
 

    

Prioritising Barriers to Upstream Fish 

Passage 

Barwon and Moorabool Catchments 

 
 
 
 
 
 
 
 
 
 
 
 
 
Tim Marsden, Ivor Stuart and Justin O’Connor 



 1 

This report has been prepared by The Fisheries Collective (TFC) for the Corangamite 
Catchment Managemet Authority (CCMA). 

The Prioritising Barriers to Upstream Fish Passage, Barwon and Moorabool Catchments 
report has been prepared with due care and diligence using the best available information at 
the time of publication. TFC and CCMA holds no responsibility for any errors or omissions and 
decisions made by other parties based on this publication.  

 

For further information, contact: 

Tim Marsden, Principal Consultant - Australasian Fish Passage Services:  

tim.marsden@ausfishpassage.com 

Ivor Stuart, Principal Consultant - Kingfisher Research: Ivor.stuart@gmail.com  

Justin O’Connor, Program Leader - Aquatic Connectivity and Fish Passage, Arthur Rylah 
Institute: justin.o’connor@delwp.vic.gov.au  

 

 

 

© TFC, 2016. 

TFC supports and encourages the dissemination and exchange of its information. The 
copyright in this publication is licensed under a Creative Commons Attribution 3.0 Australia 
(CC BY) license. 

Under this license you are free, without having to seek permission from TFC, to use this 
publication in accordance with the license terms. 

You must keep intact the copyright notice and attribute TFC as the source of the publication. 

For more information on this license visit: 

http://creativecommons.org/licenses/by/3.0/au 

 

 

 

 

 

Please cite as: Marsden, T., Stuart, I. and O’Connor, J. (2016) Prioritising Barriers to 
Upstream Fish Passage, Barwon and Moorabool Catchments. Report to the Corangamite 
Catchment Managemet Authority. The Fisheries Collective, 79pp.  

mailto:tim.marsden@ausfishpassage.com
mailto:Ivor.stuart@gmail.com
mailto:justin.oconnor@delwp.vic.gov.au


 2 

Contents 
1. Introduction ............................................................................................ 3 

2.1. The Barwon and Moorabool rivers ......................................................... 4 
2.1.1. Environment ................................................................................. 4 
2.1.2. Flows ............................................................................................ 6 
2.1.3. Fish Communities ......................................................................... 6 
2.1.4. Barriers ......................................................................................... 9 

2.2. Need for Prioritisation .......................................................................... 12 

2. Methods ............................................................................................... 13 
3.1. Identify All Potential Barriers ................................................................ 15 
3.2. Remote Barrier Assessment ................................................................ 15 

3.2.1. Remote Assessment Selection Criteria Questions ...................... 16 
3.3. Field Appraisal ..................................................................................... 18 
3.4. Biological Assessment ......................................................................... 19 

3.4.1. Biological Assessment Selection Criteria Questions ................... 19 
3.5. Social and Economic Assessment ....................................................... 21 

4. Results ................................................................................................. 25 
4.1. Remote Assessment ............................................................................ 25 
4.2. Biological Assessment ......................................................................... 28 
4.3. Socio-Economic Assessment ............................................................... 30 

5. Discussion ........................................................................................... 33 
5.1. Barwon Breakwater Second Fishway ................................................... 35 
5.2. Buckleys Falls Barrier Complex ........................................................... 36 
5.3. Moorabool Quarry Barrier Complex ..................................................... 36 
5.4. Reedy Lake and Hospital Swamp Complex ......................................... 36 
5.5. Flows to Support Fish Migration ........................................................... 37 
5.6. Suitable Fish Passage Options ............................................................ 38 

6. Conclusion ........................................................................................... 41 

7. Recommendations ............................................................................... 42 

8. Acknowledgements .............................................................................. 43 

9. Glossary ............................................................................................... 44 

10. References .......................................................................................... 45 

11. Appendix 1: Top 25 barriers ................................................................. 48 

12. Appendix 2: Fish Community Information ............................................ 58 
 



 3 

1. Introduction 

European settlement of Australia has resulted in many changes to the natural environment, 
including that of aquatic ecosystems. Aquatic habitats have been transformed through the 
construction of dams, weirs and culverts to provide hydropower, irrigation, navigation, storage, 
and flood control, with important benefits to the communities they support (Bowman 2002). 
However, these structures have also modified flow regimes, disrupted sediment transport, 
altered water quality, and reduced river connectivity (Poff and Hart 2002), to the detriment of 
the species that live within them (Jungwirth 1998; Lucas and Baras 2001). 

Australia is one of the driest continents on earth, and therefore to secure water for human 
usage, many thousands of weirs and floodplain levee banks, large dams and intra- and inter-
basin water transfer schemes have been constructed. Infrastructure development of many of 
Australia's riverine systems has resulted in changes to the local environment, including 
changes to natural stream flow patterns, native fish communities (e.g. reduced abundance 
and diversity), stream forming processes, and riparian vegetation. 

All fish species move among habitats, and movement is a key life-history trait that ensures 
high survival of young, dispersal, and re-colonisation (McDowall 1996). In Victorian inland and 
coastal rivers, there are longitudinal fish migrations upstream and downstream, and also 
lateral migrations into and out of wetlands and floodplains (Mallen-Cooper 2000; O’Connor et 
al. 2005; O’Brien et al. 2010). Connectivity is a key characteristic of healthy aquatic 
ecosystems, and fish need to move within their environment for: 

 Adult access to spawning habitats 
 Dispersal of juveniles to new habitats 
 Access to feeding habitats for all age classes 
 Re-colonisation of habitats (e.g. post drought) 
 Undertaking exploratory movements and habitat selection 
 Accessing refuge areas during droughts, floods or blackwater (poor water quality) 

events. 
 

Stream barriers have had severe impacts on many native fish migrations, with fragmented fish 
populations leading to loss of upstream biodiversity and fish population declines (see reviews 
in Pusey et al. 2004; Lintermans 2007; Humphries and Walker 2013). Dams, weirs and 
culverts are a particular threat to migratory fish because they act as physical, hydraulic (e.g. 
fast-flowing water) and behavioural barriers (e.g. long dark tunnels) to fish movements. 

There are numerous dams and weirs on the Barwon River including the West Barwon Dam, 
Buckleys Falls, the Barwon 'Breakwater' and a second weir built over the Barwon River near 
where the river enters Lake Connewarre. Similarly, there are numerous weirs and dams on 
the Moorabool River including Lal Lal Reservoir, Morrisons, She Oaks and Batesford weirs. In 
both systems there are also many smaller structures potentially impacting fish passage 
including culverts, bridges, gauging stations and road crossings. 

This project has been identified as a priority under the Victorian Waterway Management 
Strategy, refer Policy 11.9 and supports management actions for the Upper Barwon, Mid 
Barwon and Moorabool Landscape Zones under the Corangamite Waterway Strategy 2014-
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2022. The removal of fish barriers in the Barwon River will also complement action 4.17b in 
the Central Sustainable Water Strategy to allocate a 1GL Environmental Entitlement in the 
West Barwon Reservoir in 2015. The Barwon River is also listed in the National Recovery Plan 
for the Australian Grayling as an important river for this fish. It has also been found in the 
Moorabool between Batesford and the Barwon River. This project will also capitalise on the 
recent vertical slot fishway installed on the lower Barwon tidal barrage that has improved 
habitat connectivity and fish passage for Australian Grayling from the Barwon River estuary 
and marine waters, upstream to Buckleys Falls west of Geelong. 

The objective of this project was to assess and identify all potential barriers to fish passage 
and lows flows in the Barwon and Moorabool River basins. This included natural barriers as 
well as artificial barriers that will affect fish passage and flow. Artificial barriers included but 
are were not limited to weirs, culvert crossings, ford crossings, potable water off-take points, 
gauging stations and public and private roads. Existing fishways that may no longer be 
effective were also investigated. These barriers will be prioritised on the basis of ecological 
significance versus estimated cost of providing fish access. This information will be used to 
develop a barrier management plan that will allow a strategic approach to barrier mitigation 
into the future. 

The ecological prioritisation process used here enabled identification of the most significant 
barriers to flow and fish migration. The strategic barrier plan addressed the highest priority 
sites for providing fish passage as well as preferred fishway options. This process was 
conducted using a combination of ecological and cost rankings for each region, to ensure that 
management priorities are clearly specified for restoring habitat connectivity for native fish 
populations. Recommendations on additional data requirements and knowledge gaps are also 
provided. 

This project is a necessary step to inform and implement cost effective barrier works for the 
Moorabool and Barwon Basins in the future. The specific objectives and outcomes of the 
present study were to: 

 Undertake a desktop review of the current information on identified barriers 
 Undertake field assessments of the barriers where required 
 Prioritise the barriers in terms of benefits of fish passage, flow and connectivity 

improvements and proposed remediation works 
 Develop a strategic barrier plan with preferred fishway options (barrier removal and/ or 

restoring fish passage) for the highest priority sites in each river system 
 Provide management recommendations including the steps of restoration based on 

the prioritisation and approximate cost of fishway designs. 

2.1. The Barwon and Moorabool rivers 

2.1.1. Environment

The Barwon River flows in a north easterly direction, draining the northern slopes of the Otway 
Ranges and taking in a number of small tributaries before reaching the basalt plains in the 
centre of the basin (Figure 1). At Inverleigh is the confluence of the Barwon and Leigh rivers. 
The Leigh River originates in the Great Dividing Range near Ballarat and flows southwards to 
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join the Barwon River. The Barwon River then flows east across the plains and takes in the 
waters of the Moorabool River at Geelong. The east and west branches of the Moorabool 
River rise in the ranges in the south west corner of the Wombat State Forest and flow in a 
southerly direction meeting to the north of Bannockburn. The Moorabool River then flows 
south to join the Barwon River at Geelong which then discharges into Bass Strait at Barwon 
Heads (Water Victoria 1989). From its highest point, the river descends 295 metres over its 
160-kilometre course. Water from the river feeds agriculture and industry.  

The study area will also include Sutherlands Creek as part of this project. Due to the presence 
of trout within the main Moorabool River channel however, it’s thought that providing full 
connection to this tributary will put at risk the known populations of Yarra pygmy perch. Hovells 
Creek will also be included as part of this study. However, it is thought that there is a lack of 
appropriate habitat for diadromous fish upstream of the highway, and that effort should not be 
focussed here. 

 

Figure 1. The Barwon and Moorabool catchment.
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2.1.2. Flows

The Barwon River basin has a total area of 388,007 hectares and a mean annual discharge 
of 300,000 ML. Generally, rainfall on the Otway Ranges is 1,400 mm per year while it 
decreases to about 540 mm per year at Geelong which lies in a rain shadow created by the 
Otway Ranges. The Moorabool River has a total area of 217,042 hectares and a mean annual 
discharge of 115,000 ML. Annual rainfalls in the Moorabool catchment reaches about 950 mm 
per year in the northern parts of the basin and decreases down to about 500 mm per year on 
the lower coastal plains (Water Victoria 1989). Environmental watering objectives in the 
Moorabool River system include protecting and boosting native fish populations (including 
Australian grayling, southern pygmy perch, spotted galaxias, tupong and short-finned eel) by 
providing flows for fish to move upstream and downstream and encouraging fish to spawn. It 
also ensures fish and other water animals have a range of habitat pools and places to shelter. 
Environmental watering is also used to improve water quality during the year, particularly 
during summer (VEWH 2016). 

2.1.3. Fish Communities

General

There have been a number of fish surveys undertaken in the Barwon and Moorabool rivers 
since 1998. Fifty-eight survey sites within the Barwon River catchment and 66 survey sites 
within the Moorabool River catchment were sampled between 1998 and 2014 (Environous 
2008, Jones et al. 2008, McGuckin & Ryan 2009, O’Connor & Pickworth 2015, Raadik 2000, 
Raadik & Koster 2000, Raymond 2015, Saddlier et al. 2011, Victorian VBA 2005 and Victoria 
SRA 2007). A full listing of fish species composition and sampling locations of the Barwon and 
Moorabool rivers can be found in Appendix 2. 

Barwon River Fish Community

Twenty-one freshwater fish species have been recorded from the Barwon River system 
(Victorian Aquatic Fauna Database 2005), including 15 native and six exotic species (Table 1). 
Three native fish species (Australian Grayling, Dwarf galaxias and Yarra pygmy perch) are 
considered nationally vulnerable under the Environmental Protection of Biodiversity and 
Conservation Act (EPBC Act 1999) and threatened within the state of Victoria’s Flora and 
Fauna Guarantee Act (FFG Act 1998). Eight of the species listed are diadromous and must 
move between freshwater and estuaries to complete their lifecycle.  

 

Figure 2. Common Galaxias are one of the most common species in the lower Barwon River.
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Table 1. Fish species in the Barwon River and their conservation status

Scientific name Common name Conservation status 
Native     
*Anguilla australis Short-finned eel Common 
Gadopsis marmoratus River blackfish Common 
*Galaxias brevipinnis Climbing galaxias Common 
*Galaxias maculatus Common galaxias Common 
Galaxias olidus Mountain galaxias Common 
*Galaxias truttaceus Spotted Galaxias Common 
Galaxiella pusilla Dwarf galaxias Vulnerable (EPBC) 
*Geotria australis Pouched lamprey Common 
*Mordacia mordax Short-headed lamprey Common 
Nannoperca australis Southern pygmy perch Common 
Nannoperca obscura Yarra pygmy perch Vulnerable (EPBC) 
Neochanna cleaveri Australian Mudfish Endangered (DSE) 
Philypnodon grandiceps Flat-headed gudgeon Common 
*Prototroctes maraena Australian grayling Vulnerable (EPBC) 
*Pseudaphritis urvillii Tupong Common 
Retropinna semoni Australian smelt Common 
Exotic     
Carassius auratus Goldfish Common 
Cyprinus carpio Common carp Common 
Gambusia holbrooki Eastern gambusia Common 
Perca fluviatilis Redfin Common 
Salmo trutta Brown trout Common 
Tinca tinca Tench Common 

*Diadromous species
 

Moorabool River fish Community

Twenty-three freshwater fish species have been recorded from the Moorabool River system 
(Victorian Aquatic Fauna Database 2005), including 15 native and eight exotic species (Table 
2). Two native fish species (Australian grayling and Yarra pygmy perch) are considered 
nationally vulnerable under the Environmental Protection of Biodiversity and Conservation Act 
(EPBC Act 1999) and threatened within the state of Victoria’s Flora and Fauna Guarantee Act 
(FFG Act 1998). Eight of the species listed are diadromous and must move between 
freshwater and estuaries to complete their lifecycle.  

Diadromous Fish

Eight diadromous fish species have been collected from the Barwon and Moorabool rivers 
including Australian grayling, Broad-finned galaxias, Common galaxias, Short-finned eel, 
Short-headed lamprey, Pouched lamprey, Spotted Galaxias and Tupong. All of these species 
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have a limited range within both catchments, most likely due to restriction to migratory 
movement upstream of instream barriers. 

 
 
Table 2. Fish species in the Moorabool River and their conservation status

Scientific name Common name Conservation status 
Native     
*Anguilla australis Short-finned eel Common 
Gadopsis marmoratus River blackfish Common 
*Galaxias brevipinnis Climbing galaxias Common 
*Galaxias maculatus Common galaxias Common 
Galaxias olidus Mountain galaxias Common 
*Galaxias truttaceus Spotted Galaxias Common 
*Geotria australis Pouched lamprey Common 
*Mordacia mordax Short-headed lamprey Common 
Nannoperca australis Southern pygmy perch Common 
Nannoperca obscura Yarra pygmy perch Vulnerable (EPBC) 
Philypnodon grandiceps Flat-headed gudgeon Common 
*Prototroctes maraena Australian grayling Vulnerable (EPBC) 
Pseudogobius sp. 9 Blue-spotted goby Common 
*Pseudaphritis urvillii Tupong Common 
Retropinna semoni Australian smelt Common 
Exotic     
Carassius auratus Goldfish Common 
Cyprinus carpio Common carp Common 
Gambusia holbrooki Eastern gambusia Common 
Perca fluviatilis Redfin Common 
Oncorhynchus mykiss Rainbow Trout Common 
Rutilus rutilus Roach Common 
Salmo trutta Brown trout Common 
Tinca tinca Tench Common 

*Diadromous species

Freshwater Fish

Eight freshwater fish species have been collected from the Barwon and Moorabool rivers 
including Australian smelt, Blue-spotted goby, Dwarf galaxias, Flat-headed gudgeon, 
Mountain galaxias, River blackfish, Southern pygmy perch and Yarra pygmy perch.   

River blackfish have been collected in the main stem of both the Barwon and Moorabool rivers 
with a good range. Yarra pygmy perch have a patchy distribution with a few isolated 
populations within the Barwon River catchment and a single isolated population in the 
Moorabool catchment. Southern pygmy perch have a good range with a couple of isolated 
populations within both the Barwon and Moorabool river catchments. 
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Exotic fish

A total of eight exotic fish species have been collected from the Barwon and Moorabool rivers 
including Brown trout, Common carp, Eastern gambusia, Goldfish, Rainbow trout, Redfin, 
Roach and Tench. Rainbow trout and Roach were found in the Moorabool River catchment 
only. Stocking of some species in reservoirs and lakes within both catchments may have 
contributed to the large distribution range. 

2.1.4. Barriers

Within systems such as the Barwon and Moorabool Rivers hundreds of instream structures 
have been built to support communities and to provide irrigated agriculture. As most of the fish 
population within the Barwon and Moorabool rivers is reliant on free movement to maintain 
populations, these barriers negatively affect the productivity of these systems. Migration 
barriers within these systems have negative impacts on the fish communities of the catchment 
by restricting the free movement of fish throughout the migration season. The impact of 
individual barriers varies dependent on how they are constructed and their mode of operation. 
The main structure types impacting on migrations include: 

Weirs 

Weirs are fixed crest structures which provide a permanent pool during dryer seasons (Figure 
3). During the wetter periods, unregulated flow is discharged over the crest. A wide variety of 
weirs have been constructed throughout the system. They generally consist of a fixed crest 
structure that stores water for delivery off-stream via irrigation pumps.  

 

Figure 3. Weir on the Moorabool River, North of Bannockburn.

Dams 

Dams are generally larger structures which create a large reservoir. Most were constructed to 
either provide potable water supply or to provide permanent water for irrigation schemes. They 
are generally greater than 10m high. A small number of dams (Figure 4) have been built in the 
Barwon and Moorabool catchments, usually higher up in the catchment, where they are used 
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to deliver water to the downstream irrigation customers via the natural river channel or 
irrigation canals. 

 

Figure 4. Large irrigation dam (Lal Lal Reservoir) located in the upper Moorabool catchment
(Source: http://maps.bonzle.com/)

Regulators 

Regulators are a type of impounding structure that are able to release water through the use 
of gates.  This provides greater control of downstream releases than weirs with a fixed crest. 
Regulators are operated either to alter downstream discharge, or to manipulate weir pool 
water level to maintain the level of wetland systems. The gate structures are often simple drop 
board structures or vertical lift gates (Figure 5). A small number of regulators have been 
constructed throughout the lower Barwon River, especially in association with wetland 
systems.  
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Figure 5. Steel regulator gates controlling water on the Hospital Swamp Wetland inlet.

Road Crossings 

The Barwon and Moorabool rivers are criss-crossed by an extensive network of roads, 
indicative of a highly developed rural landscape. This makes road crossings the most common 
type of barrier encountered during the survey of barriers in the region. Road crossings can be 
constructed in a number of ways, with some creating significant barriers (culverts and 
causeways (Figure 6), while others may form a lesser barrier (bridges and fords, Figure 7) 

 

Figure 6. Causeway barrier on the Leigh River.



 12 

 

Figure 7. A bridge that does not form a barrier to fish migration.

2.2. Need for Prioritisation 

Within the Barwon and Moorabool catchment there are hundreds of barriers that are negatively 
impacting the fisheries productivity of the system. Many fish species within the catchment 
undertake significant migrations that have been prevented by these barriers. Fortunately, the 
remediation of fish passage at barriers is possible and will allow migrating fish the opportunity 
to complete their life-cycles.  

Remediation, either by the removal of a barrier or construction of an appropriately designed 
fishway, is one of the most effective management tools utilised by government agencies and 
river managers. Remediation increases the number of fish that are able to reach maturity, 
reproduce, enter the fishery, maintain biodiversity and benefit local communities (Clay 1995). 
However, the cost of remediation of fish passage at all of the barriers in the Barwon and 
Moorabool catchment is likely to be high and there are limited funds available for barrier 
remediation projects.  

As a result, not all barriers can be rehabilitated, making it necessary to identify and prioritise 
the most important and best value barriers to remediate. This ensures that any investment 
made with the limited funds available for rehabilitation has the greatest impact on re-
establishing fish communities.  

To do this, a fish barrier prioritisation process that objectively ranks each barrier based on its 
location and the impact it has on migratory fish communities is undertaken. This process has 
been completed numerous times throughout Australia and has a proven track record of 
providing river managers with the appropriate tools to progress fish passage restoration 
projects that have highest impact on fish communities.  
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2. Methods 

The barrier prioritisation process used in this study was developed to ensure limited resources 
are efficiently utilised to identify barriers having the greatest impact on fish migration which 
were suitable candidates for remediation. The prioritisation is run over a comprehensive five 
stage process that identifies barriers and evaluates the fishery and ecosystem improvement, 
economic cost and social benefit of barrier repair. These five stages include (Figure 8): 

a) Identification – using available information and satellite imagery 

b) Remote Assessment – GIS analysis of five attributes of the potential barrier 

c) Field Appraisal – record physical attributes of high priority potential barriers 

d) Biological Assessment – GIS analysis of five properties of the barrier and site 

e) Socio-economic Assessment – consideration of four socio-economic factors 

The system takes into consideration the importance of various migration patterns and the 
likelihood of localised extinctions caused by the barrier. As a result, the process is designed 
to favour barriers located close to the sea. Barriers located close to the sea will affect a greater 
number of species by preventing fish from migrating upstream to feed. A large portion of 
recruits to a population can be lost if adults cannot access suitable spawning habitat and 
juveniles are unable to access upstream nursery habitats. If fish passage is prevented year 
after year, fish populations can be severely diminished and over time lead to localised species 
extinction (Larinier 2001). The impact of barriers on the diadromous fish communities close to 
the ocean is therefore considered to be more critical than the effect of barriers on the smaller 
fish communities in the headwater streams. Additionally, these headwater streams have much 
greater gradients that can create natural barriers to fish movement, therefore fish communities 
in these areas are more capable of negotiating barriers.  

One of the advantages of this approach is the ability to assess and prioritise thousands of 
potential barriers prior to requiring site visits. An initial desktop study employs the efficiency 
and unique decision making capabilities of an automated GIS system to assess wide-ranging 
temporal and spatial habitat characteristics associated with each potential barrier. This 
efficient approach allows limited resources to be directed towards assessing the highest 
ranking potential barriers after the initial GIS stage, rather than a more arbitrary approach of 
visiting unknown and often less critical barriers based on limited local knowledge. 

This barrier prioritisation process was undertaken in the Barwon and Moorabool catchment in 
south central Victoria (Figure 1) between January and June 2016. Through the several stages 
of analysis a list of the top ranked barriers to fish passage in the Barwon and Moorabool 
Catchments has been created. 
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Figure 8. Flow chart representing the various stages of the prioritisation process.
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3.1. Identify All Potential Barriers 

The first stage of the process requires the identification of all fish migration barriers to include 
in the barrier prioritisation. It is critical that all barriers are included at this stage as any barrier 
not included may render provision of fish passage at other barriers less useful. To this end the 
prioritisation process aims to identify each and every structure that could potentially impact 
fish passage within a catchment, even if at a later stage it is proven to not be a barrier. 

To identify potential barriers raster data in the form of Google Earth imagery was analysed for 
any structure that intersected waterways. Vector data in the form of weir, dam, rail and road 
network shapefiles were then also interrogated to identify any further potential barriers that 
were not visible on imagery.  

In both ArcGIS and Google Earth a potential barrier waypoint was created at the intersection 
of road and stream network data files. Waypoints were also created at the intersection of 
waterbodies and roads that were not part of the data set but easily identified using the imagery. 
Waypoints were assigned to obvious barriers such as dams and wetland regulators and likely 
potential barriers such as small weirs that were identified using the imagery. In addition to 
potential barriers identified using raster and vector data sets, further potential barrier 
information was obtained from a range of sources, including government departments, water 
board authorities and local communities. 

These potential barriers are all included in the analysis process during the initial stages to 
allow a refined list to be created for the field assessment stage for a more efficient use of on-
ground resources.  

3.2. Remote Barrier Assessment 

The remote assessment of the barrier prioritisation incorporates a desktop GIS process to 
efficiently investigate spatial and temporal habitat characteristics associated with each 
potential barrier on a whole of catchment basis. The initial utilisation of GIS enables the 
prioritisation process to assess tens of thousands of potential barriers and systematically rank 
them. All ‘barriers’ are potential barriers until they have been accurately identified in the field 
as actual barriers. 

This initial GIS process allows the prioritisation to set an achievable target of potential barriers 
to be assessed in the field appraisal stage of the process. The availability of resources typically 
determines the size of this inventory, if resources are unlimited than all potential barriers could 
be assessed. However, due to the large size, sparse population, high numbers of barriers and 
limited funding streams for fisheries based riverine restoration projects, this is rarely 
achievable. Therefore, the ability of GIS to rapidly assess large amounts of geospatial vector 
data for each potential barrier and produce a list of the top ranked barriers after the remote 
assessment is invaluable.   

The remote assessment used a desktop computer installed with Google Earth Pro and ArcGIS 
10.1 GIS software. Each potential barrier waypoint created in ArcMap and Google Earth was 
assigned a unique georeferenced identification number that remained with the barrier through-
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out all stages of the process. Each identification number links to its own geospatial database 
that stores location and geometry data for each individual potential barrier.  

Identified potential barriers were then assessed against five geospatial questions relating to 
the barriers position in the catchment, type and amount of available upstream habitat, size 
and area of stream (stream network or stream order) and number of barriers downstream. 
Each potential barrier was then assigned a score (i.e. 1 - 5) depending on how well the criteria 
was answered for each of the geospatial questions. Scores for all questions were combined 
and totalled and the final rank after the remote assessment was determined, i.e. highest total 
score becoming the highest ranking barrier in the remote assessment. 

The following attributes were fundamental for a potential in-stream barrier to score well in the 
remote assessment stage of the selection criteria process: 

a. Barrier located in the lower reaches of the river system, i.e. close to the sea. 

b. Large area of available upstream habitat (amount of habitat opened up above the barrier 
to the next barrier or top of catchment if the barrier is remediated). 

c. Located on a large stream with a high steam order,  

d. Good catchment condition, i.e. minimal adverse surrounding landuse practices,  

e. Minimal to no barriers located downstream, 

3.2.1. Remote Assessment Selection Criteria Questions

Question 1 - Sub-Catchment Characteristics  

What is the waterbody length (km) downstream of the potential barrier to the mouth of the 
entire catchment?  

This question assigns more points to potential barriers that are located close to the mouth of 
the catchment. Barriers located close to the mouth of the catchment block a greater proportion 
of the catchment than barriers further upstream. They are therefore more likely to impact a 
wider range of species, particularly those that require movement to the sea to maintain 
populations. The first barriers low down in the catchment with the greatest area of upstream 
habitat score well.  

Length of stream to the mouth of the entire catchment Score

a. <33km 5 
b. 33 – 83km 4 
c. 83 – 110km 3 
d. 110 – 139km 2 
e. 139 – 166km 
f. >166km 

1 
0 

 

Question 2 - Upstream Habitat (waterbody length in km) 
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This step looked at the waterbody length (km) opened up by remediation, upstream of the 
barrier to the next barrier or top of catchment. If it is the uppermost barrier (there must be 
barriers downstream) then 2 points are taken off the score to balance the area available 
upstream of the last barrier (lowest score possible is 0).  

Total length of stream upstream from the potential barrier to the next barrier or top of 
catchment was calculated in ArcMap. Stream length was then plotted and divided into scoring 
categories based on the frequency of occurrence.  Barriers with larger areas of available 
upstream habitats received a higher score.  

Waterbody length Upstream (kilometres) Score

a. ≥ 110km 5 
b. 5.2 – 110km 4 
c. 1.5 – 5.2km 3 
d. 0.8 – 1.5km 2 
e. 0 – 0.8km 1 

 

Question 3. - Stream Size 

This question determined the stream order of the stream that the barrier was located on, i.e. 
Strahler stream order from the VicMap streams dataset. Stream size is powerful habitat proxy. 
Large streams generally contain a greater complexity of habitats, higher diversity and 
abundance of fish species than small streams (ICUN 2011). Permanent major rivers have the 
highest stream order and scored the highest. Smaller streams progressively have lower 
stream orders as they progress upstream and scored the lower for this question. Barriers 
located on small ephemeral waterways with a stream order of two or lower were deleted from 
the process.  

 

Waterbody Category Score

a. Stream Order > 7 5 
b. Stream Order 6  4 
c. Stream Order 5 3 
d. Stream Order 4 
e. Stream Order 3 
f. Stream Order <2 

2 
1 
0 

 

Question 4 – Stream Condition 

This question determined the ISC score for the reach in which the barrier is found to determine 
the quality of the habitat that would be available for fish if fish passage was remediated onto 
the potential barrier. ISC scores are determined from a wide range of physical and biological 
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criteria and are widely used in Victoria to demonstrate the condition of aquatic habitats within 
the stream network. 

Stream Condition Score

a. ISC Score > 33                  Very High Quality Habitat 5 
b. ISC Score 27 – 33             High Quality Habitat 4 
c. ISC Score 23 – 27    Good Quality Habitat 3 
d. ISC Score 18 – 23     Moderate Quality Habitat 2 
e. ISC Score 12 – 18             Poor Quality Habitat 1 

 

Question 5 - Number of Barriers Downstream  

What is the total number of potential barriers downstream in a direct path to the mouth of the 
Barwon River? 

Total Number of Barriers Downstream Score

a. One or fewer potential barriers downstream 5 
b. Two to five potential barriers downstream 4 
c. Six to 14 potential barriers downstream 3 
d. 15 to 30 potential barriers downstream 2 
e. 31 or 45 potential barriers downstream 
f.  More than 45 Potential Barriers Bownstream 

1 
0 

 

3.3. Field Appraisal 

The next stage of the prioritisation process involved undertaking field appraisals of the 100 
highest ranked potential barriers after the remote assessment. This determined if the site was 
an actual barrier and also defined the characteristics of the barrier that could not be 
determined remotely. Non barriers (ie those determined to have no impact on fish passage at 
any stage of the hydrograph) were identified and no further information collected at these sites. 

If identified as an actual barrier, field teams recorded a variety of attributes of the site to be 
inputted into subsequent stages of the prioritisation process. Important barrier information 
gathered included;  

 Barrier dimensions – all relevant dimensions that will inform the later stages of the 
prioritisation and help with determining suitable fish passage options; 

 Headwater and tailwater levels and variation – critical for determining fish passage 
options and if/when the structure drowns out and passes fish; 

 Observed fish species -  to determine whether this is an important site for the fish 
community and if passage past the site is critical for these fish; 
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 Structure owners – owner/operators will need to be consulted on what, if any, repairs 
will be acceptable at the site given the current usage of the structure; 

 Structure condition and use – The condition the structure is currently in and how it is 
used will affect the fish passage options available to remediate the site; 

 Access for heavy machinery – if rehabilitation were to take place, is the site readily 
accessible for work crews to easily access. 

 Additional information such as the assessor’s name, date of assessment, photos and 
video details, stream and barrier name, date and coordinates of the barrier are also 
recorded  

This data was recorded on field datasheets at every site, including non-barriers. 

3.4. Biological Assessment 

Once field appraisals had been conducted on the 100 highest priority sites a further refinement 
of the biophysical characteristics of each of the barriers was undertaken. All barriers were 
assigned a score based on ‘how well’ they answered the criteria for each of a further four 
questions. All scores were collated and added to the remote assessment score to determine 
a refined list of barriers after the biological assessment. The following attributes are 
fundamental for in-stream barriers to score well in the second stage of the selection criteria 
process: 

a. High transparency of the barrier to migrating fish 

b. Natural, permanent and non-polluted flow, 

c. Diverse and abundant in-stream habitat, 

d. Important site to local fish communities 

The barrier with the highest combined score became the highest ranking barrier. 

3.4.1. Biological Assessment Selection Criteria Questions

Question 6.  - Transparency of barrier to fish passage

The transparency of a barrier to fish passage reflects what proportion of the fish community is 
able to pass the barrier when migrating upstream. The transparency of a barrier is determined 
by the size of the barrier and the flows that occur in the stream it is built on. High barriers such 
as dams without fishways are not considered transparent, even on large streams, as fish are 
not able to migrate upstream past them on any flows. Weirs have varying levels of 
transparency depending on their height and the size of the stream they are built on. A low weir 
on a large stream will drown out more frequently than a large weir on a small stream, allowing 
greater upstream migration opportunities and therefore much higher transparency levels. 
Culverts are generally more transparent as fish can pass these barriers on all but the lowest 
of flows. Barriers were categorised by their size and type, with the higher the transparency of 
the barrier the higher the score 
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Barrier type Score

a. Dam or Weir ≥ 3 m high 5 
b. Dam or Weir or Wetland Regulator 1.5 - 3 m 4 

c. Dam or Weir or Wetland Regulator ≤ 1.5m or Culvert or Pipes ≤50% 
of stream width 3 

d. Culverts or pipes ≥ 50% of stream width 2 
e. No Barrier – DO NOT SCORE REMAINING CRITERIA - 

.

Question 7 – Stream Flow and Waterhole Permanence.

Streams that maintain water flow and waterholes throughout the year have greater year-round 
carrying capacity and therefore greater long-term fisheries productivity. This question 
identifies those sites with the greatest potential for high value fisheries, with sites with year 
round good quality water scoring higher.  

Water Supply/Quantity Score

a. Natural permanent flow 5 
b. Mostly permanent or augmented permanent flow 4 
c. Stream occasionally dries up with refuge pools 3 
d. Stream dries seasonally with refuge pools 2 
e. Stream dries seasonally with no refuge pools 1 

Question 8 - Instream Habitat for Migratory Fish Species Upstream of Barrier Site

The presence of good quality instream habitat will improve the productivity of the fisheries in 
that stream. The presence of weed beds, woody debris and riparian vegetation provide food 
and shelter for fish and improve the likelihood of there being healthy and productive fish 
communities. Streams that had high levels of instream habitat scored higher. 

Instream Habitat Score

a. Excellent. Diverse and abundant in-stream fish habitat 5 
b. Good. Reasonable amount of suitable in-stream fish habitat 4 
c. Moderate amount of suitable in-stream fish habitat 3 
d. Poor. Little suitable in-stream fish habitat 2 
e. Very poor. Little or no suitable in-stream fish habitat 1 

Question 9 – Fisheries Importance



 21 

The importance of a barrier to the local fish community was intrinsically linked to the number 
of fish that were being negatively affected by the barrier during their migrations. Barriers that 
had large numbers of fish present below them were more likely to negatively impact fish 
communities. This question identified particular sites where there were large numbers of fish 
that if provided free passage could increase productivity. This provided an indication of where 
the rehabilitation of fish passage would have the greatest benefit to the fish community.  

Fisheries Importance Score

a. Very High – High fish numbers and many migratory species 5 
b. High – Moderate fish numbers and some migratory species 4 
c. Moderate – Moderate fish numbers and few migratory species 3 
d. Poor – Few fish and few migratory species 2 
e. Very Poor – Few fish and no migratory species 1 

3.5. Social and Economic Assessment 

The final stage of the prioritisation process involves further analysis of data collected during 
the field appraisals that determine the social and economic benefits of remediating each 
barrier. This step is extremely important in determining whether the cost of construction is 
justified by the social and biological benefits the fishway will generate for both local community 
and the environment. In this stage the refined list of barriers is further analysed after the 
biological assessment. Like the other stages, barriers in this stage are assigned a score based 
on ‘how well’ they answer each of the five selection criteria questions. The following attributes 
were fundamental for in-stream barriers to score well in the third stage of the selection criteria 
process: 

a. Low cost to remediate barrier, 

b. Simple fishway design with minimal engineering required, 

c. Resultant highly effective fishway design that can pass many fish 

d. Fisheries productivity gains across a wide area 

e. Reasonable structure condition for construction  

A very important aspect of this stage of the process was considering the net benefits of fixing 
the barrier versus the economic cost of the remediation.   As much of the fish passage 
remediation works will be funded by CMA’s whose funding capacity is often quite limited, this 
stage of the prioritisation is important in understanding which barrier can be affordably fixed 
in line with resources.  Smaller structures are cheaper to construct and are often the most cost 
effective for the investor.  

3.5.1. Social and Economic Assessment Selection Criteria Questions

Question 10 – Estimated Cost of Construction
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As funds for fishway construction are generally limited, it is important to ensure that the best 
value is achieved with each fishway. To ensure this, fishways that are lower in cost score 
higher points than those that are expensive to build. 

 

 

Estimated Cost Score

a. Low cost small/low nature-like fishway or short culvert baffles 
(<$80K) 5 

b. Low cost high nature-like fishway or low height technical fishway 
($80K-$150K) 4 

c. Moderate cost technical fishway ($150K - $500K) 3 

d. High Cost technical fishway ($500K - $1M) 2 

e. Very high cost large/high technical fishway (> $1M) 1 

Question 11 – Design Complexity

How easy it is to build a fishway has a large impact on the viability of the project. If fishways 
are located on sites that are far from services and in rugged terrain, their construction can be 
difficult to manage. Sites that are easy to build at and fishway designs that require minimal 
engineering therefore score a higher score. 

Technical Viability Score

a. Simple installation of current design, with easy access and limited 
engineering required (e.g. low rock ramp < 0.5m or culvert baffles) 5 

b. Modest installation of current design, with easy access and limited 
engineering required (e.g. rock ramp fishway > 0.5m) 4 

c. Moderately complex installation and engineering (e.g. low vertical 
slot/cone fishway) 3 

d. Complex installation and engineering (e.g. high vertical slot fishway) 2 

e. Very complex installation and engineering (e.g. lock fishway) 1 

Question 12 – Operation and Maintenance Requirements.

The effectiveness of fish passage at any one site is influenced by a number of factors. The 
ongoing operation and maintenance (O&M) plays a large part in the ongoing success of 
providing fish passage. Unfortunately, throughout Australia the lack of maintenance has 
severely hampered the operation of many fishways, meaning that the investment in 
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remediation of fish passage at these sites has been compromised. Therefore, fish passage 
solutions that are easy to maintain and require little operator input for operation are likely to 
be the best long term solution at any given site. The existing site determines if it is possible to 
provide low maintenance, low operator input fishways. Sites that can have fish passage 
solutions that have low O&M requirements score higher in this metric. 

Operation and Maintenance Score

a. Very low O&M to maintain passage (bridge/removal) 5 
b. Low O&M to maintain passage (Cone/Vertical slot fishways) 4 
c. Moderate O&M to maintain fish passage (RRamp/Bypass/Baffle 
fishways) 3 

d. High O&M to maintain passage (RRamp fishway in swamp, Vertical 
lsot fishway with gates) 2 

e. Very High O&M to maintain passage (Fish lock) 1 

Question 13 – Attraction Efficiency of Fishway

The attraction of fish into a fishway greatly determines of the success of the fishway design. 
As most fishways in this prioritisations will be retrofitted onto existing structures, the placement 
of the entrance of the fishway may be controlled by that structure. As such a score is attributed 
to the barrier dependant on the ability to place the entrance of the fishway in a good position. 
Barriers that can have fishways built that span the full width of the channel and cannot be 
missed by fish score highest in this metric, while barriers that require the entrance to be well 
away from zones of fish accumulation will score lower. 

Attraction Efficiency Score

a. Dual bank or full width fishway on large stream or partial width 
fishway on small stream 5 

b. Single entrance or partial width fishway on a wide stream 3 
c. Difficult to locate or located far downstream 1 

Question 14 – Productivity Benefits of Constructing a Fishway

What fish species will benefit from the remediation and will this benefit commercial/recreational 
fisheries and/or increase local business revenue (consider added improvement to current fish 
passage as well)? 

Productivity Benefits Score

a. Lower Barwon River and lower lakes systems 5 
b. Barwon and Moorabool above the junction of the two rivers 3 
c. Small emphemeral tributary streams 1 

Question 15 – Structure Condition
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The condition of the barrier structure will have a large impact on the ability to retrofit fish 
passage to the site. If the site is dilapidated and unmaintained, works are often needed to 
stabilise the structure before passage remediation can be undertaken. This can significantly 
increase the cost of the remediation. Also if a structure has heritage protection the installation 
of fish passage at the site may be prohibited, or at least be very complex. Conversely well 
maintained structures are usually simpler to install fish passage solutions onto, however, 
structures owned by utility companies usually have high standards of construction and longer 
approval timeframes, making them more difficult to negotiate successful low cost remediation 
solutions. 

Productivity Benefits Score

a. Good condition structure 3 
b. Utility/Council owned structure 4 
c. Fair condition structure 3 
b. Old dilapidated structure 2 
c. Heritage site 1 

 

A score was assigned to each answer in each of the stages of the prioritisation, once all the 
barriers had been scored, scores were collated together across all the stages. Scores for all 
stages were then collated, with the highest scoring barrier becoming the top priority ranked 
barrier to fish migration in the Barwon Moorabool catchment. The end result of the third stage 
is a list of the top 30 barriers to fish migration in the Barwon Moorabool catchment in order of 
highest priority (see Appendix 1).  
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4.Results 

4.1. Remote Assessment 

A total of 822 potential in-stream barriers to fish migration were identified in the Barwon and 
Moorabool catchments. The highest score achieved in remote assessment was 21 (Table 3). 
This was achieved by the first potential barrier located on the main Barwon River channel 
upstream from the estuary and the lowest barrier to Reedy Swamp (Table 4).  

Table 3.  Number of potential barriers at each scoring level from highest too lowest

Score No. of potential barriers Score No. of potential barriers

21 2 14 31 
20 4 13 76 
19 13 12 96 
18 12 10 56 
17 21 9 95 
16 28 8 104 
15 46 7 or less 163 

 

Table 4. The top eighteen barriers in the Barwon Moorabool Catchment after stage 1 of the 
prioritisation.
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The highest ranked barriers were generally clustered around the lower Barwon River (Figure 
9), however there were a number of barriers on main stream channels higher in the system 
that also ranked highly in the prioritisation. 

Barrier Ref No. Barrier Name Stream Name Stage 1 Score Stage 1 Rank
0012 Reedy Swamp Outlet Reedy Swamp 21 1
0013 Lower Barrage Barwon R 21 1
0136 Reedy Swamp Inlet Reedy Swamp 21 1
0137 Hospital Swamp Inlet Hospital Swamp 20 4
0139 Hospital Swamp Outlet Hospital Swamp 20 4
0150 Pollocksford Weir Barwon R 20 4
0043 Buckley Falls No.1 Barwon R 19 7
0044 Buckley Falls No.2 Barwon R 19 7
0045 Buckley Falls No.3 Barwon R 19 7
0046 Baums Weir Barwon R 19 7
0049 Quarry Ford Moorabool R 19 7
0050 Quarry Channel Drop Moorabool R 19 7
0051 Quarry groundwater Inlet Moorabool R 19 7
0052 Batesford Hotel Weir Moorabool R 19 7
0053 Stan Maddon Weir Moorabool R 19 7
0121 Private Rd Sutherlands Ck 19 7
0138 Hospital Swamp Mid Reg Hospital Swamp 19 7
0644 Farm Crossing Sutherlands Ck 19 7
0748 Inverleigh Town Weir Barwon R 19 7
1672 Quarry Channel Drop Moorabool R 19 7
1673 Quarry Channel Drop Moorabool R 19 7
1674 Quarry Channel Drop Moorabool R 19 7
1675 Quarry Channel Drop Moorabool R 19 7
1676 Quarry Channel Drop Moorabool R 19 7
1679 Quarry Channel Drop Moorabool R 19 7
1680 Old Whitford Crossing Moorabool R 19 7
4213 Donaldsons Weir Moorabool R 19 7
0055 Broccolli King Weir Moorabool R 18 28
0056 Farm Crossing Moorabool R 18 28
0115 Steiglitz Farm Back Rd Sutherlands Ck 18 28
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Figure 9. Location of all potential barriers in the Barwon Moorabool catchment. Large red dots 
represent potential barriers to be visited in the Field Assessment stage, while small pink dots 
represent all other potential barriers.
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4.2. Biological Assessment 

A total of 97 potential barriers were validated in the field (Figure 10) during the second stage 
of the prioritisation. Of the validated potential barriers, 54 (56%) were identified as barriers to 
fish migration, while 43 potential barriers (44%) were identified as non-barriers. The 54 barriers 
to fish migration were then priority ranked (Table 5) in accordance with the ecological and 
physical criteria set out for the Biological Assessment, before advancing to the socio-economic 
stage of the prioritisation process.  

Table 5. The top 30 confirmed barriers and their rank in order of priority after the Biological 
Assessment stage of GIS Prioritisation process.

 

Barrier Ref No. Barrier Name Stream Name Stage 2 Score Stage 2 Rank
0013 Lower Barrage Barwon R 38 1
0043 Buckley Falls No.1 Barwon R 36 2
0044 Buckley Falls No.2 Barwon R 36 2
0045 Buckley Falls No.3 Barwon R 36 2
0046 Baums Weir Barwon R 36 2
0012 Reedy Swamp Outlet Reedy Swamp 34 6
0136 Reedy Swamp Inlet Reedy Swamp 34 6
0139 Hospital Swamp Outlet Hospital Swamp 34 6
0138 Hospital Swamp Mid Reg Hospital Swamp 34 6
0137 Hospital Swamp Inlet Hospital Swamp 34 6
0748 Inverleigh Town Weir Barwon R 34 6
0049 Quarry Ford Moorabool R 33 12
0052 Batesford Hotel Weir Moorabool R 33 12
0053 Stan Maddon Weir Moorabool R 33 12
0055 Broccolli King Weir Moorabool R 33 12
1672 Quarry Channel Drop Moorabool R 33 12
1673 Quarry Channel Drop Moorabool R 33 12
1674 Quarry Channel Drop Moorabool R 33 12
1675 Quarry Channel Drop Moorabool R 33 12
1676 Quarry Channel Drop Moorabool R 33 12
4259 Parkers Weir Moorabool R 33 12
0001 Golf Course Barrage Golf Course Ck 32 22
0228 Big Bend Weir Barwon R 32 22
4213 Donaldsons Weir Moorabool R 32 22
0051 Quarry groundwater Inlet Moorabool R 31 25
0154 Klow Farm Crossing Barwon 31 25
0406 Leighburn Station Back Rd Leigh R 31 25
0409 Shelford Church Farm Rd Leigh R 31 25
0670 Farm Rd Moorabool R 31 25
1679 Quarry Channel Drop Moorabool R 31 25
0059 Winery Ford Moorabool R 30 31
0064 Sheoaks Weir Crossing Moorabool R 30 31
0418 Gurdies Rd Leigh R 30 31
1680 Old Whitford Crossing Moorabool R 30 31
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Figure 10. Location of the top 54 barriers (with their Rank), refined after the biological 
assessment stage of the barrier prioritisation process.



 30 

4.3. Socio-Economic Assessment 

The final stage of the barrier prioritisation process involved analysing the top 54 barriers after 
the biological assessment stage of the process with a number of economic, social and 
technical criteria. Each of the 54 barriers were prioritised in accordance with the scoring 
system set out for the socio-economic stage of the process. The end product of the 
prioritisation process is a priority list of the top 34 ranked barriers to fish passage in the Barwon 
and Moorabool catchments requiring future remediation (Table 6 and Figure 11). The final 
ranking had a number of barriers with equal scores, as such the list of the top 34 barriers is 
grouped around these equal scores, hence the ranking can miss individual ranks.

Table 6. Final ranking when considering socio economic factors for the top 34 priority barriers 
in the Barwon Moorabool Catchment.
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Barrier Ref No. Barrier Name Stream Name Total Score Total Rank
0013 Lower Barrage Barwon R 64 1
0043 Buckley Falls No.1 Barwon R 60 2
0044 Buckley Falls No.2 Barwon R 60 2
0046 Baums Weir Barwon R 59 4
0012 Reedy Swamp Outlet Reedy Swamp 58 5
0136 Reedy Swamp Inlet Reedy Swamp 58 5
0139 Hospital Swamp Outlet Hospital Swamp 58 5
0138 Hospital Swamp Mid Reg Hospital Swamp 58 5
0137 Hospital Swamp Inlet Hospital Swamp 58 5
0748 Inverleigh Town Weir Barwon R 58 5
0049 Quarry Ford Moorabool R 57 11
1672 Quarry Channel Drop Moorabool R 57 11
1673 Quarry Channel Drop Moorabool R 57 11
1674 Quarry Channel Drop Moorabool R 57 11
1675 Quarry Channel Drop Moorabool R 57 11
1676 Quarry Channel Drop Moorabool R 57 11
0001 Golf Course Barrage Golf Course Ck 56 17
0045 Buckley Falls No.3 Barwon R 56 17
0052 Batesford Hotel Weir Moorabool R 56 17
0409 Shelford Church Farm Rd Leigh R 56 17
0154 Klow Farm Crossing Barwon 55 21
0228 Big Bend Weir Barwon R 55 21
0406 Leighburn Station Back Rd Leigh R 55 21
0418 Gurdies Rd Leigh R 55 21
1680 Old Whitford Crossing Moorabool R 55 21
0005 Golf Course Culvert Golf Course Ck 54 26
0069 Farm Rd Moorabool R 54 26
0670 Farm Rd Moorabool R 54 26
4257 Sheoaks Gauging Weir Moorabool R 54 26
0053 Stan Maddon Weir Moorabool R 53 30
0064 Sheoaks Weir Crossing Moorabool R 53 30
0153 McMillans Lane Weir Barwon R 53 30
4213 Donaldsons Weir Moorabool R 53 30
4259 Parkers Weir Moorabool R 53 30
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Figure 11. Location and final rank (No. inside barrier) of the top 34 barriers to fish migration in 
the Barwon Moorabool catchment.
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5.Discussion 

Fish Migration

Migration is an essential aspect of the life history of all freshwater fish species, and includes 
movements associated with spawning, feeding and seeking favourable habitats as refuge.  
Here we use the term ‘migration’ to encompass all regular movements of fish between habitats 
and not only annual or seasonal movements. 

Application of the Prioritisation Model

Barriers to fish migration are one of the major factors that has contributed to the decline of 
diadromous and freshwater fish in the Barwon and Moorabool catchment, as has been 
observed elsewhere in Australia (Harris et al. 2016).  These impacts were most readily 
observed at the estuarine-freshwater interface where diadromous fish were largely unable to 
complete their obligatory migration to freshwater before the vertical-slot fishway was installed 
in 2013. However, the cumulative impacts of the large number of additional barriers throughout 
the Barwon-Moorabool catchment has also significantly fragmented and degraded the 
diversity of native fish. 

In the Barwon and Moorabool catchment we identified 822 potential stream barriers and it is 
not possible to address all of these and hence prioritisation is required to restore catchment 
connectivity.  The strength of the barrier prioritisation model used here is in its transparent 
ranking system which accounts for ecological, investment and social aspects of barrier 
remediation.  We present a simple but effective method that is based on considering all of the 
barriers holistically but the prioritisation also includes the basic ecology of diadromous fish, 
which prioritises the most downstream of the barriers. However, the method is also flexible 
and can be easily applied to wetlands and freshwater reaches. 

The prioritisation model was refined to include a range of ecological, practical, cost-
effectiveness and social inputs; rather than simply just the length and quality of upstream 
habitats which have over-simplified other initiatives.  Hence, the method was tailored for the 
local ecology, hydrology and social requirements of the Barwon and Moorabool catchment 
and this was a key to the fish restoration strategy outlined below.  An example, are the Reedy 
Lakes regulators, which do not necessarily represent the highest quality upstream habitat or 
even the most significant migration barrier but they are the greatest opportunity to optimise 
benefits for galaxiids and other diadromous fishes. 

A strength of the prioritisation model was that the reliance on quantitative fisheries data, expert 
judgement or subjective data was minimised and thus the finished product is more robust and 
can be used by managers in a range of future prioritisation scenarios (Nunn and Cowx 2012).  
The process identified all potential barriers and then short-listed these via a combination of 
rapid remote and site based evaluations. The final recommendations, therefore, represent 
objective priorities which provide a solid ecological return on investment. 

For each of the priority barriers identified for fish passage restoration there are a range of 
options available.  These include, barrier removal, bridge replacement and retro-fitting 
fishways.  A strength of the current study was that the team included fish passage experts and 
hence a range of well-known fish passage solutions (e.g. vertical-slot and rock fishways) could 
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be recommended along with innovative solutions (e.g. pre-cast cone fishways).  Directly 
linking the fish passage priorities with a range of practical solutions potentially provides for 
more efficient allocation of future resources to fish passage solutions. 

Strengths of the Prioritisation Model

The GIS prioritisation model was efficient at reducing the initial number of barriers down from 
the 822 identified.  The GIS program prioritised these potential barriers to fish migration in 
accordance with the biological criteria set out for the remote assessment stage of the process. 
This produced a high priority list of potential barriers to be field assessed.  All of the top 97 
ranked potential barriers chosen for field validation were assessed, with 54 of these being 
actual barriers to fish migration, while 43 did not affect fish passage, as these were bridges or 
natural rock structures that provided sufficient fish passage opportunities. The strength of the 
process was quickly determining all the potential barriers within the whole catchment, thus 
highlighting the extent of the problem, before reducing this list down to a smaller list of high 
priority sites suitable for first investment in rehabilitation funds. 

Refinements and Limitations of the Prioritisation Model

A generic limitation of remote barrier identification is that some barriers are inevitably missed 
and need to be added during the field validation stage.  Hence, the short list of barriers that 
require a field visit (105 sites in the present case) is unlikely to capture every barrier, especially 
in a large catchment such as the Barwon and Moorabool catchment with many informal and 
unlicensed barriers.  Nevertheless, we are confident that with the intensive remote and on-
ground identification efforts few barriers remain to be identified. 

The prioritisation model was originally developed for northern Australia but was relatively 
easily adapted and refined to accurately reflect the biological and investment priorities for fish 
passage restoration for a large coastal river in south-eastern Australia (Moore and Marsden 
2008, O’Brien et. al. 2010).  The major areas where the model was refined were fourfold: 
firstly, there was greater emphasis placed on the importance of providing fish passage for 
diadromous fish in the lower catchment.  Secondly there were refinements to adequately 
reflect the importance of large adjacent wetlands in the lower catchment (e.g. Reedy Lake).  
Thirdly, the social importance of fisheries was emphasised by including the importance of 
recreational and commercial fish species.  Lastly, due to the lack of flows in many areas of the 
catchment there needed to be greater importance attached to tributaries or reaches with 
perennial flow (e.g. lower Leigh River). 

The Way Forward for Fish Passage in the Barwon-Moorabool Catchment

Through the prioritisation process, potential barriers were ranked according to the impact that 
they are presently having on the fish communities of the Barwon and Moorabool catchment 
and the cost and technical feasibility of rehabilitation of fish passage at the site. A list of top 
priority barriers according to the multi-stage process has been developed from this ranking. 
This list (See Appendix 1) provides a strategic guide to targeted rehabilitation of fish passage 
for the greatest benefit to the fisheries and local communities of the region. The list contains 
many significant barriers in the region, as well as a number of smaller barriers that while having 
less impact are cost-effective and simpler to fix. 
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With the Barwon and Moorabool catchment prioritisation completed and a list of recommended 
sites for rehabilitation of fish passage (Appendix 1), Corangamite CMA can now move forward 
with an investment program to source funds to implement options outlined for each structure 
in the priority list. It should be recognised that the list is a guide only and changing priorities 
may make some sites more or less achievable. For example, some of the structures have 
funding for fish passage infrastructure already secured, or in progress, and will be completed 
first, regardless of their ranking in the present prioritisation. Hence, over the next decade as 
on-ground actions begin, the priority barrier list should not be considered prescriptive – rather 
as a guide. 

In all cases the feasibility of rehabilitation of a site should be investigated thoroughly prior to 
any design or construction investment being undertaken, to ensure that providing passage at 
the barrier maximises improvements for the fish community and also provides the most cost 
effective remediation for investors. 

5.1. Barwon Breakwater Second Fishway 

The Barwon breakwater represents the highest ecological and investment fish passage 
restoration priority in the Barwon and Moorabool catchment. This recommendation is slightly 
counter-intuitive because an efficient vertical-slot fishway was constructed in 2013. The logic 
behind considering the breakwater as the number one site is that: 

 The tidal breakwater is the closest barrier to the estuary and hence impacts on the 
greatest fish species diversity attempting to migrate into freshwater. 

 The breakwater blocks the greatest biomass of fish, including juvenile life-stages of 
diadromous fish, such as galaxiids, lampreys, tupong and elvers.  Evaluation of the 
vertical-slot fishway has shown up to thousands of fish migrating per hour. 

 Not all fish can be expected to find the entrance of the vertical-slot fishway as the site 
is relatively wide and the downstream conditions can distract fish away from the 
fishway due to the training walls spatially separating fish and freshwater leakage 
across the structure. 

 In the short-term, the tidal barrage structure may be replaced and this provides an 
opportunity to review the need for a second fishway which could be specifically 
designed to be water efficient while also passing additional fish sizes (e.g.<30 mm) 
compared to the vertical-slot. 

 If a second fishway were considered as part of a major upgrade to the breakwater 
structure, then the construction will likely require significantly less resourcing 
compared to a standalone fishway retro-fit. 

A major complementary intervention to support fishway operation is allocation of a permanent 
discharge from the breakwater to attract fish from the estuary and perennially operate the 
fishways. Water to support key ecological processes, such as upstream and downstream 
migration, needs to be considered holistically in the lower Barwon River and Reedy/Hospital 
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wetlands. This is because fish will move among these habitats and improved functional system 
ecology is strongly dependent on a designed hydrograph to support these processes. 

5.2. Buckleys Falls Barrier Complex 

Buckleys Falls is a relatively complex fish passage issue but one that needs to be resolved to 
realise the full benefits of catchment-scale fish passage restoration. The structure is 
considered to be more of a barrier now than in the past due to the manipulation of flows in the 
river that likely lead to fewer drown-out events. The complex of barriers at Buckleys Falls and 
Baums Weir should be considered as a fish passage package to be improved as a whole. 
Reinstating fish passage at any single one of the sites is only a partial solution.  Several fish 
passage options are possible at the site and these have been scoped previously (Kingfisher 
Research 2014).   

Buckleys Falls has site-specific constraints, such as machine access and discontinuous flows, 
but the present prioritisation process considered that rock fishways or hybrid designs are most 
appropriate for the main Buckleys Falls structure. We suggest that concept designs are 
developed in parallel with stakeholder negotiations to resolve a way forward at Buckleys Falls 
for fish passage. 

5.3. Moorabool Quarry Barrier Complex 

The Moorabool Quarry complex represents another challenging site for restoring fish passage.  
The channelized section with permanent passing flow is relatively straight-forward to retro-fit 
with rock fishways.  However, the ephemeral concrete lined reach is more difficult.  This site 
is similar to the Buckleys Falls complex in that addressing fish passage needs to be done as 
a whole-of-site approach to realise the full ecological benefits. Ultimately we suggest removal 
of the concrete and re-instatement of flows should be considered because this supports 
several catchment restoration objectives, such as restoring a functional riparian and 
hydrological biome. 

5.4. Reedy Lake and Hospital Swamp Complex 

The Reedy and Hospital Lakes complex potentially provides extensive nursery habitats for 
juvenile fish and greater hydrological and ecological connectivity among the lakes. 
Connectivity of these lakes downstream to Lake Connewarre and to the Barwon River is a 
high recovery priority.  To complement the successful breakwater fishway, restoring fish 
passage at Reedy Lake and Hospital Swamp would become a major step in restoring river-
estuary-wetland connections and regional fish populations.  

The need for fish passage on the lower lakes is emphasised by the high numbers of 
diadromous fish migrating through the breakwater fishway.  The recovery of upstream 
populations is somewhat dependent on the lake operations because when these fish migrate 
upstream or downstream past the lake inlets (particularly if water is flowing into the lakes 
system) they can potentially move into and become landlocked in the lakes.  Improving 
upstream and downstream connectivity in the lakes is likely to contribute to population 
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outcomes but this must also be supported with targeted flow management to support fish 
ecology.   

We suggest that a technical fishway is the most appropriate solution for the lower lakes 
because these sites are subject to rapid weed and vegetation growth (e.g. Phragmites).  
Hence, a rock fishway may not be the most suitable fish passage option, from a purely 
maintenance point of view.  Development of a cone fishway design specific to the lower 
Barwon which provides for the local fish ecology has application in the lower lakes, the 
breakwater and lower freshwater river reaches (e.g. Baums Weir).  These fishways have fewer 
weed invasion issues than rock fishways and can be considered in the Reedy and Hospital 
systems.  Specifically, we recommend that the inlet and outlet regulators at both Reedy Lake 
and Hospital Swamp are addressed as a package and retro-fitted with cone fishways. 

5.5. Flows to Support Fish Migration 

Fishways provide the physical structure for fish to move upstream past weirs but the local 
hydrology provides the critical stimulus for many species to use them.  Thus the life cycles of 
freshwater fish are intimately linked to hydrological regimes.  Conservation and management 
of freshwater fish needs to be supported by an appropriate flow regime.  It is not the objective 
of this report to provide a comprehensive hydrological analysis but we suggest the dot points 
below could be considered and expanded in any future flow planning initiatives. 

Hydrological and biological connectivity between separate riverine, estuarine and lake habitats 
(biomes) is imperative and the Barwon River estuary is an interlinked and essential part of the 
ecosystem.  Continuous flow is therefore required between the river and estuary. 

 Plan for continuous freshwater flows through the breakwater fishway 

 Consider evaluating a small spring discharge (e.g. test a range of flows up to an 
additional 100-200 ML /day for 2 weeks) through/over the barrage to experimentally 
evaluate whether this attracts more fish through the fishway and can potentially 
accelerate recovery of diadromous fish populations in the lower Barwon. 

 Linking the hydrology of the lower lakes (e.g. Reedy & Hospital) to the lower Barwon 
River and Lake Connewarre is a key to fish population recovery.  Freshwater discharge 
from the lakes into the lower estuary will result in attraction of upstream migrating fish, 
passage of downstream migrating fish and a return of the lakes to a functional part of 
the ecology in the lower Barwon, for fish.  Hence, outflows from the lakes should be 
considered. 

 The Barwon and Moorabool catchments are flow stressed and hydrologically 
fragmented.  For example, at low flows the reach between Buckleys Falls and Baums 
Weir can be hydrologically short-circuited.  Another example is in the lower Moorabool 
River where surface flows are rare in the concrete channelized reach.  While these 
issues are complex to resolve, restoration of fish passage may be an appropriate 
vehicle to identify appropriate hydrological targets for future discussion with the key 
stakeholders. 
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5.6. Suitable Fish Passage Options 

A number of remediation options are available to provide fish passage at existing barriers. 
Removal of the barrier is the best option to completely rehabilitate fish passage. However, as 
many of the structures are still actively managed to benefit the community it is not always 
practical to remove them. As such fish passage options that work with the existing 
management of the structure are required, with well-designed fishways being the best 
opportunity to provide passage. Designs that can be used to rehabilitate fish passage at 
existing structures include: 

Rock Ramp Fishway 

Rock ramp fishways are commonly used for low barriers up to about two metres high. They 
are essentially a series of rock ridges placed immediately below a barrier, creating a low slope 
pool and step that simulates a rocky stream bed (Figure 12). Larger boulders are placed in 
ridges across the rock ramp, creating pools of low flow and low turbulence. Each of the ridge 
rocks has a gap between it and the ridge rock beside it, through which the water flows, allowing 
fish to move from pool to pool and over the weir.  

 

Figure 12. Rock Ramp fishway on the Goulburn River Victoria. 

Cone Fishway 

Cone fishways use a similar principle to the rock ramp fishway, but uses concrete to create 
the ridges. This design is particularly suitable for sites where the supply of rock is limited or 
weeds may be an issue. The concrete cones create a series of ridges that provide small steps 
and pools of low turbulence and velocities through which fish can ascend (Figure 13). This 
design has recently been installed on the Fitzroy (QLD) and Maribyrnong rivers. Initial 
sampling of the Fitzroy Barrage fishway of species similar to those found in the Barwon river 
indicates that the design is successfully passing fish as small as 12mm. 
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Figure 13. Concrete cone fishway constructed Fitzroy Barrage in Queensland. 

Culvert Baffle Fishway 

Culvert baffle fishways consist of a set of vertical protrusions from the walls of a culvert that 
break up the water flow, slow the water down adjacent to the culvert walls and provide resting 
areas and migration pathways for fish (Figure 14). The baffles are usually made of steel and 
fixed to the wall with suitable materials. They work on the same principal as other fishways in 
that they break up the fast flow in to a series of small steps with manageable velocities for fish. 
They are most suitable for application at road crossings, bridges or other sites where little or 
no pool is created. 

 

Figure 14. Culvert baffle fishway constructed on Marion Creek Queensland. 

Vertical Slot Fishway 

This design consists of a concrete channel extending from the top of the weir (headwater) to 
the base of the weir (tailwater). Within the channel baffles are inserted at regular intervals 
along the length of the channel to slow the velocity of the water. Within each baffle there is a 
vertical slot through which water is transferred to the next pool downstream (Figure 15). This 
creates a series of pools and small steps, with low velocities that fish are able to swim through 
easily. This is one of the most successfully applied design worldwide, but can have high capital 
costs. 
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Figure 15. Vertical slot fishways constructed on Sheepstation Creek, Queensland. 
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6.Conclusion 

The prioritisation demonstrated that while there are hundreds of barriers within the Barwon 
and Moorabool catchment, remediation of a small number of the highest priority barriers will 
significantly increase the habitat available to migratory fish. A strategic restoration approach 
is recommended herein which will greatly aid in restoring access to the different aquatic 
habitats of the Barwon and Moorabool catchment. 

The barrier prioritisation process employed in the present report was refined and adapted to 
specifically fit the Barwon and Moorabool catchment and this was important for recommending 
ecological, social and resource-efficient priorities. A series of well-known and innovative 
fishways are recommended, on a case-by-case basis and each can now be considered as an 
integral part of a business case for Corangamite CMA to take forward. 

We also briefly scope complementary actions, specifically flow management, to support fish 
migration and fishways in the Barwon and Moorabool catchment. Developing a flow 
management plan to support fishway operation and fish migration is also a key element to 
recovering fish populations. The barrier data set represents a valuable future resource for 
evaluating fish population recovery and progress toward the goal of restoring connectivity in 
the Barwon and Moorabool catchment.   
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7.Recommendations 

An investment strategy should be developed for the highest priority sites based on the 
information contained within this report. 

This investment strategy should be promoted with Corangamite CMA and DELWP to obtain 
funding for fish passage rehabilitation at these sites. 

Negotiations should be commenced with the appropriate groups (ie DELWP, Fisheries, 
CCMA, irrigators, anglers,) to permit rehabilitation of the highest priority sites. 

Once funding is secured: 

a) Detailed sites surveys should be undertaken at each site to provide information for 
fishway designers 

b) Suitably qualified companies/individuals should be contracted to produce designs for 
each of the fishways 

c) Suitable local contractors should be employed to construct the fishway under 
supervision of the fishway designer 

d) Ongoing maintenance agreements should be drawn up with the structure owners 

e) Monitoring programs should be established to ensure the success of any fishway 
installed. 

Further prioritisations should be undertaken in other catchments to assist with determining 
where investment in fish passage remediation should be undertaken in those catchments.  
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9.Glossary 

Arcmap – The main component of Esri's ArcGIS suite of geospatial processing programs, it is 
used primarily to view, edit, create, and analyse geospatial data. 

Diadromous – fish species that must undertake migrations between freshwaters and the sea 
for breeding and other purposes. 

Fish passage - everything related to the movement of fish in their environment. 

Fishway - a construction allowing upstream and/or downstream passage of fish past a barrier. 

Georeferenced - Geographic/spatial data that identifies a specific location on earth. 

Geospatial - Relating to or denoting data that is associated with a particular location. 

Google Earth – A virtual globe, map and geographical information program that maps the 
Earth by the superimposition of images obtained from satellite imagery, aerial photography 
and GIS 3D globe. 

Potamodromous - fish species whose migrations occur wholly within freshwater for breeding 
and other purposes. 

Shapefile - is a popular geospatial vector data format for geographic information system 
software. It is developed and regulated by Esri as a open specification for data interoperability 
among Esri and other GIS software products.  

Vector Data - A data model based on the representation of geographical objects by Cartesian 
co- ordinates, commonly used to represent linear features. Each feature is represented by a 
series of co- ordinates which define its shape, and which can have linked information. 

Waypoint - A set of coordinates that identify a point in physical space. 
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11. Appendix 1: Top 25 barriers 

 

Biological Rank 1

Barrier Id number BAR0013 

Stream Name Barwon R 

Barrier Name Lower Barrage 

Barrier Type Weir 

Barrier Height 1.2m 

Fishway Option 2nd V-slot f’way 
southern bank 

Approximate cost $500,000 

Cost/Benefit Rank 1 
   

 

Biological Rank 2 (equal)

Barrier Id number BAR0043 

Stream Name Barwon R 

Barrier Name Buckley Falls 1 

Barrier Type Rock Fall 

Barrier Height 1.6m 

Fishway Option Rock Ramp 

Approximate cost $250,000 

Cost/Benefit Rank 2 (equal) 
 

 

Biological Rank 2 (equal)

Barrier Id number BAR0044 

Stream Name Barwon R 

Barrier Name Buckley Falls 2 

Barrier Type Rock Fall 

Barrier Height 2.2m 

Fishway Option Rock Ramp 

Approximate cost $250,000 

Cost/Benefit Rank 2 (equal) 
 



 49 

 

Biological Rank 2 (equal)

Barrier Id number BAR0045 

Stream Name Barwon R 

Barrier Name Buckley Falls 3 

Barrier Type Waterfall 

Barrier Height 4.8m 

Fishway Option R-Ramp on left 
bank 

Approximate cost $500,000 

Cost/Benefit Rank 16 (equal) 
 

 

Biological Rank 2 (equal)

Barrier Id number BAR0046 

Stream Name Barwon R 

Barrier Name Baums Weir 

Barrier Type Weir 

Barrier Height 1.0m 

Fishway Option Partial Width 
R-Ramp/Cone 

Approximate cost $250,000 

Cost/Benefit Rank 4 
 

 

Biological Rank 6 (equal)

Barrier Id number BAR0012 

Stream Name Reedy Swamp 

Barrier Name Swamp Outlet 

Barrier Type Regulator 

Barrier Height 0.9m 

Fishway Option V-Slot adjacent 
to structure 

Approximate cost $300,000 

Cost/Benefit Rank 5 (equal) 
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Biological Rank 6 (equal)

Barrier Id number BAR0136 

Stream Name Reedy Swamp 

Barrier Name Swamp Inlet 

Barrier Type Regulator 

Barrier Height 1.6m 

Fishway Option V-Slot adjacent 
to structure 

Approximate cost $300,000 

Cost/Benefit Rank 5 (equal) 
 

 

Biological Rank 6 (equal)

Barrier Id number BAR0139 

Stream Name Hospital 
Swamp 

Barrier Name Hospital 
swamp Outlet 

Barrier Type Regulator 

Barrier Height 1.0m 

Fishway Option V-Slot adjacent 
to structure 

Approximate cost $150,000 

Cost/Benefit Rank 29 (equal) 
 

 

Biological Rank 6 (equal)

Barrier Id number BAR0138 

Stream Name Hospital 
Swamp 

Barrier Name Swamp Mid 
Regulator 

Barrier Type Regulator 

Barrier Height 0.6m 

Fishway Option R-Ramp or 
Removal 

Approximate cost $50,000 

Cost/Benefit Rank 5 (equal) 
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Biological Rank 6 (equal)

Barrier Id number BAR0138 

Stream Name Hospital 
Swamp 

Barrier Name Swamp Inlet 

Barrier Type Regulator 

Barrier Height 0.9m 

Fishway Option Bypass R-
Ramp 

Approximate cost $50,000 

Cost/Benefit Rank 5 (equal) 
 

 

Biological Rank 6 (equal)

Barrier Id number BAR0748 

Stream Name Barwon R 

Barrier Name Inverleigh 
Town Weir 

Barrier Type Weir 

Barrier Height 0.3m 

Fishway Option Rock Ramp 

Approximate cost $50,000 

Cost/Benefit Rank 5 (equal) 
 

 

Biological Rank 12 (equal)

Barrier Id number BAR0049 

Stream Name Moorabool R 

Barrier Name Quarry Ford 

Barrier Type Ford 

Barrier Height 0.4m 

Fishway Option Rock Ramp 

Approximate cost $10,000 

Cost/Benefit Rank 10 (equal) 
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Biological Rank 12 (equal)

Barrier Id number BAR1672 

Stream Name Moorabool R 

Barrier Name Quarry Drop 1 

Barrier Type Drop Structure 

Barrier Height 0.75m 

Fishway Option Rock Ramp 

Approximate cost $50,000 

Cost/Benefit Rank 10 (equal) 
 

 

Biological Rank 12 (equal)

Barrier Id number BAR1673 

Stream Name Moorabool R 

Barrier Name Quarry Drop 2 

Barrier Type Drop Structure 

Barrier Height 0.15m 

Fishway Option Rock Ramp 

Approximate cost $10,000 

Cost/Benefit Rank 10 (equal) 
 

 

Biological Rank 12 (equal)

Barrier Id number BAR1674 

Stream Name Moorabool R 

Barrier Name Quarry Drop 3 

Barrier Type Drop Structure 

Barrier Height 0.15m 

Fishway Option Rock Ramp 

Approximate cost $10,000 

Cost/Benefit Rank 10 (equal) 
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Biological Rank 12 (equal)

Barrier Id number BAR1675 

Stream Name Moorabool R 

Barrier Name Quarry Drop 4 

Barrier Type Drop Structure 

Barrier Height 0.15m 

Fishway Option Rock Ramp 

Approximate cost $10,000 

Cost/Benefit Rank 10 (equal) 
 

 

Biological Rank 12 (equal)

Barrier Id number BAR1676 

Stream Name Moorabool R 

Barrier Name Quarry Drop 5 

Barrier Type Drop Structure 

Barrier Height 0.25m 

Fishway Option Rock Ramp 

Approximate cost $10,000 

Cost/Benefit Rank 10 (equal) 
 

 

Biological Rank 12 (equal)

Barrier Id number BAR0052 

Stream Name Moorabool R 

Barrier Name Batesford Weir 

Barrier Type Gauging Weir 

Barrier Height 0.6m 

Fishway Option Rock Ramp 

Approximate cost $50,000 

Cost/Benefit Rank 16 (equal) 
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Biological Rank 12 (equal)

Barrier Id number BAR0053 

Stream Name Moorabool R 

Barrier Name Stan Maddon 
Weir 

Barrier Type Weir 

Barrier Height 1.8m 

Fishway Option Bypass 
Channel 

Approximate cost $300,000 

Cost/Benefit Rank 29 (equal) 
 

 

Biological Rank 12 (equal)

Barrier Id number BAR4259 

Stream Name Parkers Weir 

Barrier Name Moorabool R 

Barrier Type Weir 

Barrier Height 2.0m 

Fishway Option Rock Ramp 

Approximate cost $300,000 

Cost/Benefit Rank 29 (equal) 
 

 

Biological Rank 12 (equal)

Barrier Id number BAR0055 

Stream Name Moorabool R 

Barrier Name Broccoli King 
Weir 

Barrier Type Weir 

Barrier Height 2.2m 

Fishway Option Cone Fishway 

Approximate cost $300,000 

Cost/Benefit Rank 35 (equal) 
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Biological Rank 22 (equal)

Barrier Id number BAR0001 

Stream Name Golf Course Ck 

Barrier Name Golf Links 
Barrage 

Barrier Type Barrage 

Barrier Height 0.5m 

Fishway Option Rock Ramp 

Approximate cost $30,000 

Cost/Benefit Rank 16 (equal) 
 

 

Biological Rank 22 (equal)

Barrier Id number BAR0228 

Stream Name Barwon R 

Barrier Name Big Bend weir 

Barrier Type Weir 

Barrier Height 2.0m 

Fishway Option Removal/Rock 
Ramp 

Approximate cost $150,000 

Cost/Benefit Rank 20 (equal) 
 

 

Biological Rank 22 (equal)

Barrier Id number BAR4213 

Stream Name Moorabool R 

Barrier Name Donaldson’s 

Barrier Type Weir 

Barrier Height 1.2m 

Fishway Option Rock Ramp 

Approximate cost $100,000 

Cost/Benefit Rank 29 (equal) 
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Biological Rank 25 (equal)

Barrier Id number BAR0051 

Stream Name Moorabool R 

Barrier Name Groundwater 
Inlet Hole 

Barrier Type Headcut 

Barrier Height 0.5m 

Fishway Option Rock ramp or 
Removal 

Approximate cost $800,000 

Cost/Benefit Rank 36 (equal) 
 

 

Biological Rank 25 (equal)

Barrier Id number BAR0154 

Stream Name Barwon R 

Barrier Name Klow Farm 
Crossing 

Barrier Type Crossing 

Barrier Height 1.4m 

Fishway Option Culverts 

Approximate cost $40,000 

Cost/Benefit Rank 20 (equal) 
 

 

Biological Rank 25 (equal)

Barrier Id number BAR0406 

Stream Name Leigh R 

Barrier Name Leighburn 
Station Ford 

Barrier Type Ford 

Barrier Height 0.3m 

Fishway Option Rock Ramp 

Approximate cost $15,000 

Cost/Benefit Rank 20 (equal) 
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Biological Rank 25 (equal)

Barrier Id number BAR0409 

Stream Name Leigh R 

Barrier Name 
Shelford 

Church Farm 
Rd Barrier Type Road Crossing 

Barrier Height 1.5m 

Fishway Option Spanning Slab 
Bridge 

Approximate cost $90,000 

Cost/Benefit Rank 16 (equal) 
 

 

Biological Rank 25 (equal)

Barrier Id number BAR0670 

Stream Name Barwon R 

Barrier Name Farm Rd 

Barrier Type Road crossing 

Barrier Height 0.3m 

Fishway Option Ford 

Approximate cost $10,000 

Cost/Benefit Rank 25 (equal) 
 

 

Biological Rank 25 (equal)

Barrier Id number BAR1679 

Stream Name Moorabool R 

Barrier Name Quarry Head 
Cut 

Barrier Type Head Hut 

Barrier Height 0.5m 

Fishway Option Rock Ramp 

Approximate cost $800,000 

Cost/Benefit Rank 37 (equal) 
 



 58 

12. Appendix 2: Fish Community Information 

Review of existing information on fish communities within the Barwon and Moorabool 
Basins

Background
This report will compile and review all recent existing information available on fish communities 
found in both the Barwon and Moorabool catchments and identify any data gaps.

Barwon River fish community

Twenty one freshwater fish species have been recorded from the Barwon River system 
(Victorian Aquatic Fauna Database 2005), including 15 native and six exotic species (Table 
1). Three native fish species (Australian Grayling, Dwarf galaxias and Yarra pygmy perch) are 
considered nationally vulnerable under the Environmental Protection of Biodiversity and 
Conservation Act (EPBC Act 1999) and threatened within the state of Victoria’s Flora and 
Fauna Guarantee Act (FFG Act 1998). Eight of the species listed are diadromous and must 
move between freshwater and estuaries to complete their lifecycle.  

Moorabool River fish community

Twenty three freshwater fish species have been recorded from the Moorabool River system 
(Victorian Aquatic Fauna Database 2005), including 15 native and eight exotic species (Table 
2). Two native fish species (Australian grayling and Yarra pygmy perch) are considered 
nationally vulnerable under the Environmental Protection of Biodiversity and Conservation Act 
(EPBC Act 1999) and threatened within the state of Victoria’s Flora and Fauna Guarantee Act 
(FFG Act 1998). Eight of the species listed are diadromous and must move between 
freshwater and estuaries to complete their lifecycle. 

 
Table 1. Fish species in the Barwon River and their conservation status

Scientific name Common name Conservation status 
Native     
*Anguilla australis Short-finned eel Common 
Gadopsis marmoratus River blackfish Common 
*Galaxias brevipinnis Climbing galaxias Common 
*Galaxias maculatus Common galaxias Common 
Galaxias olidus Mountain galaxias Common 
*Galaxias truttaceus Spotted Galaxias Common 
Galaxiella pusilla Dwarf galaxias Vulnerable (EPBC) 
*Geotria australis Pouched lamprey Common 
*Mordacia mordax Short-headed lamprey Common 
Nannoperca australis Southern pygmy perch Common 
Nannoperca obscura Yarra pygmy perch Vulnerable (EPBC) 
Neochanna cleaveri Australian Mudfish Endangered (DSE) 
Philypnodon grandiceps Flat-headed gudgeon Common 
*Prototroctes maraena Australian grayling Vulnerable (EPBC) 
*Pseudaphritis urvillii Tupong Common 
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Retropinna semoni Australian smelt Common 
Exotic     
Carassius auratus Goldfish Common 
Cyprinus carpio Common carp Common 
Gambusia holbrooki Eastern gambusia Common 
Perca fluviatilis Redfin Common 
Salmo trutta Brown trout Common 
Tinca tinca Tench Common 

*Diadromous species
 
Table 2. Fish species in the Moorabool River and their conservation status

Scientific name Common name Conservation status 
Native     
*Anguilla australis Short-finned eel Common 
Gadopsis marmoratus River blackfish Common 
*Galaxias brevipinnis Climbing galaxias Common 
*Galaxias maculatus Common galaxias Common 
Galaxias olidus Mountain galaxias Common 
*Galaxias truttaceus Spotted Galaxias Common 
*Geotria australis Pouched lamprey Common 
*Mordacia mordax Short-headed lamprey Common 
Nannoperca australis Southern pygmy perch Common 
Nannoperca obscura Yarra pygmy perch Vulnerable (EPBC) 
Philypnodon grandiceps Flat-headed gudgeon Common 
*Prototroctes maraena Australian grayling Vulnerable (EPBC) 
Pseudogobius sp. 9 Blue-spotted goby Common 
*Pseudaphritis urvillii Tupong Common 
Retropinna semoni Australian smelt Common 
Exotic     
Carassius auratus Goldfish Common 
Cyprinus carpio Common carp Common 
Gambusia holbrooki Eastern gambusia Common 
Perca fluviatilis Redfin Common 
Oncorhynchus mykiss Rainbow Trout Common 
Rutilus rutilus Roach Common 
Salmo trutta Brown trout Common 
Tinca tinca Tench Common 

*Diadromous species
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Fish community data 
Fifty eight survey sites within the Barwon River catchment and 66 survey sites within the 
Moorabool River catchment were conducted between 1998 and 2014 (Environous (2008), 
EPBC (1999), FFG (1998), Jones et al. (2008), McGuckin & Ryan (2009), O’Connor & 
Pickworth (2015), Raadik (2000), Raadik & Koster (2000), Raymond (2015), Saddlier et al. 
(2011), Victorian VBA (2005) and Victoria SRA (2007)) (Figure 1, Appendix 1 & 2). Of that 
survey data, diadromous fish species, exotic fish species, Common galaxias, River blackfish, 
Yarra pygmy perch and Southern pygmy perch are focused on. 

 



Figure 1: All survey sites between conducted in the Barwon and Moorabool catchments
between 2000 and 2015
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Diadromous fish
Seven diadrmous fish species were collected; Australian grayling, Broad-finned galaxias,  
Common galaxias, Short-finned eel, Short-headed lamprey, Spotted Galaxias and Tupong 
(Figure 2). Pouched lamprey was the only diadromous species not detected in the surveys. 
Short-finned eels were not included in the data as they were collected from throughout both 
catchments at almost every site (appendix 4). All of the other species showed a limited range 
within both catchments, most likely due to restriction to migratory movement upstream of 
instream barriers (Figures 3 – 8). 

Figure 2: Diadromous fish distribution in the Barwon and Moorabool catchments
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Common galaxias
Common galaxias have a limited range within both catchments, most likely due to restriction 
to migratory movement upstream of instream barriers. 

Figure 3: Common Galaxias distribution in the Barwon and Moorabool catchments
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Australian grayling
Australian grayling have a very limited range within the Barwon catchment and were not 
detected in the Moorabool catchment, most likely due to restriction to migratory movement 
upstream of instream barriers. 

Figure 4: Australian Grayling distribution in the Barwon and Moorabool catchments
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Tupong
Restricted to the lower Barwon and Moorabool catchment due to barriers. 

 
Figure 5. Tupong distribution in the Barwon and Moorabool catchments
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Spotted galaxias
Restricted to the lower Barwon and Moorabool catchment due to barriers. 

Figure 6. Spotted galaxias distribution in the Barwon and Moorabool catchments
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Short-headed lamprey
Restricted to the lower Barwon and Moorabool catchment due to barriers. 

Figure 7. Short-headed lamprey distribution in the Barwon and Moorabool catchments
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Broad-finned galaxias
Restricted to the lower Barwon catchment due to barriers. 

Figure 8. Broad-finned galaxias distribution in the Barwon and Moorabool catchments
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Short Finned Eel
Short-finned eel distribution in the Barwon and Moorabool catchments

Figure 9. Short finned eel distribution in the Barwon and Moorabool catchments

0          6         12        18        24 km



 70 

Freshwater Fish Species
Eight freshwater fish species were collected; Australian smelt, Blue-spotted goby, Dwarf 
galaxias, Flat-headed gudgeon, Mountain galaxias, River blackfish (Figure 10), Southern 
pygmy perch (Figure 12), and Yarra pygmy perch (Figure 11).   

 
River blackfish
In the main stems of both the Barwon and Moorabool Rivers with a good range. 

Figure 10: River Blackfish distribution in the Barwon and Moorabool catchments
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Yarra pygmy perch
Patchy and a few isolated populations within the Barwon catchment and a single isolated 
population in the Moorabool catchment. 

 

Figure 11: Yarra Pygmy Perch distribution in the Barwon and Moorabool catchments
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Southern pygmy perch
Good range with a couple of isolated populations within both the Barwon and Moorabool 
catchments. 

Figure 12: Southern Pygmy Perch distribution in the Barwon and Moorabool catchments
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Australian Smelt
Australian smelt distribution in the Barwon and Moorabool catchments. 

Figure 13: Southern Pygmy Perch distribution in the Barwon and Moorabool catchments
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Exotic fish
A total of 8 exotic fish species were collected; Brown trout, Common carp, Eastern gambusia, 
Goldfish, Rainbow trout, Redfin, Roach and Tench (Figure 14). Rainbow trout and Roach were 
found in the Moorabool catchment only. Stocking of some species in reservoirs and lakes 
within both catchments may have contributed to the large distribution range. 

Figure 14: Exotic fish distribution in the Barwon and Moorabool catchments
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Barwon River Sites

Waterbody Name Location
Date 

surveyed
Y (GDA 94) X (GDA 94) Easting 

(GDA 094) 
zone 55

Northing 
(GDA 094)

zone 55

Barwon River1  11/10/2006 -38.1436345 144.1860292 253400 5774500 
Barwon River2  23/01/2007 -38.1780098 143.9899289 761900 5770200 
Barwon River3  12/12/2006 -38.4924655 143.6853323 734199 5736120 
Barwon River4  9/10/2006 -38.2188182 144.3978468 272200 5766700 
Barwon River5  12/10/2006 -38.1126768 144.0629153 242500 5777600 
Barwon River6  25/01/2007 -38.2393282 143.9878712 761500 5763400 
Barwon River7  13/12/2006 -38.2783207 143.9780404 760500 5759100 
Barwon River East 
Branch1  12/12/2006 -38.5498243 143.7448434 739200 5729600 
Pennyroyal Creek  11/12/2006 -38.4549453 143.90509 753500 5739700 
Williamson Creek1  22/01/2007 -37.774524 143.9401494 758954 5815122 
Williamson Creek2  24/01/2007 -37.7418769 143.9563981 760500 5818700 
Yarrowee River1  11/10/2006 -38.0143466 143.977568 761400 5788400 
Yarrowee River2  10/10/2006 -37.7814061 143.8887225 754400 5814500 
Yarrowee River3  12/10/2006 -37.5546405 143.8765438 754100 5839700 
Yarrowee River4  10/10/2006 -37.8104375 143.9171111 756800 5811200 
Yarrowee River5  24/01/2007 -37.7130761 143.8826628 754100 5822100 
Yarowee River6  23/01/2007 -37.5439874 143.9066884 756800 5840800 
Yarrowee River7  24/01/2007 -37.8919526 143.9362448 758200 5802100 

Fyansford A  
Nov/Dec 

2014 -38.0841443 144.1831829 252950 5781095 

Fyansford B  
Nov/Dec 

2014 -38.0838105 144.18429 253046 5781135 
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Fyansford C  
Nov/Dec 

2014 -38.0837927 144.1902983 253573 5781153 

Fyansford D  
Nov/Dec 

2014 -38.0841952 144.184925 253103 5781094 
Barwon River West 
Branch Downstream of West Barwon Dam, Forrest 10/08/2007 -38.5259556 143.7218573 737275 5732309 

Barwon River East Branch Downstream of offtake weir , Forrest 
10-

11/8/2007 -38.5239676 143.7302006 738009 5732508 
Barwon River West 
Branch Sevens Creek Bridge, Barwon Downs 

10-
11/8/2007 -38.4744751 143.6895354 734624 5738106 

Barwon River East Branch Dewings Bridge Road, Barwon Downs 
10-

11/8/2007 -38.4348029 143.7480055 739857 5742358 

Barwon River Deepdene Road, Yeodene 
10-

11/8/2007 -38.3894477 143.7681978 741771 5747339 

Yarrowee River Buninyong - Mt. Mercer Road, Garibaldi 
30-

31/05/07 -37.7135002 143.8822709 754064 5822054 
Leigh River Gundies Road, Bamganie 24/07/2007 -37.890361 143.9364771 758226 5802276 

Leigh River Downstream of Shelford 
29-

30/05/07 -38.0348312 143.9805509 761589 5786118 

Leigh River Teesdale Road, Inverleigh 
29-

30/05/07 -38.0846472 144.0169928 238373 5780582 
Waurn Ponds Creek Jarvis Oval Bridge, Waurn Ponds East 24/07/2007 -38.2041739 144.2952687 263171 5768067 

Waurn Ponds Creek Upstream of Rossack Road, Grovedale 
24-

25/07/2007 -38.2034662 144.3122514 264656 5768189 

Waurn Ponds Creek Highmont Drive, Grovedale 
24-

25/07/2007 -38.1920813 144.3305261 266220 5769499 

Waurn Ponds Creek Bailey Street, Grovedale 
24-

25/07/2007 -38.1892382 144.3497295 267893 5769863 

Barwon River 
At top of fishway on lower barrage, downstream of 
Geelong 10/12/1999 -38.2210488 144.4171838 273900 5766500 

Barwon River Downstream of fishway on Baum's Weir, Geelong 6/12/1999 -38.1489953 144.2987809 263300 5774200 



78 

Barwon River Within fishway on Baum?s Weir, Geelong 6/12/1999 -38.1489953 144.2987809 263300 5774200 
Barwon River Upstream of fishway on Baum?s Weir, Geelong 6/12/1999 -38.1489953 144.2987809 263300 5774200 

Barwon River 
Downstream of fishway just upstream of 
Pollocksford Bridge 7/12/1999 -38.1472352 144.1858908 253400 5774100 

Barwon River Within fishway just upstream of Pollocksford Bridge 7/12/1999 -38.1472352 144.1858908 253400 5774100 

Barwon River 
At top of fishway just upstream of Pollocksford 
Bridge 7/12/1999 -38.1472352 144.1858908 253400 5774100 

Barwon River 
Just upstream of fishway, just upstream of 
Pollocksford Bridge 7/12/1999 -38.1472352 144.1858908 253400 5774100 

Barwon River 
Downstream of weir at end of property off Peel 
Road, Inverleigh 7/12/1999 -38.1120907 144.0754829 243600 5777700 

Barwon River 
Downstream of ford on McMillans Lane, upstream 
of Inverleigh 6/12/1999 -38.1499922 143.9933476 762300 5773300 

Barwon River 
Upstream of ford on McMillans Lane, upstream of 
Inverleigh 6/12/1999 -38.1499922 143.9933476 762300 5773300 

Waurn Ponds Ck D?stream of Pioneer Rd 16/12/2002 -38.200985 144.3211347 265426 5768487 
Pennyroyal Ck D?stream of weir 22/09/1999 -38.4098852 143.858523 749591 5744829 
Barwon R Pollocksford Rd weir 12/12/2000 -38.1443078 144.1870529 253492 5774428 
Barwon R End of lane, West of Murghebolac 14/09/1999 -38.1078227 144.0929403 245116 5778222 
Pennyroyal Ck ds Weir on property, off Bushes Lane 22/09/1999 -38.412844 143.8587427 749600 5744500 
Matthews Creek ds Weir, Murroon Road 22/09/1999 -38.4332604 143.8343485 747400 5742300 
Gosling Creek us Murroon Road 22/09/1999 -38.4265027 143.8157588 745800 5743100 

Dewing Creek 
us property near the junction of Birregurra/Forrest 
Road, west of Barwon Downs 22/09/1999 -38.4699328 143.7704608 741700 5738400 

Callahans Creek 
ds weir, end of an unnamed track off Mahers Road, 
south of Barwon Downs 22/09/1999 -38.501737 143.7590677 740600 5734900 

Barwon River East branch ds weir, end of an unnamed track off Yaugher Road 22/09/1999 -38.5114127 143.7307696 738100 5733900 
Barwon River west 
branch downstream from the wall of the West Barwon Dam 22/09/1999 -38.5305308 143.7223165 737300 5731800 
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Barwon R Barwon River barrage fishway trapping 
May 2013 - 
May 2014 -38.2211998 144.4240314 274500 5766500 

Moorabool River Sites

Waterbody Name Location
Date 

surveyed
Y (GDA 94) X (GDA 94) Easting 

(GDA 094) 
zone 55

Northing 
(GDA 

094) zone 
55

Lal Lal Creek 1   9/11/2005 -37.558091 144.009007 235800 5839000 
Lal Lal Creek 2   10/11/2005 -37.655936 144.030016 238000 5828200 
Moorabool River 1   16/12/20005 -38.08905 144.278189 261300 5780800 
Moorabool River 2   14/12/2005 -38.144783 144.311487 264400 5774700 
Moorabool River 3   10/11/2005 -37.89803 144.127189 247400 5801600 
Moorabool River 4   14/12/2005 -38.010979 144.177446 252200 5789200 
Moorabool River 5   8/11/2005 -37.783967 144.105501 245100 5814200 
Moorabool River 6   17/02/2006 -37.862079 144.130859 247600 5805600 
Moorabool River East 
Branch 1   17/02/2006 -37.862079 144.130859 247600 5805600 
Moorabool River East 
Branch 2   8/11/2005 -37.536259 144.145662 247800 5841800 
Moorabool River East 
Branch 3   9/11/2005 -37.629477 144.162491 249600 5831500 
Moorabool River East 
Branch 4   28/10/2005 -37.592839 144.175208 250600 5835600 
Moorabool River West 
Branch 1   27/10/2005 -37.712461 144.092408 243700 5822100 
Moorabool River West 
Branch 2   9/11/2005 -37.600499 144.046945 239300 5834400 

Bostock pines   
Nov/Dec 

2014 -37.61285 144.189776 251953 5833418 
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Egerton-Bungeeltap   
Nov/Dec 

2014 -37.411282 144.102586 243566 5855553 

Lal lal overflow   
Nov/Dec 

2014 -37.678151 144.075418 242083 5825861 

Hunts bridge   
Nov/Dec 

2014 -37.711499 144.093943 243832 5822211 

Morrisons   
Nov/Dec 

2014 -37.785032 144.104858 245047 5814080 

Meredith Pump Station   
Nov/Dec 

2014 -37.491214 144.062181 240266 5846571 

Slate Quarry   
Nov/Dec 

2014 -37.832481 144.121725 246695 5808860 

Coopers Crossing   
Nov/Dec 

2014 -37.514167 144.075352 241510 5844060 

She Oaks Weir   
Nov/Dec 

2014 -37.534161 144.07387 241448 5841837 

Sharpe Crossing   
Nov/Dec 

2014 -37.898341 144.127393 247419 5801566 

Perdrisat Road   
Nov/Dec 

2014 -37.571143 144.091418 243126 5837781 

Lowndes Bridge   
Nov/Dec 

2014 -38.004267 144.111373 246375 5789766 

Bakers Bridge   
Nov/Dec 

2014 -38.05255 144.24048 257872 5784753 

Pringle Bridge   
Nov/Dec 

2014 -37.951208 144.180601 252276 5795842 

Batesford Weir A   
Nov/Dec 

2014 -38.051816 144.164528 251204 5784633 

Batesford Weir B   
Nov/Dec 

2014 -38.089613 144.277985 261284 5780737 

Quarry pool   
Nov/Dec 

2014 -38.063834 144.185011 253042 5783354 
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Moorabool River West 
Branch Elaine - Egerton Road, Mt. Doran 

24-
25/07/2007 -37.711443 144.094206 243855 5822218 

Moorabool River Ballan - Meredith Road, Morrisons 
24-

25/07/2007 -37.785824 144.104066 244980 5813990 

Moorabool River Sheoaks - Steiglitz Road, She Oaks Bridge 
24-

25/07/2007 -37.898364 144.127585 247436 5801564 

Moorabool River Parker Road, Russells Bridge 
24-

25/07/2007 -38.015873 144.186142 252980 5788680 
East Moorabool River Pool at Bostock Reservoir spillway 8/12/2008 -37.614314 144.186946 251708 5833248 
East Moorabool River Pools near Bostock Reservoir spillway 8-9/12/2008 -37.614298 144.187411 251749 5833251 
East Moorabool River Egerton Bungeeltap Road 8-9/12/2008 -37.687121 144.173481 250763 5825132 
West Moorabool River Immediately below Lal Lal Reservoir 8/12/2008 -37.678162 144.075134 242058 5825859 
West Moorabool River At Hunts Bridge on Elaine Egerton Road 8-9/12/2008 -37.710767 144.094936 243917 5822295 
Moorabool River Ballan - Meredith Road, Morrisons 8-9/12/2008 -37.785824 144.104066 244980 5813990 

Moorabool River 
Meredith Pump Station, Marchments Road, 
Meredith 8-9/12/2008 -37.819662 144.106094 245275 5810240 

Moorabool River Slate Quarry Road, Meredith 
10-

11/12/2008 -37.831094 144.118087 246370 5809004 

Moorabool River Steiglitz Road, Meredith (Coopers Crossing) 
10-

11/12/2008 -37.861744 144.131179 247627 5805638 

Moorabool River Sheoak Weir 
9-

10/12/2008 -37.895107 144.12778 247442 5801926 

Moorabool River Sharpe Road 
9-

10/12/2008 -37.898364 144.127585 247436 5801564 

Moorabool River Perdrisat Road, Maude 
9-

10/12/2008 -37.953132 144.15431 249972 5795558 

Moorabool River Parkers Road 
9-

10/12/2008 -38.011873 144.186545 253002 5789125 

Moorabool River Bakers Bridge Road 
9-

10/12/2008 -38.052081 144.240475 257870 5784805 
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Sutherland Creek East 
branch Spring dam(to the north of Steiglitz Anakie Road) 10/12/2008 -37.890738 144.201943 253950 5802610 
Sutherland Creek East 
branch Hadlee property (wetland) (Steiglitz Anakie Road) 

10-
11/12/2008 -37.893484 144.204887 254218 5802313 

Sutherland Creek East 
branch To north of Pringle Bridge Road 11/12/2008 -37.951208 144.180601 252276 5795842 
Sutherland Creek Robbs Road 10/12/2008 -38.017178 144.246717 258303 5788695 
Moorabool River Upstream of Barwon River junction 14/10/1998 -38.145735 144.313734 264600 5774600 
Moorabool River Downstream of bridge on Hamilton Highway 6/10/1998 -38.143778 144.30696 264000 5774800 
Moorabool River Downstream of Batesford gauging station 5/10/1998 -38.090824 144.276983 261200 5780600 
Moorabool River Upstream of Batesford gauging station 6/10/1998 -38.090824 144.276983 261200 5780600 

Moorabool River 
Upstream of Batesford gauging station, below 1st 
weir 13/10/1998 -38.08725 144.278256 261300 5781000 

Moorabool River Downstream of Bakers Road 12/10/1998 -38.053693 144.230501 257000 5784600 
Moorabool River Downstream of Parker Road 13/10/1998 -38.013871 144.185307 252900 5788900 
Moorabool River Upstream of Russels Bridge 13/10/1998 -38.013597 144.173929 251900 5788900 
Moorabool River Upstream and downstream of Pringles Bridge 6/10/1998 -37.954506 144.152299 249800 5795400 
Moorabool River Downstream of Pringles Bridge 7/10/1998 -37.956334 144.153367 249900 5795200 
Moorabool River Downstream of Sharps Crossing 13/10/1998 -37.90073 144.127084 247400 5801300 

Moorabool Reservoir   
27-

28/04/2011 -37.505843 144.08122 242000 5845000 

Kirks Reservoir   
28-

29/04/2011 -37.55313 143.937602 759500 5839700 




