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Executive Summary
Sinclair Knight Merz were engaged by NSW Department of Natural Resources (DNR) to carry out
a project to assess the outcomes of implementing proposed management changes to the Tuppal and
Bullatale Creek systems. These changes are aimed at decreasing the frequency of unseasonal
flooding in the Barmah-Millewa Forest caused by rainfall rejection flows by upstream users. A
hydraulic assessment of Tuppal and Bullatale Creeks to define commence-to-flow thresholds and
channel capacities of the offtakes has already been undertaken and a number of management
options which could divert an increased volume of water through the creeks have been provided
(SKM 2006a).
Barmah Forest in Victoria and the Millewa group of forests in New South Wales, is the largest
naturally occurring River Red Gum (Eucalyptus camaldulensis) forest in Australia (MDBC 2005).
It covers approximately 66, 000 ha of floodplain between the townships of Tocumwal, Deniliquin
and Echuca and contains a diverse range of wetland environments.
The hydrology of the forests involves an intricate arrangement of inflow sources and drainage
routes, the regularity, extent, duration and season of flooding of which is governed by flow in the
River Murray. In excess of 50 water management structures are currently present throughout the
Barmah-Millewa Forest (MDBC 2005).
The Tuppal Creek and Bullatale Creek systems have been identified as a possible means of
diverting rainfall rejection flows around the Barmah-Millewa Forest. The creeks are effluent
streams of the Murray River, and carry flow from the Murray River just downstream of Tocumwal,
to the Edward River near Deniliquin. The creek systems are approximately 100 km long and were
naturally one large system that would have been connected through a series of overland flow paths
during large flood events. Due to extensive management works in the past, the creeks are now two
distinct systems.
The Tuppal Creek system receives water from the Murray River near Tocumwal, although the offtake is presently blocked by a levee bank. The creek flows in a north-westerly direction away from
the Murray, and is intercepted by several irrigation drains. Native Dog Creek is a tributary of
Tuppal Creek that receives water from the Murray River. Tuppal Creek is considered to be in a
degraded ecological condition and the local community is concerned about the health of Tuppal
Creek (Vincent Kelly, NSW DNR pers. comm.).
The Bullatale Creek system consists of the main stem and a number of tributaries, which drain in a
north-westerly direction away from the Murray before turning north and entering the Edward River
just upstream of Tuppal Creek. Forest streams that offtake from the Murray River supply the
Bullatale Creek system; these streams include Deep Creek, Aratula Creek, Lower Toupna Creek
and Aluminy Creek. Interaction between the Tuppal Creek system and the Bullatale Creek system
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only occurs during periods of high flow when floodplain channels may become active. Although
Richardson, et al. 2005 considered Bullatale Creek was healthy and had maintained its connections
with the Murray River the recent field assessment found that the condition of the creek varies along
its length and a number of sections have unrestricted stock access and degraded riparian vegetation.
These two systems have different management issues and consequently the proposed management
objectives for the creeks vary. However, the aims of implementing the proposed management
changes will contribute to meeting the proposed objectives for both Tuppal Creek and Bullatale
Creek as well as the management objectives for the Barmah-Millewa Forest. The proposed
management objectives for Tuppal and Bullatale Creeks are still in the development stage and are
yet to be discussed with the local community.
The recent field investigations have identified a number of flow related management issues in
Tuppal and Bullatale Creeks. The main issues for Tuppal Creek are degraded water quality,
problematic instream River Red Gum regeneration, spreading Cumbungi (Typha spp.) and a
number of sites with the potential for acid sulphate soils. Key management issues for Bullatale
Creek are degraded riparian vegetation and unrestricted stock access to the creek. Water quality in
Bullatale Creek is generally considered good. These issues are the consequence of the current
management of these three systems (i.e. Tuppal Creek has extended periods of low flow and the
predominant water source is irrigation drainage). Increasing the flow in Tuppal Creek would
improve the ecology of this system, but the impact of the timing and duration of such flows on the
Edward and Murray Rivers should be considered and monitored.
Both the Tuppal and Bullatale Creeks have undergone widespread clearance since European
settlement, which in turn, has triggered a range of degradation processes including altered
hydrology, weed invasion and salinity. Prior to settlement, the remnant vegetation of the Tuppal
and Bullatale Creeks and surrounding environments was a mixture of forests, woodlands,
grasslands and seasonal wetlands. Large areas of land have since been cleared and converted to
irrigated and dryland agriculture. As a consequence, only fragmented, discontinuous and degraded
examples of riparian vegetation and grassy woodland remain. The condition of remnant vegetation
generally reflects the surrounding landuse and the extent of protection from disturbance.
A number of hydrology management options that could divert rainfall rejection flows through the
Tuppal and Bullatale Creek systems were investigated, modelled and discussed in SKM (2006a).
The first option modelled was the Preliminary Option, which consisted of designing works for the
Tuppal Creek and Bullatale Creek systems that could divert all flow in the Murray River between
10,600 ML/d and 15,600 ML/d at Tocumwal. The aim of this model was to better understand the
physical constraints of the creek systems and likely costs of works involved in undertaking channel
modifications.
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Options 1 to 4 of the hydrology management scenarios provided by SKM (2006a) are unlikely to
improve or degrade the ecological condition of Bullatale Creek, as this creek is currently flowing
for much of the time and is currently in good condition. Whereas the benefit of increased flows in
Tuppal Creek is that they are likely to improve water quality and habitat condition as well as
biodiversity the implementation of Option 5 may be of greatest benefit to Tuppal Creek, if it is also
used to provide environmental flows down Native Dog Creek. This is because of the prolonged
period that flows may be diverted into Native Dog Creek under the existing flow conditions in the
Murray River. Further studies would be required to quantify the benefit to Tuppal Creek under this
option. Flow diversions into Tuppal Creek under Option 6 would occur on average less than 25%
of the time. The connection between Tuppal Creek and the Murray River under Option 6 would
only be activated for relatively short periods when flow in the Murray River is greater than 18,100
ML/d. Although the impact would be infrequent, flows of this magnitude would be sufficient to
freshen water quality and provide watering of bank vegetation in the upper reaches of Tuppal
Creek. Once flow falls below the trigger level at Tocumwal, diversions would cease.
The flow scenario options and the recent field investigations showed that any improvement in the
ecological condition of Tuppal and Bullatale Creeks will only occur in channel and to some extent
along the mid to upper banks. Diverting rainfall rejection flows from Barmah-Millewa via Tuppal
Creek would occur in summer, a time when naturally stream flows are at their lowest or in the case
of an ephemeral stream such as Tuppal Creek, a period of cease-to-flow. Consequently, any
diverted flows to Tuppal Creek in the summer would also be unseasonal but may act in a similar
way to a summer fresh. Given the high environmental values of the Barmah-Millewa forest and the
degraded nature of Tuppal Creek, any flow down Tuppal Creek at that time of the year could be
beneficial to water quality by flushing out pools and at the same time maintain the values of the
Barmah-Millewa forest.
This report provides a summary of the ecological conditions of Tuppal and Bullatale Creek as
assessed during the field component of this project. The implications of the flow modelled
scenarios (Options 1-6) on the current condition are discussed and a number of general
recommendations have been provided for in channel flows to manage instream River Red Gum,
Cumbungi, water quality and sulfidic sediments that will also assist in meeting the management
objectives for the creeks and the Barmah-Millewa forest. An assessment of the monitoring
program carried out is also provided.
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1.

Introduction

Sinclair Knight Merz were engaged by NSW Department of Natural Resources (DNR) to carry out
a project to assess the outcomes of implementing proposed management changes to the Tuppal and
Bullatale Creek systems. These changes are aimed at decreasing the frequency of unseasonal
flooding in the Barmah-Millewa Forest caused by rainfall rejection flows. A hydraulic assessment
of Tuppal and Bullatale Creeks to define commence-to-flow thresholds and channel capacities of
the off-takes has already been undertaken and a number of management options which could divert
an increased volume of water through the creeks have been provided (SKM 2006a).
Field investigations were carried out as part of the project in order to ascertain the current condition
of the ecology of the creeks. Background information and the methods and results were provided
in two separate reports (SKM 2006b; 2006c) and are summarised in this report.
The information provided in this report aims to establish an understanding of the current ecological
condition of the creek systems and the potential impact of increased flows in Bullatale and Tuppal
Creeks on that condition. Recommendations for suitable flow regimes and local management
actions aimed at improving the health of the systems are provided. The potential ecological
benefits of decreasing the occurrence of unseasonal flooding on the Barmah-Millewa Forest are
also discussed.
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2.

Summary of current condition

The following information of the current condition of Tuppal and Bullatale Creeks is based on
recent field investigations carried out for this project (SKM, 2006c). Investigations included short
term monitoring of water quality at a number of sites on Tuppal and Bullatale Creeks (Figure 2.1)
and the Edward River, a condition assessment of the native riparian vegetation condition, mapping
of the extent of Cumbungi (Appendix A) and an assessment of presence of potential sulfidic
sediments in Tuppal Creek. In addition, the current and natural hydrological conditions were
assessed by analysis of stream flow data at eight sites within the study area. Background
information and condition of ecological parameters such as fish, macroinvertebrates and birds
based on past studies are provided in SKM (2000b). The methods and results are provided in more
detail in a separate report to NSW DNR (SKM 2006c).
Water quality
Tuppal Creek was once an ephemeral creek. The creek generally maintains low flows as a result of
periodic releases from Lalalty Drain as well as flows from the Pinelea Drain. With recent changes
to management of the drainage systems, significant dry periods can occur in the lower reaches of
the Tuppal Creek, while the upper sections remain predominantly wet.
Inputs of flow to Tuppal Creek also occur directly from the Murray River but only at moderate to
high river flows due to the levee bank blocking the main Tuppal Creek offtake and the relatively
high commence-to-flow threshold of the Native Dog Creek offtakes. This infrequency of flushing
flows has lead to the poor water quality within Tuppal Creek and subsequently low ecological
values. Water quality is also influenced by the predominant input of irrigation drainage water to
the system.
Of particular concern are the high salinity levels in Tuppal Creek which were up to three times
greater than the average for the Murray River at Morgan in South Australia during 2004-2005
(MDBC, 2005). These levels of salinity can significantly alter the ecology of the creek as
zooplankton, plant abundance and microbial diversity have been shown to significantly decrease
with increasing salinity and salinity concentrations also influence the growth of instream and
riparian vegetation (Nielsen et al. 2003a, b; Brock et al. 2005). Decreases in microbial diversity
also lead to changes to the cycling of carbon (Baldwin et al. 2006). River systems can sustain
intermittent periods of low flow and the associated water quality changes and this is a relatively
normal state for many Australian waterways however, sustained disturbances of this type and
magnitude (i.e. extended periods of low flow and high salinity) are potentially detrimental to the
ecology of the system.
In contrast to Tuppal Creek, the mid to lower reaches of Bullatale Creek contain relatively good
water quality and support a functioning ecosystem (Richardson et al, 2005). The aquatic values of
SINCLAIR KNIGHT MERZ
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Figure 2.1 Map of site locations for field monitoring at Bullatale and Tuppal Creeks and the Edward River.
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Bullatale Creek are maintained by the regular diversion of flows from the Murray River via Lower
Toupna Creek and Aratula Creek. Upstream of these inflow points however, flow is infrequent and
is limited to periods of high flows in the Murray River.
Water quality in the Edward River was influenced by water quality in the Murray River at the time
of the field assessment and did not appear to be effected by the water quality in Bullatale and
Tuppal Creeks. However, high flows in Native Dog Creek and the Lalalty Drain could potentially
mobilise nutrient and salinity laden sediments which could ultimately end up in the Edward River.
Sulfidic sediments
The sediment cores and samples collected at Tuppal Creek indicate the presence of potentially
acid-producing sulfidic sediments at a number of locations along the length of Tuppal Creek. The
potential for a harmful acid-producing event is greatest when sediments are (i) inundated for long
periods; (ii) have sulfate-reducing bacteria present; and (iii) have ideal environmental conditions
for the activity of these bacteria, in particular high concentrations of sulfate and carbon and low
concentrations of oxygen. It is possible that the spatial distribution of potentially harmful acidproducing sediments indicated by the field data (SKM, 2006c) may be a reflection of the variability
in the conditions along the creek, however there is insufficient data to confirm this is the case.
Further analyses such as determining the sulfur concentration of the sediments may be required to
increase prediction of the potential for acid-producing sulfidic sediments in Tuppal Creek.
Vegetation
Since European settlement, both Tuppal and Bullatale Creeks have undergone widespread
clearance of riparian vegetation and the adjacent land is now used for irrigated and dryland
agriculture. Clearing has triggered a range of degradation processes including altered hydrology,
weed invasion and salinity. Prior to settlement, the remnant vegetation of the Tuppal and Bullatale
Creeks and surrounding environments was a mixture of forests, woodlands, grasslands and seasonal
wetlands. Now only fragmented, discontinuous and degraded examples of riparian vegetation and
grassy woodland remain.
The condition of the remnant vegetation generally reflects the surrounding landuse and the extent
this vegetation has been protected from disturbance. Unrestricted livestock within these fragile
riparian environments has resulted in poor recruitment of native vegetation. Therefore, the
ecological integrity and environmental condition of the vegetation associated with both Tuppal and
Bullatale Creek varies along their length.
Although some areas of the river remain vegetated, in most areas this vegetation is confined to thin
linear strips in an otherwise cleared landscape. Generally, where the riparian zone does support a
native canopy cover, the understorey and groundcover are typically highly modified and degraded
as a result of prolonged grazing pressures and weed invasion. The riparian vegetation assemblages
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generally consist of a discontinuous coverage of native vegetation, often lacking in understorey
shrubs, with a mixture of exotic and scattered native grass species.
Cumbungi was mapped over a 20 km section of upper Tuppal Creek and found to be extensive,
vigorous, and at a fairly uniform stage of development (Appendix A). Cumbungi is slightly less
vigorous in the upper most sections of the river, that is, it tends to be less dense and shorter,
especially west of Tocumwal Bridge, but is still vigorous. The presence of young plants shows that
the species is expanding into new areas by seeds, and the presence of juvenile culms fringing the
established stands shows it is also expanding by rhizomatous expansion.
Comparison with data collected in 1998 and observations made when riparian transects were reread in 2001 show that the extent of Cumbungi has changed through time, and although there was
less in 2001 than in 1998, it is now expanded considerably relative to 1998. In ecological terms,
the presence of Cumbungi in Tuppal Creek indicates a poor or degraded condition. The extent
shows that this type of condition persists over a considerable part of Tuppal Creek (15-20 km) and
the vigour implies that these conditions have prevailed for a few years. Whatever the flow history
has been down the Tuppal Creek system and whatever the water source, whether from rainfall or
drainage outfalls, clearly the last five years have provided conditions suitable for Cumbungi to
thrive. From what is known of the plant’s growth, such conditions are likely to have been
persistent soil moisture especially through the warmer months. If such conditions continue, it
seems very likely that the patches will continue to expand and coalesce.
The general lack of Cumbungi in Bullatale Creek, as determined by the in-channel vegetation
descriptions and photopoints, must be considered a positive characteristic. Even though this lack of
Cumbungi was established by a much less intensive sampling than along the Tuppal Creek, it is
considered a reasonable assessment. Isolated clumps may be present but appear not to be
expanding.
The reason for this species not establishing and not expanding in the Bullatale system possibly
relates to specific combinations of the flow regime (depth, fluctuations etc.) at a particular time of
the year relative to particular stages in the plant life-cycle (notably dispersal and seedling
establishment). Given the very wide occurrence of stands of Cumbungi throughout the irrigation
area, Cumbungi must be considered a potential threat to Bullatale Creek.
Hydrology
The hydrological regime of the upper reaches of Tuppal Creek has changed significantly from
historic to current conditions. Under historic conditions, the flow regime was characterised by a
series of relatively infrequent and relatively large floods which would have entered through the
main offtake. For the majority of time, there was no significant flow of water along the upper
reaches of Tuppal Creek, although the creek would have held a significant volume of water in
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various pools located along the length of the creek. By contrast, under current conditions the flow
regime consists of a fairly regular occurrence of very small flow events. The upper reaches of
Tuppal Creek are therefore wetter under current conditions but the range of flow event magnitudes
has decreased significantly.
The hydrology of the lower reaches of the Tuppal Creek system is quite different to that in the
upper reaches, and displays a fairly low degree of change in the hydrologic regime from historic to
current conditions. Under current conditions, this section of the creek receives Murray River
inflows through the Native Dog Creek offtakes only – under historic conditions it received inflows
from both the Native Dog Creek and Tuppal Creek offtakes.
Under both historic and current conditions, the lower reaches of Tuppal Creek display a variable
flow regime featuring both small, frequent flow events and large, relatively uncommon floods. It is
likely that the flow regime of this section of the system is fairly close to what would have occurred
naturally.
The upper reaches of Bullatale Creek display a different flow regime progressively downstream.
Close to the Murray River, the system is characterised by a number of relatively short flow events.
Closer to the Lower Toupna Creek confluence, the creek begins to establish a more varied flow
regime, with large floods from the upstream offtakes combining with fairly constant low flow
events from Lower Toupna Creek and Site 6/Aratula Road.
It is likely that there have only been minor changes in the flow regime from historic to current
conditions. The main difference is probably that the magnitude of flow events between the Murray
River and the Deep Creek confluence has decreased somewhat.
The lower reaches of Bullatale Creek are characterised by a well balanced flow regime under
current conditions. The record contains a mixture of fairly frequent, low magnitude and duration
events coupled with less frequent flood events. It is likely that this regime has changed little from
historic (or natural) conditions.
The lower reaches of both creeks show a current flow regime that is probably quite similar to the
flow regimes they would have experienced under natural conditions. The lower reaches of Bullatale
Creek have frequent flows, whereas the lower reaches of Tuppal Creek flow less frequently and the
flows are of shorter duration.
Several areas of the system where the hydrological regime shows some stress were identified. In
particular, the upper reaches of Tuppal Creek do not receive the very large flood events that
occurred there under both natural and historic conditions. Although the creek maintains flow for a
considerable period of time, the magnitude of the flow is small and likely to be sluggish and
contained completely within the channel.
The closure of the Woperana Channel is likely to have decreased the magnitude of flow events in
the upper reaches of the Bullatale Creek, but not their frequency or duration due to other effective
SINCLAIR KNIGHT MERZ
I:\WCMS\Projects\WC03522\Deliverables\FINAL REPORT\Final_Report Tuppal and Bullatale Creek.doc

PAGE 9

offtakes. This has probably returned the hydrological regime of this section of the system closer to
natural conditions, as the Woperana Channel is a man-made offtake.
At Lower Toupna Creek, the flow regime is consistent from historic to current conditions. It
consists of very long flow events at or near channel capacity during the irrigation season.
Modifications to Lower Toupna Creek are likely to have completely altered the flow regime from
natural conditions. Under natural conditions the offtake was less pronounced, and was connected
to the main channel of Toupna Creek. This connection would have allowed much more flow to
enter the flood runners off Toupna Creek within the Millewa Forest.
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3.

Proposed management objectives for Tuppal
and Bullatale Creeks

One of the objectives of this project was to consider how changes in the management of the flow
regimes of Tuppal and Bullatale Creeks will improve the long term sustainability of these systems.
In order to provide direction for management, a number of proposed management objectives have
been developed and provided below. The proposed objectives are based on community concerns,
current ecological knowledge about the creek systems and our understanding of the current
condition of the creeks based on recent field investigations. The objectives are preliminary
objectives and as such have yet to be provided to the local community for discussion.
3.1
Tuppal Creek management objectives
Water quality monitoring results showed that water quality in Tuppal Creek remains degraded,
especially in relation to salinity. The flow regime is relatively natural in the lower sections but
flows have changed considerably from historic or natural conditions in the upper reaches and these
sections of the creek are showing stress due to the lack of larger flooding flow events. The
management objectives for Tuppal Creek therefore, are aimed at returning more regular flows to
the creek and improving the current degraded condition (particularly in the upper reaches) as well
as involving landholders and the wider community in the long term management of the creek.
The proposed over-arching objective for Tuppal Creek is to:
Enhance and maintain the ecological health and condition of the Tuppal Creek system
The proposed Tuppal Creek management objectives that are aimed at achieving this objective are:


To improve flows in Tuppal Creek by returning flows to a more natural flow regime;



To improve water quality in Tuppal Creek to a level that will sustain the desired ecological
communities;



To maintain biodiversity of vegetation communities by reducing dominant instream
vegetation;



To provide unrestricted passage for unregulated flows by removing barriers to flow; and



To involve landholders and the wider community in the ongoing management of the Tuppal
Creek system.

3.2
Bullatale Creek management objectives
Water quality monitoring results showed that water quality in Bullatale Creek is generally good and
the flow regime is closer to natural or historic conditions than the flow regime of Tuppal Creek.
The management objectives for Bullatale Creek therefore, are aimed at maintaining the current
SINCLAIR KNIGHT MERZ
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ecological condition and flow characteristics of the creek while allowing landholders access to the
creek.
The proposed over-arching objective for Bullatale Creek is to:
Maintain the current ecological health and diversity of the Bullatale Creeks system
The proposed Bullatale Creek management objectives that are aimed at achieving this objective
are:


To maintain and where necessary improve the current water quality of the Bullatale Creek
system; and



To maintain current flood characteristics, as determined in the Floodplain Management Plan.

In additional, a number of proposed management objectives are aimed at:


Maintaining security of supply of irrigation water to the Bullatale Creek Water Trust;



Ensuring landholder access on properties dissected by the Bullatale Creek system; and



Ensuring pump infrastructure is not affected by changes to water levels in Bullatale Creek.

3.3

Barmah-Millewa Significant Ecological Asset (SEA) ecological management
objectives
As a Significant Ecological Asset (SEA) under The Living Murray, the Barmah-Millewa Forest has
inherited many broad objectives resulting from existing State, Federal/Murray Darling Basin and
International Management responsibilities. The reduction of unseasonal rainfall rejection flows
currently directed through the forest will assist in meeting these responsibilities by ensuring the
timing and magnitude of flows are in accordance with the Barmah-Millewa SEA ecological
management objectives.
The agreed Barmah-Millewa SEA general ecological management objectives are:


Protect the ecological character of the floodplain, as required under the Ramsar convention;



Enhance the ecological functions and diversity of the floodplain by reinstating a more natural
flood regime;



Enhance breeding and recruitment of indigenous floodplain fauna and germination and
regeneration of indigenous flora;



Provide suitable habitat conditions for indigenous flora and fauna;



Ensure that all natural, flow related ecological functions can occur;



Protect and restore Moira grass plains; and



Ensure breeding success of colonial water birds.
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4.

Assessment of current condition against flow
management scenarios

A number of hydrology management options that could divert rainfall rejection flows through the
Tuppal and Bullatale Creek systems were investigated, modelled and discussed in (SKM, 2006a).
The first option modelled was the Preliminary Option, which consisted of designing works for the
Tuppal Creek and Bullatale Creek systems that could divert all flow in the Murray River between
10,600 ML/d and 15,600 ML/d at Tocumwal. The aim of this model was to better understand the
physical constraints of the creek systems and likely costs of works involved in undertaking channel
modifications.
Following on from the conclusions developed from the Preliminary Option, a further six
management options were investigated (Table 4-1). Option 1 controls unseasonal flooding in the
Barmah-Millewa Forest by diverting water at Lower Toupna Creek while Options 2 to 4 control
flooding through diversions at both Lower Toupna Creek and Site 6Araula Road. These diverted
flows are directed into Bullatale Creek.
Option 5 diverts flows at Lower Toupna Creek, Site 6/Aratula Road and Native Dog Creek, while
Option 6 presents a regime to divert flows at five locations. These diverted flows provide/increase
stream flows in both Bullatale and Tuppal Creeks.
Information relating to any increase in flow velocity or water level for each option was not
available, therefore any change in the wetted area (laterally) of either Bullatale or Tuppal Creek is
difficult to quantify. However hydraulic modelling has been undertaken which identified the
channel capacities of the creek systems were sufficient to carry the diverted flows without causing
overbank flooding. The assessment of the current ecological condition and the hydraulic
characteristics of the creeks as discussed in SKM (2006c) have been used to determine the potential
ecological outcomes for both creeks for each of the flow management Options 1-6. These are
discussed in the following section.
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Table 4-1: Options for diversion of unseasonal flows into Tuppal and Bullatale Creek systems (SKM 2006a).

Option

Diversion
volume (ML/day)

Trigger flow at
Tocumwal
(ML/day)

Diversion point

Receiving waterway

Flooding out of
creek channel at
trigger flow

Option 1

750

11,350

Lower Toupna Creek

Bullatale Creek

None

Option 2

1,400

12,000

Lower Toupna Creek

Bullatale Creek

None

Option 3

2,500

15,600

Lower Toupna Creek

Bullatale Creek

None

Option 4

2,500

15,600

Lower Toupna Creek

Bullatale Creek

None

Option 5

3,000

13,600

Lower Toupna Creek

Bullatale Creek and Tuppal Creek

None

Bullatale Creek and Tuppal Creek

None

Site 6/Aratula Road
Site 6/Aratula Road
Site 6/Aratula Road
Site 6/Aratula Road
Native Dog Creek**
Option 6

varied

varied

Lower Toupna Creek
Site 6/Aratula Road
Deep Creek
Native Dog Creek**
Tuppal Creek**

** - flows from this diversion point pass down into Tuppal Creek.
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4.1
Impact of Options 1 to 4 on aquatic ecology
The receiving waterway for these options is Bullatale Creek. Diverted flows are maintained within
the channel of the Bullatale Creek at or close to the respective trigger flow at Tocumwal. Any
benefits to the floodplain vegetation of this area, as a result of water diversions, are likely to be
negligible as diversions will not lead to connectivity with the surrounding floodplain.
Increased flows may improve the critical flow components in this system, including the provision
of spring/summer freshes for migratory fish and to flush pools and increase bank flows to remove
sediment. The flushing of sediments may also prevent any future establishment and proliferation
of Cumbungi which has been identified as future risk to this system (SKM, 2006c) and
establishment of River Red Gum (Eucalyptus camaldulensis) saplings in the main channel. The
structure and composition of riparian vegetation, particularly understorey components have been
altered to an extent where terrestrial dryland species such as grasses and herbs have migrated
stream-ward due to drier conditions and have replaced water tolerant species. Increased flows and
wetter bank conditions may assist the recolonisation of flora along the banks.
As previously discussed in SKM (2006b), water quality in Bullatale Creek is influenced by water
quality in the Murray River and is therefore unlikely to be affected by the implementation of
Options 1 to 4. In addition, the distribution of macroinvertebrates and fish is also unlikely to be
affected by these options as the distribution of aquatic fauna is influenced by water quality which is
not currently an issue in Bullatale Creek.
Under current conditions, Bullatale Creek upstream of Seven Mile Creek has received little if any
flow in recent years as shown by the presence of River Red Gums in the main channel. As the
proposed diversions will use the same diversion points as current, Lower Toupna Creek and Site
6/Aratula Creek, Bullatale Creek upstream of Seven Mile Creek will not be wetted more than
current therefore there is unlikely to be any additional benefit to the aquatic ecology of this upper
reach of the river.
The implementation of the different flow scenario options would lead to reduced unseasonal flow
events. Options 1 to 4 would lead to a reduction in the number of unseasonal flow events in the
range of Murray River flows of 10,600 – 15,000 ML/day from entering into the Barmah-Millewa
Forest compared with current conditions (Table 4-2). Flows in this range can be regulated to flood
either the Barmah side, or the Millewa side of the forest. The greatest reduction in the occurrence
of these floods is under Option 4. This option would reduce the frequency of flooding from 225
flood events per 100 years down to 53 flood events per 100 years – a reduction of 172 events.
A reduction in the frequency of unseasonal flooding of the vegetation of the Barmah-Millewa
Forest will potentially improve the health of the flora and fauna communities of the area and assist
in meeting the management objectives for Barmah-Millewa SEA (MDBC 2005).
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Table 4-2 Unseasonal flow events for Tuppal and Bullatal Creeks occurring for each
option per 100 years.
Option

Flow Diverted Above
10,600 ML/d at Tocumwal

Number of Unseasonal Flow Events
10,600 –
15,000 ML/d

15,000 –
18,000 ML/d

> 18,000 ML/d

Current Physical
Conditions

0

225

26

16

1

700

139

26

16

2

1,500

87

26

16

3

1,900

66

26

16

4

2,100

53

26

16

5

3,000

24

26

16

6

600

146

26

16

4.2
Impact of Option 5 and Option 6 on aquatic ecology
Options 5 and 6 lead to the diversion of flows into both Tuppal and Bullatale Creeks. As the
impacts to Bullatale Creek would be similar to that already discussed above, this section
concentrates on the effects of diversions into Tuppal Creek.
Option 5 will divert up to 3,000 ML/day at a trigger flow of 13,600 ML/day as measured in the
Murray River at Tocumwal. This option will lead to an increase in the frequency and duration of
flows passing into Tuppal Creek via Native Dog Creek. Under this option, the commence-to-flow
threshold is reduced from 33,100 ML/day at Tocumwal, which is currently exceeded rarely, to
6,800 ML/day which occurs frequently. Therefore if Option 5 were to be implemented, flow could
be frequently passed down Native Dog Creek and subsequently into the mid to lower reaches of
Tuppal Creek. Option 6 provides flow through five different diversion points, each of which will
have a respective trigger flow as measured at Tocumwal. Management of these diversions includes
diverting water into Tuppal Creek, via both Tuppal Creek at the Murray River (currently blocked
by a levee bank) and Native Dog Creek, once flow reaches the required threshold at Tocumwal. It
has been proposed that water will be diverted down Tuppal Creek once flow at Tocumwal reaches
18,000 ML/day and diversions into Native Dog Creek at a trigger flow of 16,500 ML/day. Current
flows of this magnitude are infrequent.
Historically, the Tuppal Creek was an ephemeral system and flowed intermittently for short periods
(SKM, 2003). However due to many changes for land development and water regulation, the
natural water regime of the creek has been modified considerably. The degraded condition of
Tuppal Creek appears to be the consequence of multiple impacts including unseasonal flows, loss
of connection with the floodplain, habitat modification, poor water quality, unrestricted grazing
and, in some areas, bank erosion. Unseasonal flows have had the main impact on Tuppal Creek
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The natural flow regime of the Tuppal Creek has been affected by waterway regulation as part of
irrigation development. As a consequence there are now fewer large winter/spring flow events and
increased smaller, unnatural summer/autumn flows. These small frequent low flow events occur as
a consequence to the peak irrigation supply demands during the spring/summer Irrigation season.
Prolonged inundation in summer has modified the instream floristic structure of the Tuppal Creek.
The dominance of water tolerant species such as Cumbungi is indicative of this. As Cumbungi is
naturally a summer growing species, they are responding to favourable conditions such as available
water.
From what is known from the lifecycle of Cumbungi, the water flow history and current conditions
of the Tuppal Creek have favoured this species and have enabled them to proliferate throughout the
creek system. The increase in frequency of low flow periods during summer periods have provided
ideal growing conditions. If these conditions continue, it is highly probable that the Cumbungi
patches will continue to expand and coalesce. The upper section of Tuppal Creek would then
become a near continuous band of Cumbungi. The duration and volumes of in-flows will
determine how far patches will expand.
Current instream conditions have also provided an ideal growing environment for River Red Gum.
It is possible that the seeds of River Red Gums are not being distributed downstream via creek
flows and are accumulating in existing large sediment bands along the creek. If low flows continue
in the Tuppal Creek, River Red Gums may dominate the bed of the creek, and will continue to
restrict flow in many areas.
Flows within Tuppal Creek will also facilitate the movement of aquatic fauna within the creek as
well as from either the Edward or Murray Rivers into Tuppal Creek. The extent of connectivity
within the system will depend upon the magnitude and duration of flows Richardson et al 2005).
Currently, there is limited floodplain connectivity with the channel, which has resulted in a reduced
frequency, seasonality and duration of flood events. If the floodplain continues to be disconnected
to the creek, the health and structure of floodplain vegetation will further degrade overtime.
Implementing Options 5 or 6 will not provide connectivity between the creek and the surrounding
floodplain therefore there is no potential benefit to the vegetation of the floodplain of Tuppal
Creek.
Sulfidic sediments were found at three sites on Tuppal Creek and there was potential for sulfidic
sediments at a number of other sites along the creek. The current flow regime in Tuppal Creek,
which allows for long periods of drying in between short periods of flow, is probably providing
some control of the distribution of these sediments as flows of longer duration could result in
sediments at more sites becoming a problem.
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The field investigations broadly assessed the floodplain vegetation and found sufficient information
to suggest that floodplain vegetation is stressed and that there is very little native vegetation
recruitment. This overall decline in health is due to prolonged dry conditions, a floodplain that is
disconnected from the creek and a combination of threatening land management practices including
unrestricted stock access.
Generally, the information on ecological responses, particularly of vegetation to changed water
regimes, is poor. It is difficult to separate water regime or flow responses from that of other
influences such as drought. However, without over-bank flow events to inundate the adjoining
floodplain, the on-going decline in both health and extent of floodplain vegetation will continue.
Under Option 5, flooding would be reduced from 225 flood events per 100 years down to 24 flood
events per 100 years – a reduction of 211 events, while unseasonal flow events would be reduced
by 79 events to 146 flow events per 100 years if Option 6 were to be implemented (Table 4-2).
4.3
Summary of impacts
Increased stream flows in river systems suffering from reduced flows have the potential to increase
the ecological health of waterways and subsequently increase environmental values. The scale of
the benefit to the system however depends upon the timing and duration of flows.
The health of the vegetation communities along both the Tuppal and Bullatale Creeks have
declined in recent years. Tree stress may be attributed to a combination of two main factors:
prolonged drought (low rainfall) and reduced flooding (both frequency and extent). Other factors
such as unrestricted grazing in riparian areas and the incidence of exotic flora can also influence
vegetation condition.
River regulation has altered the pattern of flooding in floodplain areas where River Red Gum
naturally grows. River Red Gum communities that are located close to the channel or which have
access to a constant supply of fresh water are reasonably healthy, but those located in the higher
elevation areas have suffered tree health decline. In all of the flow options considered, none will
create over bank flows, consequently the channel and floodplain will remain disconnected. Unless
this connection is restored, the health, extent and regeneration capacity of these communities will
decrease over time.
The reduced frequency and extent of flooding has been a significant contributing factor to the
decline of overall ecological values of Tuppal Creek. Permanent water, which is an important
habitat requirement for aquatic fauna, such as small fish, amphibians and some nesting waterbirds,
has largely been lost as a result of the reduced frequency of small, regular flow peaks in late winter
and spring.
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Options 1 to 4 of the hydrology management scenarios provided by SKM (2006a) are unlikely to
improve or degrade the ecological condition of Bullatale Creek, as this creek is currently flowing
for much of the time and is in good condition over all however some sections of the creek have
degraded vegetation and unrestricted stock access. Conversely the benefit of increased flows in
Tuppal Creek is likely to improve water quality and habitat condition as well as species abundance
and diversity. The implementation of Option 5 may be of greatest benefit to Tuppal Creek, if also
used to provide environmental flows down Native Dog Creek. This is because of the prolonged
period that flows may be diverted into Native Dog Creek under the existing flow conditions in the
Murray River. Further studies would be required to quantify the benefit to Tuppal Creek under this
option. Flow diversions into the Tuppal Creek system under Option 6 would be rare as they would
occur less than 25% of the time. Such flows would also be short term as they would only occur
under high flow conditions in the Murray River. Once flow falls below the trigger level at
Tocumwal, diversions would cease.
Table 4-3 and 4-4 provide a summary of these potential impacts to Tuppal and Bullatale Creeks
based on recent fieldwork carried out for this project and an assessment carried out by Richardson
et al. (2005).
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Table 4-3 Summary of proposed ecological impacts resulting from changed flow
regimes in Tuppal Creek (based on SKM, 2006c and Richardson et al, 2005).)

Creek system

Benefits to flow

Benefits to ecology

Risks

Tuppal Creek

Reduce unseasonal flooding in
the Barmah-Millewa Forest

The ecological responses would
probably be restricted to inchannel and bank and riparian
fringe with effects lasting for some
months.

Mobilisation of salts and/or other
contaminants in waterholes or
groundwater although there is
greater potential for dilution. The
magnitude of the risk will depend
on the residual water quality,
groundwater interactions, flow
volumes and frequency of flow
events and the formation of
sulfidic sediments as a result of
changes in surface
water/groundwater interactions

Enhance growth and recruitment
of in-channel vegetation,
especially River Red Gums
between waterholes. This will
depend on existing riparian
condition as red gums do not
regenerate under red gum
canopy.
Provide flow in Tuppal Creek

Removal of Cumbungi from upper
section of creek

If there is a sufficient build up of
organic matter in the channel, the
water quality of the leading edge
of the flow may be poor (low in
dissolved oxygen and high in
organic carbon). The magnitude
of the risk will depend on flows
down the creek and time since
last flow.
Potential for sulfidic sediments if
inundated for long periods of time.

Connect waterholes in creek and
connect creek to River Murray and
Edward River

Some improvement in vegetation
health (fringing and bank
vegetation)

The ecological consequence of
poor water quality will depend on
the fauna present within the creek.

Improve water quality in
waterholes

Invertebrate emergence from
wetted sediments

Some erosion to channel banks in
Cumbungi effect areas.

Increase aquatic habitat
availability and complexity

Opportunity for movement of fish,
shrimp and other aquatic
organisms within Tuppal Creek

Favourable spawning conditions
for Carp in Summer.

Recharge groundwater
(freshwater lens).

Opportunity for recruitment of fish,
shrimp and other aquatic
organisms from the River Murray
and the Edward River.

Increased abundance of inchannel vegetation between
waterholes particularly River Red
Gum and Cumbungi.
The associated risk include
increased incidence of algal
blooms particularly if flow occurs
in summer.
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Table 4-4 Summary of proposed ecological impacts from changed flow regimes in
Bullatale Creek (based on SKM, 2006c, and Richardson et al (2005).

Creek system

Benefits to flow

Benefits to ecology

Risks

Bullatale
Creek

Reduce unseasonal flooding in
Barmah-Millewa Forest

The ecological responses are
likely to be restricted to the
riparian fringe and effects lasting
for some months.

If sufficient build up of inorganic
matter in dry areas, leading edge
of flow may have poor water
quality (low dissolved oxygen and
high organic carbon). The
magnitude of this risk will depend
on flows down the creek and time
since last flow.

Improve riparian vegetation
condition.
Increase flow in Bullatale Creek

Increase in extent of in-channel
submerged and emergent plants.

The ecological consequences of
poor water quality will depend on
the fauna present within the creek.
Displacement of larval and
juvenile fish and shrimp from
slackwaters and billabongs.
Summer is a critical period for
native fish and shrimp breeding
and juvenile recruitment.
Magnitude of risk is dependent on
size and duration of flow increase.

Wet areas adjacent to creek

Improved conditions for foraging
waterbirds.

Some erosion of banks.

Increase in shallow wetted area

Allow movement of aquatic fauna
(fish and macroinvertebrates)
between billabong and creek.

Longer term impacts may include
re-creation of billabongs adjacent
to the creek.

Slight increase in habitat
availability and complexity

Allow movement for both
terrestrial and aquatic fauna.

Favourable spawning conditions
for carp in summer.

Increase in number and extent of
billabongs.
Flow through unconnected still
water areas (e.g. billabongs)
linking them to the main creek

Better water quality in billabongs
than before the pulse.
Resetting of ecological succession
in waterholes.

Risks include increase incidence
of algal blooms particularly if flow
occurs in summer.
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5.

Assessment of monitoring program

In this study we have attempted to assess the ecological condition of Tuppal Creek and Bullatale
Creek, near Deniliquin, NSW. The project initially proposed by NSW DNR listed a number of
parameters to assess the ecological condition of these waterways including fish,
macroinvertebrates, vegetation, hydrology, ground water/surface water interactions, surface water
quality, and the presence of potentially acid-producing sulfidic sediments. However, for various
reasons NSW DNR chose to limit the parameters to those that were considered high priority.
These parameters of greatest importance to NSW DNR probably reflect community concerns in the
region – water quality, vegetation, hydrology and sulfidic sediments, rather than being parameters
that provide data to assess ecological condition. Although the inclusion of macroinvertebrates and
fish would have increased the budget for the project, the data generated would have provided a
better understanding of the current ecological condition of the creeks. Future monitoring programs
on Tuppal and Bullatale Creeks should consider including these parameters in the monitoring
design.
Water quality data provide a “snapshot” of the water quality at the time of sampling and are most
valuable when monitored over long periods when the data can be used to determine potential
threats to the system and any trends. Aquatic biota such as macroinvertebrates are able to
withstand acute events of reduced water quality, but not chronic events and as such provide a more
robust indicator of ecological condition.
The methods for the Cumbungi mapping was carried out as originally proposed. The method used
for mapping Cumbungi along Tuppal Creek was deliberately chosen to be simple, and although
labour-intensive, it was comprehensive and probably represents a good return on investment. The
time required in the field (including familiarisation and organising access through landholders) was
1-2 days. Site conditions were an important part of this efficiency as the properties were large with
easy access, open woodland and few fences, and had vehicle access.
The vegetation methods for riparian condition were reassessed during field work and modified by
substituting the original methods for the Rapid Appraisal of Riparian Condition (RARC) method.
The RARC is a standardised protocol for assessing the condition of the riparian zone. It
emphasises ecological processes such as carbon flux, regeneration and provision of habitat, but
includes a biodiversity component as well. Rapid Appraisal of Riparian Condition has been used
effectively on lowland rivers and creeks across south-eastern Australia, for example on the
Murrumbidgee and Goulburn Rivers (Jansen et al. 2005) and on the Glenelg River (Jane Roberts,
unpub. results). Rapid Appraisal of Riparian Condition was selected because of its direct relevance
to field conditions along Tuppal and Bullatale Creeks, because it has been verified in the field, and
because it is rapid and simple to use in the field, with a suggested time per site of 20-60 minutes.
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Rapid Appraisal of Riparian Condition is not a referential system, it does not compare current with
previous vegetation as done in some assessments (e.g. habitat-hectares, or for the Index Stream
Condition), instead relying on relationships between attributes.
There is no standard protocol for describing in-channel vegetation. The approach used here was to
describe the plant communities as vegetation types occurring within pre-defined (and ecologically
meaningful) part of the channel, hence the emphasis on zones. This proved effective and would
easily be repeatable. Any repeat descriptions would need to follow the standardised terms used for
this project to be able to make comparisons (SKM, 2006c).
A drawback of the approach was that the location and dimensions of the study area were not predetermined, but selected in the field, as a result of access to the creeks and properties. Both site
location and extent should have been chosen based on what is known of in-channel vegetation in
small systems prior to field work. In addition, low-level aerial photography would have assisted in
preliminary mapping and assessment followed by ground truthing, which would be a much sounder
approach than starting in the field. However, having said that, the outcomes were not affected by
the approach taken.
A robust monitoring program that aims to determine long term impacts of changed flow on the
ecology of a system requires targeted ecological objectives. At present the objectives provided for
this project for Tuppal and Bullatale Creeks are interim objectives and need to be discussed and
finalised before a long term monitoring design or management actions can be developed. A
conceptual model of how the system functions can then be used to decide which indicators will
most effectively assess the ecological condition of these systems and how changes in the condition
of the indicators as a result of management activities can be measured.
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6.

Recommendations

The flow scenario options and the recent field investigations showed that any improvement in the
ecological condition of Tuppal and Bullatale Creeks will only occur in channel and to some extent
along the mid to upper banks. It now appears likely that using Tuppal Creek to divert rainfall
rejections may not prove viable from a management perspective (Digby Jacobs, NSW DNR, pers
comm.) and a number of other options are being investigated.
Maintaining natural variability in stream discharge throughout the year is important for both
ecological and geomorphologic processes. Under natural conditions variations in water surface
level and associated wetting and drying regimes of stream banks are important for the creation of
channel forms (e.g. pools, riffles, bars, benches) and habitat attributes (e.g. large woody debris
transport and placement). However, constant flows and water surface levels tend to accelerate the
rate of scour at the bank toe which, in turn, may lead to bank slumping. Furthermore, constant
discharge may have some deleterious effects on life history strategies and subsequent recruitment
of native fish, macrophyte and macroinvertebrate species and prolonged inundation changes
vegetation community structure.
Different components of the flow regime provide different benefits to the ecology of the system.
Low flows during summer disturb lower channel features including riffles, by exposing and drying,
allow accumulation of organic matter and maintain permanent pools. Low flows in winter sustain
longitudinal connectivity, increases instream habitat area and cause die back of vegetation that has
encroached in the channel. Freshes throughout the year (in summer and winter) provide a
disturbance to the system by providing flow variability. This assists in maintaining species
diversity, improves water quality and temporarily improves longitudinal connectivity. High flows
and bankfull flows provide sediment transport, can be responsible for channel forming processes,
promote regeneration of River Red Gum and remove in-channel vegetation through scouring.
Periods of cease-to flow (no flow) are also important as during these periods, the river may contract
to a series of isolated pools that are important refuges for recolonisers upon the return of flow.
Periods of cease to flow often result in short term localised extinction of certain species (Puckridge
et al., 2000) with long term changes in diversity and biomass.
Recommendations for flow regimes
6.1
The recommendations provided here focus on water regimes that will improve the health of bank
vegetation, improve water quality and reduce the spread of Cumbungi and instream River Red
Gum along the creeks. The recommendations are general in nature as more detailed studies on the
flow requirements of Tuppal and Bullatale Creeks are required before specific flows can be
identified.
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Flows required for regeneration of River Red Gum and Black Box on riparian fringes:
The lack of connectivity of Bullatale and Tuppal Creeks with their floodplains means that only
very large floods are likely to provide a benefit to the Black Box (Eucalyptus largiflorens) and
River Red Gum communities on the floodplain. It was observed during the field
investigations, that the majority of the floodplain, particularly along Tuppal Creek, had limited
River Red Gum recruitment. This may be due to a number of factors including grazing and
clearing, however the lack of adequate flooding in these areas have restricted the ability of
floodplain species such as River Red Gum and Black Box to regenerate. According to Roberts
& Marston, (2000) an average flood frequency of 1 in 2-3 years with an average duration of 47 months occurring in winter-spring is needed to maintain the vigour of River Red Gum.
Complete drying between flood cycles is also required as much as possible, to ensure cracking
for soil aeration and deep recharge. The requirements for Black Box includes a flood
frequency of 1 in 3-5 years with duration from 4-2 months, but can tolerate reduced flood
frequencies such as 1 in 7-10 if there is no reduction of flood duration. According to Roberts
& Marston, (2000) flood timing is possibly not critical for maintenance of adult trees. Black
Box are able to tolerate dryer conditions for longer periods of time than River Red Gum
however, if they do not get sufficient water over a 10 year period then there will be continual
decline in health and regeneration capacity.



Flows required for management of instream River Red Gum and Cumbungi: Cumbungi
is often considered indicative of degradation (Roberts and Marston, 2000). The ideal growing
time for Cumbungi is summer when soils are moist and conditions are hot. Stands of
Cumbungi can also establish rapidly under appropriate water regimes or if the water regime
changes and becomes suitable, such as ponded water, summer releases or major flooding.
Such stands last as long as conditions remain wet enough or not too deep (i.e. <2 m) (Roberts
and Marston, 2000). Conditions for Cumbungi growth in Tuppal Creek appear to be
influenced by continually wet conditions which may be the result of groundwater input or
input from the Lalalty and Pinelea drainage schemes. If conditions change by becoming dryer
in warmer periods or water depth increases, the Cumbungi stands could lose vigour, cease to
expand and eventually die away. Cumbungi does not survive long in continuously dry
conditions above the waterline however it can tolerate dry conditions for short periods (3-4
months in summer and autumn). To manage Cumbungi, there needs to be a drying phase
(cease-to-flow) or an increase in the water depth to over 2 m to drown it out. It can then be
mechanically removed if necessary.
To manage instream River Red Gum, flows need to be large enough to scour out and flush the
sediments that allow River Red Gum to establish. Flushing of sediments will also help
manage Cumbungi however, flows of this magnitude could exacerbate the poor water quality
in Tuppal Creek in the short term by releasing nutrients from sediments.
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Flows required for management of water quality: The lack of flow in Tuppal Creek and
the source of the water entering the system are the likely explanations for the observed
differences in water quality between Tuppal and Bullatale Creeks. The introduction of low
flows or freshes during summer could assist in improving suitable aquatic conditions by
minimising the increase in temperature, decreasing dissolved oxygen and assist in diluting
salinity in the remnant pools. These flows would also provide some longitudinal connectivity
and flush water downstream. The flows would only have an impact in the short term as with
time the creek will dry out again and contract to a series of pools and water quality will start to
degrade.



Flows required for management of sulfidic sediments: Falling water levels and drying of
bottom sediments that become exposed to air especially during drought can provide conditions
that can lead to leaching from acid sulfate soils. The result can be noxious odours which smell
like rotten eggs (caused by activity of bacteria in soils) and an increased risk to the
environment by deoxygenation of the water column and in some cases ecosystem acidification
(Lamontagne et al. 2004). Lamontagne et al. (2004) provided a number of management
options for wetlands with acid soils and some of these options may be of benefit to reduce the
impact of acid sulphate sediments in Tuppal Creek. Short term options include keeping the
soils covered in fresh, water and avoiding resuspension of sediment during the management of
the flow regime. This would require low flows along the creek. Alternatively, long periods of
drying also provide some control of sulfidic sediments and this is probably already occurring
in some sections of Tuppal Creek and may be sufficient to manage some sites in the creek.
There is potential for sulfidic sediments at sites with pooling behind barriers to be more of an
issue than sites that tend to be dry most of the time.
Without flushing flows the best option for managing sulfidic sediments in Tuppal Creek is to
implement a wetting and drying cycle. However, in order to assess the degree of negative
impacts of sulfidic sediments on Tuppal Creek a more intensive sampling program would need
to be carried out.

The recommendations above show that different elements of the flow regime would be required to
manage key ecology issues with the creeks. Management priorities will need to be considered in
order to implement the most appropriate flows. The management issue of highest priority for
Tuppal Creek should be the spread of Cumbungi within the system. Management actions aimed at
controlling Cumbungi would also assist in the management of instream River Red Gum as well as
providing some improvement in water quality.
6.2


Other recommendations
Although the current and historic hydrology has been discussed and data assessed, a detailed
environmental flow assessment for each creek would provide a better understanding of the
flow requirements and associated issues in these systems. Environmental flow assessments are
able to generate flow recommendations that can assist in meeting the management objectives;

SINCLAIR KNIGHT MERZ
I:\WCMS\Projects\WC03522\Deliverables\FINAL REPORT\Final_Report Tuppal and Bullatale Creek.doc

PAGE 26



The parameters to assess the ecological condition of Tuppal and Bullatale Creek did not
include fish and macroinvertebrates. Data generated from fish and macroinvertebrate surveys
would provide more comprehensive information about the condition of the creeks in addition
to the information already collected. It is recommended that any further monitoring or long
term studies of the creeks at least include fish surveys and if budgets allow, should also include
macroinvertebrates.



Overall, vegetation management approaches need to focus upon the protection and
enhancement of existing remnant vegetation and the stabilisation of the riparian landscape to
capitalise on natural vegetation/rehabilitation. This process will help provide connectivity
between remnant stands by establishing wildlife corridors. The best form of riparian
protection of the both Tuppal and Bullatale Creeks would be riparian fencing to control stock
access, with the inclusion of simple revegetation works to encourage the natural regeneration
of remnant vegetation. Within the scope of such revegetation works, the establishment of
revegetation nodes within the riparian zone would help return a diverse species assemblage to
the area, allowing species to disperse into adjoining areas with time. Once the riparian systems
have been stabilised, natural regeneration should facilitate the return of the species diversity of
the surrounding remnant vegetation cover. The establishment of indigenous vegetation seed
banks which specialise in local species (i.e. local nurseries) would be a valuable approach in
undertaking these revegetation activities. Additionally, the identification and establishment of
seed production areas to efficiently collect seed from local species would aid this process.
Uncontrolled stock access to fragile riparian areas along both the Tuppal and Bullatale Creeks
has lead to the bearing of soil and the loss of bank vegetation and riparian vegetation.
Controlling and managing stock access along these waterways by, for example, providing offstream watering points, control of the location (i.e. sensitive areas) and timing, duration and
intensity of grazing pressure, are important management issues for the health of the creeks.
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Appendix A Cumbungi density along Tuppal
Creek
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