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EXECUTIVE SUMMARY 

The Brady Swamp Wetland Complex comprises four floodplain wetlands of the upper Wannon 

River, near Dunkeld in south west Victoria. Artificial channels were constructed in the 1950s to 

drain these wetlands with the goal of increasing agricultural productivity. Subsequent land 

purchases by the Victorian Government in the 1980s led to a large portion of these wetlands 

becoming public land contiguous with the Grampians National Park. In addition, for the past 

couple of decades, the two remaining farmers who own the balance of the Brady Swamp have 

supported these still important but compromised wetlands being permanently re-instated. 

During 2013 and 2014, Nature Glenelg Trust (NGT) initiated trials to test the feasibility of restoring 

water levels of three of the four wetlands within this complex, and confirmed that under current 

land tenure the artificial drains are a redundant feature that now risk the environmental values of 

these wetlands and the wider catchment. Undertaking works that restore increased depth and 

duration of inundation is crucial for improving site resilience; enabling the greatest diversity of 

wetland flora and fauna to persist at (or utilise) the site, addressing a key predicted threat 

(declining flows) associated with climate change. 

This report outlines steps undertaken and key learnings associated with this DELWP funded 

(formerly Living Victoria Fund) project aimed at permanently re-instating the original earthen 

banks of three wetlands that were breached through artificial drainage. As part of this project we 

have established surveyed gauge boards and water data loggers across the wetland complex, 

which when tied in with newly acquired derived digital elevation models of the catchment 

(inferred from LIDAR data), provide us with a new, highly accurate understanding of the hydrology 

of the system and tools for modelling this portion of the Upper Wannon River catchment under 

varying hydrological scenarios (i.e. flooding events).  Earthworks were successfully completed by 

autumn 2015 and the wetland complex is now ready to receive 2015 winter flows with the natural 

earthen sills of these wetlands reinstated for the first time in more than 60 years. 

Biodiversity surveys of aquatic flora, fish, frog, macroinvertebrate, and bird communities 

conducted in 2014-2015 reveal highly abundant and speciose assemblages, including a number of 

rare and threatened species. Data from these surveys also indicate that the wetlands provide 

important connecting and nursery habitat for aquatic species groups. Temporal analysis of 

vegetation community extent, via historical aerial imagery, reveals changes in the extent of 

several ecological vegetation classes.  These historical changes provide insights into how the 

system is likely to respond under restored hydrology.  Expected changes include greater areas of 

near-permanent inundation, increasing areas of aquatic herbland and receding fringing areas of 

swampy plains woodland.  Collectively these findings highlight the importance of enhancing the 

hydrology of the system to enhance its environmental values. Being a key wetland system in south 

west of Victoria, a region where much of the wetland habitat has been lost or degraded, this 

newly restored system is expected to provide critical connecting habitat, refugia for wetland 

specialist species, and a range of environmental services to the local catchment and wider bio-

region into the future.  
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1 Introduction 

1.1 Project background 

The Walker, Gooseneck and Brady Swamp complex of wetlands straddle public and private 

land at the far south-eastern corner of the Grampians National Park, near Dunkeld in 

Victoria’s South West (Figure 1). The swamps are associated with a low-gradient reach of the 

Wannon River, at the terminus of the alluvial delta located where the river exits the valley 

between the Serra and Mt William Ranges of the Grampians (Figure 2). 

 
Figure 1. General location of the Brady Swamp wetland complex 

 

Figure 2. Oblique image looking over the project area towards the Grampians, with Parks Victoria Reserves marked and 
named as indicated. Gooseneck Swamp falls within the Grampians National Park, and the northern portion of Brady 

Swamp is a Wildlife Reserve. 
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The construction of artificial drains in what is now known as the Bunnugal Rural Drainage 

Area, from around 1900, created an additional catchment for these swamps. While this was 

initially limited to the extensive Heifer Swamp system to the east, with time, additional 

private drains were connected into this catchment from as far away as Glenthompson (linked 

to the Bunnugal drain inflow into Brady Swamp) and also from further afield to the north-east 

(linked to the second drain inflow via Walker Swamp; Figure 3). 

 

Figure 3. Image from the late 1940s: showing Wannon River flows (blue arrows) and Heifer Swamp drainage inflows (red 
arrows) into Walker Swamp and Brady Swamp from 1900–1950s. 

 

At well over 1500 hectares in size, the drainage of this extensive swamp resulted in additional 

surface water being directed (a) to Gooseneck Swamp (via Walker Swamp) from the north, 

and (b) directly into the eastern side Brady Swamp from the south. Until the 1950s, the 

situation remained largely unchanged, with the additional flows supplementing surface flows 

into these wetlands from the Wannon River. However in the 1950s, the private landholders of 

Walker, Gooseneck and Brady Swamps constructed drains through (and breached the natural 

banks of) each of these wetlands, to reclaim more land by encouraging water to flow into the 

Wannon River more efficiently (Figure 4). 
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Figure 4. Image from the present day: showing the additional drains (red lines and additional arrows) constructed to more 
comprehensively drain Walker, Gooseneck and Brady Swamps, as it operated from the 1950s–2013. 

However, due to the size and reliability of the catchments that feed these swamps and the 

low-gradient in this section of the Wannon River, they all continued to effectively function as 

wetlands during periods with sufficient inflow. In fact, as a result of the environmental values 

they retained, and thanks to the efforts of people like Gavin Cerini (an officer with the 

Department of Fisheries and Wildlife at the time), all of Gooseneck Swamp and the northern 

portion of Brady Swamp were purchased by the government in the mid-1980s, for inclusion in 

Parks Victoria reserves (Grampians National Park and Brady Swamp Wildlife Reserve 

respectively). 

However it still remained the case that, in all but the wettest periods, drainage had altered 

the depth and duration of inundation, with the sill level (natural retention height) of all three 

wetlands having been breached. In each case, the drains were cut to the bed level of the 

swamp, meaning that as soon as inflows ceased (or downstream constrictions in the Wannon 

River flow eased), these wetlands could freely and more rapidly drain to near empty than 

would occur under natural conditions. 

Local interest in restoring Gooseneck Swamp and Brady Swamp has been maintained by 

landholders and the local community since the land was purchased by the government in the 

1980s. Eventually in 2013, after many years of work, modelling studies and biological 

investigations by a range of organisations, Nature Glenelg Trust began working towards a 

staged process of restoration within the wetland complex in partnership with the Glenelg 

Hopkins CMA, Parks Victoria and local landholders. This began with a proposal to construct a 
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low cost and low risk trial 

sandbag weir structure in the 

Gooseneck Swamp artificial 

outlet drain (Figure 5). The initial 

restoration trial was funded by a 

Victorian Department of 

Environment and Primary 

Industries, Communities for 

Nature Grant. 

 

Figure 5.  Volunteer sandbagging crews at 
the outlets from Gooseneck Swamp (top, 
August 2013), Brady Swamp (middle, March 
2014) and Walker Swamp (bottom, August 
2014) 

 

The success of the first trial in 

2013 was the subject of an 

information day held on the 14th 

December 2013, and led to the 

construction of a further two trial 

structures on private land in 

2014, at Brady Swamp (March 

2014) and Walker Swamp (August 

2014).  

Natural alternative flow paths 

still exist for flows exiting Brady 

Swamp and Gooseneck Swamp, 

hence the structures at these 

locations operated as blocks 

rather than spillways, except for 

a temporary trickle over the 

Gooseneck Swamp outlet 

structure in 2013. Based on 

observations so far, estimates of 

increased water retention times 

are of the order of several weeks which, because the period of extension occurs into late 

summer, is of critical importance to local wetland obligate species. 
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Figure 6. Brady Swamp in November 2014 – with the trial restoration structure operational for the first time and 

maintaining wetland levels 

 
Figure 7. Gooseneck Swamp in September 2014 – the second season of the restoration trial at this site 
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1.2 Project Objectives 

The primary aim of this project was to permanently re-instate the original earthen banks of 

three wetlands which have been breached through artificial drainage. In doing so, the project 

sought to upgrade the temporary weir structures (which have an expected service life of up to 

5 years) at two of the three trial sites previously mentioned: 

 Brady Swamp – existing trial structure converted to permanent earthen bank 

 Gooseneck Swamp – existing trial structure converted to permanent earthen bank 

 Duck Pond Swamp – permanent earthen bank reinstated 

 Walker Swamp – existing trial structure left in place 

The expected triple bottom line key outcomes of the project are as follows: 

Environmental 

 original hydrology reinstated to over 620 hectares of wetlands in the upper catchment 

of the Wannon River 

 water quality and groundwater recharge benefits 

 habitat restored for wetland biota including rare and nationally threatened species 

including plants, birds, fish & frogs 

 improvement of values in the Grampians National Park 

Social 

 the project has strong, cross-sectoral, local community support for its environmental, 

aesthetic and social (i.e. tourism) benefits 

Economic 

 the private landholders involved strongly support action to reverse the impacts of 

drainage due to no impact on agricultural productivity 

 increasing the storage capacity of wetlands in the upper Wannon River will improve 

their ability to function as a buffer against downstream flooding and associated 

damage during intense rainfall events 

 

1.3 Project method and milestones 

Milestone 1 - Hydrological monitoring at existing trial structures in 2014 

Task 1.1 - Establish surveyed gauge boards and water elevation data loggers at key locations 

that provide additional real-time data to evaluate the operation and performance of each of 

the trial restoration structures 
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Milestone 2 - Hydro-ecological monitoring of the three subject wetlands in 2014/15 

Task 2.1 - Acquire data to address gaps in the LiDAR coverage, enabling the finalisation of the 

digital elevation model for the 3 subject wetlands. 

Task 2.2 - Combined with the elevation data generated from Task 1.1, and subject to 

completion of Task 2.1, calculate the water storage capacity of each wetland, in real time, in 

response to rainfall events in the catchment. 

Task 2.3 - Undertake desktop and field assessments to determine past and contemporary 

distribution of flora and fauna and predict likely responses under future variable inundation 

regimes. 

Task 2.4 - Undertake aquatic environmental indicator monitoring from August 2014-March 

2015; including aquatic flora and fauna (fish, frogs, waterbirds and macro-invertebrates). 

Milestone 3 - Finalisation of detailed design for earthen bank re-instatement works to permanently 

consolidate existing trial structures 

Task 3.1 - Evaluate the design specifications and performance of the trial structures on the 

basis of information gathered for Task 1.1, to incorporate into the preparation of final detailed 

designs. 

Milestone 4 - Seek and evaluate competitive tenders for completion of restoration earthworks 

Task 4.1 - Run an open, competitive tender process for the works, and evaluate proposals 

according to standard tender evaluation criteria. 

Milestone 5 - Manage and supervise the completion of the restoration earthworks 

Task 5.1 - Award tender and engage the successful tenderer to complete the works. 

Task 5.2 - Provide site supervision to ensure the works are correctly completed on time and to 

the required specifications and standard. 

Milestone 6 - Community and stakeholder engagement 

Task 6.1 - Liaise regularly with project partners throughout the delivery of the project 

Task 6.2 - Host a community information day on-site in late-spring/early-summer 2014 to 

share the project goals, progress and upcoming works with interested members of the wider 

community 

Milestone 7 - Project completion tasks - evaluation, review and reporting 

Task 7.1 - Review and evaluate the works, prepare a short report to summarise outcomes of all 

project activities. 

Task 7.2 - Complete quarterly and end of project milestone / financial reporting. 
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2 Evidence of completion of project tasks 

Task 1.1 Establish surveyed gauge boards and water elevation data loggers 

Additional gauge boards and water elevation data loggers have been strategically placed in 

Walkers Swamp, Gooseneck Swamp, Brady Swamp and the Duck Pond (downstream wetland). 

Collectively these provide comprehensive real-time data to evaluate the performance of trial 

and permanent restoration structures in terms of hourly water levels both in major inflow 

points and across the wetlands themselves.  An overview of gauge board and water level 

logger locations is provided in Figure 8. 

 
Figure 8. Overview of water level loggers installed throughout the Brady Swamp complex in 2014 

 

Corresponding images of each gauge board and logger is provided over the following pages. 
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Brady 1 and Brady 2 

 
Brady 3 and Brady 4 

 
Bunnugal and Duckpond 
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Goose 1 and Goose 2 

 
Walker 2 and Walker 3 

 
Wannon 

Task 2.1 Acquire data to address gaps in the LiDAR coverage 

A review of existing LiDAR coverage for the area of interest revealed that coverage existed for 

areas immediately proximate to the Wannon River but that a majority of the focus area had 

not been previously subject to LiDAR data collection.  RPS was engaged to fly the area of 

interest, collect LiDAR analyse data and provide digital elevation models (DEMs).  This data 

was collected in March 2015.  During this period the areas of interest were devoid of surface 
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water ensuring maximum coverage i.e. LiDAR does not penetrate water and can effect 

bathymetric interpretations of inundated areas.  The area of capture was decided based on 

overall cost and maximum information availability for processing terrain information 

associated with catchment modelling. An overview of the DEM derived for this project is 

shown in Figure 9. 

 
Figure 9. Digital elevation model for Brady Swamp complex and associated catchment as interpreted from 

LiDAR data collected in February 2014 
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Task 2.2 Calculate the water storage capacity of each wetland 

Water levels were inferred from HOBO data loggers (see Task 1.1 for details) and calibrated 

against observed levels (at gauge boards) and atmospheric air pressure (MSLP) derived from 

the Hamilton and Westmere weather stations.   

Assessment of wetland inundation response was made against daily rainfall data from several 

weather stations within a 50km radius of the area to identify geographic variation (using 

Bureau of Meteorology weather stations and also rain gauge data from a nearby farm - 

Pollockdale).  Inflow data was also inferred from an upstream gauging station on the Wannon 

River, at Jimmy’s Creek.  An overview of cumulative rainfall and Wannon River discharge for 

2014, along with a comparison with 2015 from Dunkeld, is provided in Figure 10.  This 

information indicated that was there was some geographical variation in rainfall amounts but 

that overall timing of major events and likely runoff events was temporally equivalent and 

therefore likely to be similar across the entire catchment of the complex. 

 
Figure 10. Cumulative daily rainfall (solid lines) and Wannon River discharge (dashed lines) during 2014. 

Water level data from the gauge locations (Figure 8) indicates that there was a single short 

filling period during late July and into early August and that, following an immediate cessation 

of rainfall for the remainder of winter and early spring, wetland levels initially remained stable 

before receding throughout late Spring (when inflows ceased) and mostly drying by early 

Summer.   
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Figure 11. Water levels in Brady Swamp and Gooseneck Swamp during 2014 

The water level information is also useful in determining the volume of water which is being 

delivered and retained in the wetlands.  Based on a volume depth relationship calculated in 

Global Mapper, the changes in volume over time can be displayed (Figure 12).  

This data clearly shows how effectively both Gooseneck and Brady Swamp were drained in the 

1950s, with the artificial cuttings achieving cease to flow volumes approaching zero. In 

layman’s terms, that simply means that once inflows stop, the wetlands would empty (rather 

than hold water and evaporate) more quickly that would have been the case with their 

natural sill levels intact. Figure 12 illustrates that restoring the natural sill level of Brady 

Swamp has had a dramatic impact on its cease to flow storage capacity, while at Gooseneck 

Swamp (a smaller, shallower wetland) the increase in storage volumes required to pass flows 
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over the natural sill is more modest. However, in both cases the increased depth and duration 

of inundation is crucial for increasing site resilience. Hence this project will have a dramatic 

impact on enabling the greatest diversity of wetland flora and fauna to persist at the site, 

addressing a key predicted threat (declining flows) associated with climate change. 

 
Figure 12. Estimated volume of water in Brady and Gooseneck Swamps as inferred from DEM volume-depth 

relationships and water level records for 2014. The pre-restoration cease to flow volume of Gooseneck Swamp 
(not marked) was virtually zero, as a result of the drain being cut to the bed level of the swamp. 

The water level responses recorded during 2014 reflect a below average runoff event with 

2014 mean daily flow records for the Wannon River upstream of the study site showing one of 

the lowest values since records began in 1950 (Figure 13). 

 
Figure 13. Mean daily flow records for the Wannon River upstream of Brady Swamp. 
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Task 2.3 Undertake assessments of flora and fauna likely responses 

Vegetation communities were mapped using existing Ecological Vegetation Class (EVC) 

mapping (DELWP) and publicly available aerial imagery.  This information was further refined 

via ground-truthing surveys and a contemporary vegetation layer was developed using high 

resolution aerial imagery collected during LiDAR acquisition.  Subsequent time-series for 

vegetation mapping were developed using historical imagery covering 1947, 1971, and 1985 

(Figure 14).  

 
Figure 14. Time series of aerial imagery for the Brady Swamp complex showing area of inundation during 2014 

(red polygons) and current watercourses and drains (blue lines). 

 

  

1947 1971 

1985 2014
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The time-series analysis of vegetation change (Figure 15) reveals trends relating to both land 

management practices and also changing hydrology.  The main observations are that 

terrestrial vegetation has generally increased since the first images were taken (e.g. increased 

plains swampy woodland in Gooseneck Swamp).   

 
Figure 15. Changes in area of Ecological Vegetation Classes (EVCs) over time, across four different wetlands 

within the Brady Swamp complex. 

 

The areas of greatest wetland vegetation change has occurred around transition zones, 

particularly relating to the invasion of aquatic herbland with trees and shrubs (Figure 16) and 

a reduction in the areas of more permanent water, particularly in Walker Swamp and Brady 

Swamp.  Tall Marsh appears to be increasing on the northern boundary of Gooseneck Swamp 

but has undergone a reduction in area at the point where the Wannon River drains out of 

Brady Swamp (Figure 16). Permanent transects have been established at all four wetlands to 

precisely determine changes in extent of dominant plant species (Figure 17). 
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Figure 16. Aerial imagery showing retraction of Tall Marsh at the Wannon River outlet point (top) and increase 

of trees and shrubs  across Aquatic Herbland in Gooseneck Swamp (bottom). 

 

As a result of the restoration works undertaken and subject to rainfall patterns, it is 

anticipated that aquatic herbland will expand and the expansion of plains swampy woodland 

will slow in Gooseneck Swamp.  Duration and extent of inundation will also increase in Brady 

and Walkers swamps.  This is likely to increase the area of plains grassy sedgeland in Walkers 

Swamp.  Wider gains in this EVC will also be determined by future changes in land 

management (i.e. possible future transition of plantation to an alternative land use) in 

combination with hydrological restoration as a result of drainage regulation.  The effect of 

increased duration of inundation in Brady Swamp is likely to promote the persistence of more 

aquatic herbs throughout the area of Sedge Wetland.  The expansion of Juncus tussocks 

throughout this area is likely to slow however the rate at which these tussocks decline will be 

informed by future site monitoring.  The response of Tall Marsh is also unknown at this stage 

and thus requires future monitoring. 

1971 2014 
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Task 2.4 Undertake aquatic environmental indicator monitoring 

 
The two main objectives of the environmental indicator monitoring for the Upper Wannon 

wetlands were: 

1. To establish baseline data of community assemblages for future monitoring 

purposes and describe the current ecological values present across the wetland 

sites 

2. To incorporate geospatial information (LIDAR data) to make future projections of 

the future changes in flora assemblages and distributions following modified 

hydrological regimes associated with the restoration works 

A number of potential ecological responses are expected to occur following the hydrological 

restoration works at Brady and Gooseneck Swamps. These include: 

 During dry (below average rainfall) winter and spring seasons when flows are 

restricted, the ecological responses are likely to be less pronounced (or possibly non-

detectable). 

 Subject to adequate rainfall events, with inundation prolonged by preventing water 

loss through the artificial channel, vegetation dominance and community shift is 

expected. For example, obligate wetland species may be present or establish given 

prolonged inundation, and dominate a larger zone of the swamp area.  

 Increased depth and duration of inundation around the natural wetland overflows and 

associated floodplains may occur to the west and north-west of Gooseneck and Brady 

Swamps, respectively. During periods of high inflow, this may subsequently alter 

conditions for vegetation growth, and potentially cause a shift in vegetation structure 

and composition over a wider area of floodplain in these areas.  

 Enhancement and prolonging of suitable habitat conditions for key faunal groups such 

as frogs, fish and waterbirds to undertake key life stage activities (such as summer 

breeding) may occur as a result of the enhancement of wetland vegetation and 

wetland water holding capacity. 

Little ecological data existed for the site prior to the restoration works. Ongoing counts of 

wetland bird occupancy, particularly through the main breeding (spring/summer) period, have 

been undertaken by the Hamilton Field Naturalists Club (co-ordinated by Rod Bird) since 

February 2011. With the exception of once-off surveys for the nationally threatened 

Wimmera Bottlebrush, no other formal repeated ecological monitoring has been undertaken 

at the site prior to the restoration works.  

A comparison of pre- and post-restoration ecological condition requires replicated temporal 

sampling of ecological composition, and given this information was not available informative / 

statistically robust comparison of wetland status before and after the restoration works could 

not be undertaken. Instead the surveys conducted in this project provide insights into the 
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ecological values of the area, and due to the comprehensive nature of the surveys themselves 

(i.e. providing both qualitative and quantitative data) the data generated will provide an ideal 

resource for future monitoring purposes (including assessing ecological responses to 

hydrological restoration). It is important to note that a time lag between the initiation of 

hydrological change and witnessing shifts in ecological communities is expected, and 

monitoring should be conducted across successive years post-restoration to gain an 

appreciation for general trends in ecological response. 

In order to develop a comprehensive set of ecological data for Brady, Gooseneck and Walker 

Swamps, a number of key functional groups were identified, each having its own specific 

monitoring aim, as outlined below: 

 Fish assemblages and life stages persisting in both the wetland habitats and also 

permanent water bodies both upstream and downstream of the wetland complex.  

The latter component provides a basis for assessing connectivity between wetland 

habitats in the broader Wannon River catchment, and also identifies critical refuge 

habitats during non-flow periods that may act as source populations for wetland 

colonisation when flows resume.  

 Presence and status of Callistemon wimmerensis stands. This species is listed as 

Critically Endangered under the Environment Protection and Biodiversity Conservation 

Act (EPBC Act) 1999, and baseline health and demographic data will provide the much 

needed resource for future monitoring. 

 Characterisation of the aquatic flora of each wetland, floral structure along transects 

from the high water line into the wetland, and use of this information to make 

projections of expected ecological responses to restored hydrological regimes using 

LIDAR derived digital elevation models under Task 2.3. 

 Abundance and richness of species within other key fauna groups, including frogs, 

birds, and invertebrates. Our knowledge of the biodiversity within these habitats is 

extremely limited. Detailed descriptions of community assemblages provide additional 

insights into the biodiversity values of the wetlands, and again provide baseline data 

for future monitoring 

This component of the investigation has been evaluated using field-based ecological surveys. 

An overview of monitoring sites and transects is provided in Figure 17. 
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Figure 17 Overview of sites used for aquatic environmental indicator monitoring 

 

Fish 

Fish surveys were aimed at documenting fish community assemblages, relative densities and 

population structure at Brady, Gooseneck and Walker Swamps. The spatial arrangement and 

sampling intensity was designed in way that maximised geographic coverage and provided 

qualitative and quantitative data that was representative of the respective wetland habitats. 

This survey provides the first baseline assessment of the fish communities from the Upper 

Wannon River Wetland complex.  

A total of six sites across Brady Swamp, Gooseneck Swamp and Walkers Swamp were sampled 

in late spring 2014 (21st Nov – 25th Nov) using a combination of fyke nets, bait traps and 

seine nets (Figure 17; Table 1).  

Due to the naturally low water levels of the Duck Pond Swamp, further exacerbated by the 

particularly low levels due to the dry season, only seine nets were used at this site. Results 

from this site are not comparable to the other sites due to the different sampling 

methodology and intensity; therefore, the data is used only for descriptive purposes and not 

included in comparative analyses.  

Additional surveys of fish communities along the Wannon River both upstream and 

downstream of the wetland complex were conducted in early autumn (22nd Apr – 27th June), 
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when river flows had ceased and the wetlands were dry. This survey was primarily aimed at 

detecting core refuges of fish populations along the Wannon River, which were likely to act as 

‘seed’ populations for the wetlands, following freshwater flows. This refuge sampling included 

four upstream and four downstream sites with aerial imagery and field surveys confirming 

that these were the closest permanent water bodies to the wetland complex (Figure 17; Table 

1). 

In addition, a private dam that becomes intermittently connected to the Wannon River and in 

close proximity to the wetlands was included in the surveys. A combination of Fyke nets and 

bait traps were used for capturing and characterising fish assemblages (Table 1). At all sites 

nets and traps were deployed for a 24 hour period. For both the wetland and refuge habitat 

fish surveys environmental data (e.g. depth, pH, conductivity and temperature) was collected 

at each site, see Appendix 1.  Representative photos of fish surveys sites are shown below for 

both wetland (Figure 17 and 18) and riverine (Figure 19 and 20) sites. 

 
Table 1. Summary of sampling sites and methods employed during wetland monitoring (W1-W7) in spring 

2014 and Wannon River refuge monitoring (both upstream and downstream of wetland complex; R1-R9) in 
autumn 2015.  J Ck= Jimmy Creek, WR= Wannon River, US = upstream, DS = downstream 
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W1 Walkers Swamp 25/11/2014 US of structure 629727 5840686 Drain 1 5

W2 Gooseneck Swamp 25/11/2014 US of structure 628460 5839278 Drain 3 5

W3 Brady Swamp 21/11/2014 Southern site 627344 5837723 Swamp 3 5

W4 Brady Swamp 21/11/2014 Middle site 627200 5838486 Swamp 3 5

W5 Brady Swamp 21/11/2014 Northern site 627241 5838664 Swamp 3 5 3

W6 Brady Swamp 21/11/2014 At outlet 408619 5879439 Drain 3 5

W7 Duck Pond 21/11/2014 Main pool 625454 5838730 Swamp 3

R1 Upstream Refuge (J Ck) 22/04/2015 At Jimmy Ck bridge 510498 5781764 Stream 4

R2 Upstream Refuge (WR) 22/04/2015 Jimmy Ck Campground 633147 5862921 Stream 2

R3 Upstream Refuge (WR) 22/04/2015 DS Jimmy Ck, WP1 632547 5860931 Stream 2

R4 Upstream Refuge (WR) 22/04/2015 DS Jimmy Ck, WP2 631271 5857555 Stream 2

R5 Downstream Refuge (WR) 26/05/2015 Stony bridge upper 621881 5837512 Stream 2

R6 Downstream Refuge (WR) 26/05/2015 Stony bridge middle 621930 5836921 Stream 2

R7 Downstream Refuge (WR) 26/05/2015 Stony bridge lower 621619 5836466 Stream 2

R8 Downstream Refuge (WR) 26/05/2015 Grampians retreat 620031 5835667 Stream 3

R9 Downstream Refuge 27/05/2015 Private dam 623353 5839149 Dam 3

Wetland monitoring

Refuge monitoring
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Method

Site Region

Sampling 

dates Location Easting Northing



Permanently restoring upper Wannon River wetlands – 2015 Project Summary Report 

22 

 

Figure 18.  Middle site of Brady Swamp (W4) in spring 2014. 

 

 

Figure 19.  Upstream structure site at Gooseneck Swamp (W2) in spring 2014. 
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Figure 20.  Downstream refuge site along the Wannon River (R8) in autumn 2015. 

 
Figure 21.  Upstream refuge site along the Wannon River (R2) in autumn 2015. 
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More than 8,300 fish comprising three native species were recorded across the six wetland 

sites representing Brady, Gooseneck, Walker and Duck Pond swamps (Table 2). Southern 

pygmy perch (Nannoperca australis) was by far the most abundant species at each site 

(except for the Duck Pond) and contributed 95% to the total catch. The majority of N. australis 

were recorded at Brady Swamp outlet and upstream of the Gooseneck Swamp structure, 

where waters were highly concentrated (see Appendix 1), but of greater depth (i.e. 0.4-0.5) 

compared to other wetland sites (0.22-0.3), which is preferred by the species. Species richness 

and abundances were generally greater at all Brady Swamp sites, however this is possibly an 

artefact of the survey timing with the dry conditions of spring 2014 compromising our 

sampling intensity of Gooseneck and Walker Swamps. 

Dwarf galaxias (Galaxiella pusilla), which is listed as threatened in Victoria and common to 

wetland habitats in the region, was second most abundant at each of the sites. Relatively less 

abundant was the mountain galaxias (Galaxias olidus), mainly confined to three sites within 

Brady Swamp (Table 2), and the northern and southern sites particularly where fringing 

vegetation was extensive (90-100%; Appendix 1). This relates to the species preference for 

edge vegetation, which provides not only cover and/or shade but also habitat for 

invertebrates that represent an important food source for G. olidus (Hammer et al. 2009).  

Three freshwater crayfish species were recorded across the wetlands; common yabby (Cherax 

destructor), western swamp crayfish (Gramastacus insolitus) and western cray (Geocharax 

falcate). While C. destructor was the most abundant (371 individuals), good numbers of the 

threatened crayfish, G. insolitus (164 individuals) were also recorded. This species is endemic 

to the Grampians National Park where it mainly occurs in floodplain, including previous 

descriptions from Brady Swamp (Johnston and Robson 2009). While most G. insolitus only live 

for one year (due to the seasonality of habitats they occur in), some survive for at least two by 

aestivating in the burrows of G. falcata (Johnston and Robson 2009). The high abundance of 

G. falcata in the Brady Swamp complex may therefore be key to the continued survival of G. 

insolitus, through enabling the species to survive the summer to reproduce. A diverse range of 

opportunistic catch was also recorded including large numbers of tadpoles, coleopteran 

beetles and odinates (dragonfly larvae). 
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Table 2. Summary of fish catch recorded using fyke nets during wetland monitoring in spring 2014 and 
Wannon River refuge surveys in autumn 2015. The fish catch recorded at the refuge monitoring sites R1-R8 are 

presented as mean number of fish per net to allow for comparison across sites. 
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W1 Walkers Swamp Upstream structure 1 1        2 1   1 x  

W2 Gooseneck Swamp Upstream structure 35 5601   1     1 4   26 x  

W3 

Brady Swamp 

Southern site 67 249   47    61 12 61   53 x  

W4 Middle site 22 102   12    115 8 12   92 x  

W5 Northern site 67 303   25    139 27 7   490 x  

W6 At outlet 155 1656       56 58 79   105 x x 

W7 Duck Pond  250 5         55      

                   
 Wetland species TOTAL 

species total 
597 7917   85    371 108 219   767 x x 

                   
R1 Upstream (J Ck)  At Jimmy Ck bridge  18 6  13    4      x  

R2 Upstream (WR)  Jimmy Ck campground 
dfsdfcampgroundcfgggg
ffggcaCampground 

 2 5  2       1     

R3 Upstream (WR)  DS Jimmy Ck, WP1   17  5            

R4 Upstream (WR)  DS Jimmy Ck, WP2  53 16  8       1     

R5 Downstream (WR)  Stony bridge upper 1 114  53 16  11          

R6 Downstream (WR)  Stony bridge middle 35 169  18 7            

R7 Downstream (WR)  Stony bridge lower 7 412  3             

R8 Downstream (WR)   Grampians retreat 2 14 2  34    1        

R9 Downstream  Private dam          4    7        

                    
Upstream refuge species TOTAL 

 
 73 44  28    4   2   x  

Downstream refuge species TOTAL 
 

45 709 2 74 57 4 11  8        

 

 
Figure 22. Native fish species recorded in Brady Swamp: female dwarf galaxias (top), mountain galaxias 

(bottom left) and southern pygmy perch (bottom right). 
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In total, five native fish species were recorded from the eight monitoring sites along the 

Wannon River in autumn 2015, two of which were not recorded in the wetlands. While the 

shallow waters and general lack of woody debris in wetland habitat habitats were favourable 

for some natives fish species such as N. australia and G. pusilla, these conditions appear less 

favourable for river blackfish (Gadopsis marmoratus) and flathead gudgeon (Philypnodon 

grandiceps), which were notably absent from the wetland sites. These findings are consistent 

with recent ecological research in the Gellibrand River catchment, which demonstrated a 

significant association between the presence of woody debris and blackfish presence and 

abundance (Hetherington 2015). 

Fish abundance was significantly greater at downstream sites compared to upstream sites 

(mean values of 896 vs 194; Table 2) along the Wannon River, predominantly due to the high 

numbers of N. australis caught along a stretch of downstream pools (R5-R7). Species richness 

was also greater at downstream locations (mean richness 4.25 vs 3.75), however downstream 

fish assemblages included two invasive species which were not found at upstream locations. 

Low numbers of the eastern gambusia (Gambusia holbrooki) were detected from one 

downstream pool, while low abundances of redfin perch (Perca fluviatilis) were recorded at 

the private dam site.  

Gadopsis marmoratus were found at all upstream survey sites but only a single downstream 

site (Grampians retreat, R8). These sites all had flowing water and more complex habitats (e.g. 

woody debris, rocky substrate, undercut banks), which is a recognised determinant of 

population persistence (Hetherington 2015). On the contrary, P. grandiceps and G. pusilla 

were only recorded downstream of the wetlands where flows were minimal or absent, which 

is unsurprising given that both species often flourish in shallow, wetland freshwater habitats 

with limited environmental flows (Veale and Whiterod 2014; Bachmann et al. 2014). 

Crayfish were both moderately abundant in the wetland habitats, but generally absent from 

most upstream and downstream survey sites. Cherax destructor was found in low abundance 

at three sample sites (one upstream and two downstream), while only as single G. falcata 

individual was reported from a single downstream site. The fast flowing waters and 

predominant rocky substrates of the upstream sites are not typical habitat for these species, 

however this is preferred regional habitat for Glenelg freshwater spiny crayfish (Euastacus 

bispinosus) (Johnston et al. 2009) where two individuals were recorded from a single location. 

The general absence of Cherax and Geocherax from the downstream survey sites may relate 

to low temperatures at the time of survey, or the lack of fringing, over-hanging stream 

vegetation and more prevalent surrounding agricultural land (Appendix 1), since previous 

studies in the Grampians National Park have found a correlation between higher densities of 

G. falcata and intact riparian vegetation (March and Robson 2006).  
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Figure 23.  Species caught from refuge monitoring sites along the Wannon River, Clockwise from left: Glenelg 
freshwater spiny crayfish, flathead gudgeon, river blackfish, mountain galaxias (top) dwarf galaxias (bottom) 

and large catch of southern pygmy perch. 
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Population demographics of the main fish species 

Southern pygmy perch (Nannoperca australis) 

The population structure of N. australis from the wetland survey sites in spring 2014 (provided 

from length-frequency data) shows a large representation of young-of-year fish (between 10 

and 30 mm total length, TL) indicating  strong levels of recent recruitment in the wetlands ( 

Figure 1). This highlights the species’ responsiveness to seasonal inundation and its capacity 

for rapid population expansion under favourable conditions. The relatively smaller 

representation of larger, presumably 1+ (30-45 mm TL), 2+ (45-60 mm TL) and 3+ (60-85 mm 

TL) year old fish, suggests that the wetland habitats were re-colonised by small numbers of 

mature southern pygmy perch from nearby refuge pools, after which populations rapidly 

expand following a successful spawning. 

Survey sites upstream and downstream of the wetland complex were dominated by size 

classes in the range of 30 to 60 mm TL, with the smaller individuals highlighting survival of 

individuals spawned in 2014 over the summer months. Spawning events typically occur during 

spring, which explains the lack of juvenile size classes at these sites. 

 
Figure 24. Length frequency distributions for southern pygmy perch, collected from wetland sites in spring 2014 

and refuge pools along the Wannon River, upstream and downstream of the wetland, in autumn 2015. 
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Dwarf galaxias (Galaxiella pusilla) 

Length frequency data for dwarf galaxias highlights the boom-bust life history strategy of the 

species, which typically completes a life-cycle within a single year (Humphries 1986; Hammer 

et al 2009). Significant recruitment in the wetlands during the spring season of 2014 is evident 

with an abundance of fish below 30 mm TL (Figure 2). Given the ability of the species to 

survive habitat drying through aestivating and having eggs that survive desiccation, it is likely 

that the wetland populations are self-sustaining and not reliant on inputs from nearby refuge 

pools.  

The size classes of dwarf galaxias found during the refuge monitoring in autumn 2015 were 

notably larger than those found in the wetlands during spring 2014.  However given difference 

in survey times it is likely that these represent the same annual cohort. The lack of small fish 

in size classes less than 30 mm TL is indicative of the peak timing of breeding for the species 

and extremely dry catchment conditions since winter 2014. Dwarf galaxias typically spawn 

during winter and spring; however, there is some evidence for spawning events during the 

summer and autumn months (Humphries 1986; Bloink et al. 2012). It is possible that the dry 

spring and summer conditions of 2014-15 have been unfavourable for reproduction. However, 

it is also possible that the large wetland populations provide an important source of 

recruitment to downstream refuges along the Wannon River.  

 
Figure 25. Length frequency distributions for dwarf galaxias, collected from wetland sites in spring 2014 and 

refuge pools along the Wannon River, upstream and downstream of the wetland, in autumn 2015. 
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Mountain galaxias (Galaxias olidus) 

Length-frequency data for G. olidus indicate that around 65% of individuals occupying the 

wetland (predominantly Brady Swamp) were young-of-year (20-50 mm TL; Figure 3). This 

corresponds to the species spawning period, which typically commences in autumn to winter 

after the seasonal onset of seasonal flows (Hammer 2007). Whilst the wetlands are not 

preferred spawning habits for the species (Mitchell et al. 2006), the wetland is more likely to 

act as a nursery habitat for juveniles that colonise it – the fate of these individuals as the 

wetlands disconnect and dry are however unclear. The smaller proportion of larger individuals 

in the wetland (presumably 1+, 2+ and possibly 3+ fish) may reflect an earlier migration from 

the system to permanent refuges along the Wannon River, prior to flows ceasing.    

 

 
Figure 26. Length frequency distributions for mountain galaxias, collected from wetland sites in spring 2014 

and refuge pools along the Wannon River, upstream and downstream of the wetland, in autumn 2015. 

 

  



Permanently restoring upper Wannon River wetlands – 2015 Project Summary Report 

31 

Macroinvertebrates 

Invertebrates were obtained from pooled dip net samples (3 x 10 metre transects) taken from 

the high water line among the aquatic vegetation six sites included in fish surveys (sites W1-3, 

W5-7) (Table 1). Samples were collected in late spring 2014 by using a 250µ mesh net to disturb 

the sediment and collect macroinvertebrates. The whole sample was preserved in 70% 

ethanol and sorted in the laboratory. Samples were washed through a 250µ sieve and then 

divided using a plankton splitter (Pandiyan 2012) ensuring that at least 10% and 100 animals 

were sampled. A coarse scan of the entire sample was also conducted to ensure that no large 

or uncommon animals were missed. These are identified in the count as being from 100% of 

the sample. Macroinvertebrates were identified using a Zeiss Stemi DV4 microscope to family 

except for chironomids to sub-family, oligochaete, mites and microcrustaceans in accordance 

with EPA Victoria Rapid BioAssessment methods (EPA 2003). Microcrustaceans were included 

in the enumeration as they are a significant part of wetland biodiversity. 

Macroinvertebrate sampling revealed highly abundant and diverse community assemblages at 

each of the six sites included in the study. A total of 23 insect families representing six orders, 

four molluscan and six crustacean families, and additional taxonomic groups including 

oligochaets, nematodes and arachnid mites were recorded (Table 3). The crustacean lineages 

Ostracoda and Copepoda were the most common and abundant of all taxonomic groups, 

present at all sites and representing a mean value of 39% of the total biomass (site level mean 

= 36%). Oligochaetes were also present as each site with high densities in some cases and 

representing up to 52% of total biomass. Molluscs representing the Planorbidae, Physidae, 

and Lymnaeidae were also common and present at 4 of the six sample sites, with the latter 

being present at high density at the Brady Swamp drain and Gooseneck Swamp drain sites. 

The representation of each insect family varied considerably across sites with an average of 

eight of the 23 families represented as each site. The most common families were the 

Dytiscidae, Hydrophilidae, and Corixidae (present at 5 sites), and the Naucoridae, 

Tanypodinae, and Notonectidae (present at 3 sites). The greatest macroinvertebrate diversity 

was recorded from the Brady Swamp Drain, Gooseneck Swamp Drain, and Walker Swamp 

Drain sites with 18, 19 and 21 of the 36 taxonomic groups detected, respectively.  
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Table 3. Characterised macroinvertebrate assemblages for six sites across the Upper Wannon Wetland complex. Samples to family level except for chironomids to sub-
family, oligochaetes, mites and microcrustaceans. D = Drain site, N = Northern site, S  = Southern site. 
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Waterbirds and Raptors 

The Hamilton Field Naturalists Club (HFNC), coordinated by Rod Bird, have provided fantastic 

support for the ecological monitoring of upper Wannon wetlands, continuing their seasonal 

waterbird and raptor surveys. Surveys were conducted roughly once every four weeks over 

autumn, spring and summer. Surveys were undertaken in the early morning, when birds were 

likely most active. 

During the active surveys, participants undertook passive, timed observations using spotting 

scopes along the east and south-eastern fringe of the swamp, where a large portion of 

waterbody could be observed. Observations were made for up to 15 minutes, from the 

northeast of the swamp. The information to be recorded for each survey included: 

 Site (north or south) 

 Date, time, and observer names 

 General description of weather conditions 

 Species present 

 Estimated number of each species present 

 Nesting: Species and number of adults present, description of nest position and where 

possible the number of eggs and chicks present  

 Additional observations worth noting. 

While walking between observation sites, participants noted any additional observations of 

wetland and raptor birds, particularly along the northern drain. 

Observations of waterbird and raptor species were collated by the HFNC for surveys 

conducted between 25th February 2011 and 18th October 2014. 

A total of 36 bird species have been recorded at Gooseneck Swamp during the surveys, 

including 26 waterbird species, the EPBC Act (1999) Migratory Listed species Gallinago 

hardwickii (Latham’s Snipe), state threatened Grus rubicund (Brolga) (Flora and Fauna 

Guarantee Act 1988), and 6 species of birds of prey. At Brady Swamp a total of 37 species 

have been observed, including 29 water bird species, state threatened Grus rubicund (Brolga), 

the rare Plegadis falcinellus (glossy ibis), and 5 species of birds of prey. Similar bird species 

compositions were also observed during the survey period for Walker swamp, including 28 

water bird species and 5 species of birds of prey. 

The trend in observations of water birds during these surveys appears to be clearly influenced 

by the retention of water. Figure 27 shows a tight relationship between species diversity and 

percent water cover at Gooseneck Swamp over the study period. Mantel analysis indicates 

that this relationship is strong and significant (r = 0.73, P < 0.01), with regression analyses 

indicating that the relationship is positive and linear (r2 = 0.54, P < 0.01) (Figure 27). 
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Figure 27. Graph of species richness (left vertical axis) and % water cover (right vertical axis; 1 = 100% cover) 

for waterbird surveys conducted between 2011 and 2014 for Gooseneck Swamp. 

 

 
Figure 28. Regression analysis demonstrating the significant positive relationships between species richness 
and % water cover (1 = 100% cover) for waterbird surveys conducted between 2011 and 2014 for Gooseneck 

Swamp. Mantel r = 0.73, P < 0.01; Regression r2 = 0.54, P < 0.01. 
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Frogs 

Frog surveys were undertaken using a passive methodology. Digital audio recorders were set 

up at two locations around wetland sites currently holding water. Figure 29 shows the 

weatherproof housing that is hung from a tree or strapped to a post, with the digital recorder 

inside and an external mounted microphone protruding from the base.  

 
Figure 29. An audio recording device is contained within this weatherproof housing 

A single audio recorder was deployed at Brady, Gooseneck and Walker Swamp within or in 

close proximity to the outlet drain (the deepest point of each wetland). Recorders were 

programmed to take three separate 10 minute recordings within a 24 hour period, at 1 am, 7 

am, and 5 pm, respectively. Recordings were undertaken for the entire period from the 

November through to January.  

The timing of recording was aimed to increase the probability of detection of the growling 

grass frog (Litoria raniformis), a threatened species that is listed as nationally vulnerable 

under the EPBC Act (1999). This method is also generally reliable for detecting a broad range 

of more common frog species, with the exception of autumn calling species (e.g. Geocrinia 

laevis, Southern Smooth Froglet). 

Despite the presence of surface water in close proximity to each of the recorders, and high 

densities of tadpoles observed during the fish surveys, the frog recorders failed to detect adult 

frog calls at either site during the survey period. As stated previously, the time of sampling 

was extremely dry and following unusually dry winter/spring seasons. We therefore expect 

that adult frogs were largely inactive at the time of survey. However, direct observations 

during spring 2014 and previous surveys conducted at Gooseneck Swamp in 2013 provide 

some insight into the frog assemblages of the wetland complex.  

In a previous survey reported by Bachmann and Kivisalu (2014) five frog species were 

detected at Gooseneck Swamp in 2013 including three species of the Limnodynastes genus, as 

well as the endangered Litoria raniformis (Growling Grass Frog, see Figure 30). A full list of 

species records from Gooseneck Swamp is provided below (Table 4).  
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Figure 30. Growling Grass Frog and striped marsh frog collected via dipnet at the Brady Swamp artificial outlet 

in November 2014 

The category of abundance (number of frogs calling) for the Growling Grass Frog was 10-50 

individuals; however it was likely to be higher at some sites. It was assumed the majority of 

these fainter calls were originating from further afield, in the larger Brady’s Swamp, where the 

number of individuals heard calling was likely to exceed 50. Dipnet sampling of the Brady 

Swamp drain site in spring 2014 provided direct evidence of Growling Grass Frog occurrence 

with the observation of a single adult and numerous conspecific tadpoles. The Striped marsh 

frog (Limnodynastes peroni) was also observed in the dipnet samples (see Figure 29). 

 

Table 4. Frog species and abundances from Gooseneck Swamp reported by Bachmann and Kivisalu, L. (2014). * 

denotes that this species was also directly observed at Brady Swamp in spring 2014. 

Frog Species Present Common Name Conservation status 

(EPBC Act 1999) 

Abundance 

Crinia signifera Common eastern froglet - 10 to 50 

Limnodynastes dumerilii Eastern banjo frog - 10 to 50 

Limnodynastes peronei* Striped marsh frog - 10 to 50 

Limnodynastes tasmaniensis Spotted marsh frog - 10 to 50 

Litoria raniformis* Growling grass frog Vulnerable 10 to 50 
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Callistemon wimmerensis 

Callistemon wimmerensis stands were monitored in December 2014. All plants located 

(excepting just a few) were mature individuals belonging to M2 and M3 cohort classifications 

based on Diameter at Breast Height (DBH) of the main stem. Due to the dry spring conditions 

of 2014 none of the plants were inundated and there was no evidence of recent recruitment 

at either of the sites. The two sites differed significantly in the observed flowering intensity 

(average number of inflorescence per branchlet) and percentage foliage die back, with the 

southwest flood plain showing markedly greater values for each measurable. For the M2 and 

M3 cohorts which represented more than 90% of the total individuals sampled, average 

flowering intensity was 12.5 and 7.0 respectively for the southwest stand, and 1.0 and 2.3 for 

the northwest stand. Observed percentage of dieback for M2 and M3 at the southwest and 

northwest stands were 12.4 and 8.0, and 0 and 5.13, respectively (Figure 31). 

The value of 5.13 for the M3 cohorts from the northwest stand is largely influenced by high 

percentage of dieback in a small number of individuals, with the majority showing no 

evidence of dieback.  

Preliminary surveys of a small number of individuals from the southwest and northwest 

stands in the summer of 2013-14 by Bachmann and Kivisalu, L. (2014) indicated a significant 

positive relationship between diameter at breast height (DBM) and flowering intensity (r2 = 

0.64, P <0.05); however this relationship was not replicated in our surveys from December 

2014. Mantel and regression analyses indicated that this relationship was not linear and non-

significant (southwest stand: r = 0.058, P > 0.05, r2 = 0.003, P > 0.05; northwest stand: r = 

0.109, P > 0.05, r2 = 0.012, P > 0.05; (Figure 32). Mantel and regression analyses also failed to 

detect a significant relationship between DBM and percentage dieback at the southwest stand 

(r = 0.292, P > 0.05, r2 = 0.085, P > 0.05), and a weak yet significant positive and linear 

relationship at the northwest stand (r = 0.386, P < 0.05, r2 = 0.149, P < 0.05). As stated 

previously this is largely influenced by a small number of M3 cohort individuals with high 

percentage dieback. Across sites there was no significant relationship between percentage 

dieback and flowering intensity (r = 0.135, P > 0.05, r2 = 0.018, P > 0.05). 
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Figure 31. Comparisons of flowering intensity (top) and percentage dieback (bottom) across dominant cohorts 

for each survey location. 

 



Permanently restoring upper Wannon River wetlands – 2015 Project Summary Report 

39 

 
Figure 32. Regressions analysis of flowering intensity and percentage dieback against diameter at breast 

height (DBM) for the southwestern (top) and northwestern (bottom) survey sites. 

 

Conclusions from aquatic environmental indicator monitoring 

Biodiversity surveys conducted over the study area in 2014-2015 have provided valuable 

insights into the ecological value of the Upper Wannon wetland complex. Surveys indicate 

flora, fish, macroinvertebrate and bird communities of high abundance and diverse 

assemblages. These surveys also indicate that community assemblages of each flora and fauna 

group consist of a number of rare, threatened and endangered species. The data collected as 

part of this study will provide the necessary baseline for future ecological monitoring in the 

area, and specifically for assessing ecological shifts associated with the hydrological 

restoration works undertaken through this project.  

Since European settlement around two-thirds of south west Victoria’s wetland habitats have 

been removed from the landscape due land-use change. Of those remaining some 80% are on 

private land with the vast majority in a highly modified or degraded state due to factors such 

as artificial drainage and cattle access. The loss of habitat quality and availability is closely 

linked with the decline of wetland specialist flora and fauna. This reinforces the importance of 

this project which involved restoring the hydrology of a significant wetland complex in the 

region, and one that is likely to act as an important refuge habitat into the future. This system 

is likely act as an important connecting habitat for the Wannon River system and spawning 

ground for a number of aquatic species, including nationally threatened species. Below we 

discuss the survey results for each wildlife group included in the study, with a specific focus on 

conservation management implications. 
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Fish 

The initial surveys of the fish communities from Brady, Gooseneck and Walker swamps 

highlight that these dynamic wetlands support a diverse assemblage of native species. In the 

case of G. pusilla and Gramastacus, this wetland habitat is likely to represent a large 

proportion of their total area of occupancy in the Grampians National Park.  For others, such 

as mountain galaxias, these wetlands are likely to provide a key role in connecting upstream 

and downstream populations. For most species, smaller size classes and evidence of 

recruitment were common in the wetland habitats. This may indicate the wetlands are 

important for critical life process (e.g. spawning, feeding, juvenile nurseries) for fish species 

occurring in the Wannon River system, but the fate of individuals as the wetlands disconnect 

and dry is unclear. Increasing the duration of inundation within the wetland through 

hydrological restoration is likely to enhance recruitment success, particularly through the re-

flooding of additional vegetated habitats (i.e. spawning substrate) that may have been more 

limited during pre-restoration seasons. The importance of this is emphasised by the recorded 

presence of threatened and short-range endemics within the wetland system (e.g. Galaxiella 

pusilla and Gramastacus insolitus, respectively). Increased periods of inundation may also 

promote greater connectivity thus enhancing dispersal pathways of fish species utilising these 

wetlands to the Wannon River. 

The refuge monitoring provided good initial insight into the fish species persisting in nearby 

permanent pools along the Wannon River. Populations of dwarf galaxias and crayfish are likely 

to be self-sustaining in the wetlands due to their natural ability to cope with dry conditions; 

however, southern pygmy perch and mountain galaxias require permanent water for survival. 

This suggests that permanent pools along the Wannon River provide habitat and act as refugia 

from which the species can contract to and expand from during dry and wet periods, 

respectively. It is likely that pools in close proximity to the wetlands provide sources for 

replenishment for the wetlands and this is supported by recent genetic research that indicates 

that southern pygmy perch are poor dispersers with small home ranges (Miller et al. 2015). 

Management efforts should therefore be directed towards the monitoring and conservation 

of permanent pools throughout the Wannon system as these are likely to underpin the 

persistence of resident fish communities. 

In the upcoming months, further and more intensive monitoring will be undertaken to 

specifically investigating dispersal pathways (e.g. are fish moving upstream or downstream 

into the wetland upon commencement of flows?)  and connectivity between the wetlands 

and Wannon River throughout the duration of winter flows. This will provide a more 

comprehensive understanding of the role the wetlands play in supporting native fish 

populations in the wider Wannon River system and in addition, the benefits of reinstating 

natural flow paths through our restoration works.   
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Anecdotal evidence from local land-users suggests that invasive fish species have occupied 

Brady Swamp in the past. Red-fin (Perca fluviatilis) have been targeted by recreational 

fisherman in the past here, however our surveys indicated this species was not detected from 

the system at the time of sampling, suggesting it may have declined in abundance. However, a 

small population was detected in a near-by dam less than 3 km downstream of the wetland 

complex and this site connects intermittently to the Wannon River during high flows. 

Consequently there is potential for the species to recolonise the Wannon River and its 

associated wetlands. This species has detrimental impacts on native fish species through 

predation and the spread of disease (Langdon and Humphrey 2006), therefore management 

should monitor or seek to eradicate the species from known sources (i.e. nearby dam) to 

minimise potential biodiversity loss. The highly invasive gambusia (Gambusia holbrooki) are 

also a potential threat to the local native fish populations as due to their aggressive nature 

and capacity to feed on eggs, larvae and juveniles of various native fishes (Hernandez-Martich 

and Smith 1997). Gambusia was detected at the closest downstream site to the wetlands, and 

therefore should be viewed as a potentially serious threat. 

Macroinvertebrates 

Macroinvertebrate community assemblages across the Upper Wannon wetland complex were 

highly diverse. Despite the common presence of a range of insect, mollusc, and oligochate 

taxonomic groups across sites, other taxonomic groups were less common and restricted to 

single sites. The level of dissimilarity between sites is also likely to be understated given 

insects were the only group identified to family level. Differentiation between sites is 

expected given the heterogeneity of riverscape (i.e. EVCs, topographic variability, spatial and 

temporal extent of seasonal inundation, varying degrees of hydrological connectivity), and 

differences in species dispersal traits (Chester et al. 2015). 

The greatest diversity of invertebrate fauna was observed at sites within the Brady, 

Gooseneck and Walkers Swamp drains where surface water was concentrated. This could be 

associated with the sampling method itself, as a result of biases influencing spatial extent and 

intensity of sampling. Future surveys of Gooseneck and Walkers Swamps during wetter 

periods will provide more reliable comparisons of invertebrate community assemblages 

between the wetlands. Nonetheless these surveys provide first insights into the complexity of 

the invertebrate fauna in the Upper Wannon wetland complex, and an ideal baseline for 

future ecological monitoring.  

  



Permanently restoring upper Wannon River wetlands – 2015 Project Summary Report 

42 

Birds 

Bird surveys indicate a diverse assemblage of species occupying the Upper Wannon wetlands 

including a number of rare and threatened bird species. Water birds make up the vast 

majority of the recorded sightings and statistical tests demonstrated a direct relationship 

between species richness and the degree of wetland inundation. These findings reinforce the 

importance of preserving wetland habitats in the region, and maximising the duration of 

inundation. It is well recognised that the degradation and loss of wetland habitats across 

south western Victorian is largely responsible for observed declines in water birds in recent 

decade (http://www.ghcma.vic.gov.au/water/wetlands), therefore it is expected that Brady, 

Gooseneck and Walker Swamps will provide secure wetland refuge habitats. 

Frogs 

Our frog surveys were largely unsuccessful due the dry conditions of the previous spring 

season, which meant adults were inactive and calls were not detected. However, previous 

surveys have demonstrated that this wetland complex provides habitat for at least five 

species, including the nationally vulnerable growling grass frog (Litoria raniformis). Although 

this preliminary data is limited, frog populations are likely to benefit significantly from 

improved depth and duration of inundation resulting from the hydrological restoration works, 

providing substantial benefits for the amphibian fauna of the wetland complex. 

Callistemon wimmerensis 

The two large stands of the Critically Endangered Wimmera Bottlebrush, Callistemon 

wimmerensis, indicated substantial differences in the levels of flowering intensity and 

measures of plant health (percent dieback). The southwest stand which occurs on the 

floodplain was found to exhibit significantly greater flowering intensity and percent dieback 

across both dominant cohorts (M2 and M3) compared to the north-western site. In contrast 

low levels of flowering intensity and dieback were observed at the northwest survey site. 

Although a significant relationship between the degree of flowering intensity and percent 

dieback was not observed, these findings still indicate that flowering intensity is possibly 

associated with elevated stress levels (decline in plant health). The south-west stand endures 

more frequent and greater duration of inundation events across years, therefore it is possible 

that the extremely dry conditions of the 2014 spring and summer seasons are responsible for 

the observed patterns. Although more intense replicated sampling across years is needed to 

validate these findings, it is likely that the hydrological restoration works undertaken in this 

project will have a favourable influence on plant health.  

 

  

http://www.ghcma.vic.gov.au/water/wetlands
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Task 3.1 Evaluate the design specifications for works 

On the basis of early contractor discussions and subsequent negotiation within the available 

budget, the project was able to aim for complete decommissioning of the three drains rather 

than progressing with designed permanent earthen embankments/structures to block drain 

flow. This removed the need for detailed engineering design of the works and significantly 

simplified the project brief for the contractors. As a result, more works have been completed 

for less cost and the works have resulted in the landscape being reinstated near to its original 

(pre-drainage) condition.  

Gooseneck Swamp – due to limited availability of spoil on-site, additional fill of an 

appropriate soil type was obtained locally from outside the National Park, from dam and 

drainage spoil heaps on the neighbouring property with the permission of the land owner, 

Macquarie Forestry. Transport costs were covered by the project, but the fill itself was 

donated to the project by the land holder.  

Brady Swamp – sufficient fill for complete decommissioning of the drain was available in the 

original spoil embankment from when the drain was constructed. As this is the original soil 

from the site, no geotechnical investigations were required.  

Duck Pond – sufficient fill for complete decommissioning of the drain was available in the 

original spoil embankment from when the drain was constructed. As this is the original soil 

from the site, no geotechnical investigations were required.  

The basic brief for the contractors is represented by the cross-section schematic shown in 

Figure 33. 

 

Figure 33. Original appearance of the majority of the drainage alignment to be back-filled 
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Task 4.1 Run an open, competitive tender process for the works 

Four of the major earthmoving contractors in the region were approached to provide quotes 

for the proposed earthworks at Brady, Gooseneck, and Duck Pond Swamps. On the basis of 

early discussions within the project, we chose to consult with these contractors directly rather 

than run a typical advertised tender process, consistent with Nature Glenelg Trust’s 

procurement policy given the anticipated cost of works, and to achieve the greatest value for 

money for the project.  

We were confident to approach the project in this way because:  

1. As stated in Task 3.1 Evidence, the job brief had also changed as a result of early 

discussions within the project, and detailed engineering designs were no longer 

required for the project–greatly simplifying the negotiated scope of works with 

potential contractors. 

2. In a typical tender process for construction works of this type, the size of the job, 

its remote location and difficulty of the terrain, would usually result in contractors 

applying a contingency factor to protect their business from financial exposure due 

to potential time over-runs. 

3. To manage this risk for all parties, the job was broken into components associated 

with each Swamp (two less than $5K, one less than $20K) to manage our exposure 

to risks associated with this more flexible, adaptive management approach. 

4. Nature Glenelg Trust has engaged with a number of earthmoving contractors over 

the past 3 years across Western Victoria, therefore we have a sound appreciation 

for hourly charges for machinery hire and labour costs. Typically charges of $120-

150 per hour is a standard for small pieces of earthmoving machinery (<5 tonne), 

while large pieces of machinery (>20 tonne) are generally much higher at $200+ 

per hour. We were confident that based on our previous experience we could 

gauge whether or not quoted daily rates were competitive or not. 

5. The scale of the project indicated that large earthmoving equipment (20 tonne +) 

would be required to get the job done effectively within the given timeframe and 

budget. Float charges for these pieces of equipment are extremely high (and 

increase based on the distance to the job), hence local providers were most 

competitive for the job. 

Nature Glenelg Trust were provided written quotes based on hourly (and hence daily) rates, a 

standard approach for the industry:  

Kavanagh Earthmoving and Plumbing: Hourly rate for 50 tonne excavator = $220 

+GST, Float charges = $2,000 + GST  
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Jones Earthworks: Hourly rate for 20 tonne excavator = $154 + GST, Float charges = 

$500 + GST  

Warrnambool Emergency Plumbing: Hourly rate for 3 tonne excavator = $120 + GST, 

Float charges = $120 per hour of transportation needed +GST  

Farmers Field Services: Competitive quoted rates were provided verbally, but could 

not complete the job within the given timeframe due to other work commitments  

Jones Earthworks were chosen as the service provider of choice given the low float charges, 

an hourly rate which was extremely competitive, and with access the optimal size of the 

machinery that could be provided for completing the job to the highest possible standard.  

Kavanagh Earthmoving and Plumbing were also engaged to provide small equipment to assist 

with the transportation of fill associated with the Gooseneck Swamp works (not attracting the 

float change indicated above), which better capitalised upon Jones Earthworks machinery 

being on-site and resulted in lower overall expenditure on that component of works. 

Procurement and contractor selection documentation is provided in Appendix 2. 

 

Task 5.1 Award tender and engage the successful contractor(s) 

Refer to Task 4.1 for details 

 

Task 5.2 Provide site supervision for on-ground works 

Earthworks were conducted by the contractors in December (Gooseneck Swamp) and 

February-March (Brady Swamp). On site supervision of the earthworks was provided by 

Nature Glenelg Trust with the contractors successfully completing the jobs within the 

expected time frames and budgets. After 60 years of drainage and almost three decades of 

efforts to restore the hydrology of the system, the Gooseneck and Brady Swamp drain have 

been successfully decommissioned and the natural contours of the landscape restored. This 

simple task means that these systems will now retain surface water and soil moisture for 

much longer periods throughout the year, and provide major ecological benefits into the 

future.  
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A series of before and after images as evidence of the works completed are provided below. 

  
 November 2014 April 2015 

Brady Swamp drain – looking towards the swamp. 

 
 November 2014 April 2015 

Brady Swamp drain – looking from the trial structure towards the swamp. 

 
 November 2014 April 2015 

Brady Swamp drain – looking from the trial structure downstream. 
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 November 2014 April 2015 

Brady Swamp drain – looking downstream. 

 
 September 2014 April 2015 

Duck Pond Swamp drain – looking upstream. 

 
 September 2014 April 2015 

Duck Pond Swamp drain – looking upstream. 



Permanently restoring upper Wannon River wetlands – 2015 Project Summary Report 

48 

 
 September 2014 April 2015 

Duck Pond Swamp drain – looking downstream towards the Wannon River. 

 
 September 2014 April 2015 

Duck Pond Swamp drain – looking downstream towards the Wannon River. 

 
 December 2014 February 2015 

Gooseneck Swamp drain – looking over the trial structure upstream towards Gooseneck Swamp. 
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 December 2014 February 2015 

Gooseneck Swamp drain – looking downstream towards Brady Swamp. 

 
 December 2014 February 2015 

Gooseneck Swamp drain – looking upstream towards Gooseneck Swamp. 

 December 2014 

 February 2015 

Gooseneck Swamp drain – looking upstream towards Gooseneck Swamp. 
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Task 6.1 Liaise regularly with project partners 

Consistent with sound project management practices, regular communication with project 

partners has taken place throughout the project, be that volunteers, government agencies, 

public or private land holders, or the wider community. Communication methods have 

included regular phone conversations, email, blogs (via the NGT website) and presentations to 

various groups in the Hamilton district and South West more broadly. Evidence of blog 

communication can be viewed in Appendix 3. 

Task 6.2 Host a community information day on-site in 2014 

Nature Glenelg Trust successfully hosted a community information day including a four-wheel 

drive tour of Walkers, Gooseneck and Brady Swamps and a BBQ lunch Sunday the 23rd of 

November. More than 40 people attended the event and listened to our staff talk about the 

environmental importance of the wetland system, and the project progress to date. We found 

this to be a very powerful tool for engaging the local community, garnering local knowledge 

and promoting ecological restoration. Refer to the event flyer below and Appendix 4 for the 

information day article and event summary. 
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Task 7.1 Review and evaluate the works  

This task is achieved with the completion and submission of this report. 

 

Task 7.2  Complete quarterly and end of project milestone / financial reporting 

The project has been completed on time and to budget, with reporting requirements met 

throughout project delivery. With the completion and submission of this report, only end of 

project reporting remains outstanding. 
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Appendix 1. Environmental data recorded during 

wetland monitoring in spring 2014 and Wannon River 

refuge monitoring in autumn 2015. 
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Walkers US of structure Concentrated None 0.2 0 5 60 60 5 6.5 1464 18 5.6 0.2

Gooseneck US of structure Concentrated None 0.5 20 10 20 70 5 5.6 727 16 6.7 0.5

Southern site Low level None 0.4 0 0 20 90 5 7.3 2472 26 7.9 0.1

Middle site Low level None 0.4 0 5 10 0 0 7.1 2241 18 9.8 0.1

Northern site Low level None 0.3 0 5 45 100 0 7.5 2322 22 8.9 0.1

At outlet Concentrated None 0.4 0 10 20 5 0 6.2 1142 26 8.2 0.1

US Ref (J Ck) At Jimmy Ck bridge Low level Low 1 30 10 5 90 30 5.6 152 15 9.1 1

US Ref (WR) Jimmy Ck Campground Low level Low 1 40 5 5 90 40 5.3 121 10 8.9 1

US Ref (WR) DS Jimmy Ck, WP1 Low level Low 0.8 20 10 10 90 50 5.7 156 10 11 0.8

US Ref (WR) DS Jimmy Ck, WP2 Low level Low 2.5 10 10 5 90 10 5.6 163 11 8.7 2.5

DS Ref (WR) Stony bridge upper Low level None 0.7 25 5 15 30 30 8.3 1026 10 12 0.7

DS Ref (WR) Stony bridge middle Low level None 1.5 10 5 5 5 60 7.3 2436 9 2.9 0.5

DS Ref (WR) Stony bridge lower Low level None 0.7 10 20 5 5 5 7.8 6683 9 10 0.7

DS Ref (WR) Grampians retreat Bank level Seep 1 20 10 10 20 65 7.1 2268 9 4.1 1

DS Ref Michael Inness dam Low level None 2 5 5 5 5 5 6.8 353 10 7.5 0.4

Brady


