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Victoria’s first State of the Bays report was 

released in December 2016 and is an historic 

baseline study of the health of Port Phillip Bay 

and Western Port. The 2016 State of the Bays 

report brought together the science on the 

marine environments of the two bays to assess 

their overall health. it considered existing data, 

identified knowledge gaps and prioritised 

options for addressing these gaps. 

Since the release of the report, there have been 

several significant research and policy initiatives. 

These include:

•	 the Port Phillip Bay Environmental 

Management Plan 2017-2027 (EMP)

•	 a CSirO project providing a scientific 

process for identifying and prioritising 

ecological indicators for future bays 

reporting

•	 the Western Port Environmental research 

Program

•	 a new approach for classifying and mapping 

marine habitat biotopes, and the application 

of marine habitat biotopes as indicators for 

assessing health and condition

•	 an assessment of the coastal zone of both 

bays to model erosion and inundation 

impacts under present day and future 

climate change, and

•	 the awarding of grants to projects from the 

$10 M Port Phillip Bay Fund.

Due to these initiatives in policy and research 

projects in 2017, the Commission committed to 

producing this update as a one-off, out-of-cycle 

supplementary report

The update provides a good opportunity to 

revisit the key indicators assessed as ‘poor’ in 

the 2016 State of the Bays report:

•	 overabundance of sea urchins in the 

subtidal reefs of Port Phillip Bay north

•	 sand flathead numbers in Port Phillip Bay, 

and

•	 water clarity in Western Port.

The ‘Restoring Subtidal Reefs’ project focuses 

on restoring kelp and removing urchins through 

collaboration with management agencies, 

academia, land managers and community 

groups to develop effective solutions for reef 

rehabilitation.

Community urchin removals will begin in 

2018. The trials will occur outside the marine 

sanctuaries initially but, if successful, it may be 

implemented inside the sanctuaries as well.

http://http://ces.vic.gov.au/sotb
https://www.vic.gov.au/news/port-phillip-bay-environmental-management-plan-2017-2027.html
https://www.vic.gov.au/news/port-phillip-bay-environmental-management-plan-2017-2027.html
https://www.coastsandmarine.vic.gov.au/grants/port-phillip-bay-fund
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Executive Summary

The most recent Victorian Fisheries Authority 

report, Review of Key Victorian Fish Stocks 2017,1

has confirmed the finding of the 2016 State of 

the Bays report that sand flathead in Port Phillip 

Bay are in significant decline. The Millennium 

drought had a significant impact on sand 

flathead recruitment and numbers, but there 

is also evidence to suggest that the biomass of 

sand flathead is negatively impacted by fishing 

pressure in Port Phillip Bay.

With the phasing out of commercial fishing 

in Port Phillip Bay, it is important that the 

government develop a robust alternative 

monitoring program. There are data limitations 

to angler surveys and diaries. They do provide 

useful data but only regarding those species 

that are targeted by anglers.

Recommendation

a robust fish monitoring program should 

be multi-species and part of a broader and 

integrated monitoring program for both bays 

which considers the interdependencies of fish, 

other marine organisms and habitats.

The Western Port Environmental research 

Program has published a number of studies 

in 2017 based on the priorities identified in the 

Western Port Science Review in 2011.2  The most 

recent findings from this research addressing 

water clarity in Western Port is highlighted in 

this update. information on nutrients, toxicants, 

coastal vegetation, fish, waterbirds, water clarity 

and sediments from numerous studies is also 

reported.

key findings include:

•	 nutrients - low concentrations of nutrients is 

likely to be largely associated with exchange 

of water with Bass Strait.

•	 toxicants - northern reaches of Western 

Port contain elevated pesticides levels 

associated with estuaries near agricultural 

areas..

•	 coastal vegetation - since the middle of 

last century, the overall area and density 

of mangrove forests has increased, but 

there has been little re-colonisation of 

bare mudflats, potentially due to higher 

wave energy reducing the ability for 

establishment. Cordgrass management has 

shown success but herbicides had failed to 

control tall wheat grass.

•	 fish - stockseagrass habitat is closely linked 

to fish stocks. king george whiting stocks 

appear to be improving, stocks of snapper 

and sand flathead are considered stable, 

and gummy shark stocks are in good 

condition. Elephant fish have significantly 

declined.3 An analysis of long-term trends 

suggest that changes in population 

abundances are predominantly associated 

with El niño and la niña events.Catchment 

management to maintain water quality 

entering the bay is likely to be critical to 

maintaining fish biodiversity and sustaining 

recreational fishing in Western Port.4

•	 waterbirds - the results reported in the 

 2016 State of the Bays report were published 

in 2017 by Melbourne Water.

•	 water clarity - in 2017, work undertaken as 

part of the State Environment Protection 

Policy (SEPP) review and new research 

published as part of the Western Port 

Environmental research Program has 

provided new data in understanding the 

complexity and challenges of improving 

water clarity in Western Port.

•	 sediments - resuspension of sediment by 

tides and waves is the primary short-term 

driver of reductions in water clarity. There is 

a net loss of fine sediments from the upper 

north Arm of Western Port that exceeds 

the estimated contribution from shoreline 

erosion and catchment flow combined. 

This suggests there is a net flushing of fine 

sediments driven by residual clockwise 

currents.5 Poor water clarity in Western Port 

also affects fish health. 

www.epa.vic.gov.au/~/media/Publications/905.pdf
www.epa.vic.gov.au/~/media/Publications/905.pdf
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Several key studies have commenced in 

2017 to further our understanding and drive 

improvement of our management responses 

to pollutants entering the bays from the 

catchments. The $10 M Port Phillip Bay Fund has 

provided resources for projects and studies. The 

priorities identified in the 2016 State of the Bays 

report have assisted these investment choices.

Pollutants entering both bays include microbial 

contamination that can impact on recreational 

use, especially swimming. The government is 

due to release a discussion paper on the current 

revision of the SEPP. A review of water quality 

thresholds for recreational exposure will be 

included. Evidence applicable to the bays is 

considered inadequate with the existing data 

frequently drawn from past studies from the 

United kingdom.

The Commissioner is including a new 

recommendation for local scientific studies to 

improve our understanding of the links between 

water quality, amenity values and human health 

in the context of Port Phillip Bay and Western 

Port.

Recommendation

Further scientific studies are required to 

develop locally derived objectives that would 

establish relationships between enterococci 

concentrations and extent of illness specific to 

Port Phillip Bay and Western Port.  The studies 

could be used to better predict averse health 

outcomes of poor water quality and justify 

future investment in mitigating sources of 

contamination.

Local scientific studies could include Qualitative 

Microbial Risk assessments at one or more 

beaches and a meta-analysis to further 

evaluate the nature of associations between 

illness and microbial types.  an epidemiological 

study may follow where warranted.

The EPA should lead the further scientific studies 

needed to ensure the outcomes inform the 

future water quality regulation and guidance, 

address the limitations in the current nhMrC 

guidelines and improve our understanding of 

the recreational and human health impacts 

of pollution to the standard of comparable 

metropolitan bay systems around the world.
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Executive Summary

Marine Knowledge Framework
Since the release of the 2016 State of the Bays 

report, DElWP has committed to a critical 

recommendation of the report, the development 

of a Marine knowledge Framework. now under 

development, DElWP have indicated that the 

Framework will have a scope beyond Port Phillip 

Bay and Western Port to provide a strategic 

direction for research across Victoria’s marine 

and coastal environment.

CSIRo Research Project

in 2016, DElWP funded the Commonwealth 

Scientific and industrial research (CSirO)

to research and design future indicators for 

reporting on Port Phillip Bay and Western Port. 

The Commission was a partner in this process 

and provided advice regarding its design and 

implementation.

The key findings of the CSirO research are 

that the current suite of indicators presented 

in the 2016 State of the Bays report should be 

maintained for future reporting and that there 

are several gaps that need to be addressed. 

These gaps are associated with four broad 

marine biotopes: subtidal reefs; unvegetated 

subtidal sediments; subtidal vegetation and 

intertidal vegetation.

Tools and technology
in 2017, DElWP committed to investment in 

mapping for coastal and marine environments. 

This focused on two priorities identified in the 

2016 State of the Bays report: biotope mapping, 

and coastal climate change vulnerability 

mapping.

The new Combined Biotope Classification 

Schema (CBiCS) is a systematic and consistent 

approach for describing marine habitats and 

their biodiversity. The Coastal Climate Change 

Vulnerability Project can be used to determine 

the likely impact of climate change on assets 

along the Victorian coast. Both projects are 

important advances in Victoria’s marine 

mapping capability.

in addition to mapping, future monitoring 

regimes for the bays must consider adopting 

new technologies, or expanding the use of 

existing technology.

Adopting emerging technologies will increase 

the frequency of reporting and will reduce 

the possibility that important changes in 

the habitats may be missed. The emerging 

technologies will also enable researchers to 

reclassify old data and videos in new and 

dynamic ways, providing better trend and 

historical data. The improvements in mapping 

technologies will enable more sophisticated 

analysis of marine environments, which will 

improve understanding and management 

interventions. An infographic depicting potential 

technologies is provided in the update.

https://www.csiro.au/
https://www.csiro.au/
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ADAPTIVE MANAGEMENT CYCLE FOR THE BAYS
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Bay
Management

What we know
eg. State of the Bays

What we need 
to know
eg. Marine 

Knowledge Framework

Legislative and Policy 
frameworks

Management plans 
and priorities Identify 

knowledge 
gaps

Inform 
investment in 

knowledge

Build 
scientific 
evidence 

baase

Incorporate 
community 
values and 

science

Integrated Approach

- Monitor, research and report at 
relevant frequency

- Aligned resource allocation

The Port Phillip Bay EMP, released in november 

2017, acknowledges that having an updated 

condition status for Port Phillip Bay will provide 

a baseline for evaluating the effectiveness of the 

plan. The Plan is the management component 

for Port Phillip Bay depicted in Figure 1.

Port Phillip Bay environmental 
Management Plan

The Port Phillip Bay EMP is required under the 

SEPP – Schedule F6 Waters of Port Phillip Bay 

(1997) and applies to, ‘all the waters of Port 

Phillip Bay bounded by the high-water mark, a 

line drawn between Point lonsdale and Point 

nepean and a line across the mouth of the yarra 

river’.

in managing the health of the bay, the EMP 

also seeks to influence the management 

of surrounding and connecting rivers and 

catchments, and all inputs they bring to the bay.

Schedule F6 outlines beneficial uses and the 

environmental value of the bay, and sets out 

what the environmental management plan must 

achieve.

The stakeholder analysis that underpinned 

the State and Benefit: Framework for the 2018 

Victorian State of the Environment Report 

identified that it is no longer enough to release a 

comprehensive and accurate report on the state 

of the environment. reporters must perform a 

more significant role in leveraging the evidence 

base they generate to influence funding and 

management decisions to address critical 

priorities for conserving and restoring our 

environmental assets.

Figure 1 illustrates the importance of this change 

in environmental reporting advocated in the 

State and Benefit Framework, that is a shift from 

reporting on ‘what we know’ to ‘what we need to 

know’ to make better decisions.

reports such as the 2016 State of the Bays 

provide the evidence base, which, along with 

community values, inform government decision 

making and the formulation of management 

priorities. in turn, those management 

priorities lead to: (i) direct interventions to 

improve environmental outcomes, and (ii) 

the establishment of a framework to address 

knowledge gaps, reduce uncertainties and 

form the future evidence base for assessing 

management interventions and environmental 

outcomes.

Figure 1. Adaptive Management Cycle for the Bays

http://www.ces.vic.gov.au/framework
http://www.ces.vic.gov.au/framework


14

Adaptive Management Cycle for the Bays

The priority areas for action in Port Phillip Bay 

are: 

1. connect and inspire - improve appreciation 

and understanding of bay values and 

connections to catchment

2. empower action - improve collaboration and 

partnerships across community, industry 

and government

3. nutrients and pollutants - ensure nutrient 

and sediment loads do not exceed current 

levels and pollutant loads are reduced where 

practicable

4. litter - reduce litter loads to the bay

5. pathogens - minimise risks to human health 

from pathogens

6. habitat and marine life - conserve and 

restore habitats and marine life, and

7. marine biosecurity - manage risks from 

marine pests 

These requirements include:

•	 determining the priority management issues

•	 outlining actions that respond to priority 

issues

•	 identifying management responsibility for 

particular issues

•	 coordinating the management for 

protection of the bay’s beneficial uses and 

natural values

•	 identifying specific management actions for 

nutrients, sediments, pathogens, litter and 

marine pests, and

•	 providing a process for reviewing and 

reporting progress to the community.

The EMP acknowledges the connection of 

Aboriginal people to the bay and aims to 

improve their role in managing the bay and 

preserving their cultural values.
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Bovichtus angustifrons, 
Dragonet
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CLOSING THE KNOWLEDGE GAP
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Table 1. Assessment of sea urchin populations in Port Phillip Bay - extract from the 2016 State of the Bays report.
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Indicator Status and trends
 UNKNOWN POOR FAIR GOOD

Data quality

Intertidal vegetation 
Saltmarsh condition

PPB

Fair

Intertidal vegetation 
Saltmarsh and mangrove extent

WP 
Saltmarsh

WP 
Mangrove

Good

Intertidal vegetation 
Saltmarsh condition

WP

Fair

Intertidal vegetation 
Status of foraging shore birds

PPB

Good

Seagrass 
Seagrass extent

PPB 
Larger 

areas stable, 
other areas 

variable

Poor

Seagrass 
Seagrass condition

PPB

Fair

Seagrass 
Seagrass dependent fish

PPB

Good

Seagrass 
Seagrass extent

WP

Fair

Subtidal reef 
Macro algae dominated beds

NORTH 
PPB

SOUTH 
PPB

Poor (north)

Good (south)

Subtidal reef 
Fish

NORTH 
PPB

SOUTH 
PPB

Fair (north)

Good (south)

Subtidal reef 
Mobile megafaunal invertebrates

PPB

Good

Subtidal reef 
Sea urchins

NORTH 
PPB

SOUTH 
PPB

Fair (north) no time series

Good (south)
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Mobile megafaunal invertebrates

PPB
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Subtidal reef 
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PPB

SOUTH 
PPB

Fair (north) no time series

Good (south)

A key function of effective environmental 

reporting is to identify the priorities for 

future research to support environmental 

management.

The future priorities identified in the 2016 State 

of the Bays report enabled the government to 

assess the applications for its Port Phillip Bay 

fund through a scientific lens.

Many of the projects already funded address 

multiple needs identified in the report. The 

complete suite of current projects can be found 

on the DElWP website: www.delwp.vic.gov.au/

port-phillip-bay-fund.

The following section of the update looks at 

research that has recently commenced to 

address the knowledge gaps and science 

priorities identified in the 2016 State of the Bays 

report.

Port Phillip Bay 
Two projects are underway to address two 

important and immediate management issues 

for Port Phillip Bay identified in the 2016 State 

of the Bays report: (i) the overabundance (and 

increasing numbers) of native urchins in the 

north of the bay and the (ii) significant, and 

rapid, reduction of a key fish species, sand 

flathead.

restoring Subtidal reefs 

This first project addresses four of the key areas 

that the 2016 State of the Bays report focused 

on:

•	 the overabundance of urchins in the north of 

Port Phillip Bay

•	 a deeper understanding of subtidal habitats

•	 the importance of cross-institution and 

collaborative research, and

•	 the participation of community in citizen 

science. 

Restoring healthy ecosystems on subtidal 

reefs: an integrated approach6 is a joint Deakin 

University and University of Melbourne project 

that, with the participation of DElWP, Parks 

Victoria and community groups. The project 

will selectively remove the overabundant purple 

sea urchin species at chosen sites inside the 

Port Phillip Bay marine sanctuaries. Outside the 

marine sanctuaries, the project will also trial 

and implement other techniques designed to 

restore canopy forming kelp to recover essential 

ecosystem services.7

kelp is a key indicator for the health of marine 

ecosystems. Over 90 per cent of kelp cover has 

been lost on the reefs of northern and western 

Port Phillip Bay. This loss has been caused by the 

overabundance of the native purple sea urchin. 

http://
http://
http://www.deakin.edu.au/
http://www.deakin.edu.au/
http://www.unimelb.edu.au/
http://parkweb.vic.gov.au/
http://parkweb.vic.gov.au/
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Closing the Knowledge Gap

Deforestation of kelp beds can severely impact 

ecologically important functions of temperate 

reefs. For instance, a loss of kelp forests results 

in a loss of species that rely on kelp for food and 

shelter. This has flow-on effects for the provision 

of services that benefit humans, such as 

coastal protection (through wave attenuation), 

recreation, fisheries (especially commercial 

abalone and recreational finfish) and, potentially, 

carbon storage.

restoring degraded canopy forming kelp in 

barren areas will return habitat essential to the 

juvenile and adult stages of many of Port Phillip 

Bay’s marine animals, including economically 

important species such as abalone. intact 

native kelp beds also provide resistance against 

the invasive japanese seaweed (Undaria 

pinnatifida) in the bay.

The recovery of kelp involves three stages:

1. urchin removal

2. removal of small turf algae on rocks which 

prevent kelp from recolonising, and

3. reintroducing kelp to areas where natural 

re-colonisation is not possible due to 

isolation from intact kelp beds. 

With support from volunteer community groups, 

this will be the first, reef-scale experimental 

management program of urchins in Port 

Phillip Bay to reduce densities and to allow for 

restoration of habitat-forming seaweeds.

The project team will test the use of artificial 

kelps to ‘sweep’ the substratum to remove 

turf that prevents kelp establishment. in areas 

where extensive losses of kelp prevent natural 

recruitment, transplanting cultured algae will be 

trialled. To better understand the mechanisms 

behind urchin density increases and to prevent 

future expansion of urchin barrens, early 

detection methods, such as using urchin DnA 

concentrations in seawater and the sound 

intensity of grazing urchins, will be tested.

The project team are currently in the pilot 

stages of testing the artificial kelp. In 

collaboration with DeLWP, Parks Victoria and 

Deakin University, community urchin removals 

will begin in January 2018. The trials will occur 

outside the marine sanctuaries initially but, if 

successful, it may be implemented inside the 

sanctuaries as well.

Importantly, restoring healthy ecosystems on 

subtidal reefs: an integrated approach, fulfils an 

important priority of the 2016 State of the Bays 
report – that management agencies, academia, 

land managers and community groups work 

together to develop effective solutions for the 

rehabilitation of reefs in Port Phillip Bay, and 

to mitigate future threats to kelp habitat and 

associated reef organisms.

large-scale restoration of kelps beds will 

commence at the end of 2018 following these 

initial trials.
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Since 2010, biomass has stabilised at an 

historical low level. Pre-recruit abundance 

survey data shows prolonged low recruitments 

since 1998, except for two higher recruitment 

events in 2004 and 2013.13 

Environmental factors, in particular prolonged 

drought, are thought to be linked to prolonged 

low recruitment in the 2000s, however, high or 

prolonged recruitment events have not occurred 

since drought conditions ended in 2010.14 This 

has impacted on recreational and commercial 

catch which has decreased over the last 20 

years (Figure 4).

Classification of Sand Flathead as 
‘Environmentally limited’ or ‘Overfished’

The prospect for a rapid recruitment driven 

recovery seems limited as there have been no 

very-high recruitment events since the end of 

the Millennium drought.15 

The Port Phillip Bay sand flathead stock is 

classified as environmentally limited by the 

Victorian Fisheries Authority (VFA).17  This is 

consistent with its classification in the Status of 

Australian Fish Stocks 201618 and its Victorian 

stock status risk management category 

classification of ‘Amber’.19 

VFA scientists assess and present information on 

selected species (and the proposed exploitation 

status) to Victorian and interstate fisheries 

managers and scientists at a workshop. Most 

of the 2017 workshop participants, however, 

classified the Port Phillip Bay sand flathead 

stock as overfished based on the presented 

information.22 

The Future of Sand Flathead in Port 
Phillip Bay

The second Port Phillip Bay project relates to 

the finding in the 2016 State of the Bays report 

that sand flathead experienced a major decline 

from the late 1990s to the early 2010s and have 

not shown signs of recovery since. Sand flathead 

are distributed all along the Victorian coast in 

coastal waters, bays and inlets (Figure 3).

however, the most important sand flathead 

fishery is in Port Phillip Bay. Most of the Port 

Phillip Bay sand flathead catch is taken by 

recreational fishers with only minor commercial 

harvest.

The most recent fisheries report, Review of 

Key Victorian Fish Stocks 2017,10  supports the 

conclusion in the 2016 State of the Bays report 

that sand flathead in Port Phillip Bay have 

declined significantly since the late 1990s. The 

recent review indicates that the population has 

since stabilised at an historically low level.

The status of the sand flathead stock in Port 

Phillip Bay was evaluated using catch per unit 

effort (CPUE) trends for commercial longline 

harvest, from recreational creel surveys, and 

from independent trawl surveys of juveniles.11  

Additional historical information is available 

from direct biomass derived from the 

independent trawl survey between 1990 and 

2011.

Trends for CPUE for both the commercial and 

recreational fisheries, and the independent 

trawl surveys, show that there has been a major 

decrease in biomass from the 1990s onwards.12   
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Indicator Status and trends
 UNKNOWN POOR FAIR GOOD

Data quality

Intertidal reef 
Macroalge

PPB

Overall fair
(Good in MPAs (Ricketts and Point Lonsdale) 
but lack of monitoring bay-wide)

Intertidal reef 
Sessile invertebrates

PPB

Fair

Intertidal reef 
Mobile invertebrates

PPB

Overall fair (marine parks)

Good (Lack of bay-wide monitoring)

Fish 
King George whiting

PPB 
Trend 
cyclic

Good

Fish 
Snapper

PPB

Good

Fish 
Sand flathead

PPB

Good

Birds 
Status of roosting shorebirds

PPB

Good

Birds 
Status of waterbirds

WP

Good

Birds 
Status of piscivorous 
(fish-eating) birds WP

Good

Birds 
Status of little penguins

PPB & WP

Good

Poor (St Kilda)
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but lack of monitoring bay-wide)

Intertidal reef 
Sessile invertebrates

PPB

Fair

Intertidal reef 
Mobile invertebrates

PPB

Overall fair (marine parks)

Good (Lack of bay-wide monitoring)

Fish 
King George whiting

PPB 
Trend 
cyclic

Good

Fish 
Snapper

PPB

Good

Fish 
Sand flathead

PPB

Good

Birds 
Status of roosting shorebirds

PPB

Good

Birds 
Status of waterbirds

WP

Good

Birds 
Status of piscivorous 
(fish-eating) birds WP

Good

Birds 
Status of little penguins

PPB & WP

Good

Poor (St Kilda)

Table 2. Assessment of sand flathead populations in Port Phillip Bay - extract from the 2016 State of the Bays report.
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Figure 2. Victorian sand flathead stock/spatial management units and key fisheries9 

Figure 3. Sand flathead catches from Port Phillip Bay for the commercial fishery and the commercial catches with 
surveyed recreational catches in 2000 and 200616  Shading denotes drought years.

Financial year

C
a

tc
h

 (t
o

n
n

e
s)

20
15

20
14

20
13

20
12

20
11

20
10

20
0

9
20

0
8

20
0

7
20

0
6

20
0

5
20

0
4

20
0

3
20

0
2

20
0

1
20

0
0

19
9

9
19

9
8

19
9

7
19

9
6

19
9

5
19

9
4

19
9

3
19

9
2

19
9

1
19

9
0

19
8

9
19

8
8

19
8

7
19

8
6

19
8

5
19

8
4

19
8

3
19

8
2

19
8

1
19

8
0

19
79

19
78

20

18

16

14

12

10

8

6

4

2

0



State of the BayS - UPDATE 2017 21

recreational Fishery Surveys

Understanding the impact of recreational fishing 

on fish populations in the bays is critical. it is 

even more important now that commercial 

netting is being phased out in Port Phillip Bay 

and recreational fishing is expected to increase. 

Future research would depend on establishing a 

fish monitoring regime in Port Phillip Bay within 

the proposed Marine knowledge Framework. 

This approach would consolidate the current 

diverse monitoring approaches into a strategic 

system for different outcomes (for example, 

fisheries management and catchment 

management). it is also important to understand 

the system-wide implications of pressures 

on, and changes in, existing fish stocks and 

communities, and the implications for habitats 

and other species.

The Victorian Fisheries Authority recreational 

fishery surveys have two components; on-site 

surveys of catch and effort from recreational 

boat-based anglers and angler-diary-based 

assessments of fish stocks. Both these surveys 

extend over most of the recreational fishing 

areas of the two bays (areas within 10 km of 

shore).

According to Parry and hirst21, the decline in 

sand flathead biomass during the drought in 

the intermediate and deep regions was 14-16 

per cent annually (see Figure 4). in a 2014 study, 

published by VFA, recreational fishing was 

estimated to remove approximately 15-30 per 

cent of the sand flathead biomass in Port Phillip 

Bay in the survey years of 2000 and 2006.22

These estimates suggest that although the 

drought had a significant impact on sand 

flathead replenishment rates, mortality due to 

recreational fishing also contributed to depletion 

of the biomass. According to Parry and hirst,23 in 

the absence of improved recruitment success, 

the best chance of rebuilding sand flathead 

biomass in Port Phillip Bay over the longer-term 

would involve reductions to fishing harvests.

Year

2000/01

2006/07

Stock 
biomass (t)

1210 - 2289

478 - 906

Exploitation 
rate (%)

15 - 28

13 - 24

Catch 
(t)

338

115

Figure 4. Fishery exploitation for sand flathead 

population in 2000/01 and 2006/0724

As the Port Phillip Bay sand flathead stock is 

at historic low levels, the Victorian Fisheries 

Authority has engaged an inter-agency working 

group to investigate replicating fresh water 

flow levels that are thought to have historically 

triggered higher recruitment success of sand 

flathead. A secondary project is also underway 

to examine the feasibility of stocking sand 

flathead into Port Phillip Bay to increase 

populations. There is no current indication that 

the government will alter regulations to reduce 

fishing harvests.
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There are data limitations to angler surveys 

and diaries. They do provide useful data but 

only regarding those species that are targeted 

by anglers. It is recommended that the Marine 

Knowledge Framework being developed by 

Government incorporate the surveys, diaries 

and the annual citizen science fish count into a 

more comprehensive monitoring regime.

a robust fish monitoring program should be 

multi-species (not just those species targeted 

by anglers); and it is recommended the 

Government review the feasibility of restoring 

the annual (or other time interval)  trawl survey 

(which the Parry and hirst research is based 

upon) to report on stock status, biomass of 

individual species and fish community trend. 

another potential approach could be baited (or 

non-baited) remote underwater video.

Fish monitoring should be part of a broader and 

integrated monitoring program for both bays 

which considers the interdependencies of fish, 

other marine organisms and habitats.

On-site recreational Fishery Catch 
Surveys

As anglers return to the boat ramp after a 

fishing trip, data is collected by the on-site 

surveys. On-site surveys have been running 

since 2002 in Port Phillip Bay and since 1998 in 

Western Port. important recreational species 

(snapper, king george whiting, sand and blue-

spotted, calamari squid, garfish and gummy 

shark) in the retained catch are verified and 

measured. For some fisheries, the magnitude 

of the fluctuations in catch rates by anglers 

may not be strongly related to overall stock 

abundance. This may be attributable to both 

the wide range of angler fishing skills and 

the seasonal variability in availability and 

catchability of fish.

Angler-Based Assessment of Fish Stocks

The angler diary program is specifically 

designed to monitor the size and age 

composition of key species.25 however it also 

provides information on catch rates. The 

participating anglers are highly skilled fishers 

and adjust their fishing techniques (hook sizes, 

baits, and fishing locations) to catch fish species 

both above and below the legal minimum 

length (lMl). Anglers also remove the otoliths 

(from the inner ear) from a sample of their 

catch to determine age. A detailed catch diary 

provides information on; time spent fishing, 

species caught, fish lengths, bait and hook 

sizes used. Anglers participating in the angler 

diary program have been providing data on 

Port Phillip Bay and Western Port since 1998 

- focusing on targeting snapper, king george 

whiting and sand flathead.
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Coastal Vegetation

historical aerial image analysis of mangrove 

forests at three sites in Pioneer Bay (on the 

eastern side of Western Port) over 58-70 years 

demonstrate that the overall area and density 

has increased. in this time, however, there has 

been little recolonisation of bare mudflats, 

potentially due to higher wave energy reducing 

the ability for establishment. Mangrove planting 

along the lang lang coastline demonstrated 

that survival of seedlings in the first 12 months 

after planting could be substantially increased 

using a PVC guard, although additional 

protection measures are required as plants 

mature.31 

larger mangrove seedlings grown in the nursery 

generally have higher survival rates when 

planted in the field. Seeds collected from the 

ground germinated in the nursery in very high 

numbers, while seeds picked from trees had 

lower germination rates. it is recommended that 

seeds are collected in the middle of the season 

to optimise seedling growth and survival in time 

for pre-winter planting.32

Spartina anglica (cordgrass) has been 

recognised as a significant threat to intertidal 

habitats. recent mapping across Western 

Port has shown that the extent of spartina 

has been significantly reduced following 

recent management efforts. Field trials 

showed that selected herbicides were not 

effective at controlling invasive tall wheat 

grass (Lophopyrum ponticum). Alternative 

control options need to be explored such as 

manual removal, burning, biological control and 

grazing.33 

Western Port

Since the release of the 2016 State of the Bays 

report a substantial body of new research has 

been completed for Western Port based on the 

priorities identified in the Western Port Science 

Review in 2011.26 All high priority projects have 

now been completed or are well underway.27

The key findings from the research program are 

presented in this section.

nutrients 

The findings of the Western Port nitrogen 

studies were presented in the 2016 State of the 

Bays report. Preliminary estimates suggest 

that catchment-derived nitrogen loads do not 

accumulate within the water column.28 recently 

published data suggests this is likely to be 

largely associated with substantial exchange of 

water with Bass Strait during each tidal cycle.29 

Toxicants

Toxicants such as heavy metals, hydrocarbons, 

pesticides and anti-foulants appear to be 

generally low across Western Port. Some 

isolated areas, primarily estuaries to the 

north of the bay, were found to have elevated 

concentrations of herbicides and fungicides that 

pose a moderate ecological risk e.g. to seagrass 

and mangroves. Pesticides were primarily 

associated with agricultural areas and most 

frequently detected in freshwater and estuarine 

surface waters - tending to be limited to within 

5 km of estuary mouths. Storm events appear 

to increase the risk of exposure to pesticides, 

with increased rainfall being linked to increased 

pesticide occurrence and concentrations in the 

streams.30 
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Waterbirds

AsAs reported in the 2016 State of the Bays 

report, populations of 22 waterbird species in 

Western Port declined between 1973-2015.

The main declines were associated with trans- 

equatorial migratory shorebirds (nine species) 

and this may be due to habitat loss in the yellow 

Sea, East Asia. Declines were also observed in 

some fish-eating birds.38

Several species declined in the central-east part 

of the bay along with the major loss of seagrass. 

That area has now been colonised by four 

waterbird species that were formerly rare in the 

bay, suggesting a local switch to a new type of 

habitat.39 

Fish-eating terns, cormorants and pelicans 

have decreased in Western Port and increased 

in West Corner inlet. The little pied cormorant 

decreased in the late 1970s and early 1980s, in 

association with seagrass dieback in Western 

Port. The crested tern decreased later in the 

1980s and 1990s, more than other fish-eating 

species, despite establishing a large new 

breeding colony at the bay entrance on the 

nobbies (Phillip island). The population of two 

smaller and less numerous tern species (fairy 

tern, Sternula nereis, and little tern, Sternula 

albifrons) declined at the same time.40 

Crested terns, little terns and fairy terns have 

made less use of the bay since a decline in small 

fish and a larger predatory fish (Australian 

salmon that drive small fish to surface waters 

where terns feed), with the decline of fairy terns 

of particular conservation concern.41 

Black swans form 69 per cent of the waterbird 

biomass in the survey area, and may be 

useful as highly visible indicators of seagrass 

abundance as they rely on the seagrass as a 

food source.42 

Fish

Although some fish species known to use Zostera 

seagrass habitat can also use other habitats, 

seagrass is the most critical habitat for fish 

biodiversity in Western Port. This is because of 

its extensive spatial cover and unique role for 

larval settlement and development in shallow 

areas, as well as supporting some unique 

species, particularly pipefish and seahorse 

species. Whilst Zostera seagrasses have declined 

since the 1970s, Amphibolis antarctica seagrass 

cover, mostly near the Western Entrance, 

has remained relatively stable over the same 

period.34 

Overall, from 1998-2013, king george whiting 

stocks in Western Port appear to be improving, 

stocks of snapper and sand flathead are 

considered stable, and gummy shark stocks are 

in good condition. On the other hand, it appears 

that stocks of elephant fish have significantly 

declined.35 

An analysis of long-term trends in snapper, king 

george whiting and elephant fish populations 

and environmental conditions, suggests 

that changes in population abundances are 

predominantly associated with El niño and 

la niña events (and associated changes in 

rainfall and air temperature), and to a lesser 

extent juvenile survival rates and the cessation 

of commercial netting.36 

On a local scale, nitrogen loads and planktonic 

algae concentrations affected fish abundance 

through the food web and via seagrass cover 

which provides essential habitat for juveniles. 

On a regional scale, sea surface temperature in 

Bass Strait was important, especially in affecting 

catches of snapper and king george whiting.37 
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Water Clarity in Western Port

The 2016 State of the Bays report identified 

water clarity as the key issue for management 

response in Western Port.

In 2017, work undertaken as part of the 

SePPs review and new research published 

as part of the Western Port environmental 

Research Program has provided new data in 

understanding the complexity and challenges of 

improving water clarity in Western Port.

Sediments and nutrients 

Turbidity is a measure of water clarity. high 

turbidity (low clarity) is caused mainly by 

large volumes of sediments43 that are washed 

off catchments into streams and rivers and 

ultimately into the marine and estuarine 

environments. Coastal erosion is also a 

significant contributor to poor water clarity in 

Western Port. it is estimated that approximately 

a third of the fine sediment load in Western 

Port is derived from coastal erosion near lang 

lang and the other two thirds from catchment 

sources.44

Sediments are detrimental to the aquatic 

ecosystem because it reduces the light available 

Figure 5. Annual river station TSS loads since 1980. Instantaneous concentration was estimated by turbidity 
regressions during the period of turbidity monitoring (2001–2014), and by discharge regressions in earlier years. The 
shaded area denotes the drought years 2000 to 2006.59 

for photosynthesis when suspended in the water 

column or when they settle out and smother 

plants and algae. Sediment also carries other 

materials (toxicants, pathogens and organic 

matter) that consume oxygen in the water 

column. 

resuspension of the sediment by tides and 

waves is the primary short-term driver of 

reductions in the light climate of Western Port. 

Catchment sediment supply is related to rainfall. 

The mean-annual suspended solid delivery into 

Western Port since 1980 is estimated to be 

 23.8 kt y-1.45 

Coastal banks near lang lang are eroding 

at around 30 cm each year, delivering 

approximately 4-8 kt y-1 of fine sediment to 

Western Port. Erosion is predominantly occurring 

through the physical processes of abrasion and 

detachment of sediment from the bank surface 

during tidal cycles and wave attack.46

There is a net loss of fine sediments from 

the upper north Arm of Western Port that 

exceeds the current estimated contribution 

from the shoreline erosion and catchment flow 

combined. This suggests there is a net flushing 

of fine sediments driven by residual clockwise 

currents.47 
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management to maintain water quality entering 

the bay is therefore likely to be critical to 

maintaining fish biodiversity and sustaining 

recreational fishing in Western Port.51 

Management of Water Clarity in 
Western Port

Western Port has historically been the receiving 

environment for large amounts of sediment 

pollution from surrounding catchments and 

coasts.  recent, comprehensive scientific 

reviews52  have identified current sediment loads 

as a significant threat to its health and values. 

Excessive sediments have been associated with 

significant impacts to the marine ecosystems 

of these water-bodies, including the large-scale 

die-off of aquatic plants (e.g. seagrasses) in 

the 1970s. This, in turn, impacts a wider range 

of beneficial uses, including water based 

recreation and fisheries.

While there has been some localised 

improvement in seagrasses, large areas have 

not recovered. The recovery of the Western 

Port ecosystem requires both the reduction of 

sediment loads entering Western Port as well as 

the removal of accumulated sediments within 

the bay that is available for resuspension. The 

removal of in-bay sediments will occur through 

the natural flushing of the bay with oceanic 

waters, but could take decades to achieve.

Catchment management is critical to improve 

water quality in the bay. This will help maintain 

fish biodiversity,  sustain recreational fishing 

and protect other environmental values in 

Western Port.53 Successfully reducing sediment 

loads entering Western Port requires a range of 

management actions to reduce inflows of diffuse 

pollution from both catchments and coastal 

sources.

impact of Water Clarity on Seagrass 
and Fish

The seagrass studies in the Western Port 

Environmental research Program were included 

in the 2016 State of the Bays report.

genetic analysis of Western Port seagrass 

samples indicate there are only two Zostera 

species present: Z. muelleri in the intertidal 

to shallow subtidal areas and Z. nigricaulis in 

shallow to deep subtidal areas. There was no 

molecular evidence for Heterozostera tasmanica. 

The Z. muelleri has some ability to cope with 

short-term increases in turbidity (up to five 

weeks); however, persistent turbidity is likely to 

be detrimental to survival.48 

Physical factors, particularly light availability, 

have a strong influence over seagrass cover and 

health. resuspension of sediment by waves and 

currents is the most likely mechanism driving 

light limitation.49

improvement in the light climate of Western Port 

which would enable re-colonisation and growth 

of seagrass across areas of the north and 

northeast (where seagrass was observed in the 

early 1970s) is likely to take at least   

20 years. One way to improve the light climate 

may be by re-establishing seagrass coverage 

in less impacted areas, thereby stabilising the 

seabed and reducing resuspension.50 

An additional impact of poor water clarity in 

Western Port is on fish health. 

An area of high catch rates for most fish 

species was the rhyll Segment, which is strongly 

influenced by water quality and sedimentation 

entering the north-east of the bay from the 

catchment and coastal erosion.Catchment 
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EXECUTIVE SUMMARY

Our indicator assessment summary captures the status,  

trends and existing data quality for 36 indicators.

Indicator Status and trends
 UNKNOWN POOR FAIR GOOD

Data quality

Nitrogen cycle 
Denitrification efficiency

PPB

Good
Good data quality but only at two sites

Nitrogen cycle 
Ratio of nitrogen fixation 
to denitrification WP

Poor

Water quality 
Nutrients

PPB & WP

Good

Water quality 
Water clarity

WP PPB

Good

Water quality 
Salinity

PPB & WP

Good

Water quality 
Dissolved oxygen

PPB & WP

Good

Water quality 
pH

PPB & WP

Poor

Water wuality 
Metals

PPB & WP

Good
(WP – monitoring ceased due to low levels)

Water quality 
Algae

WP PPB

Good

Water quality 
Harmful algae blooms

PPB

Good

Water quality 
Sediment contamination

PPB & WP

Poor
(random surveys)

Water quality 
Temperature

PPB & WP

Good

Water quality 
Enterococci bacteria

PPB

Good

Intertidal vegetation 
Saltmarsh and mangrove extent

PPB

Good
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Table 3. Assessment of water clarity and algae in Western Port - extract from the 2016 State of the Bays report.

Western Port

Water clarity,
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The SEPP (Waters) Implementation Plan sets out 

the planning and management frameworks that 

will drive and coordinate actions to achieve each 

of the sediment load targets, and the agencies 

responsible for their implementation.

The types of actions needed to achieve 

the sediment load reduction targets will be 

coordinated and delivered through existing 

management frameworks. For Western Port, 

these actions include:

1. understand the impacts and opportunities 

to manage sediment impacts into Western 

Port, and

2. recent activities to reduce sediment loads to 

Western Port.  

Melbourne Water have commenced a process 

to run future management scenarios using a 

Western Port hydrodynamic model. This will 

determine a long-term sustainable load of 

sediment to the bay that would theoretically 

lead to seagrass extent similar to the early-mid 

1970s before the major losses occurred.

in terms of likely seagrass responses, it is 

important to keep in mind the sediments from 

historical channel erosion through the former 

koo Wee rup swamp). These are the cause of 

chronic turbidity in the bay with every tidal 

cycle. Whilst there is evidence that these legacy 

sediments are slowly making their way out of the 

bay, or being deposited near rhyll and Corinella, 

it may take decades before the full benefits 

of further catchment and coastal works are 

realised.

it is also important to consider the future impact 

of climate change and sea level rise, which 

are likely to further influence a whole range 

of factors (e.g. catchment loads, wave height, 

light availability to seagrass). Further analysis 

is required to understand these changes in the 

context of seagrass recovery.

Melbourne Water have also been using 

projected urban growth data and likely 

sediment generation data to understand the 

potential impact of new urban areas (both 

during construction and post construction) on 

sediment loads to Western Port. In addition to 

helping identify a sediment loads target for the 

new SePP, this modelling will also indicate the 

relative merits of managing sediment sources 

from the catchment (including urbanising 

areas) in comparison to the eroding Lang Lang 

coastline. In partnership with CSIRo, Melbourne 

Water are also developing a catchment planning 

tool for managing sediment loads to Western 

Port. This model daily Sednet (dSedNet), in 

combination with the hydrodynamic model for 

the bay, will assist water managers to prioritise 

where to undertake sediment load reduction 

works in the catchment for the greatest benefit 

to seagrass. Work has commenced on the 

development of the dSedNet model and it is 

expected to be complete by mid-2019.

These modelling projects are an extension of 

sediment research commissioned by Melbourne 

Water, in conjunction with research partners 

(most notably CSirO) since the early 2000s. in 

partnership with The University of Melbourne 

and Monash University through the Melbourne 

Waterways research-Practice Partnership, 

Melbourne Water also initiated a research 

project in the Tarago river catchment to 

measure the benefits of revegetating gullies 

on dairy farms for improving waterway quality, 

including sediments. This research will help 

us understand the potential benefits of gully 

revegetation within rural properties in other 

parts of the catchment where sediment load 

estimates are particularly high, such as the lang 

lang and Bunyip river systems catchments.

DeLWP have commissioned Monash University 

and their partners to undertake research on 

monitoring to understand coastal erosion and 

sediment budget dynamics in Western Port 

under climate change futures.



28

Closing the Knowledge Gap

State Environment Protection Policies

Catchment inflows – the pollution, toxicants 

and nutrients that flow into the bays from 

the catchments surrounding the bays – were 

identified as a critical driver of bay health in the 

2016 State of the Bays report.

Whilst the focus in the 2016 report was on the 

ecological health impacts of those inflows, the 

recreational health of the bays is also critical. 

improving our understanding of the recreational 

and human health impacts is fundamental to 

good bay management.

The Victorian government is currently preparing 

a draft State Environment Protection Policy 

(Waters) for public consultation which will 

address the need to improve understanding 

and management of human recreational health 

impacts. 

The development of the draft SEPP (Waters) 

included a scientific review of available 

standards and studies for determining indicators 

and objectives for water based recreation.  The 

scientific review identified that the National 

Health and Medical Research Council (NHMRC) 

Guidelines for Managing Risks in Recreational 

Waters (2008)57 are the most recent, relevant 

national guidelines for water based recreation.  

The nhMrC guidelines are used by most 

jurisdictions in Australia and are more up to date 

than the guidance used to inform the current 

SEPP (Waters of Victoria).  

Recent activities to Reduce 
Sediment Loads to Western Port       

Whilst Melbourne Water has made a substantial 

investment in understanding the sources 

and impacts of sediments on seagrass, there 

has also been considerable effort to manage 

sediment loads based on best available 

information. These activities across Western 

Port are delivered through Melbourne Water’s 

healthy Waterways Strategy and Stormwater 

Strategy. Since 2013, efforts include:

•	 181 km of streamside revegetation 

(equivalent to both sides of the stream)

•	 114 km of riparian fencing to exclude stock 

access

•	 Ten bed and bank stabilisation projects, and   

•	 installation of eight fishways, including 

associated stabilisation  works.54

in addition to these activities, there have been 

several projects in the catchment as part of 

a rural land management program.55 These 

support farmers to reduce the impact of their 

activities on waterways and the bay, and assist 

developers and local government to manage 

stormwater (i.e. Water Sensitive Urban Design) in 

urbanising areas through the south-east growth 

corridor.

in the coastal environment, recent projects have 

been undertaken in an attempt to re-establish 

mangroves to reduce coastal erosion in areas 

such as lang lang and grantville.56
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Recreational Water Quality 
(microbial): Why do we need 
additional studies in our bays?

There are many different sources of microbes 

which can impact recreational water quality 

and impact on human health. Different sources 

carry different risks. quantitative microbial 

risk assessments (qMrAs) and epidemiological 

studies are used to quantify the human 

health risks associated with exposure to 

microbial contamination in water. They also 

aid in the development of health-based water 

quality objectives for use in managing and 

communicating risks.

.

At the time of drafting  the nhMrC 

guidelines, there were only a limited number 

of epidemiological studies on water-based 

recreation.58 The nhMrC guidelines were 

based on the study of kay et al. (1994), which 

reported a correlation between enterococci 

and gastrointestinal illnesses in the United 

kingdom.60

Recommendation 1: Local scientific 
studies of the bays.

Scientific studies, specific to the local Port 

Phillip Bay and Western Port environment, 

that would establish relationships between 

enterococci concentrations and extent of 

illness specific will be required.  The studies 

could be used to better predict adverse health 

outcomes of poor water quality and justify 

future investment in mitigating sources of 

contamination. 

The Victorian ePa should lead the further 

scientific studies to ensure the outcomes 

inform the future water quality regulation 

and guidance, address the limitations in the 

current NhMRC Guidelines and improve our 

understanding of the recreational and human 

health impacts of pollution to the standard of 

comparable metropolitan bay systems around 

the world.

https://www.nhmrc.gov.au/
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The 2016 State of the Bays report and this 

update provide a base from which the 

Framework can draw information to guide 

scientific research priorities in support of 

improved understanding of the bays. in addition, 

the Framework needs to provide criteria for 

assessment of management intervention 

effectiveness, and the systems and tools 

required to embed best practice.

Future Indicators for Marine 
Reporting

in 2016, DElWP funded the CSirO to research 

and design future indicators for reporting 

on Port Phillip Bay and Western Port. The 

Commission was a partner in this process 

and provided advice regarding its design and 

implementation.

The key findings of the CSIRo research are 

that the current suite of indicators presented 

in the 2016 State of the Bays report should be 

maintained for future reporting and that there 

are several gaps that need to be addressed.

The four broad marine biotopes examined in the 

CSirO report were: subtidal reefs; unvegetated 

subtidal sediments (denitrification efficiency); 

subtidal vegetation and intertidal vegetation 

(predominantly seagrass).

Subtidal reefs

reef habitats are scattered around the margins 

of Port Phillip Bay, and extremely limited in 

extent within Western Port. Despite being a 

relatively minor fraction of the habitats in 

the bays, these reefs are valued for their high 

species diversity and because they support a 

unique combination of species.61 

The Marine Knowledge Framework

Since the release of the 2016 State of the 

Bays report, DElWP has committed to a 

Marine knowledge Framework – a critical 

recommendation of the report.

now under development, DElWP have indicated 

that the Framework will have a scope beyond 

Port Phillip Bay and Western Port to provide 

a strategic direction for research across 

Victoria’s marine and coastal environment. An 

integrated and multi-disciplinary approach to 

ecosystems, targeted at addressing the gaps in 

our knowledge and reducing uncertainties, will 

provide the evidence base for improved decision 

making and management interventions.

The key challenge for designing a Marine 

knowledge Framework is the current absence 

of a management plan for Victorian marine 

environments. The Environmental Management 

Plan for Port Phillip Bay will address this gap for 

Port Phillip Bay. But, ultimately, clear government 

policy and management priorities are needed 

for all marine assets across Victoria.

The Marine knowledge Framework should focus 

on developing the standards and protocols for 

marine research in Victoria. it should emphasise 

the why and how of marine science and could 

address some of the procedural gaps, such as:

•	 meta-analysis of existing studies

•	 incorporating citizen science (reef Watch, 

Sea Search, Birdlife Australia) into digital 

reporting and integrated monitoring 

regimes

•	 connecting marine practitioners 

(researchers, managers, stakeholders)

•	 ensuring management and policy outcomes 

are met through improved information and 

by identifying opportunities for delivering 

research to support outcomes, and

•	 institutional arrangements.

https://vnpa.org.au/programs/reefwatch/
http://parkweb.vic.gov.au/get-involved/volunteer/find-opportunities/sea-search
http://www.birdlife.org.au/
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The CSIRo report identifies ammonia in the 

sediment, nitrate and nitrogen gas as the 

three highest priority indicators for the soft 

unvegetated subtidal habitats in Port Phillip 

Bay. 

Seagrass

in Port Phillip Bay, seagrass beds occupy about 

65 km2 (3 per cent) of the bay. The beds occur 

mostly in near-shore waters less than 5 m deep.62 

These habitats are primarily soft sediment, 

dominated by Zostera species, whereas in 

Western Port seagrass beds are on subtidal 

rock, dominated by Amphibolis species, and 

are more extensive than their soft sediment 

counterparts.

Although relatively limited in extent, seagrass 

habitats are important fish nursery and 

recruitment grounds.63 They also provide 

other important ecosystem services, including 

stabilising sediments, reducing turbidity, 

providing habitat for invertebrates and other 

plant species, producing oxygen, storing carbon, 

aswell as providing food for a wide range of 

organisms.64 

The CSIRo analysis supports the existing 

seagrass indicators assessed in the   

2016 State of the Bays report and identified an 

additional three high priority indicators for the 

vegetated soft intertidal habitats of Port Phillip 

Bay: (i) extent, percentage, cover or biomass 

of Zostera, (ii) the abundance or biomass of 

juvenile fish, and (iii) the percentage cover of 

epiphytic algae (algae that live on other plants). 

The extent, percentage cover or biomass of 

halophila, however, could replace epiphytic 

algae as an indicator if data is unavailable or 

limited. 

The CSirO also notes that the 2016 State of the 

Bays report only distinguishes juvenile fish from 

adults for one species (king george whiting).

The CSirO analysis identifies canopy forming 

algae (kelp), reef fish and urchin grazing 

pressure as the three highest priority indicators 

for subtidal reefs. it also prioritises the health 

of the native abalone species and the threat of 

the non-native macroalgae Undaria pinnatifida 

(japanese seaweed).

CSirO recommends that future reporting 

include an indicator on japanese seaweed, that 

the indicator on urchin abundance be changed 

to a measure of urchin grazing pressure, and 

for the Marine knowledge Framework (DElWP) 

to clarify which species of mobile  

macro-invertebrates are important within                  

these systems.

CSirO recommends that the Marine knowledge 

Framework examine if the extent or biomass of 

canopy-forming algae alone is sufficient as an 

indicator of ecosystem health, or if the ratio of 

this group to the other algal groups provides 

additional important information. Similarly, it 

is also worth re-examining the importance of 

mobile macro-invertebrates as health indicators 

in these systems since these are represented by 

only one species in the current data.

Denitrification efficiency

Soft, unvegetated, subtidal sediments (mud, 

muddy sand, sand and silty mud) are the 

most extensive habitats in the bays – covering 

approximately 70 per cent of Port Phillip Bay and 

60 per cent of Western Port.

Denitrification and nitrogen fixation are the 

critical nutrient cycle processes occurring in 

the bays. Denitrification removes nitrogen from 

the system while fixation incorporates it into the 

system. The bays process nitrogen differently 

because of their different water inflow quality, 

physical characteristics and ecosystems. 

Port Phillip Bay is a denitrification dominated 

system and Western Port is a nitrogen fixation 

dominated system.
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Tools and Technology

in the year since the release of the   

2016 State of the Bays report we have witnessed 

advances in the key tools recommended by the 

Commissioner.

Maintain and Expand Monitoring and 
Mapping regimes

Ongoing marine monitoring of the bays requires 

periodically mapping habitats.

The frequency of monitoring and mapping 

activity should allow researchers to identify 

natural cycles of habitat loss and recovery, 

and unnatural changes due to human impact. 

Mapping and remote sensing will help bay 

managers to understand the extent of pest 

invasion, and other threats to habitats, and 

identify early indicators of those threats.66 

Strong marine mapping regimes will enable a 

better understanding of the interdependencies 

of different marine ecosystems and their 

interaction with catchments. it will bring 

research of the marine environment more into 

line with studies of the biodiversity of terrestrial 

landscapes.

in 2017, DElWP committed to investment in 

mapping for coastal and marine environments. 

This focused on two priorities identified in the 

2016 State of the Bays report: biotope mapping, 

and coastal climate change vulnerability 

mapping.

CSIRo recommends broader analysis of juvenile 

fish species and have identified abalone as an 

important future fisheries indicator.

Green-lip abalone (haliotislaevigata)65 are  

long-lived (20+ years), highly fertile and 

experience episodic localised recruitment. The 

mature length of abalone (70-120 millimetres) 

is reached at three to five years and they can 

grow to a shell length of at least 23 cm. The main 

spawning period is late spring to early summer.

There was high fishing mortality of green-lip 

abalone in the central zone of Victoria’s coast 

during the 1960s and 1970s without recovery. 

Green-lip stocks in Victoria are limited, and 

fragmented, because the species is at the edge 

of its geographic range so only those regions 

that have supported commercially viable 

catches during the past have been reviewed.

Port Phillip Bay is closed to both commercial 

and recreational green-lip harvest but the 

population does not appear to have recovered 

after the high commercial catches in 1960s 

and 1970s. There is no current information 

on biomass. The 3.4 t TaCC (total allowable 

commercial catch) for the commercial fishery is 

rarely taken.  The central zone green-lip abalone 

is classified as overfished.
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The available Port Phillip Bay monitoring data 

were re-analysed at the 50 m transect scale, 

with 1170 replicates from all sites and times, to 

identify the types of biotopes that can occur.

The analysis highlighted the complexity and high 

biodiversity of shallow reef biota, with over 106 

distinct biotopes across high, moderate and low 

energy zones in the Port Phillip Bay region.

A similar study for Western Port has also been 

undertaken.

The analysis examined shifts in biotopes at 

each sample position over time. The analysis 

identified biotopes that were extremely stable 

through time, some that were quite variable and 

others that went through large, gradual changes 

over time.

The results were used for the development of 

shallow reef ecosystem models, with a separate 

model developed for each energy zone in  

Port Phillip Bay.

The representation of the subtidal reef survey 

data with respect to biotope states and 

transitions provided a highly effective indicator 

for long-term monitoring assessments. The 

method follows terrestrial approaches of 

synthesising multispecies data into groups that 

have inferred ecological values.

new Marine habitat Classification 
Scheme - Biotope Mapping

The 2016 State of the Bays report recommended 

that biotope mapping be adopted for the bays 

to reveal the key interdependencies of different 

marine ecosystems and their interaction with 

the catchments. A biotope is a community 

associated with a particular habitat type.

The new Combined Biotope Classification 

Schema (CBiCS) is a systematic and consistent 

approach for describing marine habitats and 

their constituent biota. The CBiCS catalogue is 

now complete and will be available in 2018 at 

www.cbics.org.67 

Conventional monitoring programs lack 

standardisation in the way marine habitat 

mapping and biological monitoring programs 

have classified data. They have found it 

challenging to analyse and interpret time-series 

data from a multitude of species in a way that 

is intuitive to understand, represents the state 

or health of the monitored site and can be used 

reliably for decision making.

Biotope classification and mapping presents a 

new, repeatable method for describing the state 

and changes in monitored communities (and 

their constituent species) reliably for reporting 

and management interventions.

This method of classifying marine habitats and 

biotopes has been applied to Victorian marine 

environments. The biotope classes are generally 

structured in accordance with ecological 

states, associations and functions, and can be 

attributed with values important for natural 

resource management, such as ecosystem 

services and environmental accounts.

http://www.cbics.org


State of the BayS - UPDATE 2017 39

Coastal Climate Change Vulnerability 
Mapping

in addition to improved mapping disciplines, the 

2016 State of the Bays report called for a better 

understanding of climate change impacts. 

in 2017, DElWP commenced the Coastal 

Climate Change Vulnerability Project. This work 

is a critical foundation piece for the Marine 

knowledge Framework. The maps produced 

prioritise where managers should undertake the 

monitoring of coastal sediment compartments 

that are most vulnerable to erosion and/or 

inundation. This knowledge will help to protect 

Victoria’s valuable coastal assets.

The project methodology can be used to 

determine the likely impact of climate change 

on assets along the Victorian coast. The project 

was undertaken to provide communities with 

information on coastal condition, hazards, and 

the expected impacts associated with climate 

change to facilitate evidence-based decision 

making.

The project has produced mapping information 

products at different scales for multiple 

audiences.

A key element of the project was to demonstrate 

how important assets such as the  

great Ocean road, recreational beaches and 

boating infrastructure can be assigned risk 

ratings based on their proximity to vulnerable 

parts of the coast. A coastal erosion impact and 

vulnerability rating is assigned to each  50 m 

grid section of the coast, and then using that 

analysis, a coastal erosion rating is assigned to 

areas adjacent to the coast.

https://www.water.vic.gov.au/__data/assets/pdf_file/0027/68436/Climate-Change-and-Coastal-Wetlands_DSF_Volume-2.pdf
https://www.water.vic.gov.au/__data/assets/pdf_file/0027/68436/Climate-Change-and-Coastal-Wetlands_DSF_Volume-2.pdf
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improved Monitoring Technology

Future monitoring regimes for the bays must 

consider adopting (or expanding the use of) 

technologies that:

•	 allow for more comprehensive data from 

across the bays

•	 are less expensive and safer than 

conventional monitoring techniques

•	 provide data faster and at better resolution

•	 reduce human error

•	 challenge current monitoring conventions, 

and

•	 increase the scope and immediacy of digital 

reporting mediums.

Many of the current monitoring sites were 

established based on constraints such as 

human access, human resourcing and safety 

considerations. The emerging technology will 

allow monitoring to occur at different and  

more numerous sites and could replace more 

time- intensive and dangerous techniques.

Adopting emerging technologies will increase 

the frequency of reporting and will reduce 

the possibility that important assemblage 

transitions may be missed. The emerging 

technology will also enable researchers to 

reclassify old data and videos in new and 

dynamic ways, providing better trend and 

historical data. The improvements in mapping 

technologies will enable more sophisticated 

analysis of marine environments, which will 

improve understanding and management 

interventions.
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Figure 7. Map of Port Phillip Bay and Western Port with key habitats (above)
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Oceanographic / Water Quality Marine Imaging Systems 

MARINE AND COASTAL 
MONITORING TECHNOLOGIES 

Chemical Tracing Techniques

Species Recognition Software

- Molecular techniques 

- Environmental eDNA 

- Isotope tracing 

- Flurometric tracer 

- Nanoparticles

+ Many more   

Collected data may 

be filtered through 

“species recognition 

software”, a new 

technology which 

allows the re-evaluation 

of old data (including 

video) and allows fast 

interpretation of digital 

recordings.

Depth : Typically < 10m

Depth : Shallow to deep seabeds

Used to survey occurrences of species at diving depths up to 20m but 
mostly done at 10m or less.
Habitat: Mainly infralittoral reef

Diver Operated Video Systems (DOVS) cost :cost :

MBES emit sound waves in the shape of a fan from directly beneath a 
ship's hull. These systems measure and record the time it takes for the 
acoustic signal to travel to the seafloor (or object) and back to the 
receiver. Currently the only option for deeper water mapping. 
Habitat: Variable

Multi-Beam Echo Sounders (MBES)

Habitat: Infralittoral to deep sea depending on frequency and model 
characteristics

Builds on pre-existing technologies to develop 3-dimensional models of 
the seabed: capable of mapping fine scale structural characteristics of 
reefs. 

Towed Video cost :cost :

cost :cost :
Low   Mod   HighLow   Mod   High

CI

CI

H
COO- Na+

N

Depth : Typically less than 30m

Depth : 0 - 110m + 

Depth : 0 - 100m

Depth : Hull mounted / ROVS / AUVS

Depth :  0 - 300m +

Depth :  0 - 100m

Depth : Species dependent

Habitat: Infralittoral habitats

Typically used to examine underwater depth (bathymetry), but shows 

potential for habitat mapping.

LiDAR (Light Detection and Ranging) cost :cost :

Commonly known as a drone, collects high-resolution imagery that 
allows researchers to map entire habitats in great detail.
Habitat: Intertidal reefs, saltmarsh, mangroves and intertidal seagrass

Unmanned Aerial Vehicles cost :cost :

cost :cost :

Habitat: All seabed habitats

Is positioned at a distance above the seabed to maximise the resolution. 
One of the most effective tools for underwater exploration because it can 
search a large area quickly and produce a detailed picture of anything on 
the bottom, regardless of water clarity.

Side-Scan Sonar cost :cost :

Can be used to perform underwater survey missions such as mapping 
and monitoring subtidal habitats and species. A wide range of data can 
be collected.
Habitat: Subtidal communities/habitatsHabitat: Subtidal communities/habitats

Autonomous Underwater Vehicles (AUV) cost :cost :

Habitat: Intertidal reefs, saltmarsh, mangroves, intertidal 
seagrass and circalittoral habitats
Habitat: Intertidal reefs, saltmarsh, mangroves, intertidal 
seagrass and circalittoral habitats

High-definition digital video cameras that record marine animals using 
bait (usually pilchards). BRUVS survey fish sizes, abundance and diversity.

Baited Remote Underwater Video Stations  
(BRUVS)

cost :cost :

Habitat: Variety of environments, including deep reef canyons and 
shelf habitats. Some specialised ROVs can be used to survey deeper 
reefs and sediments of offshore, shelf, slope, pinnacle and volcano 
habitats

Habitat: Variety of environments, including deep reef canyons and 
shelf habitats. Some specialised ROVs can be used to survey deeper 
reefs and sediments of offshore, shelf, slope, pinnacle and volcano 
habitats

Remotely operated underwater robots that capture video, they’re often 
used to record occurrences of species at significant depths.

Remotely Operated Vehicles (ROV) cost :cost :

Moored offshore in open waters to 

monitor local wave conditions for 

shipping and coastal erosion 

management.

Directional Wave Buoy

Counts number and size of particles in 

the water.

Monitors environmental condition 

in realtime.

Habitat: Species dependent

Uses video from cameras mounted on marine wildlife such as fur seals to 

evaluate animal behaviour. This method requires permits and animal 

ethics approval to ensure animal welfare requirements are met. 

Animal-Borne Video Capture cost : Variablecost : Variable

Coronet Bay 

Corinella

French Island

San Remo

CytoBOT

Telemetered Moorings 

A moving platform that samples 

water quality and often transmits in 

real time to provide an account of 

the environmental condition.

Ships of Opportunity

Solar (and in some cases wind or 

wave) powered air gliders that can 

house a range of monitoring 

instruments, and operate for up to 

three months on a single predefined 

track.

Note - Drawings are not to scale
          - All technology can operate within a range of  
            0 metres to their maximum operational depths

Gliders (various styles)

A wire is anchored on the coast, from 

which a wave-powered buoy is used 

to profile the surrounding water 

column. 

WireWalker

10m

30m

300m

Greater 

than 300m

Surface

Port Phillip 
Bay max. 
depth 24m

Western Port 
max. depth 
6m

Airborne

Collected data may undergo initial processing 
on board the research vessel. If additional work 
is required, data can be sent to the appropriate
laboratories onshore.

100m

Imagery and topography 

above the surface
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Oceanographic / Water Quality Marine Imaging Systems 

MARINE AND COASTAL 
MONITORING TECHNOLOGIES 
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Species Recognition Software
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- Environmental eDNA 

- Isotope tracing 

- Flurometric tracer 

- Nanoparticles

+ Many more   

Collected data may 

be filtered through 

“species recognition 

software”, a new 

technology which 

allows the re-evaluation 

of old data (including 

video) and allows fast 

interpretation of digital 

recordings.

Depth : Typically < 10m

Depth : Shallow to deep seabeds

Used to survey occurrences of species at diving depths up to 20m but 
mostly done at 10m or less.
Habitat: Mainly infralittoral reef

Diver Operated Video Systems (DOVS) cost :cost :

MBES emit sound waves in the shape of a fan from directly beneath a 
ship's hull. These systems measure and record the time it takes for the 
acoustic signal to travel to the seafloor (or object) and back to the 
receiver. Currently the only option for deeper water mapping. 
Habitat: Variable

Multi-Beam Echo Sounders (MBES)

Habitat: Infralittoral to deep sea depending on frequency and model 
characteristics

Builds on pre-existing technologies to develop 3-dimensional models of 
the seabed: capable of mapping fine scale structural characteristics of 
reefs. 
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Habitat: Infralittoral habitats

Typically used to examine underwater depth (bathymetry), but shows 

potential for habitat mapping.

LiDAR (Light Detection and Ranging) cost :cost :

Commonly known as a drone, collects high-resolution imagery that 
allows researchers to map entire habitats in great detail.
Habitat: Intertidal reefs, saltmarsh, mangroves and intertidal seagrass

Unmanned Aerial Vehicles cost :cost :
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Habitat: All seabed habitats

Is positioned at a distance above the seabed to maximise the resolution. 
One of the most effective tools for underwater exploration because it can 
search a large area quickly and produce a detailed picture of anything on 
the bottom, regardless of water clarity.

Side-Scan Sonar cost :cost :

Can be used to perform underwater survey missions such as mapping 
and monitoring subtidal habitats and species. A wide range of data can 
be collected.
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High-definition digital video cameras that record marine animals using 
bait (usually pilchards). BRUVS survey fish sizes, abundance and diversity.

Baited Remote Underwater Video Stations  
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Habitat: Variety of environments, including deep reef canyons and 
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habitats
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reefs and sediments of offshore, shelf, slope, pinnacle and volcano 
habitats

Remotely operated underwater robots that capture video, they’re often 
used to record occurrences of species at significant depths.

Remotely Operated Vehicles (ROV) cost :cost :

Moored offshore in open waters to 

monitor local wave conditions for 

shipping and coastal erosion 

management.

Directional Wave Buoy

Counts number and size of particles in 

the water.

Monitors environmental condition 

in realtime.

Habitat: Species dependent

Uses video from cameras mounted on marine wildlife such as fur seals to 

evaluate animal behaviour. This method requires permits and animal 

ethics approval to ensure animal welfare requirements are met. 

Animal-Borne Video Capture cost : Variablecost : Variable

Coronet Bay 

Corinella

French Island

San Remo

CytoBOT

Telemetered Moorings 

A moving platform that samples 

water quality and often transmits in 

real time to provide an account of 

the environmental condition.

Ships of Opportunity

Solar (and in some cases wind or 

wave) powered air gliders that can 

house a range of monitoring 

instruments, and operate for up to 

three months on a single predefined 

track.

Note - Drawings are not to scale
          - All technology can operate within a range of  
            0 metres to their maximum operational depths

Gliders (various styles)

A wire is anchored on the coast, from 

which a wave-powered buoy is used 

to profile the surrounding water 

column. 

WireWalker
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Collected data may undergo initial processing 
on board the research vessel. If additional work 
is required, data can be sent to the appropriate
laboratories onshore.
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Figure 8. Marine Technology and Coastal Monitoring Technologies
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Future Priorities
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Aquatic Pollution identification and Management, 

University of Melbourne, Melbourne.
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emphasis on their importance to recruitment, 

journal of Experimental Marine Biology and 

Ecology, 221:147–172.
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identification and Management 2015, 

Understanding the Western Port Environment: 
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Centre for Aquatic Pollution identification and 

Management, University of Melbourne, Melbourne.

64. Adapted from Victorian Fisheries Authority 2017, 

Review of Key Victorian Fish Stocks 2017, Science 

report Series no. 1, Melbourne.

65. ickowicz A, hayes kr, Dambacher jM and hosack 

gr 2017, Environmental Indicators for State of 

the Bay Reporting, Consultancy report, CSirO 

Oceans and Atmosphere, hobart.

66. Saintilan n, rogers k and Tomkins k (in press), 

Mangroves, saltmarshes, sedimentation and sea 

level, Macquarie University and University of 

Wollongong.

67. The CBiCS website will be available to the public 

in early 2018. The website will have an additional 

5,000 images loaded on a web mapping tool to 

plot the location of survey sites where biotopes 

have been identified in the bays

Endnotes



For further information contact the Office of the 
Commissioner for Environmental Sustainability, 
phone +61 3 9948 2846 or visit www.ces.vic.gov.au
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