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RED - Annual Research Activity Report 2017 

Summary 
This is the inaugural edition of the annual report on research activity against the 
Research Strategy for the Swan Canning Riverpark (2013-2018). Summary documents 
have been prepared for 32 projects addressing information gaps relevant to the 
ongoing management of the Riverpark and its catchment. Context, progress, 
outcomes, implications for management and key communications are provided for 
each project to provide a comprehensive overview of research being undertaken within 
the Rivers and Estuaries Division and in collaboration with project partners. 
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1     Background 
The Rivers and Estuaries Division (the division) has been operating within the Parks 
and Wildlife Service of the Department of Biodiversity, Conservation and Attractions 
(formerly Department of Parks and Wildlife) since July 2015. Prior to this, the same 
core programs were delivered by the Swan River Trust (Trust). 

The division oversees the implementation of functions under the Swan and Canning 
Rivers Management Act 2006 (SCRMA), working in cooperation with other divisions 
across the department. The Swan Canning River Protection Strategy (2015), 
developed under the SCRMA, is the principle mechanism for achieving coordination, 
cooperation and collaboration between key parties to improve management, protection 
and enhancement of river values. One of the key outcomes of the River Protection 
Strategy is to have a healthy river ecosystem. 

The Rivers and Estuaries Division has a strong and successful background of 
engagement in science and research and has historically fostered partnerships with 
external organisations to achieve important research outcomes for management. 
These collaborative partnerships have been pivotal in development and delivery 
science based programs through the Swan Canning Clean-up Program Action Plan 
(1999-2006) and later the Healthy Rivers Action Plan (2008-2013), which detailed the 
approach of the Swan Canning Research and Innovation Program (SCRIP 2008- 
2013). 

In 2013, the Swan River Trust established a new research strategy for the Swan 
Canning Riverpark (2013-2018) addressing information gaps relevant to the ongoing 
functions of the Swan River Trust Board and the management issues in the Riverpark 
and its catchment. The approaches and directions for research outlined in that research 
strategy have carried through to the Rivers and Estuaries Division of DBCA and are 
integral to research planning. 

The Research Strategy for the Swan Canning Riverpark (2013-2018) provides a guide 
to research on the Swan Canning river system by providing context, defining process 
and setting an agenda for research as outlined in Table 1. The agenda presents broad 
themes with associated topic areas that cover a spectrum of research interest and 
questions relevant to the management of the Riverpark. Topics primarily comprise 
applied research and adaptive management approaches, consistent with the breadth 
of the division’s functions and information needs. However, they do not preclude the 
need for more fundamental research that may underpin understanding. 

A Research Working Group (RWG) oversees the delivery of the Research Strategy 
and is key to the evaluation and prioritisation of research in the division and across 
other divisions also contributing to management of the Swan Canning river system. 
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Table 1: Swan Canning Riverpark Research Agenda 2013-2018 

Theme: Water quality and quantity 
Topic areas: 

□ Investigate better planning frameworks, design and guidelines;
□ Understand nutrient transport processes and uptake;
□ Understand the impact of human activity on water quantity, quality, sediments and ecological health and

evaluate management responses.

Theme: Improved environmental outcomes 

Topic areas: 
□ Develop and evaluate water provision for key tributaries;
□ Trial and evaluate water quality and water sensitive urban design treatments;
□ Trial and evaluate soil amendments and other land based approaches for improved water quality;
□ Improve approaches to managing invasive species.

Theme: Riverpark use 

Topic areas: 
□ Investigate vessel use, facilities and movement patterns in the Riverpark;
□ Investigate Riverpark recreational activities to determine impacts, usage patterns and conflicts.

Theme: Management effectiveness 

Topic areas: 

Theme: Changing climate 
Topic areas: 

□ Understand predicted changes and develop adaptation approaches to manage impact on social and
environmental values;

□ Build water and ecosystem science into catchment-scale planning frameworks to guide urban growth;
□ Understand the value of catchment and waterway assets for carbon sequestration.

Theme: Indicators of change 

Topic areas: 
□ Develop and apply indicators of change in environmental, socio-cultural and economic values;
□ Improve understanding of how key species and communities respond to environmental conditions.

Theme: Decision Support Frameworks 

Topic areas: 
□ Integrate biophysical, social and economic information into decision making frameworks;
□ Develop models for the estuarine system that can be used to predict change with environmental condition

and catchment action.

Theme: Socio-cultural values and behaviour change 
Topic areas: 

□ Develop improved approaches to community engagement;
□ Understand social and economic value of natural capital.

Theme: Iconic species 

Topic areas: 
□ Understand habitat requirements of key species;
□ Understand movement patterns and distribution of key aquatic species.
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□ Assess feasibility and effectiveness of waterway and foreshore management approaches;
□ Analyse the cost-benefit of community engagement approaches;
□ Assess the feasibility and effectiveness of water quality improvement approaches. 





1.1     Annual report on research 
In keeping with the requirements of the Research Strategy and the wider 
department an annual report on research has been implemented through this 
document. 

Thirty two projects currently registered through the Strategy are reported here.  
Eight  of these are complete and others are progressing.  Surveillance monitoring 
projects   undertaken through the Rivers and Estuaries Division are not reported in this 
document. 

Partners in these projects span 35 different organizations, including 
research institutions, state and local government, industry and NGOs. Partners 
contribute an estimated $2,800,444 in cash and in-kind contributions (2017 
estimate) against government funds of $2,287,499. 

In this document, projects have been grouped against their dominant theme 
consistent with those outlined in the Research Strategy (see table 1). However, 
it must be recognised that in many cases the projects achieve outcomes that 
crossover many themes. Each project is summarised in an overview of context, 
progress, outcomes and implications for management and key communications. 
Internal project managers should be contacted where further information is required, 
and those details have been provided. 
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2 Theme: Water quality and quantity 
Topic Areas: 

□ Investigate better planning frameworks, design and guidelines;
□ Understand nutrient transport processes and uptake;
□ Understand the impact of human activity of water quantity, quality, sediments

and ecological health and evaluation management responses.

Activated Projects: 

Title Status 

Baseline study of contaminants in Western School 
Prawns in the Swan Canning Estuary and 
consumption guidance for recreational fishers 

This project is in progress 
with expected completion 
in early 2018 

An assessment of contaminants in the sediments of the 
Swan and Canning Estuary 

This project is in progress 
with expected completion 
by June 2018 

An assessment of Per– and Polyfluoroalkyl Substances 
(PFAS) in surface water and biota in the Swan and 
Canning Estuary 

This project is in progress 
with expected completion 
in June 2018 

Investigation of potential eutrophication issue in Lucky 
Bay (Alfred Cove Swan Estuary Marine Park) 

Quantifying export rates of sediment for a range of 
construction activities in Perth, Western Australia 

This project is in progress 
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This project is in final report 
phase with expected 
completion in August 2017





Context / Issues 
Example: Karlodinium veneficum is a microscopic, single 
-celled alga. It is found around the world in coastal and
estuarine waters and can gain nutrients through both pho- 
tosynthesis and consumption of microscopic prey. It is 
capable of forming dense algal blooms and produces a 
range of toxic compounds called karlotoxins, 

which can kill fish and other gilled animals like mussels. 

K Karlodinium veneficum blooms have been associated 
with large scale fish kills in the Swan and Canning estuaries 
since 2003, which have included large numbers of black 
bream . 

Project Progress to date 

Test tes 
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Project Partners: 

Department of Biodiversity, 
Conservation and 
Attractions 

Department of Health 

Department of Primary 
Industries and Regional 
Development 

For further information contact: 

Dr Peter Novak 
Parks and Wildlife Service 
Rivers and Estuaries Division 
(T) 9219 9000

rivers.systems@dbca.wa.gov.au 
www.dbca.wa.gov.au 

Baseline study of contaminants in Western School Prawns in 
the Swan Canning Estuary and consumption guidance for 

recreational fishers 

Project No:  RED2013-06 Report Date: June  2017 

Context / Aims 
The Non-Nutrient Contaminants Program (NNCP) has identified a range of metal and organic 
contaminants of potential concern in the Swan Canning Estuary and its tributaries. Aquatic 
species within the river system may be exposed to a number of these contaminants. As a key 
concern of Perth residents in relation to the health of the river system is whether the fish 
(fish, crabs and prawns) are safe to eat, investigations of potential contaminants in popular 
recreational fishing species are being conducted. 

A recent investigation of contaminants in Black Bream caught from the Swan Canning Estu- 
ary determined that no restrictions on the consumption of this species were required. The 
current study furthers this work and aims to examine contaminants within Western School 
Prawns (Figure 1) and produce consumption guidance for this species in the Swan Canning 
Estuary. 

Specifically, the current study aims to: 

1. Examine 79 potential contami- 
nants, including heavy metals, 
pesticides, hydrocarbons and 
polychlorinated biphenyls, in 
Western School Prawns col- 
lected from the Swan Canning 
Estuary. 

2. Provide consumption guidance 
for Western School Prawns 
caught from the Swan Canning 
Estuary, by applying the 
framework developed by 
Hoeksema (2015) Figure 1: Western School Prawns 

Project progress and approach 
This project is in progress with expected completion in early 2018. 

Approach 

To ensure any potential risks to recreational fishers from the consumption of Western 
School Prawns are adequately addressed, both whole prawns and prawn tails will be ex- 
amined for contaminants. At least 20 composite samples of whole prawns and 20 compo- 
site samples of prawn tails were collected from the Swan Canning Estuary (Figure 2-4) 
between February and March in 2014 and 2015 and analysed for the extensive suite of 
metal and organic contaminants outlined in A method for providing consumption guidance 
for recreational fishing species in the Swan Canning estuary: A pilot study examining Black 
Bream Acanthopagrus butcheri (Hoeksema, 2015). 

The concentrations of any contaminants detected in the composite samples were used to 
produce consumption guidance by employing established national and international human 
health guidelines (Acceptable Daily Intakes), following the methods outlined in Hoeksema 
(2015). 

Progress 

• Sampling completed in 2014-2015
• Individual prawns weighed, sexed and measured
• Composites samples compiled and provided to

the laboratory for analysis
• Data summary prepared

Figure 2: Sampling Western School Prawns 
using an otter trawl (Murdoch University)
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Outcomes to date and implications for management 

A preliminary report on the analytical data, including preliminary consumption guidance, was 
provided to Department of Health and Department of Primary Industries and Regional 
Development in June 2015. 

Future activity within the next 12-18 months 
A draft technical report will be completed by the 30th September 2017 and a final report by 
early 2018. A community friendly infographic, summarizing the results of the technical report, 
will be produced in early 2018. 

Figure 3: A gravid female Western School Prawn 

Key project communications 

• Technical report on contaminants in Western School Prawns will be produced by early
2018. This report will provide consumption guidance and a detailed analysis of any
contaminants in this species.

• A community friendly infographic will be made publicly available once the technical
report is finalised.

Figure 4: Hand trawling for Western School Prawns in the Swan Canning Estuary 

There has been 
significant restocking 
efforts in the Swan 
Canning Estuary 
through the Prawn 
Watch Program 
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-celled alga. It is found around the world in coastal and 
estuarine waters and can gain nutrients through both pho- 
tosynthesis and consumption of microscopic prey. It is 
capable of forming dense algal blooms and produces a 
range of toxic compounds called karlotoxins, 

which can kill fish and other gilled animals like mussels. 

K Karlodinium veneficum blooms have been associated 
with large scale fish kills in the Swan and Canning estuaries 
since 2003, which have included large numbers of black 
bream . 
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An assessment of contaminants in the sediments of the Swan 
and Canning Estuary 

Project Partners: 

Department of 
Biodiversity, Conservation 
and Attractions 

ChemCentre 

For further information contact:

Dr Peter Novak 
Parks and Wildlife Service 
Rivers and Estuaries Division 
(T) 9219 9000

rivers.systems@dbca.wa.gov.au 
www.dbca.wa.gov.au 

Project No:  RED 2014-03 Report Date: June  2017 

Context / Aims 
The Non-Nutrient Contaminants Program (NNCP) has identified a range of metal and 
organic contaminants of potential concern in the Swan Canning Estuary and its 
tributaries. Toxicity tests have determined that some sediments in the estuary are toxic 
to a range of aquatic organisms. These contaminants are the likely result of historic 
and present day industrial, agricultural and urban activities and are typically conveyed 
to the estuary through drains, tributaries or groundwater. Recently completed and 
ongoing NNCP investigations have further determined that a number of metal 
and organic contaminants, including polychlorinated biphenyls (PCBs), are also 
present at very low levels within important recreational fishing species.

The current investigation will replicate and expand on A baseline study of contaminants in 
the sediments of the Swan and Canning estuaries (Nice, 2009) to ensure that management 
and the ongoing prioritisation of potential contaminant issues in the estuary are based on 
current and appropriate information. It will also inform the management of sediment disturb- 
ance within the estuary by addressing the current knowledge gap of sub-surface sediment 
contamination and provide the first detailed assessment of PCBs in sediments throughout 
the Swan Canning Estuary. 

Specifically this project aims to: 
• Examine metal and organic contaminants in surface and subsurface sediments at 20

sites throughout the Swan Canning Estuary. 
• Compare current surface sediment data with baseline data collected in 2007 in the

Non-Nutrient Contaminants Program Phase I investigation A baseline study of con- 
taminants in the sediments of the Swan and Canning estuaries (Nice, 2009). 

• Examine polychlorinated biphenyls (PCBs - both Aroclor mixtures and PCB conge-
ners) in surface and subsurface sediments at 30 sites throughout the Swan Canning 
Estuary, with a particular focus on the historic industrialised area in the Middle Swan 
Estuary. 

Project progress and approach 

This project is in progress with expected completion by June 2018 . 

Progress 

• Sediment samples (five replicates: four for contaminant analysis and one for particle 
size distribution) were collected by divers at 30 sites throughout the Swan Canning 
Estuary in 2015. Twenty of these sites were consistent with those sampled in Nice 
(2009), while the remaining 10 sites focused on the historic industrialised area of the 
Middle Swan Estuary. 

• Samples were sent to ChemCentre for contaminant analysis and to anotherlaboratory- 
ry for particle size distribution analysis. 

• Data from the laboratory analysis
(contaminants and particle size distribu-
tion) was delivered in November   2016. 

Figure 1: Diver collecting sediment samples 
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Outcomes to date and implications for management 

Analytical data has been received by DBCA from the laboratory. 

Future activity within the next 12-18 months 

The data will be analysed and draft report produced in early 2018. The final report will be 
completed by 30 June 2018. 

Key project communications 

Technical report on contaminants in sediments from the Swan Canning Estuary will be 
produced in 2018. 

Figure 2: Sediment cores collected from the Swan Canning Estuary 
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which can kill fish and other gilled animals like mussels. 

K Karlodinium veneficum blooms have been associated 
with large scale fish kills in the Swan and Canning estuaries 
since 2003, which have included large numbers of black 

Project 

Test tes 

Project Partners: 

Western Australian 
Department of Health 

Western Australian 
Department of Primary 
Industries and Regional 
Development 

For further information contact: 

Dr Peter Novak 
Parks and Wildlife Service 
Rivers and Estuaries Division 
(T) 9219 9000

rivers.systems@dbca.wa.gov.au 
www.dbca.wa.gov.au 

An assessment of Per– and Polyfluoroalkyl Substances (PFAS) 
in surface water and biota in the Swan and Canning Estuary 

Project No: RED 2016-02 Report Date: June  2017 

• Determine the extent of potential PFAS contamination within surface waters of the
Swan Canning Estuary and its catchment; 

• Determine the prevalence and partitioning of PFAS within key aquatic species, includ
ing Black Bream, Western School Prawn and Blue Swimmer Crabs; and 

• Complete a PFAS exposure assessment for human contact with surface waters or
consumption of biota; 

Project progress and approach 

This project is in progress with expected completion in June 2018. 

A preliminary screening assessment of PFAS in surface waters at 20 sites within the Swan 
Canning Estuary and 32 within its catchment was completed in December 2016. This was 
repeated in June 2017 and will be repeated again in December 2017 to determine any 
temporal variations in potential PFAS contamination to the system. 

Fish and crustacean samples will be collected in summer 2017-18. Species to be examined 
include the key recreational species Black Bream, Western School Prawns and Blue 
Swimmer Crabs.

PFAS concentrations will be analysed to produce consumption guidance for these species 
and to determine whether any partitioning occurs between different tissue types. Surface 

water samples will be collected concurrently with biota sampling to assist in 
the interpretation of any detections of PFAS within biota. 

The following samples will be collected: 

• 30 Black Bream - 30 fillets, 30 liver and 30 carcass samples

• 30 Blue Swimmer Crab - 30 crab muscle, 30 crab viscera

• 30 Western School Prawn - 30 whole prawns, 30 prawntails

• 52 surface water samples - 32 catchment sites and 20 estuary sites
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Context / Aims 
The potential presence of Per- and Polyfluoroalkyl substances (PFAS) in the 
environment has become a significant emerging issue in Western Australia and 
particularly nationally over the last 1-2 years. PFAS are used in a number of 
commercial products, including Aqueous Film Forming Foams (AFFFs) used to 
extinguish liquid fuel fires. PFAS include the substances perfluorooctane sulfonate 
(PFOS) and perfluorooctanoic acid (PFOA). PFOS has been recognised as a 
persistent organic pollutant and has consequently been listed under Annex B of the 
Stockholm Convention. 

During 2016, the Department of Biodiversity, Conservation and Attractions (DBCA) 
was made aware of a number of potential sources of PFAS to the Swan Canning 
Estuary. In addition, a recent report (in March 2017) by the South Australian EPA 
compared the PFAS concentrations in liver samples of dolphins from a number of 
jurisdictions around Australia including the Swan Canning Estuary. Samples from 
Swan Canning Estuary dolphins showed the highest concentrations of PFAS, in 
particular PFOS, of all samples analysed in the study. While these dolphins were 
considered to be a part of the Swan Canning Estuary dolphin community, they also spent 
time in coastal waters outside of the estuary.

Specifically this project aims to: 

mailto:rivers.systems@dbca.wa.gov.au
http://www.dbca.wa.gov.au/


Outcomes to date and implications for management 

A screening assessment of surface waters at 20 routine monitoring sites throughout the 
Swan Canning Estuary and 32 sites in its sub-catchments was conducted by DBCA in 
December 2016 and again in June 2017. Perfluorooctane sulfonate (PFOS) was detected 
above the limit of reporting and therefore the draft Australian and New Zealand Environment 
and Conservation Council (ANZECC) 99 per cent species protection level at every site 
tested and exceeded the 95 per cent species protection level at three of the sub-catchment 
sites; Perth Airport north main drain, Perth Airport south main drain and a site in the Ellen 
Brook. 

Preliminary advice from the Department of Health has suggested that impacts to human 
health are unlikely based on the concentration of PFAS in surface waters of the Swan 
Canning Estuary and its catchment. 

Future activity within the next 12-18 months 

• The sampling of key recreational aquatic species
will be conducted in summer   2017-18.

• Further surface water sampling in the Swan
Canning Estuary and its catchment in summer
2017-18.

• Analysis of data and preparation of a technical
report including consumption guidance for
recreational fishers.

• Human health risk assessment undertaken   in
partnership with Department of   Health.

Key project communications 

Figure 1: Fish sampling 

• Technical report on PFAS in surface waters of the Swan Canning Estuary, its catchment
and key recreation species.

• Community friendly infographic summarising the key findings of the investigation.
• Human health risk assessment.

Figure 2: Water sampling for PFAS 
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d alga. It is found around the world in coastal and 
rine waters and can gain nutrients through both pho- 

tosynthesis and consumption of microscopic prey. It is 
 

which can kill fish and other gilled animals like mussels. 

K Karlodinium veneficum blooms have been associated 
with large scale fish kills in the Swan and Canning estuaries 
since 2003, which have included large numbers of black 
bream . 

Project Progress to date 

ghhhhhhhhhhhhhhhhh 

Project Partners: 

Department of Biodiversity, 
Conservation and Attractions 

CSIRO 

For further information contact: 

Dr Jeff Cosgrove 
Parks and Wildlife Service 
Rivers and Estuaries Division 
(T) 9219 9000

rivers.systems@dbca.wa.gov.au 
www.dbca.wa.gov.au 

Investigation of potential eutrophication issue in Lucky Bay 
(Alfred Cove Swan Estuary Marine Park) 

Project No: RED2016-06 (2016/003397) Report Date: June  2017 

Context / Aims 
Recent investigations into seagrass health conducted by the Department of Water and 
Environmental Regulation (DWER) found evidence that the Lucky Bay seagrass community 
appears to be in poorer condition than seagrass in other parts of the Swan Canning 
Riverpark. Lower than normal leaf tissue C:N ratio, plus high N:P ratio and δ1 5N have 
suggested that a local input of nutrients (nitrogen) may be impacting the area. 

This project aimed to provide further definition of seagrass condition at Lucky Bay and 
guide future management decisions or investigations, by:

• Consulting with City of Melville to determine potential sources of high-nutrient sur-
face- or ground-water inflow to the Lucky Bay foreshorezone;

• Utilising inhouse and CSIRO hydrogeological expertise to identify areas of poten-
tially lower or higher groundwater flux to the river; 

• Gathering further seagrass tissue nutrient data from the Lucky Bay area and
comparative sites.

Project progress and approach 

This project is in final reporting phase with expected completion in August 2017. 

This study was focused on the Attadale foreshore at Troy Park and adjacent submerged 
seagrass beds (Figure 1). The project was impacted by a flood event in the Swan river in 
February 2017. The flood event resulted in mass seagrass die-off (associated with low 
salinity) and increased water column nutrient levels. Collection of seagrass biomass for 
nutrient analysis was cancelled and the project was reduced to focus on geotechnical 
investigations using a Zonge Nanotem NT-32 time domain electromagnetic (TDEM) sys- 
tem and smooth-model data inversion to profile resistivity versus depth information across 
the Attadale foreshore. This was intended to improve understanding of the local 
hydrogeology and resolve variations in potential groundwater flux to the river. 

Sampling of a nearby bore was also undertaken and water quality compared to water 
quality guidelines. 

Figure 1: Aerial view of 
Troy Park study area 
(white arrow) adjacent 
seagrass meadows 
(insert). Yellow marker 
indicates the site 
position for Lucky Bay 
for the as- sociated 
seagrass health index 
project. 
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Outcomes to date and implications for management 
All tests have been completed, with the TDEM survey indicating a relatively complex 
substrate with varying groundwater conductivity and zones of higher groundwater 
throughflow. Further work has been recommended to verify areas of enhanced 
throughflow to the estuary. 

Elevated nitrogen levels (4.6 mg/L; predominantly NH3/NH 4 
+-N ) were found in water 

collected from a local bore (IF14) located in an area of preferential discharge (Figure 2). 
Groundwater-derived nutrients and metals may enter the estuary during periods of high 
groundwater level and influence local seagrass and algae communities. Landfill is the 
mostly likely source of nitrogen given its proximity to IF14 but fertiliser application in public 
open space and nearby domestic gardens may also be potential contributors. 

Figure 2: Conductivity-depth section along the foreshore (Line 1). The simplified schematic geological section for 
the line is presented in the middle panel. Locations of soundings performed to generate the conductivity sections 
are marked in the lower panel and the direction of groundwater flow is indicated (blue arrows). 

Future activity within the next 12-18 months 
This preliminary investigation has found that groundwater in the vicinity of Lucky Bay and 
the Alfred Cove Swan Estuary Marine Park has elevated nutrient levels.  Further in-river 
and infrastructure investigations to better define conditions impacting local seagrass 
meadows are therefore justified in order to guide and support potential management 
actions that could be taken to alleviate seagrass stress. 

Key project communications 

Vogwill R. and D. Oldmeadow (2017) 
IF14 Groundwater sampling and 
analysis re- port. Prepared for Dept. of 
Parks and Wildlife. 

Cahill, K., Rutherford, J., Farmer, D. and 
T. Munday (2017) Ground-based
geophys-ics: results from an
investigation near Lucky Bay, Perth, WA.
CSIRO report EP174246 , prepared for
Dept. of Parks and Wildlife.

The study site, in- 
cluding bore IF14, is 
adjacent to the Troy 
Park landfill site. 
Groundwater from 
monitoring wells at 
the landfill site have 
previously shown 
elevated levels of 
nutrients and some 
metals. 

Despite this, nutrient 
levels measured at 
IF14 are not unusual 
for Perth’s urban 
landscape. 
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Quantifying export rates of sediment for a range of construction 
activities in Perth, Western Australia 

Project No: RED2017-02 Report Date:  June 2017 

Context / Aims 
Many local governments across Western Australia 
are currently attempting to prevent construction site 
sediment entering the stormwater drainage 
infrastructure and receiving water bodies. There are 
very few data that can be used to quantify this 
process in the Perth region, and there is very little 
data globally. 

Figure 1: Construction 
activities at Heron Park 

Project Partners: 

Department of Biodiversity, 
Conservation and Attractions 

University of 
Western Australia 

City of Armadale 
City of Gosnells 
City of Kwinana 
Main Roads 
South East Regional Centre 
for Urban Landcare 
West Australian Local 
Government Association 
Water Corporation 

Project progress and approach 

This project is in progress. 

In order to determine the sediment deposition rate for different construction activities, 
sediment export rates over storm events must be measured at the study site.

The primary study site for this 
project has been chosen and 
is at Heron Park a new land 
development in Harrisdale, 
Western Australia.

Winter 2017 will be used to 
monitor a number of storm 
events to assess the impact 
of rainfall intensity on TSS 
load exported and validate the 
use of in-situ turbidity as a 
proxy for TSS concentrations 
in water. 

Figure 2: Heron Park. First field installation of equipment 

For further information contact: 

Debbie Besch 

Parks and Wildlife Service 
Rivers and Estuaries Division 

(T) 9219 9000

rivers.systems@dbca.wa.gov.au 
www.dbca.wa.gov.au 
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The primary objective of this project is to determine 
the quantity of total suspended solids (TSS) 
transported from construction sites carried by 
stormwater runoff.

A secondary objective of this project is to use easily
measured in-situ turbidity as a proxy for TSS 
concentrations in water. To do this a predictive 
relationship between in-situ turbidity and TSS 
concentration will need to be validated.

This will be broadly achieved by quantifying the TSS
present upstream and downstream of various 
construction activities and then modelling the TSS 
discharge caused by those activities per unit of area.
Quantifying the TSS discharge from a given 
construction activity will allow the prediction of the 
magnitudes of TSS contamination caused by future 
developments.

mailto:rivers.systems@dbca.wa.gov.au
http://www.dbca.wa.gov.au/


Outcomes to date and implications for management 

The turbidity at the drain outlet of the 
construction area was much greater 
than at the drain inlet, indicating that 
this activity exported a significant 
amount of sediment into the channel 
during the event (suspended 
sediment loads still to be calculated). 
It can also be seen that turbidity was 
elevated in the channel for 
approximately one hour after the 
rainfall event (Figure 3). 
This highlights why it is necessary to 
use in-situ turbidity sensors that are
capable of logging the channel’s 
turbidity at high frequency (Figure 4). 
It would not be practical to measure 
TSS at this frequency at multiple 
locations for the duration of a storm 
event.

Figure 3: Turbidity in the channel at Heron Park at locations 
up-stream and downstream of construction activity at Heron 
Park. Also included is the rainfall intensity at Heron Park and the 
water level at the inlet and outlet drains. *Also note that 
3000 NTU was the maximum recordable turbidity for the 
sensors used. 

Future activity within the next 12-18 months 

The project will run until December 2018 and in that period ongoing monitoring will occur to 
measure turbidity generated by various construction activities. It appears from preliminary 
work that under given hydrological conditions there is a predictive relationship between 
turbidity and TSS in Heron Park. A numerical model of the impact of storm events on 
sediment transport through the drains is being implemented. It is hoped that the model will 
allow testing of construction scenarios at other sites, with different soils types and rainfall 
intensities. 

This research project will be developed to ensure that findings can be generalised to 
different construction sites and the collected and modelled data can be used to inform 
construction behaviour. 

Key project communications 

Quarterly updates to the Sediment Task Force (Funding body for the project) 

Eynon.F., Oldham. C. & Ocampo, C., 2017. Quantifying export rates of sediment for a range of 
construction activities in Perth, Western Australia. Sediment Task Force – UWA Project, Progress 
Report, 30 April 2017. School of Civil, Environmental and Mining Engineering. The University of Western 
Australia (Unpublished) 

Figure 4: Monitoring equipment in-situ 

The presence 
of suspended 
sediment in 
aquatic ecosys- 
tems has signif- 
icant effects on 
the community 
structure, diver- 
sity, density, 
biomass, 
growth, rates of 
reproduction, 
and mortality of 
biota (Henley et 
al. 2000). 
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A typical storm event occurred and was monitored on the 19th of May 2017. At that time,
only landscaping works were occurring at the western end of the channel at Heron Park
(Figure 2).



3 Theme: Improved environmental outcomes 

Topic Areas 
□ Develop and evaluate water provision for key tributaries;
□ Trial and evaluate water quality and water sensitive urban design treatments;
□ Trial and evaluate soil amendments and other land based approaches for

the improved water quality;
□ Improve approaches to managing invasive species;

Activated Projects: 

Title Status 

Performance assessments of the Anvil Way 
Compensation Basin Living Stream 2004-13 and Wharf 
Street Constructed Wetland 2009-14. 

This project is complete 

Development and extension of foreshore management 
Best Management Practice’s (BMP’s) This project is complete 

Feasibility Study of Options for Beach Renourishment 
Swan and Canning Rivers This project is complete 

This project is in progress Helena River environmental flows program - Water 
releases for summer refuge 

Helena River environmental flows program - Trial of 
winter water releases 

Canning River environmental flows program - Water 
releases and barriers to fish movement This project is in progress 

Determine the potential of clay flocculation as a control 
measure for Karlodinium veneficum, toxic fish- killing alga 
in the Swan and Canning estuarine system 

This project is complete 

Impact of Kent Street Weir on fish migration in the 
Canning River This project is complete 

Evaluating the effectiveness of the Kent St Weir fishway 

Optimisation of Eric Singleton Bird Sanctuary Wetland 
Performance 
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This project is in progress 
with expected completion 
of early 2018

This project is in progress 
with expected completion 
June 2019

This project is in progress 
with expected completion 
of early 2018





Context / Issues 
Example: Karlodinium veneficum is a microscopic, single 
-celled alga. It is found around the world in coastal and
estuarine waters and can gain nutrients through both pho- 
tosynthesis and consumption of microscopic prey. It is 
capable of forming dense algal blooms and produces a 
range of toxic compounds called karlotoxins, 

which can kill fish and other gilled animals like mussels. 

K Karlodinium veneficum blooms have been associated 
with large scale fish kills in the Swan and Canning estuaries 
since 2003, which have included large numbers of black Figure 1 

bream . 

Project Progress to date 

Test tes 
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Project Partners: 

Department of Biodiversity, 
Conservation and Attractions 

Cooperative Research Centre 
for Water Sensitive Cities 

University of 
Western Australia 

For further information contact: 

Kate Bushby 
Parks and Wildlife Service 
Rivers and Estuaries Division 
(T) 9219 9000

rivers.systems@dbca.wa.gov.au 
www.dbca.wa.gov.au 

Performance assessments of the Anvil Way compensation 
basin living stream 2004–2013 and Wharf Street constructed 

wetland 2009-2014. 

Project No:  RED2013-05 Report Date: June  2017 

Context / Aims 
Modelling of the Swan Coastal Plain identified  the 
Canning Plain Catchment as a priority catchment 
for implementation of nutrient intervention works. 
Multiple constructed wetland and living stream 
projects have been undertaken in this catchment 
with two keystone projects being the Wharf Street 
Constructed Wetland (Wharf Street) project 
completed in 2008 and the Anvil Way 
Compensation Basin Living Stream (Anvil Way) 
project completed in 2010. 

Since construction, detailed water quality, 
sediment and macophyte information has been 
collected at the Anvil Way and Wharf Street  sites. 
Using this data, a performance  assessment was 
undertaken to: 
• Quantify the effectiveness of the projects in

treating urban stormwater; 
• Provide answers to knowledge gaps relating to

the dynamics and performance of urban
wetlands; 

• Explore the linkages between wetland 
functional zone metabolism and nutrient 
attenuation; and 

• Improve understanding of and inform best
practice water sensitive urban design  (WSUD) 
and wetland monitoring programs. 

Project progress and approach 
This project is complete. 

To assess the performance of each project a water balance was established for the sites 
when possible, by measuring all surface and groundwater flows. This information also 
helped develop a better understanding of how the living stream and constructed wetlands 
respond to storm events and seasonal changes in hydrology. To allow comparison for 
historical data when flows were not measured (and therefore nutrient loads could not be 
calculated), a standardised delta concentration (SDC) was used as an indicator of nutrient 
reduction and was calculated for each site, and the event mean concentrations (EMC) of 
nutrients and total suspended solids were calculated for six events at Wharf Street. Nutrient 
load reductions were also calculated for each site where flow data were available.  An 
estimation of the nutrient store in sediment and vegetation within the sites  was calculated 
and physical and metal concentrations were also examined. 
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Outcomes to date and implications for management 
The assessments showed: 
• Pollutant removal was strongly seasonal and more effective during summer at  Wharf  Street.
• The concentration and load of nutrients were significantly reduced by Wharf Street and

between 2010 and 2014, the wetland removed 1658 kg (65%) of nitrogen and 129 kg (or 45%)
of phosphorus from water flowing through it.

• At both sites, sediment retained significantly more nutrients than vegetation.
• A general decline in nutrient concentrations was

observed between the inlet and outlet, under low to
medium flow conditions at Anvil Way, however under
high flow conditions the retention times appeared to be
too short to significantly reduce dissolved nutrient
concentrations.

• A historical decline in the ability of Anvil Way to retain
nutrients has been noted and is thought to be
associated with low dissolved oxygen levels in the
inflowing stormwater. These oxygen levels have
continuously declined over the past eight years.

Future activity within the next 12-18 months 
The performance assessment recommended that floating plant material be removed from open 
water areas in Anvil Way to enhance oxygen levels. This was done in 2017 and will continue 
to be undertaken on a regular basis. The assessment also recommended that  diurnal and 
seasonal variations in dissolved oxygen levels be monitored; oxygen loggers  have been 
installed at the site for ongoing monitoring into the future. At Wharf Street it was recommended 
that the accuracy of flow monitoring including the main inflow, should be improved and 
modifications have since been made to the main inflow monitoring structure. At both sites, the 
importance of an accurate water balance was highlighted and will be considered in the design 
of future constructed wetlands and living streams. Macrophyte,  water quality, sediment and 
flow monitoring will continue at both sites and investigation of aeration options at Anvil Way will 
be completed by Department of Biodiversity, Conservation and Attractions. 

Key project communications 

Adyel, T.M., Ocampo, C., Tareque, H., Oldham, C.E. and Hipsey, M.R. (2015) Performance 
assessment of Wharf St Constructed Wetland 2009-2014. Cooperative Research Centre for Water 
Sensitive Cities, Melbourne, Australia. 
Available online at www.watersensitivecities.org.au

Ruibal-Conti, A.L., Ocampo, C., Adyel, T.M., Hipsey, M.R. and Oldham, C.E. (2015) 
Performance assess- ment of the Anvil Way Compensation Basin living stream: 2004-2013. 
Cooperative Research Centre for Water Sensitive Cities, Melbourne, Australia. 
Available online at www.watersensitivecities.org.au

Department of Parks and Wildlife (2016) Performance assessment of the Anvil Way Compensation 
Basin Living Stream 2004–13, Summary report- February 2016. 
Available online at www.dpaw.wa.gov.au

Department of Parks and Wildlife (2016) Performance assessment of the Wharf Street Constructed 
Wetland 2009–14, Summary report- February 2016. 
Available online at www.dpaw.wa.gov.au

Adyel, T.M., Oldham, C.E. and Hipsey, M.R. (2017) Storm event-scale nutrient attenuation 
in constructed wetlands experiencing a Mediterranean climate: A comparison of a surface 
flow and hybrid surface- subsurface flow system. Science of the Total Environment. 

The Wharf Street 
project incorporates 
surface and 
subsurface flow 
wetlands. 

The project was the 
Winner of the 
Stormwater Industry 
Association’s award 
for Excellence in 
Research and 
Innovation in 2015. 
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Test tes

Development and extension of foreshore management Best 
Management Practice’s (BMP’s) 

Project No:  RED2013-01 Report Date: June  2017 

Context / Aims 
Department of Biodiversity, Conservation and Attractions 
(DBCA) is jointly responsible for the management of the 
Swan Canning Riverpark shoreline with local and State 
government agencies. Currently the majority of works are 
managed by the local and State government agency with 
funding and support from DBCA. 

To date DBCA has awarded more than $7million in 
funding for foreshore restoration and erosion control 
projects to local and state government agencies through 
the Riverbank Grants Scheme. In addition DBCA has 
been funding and implementing a range of direct or 
'proactive' works outside of the competitive grants 
scheme.

It is critical that all of these projects follow best 
management practice, represent good value for money 
and are successful in the long term.

Project Partners: 

Department of Biodiversity, 
Conservation and Attractions 

Project progress and approach 

This project is complete. 

The best management practices for fore- 
shore stabilisation aim to improve shore 

Limestone block walling

Geotextile revetments

stabilisation m anagement in the Swan 
Canning Riverpark. 

Erosion Control Matting chapter joins 
existing chapters on:

For further information contact:

Stephen Lloyd 
Parks and Wildlife Service 
Rivers and Estuaries Division 

(T) 9219 9000
rivers.systems@dbca.wa.gov.au 
www.dbca.wa.gov.au 
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Coir Logs

Log walling
Brush mattressing

Rock revetments, and
Gabions

Revegetation

This project is one of several extension activities, and several other BMP's, that 
aim to provide information, support and training to people directly responsible for the 
planning and implementation of foreshore restoration and erosion control projects.

mailto:rivers.systems@dbca.wa.gov.au
mailto:rivers.systems@dbca.wa.gov.au
http://www.dbca.wa.gov.au/


Outcomes to date and implications for management 

The best management practices for foreshore stabilisation Erosion Control Matting - 
Supplementary Information Chapter 1 canvasses - 

• Introduction
• Description
• Purpose and Application
• Products
• Anchoring
• Matt Overlapping
• Transition
• Storage
• Toe Protection
• Direct Seeding
• Installation on moderate (1V:3H-1V:2H) to steep slopes(>1V:2H)
• Installation on gentle slopes (<1V:4H) orchannels
• Monitoring and maintenance
• Case Studies
• Como Foreshore, South Perth
• Ashfield Parade and Success Hill, Bassendean
• Garvey Park, Belmont

Key project communications 

Best Practice Management for Foreshore Stabilisation on the Swan and Canning Rivers : Erosion Control 
Matting Chapter. 

Available online at: www.dpaw.wa.gov.au
Key messages also delivered in Riverbank Extension Plan Field day activities aimed at Foreshore Land 
Managers (2014) 

Erosion control 
matting, also known 
as rolled erosion 
control products or 
erosion control 
blankets, provide a 
temporary soil 
stabilisation solution 
which involves 
applying a mat or 
blanket made from 
either  organic or 
synthetic material to 
the soil surface to 
protect against 
erosive forces. 

In foreshore 
restoration projects, 
erosion control 
matting is generally 
combined with 
revegetation to 
provide longterm 
bank protection and 
can be used to 
enhance a variety of 
other stabilisation 
techniques 
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Project Progress to date 

Project Partners: 

Department of Biodiversity, 
Conservation and Attractions 

For further information contact: 

Stephen Lloyd 
Parks and Wildlife Service 
Rivers and Estuaries Division 
(T) 9219 9000

rivers.systems@dbca.wa.gov. au 
www.dbca.wa.gov.au 

Feasibility study of options for beach renourishment Swan and 
Canning Rivers 

Project No: RED2013-02 Report Date: June  2017 

Figure 1 

Context / Aims 
This study was commissioned by the Swan River Trust (herein the Trust) to assess 
the feasibility of using dredged material as a source for beach renourishment  within the 
Swan Canning River System (Riverpark). The study was intended to support the Trust in 
assessing dredging application; to identify locations for receiving material from dredging 
operations; and to improve the 
knowledge base of the Trust for 
liaison with engineering consultants. 
Protocols described in the study may 
be useful to assist the Trust for 
assessment of feasibility of 
renourishment sites, dredging locations 
or hauled sand in their future operations. 

The study provides information relevant 
for upstream of Fremantle Traffic Bridge 
to Windan Bridge on the Swan River and 
Riverton Bridge on the Canning River 
(Figure 1). 

Project progress and approach 

This project is complete. 

Three sites were selected as part of the early project scoping on the basis of identified 
management issues and physical scales when considering renourishment through 
dredging on the Swan-Canning River System.  The three sites were: 

1. Como: Foreshore from Narrows Bridge to Canning Highway.
2. Zephyr: Adjacent to Zephyr Cafe in East Fremantle.
3. Funcats: Section of Sir James Mitchell Park adjacent to Coode Street Jetty.

Figure 1: 
Case study 
site locations 
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Outcomes to date and implications for management 

Opportunities for dredging to be a practical source of renourishment are relatively limited.

The preferred source material for renourishment may be split simply based on cost with: 
• Floating-plant dredging works considered primarily for large-scale works, exceeding

5,000 m3, or where there are clearly identified secondary benefits to the works.
• Hauled sand is generally considered primarily for volumes less than 5,000 m3.

Image: Floating Plant 
Floating plant method used to dredge materialwith a small CSD and discharging to the 

beach north of the Murchison River mouth, Kalbarri, Western Australia 

Future activity within the next 12-18 months 

The Kwinana Freeway Foreshore was reclaimed in the 1960’s to enable the construction of the 
Kwinana Freeway. Given the reclaimed foreshore is placed out of equilibrium to the natural 
foreshore, it has a reduced capacity to rebuild after significant erosion events, and has 
generally been receding since. In addition, widening of the Freeway required the construction 
of a number of foreshore protection assets to enable infrastructure to extend closer to the 
Swan River. 

It was identified that alternatives to protecting the entire foreshore with ‘hard’ engineering 
structures would be to reclaim the foreshore again to provide a soft foreshore along large 
stretches of the KFF as per the original design intention. With accompanying structural 
upgrades to some of the coastal protection structures, it would be possible to mitigate a 
number of the current issues along the KFF (wave overtopping spray and inundation onto the 
inner lanes of the Freeway) with this soft foreshore option and provide protection for at least a 
period of 20 to 30 years. 

Key project communications 

Feasibility Study of Options for Beach Renourishment, Swan and Canning Rivers, Report 206-01-Rev1 

(2014), Damara WA Pty Ltd, BMT JFA Consultants, BMT Oceanica, Range to Reef Consultants & 

Bebbcart Cartographics. Prepared for the Swan River Trust 

Recent Bathymetric Comparison 

Como Case Study 

Zephyr Café Case Study 

Funcats Case Study 

Field Sheets—protocol for re-nourishment & protocol for dredging “go-no-go’. 

Assessing the 
Appropriateness of 
Beach 
Renourishment 
requires 
consideration of: 

• Best Management
Practices
recommendations
for renourishment

• Foreshore
morphology

• Nature and
severity of erosion
events

Assessing the 
appropriateness of 
source material for 
renourishment 
requires 
consideration of: 

• Physical
characteristics of
a potential
dredging site

• Environmental
• Logistic
• Program cost
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Project Partners: 

Department of Biodiversity, 
Conservation and Attractions

Department of Water and 
Environmental Regulation 

For further information contact: 

Suzanne Thompson 

Parks and Wildlife Service 
Rivers and Estuaries Division 

(T) 9219 9000

rivers.systems@dbca.wa.gov.au 
www.dbca.wa.gov.au 

Helena River environmental flows program Water releases for 
summer refuge 

Project No: RED2013-06S Report Date: June 2017 

Context / Aims 
There are two dams on the Helena River used for the domestic water supply. The 
smaller Lower Helena Reservoir (capacity 133 ML) serves as a pumpback dam, 
supplementing the much larger Mundaring Weir (capacity 63,600 ML). These dams have 
highly modified the flow regime of the Lower Helena River.

Monitoring of the Lower Helena River by Department of Biodiversity, Conservation 
and Attractions (DBCA) includes a 1.5 km reach downstream of the Reservoir consisting of 
twelve refuge pools, the majority of which have high ecological value (see Figures 
1-3). Summer releases of raw water from the Reservoir have been implemented (in
various forms) since 2010 to maintain the viability of river pools as critical summer refuges
for aquatic fauna.

The primary objective for the water release program is  to maintain habitat viability for 
aquatic organisms, with the secondary objective of providing connectivity between the 
pools. 

Figure 1: Freshwater cobbler (Tandanus 
bostocki) from the Lower Helena River. 

Figure 2: Marron (Cherax cainii) 
from  the Lower Helena River. 

Project progress and approach 
This Project is in Progress.

The early stages of the project involved identifying critical pools and monitoring their refuge 
viability over the summer months. Water Corporation and Department of Water and 
Environmental Regulation (DWER) were supportive of a water release trial to investigate 
water release regime to maintain these refuge pools over summer (Figure 4), with the 
specific objectives:
1. Maintain dissolved oxygen over 4 mg/L 
2. Sufficiently inundate riffles to maintain macroinvertebrate communities and fish pas- 

sage (Figure 5) 

DWER prescribes water releases to the Lower Helena River in the Operational Strategy for 
the Integrated Water Supply System, with the following rules: 
• Trigger ON: when the Lower Helena River ceases to flow at the Craignish gauging

station;
• Release rate: 10 L/sec or 0.8 ML/day; and
• Trigger OFF: when water level within the Lower Helena Reservoir reaches critical

storage levels.

As routine summer water releases are now implemented, further monitoring by DBCA 
occurs as required, primarily to check on the implementation of the water releases and 
make recommendations to DWER if flow rate modifications are needed. 

The agencies are working together to access telemetered water level data from Craignish 
gauging station at the lower end of the reach influenced by summer water releases to 
enable remote, real-time monitoring of river flows and maximise the efficient use of the 
water resources. 
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Outcomes to date and implications for management 
Several studies have been conducted on the fish and macroinvertebrate communities of the 
Lower Helena River. Initial investigations found that the aquatic fauna was quite depauperate 
with low abundances of native fish species and an absence of some annual cohorts. The most 
recent survey in 2014, following three years of summer water releases, found high abundances 
of native species of fish and crustaceans, with all cohorts well represented. These results 
suggest an improvement in the reproductive success, survival and recruitment of fish and 
crustaceans within the reaches influenced by water releases. Several freshwater cobbler were 
caught during this study which emphasised the importance of maintaining refuge pools for the 
survival of this cryptic species. Additionally, the cobbler are a vital host to larval freshwater 
mussels and are therefore critical for the breeding success and distribution of this threatened 
species. 

The results of the current investigation highlight the importance of water releases to support 
native fish and crustacean populations in the Lower Helena River. Pumpback operations of the 
Lower Helena Reservoir have recommenced in recent years, resulting in severely reduced 
winter river flows. Based on the results of the current and previous investigations, expected 
impacts on the Lower Helena River and its aquatic community include: 
• Reduced breeding opportunities and recruitment for species of fish and crustaceans that

breed in winter or spring.
• Reduced habitat quality of the pools as water level, water quality and pool connectivity

are all reduced.
• Increased exotic fish abundance through the competitive advantages they have in

stagnant, reduced pools.

DBCA will continue to monitor the Lower Helena River, advise DWER on the implementation 
of water releases and assist them with regular reviews of the rules and triggers for water 
provisions, as well as looking for opportunities to improve the efficiency and impact of water 
delivery to the target area. 

Future activity within the next 12-18 months 
DBCA, DWER and Water Corporation will collaborate to trial winter water releases as a 
method of mitigating the downstream effects of the new operational regime of the Lower 
Helena Reservoir. This will be implemented through winter 2017. 

The water releases are targeted to support vulnerable populations of native fish, 
crustaceans and bivalves downstream of the reservoir. It is therefore expected that after 
trialing and implementing winter water releases over a two year period, ecological 
sampling and further research should be conducted to review the effectiveness of the 
releases on the target population. This would likely include a fish survey with mark/recapture 
to ascertain population estimates and movements. 

Key project communications 
A project summary report will be produced in 2018. 

Presentation to project stakeholders, including DWER and Water 
Corporation staff will follow completion of the winter water release trial. 

Regular communication with DWER and Water Corporation staff to 
prescribe and modify water releases for summer 2017-18. 

Figure 4: A refuge pool in the Lower Helena River Figure 5: A riffle on the Lower Helena River during natural winter flows

Figure 3: Carter’s 
Freshwater Mussel 
Westralunio carteri 

A threatened species 
found in high num- 
bers in the Lower 
Helena Reservoir and 
Lower Helena River. 
In recent years, popu- 
lations have been 
observed in pools 
maintained by sum- 
mer water releases. 
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Project Partners: 

Department of Biodiversity, 
Conservation and Attractions 

Department of Water and 
Environmental Regulation 

For further information contact:

Suzanne Thompson 
Parks and Wildlife Service 
Rivers and Estuaries Division 
(T) 9219 9000

rivers.systems@dbca.wa.gov.au 
www.dbca.wa.gov.au 

Helena River environmental flows program Trial of winter water 
releases 

Project No: RED2013-06W Report Date: June  2017 

Context / Aims 
Flows on the Helena River are determined by two dams used for domestic 
water supply. The smaller Lower Helena Reservoir (capacity 133 ML) serves 
as a pumpback dam, supplement ing water to the much larger Mundaring Weir 
(capacity 63,600 ML). The pumpback system was not operational for several years 
due to water quality issues, during which river flows returned to a more ‘natural’ regime 
(winter flow). The pumpback operations resumed in 2014 and the majority of winter 
river flow is now pumped back to the Mundaring Weir. 

This impacts the Lower Helena River in three ways:
The pumpback dam will briefly spill to allow the poor water 
quality to 'flush through'. This deposits the poor quality water, 
and potentially debris, into key refuge pools, without adequately 
flushing it downstream.

The upper reaches of the Lower Helena River receives no 
winter inflws during pumpback operations as there are no 
tributaries contributing to the key refuge pools, which 
subsequently disconnect and stagnate.

The abrupt and short period of river flow that results from an of 
overtopping event may have a strong influence on fish 
movement and potentially also reproduction.

Figure 1: Lower Helena Reservoir 
dam wall and release point

Department of Biodiversity, Conservation and Attractions (DBCA) regularly monitors 
a 1.5km reach downstream of the reservoir, consisting of twelve pools, the majority of 
which have high ecological value. Summer water releases have been implemented (in 
various forms) since 2010 to maintain the viability of river pools as refuge for aquatic fauna 
over the dry summer months (Figure1). Winter water releases are now being trialled to 
mitigate the downstream impacts of the new regime of pumback operations.

Project progress and approach 

This project is in progress with expected completion of early 2018. 

The trial is composed of four stages: 
1. Quantify connectivity status through the study reach under ‘normal’ pumpback operations.
2. Commence water releases at 1 ML/day, allow to stabilise for one week, then conduct

monitoring.
3.

4. Modify the flow rate to 0.5 ML/day, allow to stabilise for one week, followed by two
weeks of monitoring.

The trial will commence when the pumpback dam spills for the first time and be conducted 
over two months, requiring 15-20 ML water to be released over that period. 

The monitoring program will include: 
•
•

•

•

Weekly water quality throughout the study reach (Figure 2) under varied flow regimes. 
Weekly profiling of four transects to quantify riffle inundation under the various flow 
conditions.
Comparison of release volumes with discharge volumes at the Craignish gauging station at 
the lower end of the study reach.
Assess the release rates to help determine the most appropriate volume for fish passage 
(based on the fish species found in the reach and their individual requirements for passage).

DBCA will produce a report on the water release trial which will provide results of the 
monitoring program and make recommendations for water releases and monitoring in 
winter 2018. 
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Modify the flow rate to 0.75 ML/day, allow to sustabilise for one week, then conduct
monitoring.
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Outcomes to date and implications for management 

The trial will commence in July 2017, when the pumpback dam starts to spill. Water 
Corporation and Department of Water and Environmental Regulation (DWER) have endorsed 
the sampling methods and will manage the water releases as required by the trial schedule. 

Figure 2—Map of the Lower Helena water release target area 

Future activity within the next 12-18 months 
The aim of the water releases is to support vulnerable populations of native fish, crustaceans 
and bivalves downstream of the pumpback dam. It is expected that after trialing and 
implementing winter water releases over a period of two years, ecological sampling and 
further research should be conducted to review the effectiveness of the releases on the 
target populations. This would likely include a fish survey with mark/recapture to 
ascertain population estimates and movements. 

Key project communications 
Monitoring report to be produced in early 
2018. This will include climate and hydrology 
data, riffle transects and connectivity relative 
to passage for local fish species, water 
quality monitoring and recommendations 
for future water releases. 

Presentation to project stakeholders, 
including DWER and Water Corporation 
staff, will follow completion of the report. 

Liaison with DWER and Water Corporation 
staff to prescribe water releases for winter 
2018. 

Carter’s Freshwater Mussel 
Westralunio carteri 

A threatened species 
found in high num- 
bers in the Lower 
Helena Reservoir and 
Lower Helena River. 

Freshwater cobbler 
(Tandanus bostocki) 
from the Lower Hele- 
na River. 
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Context / Issues 
Example: Karlodinium veneficum is a microscopic, single 

which can kill fish and other gilled animals like mussels. 

Project Partners: 

Department of Biodiversity, 
Conservation and Attractions 

Department of Water and 
Environmental Regulation 

Freshwater Fish Group 
and Fish Health Unit
Murdoch University 

For further information contact:

Suzanne Thompson 

Parks and Wildlife Service 
Rivers and Estuaries Division 

(T) 9219 9000

rivers.systems@dbca.wa.gov.au 
www.dbca.wa.gov.au 

Canning River environmental flows program Water releases and 
barriers to fish movement 

Project No: RED2014 -02 Report Date: June 2017 

Context / Aims 
The Middle Canning River is a highly modified system, with a regime of water releases 
managed by Department of Water and Environmental Regulation (DWER) and Water 
Corporation to supplement the river during summer. Scheme water is released from trunk 
mains at six locations, prescribed to maximise the efficient use of water resources and 
satisfy the following objectives: 
1. Provide fish passage through the middle reaches of the Canning River, sufficient for

Freshwater Cobbler to pass in-river barriers;
2. Provide sufficient water for licenced users to abstract from the river whilst maintaining

the freshwater ecosystem. 

Department of Biodiversity, Conservation and Attractions (DBCA) have undertaken an 
assessment of in river barriers to determine whether the primary objectives of  water releases 
is being impacted by artificial structures within the river. The assessment aimed to identify 
major barriers to fish movement in the Middle Canning River and provide recommendations to 
improve fish passage.

Project progress and approach 
This project is in progress. 

Following the identification and assessment of all potential barriers between Kent Street 
Weir and the Canning Dam, a selection of barriers within the upper reaches were selected 
to investigate the impacts of barriers on fish movement. A collaborative project with Murdoch 
University’s Freshwater Fish Group and Fish Health Unit used Visible Implant Elastomer 
(VIE) tagging methods (Figure 1) to conduct a mark-recapture survey to describe the fish 
population and identify movements around major barriers. A draft report has been produced 
for this research. 

DBCA facilitated a workshop to share information between research and management 
entities operating in the Canning River, focusing on the Middle Canning between Kent 
Street Weir and the Canning Dam. The group discussed key findings from the combined 
research and identified key management issues to help protect the fish communities of the 
Middle Canning River.

The project is now moving into an implementation phase, with modification works being 
planned for a number of critical barriers (Figure 2).

Figure 1: Visible Implant Elastomer (VIE) tags on a Nightfish. This individual was caught and marked on three sampling 
occasions, as indicated by the three VIE tags (indicated by red arrows). 
Figure 2: Barrier assessment involved measuring and characterising the structure to determine the degree of restriction it 
poses to fish movement.

Photo by S. Beatty, Freshwater Fish Group and Fish Health Unit
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Outcomes to date and implications for management 

The sheer number of in-river structures concerns management, with the assumption that they 
are likely to interrupt the movements of native fish for breeding, foraging and distribution. The 
larger weirs are expected to be completely impassable to all fish. The VIE tagging research 
found very little evidence of fish movements, however there were a few that negotiated major 
barriers during highflow events, likely by movement around rather than over the barrier. 

Key management issues identified through the workshop were: 
• Securing water in a drying climate,
• Identifying and managing refugia, and
• Invasive species- specifically Pearl Cichlids and pathogens.

DBCA have identified several large barriers that will be utilised as strategic barriers to limit the 
movement of invasive species further upstream. These barriers will continue to be assessed 
and modified to ensure fish passage upstream is not possible. Between these strategic 
barriers, fish passage will be enhanced and refugia will be identified and assessed for 
management requirements. 

Future activity within the next 12-18 months 

DBCA will work with Murdoch University to investigate the current distribution of Pearl Cichlids 
and which barriers might be utilised to prevent incursions upstream. This will require extensive 
collaboration with relevant landowners and authorities to modify in-river structures to make 
them impassable to the strong swimming invasive species. Avocados Weir, Kelmscott, has 
been identified as a strategic barrier and planning is underway to reinforce the weir so that fish 
are not able to move upstream during high flow events. DBCA are also collaborating with local 
landcare groups and neighbouring properties to develop the degraded weir pool into a refuge 
for native species. 

DBCA will assist DWER with management and advice relevant to water releases and 
abstractions licences on the Canning River. 

Figure 3: Avocados Weir. This major weir will be utilised as a strategic barrier to prevent   the movement 
of invasive species further upstream. During high flow events (pictured here), water can bypass the spill 
way and provide sufficient passage for invasive species, such as 
Pearl Cichlids, to navigate around this barrier. 

Key project communications 

Results and findings have been presented to project stakeholders, including DWER, local government 
and local landcare groups. 

DBCA will collaborate with other research groups to collate the key findings from recent research with 
recommendations for river management. 

Tearooms Weir 

This 1.2m weir was 
assumed to be 
impassable to fish. 

Surprisingly, two 
Western   Minnows 
and a Nightfish that 
were tagged 3km 
downstream, were 
able to negotiate many 
barriers, includ- ing 
this one, during a high 
flow event. 
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Project Progress to date 

Test tes 

hh 

Determine the potential of clay flocculation as a control 
measure for Karlodinium veneficum, toxic fish-killing alga in 

the Swan and Canning estuaries 

Project No: RED2014-05 (RSP15MUR01) Report Date: June  2017 

Context / Aims 
Karlodinium veneficum is a microscopic, single-celled alga. It is found around the world in 
coastal and estuarine waters and can gain nutrients through both photosynthesis and 
consumption of microscopic prey. It is capable of forming dense algal blooms and 
produces a range of toxic com-pounds called karlotoxins, which can kill fish and other gilled 
animals like mussels.

Figure 1:  Stressed fish 
schooling near surface during 
a bloom of Karlodinium  

Project Partners: 

Department of Biodiversity, 
Conservation and Attractions 

Murdoch University 

Project progress and approach 

This project is complete. 

Small-scale laboratory based trial applications of clay slurry were conducted using a local 
naturally-occurring bentonite clay. Cultures of both K. veneficum and a similar species, 
Amphidinium carterae, were used in these experiments. Clay slurries of different clay 
densities were applied to narrow cylinders containing three different culture densities 
(Figure 2) and allowed to settle for two hours. 

Figure 2: Application of 
clay slurry ranging in 
density from 0.0 g/L 
(left) to 3.5 g/L (right). 

Toxins were also sampled during the investigation to determine if bentonite clay is 
capable of binding toxins and thereby effectively removing the algal toxicity. 

For further information contact:

Dr Jeff Cosgrove 
Parks and Wildlife Service 
Rivers and Estuaries Division 
(T) 9219 9000

rivers.systems@dbca.wa.gov.au 
www.dbca.wa.gov.au 

Karlodinium veneficum blooms have been associated with large 
scale fish kills in the Swan and Canning estuaries since 2003, 
which have included large numbers of black bream (Figure 1). 
There are currently no direct control measures available for this 
species in the Swan and Canning estuarine system. DBCA’s 
Parks and Wildlife Service conducted a review of potential 
control methods in 2009 and use of clay slurries to flocculate the 
algae out of the water column (see schematic - Figure 4) was 
highlighted as a promising technique worth further consideration.

This project aimed to determine the effectiveness of clay 
flocculation against Karlodinium and attempted to determine 
whether it might be suitable for application in the Swan and 
Canning estuaries.
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Outcomes to date and implications for management 
A removal efficiency of 20 to 65% was measured for the bentonite clay against K. veneficum 
in cultures with a salinity of 20 ppt. The highest removal was seen when 2.5 grams per litre of 
clay was applied to the middle algal density, 100,000 cells per milliliter (Figure 3). 

Figure 3: Mean cell removal efficiency 
after two hours of bentonite clay against 
Karlodinium veneficum at 20 ppt salinity 
(with standard error bars). 

While the tested clay has shown 
significant promise in other studies, K. 
veneficum removal efficiency was not 
high. Using data from this study it was 
estimated that a single treatment 
in the upper Swan estuary would 
cost around $500,000 but there is 
potential to reduce by an order of 
magnitude. 

This high cost, removed the use of clay flocculation as a control option except when 
high value assets (i.e. mariculture) are being protected. A number of additives and 
treatments which have been shown to improve the flocculation process for some 
clays and future research in this field may increase effectiveness and reduce required 
loading rates enough to make this a viable technique for algal bloom control in the Swan 
Canning Riverpark. 

Toxin measurements found that the bentonite clay appears to bind almost 100% of the 
toxins produced by K. veneficum. Application of clay could potentially be considered in 
an effort to remove toxins from the water column during bloom collapse. Less clay 
would be required compared to application for bloom control. 

Future activity within the next 12-18 months 
This project was part of an honours research project conducted at Murdoch University. 
The project also conducted a desktop review of the potential of ultrasound 
technology for algal bloom control in an estuarine setting. Significant questions remain 
around potential negative impacts on other components of the ecosystem and 
effectiveness of the technology against dinoflagellate algae. The Department will not 
pursue application of ultrasonic devices for bloom control until research independent of 
ultrasonic device suppliers has addressed these issues. 

During the clay trials, researchers noted that the dinoflagellate alga, 
Amphidinium carterae, could rapidly out-compete K. veneficum in culture. Future 
investigations may be warranted to determine the mechanism of the A. carterae 
competitive advantage as this, in itself, may provide a mechanism to control K. veneficum. 

Key project communications 
Owen BM, Moheimani NR, Cosgrove J, Place AR (in prep) Clay flocculation for the 
removal of Karlodinium veneficum and their toxins. 

Figure 4: Schematic representation of the structure of an algae-clay floc 

What is clay 
flocculation? 

If a carefully chosen 
clay is added to the 
water it interacts 
with and binds the 
microscopic algae 
into clumps called 
flocs. As these flocs 
increase in size 
they fall to the 
bottom and the 
immobilized algae 
eventually dies 
(Figure 4). 

This control method 
is regularly used in 
Korea and China to 
protect their 
mariculture 
industries. 
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Context / Issues 
Example: Karlodinium veneficum is a microscopic, single 
-celled alga. It is found around the world in coastal and 
estuarine waters and can gain nutrients through both pho- 
tosynthesis and consumption of microscopic prey. It is 
capable of forming dense algal blooms and produces a 
range of toxic compounds called karlotoxins, 

which can kill fish and other gilled animals like mussels.

K Karlodinium veneficum blooms have been associated 
with large scale fish kills in the Swan and Canning estuaries 
since 2003, which have included large numbers of black 

Project Progress to date 

Test tes 
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Project Partners 

Department of Biodiversity, 
Conservation and Attractions 

Murdoch University, 
Freshwater Fish Group and 
Fish Health Unit, Centre for 
Fish & Fisheries Research 

For further information contact: 

Dr Steeg Hoeksema 
Parks and Wildlife Service 
Rivers and Estuaries Division 
(T) 9219 9000

rivers.systems@dbca.wa.gov.au 
www.dbca.wa.gov.au 

Impact of Kent Street Weir on fish migration in the Canning 
River 

Project No: RED2015-03 Report Date: June 2017 

Context / Aims 
One of the most significant impacts of instream barriers is the disruption of habitat 
connectivity for riverine fishes, many of which migrate to fulfil a life cycle requirement. 

Kent Street Weir was constructed in 1927 on the Lower Canning River to maintain a 
freshwater weir pool for agricultural abstraction and has since been identified as having 
the potential to limit the upstream movement of freshwater and estuarine fish species 
(Figure 1). However, no study has specifically assessed the impact of the weir on the 
migration and other ecological requirements of fish species known to reside in the Lower 
Canning River and Canning Estuary. 

Specifically, this project aims to: 
- determine and compare the fish population structure and species abundances above

and below Kent Street Weir 
- determine the requirements and timing of migrations of resident fishes
 Identify the impacts of the barrier to the movements and ecology of native and
introduced fish 

- develop preliminary recommendations for appropriate fishway designs to facilitate
passage of target species.

Project progress and approach 
This project has been completed. 

Sampling was conducted upstream and downstream of Kent Street Weir on six occasions 
between October and December 2015 (see Figure 2).  On each occasion: 

- Three gills nets, comprised of 3 and 4 inch mesh, were set for two hours.

- Three replicate sets of a seine net, comprised of 2mm mesh, were undertaken.

- Either one or two pair of fyke nets (4mm mesh), set facing upstream and downstream,
were deployed overnight.

Figure 1: At low tide, Kent Street Weir presents a significant barrier 
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Outcomes to date and implications for management 

The results of this investigation suggest that: 

- fish abundance was greater below than above the Kent Street  Weir

euryhaline estuarine species, such as the Swan River Goby, Western Hardyhead and 
Black Bream, as well as the Yellowtail Grunter, dominated the fish fauna below the weir

while the Swan River Goby, Western Hardyhead and, to a lesser extent Black Bream, 
were also found upstream of the weir, their abundance was almost invariably lower than 
downstream of the weir

Sea Mullet were found both upstream and downstream of the weir, but often in large 
numbers below the weir

native freshwater fish, such as the Western Minnow and Western Pygmy Perch, were 
found both upstream and downstream of the weir, but those downstream were considered 
unlikely to be able to return upstream beyond the weir and be highly susceptible to the 
higher salinities downstream

Introduced freshwater fish, such as the Eastern Mosquito Fish, Goldfish, Koi Carp and the 
Pearl Cichlid, typically dominated the fauna upstream of the  weir 

The study highly recommended that a fishway be considered as part of the upgrade to 
Kent Street Weir as it restricted the upstream movement of euryhaline species found in the 
Canning Estuary and the return passage of native freshwater species washed downstream 
of the weir during high flows. 

Figure 2:  Fish sampling downstream of Kent Street Weir 

Future activity within the next 12-18 months 
Following the recommendations of this study and in consultation with the relevant 
stakeholders, the design and construction of a fishway at Kent Street Weir is to be 
progressed as part of a major upgrade of the weir being undertaken in 2017. 

Following completion of works to upgrade the weir, further monitoring of the fish 
community upstream and downstream of the weir is to be conducted and an 
assessment of the effectiveness of the fishway undertaken. 

Key project communications 
Ryan, T., Beatty, S., Keleher, J. and Morgan, D. (2016). Impact of the Kent Street Weir on fish 
migration in the Canning River. Report to Department of Parks and Wildlife. Freshwater Fish Group 
and Fish Health Unit, Centre for Fish and Fisheries Research, School of Veterinary and Life 
Sciences, Murdoch University, Perth, Western Australia. 
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Project Progress to date 

Test tes 
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Project Partners: 

Department of 
Biodiversity, Conservation 
and Attractions 

Murdoch University 

For further information contact: 

Dr Steeg Hoeksema 
Parks and Wildlife Service 
Rivers and Estuaries Division 
(T) 9219 9000

rivers.systems@dbca.wa.gov.au 
www.dbca.wa.gov.au 

Evaluating the effectiveness of the Kent St Weir fishway 

Project No: RED2015-04 Report Date:  June 2017 

Context / Aims 
An investigation into the impact of the Kent Street Weir on the migration and other 
ecological requirements of fish species known to reside in the Lower Canning River and 
Canning Estuary determined that the existing structure restricted the upstream movement 
of euryhaline species and the return passage of native freshwater species washed 
downstream during high flows. The research recommended the incorporation of a fishway 
as part of the major upgrade to Kent Street Weir. 

Upgrade of the weir began in May with the inclusion of a fishway, that is intended to allow 
fish to traverse through the structure (see figures 1-3). 

The objective of this project is to 
monitor the effectiveness of the fishway 
to provide movement of fish beyond the    
Kent St Weir and make 
recommendations for adjustments to 
operation and maintenance of the 
structure where required. 

Figure 1: Schematic representation of the 
fishway superimposed on a photo of the weir. 

Project progress and approach 

This project is in progress with expected completion of  early 2019. 

Baseline data of fish movements is being collected prior to the weir upgrade completion 
and then following it, in order to provide an indication of the utilisation of the fishway. 

Acoustic tags (v9 and v13 Vemco tags) were implanted into 25 Black Bream in the Can- 
ning River in 2016 and further tagging is intended following completion of the upgrades to 
the weir. PIT tagging will be utilised on a range of fish species once the fishway is final- 
ized with a receiver to be located on the upstream and downstream end of the fishway. 
This will detect direction of movement of a range of species and determine any limitations 
of movement through the fishway due to swimming ability of each species. 

In addition, acoustic tracking of Black Bream will be compared with net and trapping 
surveys to be conducted by Murdoch University and will also aid in the understanding of 
fish movements  within  the  Swan Canning Estuary through an existing tracking project
 the Swan Canning Acoustic Array. 

Figure 2: example of 
vertical-slot fishway 
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Outcomes to date and implications for management 

The construction and commissioning of the upgraded weir and fishway are still underway with 
an expected completion time of March 2018. Once the weir and fishway are complete, the 
research findings will be critical in determining the effectiveness of the fishway in allowing 
movement of fish beyond the Kent St Weir and providing possible recommendations for 
adjustments to operation and maintenance of the structure. 

Future activity within the next 12-18 months 

The first year of  fish movements post installation of fishway. 
Finalise report evaluating effectiveness of fishway to provide fish passage. 

Fishway 

Key project communications 

Ryan, T., Beatty, S., Keleher, J. and Morgan, D. (2016). Impact of the Kent Street Weir on fish migration in 
the Canning River. Report to Department of Parks and Wildlife. Freshwater Fish Group and Fish Health 
Unit, Centre for Fish and Fisheries Research, School of Veterinary and Life Sciences, Murdoch University, 
Perth, Western Australia. 
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Context / Issues 

Test tes 
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Project Partners: 

Department of Biodiversity, 
Conservation and Attractions 

City of Bayswater 

Cooperative Research Centre 
for Water Sensitive Cities 

University of 
Western Australia 

For further information contact: 

Kate Bushby 
Parks and Wildlife Service 
Rivers and Estuaries Division 
(T) 9219 9000

rivers.systems@dbca.wa.gov.au 
www.dbca.wa.gov.au 

Optimisation of Eric Singleton Bird 
Sanctuary Wetland performance. 

Project No:   RED2015-09 Report Date: June  2017 

Context / Aims 
In 2015, the Department of Parks and Wildlife 
(now Department of Biodiversity, Conservation 
and Attractions) in partnership with the City of 
Bayswater restored the 2.7 ha Eric Singleton Bird 
Sanctuary in Bayswater for a total investment of 
over $3 million. The wetland was constructed to 
principally remove nutrients and other pollutants,
but also to improve the habitat and amenity value
of the site. The wetland treats flow in the 
Bayswater Brook, a priority waterway for nutrient 
reduction, before it flows into the Swan River. This 
research project aims to validate wetland 
performance and ensure its operation optimises 
water quality improvement. Specific research 
questions of the project  include: 

• Does the treatment train improve water
quality (nutrient concentrations and loads)
between the inlet and outlet;

• How does the nutrient treatment efficiency of
the wetland change diurnally/seasonally/
annually;

• What is the effectiveness of different wetland
components (gross pollutant trap,
sedimentation pond, wetland) at removing
pollutants;

• Does the wetland achieve its modelled load
reduction targets;

• How is the wetland most efficiently operated
to remove nutrients (for example: pulse fed
and if so, for how long); 

• What is the optimal retention time, should  the 
wetland be manipulated for wet and dry 
conditions and for what duration; 

• How should sediment/vegetation be 
managed; 

• Do other inputs such as the groundwater
seeps, the Slade St drain and/or underlying
sediments influence wetland water quality
and if so, to what extent;

• Where are the major stores of pollutants
within the wetland; and

• What is the impact of tidal incursion on
pollutant release from the wetland.
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Project progress and approach 
This project is in progress with expected completion June 2019. 

A two-year Masters-by-research scholarship will be offered in partnership with the CRC for 
WSC and once a Masters student has been selected and appointed they will work with the 
Department of Biodiversity, Conservation and Attractions staff to review the preliminary  water 
balance and Sampling and Analysis Plan previously developed under the supervision of 
Professor Carolyn Oldham and Dr Carlos Ocampo. 

Monitoring equipment will be installed at sites identified by UWA, City of Bayswater and the 
Department of Biodiversity, Conservation and Attractions. Monitoring data will be collected 
and will enable the project research questions to be addressed and answered. 

Outcomes to date and implications for management 

Initial water quality results taken by the City of Bayswater indicate the wetland is reducing 
nutrients as intended. 

Future activity within the next 12-18 months 

The Masters-by-research student will commence in July 2017 and will complete the majority of 
site sampling prior to December 2018. 

Key project communications 
WALGA (2015) Environews, Issue 7. Eric Singleton Bird Sanctuary Restoration Works. 

Cleary, S. and Gwynne, C (2016) Inside Waste. Insights into GHD’s transformational engineering projects 
in WA. 

Department of Parks and Wildlife (2016) Parks and Wildlife News. Premiers Award Win. 

The Eric Singleton 
Bird Sanctuary 
nutrient stripping 
wetland project 
was awarded a 
2016 Premier’s 
Award in the 
category Managing 
the Environment 
and the 2016 
Western Australian 
Engineering 
Excellence Award 
in the Environment 
category 

36



4 Theme: Riverpark use 

Project title 

Topic Areas 
□ Investigate vessel use facilities and movement patterns in the Riverpark;
□ Investigate Riverpark recreational activities to determine impacts, usage

patterns and conflicts.

Activated Projects: 

Title Status 

Recreational Carrying Capacity in the Riverpark This project is complete 
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which can kill fish and other gilled animals like mussels. 

K Karlodinium veneficum blooms have been associated 
with large scale fish kills in the Swan and Canning estuaries 
since 2003, which have included large numbers of black 
bream . 

Test tes
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Recreational carrying capacity in the Riverpark Tranche 1 

Project No:  RED2013-03 Report Date: June  2017 

Project Partners: Context / Aims 
The Riverpark functions as an important recreation resource, transport corridor, irrigation 
source and recreational fishery as well as having significant cultural and amenity values 
for Perth residents. Conflicts in use can occur at popular locations and therefore it 
is important to develop understandings of usage and carrying capacity. 

Carrying capacity has been defined as the maximum number of people visiting at the 
same time without causing physical, economic, or socio-cultural destruction to the 
environment and an unacceptable decline in the recreation experience. It is influenced 
significantly by the perceptions and expectation of visitors at a site in addition to physical 
attributes and numbers of visitors. 

This project aimed to develop key indicators and methods for establishing carrying 
capacity thresholds for recreation based activities in high intensity use urban river-
estuarine public open space settings. There were two stages to the project:

1. Review of Carrying Capacity indi-
cators and Commercial Recreation-
al Activities Management. 

2. To determine the physical, social
and socio-environmental carrying 
capacity at two key locations.: Point 
Walter Reserve and Melville Beach. 

Study sites were chosen due to 
their simultaneous increase in rec- 
reational kite and stand up paddle 
boarding and of commercial busi- 
nesses. 

Image: Point Walter Reserve 
& Melville Beach (inset) 

Project progress and approach 

This project is complete.

In stage 1 of this project, literature was reviewed for methodological approaches for de- 
termination of carrying capacity. Information about visitor use and experiences at the 
study sites, including GIS map data, extant visitor surveys and reports were also re- 
viewed and based on those, a series of 
indicators applicable to each location and 
interview questions were developed. 
Interviews with recreation and commercial 
user groups and management agencies 
provided insights into the physical and 
perceptual characteristics and constraints 
of the study sites. 

In stage 2, the study areas were assessed 
in order to identify any location specific 
attributes, visitor useage and experience. 
Interviews relating to socio-psychological 
aspects of carrying capacity were 
conducted with 53 recreational users 
across the two locations. Interviews 
were carried out between March and April 
2014. 

Department of Biodiversity, 
Conservation and Attractions

Department of Transport 

City of Melville 

For further information contact:

Adnaan Abrahams
Parks and Wildlife Service
Swan Region—Riverpark 

(T) 9442 0336

rivers.systems@dbca.wa.gov.au
www.dbca.wa.gov.au 
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Image: Example mixed use at Point Walter
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Outcomes to date and implications for management 

Carrying capacity indicators were developed in Stage 1 of this project and related to both 
physical attributes of the location as well as social and psychological attributes of location 
users. These indicators are site, time and activity specific meaning that carrying capacity 
indicator thresholds in one location are not applicable to another (Table 1). 

While outside the scope of this 
specific study, environmental 
carrying capacity is also an 
important consideration. 
Environmental carrying 
capacity relates to the likely 
impacts of a specific activity on 
biophysical attributes at a 
given location natural habitat 
quality and ecological 
functions. While the general 
public may not recognise 
ecological impacts, the 
presence of impacts such 
as litter and erosion can 
negatively influence aspects 
of social psychological 
carrying capacity. 

Table 1: Key recreational carrying capacity indicators 

Visitor surveys provide some interesting social-psychological capacity indicator thresholds 
including length of stay, perceived crowding, risk and tolerance for certain activities and 
encounter levels in the context of the survey locations. However, it should be noted that 
the on-site survey used an intercept approach and was limited in its ability to gather enough 
responses from a viable sample all user groups. The survey was therefore biased towards 
picnickers and people using café facilities who had more time to complete the survey (Figure 
1). Significant difficulty was encountered in gaining responses from recreational users involved 
in on-water recreation. 

The project achieved the required outcomes to develop key indicators and methods for 
establishing thresholds for recreation based activities in high intensity use urban river-estuarine 
public open space settings. Recommendations emerging from the study are as follows: 

Figure 1: Activities survey respondents participated in at  Point Walter 

Future activity within the next 12-18 months 
No further activity planned at this time. 

Key project communications 
Hughes, M., Carlsen, C. and Smith, J. (2014). The Swan-Canning Riverpark commercial recrea- 
tional activities management project: Review of carrying capacity indicators and issues. A report  
for the Swan River Trust, City of Melville and WA Department of Transport 

Hughes, M., Carlsen, J. and Smith, J. (2014). The Swan-Canning Riverpark commercial recreational 
activities management project: Stage 2 Point Walter and Melville Beach pilot study. A report for the 
Swan River Trust, City of Melville and WA Department of Transport 

Study Sites 

Point Walter is an 
extremely popular 
location for a wide 
range of land and 
water based rec 
reation activities 
including picnick 
ing, boating, 
fishing, swim ming, 
walking cycling. 

Melville beach is 
more confined in 
terms of area but 
hosts recreational 
uses such as 
windsurfing, some 
beach use for 
swimming and 
fishing and use of 
the path- way for 
pedestrians, 
cyclists, and 
joggers. 
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• Develop an annual random household survey of Perth
residents to gather views on use and associated values
of the Riverpark.
Develop a targeted online survey of specific recreation
activity users;
Engage in proactive discussion between operators and
managers to help resolve carrying capacity issues;
Conduct intermittent site visits and collate relevant
facility and amenity data as a means of identifying
physical carrying capacity;
Judgement based on considerations around the specific
size and character of the location combined with
consideration of public access rights and use of public
land and waters for commercial gain are required in the
determination of operator numbers.

•

•

•

•



5 Theme: Management effectiveness 

Topic Areas 
□ Assess feasibility and effectiveness of waterway and foreshore management

approaches;
□ Analyse the cost-benefit of community engagement approaches;
□ Assess the feasibility and effectiveness of water quality improvement

approaches.

Activated Projects: 

Title Status 

Middle and Upper Swan Estuary Hydroacoustic Fish This project is complete 
Survey 
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Context / Issues 
Example: Karlodinium veneficum is a microscopic, single 
-celled alga. It is found around the world in coastal and 
estuarine waters and can gain nutrients through both pho- 
tosynthesis and consumption of microscopic prey. It is 
capable of forming dense algal blooms and produces a 
range of toxic compounds called karlotoxins, 

which can kill fish and other gilled animals like mussels. 

K Karlodinium veneficum blooms have been associated 

Project Partners: 

Department of Biodiversity, 
Conservation and Attractions 

Industry Partner:     

Hydrobiology WA 

For further 
information contact: 

Dr Steeg Hoeksema 

Parks and Wildlife Service 
Rivers and Estuaries Division 

(T) 9219 9000

rivers.systems@dbca.wa.gov.au 
www.dbca.wa.gov.au 

Middle and Upper Swan Estuary hydroacoustic fish survey 

Project No:  RED2015-02 Report Date: June  2017 

Context / Aims 
The Swan Oxygenation Program artificially oxygenates a 10km stretch of the Upper Swan 
Estuary. The provision of better data on how fish utilise this zone of the estuary and 
respond to changes in water quality, particularly dissolved oxygen, will improve our 
understanding of the effectiveness of the Program in enhancing ecological condition and 
providing refuge to aquatic fauna during periods of low dissolved oxygen in the upper 
estuary. 

Specifically, this project aims to: 
1) Determine the extent and distribution of fish biomass throughout the Middle and

Upper Swan Estuary using hydroacoustic  technology. 
2) Relate fish biomass data to water quality variables, particularly dissolved oxygen.

Project progress and approach 
This project is complete. 

Two surveys of a 25 km stretch of the Middle and Upper Swan Estuary between Nile 
Street, East Perth and Middle Swan Bridge, Middle Swan, were conducted on 5 and 26 
May 2016. 

During both surveys, a large area of low dissolved oxygen was present in the Middle 
wan Estuary. S

Two transects (upstream and downstream) were conducted on each occasion using 
a Biosonics DT-X echosounder with a split beam transducer. Fish biomass 
was measured continuously along the length of each transect and throughout the 
water column (Figure 1).

Fish biomass data was analysed and compared with available water quality data, i.e. 
disolved oxygen concentration, salinity and temperature, for each transect.

Figure 1: Split beam transducer mounted to the gunwale on the survey vessel 
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Outcomes to date and implications for management 

The study indicated that the extent and distribution of fish biomass may be influenced by 
water quality variables, such as dissolved oxygen and salinity (Figure 2). 

Areas of higher fish biomass were typically associated with well oxygenated waters. 

Preliminary results highlight the importance of the Swan Oxygenation Program and its ability 
to alleviate low oxygen conditions in the Upper Swan Estuary . 

Figure 2: Fish biomass mass in the Middle and Upper Swan Estuary relative to 
dissolved oxygen concentration, salinity and temperature. 

Future activity within the next 12-18 months 

- Finalise technical report “Middle and Upper Swan Estuary Hydroacoustic Fish Survey”.

Hydrobiology to present the poster “Hydroacoustics as a Monitoring Tool to Assess Fish
Biomass” at the International River Symposium, Brisbane, in September   2017.

Key project communications 

Hydrobiology (in prep). Middle and Upper Swan Estuary Hydroacoustic Fish Survey. A report to the 
Department of Biodiversity, Conservation and Attractions. pp 41. 
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6 Theme: Changing climate 

Topic Areas 
□ Understand predicted changes and develop adaptation approaches to

manage impact on social and e  nvironmental values;
□ Build water and ecosystems science into catchment-scale planning

frameworks to guide urban growth;
□ Understand the value of catchment and waterway assets for carbon

sequestration.

Activated Projects: 

Title Status 

Cooperative Research Centre for Water Sensitive 
Cities – Tranche 1 

This project is in 
progress with expected 
completion of July 2021 

43 





Project Partners: 

Cooperative Research Centre 
for Water Sensitive Cities 
(CRCWSC) 

There are more than 85 
national and international 
partner organisations. 

Western Australian essential 
participants: 

University of Western 
Australia 

Department of Water and 
Environmental Regulation 

Department of Communities 

Other WA participants are: 

ChemCentre 

Cities of Gosnells, 
Joondalup, Mandurah, 
Melville, Nedlands, Subiaco 
and Canning 

Department of Biodiversity 
Conservation and  
Attractions 

Eastern Metropolitan 
Regional Council 

GHD 

Josh Byrne & Associates 

Kellogg, Brown and Root 

Landcorp 

Urbaqua 

Water Corporation 

Western Suburbs Regional 
Organisation of Councils 

For further information contact: 

Emma Monk 

Parks and Wildlife Service 
Rivers and Estuaries Division 

(T) 9219 9000
rivers.planning@dbca.wa.gov.a u
www.dbca.wa.gov.au

Cooperative Research Centre for Water Sensitive Cities 

Project No:  RED2013-11 Report Date:  June  2017 

Context / Aims 
The Cooperative Research Centre for Water Sensitive Cities (CRCWSC) was established 
in July 2012. Its purpose is to help change the way we design, build and manage our 
cities and towns by valuing the contribution water makes to economic development and 
growth, our quality of life, and the ecosystems of which cities are a part. The aim is for 
cities and towns to be sustainable, resilient, productive and liveable. 

Project progress and approach 

This project is in progress with expected completion of July 2021. 

The 9-year $120 million research program consists of two stages - Tranche 1 and Tranch 
2.

Tranche 1 (2012 - 2016) included 38 research projects, which delivered more than 
130 research outputs. The 38 projects were grouped into four programs: Society; 
Water Sensitive Urbanism; Future Technologies; and Adoption Pathways. 

Tranche 2 (2016 - 2021) will see a shift from generating knowledge to synthesising, 
using and adopting this knowledge. Tranche 2 has five integrated research 
projects: Water Sensitive City Visions and Transition Strategies (IRP1), 
Comprehensive Economic Evaluation Framework (IRP2), Evidence-based Integrated 
Urban Planning Across Different Scales (IRP3), Water Sensitive Outcomes for Infill 
Developments (IRP4) and Knowledge-based Water Sensitive City Solutions for 
Groundwater Impacted Developments (IRP5). 

The Tools and Products sub-program will translate the knowledge gained into tools 
(e.g. models and indexes) to assist stakeholders to implement water sensitive 
technologies and practices. There is also a training and capacity building program. 

The research program includes case study projects that involve multiple disciplines 
and stakeholders to workshop existing challenges and recommend water 
sensitive approaches. For example, one project developed plans for the 
revitalisation and intensification of the Canning City Centre that includes water 
sensitive approaches that will protect and rehabilitate waterway and wetland 
environments in the Canning river system. 

Approaches to value the economic, social and ecological costs and benefits of 
strategies and systems for water sensitive cities have been developed. CRCWSC 
research is enabling better investment decisions to deliver urban water 
infrastructure that is cost effective, resilient and accepted by the community. 
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Outcomes to date and implications for management 

Greater Perth is a pilot city for the CRCWCS’s visioning and transition planning project, and 
was the pilot city for the Water Sensitive Cities Index. These two projects brought 
stakeholders together to understand where Perth is at on its transition to a water sensitive 
city, and to agree on where we want to go and how to get there. An Index and indicator 
frame- work, case studies on WSC Index application and a web-based platform have been 
developed. The Index indicators have been incorporated within the WA Waterwise Councils 
Pro- gram. The IRP1 project is now developing the transition strategy for Perth to become a 
water sensitive city. 

The urban heat vulnerability mapping completed for the Perth metropolitan area, and 
associated media coverage, raised community awareness and led to local governments 
adopting strategies to create greener, healthier communities. Local governments are setting 
tar- gets to increase tree canopy and vegetation coverage. 

CRCWSC research is advancing the design of biofilters, wetlands, green/living walls, 
greywater and wastewater recycling and other technologies to deliver public realm, water 
quality and water supply benefits. Products include guidelines to assist industry in the 
implementation of these technologies. 

Research into community engagement is providing guidance on the terminology and 
images to use and developing strategies for engaging with communities to build their 
support for water sensitive cities. 

Future activity within the next 12-18 months 

The Tranche 2 projects under IRP1, IRP2, IRP3, IRP4 and IRP5 will continue until July 2021. 
The remaining Tranche 1 projects will be completed by June 2018. The Perth Transition 
Strategy will be completed in June 2018. 

Key project communications 

All publications are published on the resources section of the CRCWSC website: 
http://watersensitivecities.org.au 

Farrelly M, Tawfik S, Rogers B, Chandler F, Markwell K and Boer S (2017) Summary of Research 
Outputs: Tranche 1, 2012/13 - 2016/17, Cooperative Research Centre for Water Sensitive Cities. 

Rogers B, Hammer K, Werbeloff L and Chesterfield C (2015) Shaping Perth as a Water Sensitive 
City: Outcomes and perspectives from a participatory process to develop a vision and strategic 
transition framework (Project A4.2), Cooperative Research Centre for Water Sensitive Cities. 

Some examples of published guidelines, technical reports, industry notes and journal articles include: 

• The impacts of harvesting solutions and WSUD on evaporation and the water balance and feed-
backs to urban hydrology and stream ecology(2014)

• Adoption guidelines for stormwater biofiltration systems (2015)
• Vegetation guidelines for stormwater biofilters in the south-west of Western Australia (2014)
• Performance of two urban stormwater biofilters in an area with seasonally high groundwater (2017)
• A guide for monitoring the performance of WSUD elements in areas with high groundwater (2017)
• How much do we value green spaces?(2017)
• Becoming a water sensitive city: A comparative review of regulation in Australia (2015)
• Legal duties for restoration of waterways and wetlands: a Western Australian analysis and case

study (2016)
• Flood resilience in water sensitive cities: Guidance for enhancing flood resilience in the context of an

Australian water sensitive city(2016)
• Flexibility in adaptation planning: Guidelines for when, where and how to embed and value flexibil-ity

for urban flood resilience(2017)
• Guide to promoting water sensitive behaviours (2017)
• Designing raingardens for community acceptance (2016)

What is a water 
sensitive city? 

An aspirational 
concept for urban 
water management, 
in which the water 
system is based on 
holistic planning 
and management of 
the integrated water 
cycle and empha- 
sises adaptive, 
multi-functional 
infrastructure and 
urban design in its 
delivery solutions 
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7 Theme: Indicators of change 

Topic Areas 
□ Develop and apply indicators of change in environmental, socio-cultural and

economic values;
□ Improve understanding of how key species and communities respond to

environmental conditions.

Activated Projects: 

Title Status 

Dolphin Health—Toxicogenomics and pathology 
investigations 

This project is in progress 

Investigating fish communities as an index of 
estuarine condition 

This project is in progress 
with an annual report on 
fish communities expected 
to be complete by the end 
of July 2017 

Seagrass monitoring and refinement of an indicator of 
seagrass- based indicator of estuarine health 

This project is in progress 
with expected completion 
June 2018 

Investigation into riparian vegetation decline: 
pathogen presence and soil influence 

This project is in progress 
with expected completion 
in September 2018 

Understanding and predicting riparian decline: 
echohydrology and hydro-climatological change 

This project is in progress 
with expected completion 
in September 2018 
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Context / Issues 
Example: Karlodinium veneficum is a microscopic, single 
-celled alga. It is found around the world in coastal and
estuarine waters and can gain nutrients through both pho- 
tosynthesis and consumption of microscopic prey. It is 
capable of forming dense algal blooms and produces a 
range of toxic compounds called karlotoxins, 

which can kill fish and other gilled animals like 

Project Progress to date 

Test tes 
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Dolphin Health—Toxicogenomics and pathology investigations 

Project No: RED2013-07 (RSP13MUR03) Report Date: June 2017 

Context / Aims 
In 2009, following the deaths of six dolphins in one year in the Swan Canning Riverpark, 
the Swan River Trust established a collaborative arrangement with Murdoch University for 
on-going support in post-mortem investigations of individual strandings and unusual 
mortality events. That work was instrumental in understanding underlying factors in the 
dolphin mortality event of 2009 and effort to understand dolphin health continues to be 
supported through the Department of Biodiversity, Conservation and Attractions, Parks 
and Wildlife Service and delivered through Murdoch University. 

Pathology investigations are linked with a 
research project examining toxicogenomics 
and contaminant exposure in live dolphins. 
The research aims to evaluate if there is  any 
evidence of sub-lethal adverse effects on the 
immune, endocrine and nervous systems of 
the dolphins that use the Riverpark. These 
dolphins are being compared with dolphins in 
the Shark Bay as a ‘control’ population in 
order to evaluate the potential threats faced 
by and overall health of live individuals and 
the Riverpark community as a whole. 

Figure 2: Biopsy dart from and 
application (Murdoch University)

Project progress and approach

This project is in progress. 

The condition of deceased dolphins that are found within the Swan Canning Riverpark or 
nearby zones is evaluated, photographs and measurements are taken and determination 
is made of whether necropsy is possible. Based on a positive determination, the animal will 
be transported to Murdoch University where qualified veterinary pathologists will un- 
dertake both gross and histopathological examination and take samples for ancillary diag- 
nostics, where appropriate (Figure 1). Results of preliminary examination are provided to 

management authorities within 5 
days of testing and a formal re- 
port usually within one month, 
dependent on the type of testing 
being undertaken. 

Research into the toxicoge- 
nomics of the live dolphins re- 
quires skin biopsies to be taken 
from the Riverpark dolphin com- 
munity and those of a control 
population in the Western Gulf of 
Shark Bay. This is undertaken 
using a PAXARMS darting 
system (Figure 2). Sampling of 
the Riverpark dolphins is 
complete and effort to collect 
samples from the Shark Bay 
population was being fast 
tracked in June 2017. Once 
sampling is complete the 
laboratory evaluation of skin 
samples     will     be   assessed. 

Figure 1: Veterinary pathologists examine 
a deceased dolphin (Murdoch University) 

Project Partners: 

Department of Biodiversity, 
Conservation and 
Attractions 

Murdoch University School 
of Veterinary and Life 
Sciences 

For further information contact: 

Dr Kerry Trayler 
Parks and Wildlife Service 
Rivers and Estuaries Division 
(T) 9219 9000

rivers.systems@dbca.wa.gov.au 
www.dbca.wa.gov.au 
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Outcomes to date and implications for management 
Since this project was established in January 2014, there have been 6 deceased dolphins 
reported in the Riverpark, including 4 calves. One of the calves was badly decomposed and 
another, although sighted was not recovered. One calf appeared to have been borne 
prematurely. In the wild, many dolphin calves (~50%) do not survive their first three years (Neil 
and Holmes, 2008). Consistent with this estimate, university surveys show that of the 11 
calves borne to resident females in the Riverpark between 2011-2015, five are confirmed 
to have died and another has not been sighted. The surviving calves are still alive and four 
more have been borne since that time. 

One of the deceased calves belonged to Pirulli, a 30+ year old female dolphin that was also 
found deceased. Both dolphins were retrieved in close proximity to Elizabeth Quay in May 
2016. Evaluation of the cause of their deaths involved gross anatomy examination and a suite 
of histopathology, bacteriology and viral testing. Results indicated that the female 
dolphinwas of advanced age and in good physical condition with no evidence of physical 
trauma before death. There was evidence that she was feeding on bream and lactating before 
death. Pirulli had been dead for about 48 hours before collection and due to post-mortem 
changes (autolysis) bacterial / fungal testing could not be undertaken. However, cetacean 
morbillivirus testing was undertaken on three sets of tissues and proved negative. 
Although, histopathological assessment was hampered by autolysis, it did show 
degenerative changes and fibrosis of the heart and aortic valve. Therefore, the cause of 
death was identified as chronic cardiomyopathy (heart muscle disease), which is likely to 
have caused heart failure. 

Pirulli’s male calf was 3-6 months old and could not have survived long without his mother. 
The calf was in good external condition, but had a recent fishing line entanglement around its 
rostrum and pectoral fin, which was just starting to incise soft tissue. The calf is thought to 
have died about 12 hours before collection. Testing for cetacean morbillivirus proved 
negative. Gross evaluation of tissues, including lungs, spleen and lymph nodes suggested 
inflammation, most likely due to infectious causes. The cause of death was identified as acute 
pneumonia combined with a heavy lungworm and bacterial infection. The lungworm 
infestation may have allowed a portal for bacterial infection. Septic shock was evident in 
multiple organs. 

In 2015, pathologists investigated the 
death of Gizmo, a 6 year old male 
dolphin that had been rescued from a 
severe fishing line entanglement lasting 
3 months in 2012. At the time of 
death Gizmo was emaciated and gross 
examination revealed a multi-organ 
bacterial infection and associated 
inflammation of internal organs. 
Bacterial testing identified heavy 
growth of Staphylococcus aureus in 
organs and disseminated (visceral) 
botryomycosis of kidneys, liver, lung 
and  lymph  nodes  was  recorded as the 
cause of death. 

Image: Gizmo in 2012 with fishing line entanglement (circled),
that may have contributed to his death in 2016. 
Photo: Delphine Chabanne. 

Future activity within the next 12-18 months 
Dolphin pathology and toxicogenomics investigations will continue through to December 2019. 

Key project communications 

Stephens, N., Duignan, P.J, Wang, J., Bingham, J., Finn, H., Bejder, L., Patterson, I.A.P., Holyoake, 
C. (2014). Cetacean morbillivirus in coastal indo-pacific bottlenose dolphins, Western Australia.
Emerging Infectious Diseases 20 (4).

Stephens, N (2015). Anotomic Pathology Necropsy Report. Pathology No. 15/592. School of Veterinary 
and Biomedical Sciences, MurdochUniversity. 

Stephens, N (2016). Anotomic Pathology Necropsy Report. Pathology No. 16//358. School of Veterinary 
and Biomedical Sciences, Murdoch University. 

Stephens, N (2016). Anotomic Pathology Necropsy Report. Pathology No. 16//363. School of Veterinary 
and Biomedical Sciences, Murdoch University. 

What is 
toxicogenomics? 

Toxicogenomics is 
a field of science 
that deals with the 
collection, 
interpretation, and 
storage of 
information about 
gene and protein 
activity within 
particular cell or 
tissue of an 
organism in 
response to toxic 
substances. 

Toxicogenomics is 
an emergent 
capability in 
marine mammal 
toxicology and a 
useful tool for 
management and 
conservation and 
may allow skin 
biopsies to be 
used to quantify 
biomarkers of 
chronic stress, 
immunosuppres- 
sion and 
ecotoxicological 
exposure and 
insult. 
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bream . 

Project Progress to date 

Test tes 
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Investigating fish communities as an index of estuarine 
condition 

Project No: RED2014-04 (RSPMUR01-3) Report Date: June  2017 

Project Partners: Context / Aims 
Fish communities exhibit predictable responses to ecosystem degradation/stress, and 
thus may be used as sensitive indicators of the ecological condition of these systems. 
Biotic indices, based on fish and other biological communities, are now used world wide 
to quantify the ecological health of rivers, lakes, estuaries and many other environments. 

A Fish Community Index for the Swan Canning estuary was developed by Murdoch 
University over five years (2007-2012) in collaboration with the Swan River Trust, the 
Department of Water and the Department of Fisheries. 

Image: Seine netting for fish communities
(photo K.Trayler) 

The aim of this project is to undertake the evaluation of the fish communities in the Swan 
Canning Riverpark for the purposes of applying the fish assemblage based index of estu- 
arine condition and reporting. The project extends monitoring until 2017. 

Project progress and approach 
This project is in progress with an annual report on fish communities expected to 
be complete by the end of July 2017. 

The Fish Community Index combines signals from numerous characteristics of the fish 
community (e.g. the numbers, diversity and identities of different species, and the relative 
proportions of species with different feeding and habitat requirements). The resulting in- 
dex score (0-100) quantifies the ecological health of the Swan Canning Estuary and re- 
sults are reported as a conceptually simple letter grade (A, very good – E, very poor).

Department of 
Biodiversity, Conservation
and Attractions 

Murdoch University,
Centre for Fish & Fisheries
Research 

For further information contact: 

Dr Kerry Trayler 

Parks and Wildlife Service 
Rivers and Estuaries Division 

(T) 9219 9000
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The index was developed from a 30 year 
dataset is the first of its kind for assessing 
esturine health in Australia and has been 
subjected to extensive testing, validation 
and review to provide a robust and 
sensitive tool for monitoring and reporting.

The Fish Community Index complements 
traditional water quality testing as 
a measure of the condition of the 
system and since 2012 has been part of 
regular monitoring and reporting on the 
waterway. An report on fish communities 
in the Swan Canning Riverpark is 
released to the public annually.

Fish communities were sampled over the 
summer and autumn of 2016 and 2017. Six 
nearshore and six offshore sites in each of 
four management zones of the Swan 
Canning estuary were sampled using a 
seine net and multimesh gill net (Figure  1). 
Collected fish are identified, counted and 
returned to the water alive. Species 
abundances in each sample are used to 
calculate values for core metrics used to 
calculate the nearshore and offshore fish 
community index. In turn these are used  to 
calculate and overall index score for each 
zone. 

Figure 1: Locations of nearshore (black circles) 
and offshore (open circles) sampling sites.
LSCE, Lower Swan Canning Estuary; CE,
Canning Estuary; MSE, Middle Swan Estuary; USE
Upper Swan Estuary
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Outcomes to date and implications for management 

In 2016, the shallow nearshore areas were assessed as being good, while offshore waters of 
the system were assessed as fair. This difference between the ecological condition of these 
zones largely reflects the responses of the fish community to a sustained period of  low 
dissolved oxygen conditions that affected the middle and upper Swan Estuary during autumn. 

More species were caught in nearshore waters in 2016 compared with 2015. The relatively 
high number of species encountered during 2016 likely reflects a greater influx and

penetration of marine species 
into the estuary in response to 
relatively high salinities.

Across the estuary as a 
whole, the ecological condition 
based on fish communities 
has been assessed as 
generally good to fair in 
nearshore and offshore waters 
since 2008 and 2011, 
respectively (Figure 2). 

Figure 2: Trend plot over recent 
years of the average (±standard 
error Fish  Community Index (FCI) 
scores for nearshore and offshore 
waters across the whole Swan 
Canning Estuary. Condition grades are 
A, very good; B, good; C, fair; D, poor; E, 
very poor) Red lines denote 
boundaries between condition grades 
still. 

Future activity within the next 12-18 months 

A report on the 2017 monitoring is expected to be completed in July 2017. Further monitoring 
and reporting will occur in 2018. The long term dataset will allow impact of climate and altered 
hydrodynamics to be assessed 

Key project communications 

Hallett, C.S. (2016). Assessment of the condition of the Swan Canning Estuary in 2016, based on the 
Fish Community Index of estuarine condition. Final report to the Department of Parks and Wildlife. 
Murdoch University, Western Australia, 35 pp. 

Hallett, C.S. (2014). Quantile-based grading improves the effectiveness of a multimetric index as a tool  for 
communicating estuarine condition. Ecological Indicators 39: 84-87. 

Hallett, C.S., Valesini, F.J. (2012). Validation of the Fish Community Index of Estuarine Condition 
and development of a monitoring regime for the Swan Canning Riverpark. Final Report to the Swan River 
Trust. Murdoch University. 

Hallett, C.S., Valesini, F.J., Clarke, K.R., Hesp, S.A., Hoeksema, S.D. (2012). Development and 
valida- tion of a fish-based, multimetric index for assessing the ecological health of Western Australian 
estuar- ies. Estuarine, Coastal and Shelf Science 104-105: 102-113. 

Hallett, C.S., Valesini, F.J., Clarke, K.R., Hoeksema, S.D. (2016). Effects of a harmful algal bloom on the 
community ecology, movements and spatial distributions of fishes in a microtidal estuary. 
Hydrobiologia 763: 267-284. 

Images: Some 
fishes found in 
Swan Canning 
Riverpark 
(photos: Murdoch 
University) 
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Context / Issues 
Example: Karlodinium veneficum is a microscopic, single 
-celled alga. It is found around the world in coastal and
estuarine waters and can gain nutrients through both pho- 
tosynthesis and consumption of microscopic prey. It is 
capable of forming dense algal blooms and produces a 
range of toxic compounds called karlotoxins, 

which can kill fish and other gilled animals like mussels. 

K Karlodinium veneficum blooms have been associated 
with large scale fish kills in the Swan and Canning estuaries 
since 2003, which have included large numbers of black 
bream . 

Project ProgreTssestto datetes 
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Project Partners: 

Department of 
Biodiversity, Conservation 
and Attractions 

Department of Water and 
Environmental Regulation 

For further information contact: 

Dr Jeff Cosgrove 

Parks and Wildlife Service 
Rivers and Estuaries Division 

(T) 9219 9000

rivers.systems@dbca.wa.gov.au 
www.dbca.wa.gov.au 

Seagrass monitoring and refinement of an indicator of 
seagrass-based indicator of estuarine health

Project No: RED 2013-09   (DPaW1.06.16 ) Report Date: June  2017 

Context / Aims 
Seagrasses perform a number of ecological functions making them important habitats in 
many coastal systems, including the Swan Canning Riverpark. 

Seagrasses respond to changes in their physical and chemical environment including 
disturbance and are viewed as biological indicators of ecological condition. Since 2010, 
the Department of Water and Environmental Regulation has partnered with the Department 
of Biodiversity, Conservation and Attractions to develop an index of seagrass health, with 
the use of 
functional metrics to 
help detect changes in 
key pressures and 
guide management. 

This project aims to 
continue refining the 
seagrass assessment 
protocol with  a  focus 
on gauging inter- 
annual variability in the 
chosen seagrass 
metrics and indicator 
robustness. This is an 
essential process for 
the development and 
validation of the 
indicator given the high 
inter-annual  variability Figure 1: A researcher tagging seagrass that will later be used for 
exhibited by this 
colonising  seagrass 

productivity analysis
Photo: Department of Water and Environmental Regulation

species. 

Project progress and approach 
This project is in progress with expected completion June 2018. 

Data has now been collected across five summer seasons (Figure 1 and 3. This was con- 
sidered the minimum necessary to allow for an initial estimate of inter-annual variability in 
the chosen metrics and their validation into a robust, working multi-metric indicator of 
seagrass health (Figure 2). 

Figure 2: Measured metrics provide information on both seagrass standing 
stock, performance and key pressures that influence performance and have 
clear links to immediate and historical human activities. 
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Outcomes to date and implications for management 
Results have shown that seagrass 
cover and composition have large 
inter-annual variation driven by a 
range of factors including tempera 
ture, salinity (rainfall intensity and 
timing), macroalgal cover (impacting 
light availability) and tidal heights. 

Seagrass at one of the 6 study sites 
throughout the estuary (Lucky Bay, 
Attadale foreshore) has consistently 
shown a low C:N ratio, high  δ15N and 
low reproductive success. This has 
been interpreted as possibly indicative 
of local eutrophication impacts at this 
site. A small prelimi- nary investigation 
of the potential for nutrient input via 
groundwater has been conducted 
(project 2016/003397) in response to 
this finding and further work is planned 
in this area. 

Figure 3: Department of Water and Environmental 
Regulation Staff assessing seagrass composition and 
cover at one of the Swan estuary monitoring sites
Photo: Department of Water and Environmental Regulation

Table 1: .Description of the two nutrient metrics used to gauge eutrophication-related stress 
(based on Kilminster & Forbes 2014). 

Seagrass 
pressures 

Indicator Description 

Eutrophica- 
tion 

Carbon to nitrogen 
ratio (C:N) 

The atomic ratio of carbon to nitrogen has been proposed 
as an indicator for nutrient enrichment, where increases in 
nitrogen relative to carbon (i.e. C:N ratio decreases) indi-    
cate eutrophication. 

δ15N The nitrogen isotope signal measured in seagrass leaves 
is likely to reflect the source of nitrogen. More positive δ15N 
values measured in macrophytes are likely as a result of 
eutrophication. 

Future activity within the next 12-18 months 

Data interrogation and final reporting will occur over the next 10 months, with a final project 
report on validation of the seagrass health index due in June 2018. 

Key project communications 

Kilminster, K.L. and Forbes, V.R. (2014) Seagrass as an indicator of estuary condition for the Swan 
Canning Estuary, Report no. 62, Department of Water, Western Australia. 

Kilminster, K., Forbes, V. and Holmer, M. (2014) Development of a ‘sediment-stress’ functional-level 
indicator for the seagrass Halophila ovalis. Ecological Indicators 36: 280-289. 

Forbes, V.R. and Kilminster, K. (2016) Monitoring seagrass extent and distribution in the Swan- 
Canning estuary, Water Science Technical Series, Report no. 70, Department of Water, Western 
Australia. 

Kilminster, K.L. and Forbes, V.R. (2016) Seagrass indicators of estuary health 2014, Development of 
a suite of indicators for the Swan-Canning estuary, report no. 75, Department of Water, Western 
Australia. 

Seagrasses are 
not a seaweed - 
they are an 
aquatic flowering 
plant! They can 
have blade like 
leaves and form 
dense underwater 
meadows or turfs. 

These meadows 
can slow down 
water movement, 
stabilize 
sediments, provide 
habitat and fix 
carbon as they 
photosynthesize. 
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Context / Issues 
Example: Karlodinium veneficum is a microscopic, single 
-celled alga. It is found around the world in coastal and 
estuarine waters and can gain nutrients through both pho- 
tosynthesis and consumption of microscopic prey. It is 
capable of forming dense algal blooms and produces a 
range of toxic compounds called karlotoxins, 

which can kill fish and other gilled animals like mussels. 

Project Partners: 

Department of 
Biodiversity, Conservation 
and Attractions 

Murdoch University 
School of Veterinary and 
Life Sciences 

City of Swan 

For further 
information contact: 

Rebekah Esszig 

Parks and Wildlife Service 
Rivers and Estuaries Division 

(T) 9219 9000

rivers.systems@dbca.wa.gov.au 
www.dbca.wa.gov.au 

Investigation into riparian vegetation decline: 
pathogen presence and soil influence 

Project No: RED2016-08 (G17MUR01) Report Date:  June  2017 

Context / Aims 
In the Swan and Canning Riverpark, there have been problems of localised vegetation die-
off at Baigup, Ascot, Guildford and in Manning. In 2015, these were investigated at Baigup 
where salinity and waterlogging were suggested as key drivers in vegetation dieoff. At 
Guildford, the die-off is particularly evident in Eucalyptus rudis along the lower Helena River 
and questions have be raised about the role of Phytophthora pathogens. Local community 
is keen to undertake widespread tree injections of phosphite to protect trees from dieback, 
although there is limited evidence that this would be successful. 

Dieback is a complex issue and there is some evidence that a range of adverse 
environmental changes can leave trees vulnerable to biotic and/or abiotic disease. These
may include changes in soil nutrients and microflora (particularly beneficial mycorrhizal 
fungi), application of herbicides, salinity and climate change. 

Some investigation is needed to understand if Phytophthora species are present and to 
determine any underlying contributing factors. In addition, trials are required to assess on 
a small scale whether injections of phosphite with and without nutrient implants would be
a viable option to improve tree health. 

The City of Swan has 
partnered with the 
Department to investigate 
this issue at Guildford. 

This project ties in with a 
related project being 
undertaken at the UWA to 
understand the effect of 
hydrology on vegetation 
decline. There is an 
expectation that the two 
projects will work together to 
understand what maybe 
causing this  decline in 
vegetation along the 
Helena River. 

Project progress and approach 

This project is in progress with expected completion in September 2018. 

Investigation of factors affecting tree decline will include tree health assessments, leaf area 
index, leaf nutrients, pathogen presence, soil moisture, nutrient and mycorrhiza 
assessment. 

Phosphite injection trial will involve monitoring changes in selected indicators of test and 
control trees. 
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Figure 1: Vegetation decline along the lower Helena River

The two main aims of this project are to: (1) investigate tree health and issues contributing 
to tree decline; and (2) trial and monitor tree injections with phosphite and nutrient 
implants as a mechanism to improve tree health.

mailto:rivers.systems@dbca.wa.gov.au
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Outcomes to date and implications for management 

Initial investigation and preliminary assessment of sites has been undertaken. Remote 
sensing data has been prepared (Figure 2 & 3) and will be ground-truthed in order to refine 
the investigation. 

Figure 2: Focus 
area and sites for 
prefield remote 
sensing analyses. 
Base image is an 
ortho-aerial image 
September 2015. 

Figure 3: Vegetation cover (>40cm above ground) 
for 2007 and 2014, classified from urban monitor 

Future activity within the next 12-18 months 

Over the next 12 months a series of field investigation and phosphite trials are planned. There 
is strong interest in the tree decline in the Guildford community and therefore community will be 
engaged in tree injection trials. 

Key project communications 

Huntley, B and van Dongen, R (2017). Remote Sensing Pre-field Analyses Helena River. Department 
Biodiversity, Conservation and Attractions. 
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Context / Issues 
Example: Karlodinium veneficum is a microscopic, single 
-celled alga. It is found around the world in coastal and 
estuarine waters and can gain nutrients through both pho- 
tosynthesis and consumption of microscopic prey. It is 
capable of forming dense algal blooms and produces a 
range of toxic compounds called karlotoxins, 

which can kill fish and other gilled animals like mussels. 

K Karlodinium veneficum blooms have been associated 
with large scale fish kills in the Swan and Canning estuaries 
since 2003, which have included large numbers of black 
bream . 

Test tes 

Project Partners: 

Department of 
Biodiversity, Conservation 
and Attractions 

University of WA 
Aquatic Ecodynamics 
Research Group 

For further information contact: 

Dr Kerry Trayler 
Parks and Wildlife Service 
Rivers and Estuaries Division 
(T) 9219 9000

rivers.systems@dbca.wa.gov.au 
www.dbca.wa.gov.au 

Understanding and predicting riparian decline: ecohydrology 
and hydro-climatological change 

Project No: RED2016-07 (RSP16UWA02) Report Date:  June  2017 

Context / Aims 
Localised decline in riparian vegetation has been recorded at a number of sites in the Swan 
Canning Riverpark including Baigup, Ascot, Guildford and in Manning. At Guildford, 
vegetation die-off is particularly evident in Eucalyptus rudis along the Helena River and 
Phytophthora pathogens may be present. However, dieback is a complex issue and there 
is evidence that a range of adverse environmental changes can leave trees vulnerable to 
biotic and/or abiotic disease. Waterlogging and salinity are amongst factors that may
influence dieback. 

Since 2013, the Department has invested in the development of a spatially resolved cou- 
pled hydrodynamic-biogeochemical model for predictive purposes. Developed at UWA, the
Swan Canning Estuary Response Model is focused on the main estuary, but the 
bathymetric extent of the model can be linked with lidar data to provide a domain that 
extends into the riparian zone. The model may prove useful in investigating causal fac- tors 
of vegetation decline and to potentially forecast future areas at risk. 

At Guildford, there is potential to link lidar data, vegetation survey, information on plant 
water requirements and salinity tolerance with the hydrodynamic model in order to better 
understand  the  cause of 
decline. The application of 
this approach could be 
used as an exploratory 
tool to view the sensitivity 
of riparian zones under 
hind-cast and forecast 
hydrodynamic conditions. 

This project is linked with another being undertaken by Murdoch University, exploring 
pathogen presence and soil influence on vegetation decline at Guildford. There is an 
expectation that the two projects will work together to understand what may be causing 
the decline in vegetation in that area. Specific objectives of this project are to: 

1. Use remote sensing to identify and map historic vegetation conditionchange;

2. Combine field survey and model development to determine to what extent hydrodynamic
changes (inundation extent, period and salinity) have contributed to thevegetation
decline at agreed locations in the Swan-Canning;

3. Predict where future change is likely to create heightened risk of tree decline, and make
recommendations for remediation and revegetation approaches, and future research.
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Figure1: Vegetation cover at Guildford (>40cm above ground) for 
2007 and 2014, classfied from urban monitor. Red areas 
indicative of loss. Since 2007.
Inset Image: Exploring existing piezometers on site.
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Project progress and approach 
This project is in progress with expected completion in September 2018 . 

Remote sensing platforms will be used to develop condition maps showing spatial extent of 
riparian changes in agreed sites in the Riverpark over time (2007-2016). 

At sites affected by vegetation decline, ecohydrological change that explains vegetation 
change will be identified using hydrodynamic modelling and riparian assessment. 

The model and understanding of ecohydrological tolerance will be used to predict future 
vegetation change. 

Outcomes to date and implications for management 

Initial investigation and preliminary assessment of the Guildford site has been undertaken. 
Remote sensing data has being prepared (Figure 1) and has been ground-truthed in order to 
refine the location of transects and piezometers at this location (Figure 2). 

Figure 2: Guildford site showing planned monitoring 
sites and the extent of the hydrodynamics model 
domain. 

Image: Photo of Eucalyptus rudis decline in the area. 

Future activity within the next 12-18 months 

Over the next 12 months a series of piezometers will be installed and field investigations will be 
undertaken at Guildford and other sites where appropriate. 

Key project communications 

Huntley, B and van Dongen, R (2017). Remote Sensing Pre-field Analyses Helena River. Department 
Biodiversity, Conservation and Attractions. 
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8 Theme: Decision Support Frameworks 

Topic Areas 
□ Integrate biophysical, social and economic information into decision making

frameworks;
□ Develop models for the estuarine system that can be used to predict change

with environmental condition and catchment action.

Activated Projects: 

Title Status 

Swan Canning Estuarine Response Model 
development. This project is complete 

Frameworks for Estuarine Reporting 
This project is in progress 
and is expected to extend 
to end of July 2018 

Trial of FlowCAM® technology for biological 
monitoring in the Swan Canning Riverpark 

This project is in progress 
with expected completion 
of the core deliverables in 
December 2018 
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Project Partners: 

Department of Biodiversity, 
Conservation and 
Attractions 

Department of Water and 
Environmental Regulation 

University of WA 
Aquatic Ecodynamics 
Research Group 

For further information contact:

Dr Kerry Trayler 
Parks and Wildlife Service 
Rivers and Estuaries Division 
(T) 9219 9000

rivers.systems@dbca.wa.gov.au 
www.dbca.wa.gov.au 

Swan Canning Estuarine Response Model development 

Project No: RED2013-08 (SRT1.14.13) Report Date: June  2017 

Context / Aims 
An effective and validated estuarine response model that could be coupled to catchment 
or socio-economic models to assist in decision support for the Swan and Canning rivers 
has long been held as an aspirational target for management. Signficant effort had been 
invested into hydrodynamic-biogeochemical models since the mid 1990s, but it was not 
until 2011, that this long held dream began to become a reality. At that time the Swan River 
Trust partnered with the Department of Water and the Aquatic Ecodynamics Re- search 
Group at UWA to couple the hydrodynamic model TUFLOW-FV with a Frame- work for 
Aquatic Biogeochemical Models and apply newly available bathymetric data into exploring 
the scale at which artificial oxygenation was improving conditions in the upper Swan and 
Canning Rivers. 

On the success of that project and confidence in 
the validation of the water quality model, further 
effort was then planned to extend the domain of the 
model through to Fremantle and improve its 
predictive capacity for decision support in 
oxygenation management and simulation of 
phytoplankton under a range of conditions. This 
project was specifically aimed at parameterizing a 
wider model domain and assessing its 
effectiveness. 

Figure 1: Upper Swan 
model domain 

Project progress and approach 

This project is complete. 

Two model domains were assessed for the estuary, 
one spanning the upper Swan where many of 
the current water quality issues are focused (Figure 1), and the second spanning the “Full 
Domain” (Figure 2). 

The model integrates a long-term water quality dataset for the Swan Canning and was 
configured to operate in 3D and predict the changes in salinity, temperature, velocity and 

water quality parameters including 
suspended sediment, oxygen, nutrients and 
phytoplankton. The model parameters were 
manually adjusted to fit the available monitoring 
data from 2008-2009, with parameterization 
based on values obtained from literature 
review. A total of 30 monitoring sites were 
included in the model simulation comprising 
14 measured water quality attributes and, 
where possible, surface and bottom values 
were individually assessed. The model 
simulation was run for a further two years as a 
validation, giving a total simulation period 
from 2008-2012, and allowed the 
model performance to be assessed in 
both wet and dry years. 

Figure 2:  Extent of the full domain model setup 
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Outcomes to date and implications for management 

The model was able to accurately predict most aspects of the estuarine system, with 
prediction quality in the order (best to worst): salinity, temperature, oxygen, nutrients, 
phytoplankton and turbidity. Compared to model applications presented for other sites in 
Australia and overseas, the model performed very well in capturing salinity, temperature, 
oxygen, and some of the nutrient pools. Reasonable predictions were obtained for other 
nutrient pools and chlorophyll-a. Further work is specifically required on to improve the 
predictions of dissolved organic nitrogen, suspended solids and ortho-phosphate in the next 
round of model calibration. 

In addition to validating the model against monitoring data, the project was able to provide 
insights into the controls on nutrient cycles and algal biomass. 

The model captured drivers 
of harmful algal bloom 
(HAB) formation and 
demonstrated its ability to 
assist in unravelling the 
complex interplay of 
temperature, salinity, light, 
nutrients, flushing and 
competition (Figure 3).

However, it is noted that 
these predictions are a first 
attempt at capturing these 
dynamics, and extensive 
further work is required to 
build  confidence in the 
models ability to accurately 
forecast HAB risk hotspots. Figure 3:  Dinoflagellate biomass relative to factors controlling 

Further validation of the phytoplankton module of the model against more recent data from 
2013-2016 was recommended. 

A final model simulation was also undertaken using the Full Domain to predict seagrass 
meadow productivity in the lower Swan. Further work is required to assess the ability of the 
model to capture changes in seagrass biomass, and to characterise the sensitivity of 
seagrass productivity to the overlying water quality properties. 

Several priority areas are identified for improving model accuracy and capability, 
characterised separately for the upper and lower Swan. Despite the need for continuing 
calibration effort and development of the model, the present study further advanced our ability 
to model the Swan Canning system and assess management scenarios associated with 
artificial oxygenation, nutrient load management and/or climate change, bearing in mind 
deficiencies in the predictions    outlined. 

Future activity within the next 12-18 months 

The primary model development associated with this project is complete, but on-going 
refinement of the operational model will occur through other targeted projects. 

Key project communications 

Hipsey, M.R., Kilminster, K., Busch B., 2016. The Swan-Canning Estuary Response Model (SCERM) 
v1: Model validation and performance assessment. AED Report #R29, The University of Western 
Australia, Perth, Australia. 42pp. 

Hipsey, M.R., Kilminster, K., Robinson, S., Gedaria. A, Trayler, K., 2016. The Swan-Canning 
Estuary Response Model (SCERM) v1: Model Science Basis and Parameterisation. AED Report 
#R28, The Univer- sity of Western Australia, Perth, Australia. 50pp. 

Model Refinement 

Further development 
of the model is 
expected to occur as 
information gaps 
related to is 
zooplankton, 
jellyfish, benthic 
invertebrates 
macroalgae and 
microbial community 
dynamics are 
addressed 
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Project Progress to date 

Test tes 

Project Partners 

Department of 
Biodiversity, Conservation 
and Attractions 

University of WA 
Aquatic Ecodynamics 
Research Group 

Frameworks for estuarine reporting 

Project No: RED15-07 (RSP16UWA01) Report Date: June  2017 

Context / Aims 
In the period spanning 2011-2016, the department and project partners at UWA and 
Department of Water and Environmental Regulation have invested considerable 
resources into the development of a spatially resolved coupled hydrodynamic- 
biogeochemical model, the Swan Canning Estuarine Response Model (SCERM). The 
model is a useful tool that can be used for predictive purposes as well as display. 
Elsewhere similar models have been developed to provide real-time evaluation of 
estuarine conditions.

The SCERM model has the capacity to complement, but not replace, regular water quality 
monitoring and to simulate and display information on a wider spatial scale and over finer 
temporal resolution than the existing weekly water quality reporting. The advent of a 
display portal would greatly enhance existing communications with the community about 
river conditions, and create new opportunities to present “interpreted” outputs of more 
relevance to management and outreach. 

This project with UWA explores the capacity of a predictive model framework to rationalize 
water quality monitoring data and display information in a format that adds value through 
extension of information. Specific aims of this project were to: 1. evaluate optimal water 
quality data requirements for predictive modelling of estuarine conditions and; 2.  develop 
a display portal for model outputs using near real-time data. 

For further 
information contact: 

Dr Kerry Trayler 

Parks and Wildlife Service 
Rivers and Estuaries Division 

(T) 9219 9000

rivers.systems@dbca.wa.gov.au 
www.dbca.wa.gov.au 

Project progress and approach 

This project is in progress and is expected to extend to end of July 2018. 

Several approaches were undertaken towards achieving the aims of this project. 

An analyses of model performance was 
undertaken against historical data 
collected at selected sites within the 
estuary over the period from Jan 2015 
to July 2016 (Figure 1). Performance 
was evaluated both spatially and
temporally and error quantified. In
addition, a “Tracer Model” was applied
to identify biogeochemical hotspots
that might need additional attention as
part of physical or biogechemical
monitoring. These approaches enabled
consideration of the value of regular
monitoring data used for the different 
aspects of model setup and validation, 
and identified shortfalls, redundancies 
and relative value of monitoring 
datasets. 

An automation framework of a real- 
time estuary water quality model for 
Swan-Canning River was established 
with automated operation of the model 
driven by near real-time data and a 
display portal for model outputs, 
showing regular visualisations of the 
SCERM v2 model. Figure 1: Model domain, inflow locations, 

and selected validation sites 
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Outcomes to date and implications for management 

The model was able to accurately reproduce the physical conditions (salinity and 
temperature) of the estuary system, and effectively captured the variations of dissolved 
oxygen and some of the nutrient pools such as total phosphorus, ortho-phosphate and 
silicon. Reasonable predictions were obtained for other nutrient pools and chlorophylla. The 
statistics and thalwegs plots across the estuary suggest the model was able to predict the 
spatial heterogeneity from the lower to upper Swan. 

Comparison of modelled regions revealed that the lower Swan had the best modelling 
performance, while middle and upper Swan showed relatively large bias in total nitrogen, 
nitrate and chlorophylla indicating the need of improving modelling and monitoring 
capacities in middle Swan and upper Swan. 

The middle Swan and upper branch of Canning River were shown to have high 
biogeochemical intensity during dry seasons, while during wet season, higher intensity occurs 
in the deep water area of lower Swan and south middle Swan. These hotspots of intensity   
may require additional sampling during these periods to account for increased 
variability. In addition, more sampling locations in the lower Swan are recommended to 
capture and spatial variety across lateral transects. Higher sampling frequency of 
dissolved oxygen and phytoplankton is required to capture their daily variation across the 
system. 

Several priority areas were identified for improving model accuracy and capability, including 
sediment resuspension, dinoflagellate and cyanobacteria vertical migration, and seagrass 
biomass. Despite the need for continuing calibration effort and development of the model 
system the present study has further advanced our ability to model the waterway and, in its 
present form, the model is now suitable for assessing management scenarios associated with 
artificial oxygenation, nutrient and load management and/or climate change, bearing in mind 
deficiencies as described. 
 
The flood event of February 2017 
provided an opportunity to further 
validate the model. This also provided 
and opportunity to showcase the 
model display. Researchers were able 
to provide simulation updates of the 
model function in real time. This 
complemented existing water quality 
monitoring and provided greater spatial 
understanding of the changes that 
were occurring across the Riverpark. 

A virtual observatory (currently in beta 
version) has been developed for the 
Swan Canning displaying temporal and 
spatial extent of a range of 
physicochemical and water quality 
parameters across the estuary 
(Figure 2). 

Figure 2:  Beta-version virtual 
observatory display outputs 

Future activity within the next 12-18 months 

This work is expected to be extended to allow time for the real-time model framework to be 
finalized and then subsequently maintained. 

Key project communications 

Huang, P., Hipsey, M.R., Busch B., 2017. The Swan-Canning Estuary Response Model (SCERM) v2: 
Model validation, monitoring data assessment and real-time operation. AED Report #R34, The University 
of Western Australia Perth, Australia. 39pp. 

http://www.swan.science.uwa.edu.au 

Retention time 

Water retention 
time varies across 
the estuary, with 
the period of 
retention being 
greatest in the 
upper reaches of 
the Swan and 
Canning and 
lowest closest to 
the Port. 

Retention time 
influences 
biogeochemical 
intensity. 
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Context / Issues 
Example: Karlodinium veneficum is a microscopic, single 
-celled alga. It is found around the world in coastal and
estuarine waters and can gain nutrients through both pho- 
tosynthesis and consumption of microscopic prey. It is 
capable of forming dense algal blooms and produces a 
range of toxic compounds called karlotoxins, 

Figure 1: Mapping seagrass cover in the Swan estuary 

which can kill fish and other gilled animals like(muHeathsselcsote s.i te).

K Karlodinium veneficum blooms have been associated 
with large scale fish kills in the Swan and Canning estuaries 
since 2003, which have included large numbers of black 
bream . 

Project Progress to date 

Test tes 
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Project Partners: 

Department of Biodiversity, 
Conservation and Attractions 

Murdoch University 

For further information contact: 

Dr Jeff Cosgrove 
Parks and Wildlife Service 
Rivers and Estuaries Division 
(T) 9219 9000

rivers.systems@dbca.wa.gov.au 
www.dbca.wa.gov.au 

Trial of FlowCAM® technology for biological monitoring in the 
Swan Canning Riverpark 

Project No:  RED2015-08 (RSP16MUR01) Report Date: June  2017 

Context / Aims 
The Department of Biodiversity, 
Conservation and Attractions 
(DBCA) partners with the De- 
partment of Water & Environ- 
mental Regulation to conduct 
weekly water quality monitoring 
of the Swan Canning  Riverpark. 
Water-borne micro- scopic 
algae (microalgae or 
phytoplankton) are a key com- 
ponent of the monitoring pro- 
gram as they are a foundation- 
al part of the food-web and al- 
gal blooms can result in signifi- 
cant water quality problems. 

Microalgae have been counted 
and characterised by trained 
taxonomists using microscopes 
since 1994. Monitoring technol- 
ogies have evolved since that 
time, as have the data require- 
ments of DBCA. This project 
explores the potential of imag- 
ing flow cytometer technology 
(Figures  1  &  2)  to  augment Figure 1: The FlowCAM imaging flow cytometer (VSseries pic-
plankton  monitoring in   the tured) and an example of the images collected aswater is
Swan  Canning  Riverpark  by passed through the system 
determining: 

• whether FlowCAM® phy-
toplankton data can be
validated against our tra-
ditional monitoring data
and how this can be
achieved;

• how FlowCAM® (and po-
tentially other equipment 
such as a zooplankton 
scanner) might be incor- 
porated into an integrated 
analytical protocol to as-
sess multiple plankton size 
classes; 

• the resource and logistical
requirements and operat-
ing costs of the FlowCAM;
and,

• the  potential  benefit these
data  streams may provide Figure 2: Screen capture of the FlowCAM’s image analysis soft-
to  the monitoring program ware. Users can assign cells of similar shape to taxonomic or
and  our understanding of functional groups. Cell biovolume can also be estimated.
the Swan Canning Riverpark.
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Project progress and approach 

This project is in progress with expected completion of the core deliverables in 
December 2018. 

A PhD student based at Murdoch University has been chosen to undertake this 
research and supported by with Department with a top-up scholarship. CSIRO has 
joined as partner organization as they have the state’s only FlowCAM instrument and will 
provide student technical training and support. 

The research team is currently 
finalizing the research plan in 
consultation with the Department. 
Broadly, FlowCAM will be used to 
analyze samples that are duplicates 
of those collected for standard 
microscope-based characterization 
of microalgae community. 

The resourcing requirements, 
processing time and data output of 
the FlowCAM will be assessed to 
determine how the data-stream might 
benefit the monitoring program, how 
these data relate to traditional data 
and the costs involved. 

Figure 3: Staff conducting weekly water 
quality sampling on the Swan river 

Outcomes to date and implications for management 

This project is still in it’s initial phase and no outcomes have been produced. 

Future activity within the next 12-18 months 

This project will process through an initial technique and methodology testing phase 
before undertaking comparative analysis of duplicate samples from regular Swan estuary 
monitoring events (Figure 3). This initial testing will be informed by the Ph.D. student’s 
literature review as well as advice from CSIRO scientists and the FlowCAM manufacturer. 

FlowCAM measurements will be paired against other data streams. An upcoming project 
investigating the use of multi-wavelength fluorometers will allow the gross phytoplankton 
composition metrics from each of the technologies to be compared. 

Key project communications 
This project is still in it’s initial phase and no outcomes have been produced. 
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9 Theme: Socio-cultural values and behaviour 
change 

Topic Areas 
Develop improved approaches to community engagement; 
Understand social and economic value of natural capital. 

Activated Projects: 

Title Status 

Field research and scientific support for Dolphin Watch 

Shorebirds: increasing capacity and information 
exchange monitoring 
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This project is in progress

This project is in progress





Context / Issues 
Example: Karlodinium veneficum is a microscopic, single 
-celled alga. It is found around the world in coastal and 
estuarine waters and can gain nutrients through both pho- 
tosynthesis and consumption of microscopic prey. It is 
capable of forming dense algal blooms and produces a 
range of toxic compounds called karlotoxins, 

which can kill fish and other gilled animals like mussels. 

K Karlodinium veneficum blooms have been associated 
with large scale fish kills in the Swan and Canning estuaries
since 2003, which have included large numbers of black 
bream . 

Field research and scientific support for Dolphin Watch 

Project No: RED2015-01 (SRTDW003/004) Report Date: June  2017 

Context / Aims 
The Department of Biodiversity, Conservation and 
Attractions is responsible for ensuring the ecological health 
and community benefit of the Swan and Canning Riverpark 
is protected. 

Through the River Guardians program the department runs 
a series of projects that connect the community to the
waterway to enhance social responsibility and stewardship 
of the  Riverpark. Dolphin Watch is one such project. 

This citizen science project and is linked to a university 
based research program aimed at understanding the 
Riverpark’s Indo-Pacific bottlenose dolphin community,  their 
movement patterns and the influence of noise in the 
Riverpark on the popular iconic animal (Figure 1). 

Through Dolphin Watch, researchers aims to: 

∗ Identify long-term trends in dolphin occurrence in the
Riverpark and whether the community is stable;

Determine the spatial and temporal distribution of 
dolphins in the Riverpark and whether there are
hotspots in space and time; 

∗ Investigate inter-annual change in dolphin

Figure 1:  Indo-Pacific bottle-nose 
dolphins are a common sight in the 
Swan Canning Riverpark 

distribution.

Project Partners: 

Department of Biodiversity, 
Conservation and Attractions 

Curtin University Centre of 
Marine Science & 
Technology 

Murdoch University 
Cetacean Research Unit 

Researchers export data from database and 
further quality assessment occurs prior to 
evaluation using the statistics package R and 
ArcGIS. 
The approach of using citizen science data to 
monitor the community of dolphins within the 
Riverpark does have some limitations. These 
include unequal effort over space and time and 
absence data that may not be consistently 
recorded. These biases are identified, corrected 
where possible and interpreted carefully by the 
university researchers. 

Figure 2: The Dolphin Watch V2.0 smartphone app can be 
downloaded for Apple and android systems. A new version 
is expected in November 2017. 

For further information contact:

Jason Menzies 
Parks and Wildlife Service 
Community Involvement Unit 
(T) 9219 9000

community@dbca.wa.gov.au 
www.dbca.wa.gov.au 
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Project progress and approach 
This project is in progress. 

Dolphin Watch is run in collaboration with Curtin 
University and Murdoch University. Citizen 
scientists are trained to recognize individual 
dolphins, identify behaviors and record these in 
defined zones withing the Riverpark.

mailto:community@dbca.wa.gov.au
http://www.dbca.wa.gov.au/


Outcomes to date and implications for management 

Dolphin Watch successfully engages and educates the community while providing 
significant survey effort not typically possible with scientific surveys due to cost. To date we 
have learned that: 

∗ Dolphins use the Riverpark in its entirety and
sightings (per unit effort) have been stable over the
last half decade.
On average, there have been 6-9 sightings per day
over the last 6-years;

When sightings are corrected for effort, the Fremantle
inner harbour, Melville Waters towards the Narrows
Bridge and the entrance of the Canning River are
hotspots (Figure 3);

The use of these hotspots by dolphins changes with
season;

Dolphin usage in other zones varies among years;

Some zones are consistently used infrequently.

Figure 3: Hotspots zones of dolphin sightings shown in red Future activity within the next 12-18 months 

The department will continue to deliver Dolphin Watch in partnership with Curtin and Murdoch 
Universities for the next 2-years and will focus on: 

1. Assessment of effects of biases by:
Comparing consistent presence/absence and presence only data to assess the effect of
inconsistent reports of absences;
Comparing Dolphin Watch observations with standardised vessel surveys;
Incorporating tracking capability in the Dolphin Watch App to correct for area covered;
Considering if detectability can be incorporated easily in citizen science framework.

2. Habitat modelling including:
Generalized linear modelling and presence/absencedata;
Modelling distribution using Maxent software and presence-onlydata.

Key project communications 
Chabanne, D., Finn, H., Salgado-Kent, C., and Bejder, L. (2012). Identification of a resident community 
of bottlenose dolphins (Tursiops aduncus) in the Swan Canning Riverpark, Western Australia, using 
behavioural information. Pacific Conservation Biology 18, 247–262. DOI 10.1071/PC120247. 

Chabanne, D. B. H., Pollock, K. H., Finn, H., and Bejder, L. (2017). Applying the multistate capture- 
recapture robust design to assess metapopulation structure of a marine mammal. Methods in Ecology 
and Evolution. DOI 10.1111/2041-210X.12792. 

Department of Parks and Wildlife (2016) FinBook 6th Edition. Produced in association with Murdoch 
University and Curtin University. 

Department of Parks and Wildlife (2016). Dolphin Watch Annual Report 2015-16. Government of 
Western Australia 

Marley, S.A., Erbe, C., Salgado Kent, C.P. (2016). Underwater sound in an urban estuarine river: 
sound sources, soundscape contribution, and temporal variability. Acoustics Australia. DOI 10.1007/
s40857-015- 0038-z. 

Marley, S.A., Salgado Kent, C.P. Erbe, C. (2016). Occupancy of bottlenose dolphins (Tursiops 
aduncus) in relation to vessel traffic, dredging, and environmental variables within a highly urbanised 
estuary.  Hydrobiologia. doi:10.1007/s10750-016-3061-7 

Marley S.A,. Erbe C., Salgado Kent C.P., Parsons M.J.G and Parnum I.M. (2017). Spatial and 
temporal variation in the acoustic habitat of bottlenose dolphins (Truncatus aduncus) within a highly 
urbanized estuary. Frontiers in Marine Science. DOI 10.3389/fmars.2017.00197 

Marley, S., Salgado Kent, C.P., and Erbe, C. (2017). A tale of two soundscapes: comparing the 
acoustic characteristics of urban versus pristine coastal dolphin habitats in Western Australia. 
Acoustics Australia. DOI: 10.1007/s40857-017-0106-7. 

Marley, S., Salgado Kent, C.P., Erbe, C. and Parnum, I. (2017). Effects of vessel traffic and 
underwater noise on the movement, behaviour and vocalisations of bottlenose dolphins in an 
urbanised estuary. Scientific Reports. Doi:10.1038/s41598-017-13252-z. 

Wharton, S. (2015). Investigating the bottlenose dolphin in the Swan Canning Riverpark using two 
research methods: A comparison between citizen science and professional science. Honours Thesis, 
Murdoch University. 

How do we identify 
dolphins in the 
Riverpark? 

We use FinBook, a 
catalogue of dolphin 
fin-prints. 

The markings on the 
dorsal fins enable 
identification of 
individual animals. 

These markings 
come from 
interactions with 
other dolphins and 
sometimes from 
shark attacks or 
entanglements. 

Image: Male dolphin 
with shark bite injury 
(River Guardians) 
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Context / Issues 
Example: Karlodinium veneficum is a microscopic, single 
-celled alga. It is found around the world in coastal and
estuarine waters and can gain nutrients through both pho- 
tosynthesis and consumption of microscopic prey. It is 
capable of forming dense algal blooms and produces a 
range of toxic compounds called karlotoxins, 

which can kill fish and other gilled animals like mussels. 

Test tes 
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Project Partners: 

Department of Biodiversity, 
Conservation and 
Attractions 

Birdlife WA 

Scotch College, WA 

For further information contact: 

Dr Kerry Trayler 
Marnie Giroud 
Parks and Wildlife Service (T) 
9219 9000

rivers.systems@dbca.wa.gov.au or 
community@dbca.wa.gov.au 
www.dbca.wa.gov.au 

Shorebirds: increasing capacity and information exchange for 
monitoring 

Project No: RED2014-06 (RSP14BA01) Report Date: June  2017 

Context / Aims 
Shorebirds are a valued, but vulnerable 
environmental asset in the Swan Canning  Riverpark. 
Birdlife Australia actively monitors shorebird 
populations at key locations around Australia 
including in the Riverpark. In an effort to support 
community monitoring and connect Birdlife Australia 
with the River Guardians Program at DBCA, a small 
grant was issued to Birdlife WA with the aims of: 

delivering a workshop to train interested  River
Guardians in shorebird identification and 
monitoring; 
providing a forum to support coordinators and 
counters in better delivery of  Shorebirds 
2020; 
undertaking annual summer shorebird counts
at current register sites in the Riverpark; and 

∗ investigating and identifying new sites to
extend monitoring in the Riverpark. 

Image 1:  Shorebirds in the 
Swan Estuary Marine Park 

Project progress and approach

This project is in progress. 

In March, 2016, Birdlife WA and the River Guardians program held their first training 
event. Twenty participants were provided with an introduction to the migratory nature of 
shorebirds and their international plight, information on their biology and ecology, 
identification of common local species and mechanisms for recording sightings.

They were then taken to 
field locations to view 
shorebirds in-situ and to 
learn how to operate a 
birdwatching telescope. 
The event proved popular 
and participants were 
keen to engage further. 

As a result the River 
Guardians program built 
on this project to estab- 
lish a beach nesting birds 
pilot project aimed at en- 
gaging volunteers and 
community in the trial and 
evaluation of chick shel- 
ters for the protection of 
beach nesting birds in the 
Riverpark. 

Image 2: Shorebird monitoring training at Point Walter 
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Outcomes to date and implications for management 

As part of their community service program, eight boys from Scotch College middle school 
volunteered to build fifteen wooden chick shelters. The triangular shaped shelters were 
designed to withstand weathering and provide a shelter for chicks from predators and 
human disturbance that occurs along the shorelines of the Riverpark. 

As a pilot, many of the shelters were placed at the end of the Point Walter spit in advance of 
2016 nesting season of red capped plovers and fairy terns. These were then monitored by 
Birdlife WA and were used by the fairy terns, which established a nesting colony on the site 
for what is thought to be the first time. As many as 60 pairs recorded during the season. 

In August 2017, the department supported the Swan Estuaries Reserves Action Group and 
Birdlife WA to raise awareness about the plight of shorebirds at a community event held at 
Point Walter. 

The department and Birdlife WA also ran a training event with the City of Melville for 40 
people in September 2017. The training gave volunteers some background information on 
the Swan Marine Reserves and information on the beach-nesting species and disturbance 
issues as well as approaches to monitoring birds. 

Volunteers will be undertaking a follow-up site induction at Point Walter in November 2017 to 
provide them with the practical skills of monitoring shorebirds and disturbance at that 
location. 

Composite image: 
Construction of shelters at Scotch College (top); installation at Point Walter (bottom right) and an 
example of shorebirds utilizing similar structures in South Australia 
Photo: Birdlife Australia 

Future activity within the next 12-18 months 

The project will continue  through to June 2018. 

Key project communications 

https://www.riverguardians.com/projects/beachnesting-birds 

Shorebird 
disturbance 

Beach nesting 
birds are highly 
vulnerable to 
disturbance by 
humans. 

These birds build 
their nests by 
scraping in the 
sand or amongst 
low vegetation, 
above the high 
water mark. 

Being exposed, 
these nests are 
vulnerable to 
trampling by 
humans and 
disturbance. 

Disturbance causes 
adult birds to leave 
their nests, making 
eggs and chicks 
vulnerable to 
summer 
temperatures, 
predators and 
starvation. 

Image: Red Capped 
Plover nest (Creative 
Common) 

68

http://www.riverguardians.com/projects/beachnesting-birds
http://www.riverguardians.com/projects/beachnesting-birds


10 Theme: Iconic species 

Topic Areas 
□ Understand habitat requirements of  key species;
□ Understand movement patterns and distribution of key aquatic species.

Activated Projects: 

Title 

Investigating habitat values of seagrass, macroalgae 
and wrack in the Swan Canning Riverpark 

Status 

This project is in progress 
with expected completion 
June 2018 

Restocking of Western School Prawn—evaluation of 
recruitment limitation, environment and release 
strategies 

This project is in progress 
with expected completion in 
late 2018 

Pilot assessment on the use of acoustic methods 
(sidescan and imaging sonar) to map habitat structural 
complexity in the Upper Swan Estuary and its use by fish 

This project is ongoing and is 
expected to be completed by 
early 2018 

69 

Swan Canning Acoustic Array 
This project is ongoing with 
further research outputs 
expected in 2018 

Investigating habitat values of seagrass, microalgae 
and wrack in the Swan Canning Riverpark

This project is in progress 
with expected completion 
June 2018





Investigating habitat values of seagrass, macroalgae and wrack 
in the Swan Canning Riverpark 

Project No: RED2015-06 (RSP16ECU01) Report Date: June  2017 

Project Partners: Context / Aims 
Seagrass is recognized as an asset in the Swan 
Canning Riverpark. It plays an important role in 
stabilizing sediment and maintaining oxygen 
levels at the sediment/water interface. It is also 
an important food source for the iconic black 
swan. 

In the Swan Canning Riverpark there are three 
main species of seagrass, with paddle-weed 
(Halophila ovalis) the dominant species. The 
seagrass in the riverpark is thought to support 
diverse and productive faunal assemblages. 
However, much of the information about the 
values of thsi habitat is gleaned from Zostera 
species in estuaries elsewhere. Very little is 
known of the biodiversity and ecological value of 
Halophila which is vastly different in shape and 
form to Zostera.

Images: 
Top- Halophila ovalis (photo: K. Kilminster); 
Middle-Ruppia spp.(photo: K. McMahon). 
Bottom- Macroalgae removal from 
foreshores (photo: Swan River Trust). 
Left- Samples locations relative to 
seagrass distribution in Swan Canning 
Riverpark (seagrass image-Dept. Water 
and Environmental Regulation )

Department of
Biodiversity, Conservation
and Attractions 

Edith Cowan University
Centre for Marine Ecosystems
Research 

For further information contact:

Dr Kerry Trayler 

Parks and Wildlife Service 
Rivers and Estuaries Division 

(T) 9219 9000
rivers.systems@dbca.wa.gov.au 

www.dbca.wa.gov.au 
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Macroalgae are commonly found in the lower 
reaches of the Swan Canning Riverpark in late 
spring and summer, and in recent years, large 
amounts of the macroalga Chaetomorpha linum 
have accumulated in areas around Heathcote and 
Freshwater Bay. This free-floating macroalga, 
which is moved by winds and currents, is fast 
growing and can respond rapidly to favourable 
growth conditions. It is often considered a 
nuisance because it reduces light conditions to 
Halophila seagrass beds and has been shown to 
affect Halophila reproduction.

The boom bust nature of the macroalga means that 
large accumulations of dead algae can build up 
rapidly on beaches. This causes public complaints 
and demand for the removal of the algal biomass. 
Little is known of the value of the macroalga to the 
foodweb or its habitat value for biodiversity, either 
as living algae in the water or as wrack cast on the 
shoreline.

This project is intended to investigate the 
biodiversity and ecological values of Halophila 
meadows and Chaetomorpha accumulations. The
ecological value of accumulated wrack will also be
investigated.

mailto:rivers.systems@dbca.wa.gov.au
http://www.dbca.wa.gov.au/


Project progress and approach 
This project is in progress with expected completion June 2018. 

A two year Masters-by-research project is underway at Edith Cowan University. 
Seine netting and core samples are being used to investigate the importance of Halophila 
seagrass and macroalgae to fish and invertebrate communities. These subtidal habitats will 
be compared to areas of bare sand and an inventory of species created. 

Accumulated wrack on the shoreline is also being sampled to determine invertebrate 
utilization and subtidal wrack will also be investigated for its importance as a fish habitat. 

Stable isotopes are being used to investigate the importance of wrack, Halophila ovalis 
and Chaetomorpha linum to the foodweb. 

Outcomes to date and implications for management 

Estuary conditions in Spring 2016 favoured the proliferation of macroalgae over much of the 
shallow Halophila beds making the distinction of habitat problematic. Therefore Spring 
sampling of seagrass was not undertaken. However sampling of macroalgae, bare sand 
habitat and wrack was undertaken. Summer sampling of Halophila was possible. The 
significant February 2017 flooding event effected water quality changes and resulted in 
significant die-off of seagrass. 

Images: Seagrass wrack accumulation after 2017 flood event 
(photos: K. Trayler); Fish sampling (photo S.Fulwood) 

Future activity within the next 12-18 months 

The possibility of undertaking further sampling in Spring 2017 has been mooted, given the 
unseasonal conditions affecting Halophila meadows in 2016 

Key project communications 

Parks and Wildlife (2016). Media Statement: 
Seagrass and seaweed to build up on Swan 
River Foreshore. Dec 2016. 

Image: Seahorses are known to frequent 
seagrass habitat in the Riverpark 
Photo: KTrayler

What’s the 
difference 
between 
seagrass and 
macroalgae? 

Seagrasses and 
macroalgae differ in 
their mode of 
reproduction, 
structure, and how 
they transport 
nutrients and 
dissolved gases. 

Seagrass produce 
flowers, fruits and 
seeds; Macroalgae 
produce spores. 

Seagrass have 
roots, leaves and 
under ground rhi- 
zomes to hold them 
in place; Macroalgae 
do not possess 
roots, but can utilize 
holdfasts to secure 
to hard surfaces. 

Seagrass are 
vascular plants and 
use roots and 
rhizomes to extract 
nutrients from 
sediment and leaves 
to extract nutrients 
from water; 
Macroalgae use 
diffusion to extract 
nutrients from the 
water. 
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which can kill fish and other gilled animals like mussels. 

K Karlodinium veneficum blooms have been associated 
with large scale fish kills in the Swan and Canning estuaries 
since 2003, which have included large numbers of black 
bream . 

Project Progress to date 

Test tes 
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Restocking of Western School Prawn—evaluation of 
recruitment limitation, environment and release strategies 

Project No:  RED2013 -10(RSPMUR01) Report Date: June  2017 

Context / Aims 
The Western School Prawn (Metapenaeus 
dalli; Figure 1) was the focus of a small 
commercial and iconic recreational fishery in 
the Swan-Canning Estuary. However, 
catches declined significantly through the 
1950’s and the commercial fishery closed  in 
the mid-1970s. The popularity of the 
recreational fishery, which is estimated to 
have involved >50,000 people in the 1980s, 
also declined, Despite a reduction in fishing 
effort, stocks failed to recover.

Restocking, i.e. releasing cultured individuals 
to rebuild stocks, was seen as a possible 
means of increasing the population of M. dalli 
and reinvigorate recreational prawning. Figure1: Western School Prawn (D.Morgan) 

Between 2013 and 2016, 4.5 million prawns were grown in aquaculture and released 
into the Swan Canning Estuary. 

Research was undertaken to complement the restocking effort with the aim of: (1) 
determining the biology and ecology of M. dalli, and factors affecting their recruitment; 
(2) developing release strategies to maximize the survival of hatchery-reared prawns. The
research and restocking was accompanied by a community education and engagement 
project, known as Prawn Watch (run by through the River Guardians Program). This was 
aimed at improving stewardship of the fishery and the Swan  Canning Riverpark. 

Project Partners: 

Department of Biodiversity, 
Conservation and Attractions 

Murdoch University 
Centre for Fish and Fisheries 
Research 

Australian Centre for Applied 
Aquatic Research 

WA Fish Foundation 

RecfishWest 

Dept of Primary 
Industries and Regional 
Development 

Fisheries Research 
and Development 
Corporation 

Project progress and approach 

This project is in progress with an expected complete in late 2018. 

The length, sex and abundance of prawns and fish were collected monthly at night, over 
31 lunar months, from sites throughout the nearshore (< 2 m deep) and offshore (> 2 m 
deep) waters of the Swan-Canning Estuary using hand and otter trawls (Figure. 2). 

A series of experimental approaches and field observations were also undertaken to ex- 
plore habitat preference, predation and release strategies. 

Figure 2:  The locations 
of the 20 nearshore and 
16 offshore sites where 
prawns were collected 
using hand and otter 
trawls. 

For further
information contact: 

Dr Kerry Trayler 

Parks and Wildlife Service 
Rivers and Estuaries Division 

(T) 9219 9000

rivers.systems@dbca.wa.gov.au 
www.dbca.wa.gov.au 
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Outcomes to date and implications for management 
Western School Prawns (M.dalli) typically live for one year, with a small proportion surviving  for 
a second year. They have a highly seasonal pattern of growth, increasing rapidly in size in 
summer (Oct-Apr), but with virtually no growth occurring in winter (May-Sept; Figure 3). Females 
grow about 25% longer than males but die faster, with very few reaching two years old. Breeding 
occurs mainly from November to February, when water temperatures are >18 °C and salinity 
>25. Individuals complete their entire ife cycle within the estuary.

There is marked 
seasonality in M. dalli 
distribution with this 
species moving into 
nearshore waters during 
the summer breeding 
season and moving 
offshore waters in 
autumn/winter. Prawn 
abundances increased 
following the first three 
years of restocking. 

Figure 3: Conceptual diagram of the M.dalli life cycle 

A quantitative sediment map for the Swan Canning Estuary was produced and areas of 
preferred habitat were identified. M.dalli was found to   have a preference for fine sediments, 
which facilitate fast and easy burial.  Experiments showed that prawns remain buried in, or 
settled on the surface of the sediment during the day, but move up into the water column at 
night. 

Eight species of fish were found to predate on restocked prawns, with abundance of many 
of these fish species increasing at night. Two species, the Gobbleguts (Ostorinchus rueppellii) 
and the Common Hardyhead (Atherinomorous vaigiensis) were responsible for the vast 
majority of predation (Figure 4). Mortality was 288% greater when prawn restocking 
occurred during the night, while releases over sand (rather than seagrass) reduced predation 
risk. 

A Survival Maximization At Release Tool (SMART) was developed, synthesizing all 
available information on M. dalli and the co-occurring prey species to identify optimum 
restocking sites and times. Releases in the Lower Canning Estuary and Perth Water during 
early to mid- summer (December to January) were predicted to lead to maximum post-release 
survival. 

Figure 4: Conceptual diagram of the predation of restocked M.dallli following a night vs day releases 

Future activity within the next 12-18 months 
Further monitoring will occur through the breeding season Oct 2017– March 2018. 

Key project communications 

Broadley, A.D., Tweedley, J.R. & Loneragan, N.R. (2017). Estimating biological parameters for potential 
penaeid restocking in a temperate estuary. Fisheries Research. 186(2): 488-501. 

Tweedley, J.R., Loneragan, N.R., Crisp, J.A., Poh, B. Broadley, A.D., Bennett, A.L., Hodson, K.P., Trayler, 
K.M., Jenkins, G.I., Chaplin, J.A. (2017). Stock enhancement of the Western School Prawn (Metapenaeus
dalli) in the Swan-Canning Estuary; evaluating recruitment limitation, environment and release strategies.
Report for the Fisheries Research and Development Corporation. Murdoch University, Perth, Western
Australia. 546 pp.

Poh, B, Tweedley, J.R. Chaplin, J.A. Trayler, K.M. & Loneragan, N.R. (2018). Estimating predation rates of 
restocked individuals: The influence of timing-of-release on metapenaeid survival. Fisheries Research.  198: 
165-179. DOI:10.1016/j.fishres.2017.09.019

Prawn Watch 

In association with 
the prawn 
restocking, a 
citizen-science 
program, Prawn 
Watch, was 
established and 
engaged 
community in the 
collection of 
mature females for 
the aquaculture. 

Prawn Watch 
provided 
educational 
information on the 
biology and 
ecology of prawns, 
as well as 
encouraging 
stewardship of the 
recreational fishery 
and the estuary 
more broadly. 

A Prawn Watch 
smartphone app 
was also 
developed to 
collect data on the 
location of prawns 
in the Swan-
Canning Estuary 

73



Context / Issues 
Example: Karlodinium veneficum is a microscopic, single 
-celled alga. It is found around the world in coastal and 
estuarine waters and can gain nutrients through both pho- 
tosynthesis and consumption of microscopic prey. It is 
capable of forming dense algal blooms and produces a 
range of toxic compounds called karlotoxins, 

which can kill fish and other gilled animals like mussels. 

K Karlodinium veneficum blooms have been associated 
with large scale fish kills in the Swan and Canning estuaries 
since 2003, which have included large numbers of black 
bream . 

Test tes 
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Swan Canning Acoustic Array 

Project No:  RED2015-02 Report Date: June  2017 

Project Partners: Context / Aims 
The movement of key recreational fish species throughout the Swan Canning Estuary 
remains a key knowledge gap. How fish utilise the estuary, including distances moved on 
a daily or seasonal basis and movements in response to changes in environmental con- 
dition, remains unclear despite a number of detailed studies on fish biology and ecology 
over the past three decades. 

The provision of better data about the movement of fish species, particularly important 
recreational species such as Black Bream, will improve our understanding of the effec- 
tiveness of the Swan Oxygenation Program in enhancing ecological condition and 
providing refuge to aquatic fauna during periods of low dissolved oxygen in the Upper 
Swan Estuary. It will also inform how environmental conditions influence distribution and 
spawning migrations of fish and aid in our interpretation of recently collected contaminant
data for key recreational fishing species and site specific sources of contamination. 

Specifically, this project aims to: 
1)  Provide a mechanism and facilitate the acoustic tracking of fish inthe Swan

Canning Estuary. 
1) Ascertain how fish are utilising areas of the Upper Swan Estuary in response to

changes in physico-chemical variables, particularly dissolved oxygen. 

Project progress and approach 
This project is ongoing with further research outputs expected in 2018. 

25 Vemco VR2 acoustic receivers were installed throughout the Swan Canning Estuaryin 
arch 20M 16, with a particular focus on the reaches of the Upper Swan Estuary influenced 

by the Swan Oxygenation Program. Where possible, receiver locations corresponded 
with sites sampled weekly by DBCA and Department of Water and Environmental 
Regulation as part of routine water quality monitoring for the Swan Canning Estuary. 

A further 5 Vemco VR2 receivers were deployed in June 2016 to increase the spatial 
coverage in the Canning Estuary and Lower Canning River. 

A total of 79 Black Bream have been tagged in the Swan Canning Estuary on 4 occasions 
between March and July 2016. 50 Vemco V9 tags were deployed to provided position 
data and 29 Vemco V13 tags were deployed in larger fish to also provide depth and activ- 
ity data. 

3 full data downloads have been conducted and cumulative data collected to February or 
April 2017 (Figure 1).

Figure 1: Deployed Vemco VR2 acoustic receiver following data download 

Department of
Biodiversity, Conservation
and Attractions 

Murdoch University, 
Freshwater Fish Group and
Fish Health Unit, Centre for
Fish & Fisheries Research 

RecFishWest 

For further information contact: 

Dr Steeg Hoeksema 

Parks and Wildlife Service 
Rivers and Estuaries Division 

(T) 9219 9000
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Outcomes to date and implications for management 

Preliminary data collected to July 2016 suggested that Black Bream: 

Data will continue to be collected from the tagged Black Bream and will be used to 
evaluate how fish respond to changes in physico-chemical variables, particularly 
dissolved oxygen and to extreme events, such as the flood in February 2017. 

Data will also be used to help determine the effectiveness of the Swan 
Oxygenation Program in providing a refuge for fish during periods of low oxygen in 
the Upper Swan Estuary and help inform the effective operation of the oxygenation plants 
in this part of the system. 

Figure 2:  A tagged Black Bream being released to the Swan Canning Estuary 

Future activity within the next 12-18 months 

Key project communications 

Watsham, J. (2016). The influence of environmental factors on the habitat use of Black Bream 
Acanthopagrus butcheri and the implications of artificial oxygenation in the Swan Canning Estuary. 
Honours Thesis, Murdoch University, Western Australia, 105 pp. 

Beerkens, N. (2016). The physiological and ecological effects of temperature and oxygen on an estuarine 
fish. Honours Thesis, Murdoch University, Western Australia, 81 pp. 

Research articles to be produced from analysis of full year data set in 2018. 
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actively avoid areas of low disolved oxygen;

prefer habitat with large woody debris and brackish water;

showed a tendency to inhabit deeper parts of the estuary during the daytime (except 
where low oxygen conditions were present) and shallower waters in the evening;

were generally more active during the day than at night;and

have the capacity to move large distances, moving on average 540m per day, with 
one individual moving 11km in 15 hours, while others showed a tendency to stay in 
one place.

•

•

•

•

•

•

Quarterly data downloads will continue, with the full year data set from tagging conducted 
to date to be downloaded in November 2017.

Further Black Bream tagging to be conducted in summer/autumn 2017/18 in the Canning 
Estuary following completion of construction works at Kent St Weir to examine fish 
movements around and through the upgraded weir and new fishway.

Ongoing fish tagging in collaboration with research institutions in 2018.•

•



Context / Issues 

-celled alga. It is found around the world in coastal and 
estuarine waters and can gain nutrients through both pho- 
tosynthesis and consumption of microscopic prey. It is 
capable of forming dense algal blooms and produces a 

which can kill fish and other gilled animals like mussels. 

K Karlodinium veneficum blooms have been associated 
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Centre for Marine Science 
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Pilot assessment on the use of acoustic methods (sidescan 
and imaging sonar) to map habitat structural complexity 

in the Upper Swan Estuary and its use by fish 

Project No: RED2016-03 Report Date: June 2017 

Context / Aims 
Understanding habitat use and size class distributions of fish are critical elements in de- 
termining the overall ecology of estuarine systems. However, complex structures can 
restrict direct sampling, while dark, turbid waters can prohibit visual census. Acoustic 
sonars can provide data on habitat complexity and information on fish habitat utilisation in 
challenging environmental conditions, such as those in the Upper Swan Estuary. 

This project will test the applicability of sidescan and imaging sonars to map habitat com- 
plexity and detect fish habitat usage around oxygenated zones in the Upper Swan Estu-
ary. 

Specifically, this project aims to: 
1) Map the habitat structural complexity of the Upper Swan Estuary using sidescan

sonar. 
2) Test the efficacy of imaging sonars to monitor the use of different habitats by fish

of different size classes. 

Project progress and approach 
This project is ongoing and is expected to be completed by early 2018. 

Initial scans were conducted between August 2016 and January 2017 using recreational 
quality sidescan systems fitted to DBCA vessels undertaking routine operations within the 
upper estuary. Analysis of this data indicated that a range (DBCA vessels typically 
maintain a minimum safe distance from the riverbank during routine operations) 
and resolutions of these systems was not suitable.

Dedicated scans were conducted using an Edgetech sidescan sonar in March 
2017 to acquire high resolution data with appropriate spatial coverage. (Figure 1). 

Imaging sonars were deployed at sites with differing habitat complexities 
following completion of the sidescan mapping between March and June 2017. Imaging 
sonars were also deployed to correspond with traditional netting (seine and gill nets) 
being conducted  by Murdoch University and DBCA as part of an annual assessment 
of the condition of the Swan Canning Estuary using the Fish Community Index. 

Analysis of the RAW sidescan images and imaging sonar footage commenced in April 
2017. 

Figure 1: Example photograph of an Edgetech sidescan sonar with tow vehicle 
and portable processing unit and laptop used to scan the Upper Swan Estuary. 
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Outcomes to date and implications for management 

Processing of the sidescan and imaging sonar data is ongoing. An example of the RAW 
sidescan data is provided in Figure 2. 

Figure 2: RAW sidescan imagery of an area with high structural 
complexity, i.e. tree branches (snags) in the river. 

Future activity within the next 12-18 months 

Key project communications 

Parsons, M. and Parnum, I. (in prep). Pilot assessment on the use of acoustic methods 
(sidescan and imaging sonar) to map habitat structural complexity in the Upper Swan Estuary 
and its use by fish. Report to Department of Biodiversity, Conservation and Attractions. Curtin 
University, Western Australia. 

Parsons, M., Parnum, I., Hallett, C.S. and Hoeksema, S.D. (in prep). Testing the use of 
imaging sonar to better understand habitat usage by fish in the Upper Swan Estuary. 

Parnum, I., Parsons, M. and Hoeksema, S.D. (in prep). Sidescan mapping of habitat structural 
complexity in the Upper Swan Estuary. 
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• Complete processing of sidescan and imaging sonar data.

Produce map (GIS layer) of habitat structural complexity in the Upper Swan Estuary.

Complete analysis of fish habitat usage data and comparisons with traditional netting
techniques.

Produce a final technical report and two papers for submission to international journals
(see below).

•

•

•
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