In summary from 1990-2000 two large floods (1990, 1993) and a series of smaller floods (1995, 1996,
and 2000) have resulted in an extended period of inundation of Backwater Lagoon. Since 2000 the
lagoon has been dry as flows downstream of Lock 9 were insufficient to inundate the lagoon. A 2004
satellite image shows the lagoon in a dry phase (Figure 33). The bed of the lagoon during the prewatering inspections September 2005 was totally dominated by terrestrial species and the soils were
deeply cracked.
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Figure 33 Series of TM images showing a period of frequent inundation 1990-1996 and a dry
period 2000-2005
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Figure 34 Flows in the River Murray down stream of Lock 9 from 1990-May 2006
3.3. WATERING METHODS
The raising of Lock 8 to 0.6m resulted in the commence to fill of Backwater Lagoon. On the 17th of
October 2005 water had flowed into Backwater Lagoon from the Murray River, a short distance along
a narrow flood-runner. By the 24th of October flows into the lagoon had peaked and as a result only a
small section of backwater lagoon was inundated (Figure 35).
On the 13th of October three siphons were activated over the levee into Backwater Lagoon from the
Frenchmans Creek. The three siphons were buried below the ground and covered with checker plate to
allow vehicle access along the levee bank during the watering program. Cages were placed around the
suction end of the siphons to prevent blockage and accidental death of aquatic life (eg. fish and
Turtles) (Figure 36). Vortexing, caused when “pumping” in shallow water, was prevented by placing a
floating polystyrene flat block inside the cage. This prevented air being sucked into the siphons
thereby avoiding a reduction in flow rates or stoppage (Figure 36).
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Figure 35 Backwater Lagoon, showing the extent of inundation as a result of Lock 8 raising and
the location of siphons.

Figure 36 Backwater Lagoon installation procedure
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3.4. MONITORING METHODS
3.4.1. Tree Health
Ten monitoring points were randomly located within 20 metres of the estimated high water mark of
Backwater Lagoon. Eight additional control points were randomly selected in the Red Gum Forest
immediately to the south of the lagoon and more than 20m from the estimated high water mark. Of
these eight, the three most easily accessible, in relation to the former 10 plots were also monitored.
Plot points were located using a hand held GPS and marked with a steel fence dropper, painted white.
Trees were assessed if they were 10 cm or larger in diameter and fell within a variable radius plot
established using an angle gauge with a factor of 1 square metre per hectare. The distance to
‘borderline trees’, and their diameter, were measured to determine whether they were in the plot. Trees
were numbered in a clockwise order from 00 magnetic, using white paint. Bearing, distance, species,
origin (seedling or coppice), relative age class, diameter class, dominance class (e.g. Jacobs 1955
Chapter V, Section 6) and canopy stress class were recorded for each tree. Relative age class was
assessed according to crown morphology, tree size and form in relation to surrounding trees, site
quality and trees in the other plots. Nominal age classes were assigned to allow comparisons of similar
trees amongst different plots.
Canopy health was visually classified from directly beneath each crown, according to the appearance
and arrangement of leaves and dead branches (Jurskis et al. 2006 Appendix 1). Stress classes were: 0
- perfectly healthy, 1 - healthy, 2 - stressed, 3 - severely stressed, 4 - near dead, 5 - recently dead.
Trees that appeared to be deteriorating or recovering in health but had not progressed to the next
category were scored halfway between the two categories. The plots were assessed as siphoning
commenced in November 2005, reassessed near the highest water levels in January/February 2006,
and after water levels had receded in June 2006. Photographs were taken of a randomly selected
sample of crowns at each assessment. The position of each tree in each plot and of the high water
marks in relation to each plot were mapped, and proximity to high water level was categorised as
follows: 0 - more than 10m horizontal distance; 1 – 6 to 10m horizontal distance, high bank; 2 - 6 to
10m horizontal distance, low bank; 3 – up to 5m horizontal distance, high bank; 4 - up to 5m
horizontal distance, low bank; 5 – water at base of tree.

3.4.2. Waterbirds
The main objective of the waterbird monitoring program was to obtain a comprehensive list of
waterbirds attracted to this wetland, the species breeding and the use of the wetland habitats in
response to the artificial flooding and subsequent drying of the wetland.
The survey method was chosen to conform with Birds Australia methodology ‘ground based waterbird
searches’ (Barrett et al. 2003) and DNR Integrated Monitoring Environmental Flows Manual ‘wetland
waterbird survey’ (Driver et al. 2003) with slight adaptations to these methods to suit the wetland type.
Each wetland was visually searched using binoculars from a series of fixed points, the number relative
to the size of the wetland. A single observer visited each site to ensure consistency between surveys. A
ground marker and GPS waypoint was used to ensure that the exact site was re-visited at subsequent
surveys. At each survey site, the observer identified and attempted to count every waterbird present.
Each survey site at a wetland was outside the field of vision from other sites to prevent double
counting. Where birds could be seen, the count was either a head count or a systematic estimate of the
number of birds seen, depending on the order of magnitude. Where birds were heard and not seen, the
count was the number of separate birds calling. The counts were not extrapolated from samples to the
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whole area of the wetland. Particularly at the larger wetlands counts were probably only partial rather
than total counts.
A breeding record was noted if an adult was seen sitting on eggs, if a nest with eggs or young was
seen, or if dependent young were seen outside the nest. No attempt was made to record nocturnal
calling/active species.
3.4.3. Frogs
Frogs were surveyed on one occasion at Backwater Lagoon (Wangumma State Forest) on the 6th of
December 2005, approximately 2 months after the commencement of watering. Six sites were sampled
at each wetland: one site at the inlet where there was permanent water and five within the wetland
proper. The sites within each wetland were selected so as to include as many of the different habitat
types of the wetland as possible, to ensure a good spatial coverage of the wetland and to maintain a
reasonable distance between sites to prevent the recording of overlapping frog calls.
Several techniques were used to survey frogs. Tadpoles were surveyed during the afternoon at each of
the six sites per wetland. Within each site, five sweeps of 2m length were conducted along the
substratum at different local habitat types with a triangular, flat-bottomed dip net (resulting in a total
substrate coverage of 4.3m2 per site). Tadpoles sampled were removed after each sweep, identified
following Anstis (2002) and measured. Most tadpoles were returned alive at the point of capture.
However, some were returned to the laboratory to allow for their accurate identification before being
returned alive to the point of capture. Observations of frog spawn were also made.
Male frog breeding calls were recorded for 10 minutes at each site, with recording commencing at
least 20 minutes after sunset and concluding by midnight. The abundance of calling frogs was noted
for each species. Backup sound recordings were also obtained with a Sony tape cassette or Sony
digital sound recorder. The call of the Southern Bell Frog Litoria raniformis (listed as Threatened in
NSW and Endangered nationally) was played back for one minute at each site in an attempt to elicit a
calling response of any male adults present (except where the species was already calling). Spotlight
searches were also conducted for 10 minutes at each site, focussing on habitat along the water’s edge
and the identity of any encountered frogs recorded.
3.4.4. Surface Water Quality
A snap-shot survey of the surface water physico-chemistry was conducted at six sites at Moorna State
Forest on the 22nd of November, approximately 2 months after commencing the watering program.
The six sample sites within each wetland were the same sites as were chosen for the frog survey. One
site was located in the permanently inundated area from which the water was being pumped or
siphoned and the remaining five were within the wetland proper. The variables of temperature (oC),
pH, turbidity (NTU), electrical conductivity (µS.cm-1 @ 25oC) and dissolved oxygen (mg.L-1) were
measured at a depth of 0.2m with a Horiba U-10 Water Quality Checker.
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3.5. RESULTS AND DISCUSSION
3.5.1. Watering Program
On the 13th October three 6 inch PVP pipe syphons were activated over the levee into Backwater
Lagoon. Flow rates were measured with a flow meter and were recorded delivering approximately 19
ML/d. On the 2nd of November, water from the siphons had began mixing with the flood waters
associated with the raising of Lock 8 (Figure 35). The primary aim of the watering was to fill the
lagoon to capacity in order to allow recovery of as many stressed mature red gums that occupied the
littoral and adjoining floodplain. When the siphons were turned off on the 22nd December, 950 ML
had been used and Backwater Lagoon had been filled to capacity with many adjoining depressions
flooded (Figure 37, Figure 38 & Figure 39).
The simultaneous raising of Lock 8 assisted in maintaining a high river and preventing water from
flowing back to the Murray River. Consequently water flowed into Wetland 847, a shallow depression
surrounded by lignum and nitre goosefoot (Figure 41). When wetland 847 was filled, flood water
began flowing into a narrow flood runner; Wetland 909 (Figure 42). Wetland 909 is a deeply incised
flood runner with the littoral zone and top of bank dominated by dead and dying River Red Gum.
Approximately 1km of this deeply incised flood runner was filled. In a large flood this flood runner
appears to divert floodwaters from Backwater lagoon to the River Murray on flood recession. Only a
small proportion of this wetland was filled as its filling coincided with the gradual lowering of Lock 8
which caused water to flow back to the river from Backwater Lagoon. A shallow unmapped wetland
was also partly inundated south of Backwater Lagoon, although the amount of water diverted into this
wetland was likely to be insufficient to allow recovery of this severely stressed wetland (Figure 40).
Greater inundation of this wetland was not possible at the time due to the lowering of Lock 8.

Figure 37 Backwater Lagoon (Wetland 825) showing the extent of inundation at the completion
of the watering program
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Figure 38 Terminal end of Backwater lagoon showing the changes in patterns of wetting and
drying, top left –pre-watering (12th of October), top right 18th of October, bottom left post
watering (7th February 2006), bottom right post watering (5th May 2006)

Figure 39 photographs show levels of inundation, from left to right, at the junction between the
inlet creek and the lagoon proper, and midway along the lagoon.
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Figure 40 Un-named wetland east of the lagoon showing shallow inundation that receded and
areas beyond that were not inundated

Figure 41 Wetland 847 after filling

Figure 42 Wetland 909 showing areas watered and areas beyond that weren’t inundated
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3.5.2. Tree Health
Before watering
Some dense sapling stands, and stands of any age, with a dense lignum understorey appeared to be
particularly severely stressed at Backwater Lagoon. Thirteen plots including 311 trees were assessed.
Most trees (283) were Red Gum, 26 were Black Box and two were River Cooba. At the first
assessment, most trees (207) were stressed or severely stressed, however only five trees (2%) had
recently died (Table 9). At the first assessment, it was noted that 66 trees appeared to be recovering
and 3 appeared to be declining in canopy condition.

Table 9 Frequency of trees according to categories of canopy stress
Canopy stress category

0

1

2

3

4

5

Frequency

6

50

95

112

43

5

The average canopy stress score for all trees was 2.5, for Red Gum was 2.5, and for Black Box was
2.1. Six distinct age classes of Red Gum were apparent at Backwater Lagoon, comprising three
regrowth, two mature, and one overmature age class. They were assigned nominal ages of 30, 50, 60,
100, 200 and 300 years. There were mostly only three age classes within individual plots, usually a
regrowth, a mature and an overmature age class. Amongst Red Gum, overmature trees had an average
canopy score of 2.8, mature trees 2.7, and regrowth trees 2.1. Across all Red Gum age classes,
dominant trees averaged 2.6 and subdominant trees averaged 2.3.
Dominant regrowth trees were less stressed than subdominant regrowth trees, whereas in older age
classes, dominant trees were more stressed than subdominant trees (Table 10). Forty percent of
overmature subdominant red gum had broken tops compared to only 12% of dominants.

Table 10 Canopy stress of red gum according to age class and dominance
regrowth

mature

overmature

dominant

1.9

2.8

2.8

subdominant

2.3

2.5

2.2

In comparison to assessments during winter 2005 (Jurskis et al 2006) of Red Gum in the Murray
Management Area (MMA), where average rainfall is higher, relatively more trees had died in
Wangumma State Forest (2% compared to1%) but recovery appeared to be more advanced following
substantial spring rains. Lake Victoria recorded 76 mm of rain in October 2005, which is nearly three
times the average for October, and almost a third of the annual average. November rainfall (19mm)
was close to average (22mm). Red Gums at Wangumma were generally less stressed (2.5) compared
to MMA in winter 2005 (2.8), and each age class was less stressed at Wangumma than MMA
(regrowth 2.3, mature 2.9, overmature 3.2). Many overmature trees at Wangumma had produced
healthy canopies after their old, stressed canopies had died and broken off. The apparent association of
broken tops with subdominant overmature trees and their better crown condition (Table 2) may have
reflected a reduction in dominance class and recovery in health as a result of their crowns breaking off.
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In contrast, subdominant regrowth trees were more stressed than dominant trees as might be expected
because of their more restricted access to water.
After watering
Two of the 3 three control plots received no water, whilst the high water level was more than 45 m
from the centre of the third control plot and only reached one tree in that plot. Five other plots were
partially watered and five were well watered. Just over half the trees (167) were within 10m
horizontally of the highest water level during the watering. One tree fell over after the first assessment,
another after the second assessment, and an overmature, dominant Red Gum died after the second
assessment. This tree was about 40 m horizontally from the high water mark. Between the first and
second assessments, 139 trees apparently recovered in health, and 105 trees apparently recovered
between the second and final assessments. Between the first and final assessments 181 trees showed a
net recovery in health, 123 trees showed no net change in health, and 7 trees, including the single tree
that died, had a net decline in health. Some overmature trees produced healthy new canopies during
the monitoring period after their old, stressed canopies died and broke off.
There was no difference in recovery of trees in the control plots compared to those in the watered
plots. The average recovery of overmature dominant Red Gums (the most frequent category of trees)
was 0.7 in both sets of plots. Six categories of distance to water were used as an index of availability
of the ‘supplementary’ water to the trees. Because there were small numbers for each combination of
age class and dominance in each category of water availability, we used all the plots, grouped
categories 1 to 5 and compared against category 0. There was no difference in average recovery of
Red Gums that were within 10m of water compared to trees more than 10m from water. Of the 181
Red Gums that recovered, 98 were more than 10m from the high water level, and 83 were closer to
water. However average recovery of Red Gums that were actually flooded (0.5) was less than those
that weren’t flooded (0.6), and the apparent difference was more pronounced when trees of similar age
and dominance were compared. Amongst overmature dominant Red Gums, trees that were flooded
recovered on average by 0.5 whereas trees that was not flooded recovered by 0.8. No Black Box trees
were flooded but most (69%) improved in health. Only three black box, all on the same rootstock,
were closer than 10 m to high water. They were 8 m from high water, and did not improve in health.
Except for regrowth trees, there was no difference in the average recovery of dominant Red Gum
within 10 m of water, compared to those that were more than 10 m from water (Table 11).

Table 11 Average improvement in canopy condition of dominant red gum trees according to
‘treatment’
regrowth

mature

overmature
within 10 m of water

0.5

0.6

0.7

more than 10 m from water

0.3

0.6

0.7

The apparent response of regrowth trees to watering was most pronounced in subdominant trees
(Table 12).
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Table 12 Average improvement in canopy condition (and number) of regrowth red gum
according to watering ‘treatment and dominance’
dominant

subdominant

within 10 m of water

0.5 (41)

0.7 (26)

more than 10 m from water

0.3 (10)

0.1 (7)

However most regrowth trees were close to the water, and there was a complex relationship between
topographic position or water availability, stand density, drought stress and recovery in regrowth
stands. Only five plots contained several (7 or more) regrowth trees. Regrowth stands close to water
had higher basal area, lower initial stress and less recovery than stands further from water (Table 13).
No response of regrowth Red Gum to watering was apparent at the stand scale (Table 13). In contrast
to older trees, subdominant regrowth trees were initially more stressed than dominant regrowth trees
(Table 11).

Table 13 Density, initial stress and recovery of regrowth stands according to proximity of water.
plot no.

12

14

11

15

water in stand

no

no

yes

regrowth basal area

7

7

16

20

22

average stress

3.7

2.4

2.2

1.3

2.3

average recovery

1.5

1.0

0.6

0.3

0.4

yes

18
yes

The apparent response to watering by regrowth trees was probably a consequence of trees close to
water being initially more stressed because of stronger competition in dense stands (Table 14).

Table 14 Initial canopy stress of regrowth red gum according to watering ‘treatment’ and
dominance.
dominant

subdominant

within 10 m of water

2.0 (41)

2.4 (26)

more than 10 m from water

1.8 (10)

1.9 (7)
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There was a consistent relationship between initial drought stress and subsequent recovery for all
classes of trees at Backwater Lagoon. The higher the initial stress, the more pronounced the recovery
(Table 15).

Table 15 Recovery of trees according to initial canopy stress category
initial canopy stress

0

1

2

regrowth red gum
dominant trees

-1

0.1

mature red gum
dominant trees

0

0.5

0.1

0.8

1.2

overmature red gum
dominant trees

0

0

0.5

0.9

1.1

black box

-0.2

0.1

0.4

0.8

1.2

all trees

0

0.2

0.9

1.1

-

0.3

3
0.9

4
2.5

In otherwise healthy stands, canopy dieback is a protective mechanism against acute drought stress
(Jurskis 2005). It allows trees to survive acute stress by supporting a reduced leaf area and reduced
evapotranspiration. The data suggest that the stands that were monitored at Backwater Lagoon are
generally not suffering chronic decline.
The lack of response to watering was apparently related to the substantial rainfall in spring 2005.
Trees were recovering before watering commenced. Kidson et al. (2000) found that spring flooding
was critical to health of Red Gum in the Macquarie Marshes. They found that highest mortality and
lowest growth occurred in a year when most surface flow occurred during summer (Kidson et al.
2000). Trees on floodplains may be unable to benefit from summer floods because of reduced stomatal
conductance during hot dry conditions (e.g. Zubrinich et al. 2000). Another study on the Murray River
concluded that Red Gums were unable to use surface water and relied on recharge of groundwater
(Kidson et al. 2000). In Wangumma State Forest it is not clear whether possible sealing of deep cracks
when soils swelled after rain interfered with recharge of groundwater by ‘floodwaters’ because there
was no monitoring of groundwater. In this case watering had no influence on canopy health and
recovery, and therefore no apparent benefit to survival of established Red Gum.
Watering can have large benefits to health and productivity of Red Gum forests (e.g. Kidson et al.
2000, Dexter and Poynter 2005). This has been demonstrated using established growth plots and
information on historical flooding regimes in the MMA (unpublished report Huiqan Bi. Principal
Research Scientist, Forest Resources Research, NSW DPI). Diameter growth is a precise, objective
and repeatable measure of tree health, and reduced growth is usually the first measurable symptom of
tree decline (e.g. Manion 1991, Kidson et al. 2000). Some data are also available from an existing
experimental site near Deniliquin, and a remeasure and analysis of the data from the various sources
could guide design of a very efficient program to model forest health according to various water
management scenarios (pers. comm. Huiqan Bi).
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Watering apparently had no benefit to Red Gum regeneration on this occasion. Large quantities of ripe
seed capsules were observed on the ground in some plots during the monitoring, and it appears likely
that considerable quantities of seed would have been shed before abscission of these capsules. Only a
few germinants were found near the edge of the water in plot 14 at the final assessment. These
germinants were on a steep bank with southerly aspect, suggesting that high temperatures during
‘flood’ recession may have killed most other germinants. Regeneration of Red Gum is usually limited
by lack of suitable conditions for establishment of seedlings (Anon.1984). Many weed seedlings
appeared to have died or been eaten by goats during the monitoring period.
The monitoring program at Wangumma was unable to assess any effects of watering on sapling
regrowth stands. They were not sufficiently extensive to be ‘captured’ by random sampling, and the
angle gauge factor (1) is too high to sample very small diameter trees. It is recommended that these
stands be inspected again in spring if there is ongoing funding, and a specific monitoring scheme is
developed, targeted on sapling stands, in any future watering trials.

3.5.3. Waterbirds
A total of nineteen waterbirds species were recorded at Backwater lagoon during the post watering
sampling period (Table 16). In total 1104 waterbirds were recorded, no uncommon or threatened
species were observed. The opportunistic Grey Teal was the most abundant, followed by Australian
Wood Duck and Great Cormorant. Greatest numbers of waterbirds were recorded was 2 months after
commencing the watering program although these were predominantly made up of Grey Teal. The
greatest diversity of waterbirds was observed 5 months after commencing the watering program. Three
species were observed to breed during the sampling period; Grey teal (30+ pairs observed with
ducklings), Australian Wood Duck (10+ pairs observed with ducklings), Black fronted Dotterel (3
pairs with nests).
The habitats that were present during the surveys included; open water lagoon, recently inundated
substrate and shallow muddy shoreline, riparian and littoral zone. The greatest numbers of Grey Teal
were during the period when floodwaters were spreading across backwater lagoon into new areas. The
floodwater was extremely black with great concentration of organic matter, floating vegetative
material as well as aquatic and terrestrial invertebrates. This habitat type referred to as (recently
inundated substrate) is a preferred habitat of Grey Teal explaining why their numbers peaked during
this period in the watering program. The numbers of Grey Teal declined with each survey and on the
last survey 7 months from the start of the watering program no Grey Teal were observed. The decline
in Grey Teal appeared to coincide with the recession of water to the deeper parts of the lagoon and the
disappearance of another of their preferred habitats (shallow muddy shoreline). As the water in the
lagoon receded into the deeper parts of the lagoon large numbers of piscivores were observed, such as
Great Cormorants and Australian Pelicans. Likewise the observation of small numbers of Pink-eared
Ducks and Australian Shoveller coincided with the recession of the shallow swamp Wetland 847 and
the creation of shallow mud flats, a habitat preferred by these filter feeders.
The dominant functional group using the wetland were dabbling ducks, the next most dominant and
most diverse were piscivores (fish-eaters). Although the lagoon was filled primarily with 6 inch
siphons some water entered the lagoon during the raising of Lock 8 and many carp were observed
entering the lagoon via the inlet creek from the River Murray. The presence of larger fish in this
wetland explains the diversity of piscivores and the numbers of large fish eating species such as
Australian Pelican and Great Cormorant. Australian Wood Ducks were the only grazing waterfowl
most abundant after forbs and grasses had developed on the recently exposed lagoon and littoral zone.
Only small numbers of shoreline foragers and small waders were observed possibly because of the
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steepness of the banks on large sections of the lagoon. The large waders consisted of Australian White
Ibis and Yellow-billed Spoonbill, with both utilising sections of the lagoon where there were shallow
muddy shorelines.

Table 16 Numbers of waterbirds recorded post watering of Backwater Lagoon
Common name

Scientific name

Australian Pelican

Pelecanus conspicillatus

Darter

Anhinga melanogaster

Great Cormorant

Phalacrocorax carbo

16/12/2005 07/02/2006 23/03/2006 18/05/2006 totals
12

27
121

Little Black Cormorant

Phalacrocorax sulcirostris

3

Little Pied Cormorant

Phalacrocorax melanoleucos

2

White-faced Heron

Ardea novaehollandiae

3

White-necked Heron

Ardea pacifica

Great Egret

Ardea alba

Intermediate Egret

Ardea intermedia

Australian White Ibis

Threskiornis molucca

10

49

1

1

13

134
3

4
4

2

1
6

6
2

11

1

2

1

12
6

1

Yellow-billed Spoonbill Platalea flavipes
*350

159

7
12
7

6

6

25

534

Grey Teal

Anas gracilis

Pacific Black Duck

Anas superciliosa

Pink eared Duck

Pink-eared Duck

15

Australasian Shoveller

Anas rhynchotis

2

Australian Wood Duck

Chenonetta jubata

Masked Lapwing

Vanellus miles

Red-Kneed Dotterel

Erythrogonys cinctus

10

Black-fronted Dotterel

Elseyornis melanops

*10

3

10

9

11

6

19

476

333

121

74

1004

25

25

*55

15
2
40

60

2

Total number of species recorded
Total number of waterbirds recorded
* species observed breeding
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155
2
10

10

23

Table 17 Waterbird counts at Backwater Lagoon classified by functional groups, classification
based on Roshier et al. (2002).
Common name
Species
Most frequently used habitats
Total
records
Grazing waterfowl
Australian Wood Duck

Chenonetta jubata

RL

155

Pacific Black Duck

Anas superciliosa

Grey Teal

Anas gracilis

Australasian Shoveller

Anas rhynchotis

SMS

2

Pink-eared Duck

Malacorhynchus membranaceus

SMS

15

Great Cormorant

Phalacrocorax carbo

OWL

134

Little Black Cormorant

Phalacrocorax sulcirostris

OWL

3

Little Pied Cormorant

Phalacrocorax melanoleucos

OWL

6

White-necked Heron

Ardea pacifica

SMS, RL

2

White-faced Heron

Ardea novaehollandiae

SMS, RL

11

Great Egret

Ardea alba

SMS, RL

7

Intermediate Egret

Ardea intermedia

SMS, RL

12

Dabbling ducks
RIS, OWL

25

RIS, OWL, SMS

534

Filter feeding ducks

Piscivores (fish –eaters)

Australian Pelican

Pelecanus conspicillatus

OWL

49

Darter

Anhinga melanogaster

OWL

1

Australian White Ibis

Threskiornis molucca

SMS, RL

7

SMS, RL

6

Large Waders
Yellow-billed Spoonbill Platalea flavipes

Small waders
Black-fronted Plover

Elseyornis melanops

SMS, RL

23

Red-Kneed Dotterel

Erythrogonys cinctus

SMS, RL

10

Banded Lapwing

Vanellus tricolor

SMS, RL

2

Shoreline foragers
Habitat types : Open Water Lagoon (OWL), Recently Inundated Substrate (RIS), Shallow Muddy Shoreline (SMS), Riparian
and Littoral Zone (RL).
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3.5.4. Frogs
The sampling sites of frogs are shown in Figure 43. Photographs of the aquatic habitat at each site are
shown in Figure 30.

Figure 43. 1996 Satellite image of Backwater Lagoon, showing the six sampling sites for frogs.

Site A

Site B

Site C

Site D

Site E

Site F

Figure 44. Photographs of the six frog survey sites at Backwater Lagoon.
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The frog species and their abundances at Backwater Lagoon are presented for each site (Table 18) and
summarised for the wetland (Table 19). The recording of frog calls and spotlighting occurred between
21:50-23:30 during which period the weather at Backwater Lagoon was overcast and warm and the air
temperatures were between 22-25oC (maximum day temperature was 32.8oC at Mildura). There was
no response by Litoria raniformis to the playback of its call.

Table 18. Frogs at each site of Backwater Lagoon
Site
A
B
C
D

E
F

Male Calls
L. peronii (x1)
L. peronii (x10)
L. tasmaniensis (x1)
C. parinsignifera (x5)
L. peronii (x10)
L. tasmaniensis (x4)
C. parinsignifera (x8)
L. peronii (x7)
C. parinsignifera (x1)

L. tasmaniensis (x3)
L. peronii (x8)
C. parinsignifera (x1)
L. peronii (x4)
L. tasmaniensis (x4)
C. parinsignifera (x2)

Tadpoles
None
L. peronii (x2)
(38 & 40mm)

Spotlighting
None
None

L. peronii (x1)
(33mm)

L. peronii (x4)

L. tasmaniensis or
fletcheri (x1)
(22mm)
L. peronii (x3)
(15-30mm)
L. peronii (x2)
(35 & 40mm)

L. peronii (x1)

L. tasmaniensis or
fletcheri (x1)
(28mm)

L. peronii (x1)
L. tasmaniensis (x1)

L. peronii (x6)

Table 19. Summary of frogs captured at Backwater Lagoon
Species
Abundance1
0
Litoria raniformis
60
Litoria peronii
13
Limnodynastes tasmaniensis
0
Limnodynastes fletcheri
2
Limnodynastes tasmaniensis/fletcheri2
0
Limnodynastes dumerilii
17
Crinia parinsignifera
TOTAL
92
1
Abundances pooled for calls, tadpoles and spotlighting
2
These species could not be separated in their tadpole form

Other observations
• Large common carp (Cyprinus carpio) observed throughout the wetland
• No small fish were captured as by catch in the sweep nets
• Eastern Long-necked Turtle (Chelodina longicollis) observed at the wetland (Figure 45)
• Thousands of small shrimp and corixids were captured as by-catch in the sweep nets
Comments
Three frog species (and possibly also Limnodynastes fletcheri)were recorded at Backwater Lagoon and
were relatively abundant. Peron’s Tree Frog (Litoria peronii) was the most abundant species (for calls,
tadpoles and spotlighting) and was recorded at all sites including the permanent inlet site, (Figure 45).
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Tadpoles were captured at all sites within the wetland despite the very low dissolved oxygen
concentrations. It is probable that dissolved oxygen concentrations would decrease further overnight in
the absence of photosynthesis within the water column. Whilst the specific tolerance thresholds for
tadpoles to dissolved oxygen are unknown, those species present have clear adaptations to low
dissolved oxygen levels.
Large common carp were observed throughout the wetland. These fish would have entered the
wetland following its reconnection with the Murray River at Site B when the wetland reached its full
capacity. The high productivity in the wetland fuelled by the inundation of the dry sediment and
vegetation provides ideal habitat for common carp despite the low oxygen conditions. It is largely
unknown what the impact the presence of common carp had on the breeding success of frogs at the
wetland.
There didn’t appear to be any significant difference in frog activity at the sampling sites. This was not
surprising given the habitats at Backwater lagoon were all fairly homogeneous apart from Site F,
which was a shallow flooded lagoon. However windy conditions, during the one off survey, may have
affected activity patterns of frogs making it difficult to conclude much about preferred breeding sites.
Although no follow up surveys were undertaken to note metamorphosis of tadpoles to frogs, it’s
highly likely that the watering resulted in successful breeding of three of the six species known from
the area.

Figure 45 Eastern Long-necked Tortoise (Chelodina longicollis) on route to Backwater Lagoon
(LHS), Peron’s Tree Frog (Litoria peronii) observed during spotlight surveys (RHS).
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3.5.5. Surface Water Quality
Surface water quality at Backwater Lagoon was sampled at the same six sites that were sampled for
frogs (Figure 43& Figure 44) and the results are presented in Table 20.

Table 20. Surface water quality at Backwater Lagoon (6/12/05)
Site
Site A*
Site B
Site C
Time
17:40
16:00
16:30
Electrical conductivity
85
123
123
(µS.cm-1)
Dissolved Oxygen
7.9
1.7
2.5
(mg.L-1)
Temperature (oC)
27.0
27.6
25.8
pH
7.4
7.1
7.1
Turbidity (NTU)
43
13
13
*Source water site located in Frenchman’s Creek

Site D
16:50
117

Site E
17:15
116

Site F
18:00
177

Range

1.9

3.3

7.9

1.7-7.9

25.0
7.0
13

26.5
6.8
13

28.9
7.8
70

25.0-28.9
6.8-7.8
13-70

85-177

Comments
The water quality variables measured were mostly within the expected ranges for floodplain wetlands
of the region (e.g. Ho et al., 2004). Electrical conductivity (EC) of the inflowing water was low and it
remained relatively low across the sites. This observation suggests that there was little surface salt
mobilised on the floodplain, although there may also have been some flushing of water (and salt) out
of the wetland when it connected with the Murray River. The area of highest EC was at Site F located
on a side branch of the wetland.
Dissolved oxygen was very low at four sites within the main channel of the wetland and it may be
below the tolerance threshold of some gilled organisms such as fish (ANZECC and ARMCANZ,
2000). However, common carp were observed throughout the wetland suggesting that they have
adaptations to low oxygen conditions. The water was generally low in turbidity but was strongly
coloured at each of these four sites implying that high microbial production from the leached nutrients
was stripping oxygen from the water column. Water temperatures were relatively high and reflected
the summer conditions at the time of sampling. The pH of the surface water across the sites was near
neutral and within the range of a single pH unit.
3.5.6. Conclusions and Future Recommendations
Following substantial spring rains, the health of some stressed River Red Gum trees was improving
before the watering commenced. A general improvement in most of the monitored sites coincided with
watering, however trees and stands that were not watered also recovered and no response to watering
was detected. Existing hydrological and silvicultural data could be used to model health of Red Gums
according to various environmental water management scenarios. Together with collection of a limited
amount of new data, this could form the basis of strategic planning for the future.
The watering at Backwater lagoon exceeded the original watering target, inundating an area of twenty
hectares, partly due to the raising of Lock 8 at the time. Although the response by River Red Gum to
the watering was limited and shaded by good spring rains the watering provide a wide range of
ecological benefits, such as drought refuge for large numbers of waterfowl and breeding opportunities
for frogs. To increase the area of floodplain benefited by future ‘waterings’, a temporary structure
(such as an aqua dam) could be placed at the river end of the wetland to force water into shallow
highly stressed wetlands to the east of the lagoon.
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4. Mallee cliffs Sites 1
Mallee Cliffs Site 1 (Wetland 1186, 1189, 1190)
4.1. SITE DESCRIPTION
Wetland 1186, 1189 and 1190 are a series of small wetlands (1.4, 1.9 and 0.5 ha), at the base of a large
escarpment, located approximately 30km from Mildura (Figure 48). The closest wetland to the Murray
River (wetland 1189) is connected by a shallow flood runner with a commence to flow of 46.86m
AHD and 37,900 ML/d (Green and Alexander 2003). Very large River Red Gums (DBH 1.5-2m) line
the top bank around the edge of Wetland 1189 and 1186. Some of which have been dead for a long
time, whilst others appear to have died more recently, the remainder of trees were severely stressed.
Within the bed and the edge of the three wetlands, there are patches of dense regeneration of varying
age classes. Wetland 1186, 1189 and 1190 are small shallow deflation basins covering an area of 1.5,
1.9 and 0.5 hectares respectively.
4.2. HISTORY OF FLOODING
These three wetlands were flooded in 1990, 91, 92, 93, 95 and 96 and in 2000 (Figure 46). An aerial
photograph of these wetlands in September 1993 before the peak of the 1993 flood shows a
considerable amount of floodwater in these wetlands from the large flood (106,996 ML/d Colignan) in
1992. A May 1996 aerial photography shows floodwater remaining in some of the deeper wetlands
following inundation in spring of the previous year (Figure 47). While a satellite image in September
1996 before the peak of the flood in that year, shows a large area of the floodplain inundated. It’s
likely that the minor flood in 2000 (46,000 ML/d) inundated at least wetland 1186, 1189 and 1190.
Since 2000 these three wetlands have been dry and at the time of the pre-watering assessment in
November 2005, the beds of the wetlands was either barren or dominated by terrestrial forbs and
herbs.
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Figure 46 River flows at Colignan from 1990-2006. Source: MDBC Hydrographic Database May
2006.

Figure 47 Series of aerial photographs and satellite images depicting the history of flooding of
wetland 1189, 1190, and 1186 during the early 1990s.
4.3. WATERING METHODS
Site 1. Wetlands 1186, 1189, 1190
On the 18th November 2005, a 12 inch 180hp diesel pump was established at the junction of the
Murray River and Wetland 1189. Higher river heights at the time allowed delivery rates of 20 ML/d.
The site has a low bank and a small narrow natural flood runner, which naturally commences to flow
at 37,900 ML (Green and Alexander 2003). Twenty metres of black poly pipe were attached to the
suction side and sixteen metres on the delivery side. A large concrete pipe was placed at the end of the
delivery pipe and a 4x4m sheet of black plastic was placed around the delivery point to help dissipate
the potential erosive power of the water. The aim was to inundate wetland 1189, 1186 and 1190 and a
large unnamed and unmapped wetland east of 1190, however without a digital elevation model or
contours for the site, there was no certainty regarding the maximum water level achievable. A
retention bank was not constructed at the site as it wasn’t required to inundate wetland 1189, 1186 and
1190. Pumps were operated to fill the respective wetlands to a maximum height prior to water spilling
back toward the Murray River.
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4.4. MONITORING METHODS
4.4.1. Tree Health
The response of River Red Gums (E. camaldulensis) to the environmental watering was assessed
using a tree crown condition index. An index from Tucker (2004) (Appendix 1; Table 1) was utilised
for the pre-water monitoring and an adapted Tucker (2004) index (Appendix 1; Table 2) was utilised
for the post-water monitoring. The Tucker (2004) index was originally developed to assess the health
of river Red Gum and Black Box (E. largiflorens) trees on the Chowilla floodplain in South Australia.
The technique involves a visual assessment of the percentage of original canopy present, the amount
of dead branches and the amount of epicormic growth. The Tucker (2004) index was modified for the
post water monitoring to reflect epicormic growth as an improvement in tree health and a positive
response to the watering event. Similar modifications to tree health indexes have proven to be
effective in similar River Red Gum Watering Projects (T. Wallace, 2006).
Four tree health transects were established at Mallee Cliffs Site 1, incorporating the riparian edge of
the open wetland area and a dry Lignum swamp area (Figure 48). Trees within each transect were
selected to include:
 Trees from each cohort of age class (in order to sample the natural variability in
age classes within the community). Most long term dead trees were excluded from
transects due to the unlikelihood of a response;.
 The respective composition of the community ie. Black Box and River Red Gum;
 Trees variable distances from the water body.
Each tree’s diameter at breast height (DBH) was measured, GPS location recorded and distance from
the high surface water shore line measured and recorded at the 8 week monitoring event. Trees with a
diameter at breast height of less than 10cm were excluded from the transects.
Photos of selected trees were used to illustrate visual changes which may not be reflected in the index,
such as leaf colour change, budding, flowering and increased canopy vigour. Field notes were taken at
each monitoring period, in addition to using the tree health index. Field notes recorded responses
displayed by the trees which may not be reflected in the index. For example, changes in leaf colour, in
canopy vigour, new growth verses epicormic growth were recorded. It was felt that the field notes
provided a more accurate indication of the number of responsive trees and therefore are used in the
analysis of the results.
Pre-water monitoring was conducted on the 14th November 2005. Post water monitoring was
conducted at the 8, 16 and 24 week intervals, ending on the 4th May 2006. A total of 105 trees were
monitored over the 24 week period.
Transect 1: Located along the north western edge of wetland #1189. Many of the trees in the transect
were located on the slope of the escarpment which borders the western and northern sides of the
wetland. Sixteen of the 30 trees in the transect were 10 metres or more from the surface water’s edge.
Transect 2: Followed the natural southern shore line of wetland #1189. Total of 30 trees in this
transect
Transect 3: Follows the northern and western riparian edge of wetlands #1186 and #1190. The transect
is approximately 940 metres long due to the large distances between some of the trees. The area in
which the transect runs parallel to the river is an open woodland area. The trees in this section are in
better health and are likely to be influenced by the Murray River. Total of 25 trees in this transect.
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Transect 4: This transect was used as a control and did not receive an environmental flow. Located in
a dry Lignum swamp area with Salsola kali (Buckbush) and native and introduced grasses forming the
understorey. The area receives natural runoff from cliff areas located to the north, as well as
floodwaters from the Murray River at higher levels. Total of 20 trees in this transect.
4.4.2. Understorey Vegetation
Five permanent 20x20 metre quadrats were established at Mallee Cliffs Site 1, to monitor the response
of understorey vegetation to the environmental watering program. The quadrats were positioned to
cover the littoral zone, areas of deep open water and the terminal end of the wetland (Figure 48).
Quadrats were marked using wooden stakes and the GPS co-ordinates recorded for each stake.
Within each permanent quadrat, cover of each identified species was estimated. Plants were identified
to the best taxonomic resolution possible. Keys used for identification included Sainty and Jacobs
(2003), Harden (1990) and Cunningham et al. (1981). Other factors also recorded include percentage
cover of bare ground, litter, presence of disturbance (eg. grazing), reproductive state of vegetation,
general water quality observations (eg. algal bloom, turbidity) and maximum depth of inundation.
Photopoints of each quadrat were taken during each monitoring session to visually illustrate changes
in the vegetation. Monitoring was conducted pre-water and at 8, 16 and 24 weeks post water.
Species not recorded in quadrats but observed within the wetland area, were recorded in an incidental
species list. Germination of eucalypt species around the margins was also recorded but not monitored
specifically.
Quadrat 1: Positioned in the littoral zone of wetland #1189. The quadrat extended from the high edge
of the bank, dominated by River Red Gums, down onto the wetland bed. Prior to watering the quadrat
was dominated by introduced grass species (eg. *Bromus rubens) and contained 30% litter. Cyperus
gymnocaulos and Muehlenbeckia florulenta dominated the edge between the bank and wetland bed.
Water inundated 50% of the quadrat (max. depth 70cm) for an estimated period of 24-25 weeks.
Quadrat 2: Located in an open area of wetland #1189. Prior to watering the quadrat was dominated by
introduced grasses, including *Bromus rubens and *Lolium perenne and litter (40%). The quadrat was
completely submerged throughout the monitoring period.
Quadrat 3: Located in the littoral zone of wetland #1186 at the base of steep cliffs. Twenty-five
percent of the quadrat was on a higher elevation, and was dominated by introduced grass species
during the pre-water monitoring session. The remaining 75% of the quadrat sloped down towards the
centre of the wetland. Soils in the lower section appeared to be salt affected. This was indicated
through a loss of structure and therefore powdery appearance. There were also visible signs of
seepage which dampened the sediments. The vegetation on the lower section of the quadrat was
dominated by Atriplex suberecta (Lagoon saltbush) and Salsola kali (Buck bush). Seventy percent of
the quadrat was inundated to a maximum depth of approximately 63cm for a period of 12-14weeks.
Quadrat 4: Located in an open area of wetland #1186. Prior to watering soil within the quadrat
appeared to be salt affected (similar to quadrat 3), however some cracking of the clay soil was present
indicating better soil structure. Prior to watering the quadrat contained 50% bare ground and the
vegetation was dominated by Maireana brevifolia (yanga bush) and *Heliotrope sp.
Quadrat 5: Located in an open area at the terminal end of wetland #1190. Mature dead River Red
Gums fringe the area. Prior to watering bare ground covered 20% of the quadrat and the vegetation
was dominated by *Mesembryanthemum crystallinum (Ice plant) and Maireana brevifolia (Yanga
Bush). The quadrat received a shallow inundation (max. depth 10cm) for approximately 8-10 weeks.
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Figure 48 Location of tree health transects and understorey quadrats at Mallee Cliffs
site 1.
4.4.3. Waterbirds
The main objective of the waterbird monitoring program was to obtain a comprehensive list of
waterbirds attracted to these wetlands, the species breeding and the use of the wetland habitats in
response to the artificial flooding and subsequent drying of the wetland.
The survey method was chosen to conform with Birds Australia methodology ‘ground based waterbird
searches’ (Barrett et al. 2003) and DNR Integrated Monitoring Environmental Flows Manual ‘wetland
waterbird survey’ (Driver et al. 2003) with slight adaptations to these methods to suit the wetland type.
Each wetland was visually searched using binoculars from a series of fixed points the number relative
to the size of the wetland. A single observer visited each site to ensure consistency between surveys. A
ground marker and GPS waypoint was used to ensure that the exact site was re-visited at subsequent
surveys. At each survey site, the observer identified and attempted to count every waterbird present.
Each survey site at a wetland was outside the field of vision from other sites to prevent double
counting. Where birds could be seen, the count was either a head count or a systematic estimate of the
number of birds seen, depending on the order of magnitude. Where birds were heard and not seen, the
count was the number of separate birds calling. The counts were not extrapolated from samples to the
whole area of the wetland. Particularly at the larger wetlands counts were probably only partial rather
than total counts.
A breeding record was noted if an adult was seen sitting on eggs, if a nest with eggs or young was
seen, or if dependent young were seen outside the nest. No attempt was made to record nocturnal
calling/active species.
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4.4.4. Frogs
Frogs were surveyed on one occasion at Mallee Cliffs Site 1 on the 24th of January 2005,
approximately 2 months after the commencement of watering. Six sites were sampled at each wetland;
one site at the inlet where there was permanent water and five within the wetland proper. The sites
within each wetland were selected so as to include as many of the different habitat types of the
wetland as possible, to ensure a good spatial coverage of the wetland and to maintain a reasonable
distance between sites to prevent the recording of overlapping frog calls.
Several techniques were used to survey frogs. Tadpoles were surveyed during the afternoon at each of
the six sites per wetland. Within each site five sweeps of 2m length were conducted along the
substratum at different local habitat types with a triangular, flat-bottomed dip net (resulting in a total
substrate coverage of 4.3m2 per site). Tadpoles sampled were removed after each sweep, identified
following Anstis (2002) and measured. Most tadpoles were returned alive at the point of capture.
However, some were returned to the laboratory to allow for their accurate identification before being
returned alive to the point of capture. Observations of frog spawn were also made.
Male frog breeding calls were recorded for 10 minutes at each site, with recording commencing at
least 20 minutes after sunset and concluding by midnight. The abundance of calling frogs was noted
for each species. Backup sound recordings were also obtained with a Sony tape cassette or Sony
digital sound recorder. The call of the Southern Bell Frog Litoria raniformis (listed as Threatened in
NSW and Endangered nationally) was played back for one minute at each site in an attempt to elicit a
calling response of any male adults present (except where the species was already calling). Spotlight
searches were also conducted for 10 minutes at each site (focussing on habitat along the water’s edge)
and the identity of any encountered frogs recorded.

4.4.5. Surface Water Quality
A snap-shot survey of the surface water physico-chemistry was conducted at six sites at Moorna State
Forest on the 24th of January, approximately 2 months after commencing the watering program. The
six sample sites within each wetland were the same as for the frogs. One site was located in the
permanently inundated area from which the water was being pumped or siphoned and the remaining
five were within the wetland proper. The variables of temperature (oC), pH, turbidity (NTU), electrical
conductivity (µS.cm-1 @ 25oC) and dissolved oxygen (mg.L-1) were measured at a depth of 0.2m with
a Horiba U-10 Water Quality Checker.
4.4.6. Ground Water
Two separate groundwater monitoring programs were operational during the watering of the Mallee
Cliffs “Site 1” wet land. The first is continious logged groundwater levels from bores monitoring the
groundwater levels within the Salt Interception Scheme (Figure 74). These bores are located in the
general area of the wetlands. The second set of groundwater measurements were from bores adjacent
to the wetlands. These bores were manually read for groundwater levels approximately every month
using dip measurements. Figure 75 shows the locations of the groundwater monitoring bores.
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4.5. RESULTS AND DISCUSSION
4.5.1. Watering Program
Wetland 1186, 1189 and 1190 were inundated after 8 days of pumping at a rate of 20 ML /d. A total
of 160 ML were used at the site inundating an area of 7 hectares (Figure 49). The actual boundary of
wetland 1190 was somewhat indistinct in the field and a much greater area was flooded than the area
mapped for that wetland. This wetland was a shallow depression without a distinct littoral zone or an
area of fringing riparian vegetation. Although the primary objective of the watering program at
Mallee Cliffs Site 1 was to inundate wetland 1186, 1189 and 1190, a secondary objective was to try
and force water into a large un-mapped Lignum swamp to the east of these wetlands. After these three
wetlands were flooded pumping was continued to push water into a small inlet flood runner that
connected to the Lignum swamp. However prior to achieving a commence to flow to this wetland,
water began flowing over the banks of wetland 1186 (at the pump site) and flowing back to the river,
at which stage the pump was turned off. In hindsight in order to flood the Lignum swamp either an
alternative pump site would be required or a large retention bank constructed.
Wetland 1190 receded rapidly during high temperatures post flooding (Figure 51). By the 28th of April
2006 approximately 5 months after watering wetland 1190 was dry and wetland 1186 and 1189 had
been reduced to two small pools.

Figure 49 Mallee Cliffs Site 1 showing the extent of flooding associated with the environmental
watering
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Figure 50 Mallee Cliffs Site 1 showing stages of watering wetland 1186, 1189 and 1190.

Figure 51 Series of photographs of showing the extent of inundation post watering and following
the drying phase
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4.5.2. Tree Health

% of trees in category

Pre-water condition
The pre-watering assessments3 of the tree health transects indicate that 70% of the trees sampled were
in a stressed condition. Two percent of trees (2 trees) were in excellent health (category 5), 24% (25
trees) were in moderate health (category 4), 56% (48 trees) were stressed (category 3), 8% (7 trees)
were severely stressed (category 2), 8% (7 trees) were near dead (category 1) and 1% (1 tree) was
dead (category 0) (Figure 52).
100%
90%
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Near dead
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10%
0%
Pre-water 8 weeks 16 weeks 24 weeks

Figure 52: Percentage of trees sampled in each tree health category at pre-water, 8, 16 and 24
weeks (excluding transect 4).
Response of Tree Population
Field Note Results
The field note results show 69% of trees (58 trees) responded positively4 to the watering event, with
responsive trees across all tree health categories except for the dead category (category 0) (Figure 53).
Of the 48 trees in category 3, 79% (38 trees) responded to the watering event. Although 100% of trees
in category 5 responded, there were only 2 trees in the category. Eighty six percent of trees responded
after 8 weeks, however following this initial improvement, trees were observed to deteriorate. The
decline is the result of an early flush of new growth which then died off in later weeks, therefore the
reason for so few trees responding after 16 and 24 weeks. Despite 69% of trees responding positively
initially there was an overall decline in the population’s health.
Tree Health Index Results
The gradual deterioration of the population’s health over the monitoring period is reflected in the tree
health index results with the percentage of trees in severely stressed condition (category 2, 1 and 0)
increasing by 11% (10 trees) (Figure 52).The tree health index results also indicate that 59% of trees
showed no response to the watering, 34% (29 trees) responded negatively to the watering event5 and
only 8% (7 trees) responded positively.

3

The 20 trees assessed in Transect #4 have been removed from the analysis of the tree health data. The results from Transect #4 are
presented alone in Figure 3.
4

A positive response according to field notes is defined as an individual tree showing increased canopy vigour or density, new growth and/or
epicormic growth.
5
A negative response is defined as an individual tree moving down a tree health category, eg. from a category 4 to a category 3 or 2.
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Figure 53: Percentage of trees in each tree health category that responded positively to the
watering event n= number of trees in category (field note results).
Distance to Water Response6

% of trees

No clear relationship between distance to water and the number of responsive trees was observed for
the Mallee Cliffs site 1 transects. More than half of the trees (45 trees) sampled were located further
than 10 metres from the water’s edge and only 26% of trees (22 trees) were within 5 metres (Figure
54). More than half the trees in each category responded to the watering. Within the 0-2m category,
80% of trees responded and 78% of trees responded in the 10.01-20m category (Figure 54).
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Figure 54: Percentage of trees in each distance to water (m) category responded positively to the
watering. n= number of trees in category (field note results).

6

Using field note results for analysis
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Age Class Cohorts (Diameter at Breast Height)7
A representative spread of age classes present at the site were sampled with trees ranging from 20cm
to 340 centimetres, thus indicating different generations of trees are present at the site (Figure 55).
Trees in the 41-70cm DBH category compiled the greatest proportion of trees sampled (27 trees).
Trees in all DBH categories were found to have responded, with the greatest percentage of responsive
trees in the 10-40cm and 41-70cm categories (80% and 78%, respectively). The percentage of
responsive trees with a DBH of greater than 71cm decreased to 63% or less.
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Figure 55: Percentage of trees in each diameter at breast height (cm) category that responded to
the watering event (field note results).
Transect #4 (Control)

Pre-watering assessments of Transect #4 indicate that 70% of the trees (20 in total) were in a stressed
condition (category 3 or below), which is consistent with the pre-water condition of trees in Transects
1, 2 and 3 (Figure 56). Table 21 provides a comparison of the different responses observed at the
control transect and the watered transect. The table indicates that there was very little difference
between the two transects.

Table 21: Comparison of responses between control transect and
index results).
Control Transect
55%
Maintained pre-water score
Deteriorated in health (-ve response) 35%
5%
Improved in health (+ve response)

7

Field note results used for analysis
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watered transects (tree health
Watered Transects
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Figure 56: Transect 4 (control) only percentage of trees in each tree health category at prewater, 8, 16 and 24 weeks (Tree Health index results).

On completion of the tree health monitoring at Mallee Cliffs site 1 a total of 29 (34%) trees responded
negatively to the watering event. The results presented above and field observations indicate that lack
of flooding over the last 5 plus years is only one factor influencing the decline of River Red Gums at
Mallee Cliffs Site 1. It is highly probable that saline groundwater is playing a strong role in the rapid
decline of the tree population’s health. The application of environmental water to the site is likely to
have exacerbated the salinity problem through the mobilisation of salt within the soil profile and the
possible raising of groundwater levels.
The pattern of response displayed by the number of trees at Mallee Cliffs Site 1 suggest that saline
groundwater is having a major impact on tree health. A number of trees observed responded positively
to the watering within 8 to 16 weeks through fresh growth in the canopy. However, this fresh growth
died off quickly and was closely followed by further loss of vigour and density in the canopy,
observed by the 24 week monitoring period. This is possibly due to an initial flush of fresh water,
which was extracted by the trees triggering new growth. The additional water present at the site may
also have caused an increase in salinity groundwater levels, which caused the later decline observed in
the trees. Although the tree population at Mallee Cliffs has deteriorated in health over the monitoring
period, the site has provided a valuable demonstration of the effects of watering sites with salinity
issues and highlights the need to ensure that minimal groundwater impacts, especially high water
tables, are present if we are to maximise the benefits of providing an environmental water allocation.
Limitations of the modified Tucker (2000) index were experienced during the tree health monitoring at
Mallee Cliffs site 1. The index does not allow for subtle improvements in tree health to be accounted
for, such as the presence of new growth versus the presence of epicormic growth, budding, leaf colour
change and increased vigour. Many of the trees at Mallee Cliffs displayed these responses, however
the responses often did not allow a tree to move up a tree health category.
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Figure 57: Photopoint 1: pre-water and 8 weeks (Left to right). Note increased canopy growth in
a number of the trees.

Figure 58: Tree #8 at 8 weeks (LHS) and 24 weeks (RHS). Note the recent dieback of canopy.
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Figure 59: Tree #22 in transect #3 – pre-water (LHS) and 16 weeks post water (RHS). Note the
increased canopy density and improved vigour

Figure 60: Epicormic growth on branches that look as though they were previously dead,
transect 1.
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4.5.3. Understorey Vegetation
Understorey Composition
Pre-water the understorey quadrats consisted of 43% vegetation cover, 14% bare ground and 16%
litter (Figure 61,Figure 66, Figure 67, Figure 68, Figure 69 & Figure 70). Quadrats 1, 2, 3 and 4 did
not dry out completely prior to week 24, contributing to the high average percent cover of open water
and low percent cover of vegetation at weeks 8, 16 and 24 (Figure 61). Sections of the quadrats that
did begin to dry were dominated by bare ground with little to no vegetation colonising the sediments.
The poor soil structure and high soil salinity are likely to have contributed to the slow colonisation of
the quadrats.

Average % cover
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Open water
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Pre-water

8 weeks

16 weeks

24 weeks

Figure 61: Average percent cover of vegetation, bare ground, open water and litter throughout
the monitoring period.
A total of 52 species were recorded across all quadrats and throughout the monitoring period
(Appendix 2). Of the total number of species recorded 58% (30 species) were native and 42% (22
species) were introduced. Wetland species comprised 25% (13 species) of plants identified, whilst the
remaining 75% (39 species) were categorised as dryland species (Table 22).

Table 22: Number of introduced, native, wetland and dryland species at each monitoring event.
Introduced
Native

Pre-water
14
21

8 weeks
7
15

16 weeks
8
18

24 weeks
8
20

Wetland
Dryland
Total

5
30
35

8
14
22

10
16
26

9
19
28

Native Species versus Introduced Species
Prior to inundation the percentage cover of introduced species was 1% higher than that of native
species (22% compared to 21%, respectively) (Figure 62). Following inundation, the number of
introduced species decreased by 7 species (14 species pre-water compared to 7 species at 8 weeks).
Percent cover of introduced species fell substantially from 22% pre-water to 2% by 24 weeks. This
observed decrease in diversity and abundance of introduced species is most probably due to the fact
that the majority of introduced species were comprised of dryland species that are intolerant to
flooding and therefore were drowned by the watering event.
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Although percent cover of native species was almost equal to that of introduced species pre-water, by
week 24 monitoring, the percent cover of native species was 10% higher than that of introduced
species (Figure 62). Post watering a higher number of native species continued to be recorded
compared to the introduced species (Table 22).

Average % cover
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Pre8
16
24
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Figure 62: Average percent cover of native and introduced species at each monitoring event.
Wetland Species versus Dryland Species

Average % cover

Prior to the watering, dryland species dominated the vegetation community most likely due to the lack
of flooding at the site for 5 plus years. The number of wetland species increased from 5 to a maximum
of 10 species at 16 weeks (Table 22). The percentage cover of wetland species remained low
throughout the monitoring period with a maximum cover of 6% recorded in weeks 8 and 16 (Figure
63). Had monitoring continued past 24 weeks, a greater percent cover of wetland species may have
been observed as the wetland sediments dried and were colonised. Dryland species cover was
continually higher throughout the monitoring period due to a portion of quadrats 1 and 3 not being
inundated.
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Prewater
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16
24
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Figure 63: Average percent cover of wetland and dryland species throughout the monitoring
period.
Prior to watering the understorey vegetation at Mallee Cliffs Site 1 was in reasonably poor condition,
with introduced species dominating the community and large areas of bare ground. There are a number
of factors that are likely to have contributed to the poor understorey response, including poor soil
structure, high soil salinity, high stock grazing pressure and possible lack of seed bank. Suspected high
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soil salinity and poor soil structure on open wetland bed areas reduce the amount of germination and
thus colonisation on the receding water line. High surface water salinity and the lack of a viable seed
bank are likely to be the main factors responsible for the absence of true aquatic (tolerates flooding
only) and amphibious (tolerates both wetting and drying) species. Heavy grazing of the area in the past
by sheep can select out more palatable native species overtime and reduce the opportunity of species
to germinate and complete life cycles (Muston et al., 2003).
Despite there being poor understorey response within most quadrats, other areas around the wetland
were observed to have a positive and encouraging understorey vegetation response. Thick stands of
Epaltes australis (Spreading Nut Heads), Glinus lotoides (Hairy Carpet Weed), Alternanthera
denticulata (Lesser Joyweed), Mimulus repens (Creeping Monkey Flower) and Cyperus gymnocaulos
(Spiny Sedge) were observed near transects #1, 2 and 3 (Figure 64). Protection from grazing of these
areas is highly recommended and will ensure the site maintains a seed source for future natural flood
events.
In general Mallee Cliffs Site 1 has a high number of weeds, such as thistles, Bathurst Burrs, Sonchus
sp. Post flooding of the site saw Xanthium occidentale (Noogoora Burr) present in high numbers and
is considered to be a major problem at this site (Figure 65). If left unmanaged future flood events will
encourage a further spread of the species within the area. Close monitoring and the implementation of
a weed control program is required and highly recommended.

Figure 64: Epaltes australis (Spreading Nut Heads), Glinus lotoides (Hairy Carpet Weed) and
Alternanthera denticulata (Lesser Joyweed) observed on the receding waterline near transect #2
(March 2006).
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Figure 65: Thick stand of Xanthium occidentale (Noogoora Burr) on shoreline of transect #1
(March 2006).

Figure 66: Quadrat 1 pre-water, 8 weeks and 24 weeks (left to right).

Figure 67: Quadrat 2 at 8 weeks completely inundated and at 24 weeks quadrat still submerged
under shallow water (Left to right).
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Figure 68: Quadrat 3: Pre-water, 8 weeks and 24 weeks (Left to right)

Figure 69: Quadrat 4: Pre-water, 8 weeks and 24 weeks (Left to right).

Figure 70: Quadrat 5: Pre-water, 8 weeks and 16 weeks (Left to right).
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4.5.4. Waterbirds
A total of 759 waterbirds were recorded using the wetland as indicated from the 3 surveys conducted
following the watering program (Table 23). Nineteen species were observed using the 3 small
wetlands over the 4 month monitoring period. The third and final survey was conducted almost 4
months after commencing the watering program and at which stage only two very shallow small pools
of water remained. As a consequence on the final survey only three species were present and total
numbers had reduced by more than seventy percent. One species of waterfowl, the Blue-billed Duck
listed as Vulnerable in NSW (TSC Act 1995) was recorded during the surveys. All other species
recorded during the surveys are regarded as common in the Lower Murray Darling catchment. Some
however are regarded as vagrants or nomads and are only seen in the region when conditions are
suitable.
The most abundant functional group was the dabbling ducks, dominated by Grey Teal and smaller
numbers of Pacific Black Duck (Table 24). The next most abundant functional group was the grazing
waterfowl dominated by Australian Wood Duck and Australasian Shelduck. Two other waterfowl
groups were observed; filter feeding ducks and deep diving ducks and deep water foragers. Only
small numbers of filter feeders were observed, Pink-eared Ducks and Australasian Shoveller which
were only recorded once during the surveys. The deep diving ducks and deep water forager functional
group was dominated by Eurasian Coot and the Blue-billed Duck. The Blue-billed Duck only
appeared during the period of peak inundation of the wetland, while the Eurasian Coot stayed for a
longer duration. The most diverse functional group was the piscivores (fish eaters) dominated by the
Hoary-headed Grebe and the Australasian Grebe which typically feed on small fish and animals. The
sweep netting surveys revealed few fish but large numbers of macroinvertebrates which may have
been providing alternative feed sources. The recording of Australian Pelican at the wetland was a
little difficult to explain given that only very small fish would have been able to pass through the
pump.
The main habitats observed at the site were; open water lagoon, recently inundated substrate and
shallow muddy shoreline. The recently inundated substrate attracted large numbers of Grey Teal
appearing at the wetland a few days after starting the pumping and staying until their was only small
amount of water remaining. The shallow muddy shoreline attracted small numbers of Pink-eared
Duck, Black-winged Stilt, Banded Lapwing and Yellow billed Spoonbill that visited for only a short
duration. While other species that favoured this habitat the Red-kneed Dotterel and Black-fronted
Plover stayed for 2-3 months. Australian Wood Duck and Australasian Grebe were observed to nest
and successfully rear young during the watering program.

NSW Department of Natural Resources
72

Table 23 Numbers of waterbirds recorded post watering of Mallee Cliffs Site 1 (wetlands 1186,
1189 & 1190).
Common name
Scientific name
13/01/2006 24/02/2006 28/04/2006 Totals
Hoary-headed Grebe

Poliocephalus poliocephalus

5

11

16

Australasian Grebe

Tachybaptus ruficollis

21

13

34

Australian Pelican

Pelecanus conspicillatus

17

Little Black Cormorant

Phalacrocorax sulcirostris

White-faced Heron

Ardea novaehollandiae

2

3

Australian Ibis

Threskiornis molucca

5

1

6

Yellow-billed Spoonbill

Platalea flavipes

1

Australasian Shelduck

Tadorna tadornoides

25

2

27

Grey Teal

Anas gracilis

142

209

Pacific Black Duck

Anas superciliosa

5

10

15

Maned Duck

Chenonetta jubata

57

70

127

Blue-billed Duck

Oxyura australis

2

Australasian Shoveller

Anas rhynchotis

2

Pink-eared Duck

Malacorhynchus membranaceus

Eurasian Coot

Fulica atra

Banded Lapwing

Vanellus tricolor

Black-winged Stilt

Himantopus himantopus

Red-Kneed Dotterel

Erthyrogonys cinctus

Black-fronted Plover

Elseyornis melanops

17
1

1

6

1

1
78

Total number of species recorded
Total number of waterbirds recorded
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429

2
2
5

5

11

17
12

12
10

6

2

2

2

12

13

3

12

16

14

3

341

357

94

28
759

Table 24 Waterbird counts at Mallee Cliffs Site 1 (wetlands 1186, 1189 and 1190) classified by
functional groups, classification based on Roshier et al. (2002).
Common name
Species
Most frequently used habitats
Total
records
Grazing waterfowl
Maned Duck

Chenonetta jubata

Australasian Shelduck

RL, OWL, OWC

127

OWL

27

Tadorna tadornoides
Dabbling ducks
Pacific Black Duck

Anas superciliosa

Grey Teal

Anas gracilis

OWL, OWC, RIS

15

OWL, OWC, RIS, SMS

429

OWL, OWC, SMS

2

SMS, OWL,

5

Filter feeding ducks
Australasian Shoveller

Anas rhynchotis

Pink-eared Duck

Malacorhynchus membranaceus

Blue-billed Duck

Oxyura australis

OWL, OWC

2

Eurasian Coot

Fulica atra

OWL, OWC

17

Little Black Cormorant

Phalacrocorax sulcirostris

OWL

1

Australian Pelican

Pelecanus conspicillatus

OWL

17

White-faced Heron

Ardea novaehollandiae

OWL

6

Hoary-headed Grebe

Poliocephalus poliocephalus

OWL

16

Australasian Grebe

Tachybaptus ruficollis

OWL

34

Australian White Ibis

Threskiornis molucca

Diving ducks and deep water forages

Piscivores (fish –eaters)

Large Waders
6

Yellow-billed Spoonbill Platalea flavipes

1

Small waders
Black-fronted Plover

Elseyornis melanops

Red-Kneed Dotterel

Erthyrogonys cinctus

Black-winged Stilt

Himantopus himantopus

Banded Lapwing

Vanellus tricolor

SMS, RL

28
12

RIS

2

SMS, RL

12

Shoreline foragers
Habitat types : Open Water Lagoon (OWL), Recently Inundated Substrate (RIS), Shallow Muddy Shoreline (SMS).
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4.5.5. Frogs
The sampling sites of frogs are shown in Figure 71. Photographs of the aquatic habitat at each site are
shown in Figure 72.

Figure 71. Orthophoto of Mallee Cliffs Wetland Site 1 showing the six sampling sites for frogs.

Site A

Site B

Site C

Site D

Site E

Site F

Figure 72. Photographs of the six frog survey sites at Mallee Cliffs Wetland Site 1.
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The frog species and their abundances at the Mallee Cliffs Wetland Site 1 are presented for each site
(Table 25) and summarised for the wetland (Table 26). The recording of frog calls and spotlighting
occurred from 21:20-23:40 during which period the weather conditions were warm and calm and the
air temperature was in the range of 21-24oC (maximum day temperature was 31.3oC at Mildura).
There was no response by Litoria raniformis to the playback of its call.
Table 25. Frogs at each site of Mallee Cliffs Wetland Site 1
Site
A
B
C

Male Calls
None
None
None

Tadpoles
None
None
None

D

L. fletcheri (x2)
C. parinsignifera (x1)
L. dumerilii (x2)
L. peronii (x12 estimate)
C. parinsignifera (x1)
L. tasmaniensis (x3)
L. fletcheri (x3)
L. fletcheri (x2)

None

E

F

Spotlighting
L. peronii (x2)
None
L. tasmaniensis (x2)
L. fletcheri (x3)
L. peronii (x12)
L. tasmaniensis (x1)
L. fletcheri (x1)
L. peronii (x5)
L. tasmaniensis (x1)

None

None

L. tasmaniensis (x2)
L. fletcheri (x1)
L. peronii (x1)

Table 26. Summary of frogs captured at Mallee Cliffs Wetland Site 1
Species
Abundance1
0
Litoria raniformis
32
Litoria peronii
9
Limnodynastes tasmaniensis
12
Limnodynastes fletcheri
2
Limnodynastes dumerilii
2
Crinia parinsignifera
TOTAL
57
1
Abundances pooled for calls, tadpoles and spotlighting

Other observations
• Thousands of the introduced snail Physa sp. were bycatch in the sweep nets
• No fish observed in the wetland
• High abundances of macroinvertebrates were bycatch in sweep nets including shrimp, dragonfly
and damselfly larvae, chironomid larvae, notonectids and corixids.
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Comments
Mallee Cliffs Wetland Site 1 supported a diverse frog community with five species represented. No
tadpoles were captured although many recently metamorphosed frogs (e.g. Litoria peronii, left, and
Limnodynastes tasmaniensis, below were recorded. These specimens were located on trees and banks
along the wetland a considerable distance from the Murray River demonstrating that recent breeding
had occurred in the wetland.
Some male frogs were still calling despite the wetland becoming quite shallow in some areas through
seepage and evaporation. The relatively high salt content in the water (see Surface Water Quality
section) did not appear to hinder frog development.

Figure 73 Persons Tree frog Litoria peronii showing tail stump indicating the individual has
recently lost its tail (LHS), Spotted Marsh frog Limnodynastes tasmaniensis (RHS).

NSW Department of Natural Resources
77

4.5.6. Surface Water Quality
Surface water quality at Mallee Cliffs Wetland Site 1 was sampled at the same six sites that were
sampled for frogs (Figure 71 and Figure 72) and the results are presented in Table 27.

Table 27. Surface water quality at Mallee Cliffs Wetland Site 1 (24/1/06)
Site
Site A*
Site B
Site C
Time
18:30
19:25
19:45
Electrical conductivity
90
3620
1540
(µS.cm-1)
Dissolved Oxygen
8.2
8.7
12.6
(mg.L-1)
Temperature (oC)
29.1
27.1
28.4
pH
7.9
8.9
8.9
Turbidity (NTU)
27
136
68
*Source water site located on the Murray River

Site D
20:10
1490

Site E
20:35
1390

Site F
19:00
1330

Range

11.4

12.2

15.2

8.2-15.2

27.9
8.9
50

30.3
8.2
28

29.3
8.1
21

27.1-30.3
7.9-8.9
21-136

90-3620

Comments
The water quality variables measured were mostly within the expected ranges for floodplain wetlands
of the region (e.g. Ho et al., 2004) with the exception of electrical conductivity. Electrical conductivity
in the wetland was markedly higher than the source waters of the Murray River (Site A). There was an
increasing gradient in EC with distance from the inlet, due likely to a combination of mobilisation of
salts from the soil surface to the terminal parts of the wetland as well as the evapoconcentration of
salts within the surface water. Electrical conductivity was highest at the most terminal part of the
wetland (Site B) where the surface water was shallow. Turbidity levels also followed an increasing
gradient from Site F to Site B, due likely in part to the decreasing water depth and increasing resuspension of sediments from wind and wave action. Dissolved oxygen levels were all relatively high
in the wetland and pH levels were slightly alkaline and within the range of one pH unit. Water
temperatures were relatively high and reflected the summer conditions at the time of sampling.

4.5.7. Ground Water
The Mallee Cliffs “Site 1” was watered between the 18th and 28th of November 2005. The continuous
data was captured hourly with Dataflow loggers using capacitance water levels sensors (probes)
Figure 75. Noticeable fluctuations in groundwater levels occurred before, during and after watering at
two sites. Figure 74 shows rising and falling trends in groundwater levels. These trends are directly
linked with the Mallee Cliffs Salt Interception Scheme pumping schedules.
Sites GW087236 and GW 087321 showed a rising trends before the River Red Gum watering between
the 14/10/05 to 30/10/05. This was attributed to pump 3’s pumping capacity being reduced to 2 litres a
second (from 25 litres a second). Once pumping resumed back to higher extraction rates, the
groundwater levels began to reduce. On the 1/12/05 pumps 1 and 2 were also switched off causing a
rising trend in groundwater levels which rapidly increased in water level after the 8/12/05. On the
18/01/05 pumping resumed at 10 litres per second and the groundwater began to fall again.
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At site location GW087236 on the 13/02/06, another steep increase in the groundwater levels occurred
after a pump malfunction. Once repairs were untaken and pumping resumed the groundwater level
began to fall.
The other sites that were continuously monitored for groundwater level fluctuations showed no
significant changes during or after the River Red Gum watering, indicating that the fluctuations shown
in groundwater bores GW087236 and GW 087321 were more likely to be dominantly influenced by
the groundwater pumping regime.
The manual monitoring of groundwater bores located adjacent to the wetlands also showed rising and
falling trends in groundwater levels during the watering of the wetlands. Figure 76 shows groundwater
hydrographs for bores 88185 and 88186, that are representative of all the manually monitored bores.
Before the watering began, a rising trend in groundwater levels was occurring, similar to trends
observed in the automatically logged groundwater data from the salt interception scheme. After the
8/12/05 water levels rose rapidly however this rise co-in sided with the pumping regimes of the salt
interception scheme as discussed above. A falling trend also occurred on the 19/01/2006 which also
co-insided with the pumping regimes of the salt interception scheme. However the water table began
rising again on the 1/3/2006 and then fell again on the 2/4/2006. This rise and fall in the groundwater
didn’t co-inside with the pumping regimes and may be related groundwater leakage from the artificial
wetland watering.
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Figure 74 Mallee Cliffs “Site 1” continuous groundwater monitoring levels from bores within
the Salt Interception Scheme.
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Figure 75 Location of groundwater observation and interception (SIS) bores at Mallee Cliffs
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Figure 76 Groundwater hydrographs showing the manually monitored groundwater bores
88185 and 88186 which are representative of the general trends observed in all the groundwater
bores adjacent to the wetlands.
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4.5.8. Conclusions and Future Recommendations
Due to salinity issues and the high diversity and abundance of introduced species at Mallee Cliffs Site
1, further environmental watering projects are not recommended at this time. Future watering projects
are likely to further exacerbate salinity issues, hasten the decline of River Red Gums present and
favour the germination and establishment of halophytic and or introduced species. There is a potential
of utilising the nearby Salt Interception Scheme to help reduce groundwater levels under the wetland
areas at Mallee Cliffs Site 1 and encourage the underground movement of freshwater towards the
wetlands from the Murray River. This has the potential of being able to create a freshwater lens under
the wetlands and therefore have a positive influence on the remaining vegetation. Further
investigations on this option are required.
The implementation of a weed management program, with special focus on preventing the spread and
density of (Xanthium occidentale) Noogoora Burr, is highly recommended. The introduction of a
more appropriate grazing regime, which incorporates crash grazing at selected times of the year with
resting periods, may be used as a management tool to help control introduced plants and also enable
native species to complete life cycles and therefore replenish depleted sediment seed banks. Exclusion
of stock during and post watering events is highly recommended to prevent pugging of soils, control
or reduce nutrient loads and maximise regeneration opportunities of vegetation. The Lignum swamp
area (transect #4) is thought to respond positively and benefit greatly from an environmental watering
event. The Lignum area currently shows no signs of being salt affected, however further investigations
into efficient water delivery and potential groundwater impacts would be required
Rising and falling trends in groundwater levels at the Mallee Cliffs “Site 1” were mostly related to the
pumping regime from the Salt Interception Scheme indicating the watering of the wetlands had no
significant impact on the Salt Interception Scheme operations. The varying pumping rates from the
Salt Interception Scheme during the artificial wetland watering did make it difficult to interpret
groundwater level fluctuations related to the watering. Therefore, if future watering of wetlands in this
area was to occur it would be recommended that Salt Interception Scheme pumping schedules remain
as constant as possible during the watering phase of the wetlands. From the 1/3/06 to the 2/4/06 there
was a rise and fall in groundwater levels adjacent to the wetlands that were not associated with the
pumping regimes of the Salt Interception Scheme. This rise and fall could possibly be related to the
watering of the wetland, although the quick fluctuation of this water table rise and then fall tends to
indicate that it is not directly influenced by the filling and slow drying (emptying) of the wet land
areas (a slower falling of the watertable would have been expected). The rising and falling of water
table levels were generally changes of around 20cm. A decline in tree health at this site was observed
after 6 to 8 weeks post watering of the wetland. It is unlikely that these small changes in water table
levels were the cause for the stress to the wetland trees. It is more likely that the linkage between the
saturated (groundwater) and unsaturated zone through the capillary fringe of the watertable (most
likely 2-3 metres above standing water level) would have caused this impact. The capillary fringe of
the water table would continually be within the root zone of trees and in some areas reaching to the
land surface (ie: areas of scalding). This would allow the concentration of salts in the unsaturated
zone. It is possible that the watering of the wetlands mobilised near surface salts back towards the
rooting profiles of the trees.
Relative to the size of the wetlands at Mallee Cliffs, large numbers and a diversity of waterbirds were
attracted to the site post watering. Of particular interest was the arrival of Blue-billed Ducks. The high
salt content of the water post inundation did not appear to affect the number and breeding response by
frogs.
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5. Mallee Cliffs Site 2. Wetland 1196
5.1. SITE DESCRIPTION
On the 7th of December 2005 a 12 inch 180hp diesel pump was established at the junction of the
Murray River and terminal end of Wetland 1196, downstream of Mallee Cliffs (Figure 77 & Figure
78). Four 4m lengths of black poly pipe were required on the suction side and 4 lengths on the delivery
side. A large concrete pipe was placed at the end of the delivery pipe and a 4x4m sheet of black plastic
was placed around the delivery point to help dissipate the potential erosive power of the water. A
falling river and high banks reduced pumping rates to 7 ML/d. Wetland 1196 naturally fills through a
flood runner approximately 700m downstream of the pumping site at flows of 51,340 ML/d (Green
and Alexander 2003). Although a greater area of wetland may have been watered by pumping water
from the downstream flood runner, a large retention bank would have been required. By pumping over
a high bank at the terminal end of Wetland 1196, water was able to be delivered to the most stress
section of the floodplain without incurring the “costs” associated with constructing a large earthen
bank.

Figure 77 Mallee Cliffs Site 2, Wetland 1196
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Figure 78 Mallee Cliffs Site 2 Wetland 1196, pump, delivery and suction pipe installed prior to
pumping

5.2. MONITORING METHODS
5.2.1. Tree Health
The response of River Red Gums (E. camaldulensis) to the environmental watering program was
assessed using a tree crown condition index. An index from Tucker (2004) (Appendix 1; Table 1) was
utilised for the pre-water monitoring and an adapted Tucker (2004) index (Appendix 1; Table 2) was
utilised for the post-water monitoring. The Tucker (2004) index was originally developed to assess the
health of River Red Gum and Black Box trees on the Chowilla floodplain. The technique involves a
visual assessment of the percentage of original canopy present, the amount of dead branches and the
amount of epicormic growth. The Tucker (2004) index was modified for the post water monitoring to
reflect epicormic growth as an improvement in tree health and a positive response to the watering
event. Similar modifications to tree health indexes have proven to be effective in similar River Red
Gum watering projects (T. Wallace, 2006).
Two tree health transects with a total of 60 trees were established at the site (Figure 79), incorporating
the riparian edge of the small depression area (wetland #1169). Trees within each transect were
selected to include:
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Trees from each cohort of age class (in order to sample the natural variability in
age classes within the community). Most long term dead trees were excluded from
transects
The respective composition of the community ie. Black Box and River Red gum;
Trees variable distances from the water body.

Each tree’s diameter at breast height (DBH) was measured, GPS location recorded and distance from
the surface water shore line measured and recorded at the 8 week monitoring event. Trees with a
diameter at breast height of less than 10cm were excluded from the transects.
Photos of selected trees were used to illustrate visual changes which may not be reflected in the index,
such as leaf colour change, budding, flowering and increased canopy vigour. Some field notes were
made on trees displaying new growth within an existing canopy versus new epicormic growth,
increased vigour, budding and flowering. However, the notes taken by the observer were not detailed
enough to enable then to be used for analysis.
Mallee Cliffs Site 2 pre-water monitoring was conducted on the 9th December 2005. Post water
monitoring was conducted after 19 weeks on the 18th April 2006. A total of 60 trees were monitored
over a 19 week period.
Transect 1: Begun near the commence to flow point and follows the north east edge of wetland #1169.
Majority of trees were severely stressed prior to watering.
Transect 2: Begun close to tree #30 of transect #1 due to small area to be watered. Transect followed
the north western riparian edge of wetland #1169. Included mostly young trees in a stressed condition.
Understorey Vegetation
Specific monitoring of understorey vegetation was not conducted at Mallee Cliffs site 2. However
general observations were recorded pre and post watering.
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Figure 79 Location of tree health transects and understorey quadrats at Mallee Cliffs Site 2
(wetland #1169).

5.2.2. Ground Water
5.3. RESULTS AND DISCUSSION
5.3.1. Watering Program
The primary objective of the watering program at Mallee Cliffs Site 2 was to flood a series of small
pools at the terminal end of Wetland 1196, where there were large numbers of stressed young trees
around the edge of each pool. A total of 28 ML of supplementary flow water was pumped into this
wetland over a 4 day period, flooding an area of 3 hectares. Although not mapped as such, this
wetland consisted of a series of 1-1.5m deep pools. Once these pools were filled, water filled a narrow
depression that flowed downstream toward the natural entrance to the wetland. This section of the
wetland received only a shallow inundation and dried up after a short period. The pump was turned off
after 4 days prior to filling the natural entrance to this wetland, as water began spilling out of the deep
pools at the terminal end back into the river. The deeper pools held water for longer but were dry after
3 months, at the end of March.
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Figure 80 Location of Wetland 1196 showing the area of inundation

Figure 81 Wetland 1196 showing the series of deep pools following inundation
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5.3.2. Tree Health
Pre-water condition
The pre-watering assessments of the tree health transects indicate that the majority (92%) of the trees
sampled were in a stressed condition. Forty two percent of trees (25 trees) were in a stressed condition
(category 3), 22% (13 trees) were in a severely stressed condition (category 2), 28% (17 trees) were
near dead (category 1) and the remaining 8% (5 trees) were in moderate condition (category 4) (Figure
82).
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Figure 82: Percentage of trees in each tree health category at pre-water and 19 weeks post watering (Tree
health index results).

Response of trees
At 19 weeks post watering, assessments showed an overall shift towards improved health of the
monitored trees, with a total of 31 trees (52%) responding positively to the watering event. Only one
tree was observed to have declined in health at the site. The number of trees in the moderate health
(category 4) increased by 31% (21 trees). Pre-water no trees were found to be in excellent health,
however at 19 weeks post watering, 4 trees were recorded in category 5 (Figure 82). Of the 25 trees in
category 3, 47% responded positively to the watering. Of the 17 trees in near dead condition prewater, none responded to the watering event (Figure 83).
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Figure 83: Percentage of trees in each tree health category that responded positively to the
watering event, n= number of trees in category (Tree Health Index data).
Age Class Cohorts (Diameter at Breast Height)
The majority (58%) of trees sampled at Mallee Cliffs Site 2 were in the DBH category 10-40cm, with
the remaining trees being relatively evenly spread between the other DBH categories (Figure 84). Of
the 35 trees in the 10-40cm category, 57% responded positively to the watering event. Responsive
trees were recorded in all other DBH categories except for 141+cm (Figure 84).
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Figure 84: Percentage of trees in each DBH category that responded to the watering event, n=
number of trees in category (Tree health index results).
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Discussion
Tree Health
Prior to watering, 92% of the trees sampled at Mallee Cliffs Site 2 were in a stressed condition
(category 1, 2, 3), post watering the number of trees in the stressed categories decreased by 42%.
Many of the trees were observed to produce large amounts of epicormic growth. As the post water
monitoring was conducted at 19 weeks it was expected that the trees would maintain the new growth
which would eventually form new canopies. This was in contrast to what was observed at Mallee
Cliffs Site 1, where new epicormic growth was produced after 8 weeks, only to die off followed by
further deterioration in the trees health. This suggests that Mallee Cliffs site 2 does not have the same
compounding effects of groundwater salinity.
The tree population was dominated by trees of similar age (DBH 10-40cm) in a dense stand. The trees
were likely to have germinated and been recruited into the population following the last flood which
occurred in 1993. At the current density the trees are too crowded and therefore competing against
each other for resources which were likely to be a contributing factor to the population’s poor health.
A follow up watering will contribute to the natural process of self thinning, which generally results in
weaker trees dieing off and the stronger, healthier trees becoming established.
Understorey Vegetation
Pre-water the understorey vegetation at the site was dominated by terrestrial grass species, for example
*Hordeum leporinum (Barley Grass), *Lolium perenne (Rye Grass) and *Bromus sp. Atriplex sp. and
Muehlenbeckia florulenta (Lignum) were found on the banks surrounding the natural depression.
Post watering wetland species dominated the understorey vegetation community. Centipeda minima
(Spreading Sneezeweed) and Alternanthera species were observed to be the dominating species
(Figure 85).

Figure 85: Understorey vegetation at Mallee Cliffs site 2, 19 weeks post watering.
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5.3.3. Conclusions and Future Recommendations
As Mallee Cliffs Site 2 did not appear to have the same salinity issues as Mallee Cliffs Site 1, it is
recommended this site receive a follow up watering. A follow-up watering has proven to be effective
in ensuring new growth on trees is maintained and added to. This will give the trees a greater chance at
long term survival. A follow up watering will also play a role in thinning the currently very dense
stand of trees.
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6. Lucerne day station (Wetland 793)
6.1. SITE DESCRIPTION
Wetland 793 is a small shallow lagoon (3.3 ha) located on Lucerne Day Station just upstream from
Lock 8, approximately 65km west of Wentworth. This wetland has a commence to flow of 26.94m
AHD and 40,700 ML/d (Green and Alexander 2003). Wetland 793 is at the terminal end of a
backwater (Wetland 713) part of which is inundated under regulated flows with a commence to flow
of 24.60m. Mature River Red Gum are scattered around the perimeter of the basin, with more recent
regeneration confined to the bed of the lagoon. At the terminal end of the lagoon, a narrow flood
runner appears to divert flood water back to the Murray River. The lagoon is located on the inside of a
river bend a typical dense River Red Gum woodland predominates to the south and to the north is an
elevated terrace dominated by a scattered Black Box and Lignum shrubland.

Figure 86 Location of Wetland 793 (Lucerne Day Station)
6.2. HISTORY OF FLOODING
Wetland 793 was inundated by three large floods in 1990, 1992 and 1993 and four smaller floods in
1991, 1995, 1996 and 2000. As a consequence wetland 793 has been flooded seven times between
1990 -2000; however it has been dry since December 2000 (Figure 87). A February 1991 satellite
image shows a large section of the floodplain inundated in response to the spring flood (111, 400
ML/d) of the preceding year. A satellite image of the area taken in May 1991 shows that the
floodwater had retracted back off the floodplain and wetland 793 was now dry (Figure 87). Although
frequently inundated during the 90s, wetland 793 appears to only hold water for short periods (3-6
months) being quite shallow on average less than one metre. The lack of flooding 2000-2005 has lead
to signs of drought stress on some of the trees on the edge of the lagoon. However the trees most
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affected are those on the floodplain between the lagoon and the river that were only inundated during
the large floods in 1990 and 1993.

Figure 87 TM and aerial photography of wetland 793 in 1990, February (LHS) and May (LHS).
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Figure 88 Hydrograph showing flows downstream of Lock 9 from 1990-2006. Source: MDC
hydrographic database May 2006
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6.3. WATERING METHODS
Wetland 713 and 793 are part of a wetland system on the inside of a river bend upstream of Lock 8.
This area is naturally inundated at river heights of 24.60m AHD (Green and Alexander 2003). The
raising of Lock 8 resulted in inundating wetland 713, but failed to inundate the terminal wetland, 793
(Figure 89). Wetland 793 is also connected to the river by a narrow flood runner. Without elevation
data for this wetland system, it was necessary to conduct differential levelling along the flood runner
from the river to the wetland. The survey revealed a number of high points along the flood runner
associated with deposition of sediments during past flood recessions and a gradual rise in elevation
from the river to wetland 793. To inundate wetland 793, a retaining bank was required to prevent
pumped water from flowing back to the Murray River. A 30m x 1.8m Aqua Dam was established
rather than an earthen bank to avoid un-necessary earthworks (Figure 90). The Aqua Dam was capable
of holding back 1.2m of water which we anticipated would be sufficient to inundate wetland 793 to a
maximum capacity.
On the 15th of December 2005, a 12 inch 180hp diesel pump was established and commenced
pumping over the Aqua Dam into Wetland 793 via the flood runner. Twenty four metres of black poly
pipe were attached to the suction side and sixteen metres on the delivery side. A large concrete pipe
was placed at the end of the delivery pipe and a 4x4m sheet of black plastic was placed around the
delivery point to help dissipate the potential erosive power of the water (Figure 90).
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Figure 89 Lucerne Day Station proposed watering site and wetlands affected by raising of Lock
8

Figure 90 Lucerne Day Station following installation of pump, piping and Aqua Dam prior to
watering
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6.4. MONITORING METHODS
6.4.1. Tree Health
The response of River Red Gums (E. camaldulensis) to the environmental watering program was
assessed using a tree crown condition index. An index from Tucker (2004) (Appendix 1, Table 1) was
utilised for the pre-water monitoring and an adapted Tucker (2004) index (Appendix 1, Table 2) was
utilised for the post-water monitoring. The Tucker (2004) index was originally developed to assess the
health of River Red Gum and Black Box (E. largiflorens) trees on the Chowilla floodplain in South
Australia. The technique involves a visual assessment of the percentage of original canopy present, the
amount of dead branches and the amount of epicormic growth. The Tucker (2004) index was modified
for the post water monitoring to reflect epicormic growth as an improvement in tree health and a
positive response to the watering event. Similar modifications to tree health indexes have proven to be
effective in similar River Red Gum watering projects (T. Wallace, 2006). River Red Gums and Black
Box trees were scored using the one index.
Three fixed transects were established at Lucerne Day incorporating the inlet creek, around the centre
of the wetland and the terminal end of the wetland (Figure 91). A total of 90 trees were monitored over
a 16 week period. Trees within each transect were selected to include:
 Trees from each cohort of age class (in order to sample the natural variability in
age classes within the community). Most long term dead trees were excluded from
transects due to the unlikelihood of a response;
 The respective composition of the community ie. Black Box and River Red Gum;
 Trees variable distances from the water body.
Each tree’s diameter at breast height (DBH) was measured, GPS location recorded and distance from
the high surface water shore line measured and recorded at the 8 week monitoring event. Trees with a
diameter at breast height of less than 10cm were excluded from the transects.
Photos of selected trees were used to illustrate visual changes which may not be reflected in the index,
such as leaf colour change, budding, flowering and increased canopy vigour. Field notes were taken at
each monitoring period in addition to using the tree health index. Field notes recorded responses
displayed by the trees which may not be reflected in the index. For example, changes in leaf colour, in
canopy vigour, new growth verses epicormic growth were recorded. It was felt that the field notes
provided a more accurate indication of the number of responsive trees and therefore are used in the
analysis of the results.
Lucerne Day pre-water monitoring was conducted on the 24th November 2005. Post water monitoring
was conducted at the 8 and 16 week intervals, ending on the 2nd May 2006. Monitoring was not
continued after 16 weeks as it was felt the majority of trees had responded within this time.
Seasonality influences were also likely to reduce the amount of response produced by the 90 trees
monitored after 16 weeks.
Transect 1: Located parallel to the flood runner that fed wetland #793. One third of trees in transect
were Black Box.
Transect 2: All trees in transect were River Red Gums. Trees on northern edge of the wetland were
severely stressed prior to the flood event.
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Transect 3: One third of trees in transect were Black Box, these were located on the top and edge of a
higher escarpment bank consisting of red sandy loam soils.

Figure 91: Location of tree health transects and understorey quadrats at Lucerne Day.

6.4.2. Understorey Vegetation
Four permanent 20m x 20m quadrats were established to monitor the response of understorey
vegetation to the environmental watering program. The quadrats were positioned to cover the littoral,
commence-to-flow point, terminal areas and deep and shallow water. All surface water at the site had
dried by 16 weeks however sediments in the centre of the open area were still damp (ie. boggy).
Quadrats were marked using wooden stakes and the GPS co-ordinates recorded for each stake.
Within each permanent quadrat, cover of each identified species was estimated. Plants were identified
to the best taxonomic resolution possible. Keys used for identification included Sainty and Jacobs
(2003), Harden (1990) and Cunningham et al (1981). Other factors also recorded include percentage
cover of bare ground, litter, presence of disturbance (eg. grazing), reproductive state of vegetation,
general water quality observations (eg. algal bloom, turbidity) and maximum depth of inundation.
Photopoints of each quadrat were taken during each monitoring session to visually illustrate changes
in the vegetation. Monitoring was conducted pre-water and at 8, 16 and 24 weeks post water.
Species not recorded in quadrats but observed within the wetland area were recorded in an incidental
species list. Germination of eucalypt species on the margins were also recorded but not monitored
specifically.
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Quadrat 1: A small depression area located in the littoral zone of the wetland. The site was fringed by
Muehlenbeckia florulenta (Lignum) and dominated by Atriplex lindleyi and *Mesembryanthemum
crystallinum (Ice plant) prior to watering. The quadrat received a shallow inundation (max. depth
10cm) for 4-6 weeks.
Quadrat 2: Located near the water entry point from the flood runner (commence-to-flow). The area is
an open River Red Gum woodland section of the wetland. Surrounding trees provide some over storey
cover. Prior to watering 60% of the quadrat was bare ground and the dominant vegetation was Atriplex
lindleyi. Surface water inundated the area for approximately 8-10 weeks to a maximum depth of
approximately 20cm.
Quadrat 3: Located in the centre of the open area of deep water, with no over head canopy. Bare grey
clay soils were deeply cracked prior to the watering event and covered 60% of the quadrat. The
quadrat was inundated for 14-15 weeks to a maximum depth of 35cm. At 16 weeks sediments were
still damp, however some germination and colonisation of the sediments had begun to occur.
Quadrat 4: Located on a slight slope on the edge of the wetland. Red sandy loam soils on the higher
areas of the slope graduate down to grey clay soil. Only 40% of the quadrat was inundated for
approximately 10-12 weeks. Pre water the quadrat was 40% bare ground and the vegetation was
dominated by *Mesembryanthemum crystallinum (Ice plant).
Quadrat 5: Located in an open, terminal area. Fringing higher areas are dominated by River Red Gum,
Lignum and Black Box. Bare grey cracking soils made up 70% of the quadrat pre-water. The quadrat
had surface water present for 8-10 weeks to a maximum depth of 30cm. The area in which the quadrat
was located had experienced some inundation as a result of the lock 8 raising in November 2005.

6.5. RESULTS AND DISCUSSION
6.5.1. Watering Program
A total of 144 ML of supplementary water was pumped into the wetland over a period of 6 days. The
primary objective of the environmental watering program at Lucerne Day Station was to inundate a
wetland 793. This was achieved after 6 days of pumping and the water had reached the floodwaters
associated with the raising of Lock 8. A total of 8 hectares were inundated including flooding the inlet
creek, the lagoon and the creek that joins wetland 793 with the backwater (Figure 92). By the time the
pump was turned off, water had backed up to approximately 1 m against the aqua dam. The pump was
turned off after 6 days as further pumping would have only resulted in allowing water to flow back to
the river through wetland 713. The watering had inundated wetland 793, forcing water edge of the
littoral zone providing water to a ribbon of mature River Red Gum. On the river side of the wetland,
some small areas of lignum swamp were inundated, including stands of regenerating River Red Gum
within the bed of the lagoon. It took three hours of pumping before water had filled the inlet creek and
begun flowing into the lagoon.
The deepest sections of wetland 793 held water for approximately 4 months. The lowering of Lock 8
resulted in draining the inlet creek from wetland 713 more rapidly than would have been the case
under natural drying events. Water quality changed drastically following inundation with dissolved
oxygen reducing and turbidity increasing associated with the breakdown of large quantities of organic
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matter in the lagoon. As a result of high temperature and high nutrient levels within the lagoon a blue
green algae bloom developed, (Figure 96).

Figure 92 Wetland 793 showing the flooding associated with the Lock 8 raising and associated with the
watering program
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Figure 93 Stages in the watering of wetland 793 showing prewatering through to post watering
at the pump site on the inlet creek

Figure 94 Showing inundation of wetland 793

Figure 95 photographs at the junction of the inlet creek and the lagoon (wetland 793) during
filling

Figure 96 showing changes in water quality post inundation of Wetland 793
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6.5.2. Tree Health
Pre-water condition
Pre-watering assessments indicated that 9% (8 trees) of trees were in excellent health (category 5),
39% (35 trees) of trees were in moderate condition (category 4), 44% (40 trees) were stressed
(category 3), 4% (3 trees) were severely stressed (category 2) and 5% (4 trees) were near dead
(category 1) (Figure 97). This demonstrates that more than half of the trees sampled were stressed and
the remainder were in moderate to good condition prior to the watering.
Response of trees
Tree Health Index Results
After 16 weeks, an improvement in the tree population’s health was observed. This is indicated by a
19% increase in the percentage of trees in moderate to excellent health (category 4 and 5) and a 19%
decrease in the number of trees represented in near dead, severely stressed and stressed categories (1, 2
or 3) (Figure 97).
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Figure 97: Percentage of trees sampled in each tree health category at pre-water, 8 weeks and 16
weeks (Tree Health Index results).

Field Note Results
The field note results indicate that a total of 73 trees (81%) responded positively to the watering event,
with most trees (95%) responding after 8 weeks post water. No trees were found to have responded in
the dead and near dead categories. Of the 40 trees in stressed condition (category 3) 78% responded,
of the 35 trees in moderate condition, 89% responded positively (Figure 98). Although 100% of trees
in category 2 and 5 responded to the watering event they were comprised of a small number of trees (3
and 8 trees respectively).
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Figure 98: Percentage of trees in each tree health category that responded to the watering event,
n = number of trees in category (Field note results).
Distance to water response
A relationship between distance to water and the number of responsive trees was observed for the
Lucerne Day transects. Of the 24 trees (27%) located within 2 metres of the waters edge, 20 (83%)
responded positively to the watering event. As distance from the waters edge increased, the number of
trees that responded decreased (Figure 99). The greatest distance from the surface water where a tree
responded was 17 metres.
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Figure 99: Percentage of trees in each distance from water category (m) that responded.
n=number of trees in category (Field note results).
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Age Class Cohorts (Diameter at Breast Height)
A representative spread of the age classes present at the site were sampled with trees ranging from 25220cm DBH (Figure 100). Trees in the 41-70cm DBH category compiled the greatest proportion
(36%) of trees sampled. Each DBH category had 75% or more trees respond, with 88% of trees in both
the 71-100 and 140+ cm DBH categories responding.
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Figure 100: Percentage of trees in each DBH category (cm) that responded to the watering event,
n=number of trees in category (Field note results).

Discussion
Eucalypt regeneration was not monitored specifically however opportunistic observations were
recorded. During the 8 week monitoring, eucalypt seedlings were observed along the receding
waterline of tree health transects 2 and 3. The recent removal of stock from the property is likely to
improve the chances of recruitment into the tree population.
At the completion of the tree health monitoring 60 (67%) of the trees sampled were in moderate to
excellent health (category 4 or 5) compared to 43 (48%) trees prior to the watering event. This
suggests an overall improvement in the population’s health occurred in response to the watering event
at Lucerne Day (Figure 101, Figure 102 &Figure 103).

Figure 101 Transect 2 – tree #26, Pre-water and 16 weeks (left to right).
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Figure 102: Transect 2 – Tree #24 and #25, pre-water and 8 weeks (left to right).

Figure 103: Transect 3 - tree #15, pre-water and 8 weeks (left to right).

6.5.3. Understorey Vegetation
Pre-water understorey composition
Pre-water, the understorey consisted of 40% vegetation cover, 48% bare ground and 8% litter (Figure
107-Figure 111). At 8 weeks post watering, quadrats two, three and five were completely submerged,
contributing to 66% open water and only 19% vegetation cover. At 16 weeks post watering wetland
species begun colonizing the quadrats, contributing to a small increase in vegetation cover (Figure
104). An incidental field observation in July 2006 found that the sediments in quadrats three, four and
five had dried further and vegetation cover had increased (Figure 109).
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Figure 104: Average percentage cover of vegetation, bare ground, open water and litter
throughout the monitoring period.
A total of 55 species were recorded at all quadrats and throughout the monitoring period (Appendix 2).
Of the total number of species recorded 31% (17 species) were introduced and 69% (38 species) were
native. Wetland species8 comprised 27% (15 species) of plants identified, whilst the remaining 73%
(40 species) were categorised as dryland species9. Throughout the monitoring period, native species
were higher in both diversity and abundance compared to introduced species (Table 28; Figure 105).
Table 28: Number of introduced, native, wetland and dryland species at each monitoring event.
Pre-water 8 weeks
16 weeks
Introduced 14
4
5
Native
25
18
17
Wetland
Dryland
Total

5
34
39 species

11
9
11
13
22 species 22 species

Native species V Introduced species
Prior to inundation, the percentage cover of introduced species was only 4% lower than that of native
species (17% compared to 21%, respectively) (Figure 105). Following inundation, the number of
introduced species decreased from 14 species pre-water to 5 species at 16 weeks (Table 28). In concert
with this decrease, the percentage cover of introduced species also decreased from 17% to 2% (prewater compared to 16 weeks respectively) (Figure 105). This observed decrease is most probably due
to the fact that the majority of introduced species were dryland species that are intolerant of flooding
and therefore were drowned by the watering event.
Pre-watering native species were recorded in higher diversity and abundance compared to introduced
species. Post watering, native species continued to dominate the understorey community (Figure 105;
Table 28).

8
Wetland species are defined as those associated with wetlands including submerged and amphibious species (able to tolerate both wet and
dry conditions) and species found in the littoral (edge).
9
Dryland species are defined as those that are unable to tolerate flooding and are located on areas that never or rarely flood or are dry for
extended periods of time.
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Figure 105: Average percent cover of native and introduced species at each monitoring event.
Wetland species V Dryland species
Prior to the watering, dryland species dominated the vegetation community which is most likely the
result of the lack of flooding at the site for 5 plus years. The number of wetland species increased from
5 species at pre-watering to 11 species at 8 weeks (Table 28). The percentage cover of wetland species
increased from 5% pre-water to 24% by 16 weeks (Figure 106). From these results we can conclude
that the watering event favoured the wetland species and contributed to the decline in diversity and
cover abundance of introduced species.
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Figure 106: Average percent cover of wetland species and dry land species throughout the
monitoring period.
Incidental species
An incidental species list was compiled during monitoring events which documented species that were
not recorded inside the quadrats. The incidental observations found a number of wetland species in the
creek that fed the open wetland and on the receding waterline of the open area.
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Table 29: Incidental list of wetland species recorded throughout the monitoring period.
Common Name
Scientific Name
Common Nardoo
Marsilea drummondii
Dirty Dora
Cyperus difformis
Warrego Summer Grass Paspalidium
jubiflorum
Juncus sp.
Juncus sp.
Spiny Sedge
Cyperus gymnocaulos

Figure 107: Quadrat 1:Pre-water, 8weeks and 16 weeks (left to right).

Figure 108: Quadrat 2:Pre-water, 8weeks and 16 weeks (left to right).

Figure 109: Quadrat 3:Pre-water, 8weeks, 16 weeks and 26 weeks (incidental observation) (left
to right). Note increased vegetation cover at 26 weeks.
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Figure 110: Quadrat 4:Pre-water, 8weeks and 16 weeks (left to right).

Figure 111: Quadrat 5:Pre-water, 8weeks and 16 weeks (left to right).

Discussion
An initial shift from terrestrial species to amphibious species was observed at the site. No true aquatic
species (tolerate flooding only) were recorded within the quadrats throughout the monitoring period.
However the presence of Pseudoraphis spinescens (Spiny Mudgrass) and other amphibious species (
Table 29) during the wet phase was encouraging. Future flood events will aid in the dispersal and
germination of aquatic and amphibious species, contributing to their increase in diversity and
abundance.
The decrease in diversity and abundance of introduced species throughout the monitoring period is the
result of dryland species being drowned by the flood event. It can be anticipated that future flood
events will continue to decrease the number of terrestrial introduced species, improving the overall
health of the site. However flood events will provide favourable conditions for amphibious introduced
species such as Heliotropium curassavicum (Smooth Heliotrope) and Xanthium occidentale
(Noogoora Burr). Xanthium occidentale requires close monitoring following future flood events, as it
has the potential to increase its infestation rapidly.
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6.5.4. Conclusions and Future Recommendations
A relationship between distance to water and the number of responsive trees was observed for the
Lucerne Day transects.
With the permanent removal of stock from the property, the rehabilitation of the wetland and
associated vegetation communities at Lucerne Day is likely to be greatly enhanced. It is recommended
that Lucerne Day receive another environmental flow in the next year. Future flood events will
encourage a greater diversity of wetland species and aid the recruitment of young River Red Gums
into the population. Continuous monitoring of introduced species, especially Noogoora Burr is
required and weed control measures should be implemented, if deemed necessary.
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7. Six Mile Creek (Wetland 273 and 309)
7.1. SITE DESCRIPTION
Wetland 309 is a temporary billabong occupying an area of 19.5 ha (Green and Alexander 2003). It
consists of a narrow flood runner that fills from the Great Darling Anabranch at 27.2 m AHD (Green
and Alexander 2003). The narrow flood runner gradually broadens out into a temporary deflation
basin. At the terminal end of the deflation basin is a narrow runner gradually rising in elevation above
pool level before falling to below pool level where it joins wetland 273 (Six Mile Creek). Mature
River Red Gums (DBH 1.5-2m) surround the edge of wetland. On the inside of the wetland an
extensive area of Lignum shrubland extends from the edge of the wetland back to the Anabranch. On
the outside or north side of the wetland the River Red Gums form the extent of the floodplain beyond
which Black Bluebush predominates on loamy alluvial soils.
Six Mile Creek is a broad flood runner the surface of which is predominately below pool level for the
first 3.1 km. There after it rises rapidly to be more than 3m above pool level where it crosses the
Renmark Road. Along the extent of Six Mile Creek mature River Red Gum (DBH 1-2.5m) occupy the
littoral zone and high bank beyond this narrow fringe of trees Black Box trees predominate. A number
of dense stands of regeneration occur at what appears to be deeper sections of the creek (Figure 112).

Figure 112 Six Mile Creek, showing the existing regeneration within the bed of the creek as
mapped prior to watering, 2005 spot imagery.
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7.2. HISTORY OF FLOODING
Commence to flow data was not available regarding Wetland 309 and Wetland 273 (Six Mile Creek).
However a series of satellite images during the early 1990 in conjunction with the hydrograph of the
Murray River for that period (Figure 113) indicates that both these wetlands filled 7 times between
1990-2000. A large flood that peaked in October 17th 1990 at 118, 067 ML/d inundated a large section
of the floodplain around the junction of the Anabranch and Murray River including both wetland 309
and Wetland 273. Indeed the flood pushed water along Six Mile Creek over the highway, filled
numerous flood runners including Lignum swamps between wetland 309 and the Anabranch (Figure
114). Six Mile Creek appears to have been permanently inundated from May 1990 through to late
1998. Wetland 309 however is a shallower lagoon which doesn’t retain water as long as Six Mile
Creek, and appears to have gone through a series of annual wet and dry period during the 1990s. It
looks to have dried out between the flood in 1993 and 1995 and was dry in late 1997 following the
flooding in 1996. Both wetland 309 and Six Mile Creek have been dry since 2000 with the shallower
section of these wetlands showing the most signs of moisture stress when visited in late 2005.
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Figure 113 Hydrograph showing flows downstream of Wentworth from 1990 to may 2006.
Source: MDBC hydrographic database may 2006
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Figure 114 Series of satellite images from 1990-2000 showing flooding in Six Mile Creek and
Wetland 309
7.3. WATERING METHODS
The aim at this site was to inundate Wetland 309 and Wetland 273 (Six Mile Creek), which are
connected by a narrow flood runner at the terminal end of Wetland 309 (Figure 115). No elevation
data or DTM were available for this wetland system. In order to have some certainty concerning
inundation levels and the height required for a retention bank, levels were collected along a central
transect from the Great Darling Anabranch and the junction of Wetland 309 to the terminal end of Six
Mile Creek. A retaining bank capable of holding back 1m of water was required in order to inundate
both wetlands. To avoid un-necessary earthworks a 30m x 1.8m Aqua Dam was installed
approximately 30m from the junction of the flood runner to the river. The Aqua Dam was capable of
holding back 1.2m of water which was anticipated to be sufficient to inundate both wetlands. The
terminal end of Six Mile Creek rises more than 3 metres in the last 500m before being intersected by
the Renmark Road. This section of the creek was thought to be higher than the maximum height of the
Aqua Dam.
On the 2nd February 2006, a 12 inch 180hp pump was established at the junction of the Great Darling
Anabranch and Wetland 309 (Figure 116 & Figure 117). At this site three (4m) lengths of black poly
pipe were required on the suction side and 8 lengths on the delivery side. A large concrete pipe was
placed at the end of the delivery pipe and a 4x4m sheet of black plastic was placed around the delivery
point to help dissipate the potential erosive power of the water (Figure 118). Wetland 309 naturally
fills through a narrow flood runner A very small lift was required at the site due to the low level bank
at the junction of the wetland as a consequence pumping rates were 20ML/d.
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Figure 115 Location of Six Mile Creek wetlands (Wetland 309 and 273)

Figure 116 Aqua Dam and delivery pipe installed at the junction of Wetland 309 prior to
watering

NSW Department of Natural Resources
112

Figure 117 Pump installed at the junction of the Great Darling Anabranch and Wetland 309
(Grande Junction Station) just prior to starting pumps.

Figure 118 Wetland 309 following installation of piping, Aqua Dam and concrete pipe disperser.
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7.4. MONITORING METHODS
7.4.1. Tree Health
The response of River Red Gums (E. camaldulensis) to the environmental watering program was
assessed using a tree crown condition index. An index from Tucker (2004) (Appendix 1, Table 1) was
utilised for the pre-water monitoring and an adapted Tucker (2004) index (Appendix 1, Table 2) was
utilised for the post-water monitoring. The Tucker (2004) index was originally developed to assess the
health of River Red Gum and Black Box (E. largiflorens) trees on the Chowilla floodplain in South
Australia. The technique involves a visual assessment of the percentage of original canopy present, the
amount of dead branches and the amount of epicormic growth. The Tucker (2004) index was modified
for the post water monitoring to reflect epicormic growth as an improvement in tree health and a
positive response to the watering event. Similar modifications to tree health indexes have proven to be
effective in similar River Red Gum watering projects (T. Wallace, 2006).
Six tree health transects were established at Six Mile Creek incorporating trees fringing the two
wetlands (#309 and 273). A total of 180 trees were monitored with 30 trees in each transect (Figure
119). Trees within each transect were selected to include:
 Trees from each cohort of age class (in order to sample the natural variability in
age classes within the community); Most long term dead trees were excluded
from transects due to the unlikelihood of a response.
 The respective composition of the community ie. Black Box and River Red Gum;
 Trees variable distances from the water body.
A section of wetland #273 has fringed by trees that were in excellent health (category 5) and had thick
stands of eucalypt regeneration on the creek bed (Chapter 1, Fig 17). This section of the creek is
located approximately 500 metres up stream from tree #30 of transect #4 and extends for
approximately 1.2 kilometres. These healthy trees were not included within a transect as it was felt it
would be difficult to quantify their response to the watering using the modified Tucker (2004) index
Each tree’s diameter at breast height (DBH) was measured, GPS location recorded and distance from
the high surface water line measured and recorded at the 8 week monitoring event. Trees with a
diameter at breast height of less than 10cm were excluded from the transects.
Photos of selected trees were used to illustrate visual changes which may not be reflected in the index,
such as leaf colour change, budding, flowering and increased canopy vigour. Field notes were taken at
each monitoring period in addition to using the tree health index. Field notes recorded responses
displayed by trees which may not be reflected in the index. For example, changes in leaf colour, in
canopy vigour, new growth verses epicormic growth were recorded. It was felt that the field notes
provided a more accurate indication of the number of responsive trees and therefore are used in the
analysis of the results.
Pre-water monitoring was conducted on the 6th February 2006. Post water monitoring was conducted
at 8 and 16 week intervals, ending on the 9th June 2006. Monitoring ceased after 16 weeks due to time
constraints on the project. A total of 180 trees were monitored.
Transect 1: Located on the North West edge of wetland #309, approximately 250 metres from the
pump site.
Transect 2: Located on the North East side of wetland #309. Prior to watering of the wetland many
trees were displaying epicormic growth which is most likely a response to stress conditions (ie. lack of
flooding).
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Transect 3: Located on the inside bend of wetland #309. Further back on the floodplain is a Black Box
and Lignum community.
Transect 4: Located on the northern side of wetland #273 (Six Mile Creek ) near the water entry point
from wetland #309.
Transect 5: Located approximately 2 kilometres upstream of transect #4 near the Old Renmark Road.
Transect follows the natural contours of wetland #273.
Transect 6: Located on the southern bank of wetland #273 near the water entry point from wetland
#309. Trees in transect are on a higher elevation compared to trees in transect #4.

7.4.2. Understorey Vegetation
Five permanent 20m x 20m quadrats were established within wetland #309 to monitor the response of
understorey vegetation to the environmental watering program. Quadrats were not established within
wetland #273 as sampling within the channel would be difficult during inundation and the likelihood
of a vegetation response doubtful. The quadrats were positioned to cover the littoral zone, areas of
deep open water and the terminal area of wetland #309. Quadrats were marked using wooden stakes
and the GPS co-ordinates recorded for each stake.
Within each permanent quadrat, cover of each identified species was estimated. Plants were identified
to the best taxonomic resolution possible. Keys used for identification included Sainty and Jacobs
(2003), Harden (1990) and Cunningham et al (1981). Other factors also recorded include percentage
cover of bare ground, litter, presence of disturbance (eg. grazing), reproductive state of vegetation,
general water quality observations (eg. algal bloom, turbidity) and maximum depth of inundation.
Photo points of each quadrat were taken during each monitoring session to visually illustrate changes
in the vegetation. Monitoring was conducted pre-water and at 8 and 16 weeks post water.
Species not recorded in quadrats but observed within the wetland area were recorded in an incidental
species list. Germination of eucalypt species on the margins was also recorded but not monitored
specifically.
Quadrat 1: Positioned approximately 500 metres from the commence-to flow point in the littoral zone
of wetland #309. Sandy soils were in the higher elevated areas of the quadrat, whilst the remaining
sections were comprised of cracking clay soils. Prior to watering the quadrat was dominated by bare
ground (40%), Atriplex lindleyi and Alternanthera denticulata (Lesser Joyweed). At 16 weeks 25% of
the quadrat had dried. The maximum water depth within the quadrat was approximately 40-50cm.
Quadrat 2: Located on the northern edge of wetland #309 in the littoral zone. One third of the quadrat
was positioned on the wetland bed, the other two thirds of the quadrat sloped upwards towards the
edge of the wetland. Prior to watering the quadrat contained 70% bare ground. The vegetation present
was dominated by Atriplex limbata and introduced species. At 16 weeks 25% of the quadrat had dried.
The maximum water depth achieved was approximately 70-80 cm.
Quadrat 3: Located on the north east side of wetland #309 in the littoral zone. Ninety percent of the
quadrat was located on the wetland bed. Soils within the quadrat were deep cracking grey clays. Prewater the quadrat was dominated by bare ground (80%), with Atriplex limbata dominating the
vegetation cover. Throughout the monitoring period the quadrat was completely submerged (max.
depth approximately 80-90cm), and is estimated to dry completely after 6-8 months post watering.
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Quadrat 4: Located in an area of open, deep water in the centre of wetland #309. Wetland sediments
were deep cracking grey clays. Pre-water, the majority of the quadrat was bare ground (90%), with
very little vegetation cover. At 16 weeks the quadrat was completely submerged, a maximum depth of
approximately 80-90cm was achieved. It is estimated that the quadrat will be dry within 6-8 months
post watering.
Quadrat 5: Located at the terminal end of wetland #309, in an open, deep water section. Wetland
sediments were deep cracking grey clays. Pre-water, the majority of the quadrat was bare ground
(95%) with minimal vegetation cover. At 16 weeks the quadrat was completely submerged, a
maximum depth of approximately 70-80 cm was achieved. It is estimated the quadrat will dry within
6-8 months post watering.

Figure 119: Location of tree health transects and understorey quadrats at Six Mile Creek sites wetlands #309 (LHS) and #273 (RHS).
Frogs were surveyed on one occasion at Mallee Cliffs Site 1 on the 24th of January 2005,
approximately 2 months after the commencement of watering. Six sites were sampled at each wetland:
one site at the inlet where there was permanent water and five within the wetland proper. The sites
within each wetland were selected so as to include as many of the different habitat types of the
wetland as possible, to ensure a good spatial coverage of the wetland and to maintain a reasonable
distance between sites to prevent the recording of overlapping frog calls.
Several techniques were used to survey frogs. Tadpoles were surveyed during the afternoon at each of
the six sites per wetland. Within each site, five sweeps of 2m length were conducted along the
substratum at different local habitat types with a triangular, flat-bottomed dip net (resulting in a total
substrate coverage of 4.3m2 per site). Tadpoles sampled were removed after each sweep, identified
following Anstis (2002) and measured. Most tadpoles were returned alive at the point of capture.
However, some were returned to the laboratory to allow for their accurate identification before being
returned alive to the point of capture. Observations of frog spawn were also made.
Male frog breeding calls were recorded for 10 minutes at each site, with recording commencing at
least 20 minutes after sunset and concluding by midnight. The abundance of calling frogs was noted
for each species. Backup sound recordings were also obtained with a Sony tape cassette or Sony
digital sound recorder. The call of the Southern Bell Frog Litoria raniformis (listed as Threatened in
NSW and Endangered nationally) was played back for one minute at each site in an attempt to elicit a
calling response of any male adults present (except where the species was already calling). Spotlight
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searches were also conducted for 10 minutes at each site (focussing on habitat along the water’s edge)
and the identity of any encountered frogs recorded.
7.4.3. Waterbirds
The main objective of the waterbird monitoring program was to obtain a comprehensive list of
waterbirds attracted to these wetlands, the species breeding and the use of the wetland habitats in
response to the artificial flooding and subsequent drying of the wetland.
The survey method was chosen to conform with Birds Australia methodology ‘ground based waterbird
searches’ (Barrett et al. 2003) and DNR Integrated Monitoring Environmental Flows Manual ‘wetland
waterbird survey’ (Driver et al. 2003) with slight adaptations to these methods to suit the wetland type.
Each wetland was visually searched using binoculars from a series of fixed points the number relative
to the size of the wetland. A single observer visited each site to ensure consistency between surveys. A
ground marker and GPS waypoint was used to ensure that the exact site was re-visited at subsequent
surveys. At each survey site, the observer identified and attempted to count every waterbird present.
Each survey site at a wetland was outside the field of vision from other sites to prevent double
counting. Where birds could be seen, the count was either a head count or a systematic estimate of the
number of birds seen, depending on the order of magnitude. Where birds were heard and not seen, the
count was the number of separate birds calling. The counts were not extrapolated from samples to the
whole area of the wetland. Particularly at the larger wetlands counts were probably only partial rather
than total counts.
A breeding record was noted if an adult was seen sitting on eggs, if a nest with eggs or young was
seen, or if dependent young were seen outside the nest. No attempt was made to record nocturnal
calling/active species.
7.4.4. Frogs
Frogs were surveyed on one occasion at Six Mile Creek on the 12th of April 2006, approximately 2
months after the commencement of watering. Six sites were sampled at each wetland: one site at the
inlet (Lower Anabranch of the Darling) where there was permanent water and five within the wetland
proper. The sites within each wetland were selected so as to include as many of the different habitat
types of the wetland as possible, to ensure a good spatial coverage of the wetland and to maintain a
reasonable distance between sites to prevent the recording of overlapping frog calls.
Several techniques were used to survey frogs. Tadpoles were surveyed during the afternoon at each of
the six sites per wetland. Within each site five sweeps of 2m length were conducted along the
substratum at different local habitat types with a triangular, flat-bottomed dip net (resulting in a total
substrate coverage of 4.3m2 per site). Tadpoles sampled were removed after each sweep, identified
following Anstis (2002) and measured. Most tadpoles were returned alive at the point of capture.
However, some were returned to the laboratory to allow for their accurate identification before being
returned alive to the point of capture. Observations of frog spawn were also made.
Male frog breeding calls were recorded for 10 minutes at each site, with recording commencing at
least 20 minutes after sunset and concluding by midnight. The abundance of calling frogs was noted
for each species. Backup sound recordings were also obtained with a Sony tape cassette or Sony
digital sound recorder. The call of the Southern Bell Frog Litoria raniformis (listed as Threatened in
NSW and Endangered nationally) was played back for one minute at each site in an attempt to elicit a
calling response of any male adults present (except where the species was already calling). Spotlight
searches were also conducted for 10 minutes at each site (focussing on habitat along the water’s edge)
and the identity of any encountered frogs recorded.
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7.4.5. Surface Water Quality
A snap-shot survey of the surface water physico-chemistry was conducted at six sites at Six Mile
Creek on the 12th of April 2006, approximately 2 months after commencing the watering program. The
six sample sites within each wetland were the same as for the frogs. One site was located in the
permanently inundated area from which the water was being pumped or siphoned and the remaining
five were within the wetland proper. The variables of temperature (oC), pH, turbidity (NTU), electrical
conductivity (µS.cm-1 @ 25oC) and dissolved oxygen (mg.L-1) were measured at a depth of 0.2m with
a Horiba U-10 Water Quality Checker.
7.5. RESULTS AND DISCUSSION
7.5.1. Watering Program
A total of 986 ML of Snowy River Recovery water was pumped into these wetlands over a period of
forty six days, flooding an area of 44 hectares. The primary objective of the environmental watering
program was to inundate a Six Mile Creek. This was achieved after approximately 30 days of
pumping. Wetland 309 filled after 10 days and began filling Six Mile Creek thereafter through a
narrow flood runner, (Figure 120). Pumping was continued at the site to increase the depth of water in
the creek in an attempt to provide water to as many trees within the littoral zone as possible. An
attempt was also made to extend the inundation at the terminal end of the creek to a large area of
stressed trees. The pumps were eventually turned off before water inundated the last section of creek
below the culvert at the road crossing on the Renmark road. The last section of the creek received only
a shallow inundation (30-40cm) as this section of the creek rose more than 3 metres in 350 metres.
The pumps were turned off when the maximum safe height of water had backed up against the aqua
dam.

Figure 120 Wetland 273 (Six Mile Creek) and wetland 309 showing the extent of flooding associated with
the environmental watering at the site.
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Figure 121 Pumping site at the junction of wetland 309, from left to right pre-watering, day 1,
peak inundation, and after drying

Figure 122 Wetland 309 prewatering and at peak inundation
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Figure 123 Terminal end of Wetland 309, from left to right, pre-watering, 20 days after
watering, at peak inundation, and the start of recession on the 6th of June.

Figure 124 Six Mile Creek (Wetland 274) at commence to fill and at peak inundation
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Figure 125 At the entrance to Six mile Creek, from left to right, pre-watering, at commence to
flow and at peak inundation

Figure 126 Middle reach of Six Mile Creek during filling and at peak inundation
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7.5.2. Tree Health

% of trees

Pre-water condition
Pre-watering assessments of all six tree health transects indicate that almost all trees sampled were
rated as being in a stressed to severely stressed condition. Forty one percent of trees (73 trees) were in
a stressed condition (category 3), 43% (77 trees) were severely stressed (category 2) and 10% (18
trees) were near dead or dead (category 1 and 0). Only 7% (12 trees) of the sampled trees were in
moderate condition (category 4) with no trees in excellent condition (category 5) (Figure 127).
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Figure 127: Percentage of trees sampled in each tree health category at pre-water, 8 weeks and
16 weeks (Tree health index data).
Response of tree population
Tree Health Index Results
After 16 weeks post watering, the percentage of trees in moderate health (category 4) increased to
23% (41 trees) (Figure 127), a rise of 16% from pre-water condition. A decrease of 20% (36 trees) of
trees in severely stressed or near dead condition (category 2 or 1) was also observed (Figure 127).
Field Note Results
Field note assessments show an overall positive shift towards improved health of the monitored trees,
with 76% of trees (136 trees) showing a positive response to the watering event. Seventy one percent
of the trees had responded after 8 weeks. All 12 trees in category 4 responded (100%), 92% of the 73
trees in category 3 responded and 66% of the 77 trees in category 2 responded (Figure 128).
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Figure 128: Percentage of trees in each tree health category that responded, n = number of trees
in category (Field note results).
Distance to water Response
The results show that 52% of trees (94 trees) were located within 5 metres of the surface water (Figure
129). Of the 94 trees within 5 metres of the water edge, 84% (79 trees) responded positively. Fewer
responsive trees were found when distance to water exceeded 15 metres. The greatest distance from
the water where a tree responded was 29.8 metres. Within all distance to water categories there was at
least one tree that responded negatively (Figure 129).
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Figure 129: Percentage of trees that responded in each distance to water category, n = number
of trees in category (field note data).

Age Class Cohorts (Diameter at Breast Height)
The majority of trees at Six Mile Creek were trees of considerable age with very few younger trees in
the population. Eighty one percent of trees (146 trees) recorded a DBH of greater than 101cm, only
7% of trees (12 trees) recorded a DBH of less than 70cm and no trees with a DBH of less than 40 cm
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% of trees

was sampled (Figure 130). Each DBH category contained responsive trees, with over 70% of trees in
each category responding. Therefore there was no clear relationship between age class and response.
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Figure 130: Percentage of trees in each DBH category (cm) that responded to the watering, n=
number of trees in category (Field note results).

Discussion
Tree Health
On completion of the monitoring at Six Mile Creek, the field note data indicated a total of 76% (136
trees) of the 180 trees assessed showed a positive response to the watering event. After 16 weeks, 41
(23%) of the sampled trees were assessed to be in moderate health (category 4) compared with 12
trees (7%) prior to watering, thus showing a 16% increase. It is predicted that the trees will show a
second flush of new growth and improved health throughout spring. Water within wetlands #309 and
#273 is predicted to remain in the system for up to 10-12 months, providing much needed moisture for
the stressed trees.
Diameter at breast height results did not reveal a clear connection between age and response, however
the lack of younger trees within the population was a clear outcome. The watering event will provide
opportunities for natural regeneration and recruitment into the tree population to occur. It is important
to maintain a diverse range of age classes within the tree population to ensure its long term viability.

7.5.3. Understorey Vegetation
Pre-water understorey composition
Pre-water the understorey quadrats consisted of 62% vegetation cover, 75% bare ground and 15%
litter (Figure 131). At 8 weeks post watering all quadrats were completely submerged (100% open
water). At 16 weeks 25% of quadrats 1 and 2 had dried, however no vegetation had colonized the
shore line at this stage. It is likely that as the waterline recedes and the sediments begin to dry out
herbaceous species such as Glinus lotoides and Centipeda cunninghamii will germinate and begin to
colonise the sediments.
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Figure 131: Average percentage cover of vegetation, bare ground, open water and litter
throughout the monitoring period.
A total of 24 plant species were recorded at all quadrats during the pre-water monitoring session
(Appendix 2). No plants were recorded during the 8 and 16 weeks monitoring sessions. Of the total
number of species recorded 10 (42%) were introduced species and 14 (58%) were native (Table 30).
Native species were also found to be higher in abundance, covering an average of 9% of the quadrats
Figure 132). Introduced species had an average percentage of cover of 4% prior to inundation. Due to
the prolonged drought conditions experienced within wetland #309 dryland species dominated the prewater understorey vegetation. Twenty two (92%) dryland species were recorded and covered an
average of 10% of the quadrats. Only 2 wetland species (8%) were recorded which had an average
cover of 2% prior to watering (Figure 132;Table 30).
Table 30: Number of introduced, native, wetland and
monitoring event.
Pre-water 8 weeks
Introduced 10
0
Native
14
0
Wetland
Dryland
Total

2
22
24

0
0
0
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Figure 132:Average percent cover of introduced, native, wetland and dryland species at prewater monitoring.

Discussion
Due to the time constraints on the watering project, the monitoring of the understorey quadrats could
not be extended beyond 16 weeks. Wetland #309 is likely to hold water until October – December
2006 (an additional 4-6 months). As observed during the 16 week monitoring session tinges of green
were developing on the dampened sediments of the receding waterline however the germinating plants
were too young to be identified (Figure 133). From vegetation responses observed in other Lower
Murray-Darling wetlands it is likely that wetland species such as Alternanthera denticulata (Lesser
Joyweed), Centipeda spp (Sneeze Weed), Glinus lotoides (Hairy Carpet Weed) and Polygonum
plebeium (Small Knotweed) will colonise this area as the wetland gradually dries. However, the
presence of stock and the lack of regular flooding at the wetland over the last few decades may have
depleted the seedbank. Evidence of stock grazing on the waterline mark of wetland #309 was
observed, whilst a flock of 50 plus ewes and lambs were observed in wetland #293 during the 16 week
monitoring interval (Figure 133). The presence of stock during the drying phase is likely to result in
grazing of young plants, pugging of sediments and increasing nutrient loads within the wetlands. The
combination of these impacts are likely to reduce the number of germinating species becoming
established and completing their life cycle.
The presence of heavy grazing pressure on the two wetlands also encourages the establishment of
introduced species. Datura inoxia (Downy Thornapple) was observed on the receding waterline near
transect #2. This species and others such as Xanthium occidentale (Noogoora Burr) are favoured by
the conditions provided by the combination of watering projects and grazing and therefore require
close monitoring and weed management.
An algal bloom was observed in wetland #309 between 6 and 8 weeks post watering. After
approximately 10 weeks the bloom had cleared. A concentration of nutrients in the wetland sediments
is likely to have contributed to the algal bloom. The poor water quality observed at the site is also
likely to have had a damaging effect on the emergence of aquatic and amphibious wetland plants.
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Figure 133: Ewes and lambs present during the drying phase.

Figure 134: Algal bloom on the water line of wetland #309, April 2006.
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7.5.4. Waterbirds
Twenty species were recorded during the post watering sampling period, (Table 31). The total number
of waterbirds recorded during the sampling period was 3395, with the greatest counts recorded
approximately 2 months after starting the pumps. None of the species recorded were unknown to the
region. However small numbers of the Freckled Duck and the Blue-billed Duck were recorded, which
are uncommon species in the region, listed as Vulnerable in NSW (TSC Act 1995). The Freckled
Duck was only observed once during the sampling period and only using the Lagoon (Wetland 309)
following peak inundation. While the Blue-billed Duck was observed on three occasions using both
the lagoon (Wetland 309) and the creek (wetland 273).
The most abundant species were Grey Teal (2403), Maned Duck (228), Pacific Black Duck (154) and
Pink-eared Duck (152) (Table 31). Numbers of Grey Teal peaked close to peak inundation of the two
wetlands. Large numbers of Grey Teal followed the wetting front during the inundation of both
wetlands, most likely seeking the ready feed source of floating terrestrial invertebrates and seeds.
Waterfowl were the dominant waterbirds using the wetlands at each stage of the watering program.
Table 32 depicts the functional groups that utilised the wetland. The dominant functional group
utilising the wetlands were dabbling duck (2560). The next dominant functional groups were grazing
waterfowl (250), composed predominantly by Maned Ducks, and followed by diving ducks and deep
water foragers (184), composed predominantly by Eurasian Coot and Black Swan. The dominant
filter feeders were the Pink-eared Duck, the numbers of which increased as wetland 309 started to
recede, exposing a shallow muddy shoreline. Only small numbers of piscivores (fish-eaters) were
recorded at the wetlands. These were almost exclusively dominated by Australasian and Hoary-headed
Grebes. Since the grill on the foot valve had a diameter of approximately 7cm only small fish would
have passed through the pump. The number of fish that successfully passed through the pump is hard
to say, however small schools or Carp, Gudgeon and Flat headed Gudgeon and well as Shrimps were
observed in floodwater soon after the starting the pumps. The bulk of the piscivores were species that
feed on small fish and other animals, the larger fish feeders were predictably absent from the wetland.
The main habitats found at the site were; open water lagoon, open water creek, lignum swamp,
recently inundated substrate, shallow muddy shoreline and riparian and littoral zone. The shallow
muddy shoreline were used primarily by shoreline foragers, small waders and filter feeder and some
dabbling ducks. Only a small area of Lignum swamp was inundated, although Lignum swamp lined
the river side of the lagoon and the flood runner that joined the lagoon to Six Mile Creek. Black-tailed
Native Hens appeared to exclusively use this habitat and only appeared as this area was inundated.
The dominant species using the recently inundated substrate were Grey Teal along with a variety of
terrestrials birds such as Pied Butcherbirds, Magpie Larks and Magpies. Changes in the area of each
habitat is likely as the water recedes, in particular increasing the area of shallow muddy shoreline
which is likely to attract a greater number of small waders and filter feeders. Pink-eard Duck numbers
began to rapidly increased between the second and three visit coinciding with the receding of the
lagoon creating their preferred habitat shallow muddy shorelines. The sweep netting survey for
tadpoles at Six Mile Creek revealed large numbers of macroinvertebrates explaining the dominance of
dabbling ducks at the site and the large numbers of waterbirds attracted to these wetlands.
Only the opportunistic Grey Teal was observed to breed and only a small number of ducklings were
observed.
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Table 31 numbers of waterbirds recorded post watering of six mile lagoon
Common name
Scientific name
10/03/06
23/03/06 28/04/06 23/05/06 totals
Hoary-headed Grebe

Poliocephalus poliocephalus

6

18

38

15

77

Australasian Grebe

Tachybaptus ruficollis

13

41

40

6

100

Pied Cormorant

Phalacrocorax varius

1

Pacific Heron

Ardea pacifica

2

White-faced Heron

Ardea novaehollandiae

2

Black Swan

Cygnus atratus

Freckled Duck

Stictonetta naevosa

Australasian Shelduck

Tadorna tadornoides

Grey Teal

Anas gracilis

6

1

18

2
2
34

5

63

12

10

22

3

Pacific Black Duck

3

263

540

1260

340

2403

27

22

75

30

154

40

18

110

60

228

2

12

5

10

2

Anas superciliosa
Maned Duck

Chenonetta jubata

Australasian Shoveller

Anas rhynchotis

Blue-billed Duck

Oxyura australis

2

Pink-eared Duck

Malacorhynchus membranaceus

8

Hardhead

Aythya australis

Eurasian Coot

Fulica atra

Black-tailed Native-hen

19
14

4

60

80

152

6

40

1

47

15

45

60

4

4

Gallinula ventralis
Banded Lapwing

Vanellus tricolor

Black-fronted Plover

Elseyornis melanops

Red-necked Avocet

Recurvirostra novaehollandiae

15

2

2

12

27

15

15

number of species recorded

10

14

13

12

20

total number of waterbirds

370

701

1743

566

3395
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Table 32 Waterbird counts at Six Mile Creek classified by functional groups, classification based
on Roshier et al. (2002).
Common name
Species
Most frequently used habitats
Total
records
Grazing waterfowl
Maned Duck

Chenonetta jubata

Australasian Shelduck

RL, OWL, OWC

228

OWL

22

Tadorna tadornoides

Dabbling ducks
Pacific Black Duck

Anas superciliosa

Grey Teal

Anas gracilis

Freckled Duck

Stictonetta naevosa

Australasian Shoveller

Anas rhynchotis

Pink-eared Duck

Malacorhynchus membranaceus

Blue-billed Duck

OWL, OWC, RIS

154

OWL, OWC, RIS, SMS

2403

OWL

3

Filter feeding ducks
OWL, OWC, SMS

19

SMS, OWL,

152

Oxyura australis

OWL, OWC

14

Hardhead

Aythya australis

OWL, OWC

47

Eurasian Coot

Fulica atra

OWL, OWC

60

Black Swan

Cygnus atratus

OWL

63

Pied Cormorant

Phalacrocorax varius

OWL

1

Pacific Heron

Ardea pacifica

OWL

2

White-faced Heron

Ardea novaehollandiae

OWL

2

Hoary-headed Grebe

Poliocephalus poliocephalus

OWL, OWC

77

Australasian Grebe

Tachybaptus ruficollis

OWL, OWC

100

Black-fronted Plover

Elseyornis melanops

SMS, RL

27

Red-necked Avocet

Recurvirostra novaehollandiae

RIS

15

Banded Lapwing

Vanellus tricolor

SMS, RL

2

Black-tailed Native-hen

Gallinula ventralis

LS

4

Diving ducks and deep water forages

Piscivores (fish –eaters)

Small waders

Shoreline foragers

Habitat types : Open Water Lagoon (OWL), Open Water Creek (OWC), Lignum Swamp (LS), Recently Inundated Substrate
(RIS), Shallow Muddy Shoreline (SMS), Riparian and Littoral Zone (RL)..
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7.5.5. Frogs
The sampling sites of frogs are shown in (Figure 135). Photographs of the aquatic habitat at each site
are shown in (Figure 136).

Figure 135 Ortho-photography of Six Mile Creek showing the six sampling sites for frogs.

Site A

Site B

Site C

Site D

Site E

Site F

Figure 136 Photographs of the six frog sites at Six Mile Creek.
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The frog species and their abundances at the Six Mile Creek are presented for each site (Table 33) and
summarised for the wetland (Table 34). The recording of frog calls and spotlighting occurred from
19:00-21:40 during which period the weather conditions were calm and the air temperature was in the
range of 16-17oC (maximum day temperature was 23.8oC at Mildura).

Table 33 Frogs recorded at each site at Six Mile Creek
Site
A
B

Male Calls
No calls
C. parinsignifera (x1)

Tadpoles
None
L. peronii (x2)
(20mm & 60mm)

C

No calls

None

D
E
F

L.
L.
L.
L.
L.

None
None
None

tasmaniensis (x6)
tasmaniensis (x3)
dumerilii (x1)
tasmaniensis (x9)
fletcheri (x6)

Spotlighting
None
L. tasmaniensis (x1)
L. fletcheri (x1)
C. parinsignifera (x1)
L. peronii (x1)
C. parinsignifera (x2)
L. peronii (x2)
None
C. parinsignifera (x1)
L. peronii (x1)

Table 34. Summary of frogs recorded at Six Mile Creek
Species
Abundance1
0
Litoria raniformis
6
Litoria peronii
19
Limnodynastes tasmaniensis
7
Limnodynastes fletcheri
1
Limnodynastes dumerilii
5
Crinia parinsignifera
TOTAL
38
1
Abundances pooled for calls, tadpoles and spotlighting

Comments
Six Mile Creek supported a diverse assemblage of frogs with five species being recorded, including
the Eastern Banjo Frog Limnodynastes dumerilii (Figure 137). However, relative frog abundance was
low compared to the other wetlands and may reflect the cooler seasonal conditions (mid-April).
Compared to the other sites sampled between November and January frog activity appeared to be
reduced. Small numbers of calling males at both wetland 309 and 273 were recorded despite the cooler
conditions at the time of sampling. Only two tadpoles were captured, possibly reflecting the reduced
breeding activity at the site, being toward the end of the normal breeding season for those frog species
at the site. Greatest frog activity was typically in the recently inundated section of Six Mile Creek (site
F).
One notable event at the wetland was a cyanobacterial (Microcystis sp.) bloom at Sites C and D (see
Surface Water Quality section). Despite these conditions adult algal-encrusted frogs (Figure 137) were
observed along the banks.
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Figure 137 Algal-encrusted frog, Peron’s Tree Frog Litoria peronii (LHS), Eastern Banjo Frog
Limnodynastes dumerilii (RHS).
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7.5.6. Surface Water Quality
Surface water quality at Six Mile Creek was sampled at the same six sites that were sampled for frogs
(Figure 135 & Figure 136) and the results are presented in (Table 35).

Table 35. Surface water quality at Six Mile Creek (12/4/06)
Site
Time
Electrical conductivity
(µS.cm-1)
Dissolved Oxygen
(mg.L-1)
Temperature (oC)
pH
Turbidity (NTU)

Site A*
17:00
114

Site B
16:30
151

Site C
16:10
164

Site D
15:45
181

Site E
15:20
216

Site F
15:00
226

Range

11.8

8.6

>20.0

>20.0

11.93

16.0

8.6->20.0

18.9
8.3
60

19.2
7.8
41

22.2
10.1
272

25.5
10.2
420

20.5
7.6
27

21.8
8.3
26

18.9-25.5
7.6-10.2
26-420

114-226

*Source water site located on the Great Anabranch of the Darling River
Comments
Electrical conductivity in the wetland was relatively low and increased along a gradient from the inlet
(Site A) to the terminal end of the wetland (Site F). Dissolved oxygen concentrations were extremely
high at two sites (Sites C and D) and were outside the range (>20 mg.L-1) of the Horiba measuring
device. These high recordings are attributed to a thick cyanobacterial bloom (genus Microcystis)
present at these sites. Whilst dissolved oxygen levels were only recorded on one occasion during the
day, it is predicted that these levels would plummet during the night due to the cessation of
photosynthesis and the respiratory demands of the algae during the night period. The cyanobacterial
bloom also accounted for the pH levels exceeding 10 at these sites due to the high levels of
photosynthesis occurring and consumption of carbon dioxide (and decrease in carbonic acid)
(ANZECC and ARMCANZ, 2000). Turbidity levels at four of the six sites were typical of other
floodplain wetlands in the area with the exceptions of Sites C and D where extremely high turbidity
levels were recorded due to the thick algal bloom. Water temperatures in the water column were lower
than for those at other wetlands due to sampling at a cooler time of year (April).
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7.5.7. Conclusions and Future Recommendations
A total of 986 ML of Snowy River Recovery water was pumped into these wetlands over a period of
forty six days, flooding an area of 44 hectares. A large number and a diversity of waterbirds were
attracted to these wetlands despite the watering being outside the ecological window. The wetland
provided drought refuge for a large number of waterfowl including two threatened species (Freckled
Duck and Blue-billed Duck). Frog abundance and breeding response appeared to be low compared to
other sites watered during the spring-summer period.
More than 80% of trees < 5m from the water responded positively to the watering, few responsive
trees were found when distance to water exceeded 15 metres.
Due to the long water holding capacity of wetlands #273 and #309 it is recommended that the
wetlands are allowed to dry almost completely, if not completely, before applying another
environmental flood. By allowing the wetlands to dry out nutrients can be stored within the sediments,
reducing the likelihood of a repeated algal bloom.
Control of stock should be a main priority at the site, especially if a similar watering project is
conducted in the future. Stock should be excluded from the site during the wet phase and for at least
three months after the surface water has dried. This will maximise the opportunity for vegetation to
germinate and complete life cycles, improve water quality and soil structure and increase the chances
of eucalypt seedlings germinating and being recruited into the population. Therefore fencing of the
two wetlands is highly recommended as a long term goal to enable easier stock management in and
around the wetlands.
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8. Bengallow Creek
8.1. SITE DESCRIPTION
Bengallow Creek is a large wetland system that extends from Mindook Station upstream of Paringi to
Tapaulin Bend (Opposite Hattah-Kulkyne National Park), approximately 30km east of Euston.
Bengallow Creek is a long complex wetland composed of a series of creeks, flood runners, and oxbow
billabongs that extend for more than 100km through the Mallee Cliffs State Forest, also land owned by
the Indigenous Land Corporation, Kemondoc Nature Reserve and freehold parcels. This section of
floodplain supports large tracts of River Red Gum forest, Black Box woodland and Lignum swamps.
The area has been used for forestry, firewood collection and grazing for a long time, nonetheless the
area is still of significant importance to a wide range of protected and threatened flora and fauna
species. The importance of the creek system to native fish species is also poorly recognised and
documented. Many of the deep waterholes along the creek are regarded as being near permanent. The
“T-hole”, a deep water hole at the junction of two creeks had receded to a small pool prior to watering
and was not known to have been so dry previously (Leo Burns pers. comm.).
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Figure 138 Site map showing location of Bengallow Creek
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8.2. HISTORY OF FLOODING
The Bengallow Creek system is connected to the River Murray at three separate locations with
differing commence to flow heights. The main upstream inlet from the dead river (Tapaulin Bend) has
a commence to flow of 170,100 ML/d or 51.40m AHD and is only inundated from this end on large
floods. The inlet opposite Iraak (Victoria) referred to as Mindook Creek has a commence to flow of
37,900 ML/d or 46.86m AHD and is inundated on medium floods. The first section of the downstream
inlet into Bengallow Creek inlet near Mindook station is inundated under regulated flows. Beyond this
reach the creek is inundated at a river height of 43.70m. The creek splits into two separate channels
with the inside creek running at a lower elevations.
In 1990 flows downstream of Euston peaked on the 2nd of October at 115, 397 ML/d. Orthophotography images from May 1991 shows 2/3 of Bengallow Creek inundated in response to this
flood. The upstream end of Bengallow creek beyond the ‘T hole’ was largely dry as water had
inundated from both of the downstream inlets. In October 1991 flows of 60,045ML/d appear to have
inundated some of the downstream sections of Bengallow Creek. While large floods in 1992 (128,810
ML/d) and 1993 (169,884 ML/d) inundated most of the system, including the outside creek upstream
of the ‘T hole’. Two mediums size floods in September 1995 and November 1996 inundated the
Bengallow creek system, a satellite image after the peak shows a considerable amount of water in the
system, including a number of oxbows and Lignum swamps at higher elevations. A small flood in
2000 appears to have inundated only the downstream end of Bengallow Creek. In summary parts of
Bengallow creek were inundated 6 –7 times from 1990-2000 but not since that date. Downstream
sections of Bengallow creek were last inundated in 2000, while some sections particularly the outside
creek as well as most of the associated oxbows and billabongs have been dry since 1996.
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Figure 139 Hydrograph showing flows downstream of Euston from 1990-2006. Source: MDBC
hydrographic database 2006
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8.3. WATERING METHODS
Bengallow Creek is a long (>100km) and complex wetland that fills from the River Murray at a
number of locations downstream of Euston. Each inlet into Bengallow Creek was investigated to
determine the most suitable pumping site; considering issues of access, bank heights and lifts and the
need and size of retention banks. No Digital Terrain Model (DTM) or any detailed topography of the
system was available; as a consequence it was very difficult to determine the best pumping site. The
three sites that were investigated included; an inlet near Boorong Bend opposite the inlet into Karadoc
Swamp (in Victoria), an inlet from Tapaulin Bend and an inlet upstream of Mindook Station (Figure
140). The final decision regarding the pump site was based on personal communication with local
landholders (Leo Burns pers. comm.) and some detailed levels taken at each inlet creek. The
downstream inlet into Bengallow Creek near Mindook Station was ruled out since a very large
retention bank would have been needed. The inlet into Bengallow Creek near Boorong Bend was both
difficult to access and pumping rates would have been low due to the high river banks in the area. The
inlet into Bengallow Creek from Tapaulin Bend was chosen as it was easy to access, it provided a
greater likelihood of inundating a greater area of the Bengallow Creek system, lower banks would
assist in greater pumping rates and this section of the creek had large areas of stressed trees.
Initially the aim was to commence watering the site from late January 2006 however river flows were
so low (3810 ML/d) 14th January 2006 that pumping was postponed till flows increased. By the 5th
April flows at Euston had improved sufficiently to begin site works in order to commence pumping.
A small (1m high) retention bank was constructed at the junction of Bengallow Creek (Wetland 1456)
in order to prevent backwash and to increase the area of inundation along the system. On the 10th April
pumping commenced using two 12 inch diesel pumps which were placed at the base of a low bank at
the natural inlet into Bengallow Creek. Flows downstream of Euston were 5610 ML (MDBC 2006).
At this site, twelve metres of black poly pipe were attached on the suction side and twenty eight
metres on the delivery side for each pump. The ability to locate the pumps at the base of the bank
rather than at the top of the bank allowed pumping rates of 19.5 ML/d for each pump.
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Figure 140 Location of pumps on Bengallow Creek system
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8.4. MONITORING METHODS
8.4.1. Tree Health
The response of River Red Gums (E. camaldulensis) to the environmental watering program was
assessed using a tree crown condition index. An index from Tucker (2004) (Appendix 1; Table 1) was
utilised for the pre-water monitoring and an adapted Tucker (2004) index (Appendix 1; Table 2) was
utilised for the post-water monitoring. The Tucker (2004) index was originally developed to assess the
health of River Red Gum and Black Box (E. largiflorens) trees on the Chowilla floodplain in South
Australia. The technique involves a visual assessment of the percentage of original canopy present, the
amount of dead branches and the amount of epicormic growth. The Tucker (2004) index was modified
for the post water monitoring to reflect epicormic growth as an improvement in tree health and a
positive response to the watering event. Similar modifications to tree health indexes have proven to be
effective in similar river red gum Watering Projects (T. Wallace, 2006).
Six permanent transects were established at Bengallow Creek incorporating areas near the commence
to flow point, the middle reaches of the creek and the terminal end of the creek (Figure 141). A total of
175 trees were included within the transects. Trees within each transect were selected to include:
 Trees from each cohort of age class (in order to sample the natural variability in
age classes within the community). Long term dead trees were excluded from
transects due to the unlikelihood of a response;
 The respective composition of the community ie. Black Box and River red gum;
 Trees variable distances from the water body.
Each tree’s diameter at breast height (DBH) was measured and GPS location recorded. Trees with a
diameter at breast height of less than 10cm were excluded from the transects.
Photos of selected trees and field notes were taken to provide a more descriptive assessment of the tree
condition.
Bengallow pre-water monitoring was conducted on the 11th April 2006 and the 11th May 2006. Due to
the site being pumped late in the season, no post water monitoring was conducted. A total of 175 trees
were established within 6 transects.
Transect 1: Located near the commence to flow site. Many of the trees in this location have died
recently (less than 12 months). Living trees at the site are out numbered by dead trees.
Transect 2: Located approximately 3 kilometres up stream from the pump site. Location dominated by
near dead and severely stressed trees.
Transect 3: Located approximately 14 kilometres up stream from the pump site.
Transect 4: Located approximately 17 kilometres upstream from the pump site. Transect follows a
deep section of the creek.
Transect 5: Located approximately 18 kilometres upstream from the pump site. Section of creek has
remaining residual pool, therefore trees in transect not as stressed as other sections.
Transect 6: Located approximately 20 kilometres up stream from the pump site. Section of the creek
has residual pool, with some evidence of salty groundwater intrusion present. Black oozy sediments
present at the residual pool, which is an indication of a risk of sulfidic sediments.
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Figure 141: Location of tree health transects at Bengallow creek.
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8.5. RESULTS AND DISCUSSION
8.5.1. Watering Program
A total of 2380 ML of Snowy River Recovery water was pumped into the Bengallow creek system
over a period of seventy two days. An area of 106 hectares of River Red Gum lined creeks were
inundated (Figure 141). Twenty five kilometres of Bengallow Creek were inundated this included
steeply incised creeks near the pump site, shallow slow flowing and fast flowing sections, as well as
sections of creek with steep banks and deep (5-8m ) holes. A total of 12 mapped wetlands as well as
3.5 km of unmapped creek lines were flooded. Pumping at the site was terminated on the 20th of June
prior to the anticipated finish date of the 30th June as the depth of water in the Dead River fell to only a
few feet deep. Flows downstream of Euston at the start of the watering program were 5390 ML which
had declined to 2380 ML when the pumps were turned off (MDBC 2006).
The 1m high retention bank constructed at the junction of Bengallow Creek proved to be sufficient
with water backing up to 40cm from the top of the bank with both pumps running. However the
natural fall in the creek away from the river for the first 3-4km prevented water from backing up any
further and the water at the pump sites receded rapid as soon as the pumps were turned off, (Figure
142). The depth of inundation within the creek varied considerably from only 50cm in shallow fast
flowing sections of the creek (Figure 144), to 4-5m deep in some of the deep holes (Figure 146). The
sections of creek which were fast flowing tended to be either dominated by Black Box (Eucalyptus
largiflorens) or by severely stressed River Red Gums (Eucalyptus camaldulensis) (Figure 143). The
first 10km of creek was predominantly shallow faster flowing with large numbers of stressed trees this
part of the creek was inundated on average to one metre apart from areas where large accumulations of
debris caused the water to backup and increase the depth of flooding,(Figure 145 ). The creek channel
changed significantly from the “T hole” becoming deeply incised with numerous deep holes, a few of
which still contained water and large areas of regeneration (Figure 146, & Figure 147). Flow rates
(rate of inundation) in the creek slowed considerably from the T hole as the creek consisted of a series
of deep holes and large sand deposits with each deep hole filling progressively.
The primary objective of the environmental watering program was to inundate as much of this system
as possible prior to the end of the funding period. Approximately twenty five percent of the Bengallow
creek system was watered although this did not include any of the numerous Lignum swamps and
billabongs along the system. A much greater depth of water in the creek would be required to force
water into these wetlands, this may be possible if there is a rise in elevation along the creek or it may
require the construction of levee banks. The original planned start date for pumping at Bengallow was
in early February however flows downstream of Euston were low and demand for irrigation was high
at the time. A significantly greater area of the creek system would have been able to have been
watered with the extra 3 months of pumping time. Clearly the environmental watering program at this
site is a long way from being finished. Apart from the approximately 75 km of creek that remains dry,
there are numerous billabongs along the system with severely stressed River Red Gums that clearly
require flooding in the near future to prevent large areas of dieback.
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Figure 142 Bengallow Creek junction with the Murray River (pump site) at Tapaulin Bend prewatering and at peak inundation

Figure 143 Section of Bengallow creek close to the Tapaulin junction showing shallow section
post inundation dominated by black box and other section pre-watering dominated by stressed
River Red Gum

Figure 144 Bengallow creek showing a shallow section of the creek pre and post watering
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Figure 145 Large accumulations of litter and logs typical in the first 10km of Bengallow Creek
which slowed the inundation and in some instances helped increase the depth of flooding

Figure 146 A deep hole beyond the "T hole" pre-watering, and a section of this creek post
inundation showing the dense regeneration within the bed of the creek.

Figure 147 Showing sections of Bengallow creek dominated by dense regeneration pre-watering
and during the environmental watering program
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% of trees

8.5.2. Tree Health
Pre-water condition
Pre-watering assessments of the tree health transects indicate that more than half of the trees sampled
were rated as being in a stressed condition. Thirty nine percent (69 trees) were in a stressed condition
(category 3), 31% (54 trees) were in a severely stressed condition, 7% (13 trees) were near dead, 22%
(38 trees) were in moderate condition and 1% (1 tree) was in excellent health (Figure 148).

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%
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Moderate
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Severely stressed
Near dead
Dead

Pre-water
Tree Health Score

Figure 148: Percentage of trees sampled in each tree health category at pre-water.
Age Class Cohorts (Diameter at Breast Height)
A representative spread of the age classes present at the site were sampled, with trees ranging from
20cm to 227cm in DBH (Figure 149). Fifty seven percent (99 trees) of the trees sampled had a DBH of
greater than 101cm. This indicates that the tree population at Bengallow Creek is an older community.
The majority of regeneration has become established on the bed of the creek.
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Figure 149: Percentage of trees in each DBH category. n= number of trees in category.
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Figure 150: Transect 1, tree 10 (LHS) and trees within transect 2. Note thinning canopies and
large number of dead branches

Discussion
The tree population at Bengallow Creek is in poor condition with 74% of the trees sampled in a
stressed or worse condition; this provided justification for the watering of the creek. It is felt that the
trees within the established transects would respond to the watering, as witnessed at other creek
systems in the Lower Murray Darling region, such as Six Mile Creek and Moorna State Forest. On
going monitoring of the progress of the watering extent has indicated that the high density of
regeneration on the bed of the creek in certain sections has not impeded the flow of the water. It was
felt that the creek system would retain water for a long period, which will hopefully drown out some
of the regeneration, allowing the channel to become a more open water body.
The presence of a possible groundwater intrusion and black oozy sediments near transect #6 indicates
there is a risk of sulfidic sediments. Close monitoring of water quality and vegetation health
surrounding this area is highly recommended.
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8.5.3. Conclusions and Future Recommendations
Watering at Bengallow Creek should be a high priority for any watering in NSW in the 2006-2007
financial year. The area is a significant ecological asset, supports vast number of wetlands stressed
from lack of flooding with good chances of recovery from a strategic watering program
The presence of a possible groundwater intrusion and black oozy sediments near transect #6 indicates
there is a risk of sulfidic sediments. Close monitoring of water quality and vegetation health,
surrounding this area, is highly recommended.
The watering at Bengallow Creek was only partly completed prior to the end of project deadline. A
spring watering is strongly recommended, another 2-3000 ML is likely to be required to inundate
Bengallow Creek from downstream to upstream river connections. There are also a series of
billabongs opposite Iraak surrounded by large numbers of stressed River Red Gums that could be
watered through the Mindook creek inlet.
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9. Conclusions
A significant positive improvement in tree health was observed as a result of the watering program
with many trees showing recovery from varying levels of stress. The exception to this trend was at
Mallee Cliffs Site 1, where high soil salinities and shallow ground water table resulted in mobilisation
of salt causing a further decline in health of the already stressed trees and minimal positive recovery
from the watering.
The relationship between distance to water and tree response was variable and site dependent. At some
sites such as Six Mile Creek, there was a clear relationship between distance to water and positive
response. Across all sites, trees <5m from the waterbody were the most likely to responded positively.
Variability in response is thought to be due to connections of subsurface wetting through the soil zone.
Therefore predicting extent of response (how far from the waterbody trees are likely to respond) is
largely unknown without knowing the soil zone connections, which is typically only apparent post
watering.
The watering provided much needed foraging and drought refuge for a large number of waterbird.
The response by frogs to the watering was significant with a large number and diversity of frog
breeding at each of the watering sites. A rare breeding opportunity was provided for many of the frogs
species, of particular significance was the breeding of the Threatened Southern Bell Frog. The project
highlighted the widespread stress of vegetation on the floodplain and how little we have been able to
water. The project also highlighted the need to increase our understanding of groundwater and surface
water interaction in response to watering. Mallee Cliffs Site 1, clearly indicates that without a means
of salt export, some sites with high soil salt contents and shallow saline aquifers present major
challenges to the long-term recovery of stressed floodplain communities.
River Red Gum watering is seen as a short term solution that may sustain a population of trees for a
period of time post watering. The principle aim of watering is to sustain or ‘rescue’ a population of
trees at key sites by carrying them through a spring –summer where no natural flooding is predicted.
This study showed that River Red Gum health in the Lower Murray Darling was quite variable at
some sites with tree health scored as fair to good, while at other sites severe stress and dieback was
apparent. Previous surveys in the lower Murray have shown widespread and severe die back, with
poor tree health a characteristic of many wetlands. For example in the Chowilla system, at most sites
the majority of trees were in the stressed, cracked bark or dead classes (Aldridge et al. 2006). Despite
the high percentage of trees in the stressed classes, evidence of recovery after watering was recorded
in 50% of River Red Gum individuals (Aldridge et al. 2006). Trees in a wide range of stress classes
responded to watering. Positive responses to the watering were greater and more predictable at sites
where the majority of the population were in good to fair condition pre-watering (Gehrig 2005). Trial
waterings in the Chowilla system have demonstrated that early intervention improves the likelihood of
achieving an improvement in tree health.
Sites that have been watered more than once have shown a greater response to the watering and more
sustained recovery of canopy and health (Wallace pers. comm.; Kelly 2006). Artificial watering is
largely restricted to wetlands systems such as floodrunners and deflation basins and as a consequence
only the trees that fringe these wetlands benefited. Those trees that are able to access greater quantities
of water for a longer period, are likely to show a more sustained response. While other trees that
obtain limited access to water and for a shorter period, initially respond positively to the watering
although later as the wetland dries out and dry weather continues, they decline in health to a class
worse than pre-watering. The characteristic of “slumping” in condition was evident at some sites more
but not at others. The variable response within and across sites observed in this study and others
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(Aldridge et al 2006, Gehrig 2005) indicates that artificial watering benefits some individual trees
more than others.
Currently there is insufficient data to definitely show that watering improves the long term survival of
trees. However intervention certainly improves the likelihood that trees will survive the next dry
season. Likewise, repeat watering improves the health of a greater percentage of trees, and the
likelihood that more trees will survive the ongoing drought.
This study has shown that the benefits of artificially watering a wetland go beyond the health of the
stands of River Red Gum. Too often the benefits to the broader wetland ecological health are
overlooked and the success of the watering is simply gauged on the percentage of River Red Gums
that respond. However watering during the current prolonged drought should also be valued for its
ability to restore and maintain the ecological functions within wetland environments, such as the
recycling of nutrients, providing opportunities for recruitment and replenishment of seed banks and
providing a drought refuge for fish, waterbirds, and frog populations in this region.
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10. Recommendations
The principal methodology for assessing tree health across the basin uses a tree health index after
Tucker (2004), an adaptation to that index (T. Wallace pers. comm.) or a similar system where trees
are scored on a 0-5 scale. This study has shown that using this technique can be problematic,
particularly if there is more than one person recording. In many instances field notes about a trees
canopy density and colour were more useful guide than comparing a sequence of scores of a particular
tree. The technique is more scoring the health of a tree population pre and post watering assessment
however is too subjective to gauge the gradual change in tree health at 6 weekly intervals. The
technique was never designed to be used for monitoring but rather for one off assessments (I. Jolly
pers. comm.). A more robust, less subjective technique needs to be developed that can be used across
the basin where long term monitoring is required.
Many of the wetlands watered during this project will require a continuation of monitoring and
management in order to build on the tree recovery initiated.
•

Many of the wetlands on Moorna State Forest could be re-watered this coming spring with
limited cost using the existing set of siphons with potentially significant ecological benefits.

•

A comprehensive review of the structures along Carrs Creek should be undertaken. The
construction of a series of regulators would seem to allow some water recovery and better
management of a network of associated wetlands.

•

Lucerne Day Station would benefit from re-watering a second time.

•

The watering at Bengallow Creek (Mallee Cliffs State Forest) which was only partly
completed last financial year and should have been a priority area for environmental watering
in the Lower Murray Darling. This wetland system is a significant ecological asset that
clearly deserves icon status having vast areas of floodplain, networks of creeks and billabongs
that will require artificial watering to maintain the significant ecological values without a
natural flood.
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Appendix 1

Tree Health Indexes

Table 36: Pre-water tree health index, Tucker (2004)
Tree Health Rating

Tree Health Rating Description
Tree with >75% of original canopy present,
5
Less than 5% epicormic growth,
May include some dead branchlets and leaves
Tree with 50-75% of original canopy present,
4
Epicormic growth less than 10% of remaining canopy,
Some dead branchlets (<50% of canopy)
Tree with 25-49% of original canopy present,
3
Some epicormic growth (<50% of remaining),
Some small dead branches (<50% canopy)
Tree with <25% of original canopy present,
2
Predominately epicormic growth (>50% of remaining canopy)
Some main branches dead (<50% canopy)
Unhealthy tree with no original canopy,
1
All epicormic growth,
Most main branches dead (>50% canopy)
0
Dead tree
Note: This table is adapted from Grimes (1987) and Lay and Meissner (1995) for the South Australian River Murray
Floodplain Vegetation Survey (Oct-Nov 2002).

Table 37: Post water tree health index, adapted Tucker (2004)
Tree Health Rating
5
Excellent health

4
Moderate health

3
Stressed
2
Severely stressed

Tree Health Rating Description
Tree with >75% of original canopy present,
Original canopy showing increased vigour and new growth, maybe budding or
flowering
No main branches dead, May include some dead branchlets and leaves
Tree with 50-75% of original canopy present,
Original canopy showing increased vigour and new growth within the crown and
epicormic growth,
Some dead branchlets (<50% of canopy)
Tree with 25-49% of original canopy present,
Original canopy showing increased vigour, new epicormic growth
Some small dead branches (<50% canopy)
Tree with <25% of original canopy present,
Some new epicormic growth
Some main branches dead (<50% canopy)
Unhealthy tree with no original canopy,
Minimal new epicormic growth
Most main branches dead (>50% canopy)
Dead tree

1
Near dead
0
Dead
Note: This table is adapted from Tucker (2004) Index (see Table1).
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Appendix 2

Understorey Species lists

Mallee Cliffs site 1
Common Name
Smooth heliotrope

Scientific Name
# *Heliotropium curassavicum

Prickly lettuce

# *Lactuca serriola

Noogoora Burr

# *Xanthium occidentale

Immature joyweed

# Alternanthera sp.

Lesser joyweed

#Alternanthera denticulata

Spreading sneezeweed

#Centipeda minima

Nitre goosefoot

#Chenopodium nitrariaceum

Small crumbweed

#Chenopodium pumilio

Spiny sedge

#Cyperus gymnocaulos

Spreading nut-heads

#Epaltes australis

Hairy Carpet-Weed

#Glinus lotoides

Lignum

#Muehlenbeckia florulenta

Warrego Summer Grass

#Paspalidium jubiflorum

Wild Turnip

* Brassica tournefortii

Capeweed

*Arctotheca calendula

Asparagus

*Asparagus officinalis

Onion weed

*Asphodelus fistulosus

Wild Oat

*Avena ludoviciana

Red Brome

*Bromus rubens

Wards Weed

*Carrichtera annua

Paddy melon

*Cucumis myriocarpus

Stinkwort

*Dittrichia graveolens

Common Heliotrope

*Heliotropium europaeum

Barley Grass

*Hordeum leporinum

Ryegrass

*Lolium perenne

Horehound

*Marrubium vulgare

Ice Plant

*Mesembryanthemum crystallinum

Scotch Thistle

*Onopordum acanthium

Milk thistle

*Sonchus oleraceus

Sonchus spp.

*Sonchus spp.

Fescue

*Vulpia

Bathurst Burr

*Xanthium spinosum

River Cooba

Acacia stenophylla

Eastern flat top saltbush

Atriplex lindleyi

Creeping saltbush

Atriplex semibaccata

Bitter saltbush

Atriplex stipitata

Lagoon Saltbush

Atriplex suberecta

Spear grass

Austrostipa spp.

Cannon-ball

Dissocarpus paradoxa

Ruby Saltbush

Enchylaena tomentosa

River Red Gum

Eucalyptus camaldulensis

Yanga Bush

Maireana brevifolia

Fissure weed

Maireana spp.

Creeping monkey-flower

Mimulus repens

Wire Weed

Polygonum aviculare

Jersey Cudweed

Pseudognaphalium luteo-album

Thorny saltbush

Rhagodia spinescens

Mustard

Rorippa palustris

Buckbush

Salsola kali

Sclerolaena Spp.

Sclerolaena Spp.
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Streaked Poverty bush

Sclerolaena tricuspis

River (rats tail) Couch
# Wetland species
* Introduced species

Sporobolus mitchelli

SIX MILE CREEK
Common Name

Scientific Name

Lesser joyweed

# Alternanthera denticulata

Swamp Chinese lantern

#*Abutilon theophrasti

Poa spp

* Poa spp.

Red Brome

*Bromus rubens

Saffron thistle

*Carthamus lanatus

Stinkwort

*Dittrichia graveolens

Barley grass

*Hordeum leporinum

Horehound

*Marrubium vulgare

Medic

*Medicago spp.

Ice plant

*Mesembryanthemum crystallinum

Vulpia spp.

*Vulpia spp.

Spreading saltbush

Atriplex limbata

Eastern flat-top saltbush

Atriplex lindleyi

Mealy saltbush

Atriplex pseudocampanulata

Creeping saltbush

Atriplex semibaccata

Small crumbweed

Chenopodium pumilio

Ruby saltbush

Enchylaena tomentosa

Woolly fruit copperburr

Maireana sclerolaenoides

Blue rod

Stemodia floribunda

Thorny saltbush

Rhagodia spinescens

Short winged copperburr

Sclerolaena brachyptera

Streaked poverty bush

Sclerolaena tricuspis

Solanum spp.

Solanaceae spp.

Rats tail couch
# Wetland species
* Introduced species

Sporobolus mitchellii
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Lucerne Day
Common Name
Common joyweed

Scientific Name
# Alternanthera nodiflora

Jerry-jerry

# Ammannia multiflora

Sneeze weed

# Centipeda spp.

Nitre Goosefoot

# Chenopodium nitrariaceum

Small crumb weed

# Chenopodium pumilio

Crumb weed

# Chenopodium spp.

Waterwort

# Elatine gratioloides

Spreading nut heads

# Epaltes australis

Hairy carpet weed

# Glinus lotoides

Lignum

# Muehlenbeckia florulenta

Small knotweed

# Polygonum plebeium

Mudgrass

# Pseudoraphis spinescens

River (rats tail) Couch

# Sporobolus mitchelli

Smooth Heliotrope

* # Heliotropium curassavicum

Spreading Heliotrope

* # Heliotropium supinum

Paddy melon

* Cucumis myriocarpus

Stinkwort

* Dittrichia graveolens

Barley Grass

* Hordeum leporinum

Ice Plant

* Mesembryanthemum crystallinum

Small Iceplant

* Mesembryanthemum nodiflorum

Pimpernel

*Anagallis arvensis

Saffron thistle

*Carthamus lanatus

Common Heliotrope

*Heliotropium europaeum

Golden Top

*Lamarckia aurea

Peppercress

*Lepidium hyssopifolium

Burr medic

*Medicago polymorpha

Scotch Thistle

*Onopordum acanthium

Arabian Grass

*Schismus barbatus

Sonchus spp.

*Sonchus spp.

Small Sandspurrey

*Spergularia diandra

Slender fruited saltbush

Atriplex leptocarpa

Spreading Saltbush

Atriplex limbata

Eastern flat top saltbush

Atriplex lindleyi

Old man saltbush

Atriplex nummularia

Mealy saltbush

Atriplex pseudocampanulata

Creeping saltbush

Atriplex semibaccata

Bitter saltbush

Atriplex stipata

Lagoon Saltbush

Atriplex suberecta

Chenopod sp.

Chenopod sp.

Cotula spp.

Cotula spp.

Pigface

Disphyma crassifolium

Climbing saltbush

Einadia nutans

Ruby Saltbush

Enchylaena tomentosa

Panicum spp.

Panicum spp.

Spurge

Phyllanthus spp.

Thorny saltbush

Rhagodia spinescens

Mustard

Rorippa palustris

Dock

Rumex spp.

Star Copperburr

Sclerolaena stelligera

Streaked Poverty bush

Sclerolaena tricuspis

Short Winged Copperburr

Sclerolaena brachyptera

Cotton Fireweed

Senecio quadridentatus
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Darling Pea

Swainsona greyana

Fuzzweed

Vittadinia spp.

River Bluebell
Wahlenbergia fluminalis
# Wetland species * Introduced species
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