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1.1 Context
The Gippsland Lakes are a series of coastal lagoons
and fringing wetlands in south-eastern Australia
extending from Sale Common to Lakes Entrance,
covering approximately 60,000 hectares. They receive
water from seven major rivers and are connected to
the Southern Ocean by a narrow, artificially maintained
channel at Lakes Entrance. The Lakes support
diverse wetland types and are of high conservation
value, listed as a wetland of international importance
under the Ramsar Convention. The ecological
values of the site include extensive seagrass beds,
fringing vegetation, habitat for resident and migratory
waterbirds, diverse and abundant fish, supporting
threatened species, and one of only two known
populations of the rare Burrunan dolphin. The Lakes
are important for tourism in the region, support
commercial and recreational fisheries and have
outstanding Aboriginal and European cultural values.
There have been several assessments of the health
of the Gippsland Lakes in the past, including the
relatively recent Gippsland Lakes Natural Assets
Report Card in 2011 (Ladson and Tilleard 2011). While
this 2011 report used the best available information to
assess the condition of the lakes with respect to water
quality, algal blooms, wetlands, birds, seagrass, and
fish; it was hampered by a lack of information across
many indicators.
Since 2011, there has been considerable investment in
projects aimed at both improving the condition of the
Lakes and increasing our understanding of the Lakes’
ecology and condition. In particular, the Gippsland
Lakes Environment Fund (GLEF), established in 2013,
provided $8.3 million to 72 projects in a program of
works. This saw a large amount of on ground activities,
community capacity building and environmental
research and monitoring implemented across the
system.

Between 2015 and now, through the Gippsland Lakes
Coordinating Committee (GLCC), $13.3 million has been
made available to implement an integrated program
to improve the health of the Gippsland Lakes system.
This assessment of the current condition of the lakes
will help to establish a benchmark against which we
can continue to update the latest information.
In the 2021 budget, the Victorian Government has
committed a further $7.5 million for three years and
continuation of the GLCC. This information will help
inform the new GLCC and community of the latest
information.

1.2 Objectives
This Gippsland Lakes Environment Report Card
assesses the current condition of the lakes based
on most recent data. It also highlights some key
knowledge gaps and establishes a framework for
future assessments of condition.
The specific objectives of the Gippsland Lakes
Environment Report Card are to:
1 Describe the current environmental condition of the
Gippsland Lakes using the most current and relevant
data available.
2 Communicate the current condition of the Gippsland
Lakes to a wide range of audiences, in a variety of
digital and traditional media.
The Gippsland Lakes Environment Report Card is
provided in four communication products:
• Report card that provides a summary of the results
• Summary brochure
• Interactive web tool (loveourlakes.net.au/learning/
environment-report)
• Technical report (this document) that describes the
details of the method including indicator selection,
data analysis and limitations.
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Joint Management
In October 2010, the Gunaikurnai were granted
Native Title over nine national parks and one
reserve in the Gippsland region. This includes
a number that are wholly or partly within the
Gippsland Lakes Ramsar Site:
• Gippsland Lakes Coastal Park
• The Lakes National Park
• Lake Tyers State Park
• Raymond Island Gippsland Lakes Reserve
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Joint management benefits both Gunaikurnai
and the wider community through recognising
Aboriginal culture and knowledge, providing quality
tourism experiences, improved public education
and by conserving, protecting and enhancing
natural and cultural values. Joint management
has enabled increased funding to support joint
management and employ Gunaikurnai people to
work on country.
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The Gippsland Lakes Environment Report Card has been prepared consistent with the format
developed by the Victorian Commissioner for Environmental Sustainability for the State of
the Bays project (Port Phillip and Westernport Bays) (Commissioner for Environmental and
Sustainability Victoria 2016). Indicators of condition for the Gippsland Lakes were selected
that represent the system’s key values under four themes: water quality, habitat, fauna and
shoreline stability.
This report card builds on the existing strategies and plans in place for maintaining the health
of the Gippsland Lakes such as the Gippsland Lakes Ramsar Site Management Plan
(EGCMA 2015).

2.1 The Gippsland Lakes study area
The Gippsland Lakes are a complex mix of
interconnected wetlands that include large coastal
lagoons as well as extensive associated wetlands.
There are three broad categories, with six finer scale
mega-habitats within the Gippsland Lakes Ramsar
Site (Figure 1):
• Main Lakes
- Deep Lakes – permanent deep waterbodies, Lakes
King and Victoria
- Shallow Lakes – shallow permanent waterbodies,
Jones Bay and Lake Wellington

• Fringing wetlands
- Freshwater wetlands – two fringing wetlands that
have freshwater, Sale Common and Macleod
Morass
- Variably saline wetlands – intermittent wetlands
that fluctuate between fresh or brackish and
saline, such as Heart Morass, Clydebank Morass
and Dowd Morass
• Hypersaline wetlands – wetlands with salinity
generally greater than seawater, such as Lake Reeve
and Victoria Lagoon.

Figure 1 | Gippsland Lakes with mega-habitats (modified from Tilleard et al. 2009).
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2.2 Indicator selection
There are many frameworks and methods available
to rigorously and objectively select indicators of
environmental condition (Niemeijer and de Groot 2008).
Most of these, however, are based on a premise of a
sequence that starts with indicator selection, followed
by monitoring and finishing with analysis to report
on condition. The reality more commonly, and in this
instance, is that reporting on condition is based on
analysing data collected from multiple programs each
with their own separate objectives.
This assessment has selected the best indicators
possible considering the following factors:
• Information that is readily and currently available
• A preference for operational information (i.e.,
numerical data) rather than conceptual
• The data are, as far as possible, quantitative rather
than qualitative or semi-qualitative
• The data are available on contemporary (or at least,
recent) condition as well as on condition in earlier
years (so that trends can be drawn)

• The interpretation, as far as possible, does not rely
on expert opinion, but instead on objective analysis
of the available, empirical data
• A suite of indicators that assesses different aspects of
condition and values of the Gippsland Lakes system
• Consistency with existing program in place at the
local (e.g. Ramsar site management planning) and
State level (e.g. State of the Environment reporting).
This resulted in the following indicators across four
themes (see Appendix 1 for more information):
• Water quality: salinity, dissolved oxygen, suspended
sediments, nutrients, phytoplankton, toxicants
• Habitat: seagrass, saltmarsh, freshwater wetland
vegetation, variably saline wetland vegetation
• Fauna: fish, waterbirds, Burrunan dolphin
• Shoreline stability
In addition to selecting these indicators, largely based
on available information, knowledge gaps have been
identified and recommendations made for improvements
in indicators and assessments of condition in the future.

2.3 Reporting condition
Consistent with the State of the Bays (Commissioner for Environmental and Sustainability Victoria 2016), the
Gippsland Lakes Environment Report Card documents condition across three metrics: status, trend and data quality.

2.3.1		 Status
Status is represented by four categories: good, fair,
poor and unknown. Thresholds have been defined for
indicators for each category (i.e. at what point would
you consider an indicator to be in “good” condition?).
Unknown

Poor

Fair

Good

Four categories of status were adopted (Commissioner for Environmental and Sustainability Victoria 2016):
• Unknown - data are insufficient to make an assessment of status
• Poor - environmental condition is under significant stress
• Fair - environmental condition is neither positive or negative and may be variable across the Lakes for that indicator
• Good - environmental condition is healthy across the Lakes for that indicator
For each indicator, thresholds have been established for each category so that condition is defined objectively.
Where possible, these thresholds have been based on existing benchmarks of condition including:
Limits of Acceptable Change (LAC) – established in the ecological character description for the Gippsland
Lakes Ramsar site (BMT WBM 2010) and represent the variation that is considered acceptable in an indicator
without representing a potential change in character or a changed state. Where these have been established,
and could be assessed against, an exceedance of a LAC is considered to represent “poor” condition.
Resource Condition Targets (RCT) – established in the management plan for the Gippsland Lakes Ramsar site
and are the value an indicator is expected to achieve if management objectives have been met. Where these have
been established, achievement of an RCT is considered to represent “good” condition.
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Ecological Vegetation Class (EVC) benchmarks – benchmarks with respect to indicator species, cover and weeds
have been established for ecological vegetation classes across Victoria, the Index of Wetland Condition (IWC) uses
assessments against these benchmarks to assign condition to vegetation communities (DELWP 2016). The condition
thresholds of the IWC were adopted for habitat assessments in this report.
The status of the Gippsland Lakes is assessed based on “current” conditions. To account for natural variability,
current condition was considered to be the last five years (2015 to 2020), where data was available. In the
absence of data spanning this timeframe, any information that had been collected since the last report card
(Ladson and Tilleard 2011) was used.

2.3.2		 Trend
Trend is the direction of change and presented in
four categories: improving (towards better condition);
stable; deteriorating (getting worse) and unknown

Unknown

Deteriorating

Stable

Improving

Four categories of trend were adopted (Commissioner for Environmental and Sustainability Victoria 2016):
• Unknown - data is insufficient to make an assessment of trends
• Deteriorating - environmental condition is getting worse (noting that this may represent an increase in an
indicator (e.g. number of algal blooms) or a decrease in an indicator (e.g. abundance of waterbirds)
• No trend - environmental condition is neither improving or deteriorating
• Improving - environmental condition is getting better
Where possible, trend was established using quantitative data and statistical techniques such as Exponentially
Weighted Moving Averages (EWMA). In many instances, however, data were insufficient for trend analysis and the
trend has been derived using expert opinion and qualitative information.

2.3.3		 Data quality
Data quality is a reflection of the type and adequacy
of available data, in three categories

Poor
Fair
Good

Three categories of data quality were adopted (Commissioner for Environmental and Sustainability Victoria 2016):
• Poor - evidence too low to make an assessment
• Fair – limited evidence and expert opinion based assessments
• Good – adequate high quality data.

Gippsland Lakes Environment Report 2021 Technical Report
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Water quality is essential for maintaining the ecological, social and economic values of the
Gippsland Lakes. A conceptual model that illustrates the linkages between maintaining
adequate water quality and the values of the site is provided in Figure 2.

4
2

5
4

1

1

Well mixed, high oxygen,
low phytoplankton, low
suspended sediments results in clear water with high
visual amenity that supports
recreation and tourism for
residents, visitors and local
businesses.

2

Water quality within
recreational guidelines allows for primary contact
recreational activities such
as swimming and boating.

3

3

Seagrass beds - are good
habitat for juvenile fish and
support recreational and
commercial fisheries.

4

Healthy fringing vegetation protects shorelines from erosion,
provides habitat for fauna,
enhances visual amenity and
provides opportunities for
passive recreation.

5

Ocean access - supports
commercial and recreational
fishing and provides passage
for migratory fish species.

Figure 2 | Conceptual model of the linkages between the health of the catchment, the Gippsland Lakes and the community and
1 Well mixed,
high oxygen,
low phytoplankton,
low suspended sediments - results in clear water with high visual amenity that supports recreation and tourism for residents, visitors
economic
values
(GLMAC
2013).
and local businesses.

2 Water quality within recreational guidelines - allows for primary contact recreational activities such as swimming and boating.
3 Seagrass beds - are good habitat for juvenile fish and support recreational and commercial fisheries.
4 Healthy fringing vegetation - protects shorelines from erosion, provides habitat for fauna, enhances visual amenity and provides opportunities for passive recreation.
5 important
Ocean access - supports
recreational fishing
provides passage for migratory
species.
Thefishlist
above has formed the basis of the indicators
The
watercommercial
qualityand
indicators
forand
protecting
selected for the Gippsland Lakes Environment Report
the values of the lakes include (EPA Victoria 2015):
Card. These have been divided further into several
• Salinity – for maintaining the abundance and
categories:
distribution of flora and fauna, and related recreational
1 Water chemistry – salinity, dissolved oxygen,
activities such as fishing and bird watching; and for
suspended sediments, nutrient concentrations
its role in nutrient dynamics and algal blooms
2 Nutrient loads – total amount of nitrogen and
• Dissolved oxygen – for its role in nutrient cycling,
phosphorus entering the lakes from river flows
maintaining fish and aquatic fauna health and the flow
annually
on effects to recreational activities such as fishing
3 Phytoplankton – in terms of biomass (chlorophyll-a
• Suspended sediments – for maintaining seagrass
concentrations) and number of algal blooms
beds, fish habitat and visual amenity
4 Toxicants – as indicated by assessments of
• Dissolved and total nutrient concentrations due to
sediments (where toxicants can accumulate and be
their importance in phytoplankton dynamics
more readily detected than in the water column).
• Chlorophyll-a as an indicator of phytoplankton
biomass – which is both a driver of primary
production and food webs, but in excess can
3.1 Water chemistry – main lakes
indicate algal blooms
• Phytoplankton species and abundance – as the
3.1.1 Indicators and thresholds
presence of toxic algal blooms effects recreation,
tourism and the regional economy
Thresholds for water chemistry indicators have
• Toxicants – for their importance in maintaining
been derived using the framework established in the
the health of aquatic biota (fish and dolphins) and
Australian and New Zealand Water Quality Guidelines
human health through consumption of fish
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(ANZECC and ARMCANZ 2000). In the absence of
any reference condition sites, the water quality data
for the Gippsland Lakes was interrogated to find a
period that could be considered to represent “good”
conditions. That is, a period without algal blooms
and with average rainfall conditions. The first two
years of available data (1986–1988) was selected and
thresholds have been calculated as 80th percentiles
for each indicator for this period. In accordance
with the prescribed method, annual 50th percentile
(median) values of current conditions were compared
with the thresholds.
Condition of the Gippsland Lakes, with respect to water
chemistry variables has been assessed as follows:
• Good = annual median values for the past five years
were consistently better than the 80th percentiles of
reference years (1986-1988).
• Fair = the annual median for one year in the past
five years was worse than the 80th percentiles of
reference years (1986-1988).
• Poor = the annual median for two or more of the
past five years was worse than the 80th percentiles
of reference years (1986-1988).
Trend has been assessed in two ways. A statistical
assessment of trend using Mann-Kendell trend test (p
< 0.05) over the complete timeframe data is available
(1986 to 2020), noting that the trend analysis was
hampered by a lack of consistent data across the
monitoring period to enable seasonal variations to be

account for. Trend assessment was then augmented
using a visual assessment of indicators and the
control charting technique, Exponentially Weighted
Moving Average (EWMA), which smooths the data and
allows trends to be more easily detected (Emphron
Informatics 2008).
The EPA water quality monitoring program aims to
collect monthly samples from Lakes Wellington,
Victoria and King. There have however, been a number
of years where sample frequency was too low to
reliably provide summary statistics. For example,
in 2017-18 data are available for only five of the 12
months, and there was no dissolved oxygen data in
all three lakes and salinity data in Lakes Victoria and
King from November 2017 to July 2019. In addition,
the COVID-19 pandemic disrupted sampling of water
quality in the lakes and so the years of assessment
have been limited to the five years ending June 2020.

3.1.2		 Locations
While water quality is important across all the habitats
and wetlands in the Gippsland Lakes, long term data is
restricted to the deep and shallow lakes of the coastal
lagoons of Lakes King, Victoria and Wellington. For this
reason, water chemistry in the main lakes has been
assessed separately to that for the fringing wetlands
(see section 3.2).

3.1.3		 Results
Summary
Indicator

Status and trends
Unknown

Poor

Fair

Good

Salinity

Lake
Wellington

Data quality:
Fair
Data custodian:
EPA Victoria
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Lakes Victoria
& King

Summary
Salinity in the Gippsland Lakes is influenced by rainfall,
river flow and tidal exchange. During periods of drought,
when freshwater inflows are low, salinity rises across the
system. Conversely during flood periods, salinity across
all surface waters drops to near fresh. Salinity in Lakes
King and Victoria was assessed as good, while salinity in
Lake Wellington was assessed as poor (see Appendix 2).
The EWMA plotted over time illustrates that while there
have been patterns of variability in response to rainfall
events, there has been no sustained change in salinity in
Lakes King and Victoria. The salinity in Lake Wellington,
however, has continued to increase over time, largely in
response to reductions in freshwater inflows, but also
influenced by rising sea levels (EPA Victoria 2013, 2015).

Indicator

Status and trends
Unknown

Poor

Fair

Good

Dissolved
oxygen

Lake
Victoria

Lakes King &
Wellington

Data quality:
Fair
Data custodian:
EPA Victoria

Suspended
sediments

Lake
Victoria

Lakes King &
Wellington

Data quality:
Good
Data custodian:
EPA Victoria
Total
nitrogen

Lakes Victoria
& Wellington

Data quality:
Good
Data custodian:
EPA Victoria

Dissolved
inorganic
nitrogen
Lakes King,
Victoria &
Wellington

Data quality:
Good
Data custodian:
EPA Victoria

Lake
King

Summary
Dissolved oxygen is influenced by temperature, salinity
and biological activity and can vary considerably
over short periods of time. In most aquatic systems
dissolved oxygen follows a diurnal cycle. Aquatic plants,
including phytoplankton are net producers of oxygen
during the day (as a by-product of photosynthesis) and
consumers of oxygen during darkness (when respiratory
consumption exceeds photosynthetic production).
Wind can also play a large factor in dissolved oxygen
concentrations, particularly in the shallow waters of Lake
Wellington. Dissolved oxygen was assessed as “good”
in Lakes King and Wellington and “poor” in the surface
waters of Lake Victoria. There is some evidence of a
declining trend in dissolved oxygen levels in the surface
waters of all three lakes (see Appendix 2).
Suspended sediments in the Gippsland Lakes are from
inflowing waters from catchments and resuspension of
bottom sediments, particularly in shallow areas (Harris
et al. 1998, Holland et al. 2009). Lakes King and Victoria
are largely clear, with salinity induced flocculation of
sediments occurring. Lake Wellington is mostly turbid
as a result of catchment derived sediments, wind
generated resuspension of bottom sediments and the
actions of European carp (Harris et al. 1998). All lakes
were assessed as “good”. Lake Wellington is turbid,
but this step change occurred over half a century ago,
well before the site was recognised as a wetland of
international importance (see Text Box below).
The combination of catchment inputs and nutrient
recycling processes within Lakes Victoria and King,
result in a gradient of nutrient concentrations in the
water column which are higher at the western end
of Lake Victoria (closest to catchment and sediment
nutrient sources) and lowest at the eastern end of Lake
King, near Lakes Entrance (Ladson and Tilleard 2011,
EPA Victoria 2013). Nitrogen concentrations in Lake
Wellington are higher again and have been classified as
eutrophic by OECD standards (Harris et al. 1998). The
annual median total nitrogen concentrations in Lakes
Victoria and Wellington were above the threshold values
for all recent years with sufficient data, while that in
Lake King remained within the threshold value. There is
some evidence of an increasing trend in total nitrogen
in Lake Wellington, and to a lesser extent, Lake Victoria
(Appendix 2).
Dissolved inorganic nitrogen comprises nitrate, nitrite
and ammonium, all of which are readily available
for plant (including algal) uptake. The shallow, well
oxygenated environment of Lake Wellington provides
ideal conditions for nitrification/denitrification within
the lake sediments, which results in large losses of
nitrogen to the atmosphere as nitrogen gas (Longmore
and Roberts 2006). The marine stratified environments
of Lakes Victoria and King have more complex nitrogen
cycles. Dissolved inorganic nitrogen concentrations in
all Lakes have exceeded their respective thresholds
and are assessed as “poor”. There is some evidence
of an increase in dissolved inorganic nitrogen over time
(Appendix 2).
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Indicator

Status and trends
Unknown

Poor

Fair

Summary

Good

Total
Phosphorus

Lake
Wellington

Similar to total nitrogen, there is a gradient of total
phosphorus concentrations from Lake Wellington to
Lake King. Lake Wellington acts as a net exporter of total
phosphorus to Lakes Victoria and King (Monbet et al.
2007). There were large peaks in nutrient concentrations
in all three main lakes in 2006/7, which were linked to a
large bushfire in the catchment. While total phosphorus
concentrations in Lakes King and Victoria returned to
“good” levels, they were above the threshold value for all
recent years with sufficient data in Lake Wellington, with
some evidence of an increasing trend (Appendix 2).

Lakes Victoria
& King

Data quality:
Good
Data custodian:
EPA Victoria
Dissolved
inorganic
phosphorus

Dissolved organic phosphorus is mostly in the form
of phosphate and is readily available for uptake by
macrophytes and phytoplankton. Concentrations of
phosphate in all three lakes was assessed as good,
with some evidence of improvements over the historical
record (Appendix 2).

Lakes King,
Victoria &
Wellington

Data quality:
Good
Data custodian:
EPA Victoria

Status
The data for each individual indicator of water chemistry
is provided in Appendix 2. The median values over the
past five years (July 2015 to June 2020) are provided in
Tables 1, 2 and 3 to illustrate the current status of each
parameter in three locations (Lake Wellington; Lake
Victoria and Lake King). This illustrates the gradients of

salinity (lowest in Lake Wellington, to highest in Lake
King (closest to marine influences) and the opposite
gradient of nutrients (highest in Lake Wellington and
lowest in Lake King). The pattern of dissolved inorganic
nitrogen and phosphorus is more complex, with nutrient
recycling between the sediments and the water column
playing a major role.

Table 1 | Median values for each indicator in Lake Wellington (data from EPA Victoria). Shading indicates exceedance of the
threshold.
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Indicator

Threshold

2015/16

2016/17

2017/18

2018/19

2019/20

Rating

Chlorophyll-a
DO
DIN
TN
DIP
TP
TSSy
Salinity

20
95-110
2
624
11
62
30
6

15
95
12
800
6
100
25
10

15
98
13
735
4.5
90
23
7

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

15
100
18
950
8
130
22.5
17

20
104
24
1100
3
110
26
14

Fair
Good
Poor
Poor
Good
Poor
Good
Poor

www.loveourlakes.net.au

Table 2 | Median values for each indicator in Lake Victoria (data from EPA Victoria). Shading indicates exceedance of the
threshold.

Indicator

Threshold

2015/16

2016/17

2017/18

2018/19

2019/20

Rating

Chlorophyll-a
DO (surface)
DO (bottom)
DIN
TN
DIP
TP
TSS
Salinity (surface)
Salinity (bottom)

10
110-120
70-110
3
450
15
75
14
23
28

7
97
89
8
570
8
60
9
23
24

6
99
84
8
580
5
70
9
19
22

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

6
N/A
N/A
11
700
5
70
9
N/A
N/A

9
105
104
10
735
2
70
15
23
25

Good
Poor
Good
Poor
Poor
Good
Good
Fair
Good
Good

Table 3 | Median values for each indicator in Lake King (data from EPA Victoria). Shading indicates exceedance of the threshold.

Indicator

Threshold

2015/16

2016/17

2017/18

2018/19

2019/20

Rating

Chlorophyll-a
DO (surface)
DO (bottom)
DIN
TN
DIP
TP
TSS
Salinity (surface)
Salinity (bottom)

5
100-120
70-110
7
450
12
50
10
26
30

3
104
87
7
400
7
30
3
26
29

5
107
74
8
420
4
40
5
21
26

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

2
N/A
N/A
8
440
3
40
3
N/A
N/A

1
106
98
7
405
3
20
3
26
30

Good
Good
Good
Poor
Good
Good
Good
Good
Good
Good
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Case Study - Lake Wellington Changing Conditions
Local knowledge and scientific studies show that
Lake Wellington was once characterised as clear
water, fresh to brackish salinity, with extensive
beds of submerged macrophytes (Vallisneria sp.)
and fringing vegetation dominated by Common
Reed (Phragmites australis). Now Lake Wellington
is turbid, phytoplankton dominated system with
a lack of submerged vegetation and reduced
fringing vegetation.
The change in conditions has been attributed to a
number of factors and it is likely that all or at least
several acted together (Ducker et al. 1977; Harris
et al. 1998; Tilleard et al 2009; Boon et al. 2015):
• Bushfires in 1965 followed by high rainfall
resulting in large loads of nutrients and
sediments entering the system.
• The 1967/68 drought resulting in a reduced
water levels, high temperatures and death of
submerged vegetation.
• Increasing salinity and lowering of water levels
as a result of the opening of the permanent
entrance to the Southern Ocean.
• Wind generated re-suspension of sediments
and the actions of European carp resulting in
sustained high turbidity and limiting the
re-establishment of submerged macrophytes.
This transition from a clear water macrophyte
dominated wetland to a turbid phytoplankton
dominated system is termed “alternative stable
states”. Alternative stable states is a respected
ecological theory whereby a change in the
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environment can cause a shift in an ecosystem
from one state to another (Beisner et al. 2003;
Scheffer et al. 2001). That is the new state,
which was created as a result of disturbance is
persistent.
The lesson learnt from over two decades of
investigations into shifts across stable states is
that the strong feedback loops inherent in any
change makes it almost impossible to reverse,
no matter what the scale of management
intervention. That is, in this example, the shift
to a turbid environment makes it impossible for
submerged plants to establish as they are too light
limited. Without the sediment stabilising effects of
macrophytes, the sediment is highly mobile and
is constantly re-suspended from the bottom by
winds in the shallow lake system.
The Gippsland Lakes was recognised as a wetland
of international importance under the Ramsar
Convention in 1982, decades after the shift in
state of Lake Wellington. Under the Convention,
there is an obligation to maintain the ecological
character of the site and the values they support.
There is evidence that salinity in Lake Wellington is
increasing and the impact of this on the ecological
character of the Ramsar site is currently being
investigated. In addition, the Ramsar Site
Management Plan (DELWP 2015) has a commitment
to setting realistic rehabilitation goals for Lake
Wellington.

Trend
Exponentially Weighted Moving Averages are provided
for each location and indicator in Appendix 2 and
these have been used to visually express trends in
water chemistry. For example, the EWMA of salinity
is provided in Figure 3 for Lakes King and Wellington.

This shows the clear step change in salinity in
Lake Wellington, while the salinity in Lake King
has remained largely the same over the past three
decades. The EWMAs in Appendix 2, largely indicate
that while water quality in Lakes King and Victoria have
remained stable, there has been a decline in water
quality in Lake Wellington.

Figure 3 | Exponentially weighted moving averages (EWMA) of salinity in Lakes Wellington and King, red lines indicate long
term median values (data from EPA Victoria).

3.2 Water chemistry – fringing
wetlands
3.2.1 Indicators and thresholds
Data for water chemistry in the fringing wetlands is
limited, with no consistent historical data upon which
site-based thresholds can be calculated. Thresholds
for salinity at Dowd and Heart Morass have been
derived based on historic data.

Condition thresholds for salinity in Heart and Dowd
Morass are as follows:
• Good = median salinity of < 4 ppt in all five years
• Fair = median salinity of < 4 ppt in two or more of the
past five years
• Poor = median salinity > 4ppt in all five years.
Trend has been assessed in two ways. A statistical
assessment of trend using seasonal Mann-Kendell
trend test (p < 0.05) over the complete timeframe data
is available (2017 to 2021).
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3.2.2		 Locations
Data are only available in Dowd and Heart Morass (from telemetered water quality probes). A new salinity meter
has been established in MacLeod Morass (May 2021) and will be established in Sale Common, which will allow for
water quality at these two freshwater wetlands to be evaluated in the future.

3.2.3		 Results
Summary
Indicator

Status and trends
Unknown

Poor

Fair

Salinity

Dowd
Morass

Summary

Good

Heart
Morass

Data quality:
Good

Salinity in Dowd and Heart Morass is influenced by
inundation and water source. Inflows of water from the
Latrobe River result in reduced salinity, but when river
flows are low, more saline water can enter the wetlands
from Lake Wellington. Annual median salinity was below
the threshold each year (2017/18 to 2020/21) with the
exception of 2018/19 in Dowd Morass. This results in a
rating of “good” for Heart Morass and “fair” for Dowd
Morass. There is some evidence of decreasing salinity
(improved condition) in recent years, but more data are
required.

Data custodian:
Victorian Water Measurement
Information System
data.water.vic.gov.au/monitoring.htm

Status
Annual median salinity in Heart and Dowd Morass have been below the 4 ppt threshold each year since 2017 with
the exception of Dowd Morass in 2019, when the median was 6.2 ppt (Table 4). Salinity in the two wetlands is
highly dependent on inundation and water source, with freshwater inflows from the Latrobe River contributing to
decreased salinity. When water levels in the wetlands are low, there can be movement of more saline water from
Lake Wellington, particularly into Dowd Morass, which then leads to increased salinity. The beds of both wetlands
are lower than the Latrobe River, meaning that large floods are required to fully flush salts out of the system.

Table 4 | Median salinity from Dowd and Heart Morass (data from Victorian Water Measurement Information System). Shading
indicates exceedance of the threshold.

Indicator

Threshold

2017/18

2018/19

2019/20

2020/21

Rating

Dowd Morass
Heart Morass

4
4

3.1
3.9

6.2
3.3

3.2
3.0

1.0
1.9

Fair
Good

Trend
Exponentially Weighted Moving Averages for salinity in Dowd and Heart Morass suggest that there has been an
improvement (reduction) in salinity in recent years (Figure 4 and Figure 5). Whether this is indicative of a long tern
trend or just a reflection of wetter conditions in 2020 and 2021, is not yet known.
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Figure 4 | Exponentially weighted moving averages (EWMA) of salinity in Heart Morass.

Figure 5 | Exponentially weighted moving averages (EWMA) of salinity in Dowd Morass.

3.3 Nutrient loads
3.3.1 Indicators and thresholds
Loads of nitrogen and phosphorus entering the
Gippsland Lakes are a recognised important driver of
algal blooms (Cook et al. 2008, Holland et al. 2009,
Cook and Holland 2012). Loads are linked closely
to the volume of river inflows, which in turn is linked
to rainfall. In high flow (high rainfall) years, loads of
nutrients entering the Lakes are generally higher, and
in low rainfall years, loads are lower. The relationship
between loads and flows has been established by Cook
(2011) and thresholds for condition ratings have been
derived based on a deviation from these relationships
as follows:

• Good = load / flow is lower than long term median
• Fair = load / flow is within long term median (+/- 20%).
• Poor = load / flow is higher than long term median
Consistent with Cook and Holland (2012) loads were
calculated using flows and nutrient concentrations
from the gauged catchments of the Tambo, Nicholson,
Mitchell, Avon, Thomson and Latrobe Rivers (Victorian
Water Measurement Information System). Loads were
calculated using the Kendal Ratio method (Kendall
et al. 1983) stratified for flow using a spreadsheet
routine (Tan et al. 2005).
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3.3.2		 Results
Summary
Indicator

Status and trends
Unknown

Poor

Fair

Good

Nutrient loads

Data quality:
Good
Data custodian:
Victorian Water Measurement
Information System
data.water.vic.gov.au/monitoring.htm

Status
Total nitrogen loads entering the Gippsland Lakes
from the six major rivers from 2015 to 2020 ranged
between 494 tonnes in 2018 to 1691 tonnes in 2020.
Similarly, total phosphorus loads ranged from 23
tonnes in 2019 to 102 tonnes in 2016. While at face
value loads are tightly coupled to flows, with higher
loads in high rainfall years; condition is assessed by
looking at the ratio of nutrients to volume. That is, are
more nutrients entering the system per unit volume
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Summary
Loads of nutrients entering into the Gippsland Lakes
are strongly driven by rainfall in the catchment and
river flows. In wet years, more water flows into the
lakes, bringing with it more nutrients and sediments.
Conversely, dry years bring only small amounts of
nutrients into the Gippsland Lakes system. This
relationship between loads and flows is complex, and
this indicator has been assessed by considering both
the amount of nitrogen and phosphorus and the volume
of inflowing water. Over the past five years these relative
loads of both nitrogen and phosphorus largely been
below the long-term average, with the exception of 2014.
Flows and loads vary substantially over time, but there
appears to be a decreasing trend (improving condition)
in nutrients loads following the peaks of 2007.

of water? The flow averaged nutrient concentrations
are presented in Figure 6 from 1977 to 2020. This
illustrates that in the past five years, which have
included mostly low rainfall years, with the exception
of 2016/17, the inflow of nitrogen and phosphorus
has been largely below the long-term median. The
long-term median of the flow averaged total nitrogen
and phosphorus concentrations have been 0.69 and
0.07, respectively. In the past five years, the median
ratios have been 0.61 and 0.03 respectively, indicating
“good” condition.

Figure 6 | Ratio of total nitrogen (top) and total phosphorus (bottom) loads to flow in the Gippsland Lakes, past five years
shown in orange (data 1978 – 2009 provided by Perran Cook, data from 2010 – 2020 calculated from stream flow and nutrient
data from the Victorian Water Measurement Information System data.water.vic.gov.au/monitoring.htm)

Trend
Exponentially Weighted Moving Averages of the ratio of total nitrogen and phosphorus loads to flow (Figure 7)
indicates that following the peak in 2007 (in the year of the flood following bushfires) there was an increase in loads,
but that loads are now returning to more usual levels. There is a clear trend of continued decreasing phosphorus
loads into the Gippsland Lakes.
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Figure 7 | Exponentially weighted moving averages (EWMA) of the ratio of total nitrogen and phosphorous loads to flows.

3.4 Phytoplankton
3.4.1 Indicators and thresholds
Phytoplankton are important in the Gippsland Lakes,
and through their photosynthesis, provide the primary
driver of food webs in the main lakes (Grigg et al. 2004,
Cook et al. 2008, Holland et al. 2009). Generally
the phytoplankton community is dominated by
dinoflagellates and diatoms, typical of estuaries and
coastal waters in temperate Australia (Day et al. 2011).
The Gippsland Lakes experience periodic algal blooms
and since 1986, a number of blooms of the common
estuarine cyanobacterium (blue-green algae) Nodularia
spumigena have been recorded across Lake King and
Lake Victoria (Webster et al. 2001, Beardall 2008, Day
et al. 2011). In 2007, for the first time, a bloom of the
normally marine cyanobacterium Synechococcus spp.
extended across large areas of the main lakes for over
five months (Beardall 2008, Day et al. 2011).
There are two indicators of phytoplankton used in
this State of the Lakes assessment, one based on
chlorophyll-a concentrations and the other on the
frequency of algal blooms in the main lakes.
Condition of the Gippsland Lakes, with respect to
chlorophyll-a concentration has been assessed as per
the water chemistry variables:
• Good = annual median values for the past five years
were consistently better than the 80th percentiles of
reference years (1986-1988).
• Fair = the annual median for one year in the past
five years was worse than the 80th percentiles of
reference years (1986-1988).
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• Poor = the annual median for two or more of the
past five years was worse than the 80th percentiles
of reference years (1986-1988).
In terms of the frequency of algal blooms, the Resource
Condition Targets (RCT) for the Ramsar site have been
used to derive thresholds.
RCT = A reduction in the number of years in which
blue-green algal blooms occur in the lakes to less than
five over the 20 years (East Gippsland CMA 2015).
Condition thresholds for algal blooms are as follows:
• Good = meets RCT (< 5 algal blooms in 20 years)
• Fair = between 5 and 8 algal blooms in 20 years
• Poor = >8 algal blooms in 20 years

3.4.2 Locations
Phytoplankton is important to the main lakes and
is a driver of food webs and productivity in the
coastal lagoons. In the fringing wetlands, there is
less information on phytoplankton and its importance
in food webs is less certain. The assessment of
phytoplankton is limited to Lakes Wellington, Victoria
and King due to data availability.

3.4.3 Results: Chlorophyll-a
Summary
Indicator

Status and trends
Unknown

Poor

Fair

Good

Chlorophyll-a

Lake
Wellington

Data quality:
Good
Data custodian:
EPA

Lakes Victoria
& King

Summary
Chlorophyll-a is the green photosynthetic pigment in
plants and is used as an indicator of phytoplankton
biomass. Median concentrations of chlorophyll-a were
below the threshold in Lakes Victoria and King from
2015 to 2020 indicating “good” condition. In Lake
Wellington the threshold was exceeded in 2019/20 which
is assessed overall as “fair”. There is little evidence of a
trend in chlorophyll-a in Lakes Victoria and King. There
appeared to be a trend of increasing phytoplankton
in Lake Wellington from 2007 to 2013, a decline from
2013 to 2016, then an increasing trend again since 2016
(Appendix 2). Whether this is evidence of a sustained
trend remains unknown.

Status
Median chlorophyll-a concentrations from 2015 to 2020 in Lakes Wellington, Victoria and King were 16, 7 and 3 µg/L,
respectively, illustrating the gradient in phytoplankton biomass across the main lakes. Chlorophyll-a concentrations
are generally higher in wet years (e.g. 2011/12) but have largely remained below average over the past five years
indicating a return to “good” condition. Average chlorophyll-a concentrations are presented in Figure 8 and indicate
that the highest concentrations occurred during spring.

Figure 8 | Average monthly chlorophyll-a concentrations in the surface waters of Lakes Wellington, Victoria and King 2017–2020
(data from EPA Victoria).
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Trend
There is little evidence of a trend in chlorophyll-a concentrations in Lakes King and Victoria (see Appendix 2). The
EWMA for chlorophyll-a concentration in Lake Wellington indicates a potential trend of increasing concentration
from 2007 to 2013, but a return to average conditions in recent years (Figure 9).

Figure 9 | Exponentially weighted moving averages (EWMA) of chlorophyll-a in Lake Wellington (data from EPA Victoria). Red line
indicates long term average.

Image credit: Craig Moodie
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Nutrients and algal blooms in the Gippsland Lakes
Extensive work has been conducted on the algal
blooms and phytoplankton dynamics of the
Gippsland Lakes (Webster et al. 2001, Grigg et al.
2004, Beardall 2008, Cook et al. 2008, Holland and
Cook 2009, Holland et al. 2009, 2013a, 2013b,
Day et al. 2011 among others). Conditions that
lead to Nodularia blooms in the Gippsland Lakes
are now relatively well understood (Day et al. 2011,
Cook and Holland 2012).
In general, blooms of the blue-green algae occur
when salinities are low, temperatures are high
and the nitrogen is in short supply. Stratified
conditions are also important as this facilitates the
movement of phosphorus out of the sediments
under the low oxygen conditions in the bottom
waters, particularly in Lake Victoria. They also
allow cyanobacteria to dominate over diatoms, as
they can often regulate their buoyancy and thus
position in the water-column, whereas diatoms,
being heavier than water, tend to sink unless
maintained in the water-column by periodic mixing.

The environmental conditions for Nodularia blooms
were identified by Cook and Holland (2012) as:
• Salinities between 9 and 20 ppt (or PSU)
• Inorganic nitrogen concentrations < 0.4 µM
• Inorganic nitrogen to reactive phosphorus
ratios < 5:1
• Elevated water temperatures
While all species of phytoplankton have
requirements for phosphorus, blue-green algal
species such as Nodularia have the ability to
fix atmospheric nitrogen. This is thought to
competitively advantage these species when the
nitrogen available for other algal species is low.
While low inorganic nitrogen concentrations may
lead to blooms of the nitrogen fixing Nodularia,
large inputs of inorganic nitrogen (like those that
occurred after the 2006/7 bushfires) can trigger
blooms of other algal species and were implicated
in the bloom of Synechococcus sp. (Cook and
Holland 2012).
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3.4.4		 Results: Algal blooms
Summary
Indicator

Status and trends
Unknown

Poor

Fair

Summary

Good

Algal
blooms

Data quality:
Good

The indicator for algal blooms was assessed as “fair”
due to the number of blooms in the past two decades
(eight since 2001). Four of these were of the blue-green
algae Nodularia, three were the blue-green algae
Synechococcus and the bloom in the summer of 2015/16,
was of the diatom Pseudo-nitzschia. The long-term
record for algal blooms is incomplete and it is difficult
to know if there is a trend in the frequency or extent of
algal blooms in the system.

Data custodian:
DELWP

Status
There have been eight algal blooms in the main
lakes in the past two decades (data from DELWP
unpublished):
• 2001/02 – Nodularia
• 2007/08 – Synechococcus
• 2010/11 – Nodularia
• 2011/12 – Nodularia
• 2015/16 – Pseudo-nitzschia
• 2017/18 – Synechococcus
• 2018/19 – Nodularia
• 2019/20 – Nodularia and Syenchococcus
The eight blooms indicate a condition of “fair”. There
were successive blue-green algal blooms in the lakes
in 2010/11 and 2011/12; and in the three years from
2017/18 to 2019/20. The extent of the algal blooms is
also a consideration for the condition of the lakes,
with localised blooms less of an impact than those that
cover a large proportion of the lakes. For example,
the Nodularia bloom in 2010/11 covered greater than
10 % of the main lakes while the bloom in 2011/12
was smaller as was the 2017/18 bloom. Similarly, the
Nodularia bloom in March 2019 was localised to around
Marley Point, but the March 2020 Syenchococcus
bloom was widespread and likely covered more than
10% of the system. There have therefore been several
blooms that covered a substantive portion of the
Lakes in the past two decades.

Trend
There is little contemporary information upon which
to assess a trend in algal blooms. A study of the
long-term history of algal blooms in the Gippsland
Lakes from sediment cores indicates that there are
two distinct periods of blue-green algal blooms in the
lakes (Holland et al. 2013). The first was prior to the
opening of the entrance to the Southern Ocean, when
catchment inputs were concentrated in the closed
lagoon system resulting in increased algal blooms.
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The construction of the channel at Lakes Entrance saw
an immediate reduction in algal blooms and a period
of low algal growth, as the system filled and flushed
with marine water. More recently high algal growth and
frequency of algal blooms coincide with high nutrient
concentrations linked to catchment inputs (Holland
et al. 2013). Whether there is a sustained trend in algal
bloom frequency, extent or intensity in the lakes is
not known.

3.5 Toxicants
3.5.1		 Indicators and thresholds
Toxicants include heavy metals as well as pesticides,
herbicides and other chemicals that may cause harm
to biota and humans. Toxicants from the catchment
are transported through rivers and streams into the
Gippsland Lakes and most will be bound to sediment
particles and deposited in the sediments of receiving
waters. For this reason, many studies focus on
measuring toxicant concentrations in sediments.
Condition with respect to toxicants has been assessed
based on sediment quality guidelines (Australian and
New Zealand Environment and Conservation Council
and Agriculture and Resource Management Council of
Australia and New Zealand 2000) as follows:
• Good = meets ANZECC low sediment quality
guidelines
• Fair = between low and high sediment quality
guidelines
• Poor = exceeds high sediment quality guidelines.

3.5.2		 Locations
The most recent assessment of sediment toxicants was
conducted in 2015 and 2016 across the main lakes and
also included sampling in two fringing wetlands: Heart
Morass and Dowd Morass (Reeves and Trewarn 2016).

3.5.3		 Results
Summary
Indicator

Status and trends
Unknown

Poor

Fair

Good

Toxicants

Lakes Victoria
& Wellington

Lake
King

Data quality:
Fair

Summary
There is some evidence of concentrations of mercury
in sediments exceeding sediment quality guideline low
trigger values in Heart Morass, Lake Wellington and
Lake Victoria (Reeves and Trewarn 2016). In addition,
there are high concentrations of nickel throughout the
system, although this is a result of underlying geology
and common in aquatic ecosystems in Victoria. Other
metals were below guideline levels and overall the risk
to the environment and human health from toxicants in
the Gippsland Lakes is considered to be low. There is
insufficient data to indicate trends.

Data custodian:
DELWP

Status
Concentrations of heavy metals in the sediments
of the Gippsland Lakes (Table 5) indicate levels of
nickel, mercury and arsenic above ANZECC low
sediment quality guideline values in Lakes Wellington
and Victoria. All other locations had toxicant
concentrations within guideline levels.
Concentrations of nickel are not considered to be of
concern as they reflect broader background levels of
nickel in sediments and soils across Victoria as a result
of underlying geology (Fabris et al. 1999b).
Concentrations of arsenic in sediments were elevated
in Lake Wellington at depth (rather than the surface)
which may indicate that deposition was related to
historical activities in the catchment such as mining.
The generally low levels and the presence of this
toxicant only at depth indicates a low level of risk to
ecology and human health (Reeves and Trewarn 2016).
The most recent study correlates with historical
investigations with respect to mercury. Over the past
30 years, there have been several studies that have
indicated that mercury may be of concern in the main
lakes (Glover et al. 1980, Harris et al. 1998, Fabris
et al. 1999a).
There are a number of possible sources of mercury in
the Gippsland Lakes catchment. This includes:
1 Gold mining in the 19th and 20th Centuries - mercury
was used to extract the gold from the crushed ore.
The waste crushed rock, containing small amounts of
mercury, was often discharged directly to waterways.
This mercury could have remained in stream
sediments, but a portion could have been washed
into the Gippsland Lakes and deposited in the
sediments.

2 Coal-fired power stations - coal-fired power stations
are the single largest known source of mercury
emissions globally (US EPA 2008). Although the
amount of mercury in coal is very small, the large
amount of coal burned each year (currently over
30 million tonnes annually in the Latrobe Valley)
could mean the release of a significant amount of
mercury into the atmosphere. This can be washed
into the lakes with rain. Interestingly the most
recent investigation indicated a correlation between
mercury and selenium concentrations in the Lower
Latrobe River, pointing to power station fly-ash as
the source.
3 Mercury may naturally occur in bedrocks and
sediments of the catchment.
Elevated concentrations of mercury in the sediment
does not necessarily mean that there is an impact on
human health or the health of plants and animals that
live in the Gippsland Lakes. Most of the mercury in
the sediment will be in solid form, bound to sediment
particles. In this form, mercury is not readily bioavailable. Under certain conditions (like low oxygen
levels) bacteria in the sediment can convert the
mercury from the solid form to methyl mercury, which
is very fat soluble and can be absorbed by animal
cells. In addition, mercury is known to bioaccumulate,
with concentrations increasing as animals up the food
chain consume animals containing mercury. A recent
investigation of the concentrations of mercury in fish in
the Gippsland Lakes however, indicated they were well
within food safety guidelines (Department of Health
and Human Services 2017).
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Table 5 | Concentrations of metals at depth, exceedances of ANZECC low guideline values shaded (Reeves and Trewarn 2016;
BD = below detection).

Location

Depth

Chromium Nickel

Copper

Arsenic

Cadmium

Mercury

Lead

Heart Morass

0-5
5-10
10-15
15-20
0-5
5-10
10-15
15-20
0-5
5-10
10-15
15-20
0-5
5-10
10-15
15-20
0-5
5-10
10-15
15-20

41.86
42.43
43.76
44.34
31.05
24.34
24.55
21.33
35.95
41.56
44.81
45.23
32.15
24.18
30.62
27.61
4.72
4.19
4.25
4.74

38.44
39.29
39.78
39.79
17.96
22.79
27.82
30.96
15.55
20.88
23.35
22.86
21.98
15.94
20.78
20.25
1.92
1.50
1.55
1.79

11.63
12.55
13.83
19.95
5.20
7.50
6.95
7.83
9.27
22.00
20.11
13.67
7.76
5.86
8.99
9.02
10.40
10.76
12.48
5.90

0.40
0.12
0.10
0.12
0.01
0.03
0.04
0.04
0.04
0.04
0.04
0.04
0.05
0.03
0.05
0.05
0.06
0.05
0.05
0.07

0.31
0.15
0.17
0.17
0.07
0.13
0.09
0.11
0.06
0.06
0.06
0.06
0.39
0.41
0.56
0.62
BD
BD
BD
BD

40.38
42.54
43.25
43.52
17.51
12.12
9.36
9.08
11.17
13.67
16.01
16.19
17.77
14.82
18.64
17.84
15.10
17.40
18.08
12.09

Dowd Morass

Lake
Wellington

Lake Victoria
West

Lake King

37.53
39.33
40.03
41.23
18.15
13.97
16.67
17.04
21.99
25.53
27.87
28.14
24.33
18.55
23.46
21.30
20.58
21.77
23.74
23.31

Trend
Information on toxicant concentrations in the waters
and sediments of the Gippsland Lakes is limited. There
are a handful of historical studies (Glover et al. 1980,
Harris et al. 1998, Fabris et al. 1999a) some isolated
one off investigations (Boon et al. 2007) and the recent
investigation (Reeves and Trewarn 2016). This is
insufficient to determine trends.

3.6 Knowledge gaps
The water quality of the main lakes is, to a large
extent, well studied and the monthly EPA Victoria
monitoring program provides a good long-term record
for this part of the site. Noting that there have been
significant gaps in the monthly monitoring record in
the past five years. Historically, water quality in the
fringing wetlands is less well studied and while spot
water quality measures are often taken when other
studies on biota are being conducted, these rarely
provide anything more than isolated snapshots. This is
particularly problematic for wetlands with fluctuating
hydrology. There will be strong dilution effects as
wetlands fill and then a slow concentration of salts,
nutrients and other elements in the residual pool as
water evaporates. This means that spot measures
taken at random intervals provide very little useful
information for understanding condition and trends.
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While a comprehensive water quality monitoring
program is probably not warranted at every fringing
wetland in the Gippsland Lakes system, the current
program which has installed loggers for water chemistry
in Heart, Dowd and MacLeod Morass and Sale Common
is welcome and should provide valuable data for future
evaluations.
The sediment investigation in 2015 / 2016 provides
a good pilot study of toxicants across the system.
The elevated concentrations of mercury and arsenic
warrant further investigation and the project, completed
in 2016, recommended that bioavailability of these
metals should be tested (Reeves and Trewarn 2016).

3.7 Influencing factors and threats
Water chemistry in the Gippsland Lakes is influenced
by a wide range of internal and catchment based
factors. In particular, water resource use, inflows
from the catchment and the influences of a changing
climate have been identified as threats to the current
and future water quality of the Gippsland Lakes (EPA
Victoria 2015).
Approximately 20% of the total average freshwater
inflow to the Gippsland Lakes is extracted for a number
of consumptive purposes, including the major
extractions of the Macalister Irrigation District (Tilleard
and Ladson 2010). Water resource use is not even
distributed across the catchment and is significantly

higher in the western rivers than the east. The
combined effects of extraction and storage result in
an average reduction of freshwater inflow into Lake
Wellington of more than one third (O’Connor et al.
2009). This reduction in freshwater inflows has been
identified as the critical factor affecting salinity (and
the rise of salinity) in Lake Wellington (Tilleard et al.
2009, Ladson et al. 2011). The reduction in freshwater
inflows lowers water levels and results in increased
saline water flowing from Lake Victoria through
McLennan Strait into Lake Wellington (Tilleard et al.
2009, SKM 2010). This then has follow-on effects of
the back flow of saline water from Lake Wellington into
many of the fringing wetlands (Boon et al. 2007). Under
a future climate with higher sea levels and a reduction
in rainfall and run-off, salinity in Lake Wellington and
the fringing wetlands could be expected to increase.
Increased nutrient and sediment loads from the
catchment have been identified as significant drivers
of water quality decline in the system, leading to
eutrophication, algal blooms and impacts to the

beneficial uses and values of the Gippsland Lakes.
Riverine nutrient loads are the dominant input of
nutrients to the system, except under the right
(algal bloom) conditions when direct fixation from
the atmosphere by nitrogen fixing cyanobacteria can
exceed catchment inputs (Cook et al. 2008).
As stated above, events such as bushfires in the
catchment, result in the mobilisation of large amounts
of sediment and nutrients into the system. For example,
it was estimated that the combined effects of bushfires
and floods in 2007 resulted in an addition 4000 tonnes
of nitrogen entering the system (Ladson 2012). Climate
change projections also suggest that fire weather,
one of the risk factors for bushfires, will become
more severe; indicating an increase in the frequency
and intensity of bushfires (Hennessy et al. 2006). An
increase in fires, together with increased intensity and
frequency of storm events could lead to a repeat of the
2007 events which saw a major decline in water quality
in the Gippsland Lakes.
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The Gippsland Lakes supports a wide range of different vegetation types, which are described
under the theme “habitats” for consistency with the State of the Bays reporting.

Four indicators of condition have been selected:
• Seagrass – three species of seagrass occur in
Lakes Victoria and King: Zostera nigricaulis in
deeper areas, and Zostera mulleri in shallower, often
intertidal, areas where the seagrass may be exposed
at low tide, and Ruppia spiralis.
• Coastal saltmarsh – EPBC listed vulnerable
community that occurs across many of the fringing
wetlands as well as across the hypersaline Lake
Reeve. Coastal saltmarsh includes a wide variety of
plants differing greatly in their taxonomic, structure
and life histories. In general, though, they occur in
consistently saline environments and are generally
dominated by low succulent chenopods
(e.g. Sarcocornia spp.).
• Freshwater wetland vegetation – in Sale Common
and MacLeod Morass. Includes a variety of emergent
reeds, and sedges such as Common Reed
(Phragmites australis), Baumea spp., Bolboschoenus
spp., Carex spp., Cyperus spp., Juncus spp.,
Schoenoplectus spp.
• Variably saline wetland vegetation – which includes
woody communities such as Swamp Paperbarks
(Melaleuca ericifolia) as well as a variety of emergent
salt tolerant rushes and sedges.
The vegetation of the Gippsland Lakes plays a critical
role in the lakes’ ecology including:
• primary production, via photosynthesis, supplying
energy to the system and food for a range of fauna
• provision of the habitat used by animals for shelter
• contributions to nutrient cycles via take-up and
release nutrients such as nitrogen and phosphorus
• stabilisation of shorelines, protecting them from
erosion
• contributions to biodiversity and other intrinsic
values (Batavia and Nelson 2017).

4.1 Seagrass
4.1.1 Indicators and thresholds
The Limits of Acceptable Change (LAC) and Resource
Condition Targets (RCT) for the Ramsar site have been
used to derive thresholds.
LAC = Total seagrass extent will not decline by greater
than 50 percent of the baseline value of Robb and
Ball 1997 (that is, by more than 2165 hectares) in two
successive decades at a whole of site scale.
RCT = The current extent and condition of seagrass in
the Gippsland Lakes Ramsar Site will be maintained as
indicated by the following:
• Maintain extent of seagrass – 4000 to 5000 hectares.
• Maintain medium-dense seagrass cover in 25 % of
beds (measured as a long-term average over the 20
year timeframe).
Condition thresholds for seagrass are as follows:
• Good = meets RCT
• Fair = between RCT and LAC
• Poor = exceeding LAC

4.1.2 Locations
Seagrass is only a feature in the more marine
environment of the main lakes (Lakes Victoria and King).

The vegetation of the Gippsland Lakes also provides
social and economic values. Some types of plants, for
example seagrass, are especially valued for anglers
for their contribution to productive and sustainable
fisheries. Other types, for example, the fringing
vegetation of freshwater and variably saline wetlands,
are valued by birdwatchers for the waterbirds they
support. Although perhaps not as widely recognised is
the value that fringing vegetation including paperbark
swamps, reed beds and coastal Banksia woodlands
have in preventing shoreline degradation and in
maintaining the aesthetics of the Gippsland Lakes.
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4.1.3		 Results
Summary
Indicator

Status and trends
Unknown

Poor

Seagrass
extent

Data quality:
Good
Data custodian:
East Gippsland CMA

Seagrass
condition

Fair

Good

Summary
Seagrass in the Gippsland Lakes is important habitat
for fish and waterbirds and important to the local
community. Seagrass exhibits a high degree of variability
in above ground biomass on annual (and longer)
timescales (Bulthuis and Woelkerling 1983) and results
must be considered in this context. Seagrass extent
ranged from 2235 hectares in 2021 to 2854 hectares
in 2019. This is within the LAC, but the RCT has not
yet been achieved, so the assessment for seagrass
extent is “fair”. There is no clear trend, with a high
degree of annual variability. Current mapping (2017 to
2021) indicates 32 to 38% of the seagrass occurred as
dense patches. The RCT for seagrass density has been
achieved, reflecting “good” status.

Data quality:
Good
Data custodian:
East Gippsland CMA

Status
Seagrass has been recently mapped over four time periods from Sentinel-2 satellite imagery (Brooks and Hale
2021a): 09/03/2017, 20/04/2019, 15/03/2020, 24/01/2021.
The extent of seagrass from 2017 to 2021 in density categories is illustrated in Figure 10. While total seagrass
extent did not vary substantially over the four time periods, there are distributional differences with 2017 having
more seagrass in Jones Bay and less in the western end of Lake Victoria in comparison to the other years.
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Figure 10 | Distribution of seagrass in the Gippsland lakes Ramsar site in 2017–2021.
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Trend
Consistent with current understanding and
assessments of seagrass from other comparable
areas, there is a relatively high degree of interannual
variability in seagrass extent and density. Seagrass
extent can be highly variable. Results from nearby
coastal embayments, such as Port Phillip Bay, show
large changes in extent (increases and decreases) over
relatively short periods of time (Hirst et al. 2012, Ball et
al. 2014). The mapping over the past five years does
not suggest any trend in extent or condition.

Influencing factors and threats
The extent and condition of seagrasses can vary
markedly over time due to a range of natural and
anthropogenic factors (Green and Short 2003).
Multiple studies have indicated that seagrass extent
and density in the Gippsland Lakes is highly dynamic
and in a state of “continual fluctuation” (Roob and
Ball 1997, Kitchingman 2016, Hale and Brooks 2019,
Brooks and Hale 2021a).
Seagrass extent and condition can be influenced by a
wide variety of factors, but in the Gippsland Lakes light
availability, salinity, nutrients and disturbance are likely
to play significant roles (Roob and Ball 1997).
As fully submerged plants, seagrasses are highly
susceptible to changes in the underwater light
regime and thus to increases in turbidity and
suspended sediments. Increased sediment loads
from inflowing rivers following heavy rain can hold
suspended sediments in the water column and limit
light that is available for photosynthesis. In shallow
waters high wave action can result in disturbance of
bottom sediments and this resuspension can reduce
underwater light availability.
The amount and quality of light available to seagrasses
is also affected by the biomass of phytoplankton in
the water column and the cover of epiphytes on the
leaves: both intercepting the light that would otherwise
be available to seagrasses for photosynthesis. High
nutrient concentrations facilitate the build-up of large
algal biomasses inhibitory to seagrass growth.
Conversely however, periods of very low nutrient
availability can also lead to seagrass decline, as the
seagrasses are then nutrient limited. Prolonged periods
of low rainfall, leading to reduced inflows of nutrients
from the catchment can lead to such conditions.
During the development of the Gippsland Lakes
Ramsar Site Management Plan, concerns were
raised about the potential effects of boat mooring
on seagrass in the Gippsland Lakes (East Gippsland
CMA 2015). Although there is no empirical evidence
from the lakes on the effect of moorings on seagrass,
there is clear evidence of serious impacts elsewhere
in Australia (Walker et al. 1989). Seagrass friendly
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moorings are currently being installed and an
associated monitoring program will provide some
evidence of their effectiveness (East Gippsland CMA,
personal communication).
Most of the seagrass in the Gippsland Lakes is
intertidal or shallow sub-tidal, growing in water < 2
metres deep (Roob and Ball 1997). These communities
will be highly susceptible to increased temperatures
(particularly temperature extremes under a future
climate). Several studies in Australia and internationally
have reported loss of seagrass following extreme heat
waves (Collier and Waycott 2014, Fraser et al. 2014,
Thomson et al. 2015, Nowicki et al. 2017). In several
instances, there was a loss in not just above ground
biomass, but also root mass and carbon stores,
limiting recovery. In addition, sea level rise is likely to
impact on seagrass in the Gippsland Lakes, as water
depths increased, there will be less light available
in deeper waters and limited capacity for landward
migration.
Another strongly influencing factor on seagrasses in
the Gippsland Lakes is salinity. Roob and Ball (1997)
suggested that seagrass biomass is greatest in the
Gippsland Lakes in locations where salinity rarely
falls below 25 ppt. This is consistent with a study of
seagrass condition where there was a drop in biomass
across sites in April 2012, coinciding with a decrease
in salinity to 14 – 18 ppt (Warry and Hindell 2012).
Similarly, recent mapping indicated a reduction in
extent of seagrass in January of 2021, when salinity
was low across the Lakes during summer (Brooks
and Hale 2021a).

4.2 Saltmarsh
4.2.1		 Indicators and thresholds
There are Limits of Acceptable Change (LAC) and
Resource Condition Targets (RCT) for saltmarsh extent:
LAC = The total mapped area of salt flat, saltpan and
salt meadow habitat at Lake Reeve Reserve will not
decline by greater than 50 percent of the baseline
value outlined in VMCS for 1980 (that is, 50 percent
of 5035 hectares = 2517 hectares) in two successive
decades.
RCT = Maintain the extent, diversity and condition
of saltmarsh communities.
The LAC for saltmarsh covers Lake Reeve only and
also includes unvegetated salt flats, rather than the
vegetation community that is of value. A benchmark
for saltmarsh extent across the Gippsland Lakes was
established by Boon et al. (2011) and thresholds based
on a deviation from this benchmark have been derived
for the GLER as follows:

4.2.2		 Locations

• Good > 4000 hectares
• Fair = 4000-3000 hectares
• Poor < 3000 hectares
Vegetation composition and structure was used to
assess the condition of vegetation in coastal saltmarsh,
specifically in terms of conformity with EVC benchmarks
according to the method recommended by Boon et
al (2011). Condition is reported on a five-point scale,
which has been translated into the three categories for
the State of the Gippsland Lakes as follows:
• Good = score > 85
• Fair = score 66 to 84
• Poor = score < 65

Saltmarsh occurs in intertidal zones across the main
lakes and in many of the variably saline wetlands that
fringe Lake Wellington. There is also a large expanse
of saltmarsh across Lake Reeve. Mapping of saltmarsh
extent has been completed in 2021 from satellite
imagery and condition assessment undertaken at a
total of 42 locations around the main lakes and fringing
wetlands from 2019 (Greening Australia 2019) and
2021 (Brooks and Hale 2021).

4.2.3		 Results
Summary
Indicator

Status and trends
Unknown

Poor

Saltmarsh
extent

Data quality:
Good
Data custodian:
East Gippsland CMA

Saltmarsh
condition

Fair

Good

Summary
Total extent of saltmarsh in 2021 was 4058 hectares,
of which 1261 hectares was within Lake Reeve. This
represents achievement of the RCT and indicates that the
extent of saltmarsh within the Gippsland Lakes Ramsar
Site has been maintained, indicating good condition.
While the extent of saltmarsh within the Ramsar site
boundary remains comparable to that in 2011; there is
some evidence of an expansion of saltmarsh in some
areas adjacent to the Gippsland Lakes, but outside the
Ramsar site boundary.
Assessments of 42 areas of saltmarsh indicated that
60% were in “good condition”, four in “fair” condition
and 14 in poor condition. The average score across
all sites was 77, indicating fair condition. Repeat
assessments of condition over time will be required
to assess trend in condition of saltmarsh.

Data quality:
Fair
Data custodian:
East Gippsland CMA
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Status
There are extensive areas of saltmarsh around the
Gippsland Lakes, lining the shores of the main lakes,
covering many of the fringing wetlands, and across
Lake Reeve. Coastal saltmarsh communities are
generally species poor compared to other wetland
vegetation communities, but there are several distinct
types. The most common saltmarsh communities in
the Gippsland Lakes are the intertidal Wet Saltmarsh
Herbland (most often dominated by beaded glasswort
(Sarcocornia quinqueflora) and the rarely inundated
Coastal Dry Saltmarsh. Comprehensive mapping of
saltmarsh across the Gippsland Lakes was completed
in 2011 (Boon et al. 2011) estimated a total of over
10,000 hectares of coastal saltmarsh around the
Gippsland Lakes, 4300 hectares of which was within
the Ramsar site Boundary.

Recent (January 2021) mapping of saltmarsh within
the Ramsar Site Boundary indicated that there was
1261 hectares of saltmarsh in Lake Reeve and 3405
hectares in other locations, resulting in a total of 4666
hectares of saltmarsh. The extent of saltmarsh within
the Ramsar Site has been maintained, indicating
achievement of the RCT, and indicative of “good”
condition.
Saltmarsh condition varied considerably spatially and
between saltmarsh community types. Assessments in
2021 indicated that, Coastal Dry Saltmarsh, Coastal
Hypersaline Saltmarsh, Saline Aquatic Meadow and
Wet Saltmarsh Herbland were all in good condition.
Estuarine Scrub, however, was consistently assessed
as being in very poor condition (Table 6).

Figure 11 | Distribution of saltmarsh in the Gippsland lakes Ramsar site (Brooks and Hale 2021b).
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Table 6 | Condition of saltmarsh assessed in 2021.

Location

EVC

Condition Score

Condition Category

Lake Reeve
Lake Reeve site
Victoria Lagoon
Lake Reeve
Lake Reeve
Lake Reeve
Clydebank Morass
Flannagan Island
Lake Coleman
South-east corner of Lake Wellington
McLennan Strait
West of Spoon Bay
Lake Coleman
Lake Coleman
Morley Swamp
South-east corner of Lake Wellington
Trouser Swamp, Sperm Whale Head
Lake Reeve
Victoria Lagoon
Boole Poole (east)
Boole Poole (west)

Coastal Dry Saltmarsh
Coastal Dry Saltmarsh
Coastal Dry Saltmarsh
Coastal Hypersaline Saltmarsh
Coastal Hypersaline Saltmarsh
Coastal Tussock Saltmarsh
Estuarine Reedbed
Estuarine Scrub
Estuarine Scrub
Estuarine Scrub
Estuarine Scrub
Estuarine Scrub
Estuarine Wetland
Estuarine Wetland
Estuarine Wetland
Estuarine Wetland
Estuarine Wetland
Saline Aquatic Meadow
Saline Aquatic Meadow
Wet Saltmarsh Herbland
Wet Saltmarsh Herbland

95
100
95
100
95
95
85
36
41
36
36
36
43
85
100
60
95
100
100
100
100

Good
Good
Good
Good
Good
Good
Good
Very Poor
Very Poor
Very Poor
Very Poor
Very Poor
Very Poor
Good
Good
Poor
Good
Good
Good
Good
Good

Trend
Some consideration has been given to the change
in extent of saltmarsh at the lakes since European
colonisation (Boon et al. 2016). For Lake Reeve it
appears that 85% of pre-European coastal saltmarsh
has been retained (Sinclair and Boon 2012). The same
study could not draw any consistent conclusions about
changes in extent at Lakes Victoria, King or Wellington.
Recent, large scale mapping of vegetation communities
across Victoria provides some evidence of trend in
saltmarsh extent around the lakes. This indicates small

increases in extent from 1985 to 2015 then a return
to 1985 benchmark conditions (Figure 12). Given the
coarse nature of this mapping, however, it is possible
that the small changes detected are within the error
of outputs. A comparison of saltmarsh extent from
2011 with 2021, indicates no clear change in extent,
although there are some areas where landward
migration of saltmarsh may be occurring, such as along
the eastern shoreline of Lake Coleman (Figure 12).
By and large, however, all evidence suggests there has
been no substantive change in saltmarsh extent over
the past decade.

Figure 12 | Change in saltmarsh extent (%) in the Gippsland Lakes from 1985 to 2019 (calculated from White et al. 2020).
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Figure 13 | Eastern shore of Lake Coleman showing areas of potential saltmarsh expansion over the last decade beyond the
limits mapped by Boon et al. (2011).

There is no information available to allow trends in the
composition or structure of the coastal saltmarshes of
the Gippsland Lakes to be determined. The condition
assessments conducted in 2019 and 2021 provide a
benchmark against which future changes in condition
can be assessed.

Influencing factors and threats
Coastal saltmarsh occurs in a very narrow elevational
band between mean sea level and highest astronomical
tide, commonly limited to the level of the highest
spring tide. This means it is constrained along much
of the south-east Australian coast between mangroves
or seagrass on the low-water limit and more terrestrial
vegetation (e.g. paperbark wetlands) on higher ground.
As such, it is highly susceptible to changes in sea
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levels and to coastal erosion. Boon et al. (2015)
described the range of factors that affected coastal
saltmarsh in Victoria: these included changes in sea
level, erosion caused by storm damage, grazing
by feral and domestic animals (e.g. cattle, rabbits),
invasion by weeds such as Tall Wheat Grass and
Spartina, and inappropriate recreational activities, such
as the driving of vehicles, in saltmarshes. Saltmarshes
are also highly susceptible to pollution, including
hydrocarbon pollution arising from boating activities
and heavy-metal pollution (e.g. from CCA-treated
pylons). Changes in freshwater inflows also affect
saltmarshes, as these facilitate invasion by aquatic
plants less tolerant of salinity, such as Phragmites
australis. Finally, coastal saltmarsh may be invaded
by mangroves, especially if sea levels continue to rise
(Boon 2017).

4.3 Freshwater wetlands
4.3.1		 Indicators and thresholds
The Limits of Acceptable Change (LAC) and Resource
Condition Targets (RCT) for the Ramsar site have been
used to derive thresholds for freshwater wetland
vegetation extent.
LAC = The total mapped area of freshwater marshes
(shrubs and reed wetland types) at Sale Common
and Macleod Morass will not decline by greater than
50 percent of the baseline value for 1980 (that is,
50 percent of 402 hectares = 201 hectares) in two
successive decades.
RCT = Maintain the extent, diversity and condition of
freshwater vegetation communities.
Extent thresholds for freshwater wetland vegetation
extent are as follows:
• Good = meets RCT
• Fair = between RCT and LAC
• Poor = exceeding LAC

Vegetation composition and structure was used to
assess the condition freshwater wetland vegetation
extent, specifically in terms of conformity with EVC
benchmarks. The Index of Wetland Condition biotic
sub-index is used to assess vegetation across several
themes: structure, community composition, and weeds.
This is used to derive a condition score out of 20 for
each vegetation community. Condition is reported on
a five-point scale, which has been translated into the
three categories for the State of the Gippsland Lakes
as follows:
• Good = biota score 16 - 20
• Fair = biota score 13 - 10
• Poor = biota score 0 – 9

4.3.2		 Locations
There are only two freshwater wetlands in the
Gippsland Lakes: Sale Common and the upper part
of MacLeod Morass.
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4.3.3		 Results
Summary
Indicator

Status and trends
Unknown

Poor

Fair

Summary

Good

Freshwater
vegetation
extent

There are only two large freshwater complexes of wetland
vegetation remaining in the Gippsland Lakes: Sale Common
and the upper parts of Macleod Morass, the latter being
maintained in its current condition largely by inputs of
treated wastewater from Bairnsdale (plus a regulator
structure at the lower end of the wetland, which stops the
intrusion of saline water from the lower Mitchell River).

Data quality:
Good

Extent of wetland vegetation within the two wetlands
varies in response to patterns of wetting and drying, with
an expansion of emergent vegetation during drier phases
as the extent of open water contracts.

Data custodian:
East Gippsland CMA

Freshwater
vegetation
condition

Mapping of wetland vegetation from satellite imagery
in 2020 indicated a mosaic of open water emergent
macrophytes and paperbark communities at both
wetlands, indicative of good wetland habitat extent (
Hale and Brooks 2020).

Data quality:

Quantitative data on vegetation condition is available for
Sale Common from 2015 and suggests the condition of
the vegetation is also good.

Fair
Data custodian:
DELWP

There is no information available to draw conclusions
about trends. Changes in vegetation types, condition
and extent are, however, likely to be related as much to
long-term patterns in climate as they are to direct human
activities over time frames relevant to this assessment.

Status
Mapping of wetland vegetation at Sale Common is
available for three points in time 2015 (Frood et al.
2015); 2016 and 2020 (Hale and Brooks 2020). This
equates to two wet phase mapped products (2015
and 2020) and one during a dry phase (2106). The
data illustrate the response of wetland habitats to
inundation, with an expansion of emergent vegetation
into areas of previous open water as water levels draw
down and a return of open water habitat upon refiling

(Figure 15). Wetland vegetation extent is within the
LAC and are indicative of “good” status (Table 7).
Mapping of wetland vegetation for MacLeod Morass
is available for 2005 and 2020 (Figure 16). There does
not appear to have been significant changes in broad
vegetation classes over the time period and a habitat
mosaic has been maintained. Total marshes across
the two freshwater wetlands in 2020 was 559 hectares
suggesting the RCT has been met and indicative of
“good” condition.

Table 7 | Areas of wetland vegetation in hectares (%) in Sale Common in 2015 (Frood et al. 2015); 2016 and 2020 (Hale and
Brooks 2020) and MacLeod Morass in 2005 (Navanteri and Kambouris 2008) and 2020 (Hale and Brooks 2020).

Sale Common
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MacLeod Morass

Location

2015

2016

2020

2005

2020

Open water
Native emergent vegetation
Woody vegetation
Total marshes

140
69
86
155

158
49
90
149

27
145
89
234

150
150
75
225

98
263
62
325
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Figure 14 | Wetland vegetation in Sale Common derived from Sentinel-2 image classification in the dry phase (left) and
following inundation (right) (Hale and Brooks 2020).

Data on vegetation composition and structure are
available from Frood et al. (2015) for Sale Common.
Floodway Pond Herbland (EVC 810) and Tall Marsh
(EVC 821) are the two most extensive aquatic
vegetation types in Sale Common. They received EVC
scores of 17.4 for the largest patches, and variously
15 -19 for other, smaller patches. The small patch
(4 ha) of Swamp Scrub (EVC 53) received a score of
15/100. On these grounds, the aquatic vegetation of
Sale Common can be rated as Good. The condition
of the other large freshwater wetland associated with
the Gippsland Lakes, MacLeod Morass, has not been
recently assessed and is not known.

Trend

Figure 15 | Wetland vegetation in MacLeod Morass derived
from Sentinel-2 image classification in June 2020 (Hale and
Brooks 2020).

Currently there are only two entire freshwater wetlands
associated with the Gippsland Lakes: Sale Common
and the upper portions of Macleod Morass. Smaller
patches of freshwater wetland occur in variably saline
wetlands such as Heart Morass. It is likely that large
areas of formerly freshwater wetlands have been
lost since European colonisation of the Gippsland
region, caused by the creation and maintenance of
the opening to the ocean at Lakes Entrance and by a
reduction in freshwater flows entering the lakes from
the Latrobe River and its tributaries. The scale and
trajectory of the change, however, is unknown (Boon
et al. 2016).
There is no information available to allow trends in
the composition or structure of the two remaining
freshwater wetlands. The limited data suggest that
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there has not been a significant change in broad
wetland vegetation types over the past decade.
Trends in condition are likely to be related to longterm changes in climate, for example prolonged dry
or wet periods. These long-term climatic patterns
will influence what types of vegetation grow in the
freshwater wetlands, and the extent to which they
are penetrated by either terrestrial or by more salttolerant vegetation. Saline intrusions are also likely to
be an increasing threat, especially with sea-level rise
(Alluvium 2013).

Influencing factors and threats
Many of the fringing wetlands around the Lakes would
have been, in pre-European times, fresh or at least
only episodically brackish (Bird 1961b, 1966; Boon
et al. 2016). The creation of the artificial opening to
the ocean at Lakes Entrance in 1889, combined with
construction of large dams to allow the extraction of
water from inflowing rivers for human consumption
in the 20th century, has led to a decrease in the area
of freshwater wetlands such that Sale Common and
MacLeod Morass are now the only remaining large
freshwater systems; small patches of freshwater
wetland persist in the brackish marshes next to the
river channels (e.g. see Figure 12).
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Increasing sea levels (and storm surges) are a major
threat to the remaining freshwater wetlands; both are
predicted to cause salinisation as saline water intrudes
further up the streams flowing into the Gippsland Lakes.

4.4 Variably saline wetlands
4.4.1		 Indicators and thresholds
The Limits of Acceptable Change (LAC) and Resource
Condition Targets (RCT) for the Ramsar site have been
used to derive thresholds for variably saline wetland
vegetation extent.
LAC = A habitat mosaic will be maintained at Dowd
Morass that comprises open water, common reed and
swamp paperbark, with no habitat comprising more
than 70 percent of the total wetland area for more than
five successive years (Hale unpublished).
RCT = Maintain the extent, diversity and condition of
variably saline vegetation communities.
Condition thresholds for variably saline wetland
vegetation extent are as follows:
• Good = meets RCT
• Fair = between RCT and LAC
• Poor = exceeding LAC

Vegetation composition and structure was used
to assess the condition of variably saline wetland
vegetation extent, specifically in terms of conformity
with EVC benchmarks. The Index of Wetland Condition
biotic sub-index is used to assess vegetation across
several themes: structure, community composition,
and weeds. This is used to derive a condition score
out of 20 for each vegetation community. Condition is
reported on a five point scale, which has been translated
into the three categories for the Gippsland Lakes
Environment Report as follows:
• Good = biota score 16 - 20
• Fair = biota score 13 - 10
• Poor = biota score 0 – 9

4.4.2		 Locations
Wetlands of the Gippsland Lakes that experience
variably saline regimes include Dowd Morass, The
Heart Morass, Lake Coleman and Clydebank Morass.
Data on vegetation composition, however, is limited to
two of these wetlands: Heart Morass and Dowd Morass.

4.4.3		 Results
Summary
Indicator

Status and trends
Unknown

Poor

Fair

Good

Variably saline
vegetation
extent
Data quality:
Good
Data custodian:
DELWP

Variably saline
vegetation
condition

Summary
Vegetation in wetlands of the Gippsland Lakes that
experience variably saline regimes are often dominated
by swamp paperbark Melaleuca ericifolia, but beds
of reeds and sedges are also common and important.
Quantitative information on vegetation condition is
available only for two of the major variably saline wetlands,
Heart Morass and Dowd Morass. The condition of other
large, variably saline wetlands associated with the
Gippsland Lakes is not known. The quantitative information
available indicates that the status should be given as
Good. There is no information available to discern any
trend in condition or in area. Substantial changes in
vegetation types, condition and extent are, however,
likely to be related as much to long-term patterns in
climate as they are to direct human activities over time
frames relevant to this assessment.

Data quality:
Fair
Data custodian:
DELWP

Status
The vegetation of the fringing wetlands was mapped
from satellite data in six categories in 2021 (Brooks
and Hale 2021b):
• Saltmarsh (see section 4.2)
• Tall marsh (emergent wetland vegetation largely
dominated by common reed or cumbungi)
• Shallow marsh (wetland vegetation dominated by a
variety of species including spike rush, giant rush,
Azolla spp., etc.)
• Swamp scrub (dominated by paperbark)
• Open water

The results indicated that there is approximately 1800
hectares of tall marsh, 1500 hectares of shallow marsh
and 5500 hectares of swamp scrub (Figure 17). This
is the first mapping of these wetland communities
across the Lakes and so what this means with respect
to condition status (i.e., good, fair or poor rating) is not
known. Repeat assessments over time will allow for
consideration of trajectories of change.
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Figure 16 | Fringing wetland vegetation mapping around the Gippsland Lakes (Brooks and Hale 2021b).

There are data available for wetland habitat extent in
Dowd Morass from two points in time, 2015 (derived
from intense ground surveys) and 2021 (mapped by
remote sensing from satellite imagery). The small
differences in extent most likely reflect the differences
in mapping method, rather than actual changes in
habitats. The two assessments indicate a habitat
mosaic has been maintained and are representative
of “good” condition.
Table 8 | Areas of wetland habitat in hectares (%) in the
portion of Dowd Morass within the Ramsar site in 2015
(Frood et al. 2015); and 2020 (Brooks and Hale 2021b).

Open water
Reed bed
Swamp scrub
Other

2015

2020

299 (35%)
322 (38%)
224 (26%)
5 (<1%)

321 (37%)
234 (27%)
267 (31%)
34 (4%)

Quantitative data on vegetation composition and
structure were available only for two variably saline
wetlands around the lower Latrobe River: Heart
Morass and Dowd Morass (Frood et al. 2015). Heart
Morass is spatially very complex, and Frood et al.
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(2015) reported over 60 spatially discrete vegetation
patches. The EVC scores of these patches ranged
from highs of 19 for a patch of Wet Sedgy Herbland
(EVC A116) and 18 for a patch of Tall Marsh (EVC
821), to a low of 6 for a patch of Floodplain Riparian
Woodland (EVC 56). The calculation of an IWC score
requires integration not only of different measures in
different EVCs, but also considers the extent of each
vegetation community in a wetland. The total score
for Heart Morass, from all vegetation communities
assessed was 16, indicating good condition.
Dowd Morass received scores for various EVC
components in different mapping units ranging from
19 for a patch of coastal saltmarsh aggregate (EVC
9) to a low of 8 for a patch of Brackish Wetland (EVC
565). The overall score was 16, indicating vegetation
was in Good condition. This ranking, however, must
be set against the large number of earlier research
reports on Dowd Morass, which indicate that the
Swamp Paperbark component of this wetland is in
poor condition, stressed by high salinity and prolonged
flooding (e.g. Raulings et al. 2010, 2011; Salter et al.
2007, 2010a, b).

Trend
There is no information available to allow trends in the
composition or structure, or the total area, of the variably
saline wetlands of the Gippsland Lakes to be determined.
Boon et al. (2008) indicated that there had been a
steady loss of Common Reed (Phragmites australis)
and encroachment into former reed-vegetated areas
of Dowd Morass by Swamp Paperbark (Melaleuca
ericifolia) since the 1950s, but whether similar patterns
have taken place in other variably saline wetlands is
unknown. The mapped extent of broad vegetation
communities in 2021 (Brooks and Hale 2021) will
provide a benchmark against which future changes
in extent can be assessed.

Influencing factors and threats
The variably saline wetlands of the Gippsland Lakes
provide one of the iconic features of the Gippsland
landscape. Almost all have been modified in one
way or another since European colonisation of the
region, mainly for agriculture (e.g. Heart Morass and
large parts of Clydebank and Dowd Morasses) and
in some cases for discharge of waste waters (e.g.
Lake Coleman). In some cases, they appear to have
deepened as a result of land use change, which may
influence their salinity and hydrological regimes.
As with all coastal wetlands, changes to salinity or
hydrological regimes will have very great impacts on
the variably saline wetlands of the Gippsland Lakes.
The dominant woody plant in these wetlands is the
Swamp Paperbark Melaleuca ericifolia, and whilst
it is tolerant of waterlogging it cannot withstand
permanent inundation. Similarly, while it is tolerant of
slightly saline conditions, it cannot withstand highly
saline conditions. Climate change, responsible for both
increases in sea levels and in storm surges, will likely

have major impacts on the variably saline wetlands. In
some places a co-dominant plant species is Common
Reed Phragmites australis, and there is good evidence
that for over the past 40-50 years it has become less
extensive in the variably saline wetlands (Bird 1961b;
Boon et al. 2008; Boon et al. 2016).
The vegetation of the variably saline wetlands is
expected to vary strongly with long-term changes in
climate, for example prolonged dry or wet periods.
These long-term climatic patterns will influence what
types of vegetation that grows best under prevailing
conditions: dry periods might see the contraction
of paperbarks and the expansion of salt-tolerant
plant species and wetter periods might see the rapid
expansion of species better suited to wet and fresher
conditions. Episodic intrusions of saline water are
also likely to decrease vegetation condition, possibly
for periods of as long as a decade after the event
(Raulings et al. 2010).

4.5 Knowledge gaps
There has been a great deal of work undertaken recently
with respect to extent and condition of aquatic habitats
in the Gippsland Lakes. The use of remote sensing
satellite-based mapping techniques has established
a benchmark and a cost effective method by which
trajectories over time can be tracked. Pairing this with
regular field assessments of vegetation community
composition and condition; will not only contribute
to meeting international obligations with respect to
reporting on the status of ecological character, but will
be a valuable tool for evidence based management of
the Gippsland Lakes.
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The Gippsland Lakes is recognised as a Wetland of International Importance under the Ramsar
Convention, largely due to its role in supporting fauna.

The site meets seven of the current listing criteria, six
of which are related to fauna:
• Supports threatened species
- Australasian bittern (Botaurus poiciloptilus)
- Australian fairy tern (Sternula nereis nereis)
- Curlew sandpiper (Calidris ferruginea)
- Eastern curlew (Numenius madagascariensis)
- Hooded plover (Thinornis rubricollis rubricollis)
- Green and golden bell frog (Litoria aurea)
- Growling grass frog (Litoria raniformis)
- Australian grayling (Prototroctes maraena)
• Supports animal species in critical life stages of
breeding, migration and drought refuge
• Supports > 20,000 waterbirds
• Supports > 1% of the population of three waterbird
species:
- Australian fairy tern
- Chestnut teal
- Little tern
• Provides important habitat for native fish, including
nursery areas
• Supports > 1% of the population of the Burrunan
dolphin (Tursiops australis)
The fauna of the Gippsland Lakes provide social,
cultural and economic benefits to a wide variety of
people. The lakes are an important recreational fishery,
also with (Bait) Fishery Access Licence holders. The
tourism for the Gippsland Lakes and broader East
Gippsland region is estimated at $267 million annually
(Worley Parsons 2013).

5.1 Fish
5.1.1 Indicators and thresholds
Native fish abundance and diversity is critical to the
ecological character of the Ramsar site and have
been used as the indicators of condition. A recent
assessment of fish stocks in the Gippsland Lakes
derived thresholds for abundance as follows, and
these have been adopted (Conron et al. 2020):
• Good = above average
• Fair = average
• Poor = below average
A quantitative RCT for native fish diversity has been
established (EGCMA 2015):
• Maintain native fish species richness, with a
minimum of 70 species recorded in the Deep and
Shallow lakes over any five-year period (based on
Warry and Hindell 2012).
Thresholds for condition have been derived based on
the RCT:
• Good = 70 native fish species
• Fair = 50 to 70 native fish species
• Poor = < 50 native fish species

5.1.2 Locations
Native fish are important throughout the Ramsar site,
in both the main lakes and the fringing wetlands. Data,
however, are limited to the main lakes.
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5.1.3		 Results
Summary
Indicator

Status and trends
Unknown

Poor

Fair

Good

Fish
abundance

Summary
The Gippsland Lakes is a recognised important
recreational fishery. The Lakes also support diversity
of native fish, that are not associated with recreational
fisheries, with a total of 180 species recorded. Data
on abundance and populations, is however, limited
to fisheries species based on catch rates. Recent
assessments by Fisheries Victoria have indicated that
populations of black bream are likely to be on a trajectory
of decline, with the last large recruitment event nearly
three decades ago in the late 1980s. Similarly, yellow-eye
mullet was assessed as being depleted. Populations of
silver trevally and tailor were assessed as being stable,
above average numbers of silver trevally, average
numbers of tailor in recent years.

Black bream and yellow-eye mullet

Tailor

Silver trevally

Data quality:
Fair
Data custodian:
Fisheries Victoria

Fish
diversity

Data quality:
Fair
Data custodian:
East Gippsland CMA

The Gippsland Lakes support an abundance and
diversity of native fish in addition to commercially and
recreationally important species (Warry and Hindell
2012). Over 180 species of fish have been recorded
within the Gippsland Lakes (Hindell, DELWP, unpublished
data) spanning a wide range of life cycles. A more recent
assessment of the fish community in Lake King by the
Friends of Beware Reef (2017 to 2019) recorded over
100 species of fish indicative of a diverse marine and
estuarine fish community. This is above the RCT and
indicative of “good” condition. There is, however, no
data to assess trend in fish diversity.

Status
Black bream is the most targeted species in the Gippsland Lakes by recreational fishers. Commercial fishing was
removed from Gippsland Lakes in 2020. Whilst not current to today’s situation, the data from commercial fishing is
still useful as an indicator of existing status. An assessment of stocks and catch rates indicates that catch per unit
effort (CPUE) is highly variable over time but has remained below average for the past six years (Figure 20). This
equates to a status of “poor”.
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Figure 17 | Standardised catch per unit effort (kg/km) for black bream from the Gippsland Lakes by mesh net from 1978/79 to
2018/19 (Conron et al. 2020). Red line is the reference period (1985 to 2015) average.

Data on abundance of the next three most common
fishery species is provided in Table 9. This indicates
that yellow-eye mullet was below average, indicating
“poor” status; tailor was average, indicating fair status
and silver trevally was above average indicating
“good” status.
Table 9 | Stock status determinations using catch per unit
effort (kg/km/hr) for key species of the Gippsland Lakes
commercial fishery (Conron et al. 2020).

Measure

Long term
average
Recent five year
average
Trend in recent
five years
Status

Yelloweye
Mullet

Tailor

Silver
Trevally

39

2.6

21

27

38

54

Decreasing

Stable

Stable

Below
average

Average

Above
average

The Gippsland Lakes support an abundance and
diversity of native fish in addition to commercially
and recreationally important species (Warry and
Hindell 2012). Over 180 species of fish have been
recorded within the Gippsland Lakes (Hindell, DELWP,
unpublished data) spanning a wide range of life cycles.
A more recent assessment of the fish community in
Lake King by the Friends of Beware Reef (2017 to
2019) recorded over 100 species of fish indicative of a
diverse marine and estuarine fish community. This is
above the RCT and indicative of “good” condition.

Trend
The trend in abundance of indicator commercial fish
species as provided by the fisheries stock assessment
(Conron et al. 2020) was for decreasing populations of
black bream and yellow-eye mullet, but stable trends
for tailor and silver trevally. The catch rates of all these
species are highly variable and with the cessation of
commercial fishing in the Gippsland Lakes from April
2020, ongoing trends will need to be evaluated from
recreational fishing data.

Influencing factors and threats
Fish species within the Gippsland Lakes Ramsar site
are distributed according to their salinity tolerances,
availability of structural habitat and productivity. A
number of freshwater native fish species occur in the
freshwater and fresher areas of the variably saline
fringing wetlands as well as the lower reaches of the
rivers within the Ramsar site. This includes resident
species that spend their entire lives within freshwater
environments such as river blackfish (Gadopsis
marmoratus); but more common are species that rely
on the connection between freshwater and estuarine
or marine environments to complete parts of their
life cycles. This includes species such as shortfin
(Anguilla australis) and longfin (Anguilla reinhardtii)
eels which live the majority of their lives in freshwater
environments before migrating to the sea to breed and
die, with young returning to freshwater; and species
such as pouched lamprey (Geotria australis) that live
the majority of their lives in marine environments,
migrating to freshwater environments to breed.
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There are a small number of estuarine resident fish
species within the Gippsland Lakes such as river garfish
(Hyporhamphus regularis), estuary perch (Macquaria
colonorum) and black bream (Acanthopagrus butcheri)
that reside in the estuarine areas of the site (including
the large coastal lagoons). Salinity regimes are
important for successful spawning and recruitment of
these species, especially the recreationally important
black bream (Hindell et al. 2008).
The majority of species are either estuarine opportunists
or marine stragglers. These species stay in the lower
to mid zones of the lakes (utilising marine habitats
such as seagrass) until conditions become too fresh.
Their use of the lakes is largely dependent on the
extent of higher salinity conditions and the extent of
seagrass habitats and these species will be displaced
from the lakes during high freshwater inflows. This
group includes conservation significant species groups
such as pipefish, seahorses and dragons as well as
larger species such as wrasse, cod and dory.

5.2 Waterbirds
5.2.1		 Indicators and thresholds
There are Limits of Acceptable Change (LAC) and
Resource Condition Targets (RCT) for waterbird
diversity and abundance.
LAC = The number of standard 20 minute searches
(within any ten year period) where waterbird abundance
is less than 50 individuals will not fall below 50 per
cent of the ‘baseline’ value (based on Birds Australia
count data – 1987-2010), for the following species:
• black swan = 15 percent of surveys
• chestnut teal = 10 percent of surveys
• Eurasian coot = 11 percent of surveys
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RCT = Total diversity of waterbirds across the site
remains above 86. The site supports greater than 20
000 waterbirds in three out of five years.
The LAC for waterbird abundance is based on three
species and a specific method, for which there was
insufficient data to assess against as number of
surveys and survey lengths are often not recorded for
waterbird data. Thresholds based on indicator species
of functional groups benchmarked for the period 1987
to 1991 (when regular count data were available) has
been established for the GLER as follows:
Waterbird abundance benchmarks: Mean maximum
counts (calculated over a minimum of five years) will
not drop below the following population thresholds
(Hale unpublished):
• Black swan = 0.3%
• Chestnut teal (ducks) – 2.5%
• Eurasian coot (coots & rails) – 0.15%
• Fairy tern (terns) – 1.5%
• Little tern (terns) – 0.5%
• Little black cormorant (fishers) – 0.01%
• Straw-necked ibis (large wading) – 0.05%
Thresholds for waterbird condition are as follows:
• Good = meets RCT
• Fair = between RCT and benchmark
• Poor = exceeding benchmark

5.2.2		 Locations
The various programs aimed at assessing waterbirds
collect data across all the mega habitats of the
Gippsland Lakes, including the main Lakes and the
fringing wetlands. In this instance, waterbird abundance
and diversity has been pooled across the site.

5.2.3		 Results
Summary
Indicator
Waterbird
abundance

Status and trends
Unknown

Poor

Fair

Good

Total abundance, black swan, chestnut
teal, Eurasian coot, fairy terns, little terns,
little black cormorant, straw-necked ibis

Data quality:
Fair
Data custodian:
BirdLife East Gippsland

Summary
The Gippsland Lakes supports a diversity and abundance
of waterbirds across all the habitats and wetlands. Due to
the large area covered by the Lakes, there are very few
total waterbird counts. Condition is assessed on the basis
of diversity (species richness) and abundance of indicator
species that represent different functional groups (fish eating
species, ducks, herbivores and waders). Total abundance
of waterbirds over the past five years has exceeded
20,000 annually and this achievement of the RCT is
indicative of “good” condition. In addition, numbers of
each of the seven indicator species were within the LAC.
Data from multiple sources indicates that over 90 wetland
dependent bird species have been recorded across the
Gippsland Lakes in the past five years. This includes rare
and threatened species such as the Australasian bittern.
This is an achievement of the Resource Condition Target
and indicates “good” waterbird diversity.

Waterbird
diversity

Data quality:

There is limited data upon which trend can be assessed
with variation in survey effort from year to year. Available
data, however, do not indicate any short term trends.

Fair
Data custodian:
BirdLife East Gippsland

Status
There is a lack of data on abundance across the
Gippsland Lakes with comprehensive aerial counts of
waterbirds mostly lacking. Data pooled from multiple
sources suggests that the benchmarks have been met
for all target species (Table 10). Whether the decline in
the abundance of chestnut teal reflects conditions at the
site, a broader population decline or simply a change
in sample effort (from the benchmark established
1987 to 1991, when there were comprehensive regular
monitoring) is not known.

Total waterbird abundance, calculated as the sum of
the maximum abundance of each species, ranged
from 21,494 in 2016/17 to over 64,000 in 2017/18. The
20,000 threshold was met each year in the five years
from 2015/16 to 2019/20.
A total of 91 “waterbird” species have been recorded
in the Ramsar site over the past five years (2015 –
2020; Appendix 3), which is an achievement of the
Resource Condition Target indicating “good” condition
with respect to diversity. Annual species richness
ranged from 58 to 81 species (Figure 21).

Table 10 | Maximum counts of indicator species (data from
GLCC BirdLife Monthly Counts, Field and Game Australia,
Atlas of Living Australia, DELWP unpublished).

Species

Threshold

Five-year
average of
maximum
count

Black swan = 0.3%
Chestnut teal (ducks) – 2.5%
Eurasian coot
(coots & rails) – 0.15%
Fairy tern (terns) – 1.5%
Little tern (terns) – 0.5%
Little black cormorant
(fishers) – 0.01%
Straw-necked ibis
(large wading) – 0.05%

3000
2500
1500

3003
2622
9091

20
50
100

101
138
1526

500

2151
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Figure 18 | Maximum annual count (all species) and diversity (species richness) in the Gippsland Lakes from 2015/16 to 2019/20
(data from GLCC BirdLife Monthly Counts, Field and Game Australia, Atlas of Living Australia, DELWP unpublished).

Trend
Assessing trend in waterbird abundance and diversity is difficult, due largely to inconsistent sampling effort
between years. Annual maximum abundance of the target species does not indicate a significant trend for most
species from 2015 to 2020, with the possible exception of Eurasian coot, which may have increased in the period
(Figure 22).

Figure 19 | Maximum annual count of target species in the Gippsland Lakes from 2015/16 to 2019/20 (data from GLCC BirdLife
Monthly Counts, Field and Game Australia, Atlas of Living Australia, DELWP unpublished).
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Influencing factors and threats
Waterbirds in Australia have very large (often
continental or international scale) distributions and so
their presence and abundance at a particular location
is influenced not only by conditions at the site, but of
conditions elsewhere in their distributional range. For
example, declines in international migratory shorebirds
have been linked to the decline in habitat in staging
areas, particularly in the Yellow Sea (MacKinnon et al.
2012, Murray et al. 2015). This loss of habitat is driven
by land reclamation of tidal flats for industrial projects
to support a growing population and economy (Yang
et al. 2011). There is also evidence of a decline in food
resources through the harvesting of invertebrates
for other purposes (such as prawn farms); habitat
degradation by pollution and impacts of hunting on
shorebirds, particularly snipe (Melville et al. 2016).
There is already evidence of this having a measurable
effect on waterbird abundance of several species in
Australia (Clemens et al. 2016).

but interestingly, non-motorised watercraft such as
canoes and paddleboards had equal or smaller FIDs
compared to motorised vessels (Glover et al. 2015,
Livezey et al. 2016). The consequences for individuals
and populations can be significant, with decreased
time spent feeding, increased energy spent in flying
away from disturbances, nest abandonment and
ultimately population declines all cited as potential
effects (Glover et al. 2011, Martín et al. 2015).
Waders and beach nesting birds are particularly
vulnerable to sea level rise (Robinson et al. 2009) and
any loss in intertidal habitat (mudflats, saltmarsh)
would affect waterbird diversity and abundance within
the lakes. This may include loss of intertidal feeding
habitat and supratidal habitat needed for roosting and
nesting.

5.3 Burrunan dolphin

With respect to the waterbirds at the Gippsland Lakes
there has been no evidence of a decline that has been
linked to site conditions, although several threats to
waterbirds were identified in the management plan of
the Gippsland Lakes Ramsar site, including: human
disturbance, predation by foxes and cats, and habitat
loss or decline due to climate change.

5.3.1		 Indicators and thresholds

There is growing evidence that disturbance of
waterbirds by human activities (walking, boating,
vehicles) can have significant negative impacts on both
feeding behaviour and habitat use. A database collated
from a large number of scientific studies of flight
initiation distances (FID), the distance between the
activity and the bird talking flight, indicates that nesting
birds can be disturbed by human activities at very
short distances (e.g. mean FID for nesting pelicans
was only 21 m and for ducks 32 m from pedestrians)
(Livezey et al. 2016). FIDs for non-nesting species
were typically greater (e.g. 60 metres for ducks from
pedestrians). Birds are disturbed at closer distances
by dogs and watercraft as opposed to pedestrians,

The population has been estimated at 94 individuals
(Robb unpublished).

The Resource Condition Target (RCT) for the Ramsar
site has been used to derive thresholds for Burrunan
dolphin.
RCT = Maintain population of Burrunan dolphin.

Thresholds for Burrunan dolphin are as follows:
• Good = meets RCT (i.e., > 94 individuals)
• Fair = > 50% of population (i.e., > 47 individuals)
• Poor = < 50% of population (i.e., < 47 individuals)

5.3.2		 Locations
The Burrunan dolphin utilise the main lakes portion of
the Ramsar site.
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5.3.3		 Results
Summary
Indicator

Status and trends
Unknown

Poor

Fair

Burrunan
dolphin
abundance
Data quality:
Fair
Data custodian:
Australian Marine Mammal Foundation

Status
In 2011 a new species of dolphin, the Burrunan dolphin
(Tursiops australis), was described from coastal waters
of south-eastern Australia using multiple lines of
evidence from both genetic and morphological traits
(Charlton-Robb et al. 2011). The species is smaller
than the bottlenose dolphin and has a distinctive
tri-banded coloration pattern that grades from dark
bluish-grey on the dorsal fin and sides of the head and
body, light grey along the midline and off-white on the
lower body.
The species feeds on fish and invertebrate species, with
some evidence that Burrunan dolphins in the Gippsland
Lakes feed at lower trophic levels and by herding prey
items into shallow waters (Owen et al. 2011).
There are two known resident populations of these
species from Port Phillip Bay and the Gippsland Lakes.
Genetic studies indicate that these two populations
do not interbreed. The resident population of the
Gippsland Lakes is estimated at 94 individuals
(Charlton-Robb et al. 2014). The population increases
during winter to around 120 individuals with the
seasonal migration of individuals from Tasmania
(Charlton-Robb et al. 2014). Based on existing data
and observations, it is likely that females remain in the
Gippsland Lakes year round, with seasonal migration
of males from Tasmania to the Gippsland Lakes in
winter and back to Tasmania during summer months
(Charlton-Robb et al. 2014).
Monitoring in 2021 indicated that many of the dolphins
had skin lesions and up to 10 individuals were confirmed
or presumed dead, with a further 26 absent from
surveys. Researchers are investigating the cause of
the event, but suspect that the freshwater conditions
that persistent throughout the summer of 2021 may
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Summary

Good

In 2011 a new species of dolphin, the Burrunan dolphin
was described from south-eastern Australia. There are
only two known resident populations of this species, one
from Port Phillip Bay and one from the Gippsland Lakes.
The Gippsland Lakes resident population was estimated
at around 94. In winter, males move into the Gippsland
Lakes increasing numbers and breeding commences.
Recent freshwater conditions in the Lakes are thought to
have contributed to a decline in the health of the resident
dolphins, with 10 confirmed or presumed deaths and a
further 26 individuals not sighted during surveys. There is
some evidence that this impact of fresher conditions on
dolphin health and population has occurred in the past,
but we do not know if and when populations will recover.

be contributing factor. In 2007, similar freshwater
condition in the lakes led to the deaths of several
dolphins and similar skin disease (Duignan et al. 2020).

Trends
Monitoring and modelling have indicated that the
population of Burrunan dolphins in the Gippsland
Lakes was most likely stable, prior the recent disease
(Kate Charlton-Robb, personal communication). More
data will be required to determine population trends.

Influencing factors and threats
The very small population size makes these dolphins
vulnerable not only to changes in the physical
environment due to climate, but also to human
impacts, as the loss of only a few dolphins could affect
the viability of a population. In February 2014, the
species was listed as threatened under the Flora and
Fauna Guarantee Act 1988.
Of concern are the impacts of tourism and boating on
the Burrunan dolphins in the Gippsland Lakes, with the
species affected by boat strike and altered behaviour
from pursuit. In particular, avoidance of boats and tour
operators can detract from important activities for
dolphins such as feeding and resting and can lead to
a decline in their health (Howes et al. 2012, Filby et al.
2014). Managing boating and tourism in the Gippsland
Lakes to maintain and improve the condition of the
Burrunan dolphin is important, to both maintain
dolphin populations and the long-term sustainability
of dolphin related tourism.

5.4 Knowledge gaps
There is limited information on much of the fauna of
the Gippsland Lakes. The size and diversity of the site
and the variability in both space and time of fauna
species makes assessing trends in diversity and
abundance difficult.
Annual aerial surveys of waterbirds that cover the
entire site would help to improve our understanding of
total waterbird numbers and trends in abundance over
time. The current Gippsland Lakes field monitoring
does provide a consistent basis upon which targets
could be established.

Measures of native fish diversity are difficult, but if
habitat specific monitoring were undertaken regularly,
then trends in abundance and diversity of fish species
may be possible.
In addition, there are other species that are valued by
the community in the lakes such as frogs, platypus
and water rats (rakali). Consistent monitoring of these
species over time could be used to report of their
population viability and condition.
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The Gippsland Lakes have a very long shoreline: 60 km along Lake Wellington; 100 km along
Lake Victoria, and 160 km along Lake King (Rosengren no date). To these can be added the
shorelines of Lake Reeve and McLennan Strait; Bird (1993 p 266) indicated that the combined
shoreline length of the Gippsland Lakes was 320 km. Not unexpectedly, a wide range of
different shoreline types − with variable stability − occur along these 320 km.
Shoreline erosion is a loss of the land due to the removal of beach and dune material. It can
result in a loss of habitat (e.g., intertidal sand flats for shorebirds), infrastructure (threatening
boat ramps, buildings and other shoreline assets), important geomorphic features such as
the silt jetties, and lead to increased suspended sediments in the water column. In the case
of the outer barrier (the narrow strip of land separating the Gippsland Lakes from Bass Strait)
coastal erosion processes (including sea level rise and an increased frequency and intensity of
storms) could lead to a temporary breaching of the barrier dunes, resulting in changes to the
morphology and hydrology of the local area, over a variety of timeframes.
Shoreline erosion and accretion are natural processes in coastal and estuarine systems.
Shorelines may be eroded during storm events and then over time, sand is deposited, and
the shoreline builds up again. Increased erosion occurs as a result of increasing water levels,
increased currents and wave energy (natural or through boat wakes) and a loss of stabilising
fringing vegetation.

6.1 Indicators and thresholds
There is no one single report or investigation that
provides a comprehensive, contemporary overview of
shoreline stability of the Gippsland Lakes. Moreover,
there is little or no consensus among coastal
geomorphologists as to what indicates an acceptable
shoreline condition: on the one hand, rapid rates of
erosion are often judged as unacceptable; on the
other, it is accepted that coastal environments are
naturally dynamic and subject to change, sometimes
quickly and obvious and other times slowly and
incrementally (Bird 1993). This means that indicators
that might be suitable for one type of shoreline (e.g.,
rocky shores) will be inappropriate for another (e.g.
sandy or muddy shores). The diversity in shorelines
found in the system means it is difficult to establish
a single indicator and threshold for the whole of the
Gippsland Lakes.

of a narrative text. Given the lack of a single set of
indicators and thresholds that can be used to assess
the highly variable shorelines of the Gippsland Lakes,
plus the absence of numerical data, expert opinion
(based on the available published reports) was used to
assess both status and trend.

6.2 Locations
This assessment has focussed on the shorelines of the
main lakes and has considered three distinct locations:
• Silt jetties – the internationally recognised silt jetties
of the Mitchell River
• Gippsland Lakes – the internal shorelines of the main
lakes (King, Victoria, Reeve and Wellington
• The outer barrier – the seaward shoreline along the
strip of land that separates the Gippsland Lakes
from the Southern Ocean

Finally, the information that is available to make an
assessment is not quantitative but is almost always
qualitative and descriptive, provided in the form
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6.3 Results
Indicator

Status and trends
Unknown

Poor

Fair

Good

Silt jetties

Data quality:
Fair

Gippsland
Lakes

Data quality:
Poor

Summary
Information on shoreline stability and erosion is of
the Gippsland Lakes is limited and it is unclear what
proportion of shorelines are stable. There is some
evidence to suggest that the shoreline in parts of the
Mitchell River silt jetties is unstable. Rock armouring has
been installed at the most vulnerable locations, resulting
in a rating of “fair”. It has been suggested that increasing
salinity, resulting in a loss of shoreline vegetation has
resulted in decreased shoreline stability and increased
erosion in parts of the main Gippsland Lakes. The outer
barrier remains intact and has been assigned a score of
“good”, but there is a high degree of uncertainty. Climate
change, especially sea-level rise and an increased
incidence and possibly severity of storm surges, could
rapidly change the stability of the shorelines of the
Gippsland Lakes.

Outer barrier

Data quality:
Poor
Data custodian:
DELWP

Status and trend
Sjerp et al. (2002) provided an initial, detailed
description of the shorelines of the Gippsland Lakes.
The three studies, however, that provide most valuable
recent information on shoreline stability are Water
Technology (2013), Ethos NRM (2014) and Boon et al.
(2015). The available information is not only almost
entirely qualitative but is scattered across these various
sources and does not allow consistent conclusions to
be drawn as to status or trend. Fundamentally, this is
because the information in each report was collected
for the site-specific purposes of that investigation and
not as a means of assessing the overall condition of
or trend in the shorelines of the Gippsland Lakes. For
this reason, a brief overview of the salient conclusions
of each report is provided below. As in the original
documents, the information base forms a narrative
rather than a quantitative data set.
The study undertaken by Sjerp et al (2002) is now
15 years old but still provides the most detailed
assessment of the shorelines of the Gippsland Lakes.
It also contains some inferential material on trends.
It concluded that vulnerable shorelines included the
Mitchell and Tambo River deltas. With the authors
concluding:
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“From field investigation and comparison of aerial
and historic photography, the vast majority of the
Gippsland Lakes shoreline continues to change
as Phragmites australis reedbeds retreat further
and erosion persists. Deltas on the Latrobe, Avon,
Mitchell and Tambo Rivers and on McLennan Strait
all show evidence of continuing erosion. Other
areas of substantial erosion include, Roseneath
Point, Swell Point, Storm Point, west of Avon River /
Clydebank Morass, Marlay Point, west of Loch Sport,
east of Loch Sport, Luff Point, Harrington Point,
northern Raymond Island, Point Fullarton, Tambo
Bluff and the northern shores of Jones Bay. Spits
and sandy cuspate forelands along the northern and
southern shores of Lake Victoria continue to migrate
eastward.”
Ethos NRM (2014, p. 27) examined shoreline
change associated with the Mitchell River silt jetties
specifically. It concluded that there had been:
“… considerable erosion and recession of the delta
since the creation and maintenance of a permanent
ocean entrance to the Gippsland Lakes in 1889. This
can be attributed to a number of factors; increased
salinity, the subsequent dieback of fringing vegetation,
and wave erosion”. The report further concluded that

“… morphology and physical integrity of the Mitchell
River Silt Jetties (a primary reason for its regional,
national and international significance) is currently
under threat from extensive areas of shoreline retreat.
Significant areas of the shoreline are now armoured
with rock beaching, however much of the rock in
place is providing very limited protection from current
erosion processes” (page 27).

Shoreline erosion risk of the silt jetties was assessed
based on resistance (physical and presence of
vegetation) and potential (wind and wave energy) with
over half the shoreline considered to be at high or very
high risk of erosion (Ethos NRM 2014; Figure 23). This
resulted in management to protect the most vulnerable
sections of the silt jetties, with rock armouring
(Figure 24).

Figure 20 | Shoreline erosion risk of the silt jetties (Ethos NRM 2014).
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Figure 21 | Location of rock armouring in the silt jetties.

Water Technology (2013) provided information on monitoring of shoreline profiles along the Ninety Mile Beach and
along the internal shorelines of the lagoons of the Gippsland Lakes. Table 11 is a summary of their conclusions as
to observed changes over the period 2007−2012 noting that some areas were experiencing erosion (e.g. Bunga
Arm blowholes), while others remained stable (e.g. Lakes Entrance and Cunningham Arm).

Table 11 | Shoreline stability at various sites associated with the Gippsland Lakes. Source: Water Technology (2013).

Location

Observed change 2007 – 2012

Seaspray (eastern
and western portions)
Bunga Arm blowholes
Lakes Entrance
Bunga Arm

Erosion of dune crest and reduction in dune volume

Paynesville
Metung
Loch Sport
Lakes Entrance,
Cunningham Arm

Significant erosion of the fore-dune and some erosion on the lakeside back-face
Minimal change
Minimal change to the lakeside part of the profile but main dune has eroded significantly and begun
to translate to a more inland location
Unclear, but possibly some loss of sand
Some cut into the rise behind the beach, but the shoreline now appears to be stable or to have recovered
Erosion from the upper sections of the profile and accretion in the lower sections in Profile A; significant
build-up of the profile between 2007 and 2013 in Profile B, possibly due to artificial nourishment
Minimal change

Water Technology (2013) also classified the shorelines of the lakes and outer boundary in terms of their erosion
potential into categories of very, high, low to moderate based on physical (geomorphology), hydrological (wind
and waves) and biological factors (land use and vegetation). They concluded that much of the current shoreline,
rated as “high” susceptibility, and has the potential to erode under present mean sea level conditions (Figure 25).
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Figure 22 | Shoreline erosion susceptibility for the Gippsland Lakes (Water Technology 2013).

Boon et al. (2015) collated information on 43 sites around the Gippsland Lakes where shorelines had been
inspected and the putatively protective role of fringing vegetation assessed. This analysis grouped shorelines
into four status classes of shoreline stability proposed by Sjerp et al. (2002), shown in Table 12, Boon et al. (2015)
provided detailed site-by-site descriptions.

Table 12 | Shoreline status class as per Sjerp et al. (2002) and used in Boon et al. (Boon et al. 2015) for a Lakes-wide
assessment of shoreline dynamics.

Class 1
1A: Accreting
1B: Stable

Class 2
Eroding

Class 3
3A: Sand-gravel
3B: Vegetated

Class 4
Engineered

Accreting but mobile
Stable, but previously eroded
Stable-accreting

Eroding-slow (<0.2 m yr-1)
Eroding cliff slow
Eroding (0.3−0.5 m yr-1)
Extensive erosion
Minor erosion
Undercut

Changing
Changing all the time
Spits are mobile
Stable to erosion
Stable but cyclical movement
Erosion/accretion sequences

Stabilized by structures
Engineered
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The assessment of 43 sites undertaken by Boon et al.
(2015c, d) showed that 13 sites were accreting and 14
were stable in the Class 1 shoreline category. In part,
however, these proportions were a reflection of the
sampling design favouring sites with heavy fringing
vegetation (the primary focus of the investigation) and
thus cannot be assumed to be an unbiased sample.
It is likely that the proportion of accreting or stable
shorelines was over-estimated in this study. Fourteen
of the 43 sites fell into Class 2 (eroding) category.
The conclusion to draw from these diverse studies is
that many shorelines of the internal lagoons Gippsland
Lake are either stable or eroding. Few are accreting.
In the study of Boon et al. (2015b), nearly a third of
the sites visited were eroding. Roughly the same
proportion were accreting or stable, but they were
very likely over-represented by the sampling design.
Sjerp et al. (2002) concluded on a Lakes-wide analysis
that “Evidence of shoreline accretion is rare” and that
highly vulnerable shorelines included the Mitchell
and Tambo River deltas. The Latrobe and Avon River
deltas, and parts of McLennan Strait showed evidence
of continuing erosion. Other areas of substantial
erosion identified by Sjerp et al. (2002) included
Roseneath Point, Swell Point, Storm Point, west of the
Avon River/Clydebank Morass, Marlay Point, around
Loch Sport, Luff Point, Harrington Point, northern
Raymond Island, Point Fullarton, Tambo Bluff and the
northern shores of Jones Bay.

Influencing factors
Boon et al. (2015b) concluded that the known or
inferred causes of shoreline change in the Gippsland
Lakes were threefold:
1 changes in absolute water level;
2 changes in wave energy and accompanying
currents; and
3 changes to fringing vegetation (especially to beds of
common reed, Phragmites australis) in response to
increased salinity following opening of the artificial
entrance in 1889.
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6.4 Knowledge gaps
There are knowledge gaps regarding the dynamics
(and therefore stability) of the different types of
shorelines that occur in the Gippsland Lakes. Only
for the Mitchell River silt jetties is there relatively
good, long-term information, and even this is mostly
qualitative. Although current shoreline dynamics do not
seem to pose a substantial threat to public assets, the
situation with publicly owned reserves and with private
land is not clear. Moreover, ongoing climate change,
mediated especially via eustatic sea-level rise and an
increased incidence and possibly severity of storm
surges, could see this situation change rapidly. Water
Technology (2013) outlined a program of improved
shoreline monitoring to meet this challenge, including
the use of repeat surveys at specific positions, a more
generalised use of aerial surveys, and bathymetric
profiling.

7 Key Messages

This assessment of the Gippsland Lakes Environment Report Card represents a snap-shot in
time of the condition of the system. Consistent with the approaches used in State of the Bays
and State of the Environment Reporting, the assessment is based on the best available data,
obtained from a wide range of sources, collected for a variety of purposes. Very few of the data
used were collected in programs that aimed to assess condition, and the results here must be
taken in that context.
The Gippsland Lakes are a large and complex system
and understanding what represents “good” condition
is not always straightforward. There are a small
number of knowledge gaps, but these are largely
related to trends, which require long time series data.
By and large, there is a great deal known about the
site and our knowledge is constantly improving as are
techniques for gathering that knowledge. In particular
large-scale data collection that is geospatial in nature
is becoming more available and cost effective.
Overall, the lakes can be considered to currently be
in fair to good condition and they continue to support
significant social, economic and ecological values. The
site remains recognised as a Wetland of International
Importance and the values leading to that listing
(coastal saltmarsh, waterbirds, fish) all continue to be
maintained by the site.
Water quality is highly variable over short time scales,
but largely stable in Lakes Victoria and King over longer
time periods. In years of high rainfall, large loads of
nutrients can enter into the Lakes resulting in algal
blooms, which may temporarily impact on values. It is
important to remember, however, that phytoplankton
is the driver of primary productivity in the main
lakes providing food for fauna. Water quality in Lake
Wellington is on a trajectory of decline that most likely
began with the opening of the permanent connection

to the Southern Ocean over 100 years ago, but has
been exacerbated by activities in the catchment and
water resource use.
The complexity of the site is illustrated by the
interactions between water quality and other values.
While there is some evidence that Lake Wellington
is increasing in salinity over the longer time frame,
and there have been concerns that while freshwater
conditions are desirable, short-term decreases in
salinity like those that occurred in summer 2021 have
profound impacts on the health of Burrunan dolphins
and seagrass extent. The impacts on other values that
rely on higher salinities such as marine fish remain
unknown. It is hoped that as salinity increases again,
that the health and population of the dolphins will
recover.
The main lakes and the fringing wetlands are a system
in transition that has been occurring for over 100 years.
The arrival of Europeans has seen changes in land
use in the catchment and the establishment of towns
and urban development around the Lakes. Into the
future, change is likely to increase with an increasing
population and climate change predicted to alter the
system further. The Gippsland Lakes will continue to
adapt to the changing conditions, and, with efforts,
key values can be maintained, and new values are
likely to emerge.
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TN

Water
quality

Comparison with
SEPP for harmful
algal blooms

ANZECC guidelines

Toxicants

Algal blooms

Not included

Comparison with
SEPP based on
expert opinion

State of Bays

Nutrient loads

Suspended solids

Chlorophyll-a

Salinity

Dissolved oxygen

PO4

NOx

TP

Indicator

Category

Qualitative ranking on algal
blooms e.g. Excellent =
No bloom and low risk of
a bloom; Poor = large and
persistent bloom

Not included

Five categories ranging from:
A bulked up threshold for
water quality across all
locations and parameters
(> 80% of the SEPP met =
excellent down to < 20% of
objectives met = poor)

2011 Report Card

• Good = meets RCT
• Fair = between RCT
and LAC
• Poor = exceeding LAC

A reduction in the number
of years in which blue-green
algal blooms occur in the
lakes to less than five over the
20 years.

No single cyanobacteria
algal bloom event will cover
greater than 10 percent of
the combined area of coastal
brackish/saline lagoons
(that is, Lake King, Victoria,
Wellington and Tyers) in two
successive years.

• Good = meets ANZECC low
sediment guidelines
• Fair = between low and high
sediment guidelines
• Poor = exceeds high
sediment guidelines

No LAC for this indicator

No LAC for this indicator

Thresholds based on
relationship between flow
and load from Cook (2011)
and Cook and Holland
(2011).

• Good = load / flow is lower
than long term average
• Fair = load / flow is within
long term average (+/- 20%).
• Poor = load / flow is higher
than long term average

EWMA for trend assessment.

• Good = annual median
values for the past five years
were consistently better
than the 80th percentiles of
reference years (1986-1988).
• Fair = the annual median
for one year in the past five
years was worse than the
80th percentiles of reference
years (1986-1988).
• Poor = the annual median for
two or more of the past five
years was worse than the
80th percentiles of reference
years (1986-1988).

Gippsland Lakes
Environment Report

No LAC for this indicator

Lakes Victoria and King remain
clear with median secchi
depths of > 1 m

Ramsar Plan Resource
Condition Targets

No LAC for this indicator

No LAC for this indicator

Ramsar LAC

Potential thresholds

DELWP records of blooms
and counts of phytoplankton
(unpublished)

DELWP commissioned an
assessment of sediment
toxicants in and around the
Gippsland Lakes (Reeves and
Trewarn undated).

River flow (continuous)
at major rivers (Tambo,
Nicholson, Mitchell, Avon,
Thomson and Latrobe) –
continuous. Monthly nutrient
concentrations at same
locations. Victorian Water
Information System. Use of
GUMLEAF to calculate loads.

Continuous logging of salinity
in Dowd and Heart Morass
2017 to 2021

Monthly (1985 - 2020)
collected by EPA at Lakes
King, Victoria and Wellington.

Data availability

74

Comparisons with
modelled preEuropean extent
(based on expert
opinion).

Comparisons with
modelled preEuropean extent
(based on expert
opinion).

Not included

Not included

Seagrass extent
and condition

Saltmarsh extent
and condition

Variably saline
wetland vegetation
extent and
condition

Freshwater wetland
vegetation extent
and condition

Habitats

State of Bays

Indicator

Category

www.loveourlakes.net.au

Five categories ranging from:
Excellent = Average Index
of Wetland Condition score
9-10 Poor = Average Index of
Wetland Condition score 0-2

Five categories ranging from:
Excellent = Average Index
of Wetland Condition score
9-10 Poor = Average Index of
Wetland Condition score 0-2

No indicator for saltmarsh

Five categories ranging from:
Excellent = increase in extent
and condition; Moderate = no
change; Poor = decrease in
extent and condition.

2011 Report Card

The total mapped area of
freshwater marshes (shrubs
and reed wetland types) at
Sale Common and Macleod
Morass will not decline by
greater than 50 percent of
the baseline value for 1980
(that is, 50 percent of 402
hectares = 201 hectares) in
two successive decades.

The total area of common
reed at Dowd Morass will not
decline by greater than 50
percent of the 1982 baseline
value (that is not less than 245
hectares) in two successive
decades.

The total mapped area of
salt flat, saltpan and salt
meadow habitat at Lake
Reeve Reserve will not decline
by greater than 50 percent of
the baseline value outlined
in VMCS for 1980 (that is,
50 percent of 5035 hectares
= 2517 hectares) in two
successive decades.

Total seagrass extent will not
decline by greater than 50
percent of the baseline value
of Robb and Ball 1997 (that is,
by more than 2165 hectares)
in two successive decades at
a whole of site scale.

Ramsar LAC

Maintain the extent, diversity
and condition of freshwater
vegetation communities.

Maintain the extent, diversity
and condition of freshwater
vegetation communities.

Maintain the extent, diversity
and condition of saltmarsh
communities.

The current extent and
condition of seagrass in the
Gippsland Lakes Ramsar Site
will be maintained as indicated
by the following:
• Maintain extent of seagrass
– 4000 to 5000 hectares.
• Maintain medium-dense
seagrass cover in 25 % of
beds (measured as a long
term average over the 20 year
timeframe).

Ramsar Plan Resource
Condition Targets

Potential thresholds

Condition based on EVC
benchmarks:
• Good = biota score 16 - 20
• Fair = biota score 13 - 10
• Poor = biota score 0 - 9

Extent:
• Good = meets RCT
• Fair = between RCT and LAC
• Poor = exceeding LAC

Condition based on EVC
benchmarks:
• Good = biota score 16 - 20
• Fair = biota score 13 - 10
• Poor = biota score 0 - 9

• Good = meets RCT
• Fair = reduction in extent of
one or more vegetation type,
but maintenance of a habitat
mosaic.
• Poor = loss of habitat
mosaic, with a dominance
of a single vegetation type
covering more than 70% of
the wetland (e.g. emergent
macrophytes, paperbark or
saltmarsh)

Condition based on EVC
benchmarks:
• Good = biota score 16 - 20
• Fair = biota score 13 - 10
• Poor = biota score 0 - 9

Extent: Based on a 25% decline
in saltmarsh from Boon et al.
(2011) benchmark of extent:
• Good > 4000 hectares
• Fair 4000-3000 hectares
• Poor < 3000 hectares

• Good = meets RCT
• Fair = between RCT and LAC
• Poor = exceeding LAC

Gippsland Lakes
Environment Report

EVC condition assessments
from Marty Potts and Doug
Frood

One mapped extent of
vegetation from several
wetlands in 2015/ 6 by Doug
Frood and in 2020 by Hale
and Brooks (2020)

EVC condition assessments
from Marty Potts and Doug
Frood

One mapped extent of
vegetation from several
wetlands in 2015/ 6 by Doug
Frood and by Brooks and
Hale (2021) in 2020.

EVC condition assessments
from Frood et al. (2015)
and Greening Australia
(unpublished).

Mapped extent at a single
point in time (Boon et al.
2011) and in 2021 (Brooks
and Hale 2021)

Mapping in 1997, 2016 (partial
coverage), and annually from
2017 to 2021.

Data availability

Appendix 1: Indicators and thresholds

Gippsland Lakes Environment Report 2021 Technical Report

75

Shoreline
stability

Erodability
measures

Burrunan dolphin
abundance

No indicator

No indicator

No indicator

No indicator

No LAC for this indicator

No LAC for this indicator

Threatened species presence.

No indicator

Frog abundance
and diversity

No indicator

The number of standard
20 minute searches (within
any ten year period) where
waterbird abundance is less
than 50 individuals will not
fall below 50 per cent of the
‘baseline’ value (based on
Birds Australia count data –
1987–2010), for the following
species:
• black swan = 15 percent
of surveys
• chestnut teal = 10 percent
of surveys
• Eurasian coot = 11 percent
of surveys

Based on Ramsar listing
criteria: e.g. Ramsar listing
criteria and total species
diversity maintained

Ramsar LAC

Waterbird
abundance and
diversity

CPUE for target
commercial species

2011 Report Card
Sub-optimal black bream
spawning conditions should
not occur in any successive
five-year period within key
spawning grounds (that is,
mid-lower estuaries and
adjacent waters of main lakes)
during the peak spawning
period (October to December).

Fish abundance
and diversity

Biota

State of Bays

No RCT for this indicator

Maintain the existing
population of Burrunan
dolphins

Green and golden bell frog
and growling grass frog are
recorded at Dutson Downs,
Heart Morass, Clydebank
Morass, Dowd Morass, Macleod
Morass within a five-year period.

The site supports greater than
20,000 waterbirds in three out
of five years.

Total diversity of waterbirds
across the site remains
above 86.

Maintain sustainable native
fish populations of important
recreational and commercial
fishes.

Maintain native fish species
richness, with a minimum of
70 species recorded in the
Deep and Shallow lakes over
any five-year period (based
on Warry and Hindell 2012).

Ramsar Plan Resource
Condition Targets

Potential thresholds

Total catch

Indicator

Category

Qualitative assessment only
based on expert opinion.

Based on population
estimates of
• Good = meets RCT
(i.e., > 94 individuals)
• Fair = > 50% of population
(i.e., > 47 individuals)
• Poor = < 50% of population
(i.e., < 47 individuals)

Insufficient data to derive
a threshold to assess this
indicator.

• Good = meets RCT
• Fair = between RCT and
benchmark
• Poor = exceeding
benchmark

Fishery stock status for key
species (Bream, King George
Whiting and Garfish)
• Good = above average
• Fair = average
• Poor = below average

Gippsland Lakes
Environment Report

Assessment of Mitchell River
Silt Jetties (Alluvium 2015);
Coastal Hazard Assessment
(Water Technology 2013);
Shoreline geomorphology
and fringing vegetation of
the Gippsland Lakes
(Boon et al. 2015)

Annual abundance data
(Charlton-Robb unpublished).

DELWP biodiversity hotspots
monitoring (DELWP
unpublished)

GLCC BirdLife Monthly
Counts, Field and Game
Australia, Atlas of Living
Australia, DELWP unpublished

Fish in seagrass (Warry and
Hindell 2012).

Fish stock assessment for
the Gippsland Lakes 2019/20
(Conron et al. 2020).

Data availability
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Salinity status
Data from July 2015 to June 2020 plotted for each location, surface waters and bottom waters separate for Lakes
King and Victoria, Lake Wellington, where only surface water is available. Red lines represent thresholds derived
from the 80th percentiles of water quality in reference years.
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Salinity trend
Exponentially Weighted Moving Average (EWMA) plotted to show trends over time (1986 to 2020).
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Appendix 2: Water quality graphs

Dissolved oxygen status
Data from July 2015 to June 2020 plotted for each location, surface waters and bottom waters separate for all
sites, except Lake Wellington, where only surface water is available. Red lines represent thresholds derived from
the 80th percentiles of water quality in reference years.
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Appendix 2: Water quality graphs

Dissolved oxygen trend
Exponentially Weighted Moving Average (EWMA) plotted to show trends over time (1986 to 2020). Surface waters
only (incomplete record for bottom waters to establish trend).
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Suspended solids status
Data from July 2015 to June 2020 plotted for each location. Red lines represent thresholds derived from the 80th
percentiles of water quality in reference years.
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Appendix 2: Water quality graphs

Suspended solids trend
Exponentially Weighted Moving Average (EWMA) plotted to show trends over time (1986 to 2020).
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Total nitrogen status
Data from July 2015 to June 2020 plotted for each location. Red lines represent thresholds derived from the 80th
percentiles of water quality in reference years.

Gippsland Lakes Environment Report 2021 Technical Report

85

Appendix 2: Water quality graphs

Total nitrogen trend
Exponentially Weighted Moving Average (EWMA) plotted to show trends over time (1986 to 2020).
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Dissolved inorganic nitrogen status
Data from July 2015 to June 2020 plotted for each location. Red lines represent thresholds derived from the 80th
percentiles of water quality in reference years.
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Appendix 2: Water quality graphs

Dissolved inorganic nitrogen trend
Exponentially Weighted Moving Average (EWMA) plotted to show trends over time (1986 to 2020).
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Total phosphorus status
Data July 2015 to June 2020 plotted for each location. Red lines represent thresholds derived from the 80th
percentiles of water quality in reference years.
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Appendix 2: Water quality graphs

Total phosphorus trend
Exponentially Weighted Moving Average (EWMA) plotted to show trends over time (1986 to 2020).
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Dissolved inorganic phosphorus status
Data from July 2015 to June 2020 plotted for each location. Red lines represent thresholds derived from the 80th
percentiles of water quality in reference years.
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Appendix 2: Water quality graphs

Dissolved inorganic phosphorus trend
Exponentially Weighted Moving Average (EWMA) plotted to show trends over time (1986 to 2020).
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Chlorophyll-a status
Data from July 2015 to June 2020 plotted for each location. Red lines represent thresholds derived from the 80th
percentiles of water quality in reference years.
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Appendix 2: Water quality graphs

Chlorophyll-a trend
Exponentially Weighted Moving Average (EWMA) plotted to show trends over time (1986 to 2020).
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Wetland dependent bird species recorded in the Gippsland Lakes in the past ﬁve years
(2015– 2020). Data from DELWP (unpublished), GLCC Waterbird Monitoring and Atlas of
Living Australia.
Common

Scientiﬁc

Common

Scientiﬁc

Australasian bittern

Botaurus poiciloptilus

Latham’s snipe

Gallinago hardwickii

Australasian darter

Anhinga novaehollandiae

Lewin’s rail

Lewinia pectoralis

Australasian grebe

Tachybaptus novaehollandiae

Little bittern

Ixobrychus dubius

Australasian shoveler

Anas rhynchotis

Little black cormorant

Phalacrocorax sulcirostris

Australian crake

Porzana fluminea

Little egret

Egretta garzetta

Australian gull-billed tern

Gelochelidon macrotarsa

Little grassbird

Megalurus gramineus

Australian painted snipe

Rostratula australis

Little pied cormorant

Microcarbo melanoleucos

Australian pied stilt

Himantopus himantopus

Little tern

Sternula albifrons

Australian pelican

Pelecanus conspicillatus

Marsh sandpiper

Tringa stagnatilis

Australian pied oystercatcher

Haematopus longirostris

Masked lapwing

Vanellus miles

Australian reed-warbler

Acrocephalus australis

Musk duck

Biziura lobata

Australian shelduck

Tadorna tadornoides

Nankeen night-heron

Nycticorax caledonicus

Australian spotted crake

Porzana fluminea

Pacific black duck

Anas superciliosa

Australian white ibis

Threskiornis molucca

Pacific golden plover

Pluvialis fulva

Australian wood duck

Chenonetta jubata

Pacific gull

Larus pacificus

Azure kingfisher

Ceyx azureus

Pied oyster-catcher

Haematopus longirostris

Ballion’s crake

Porzana pusilla

Pied cormorant

Phalacrocorax varius

Banded stilt

Cladorhynchus leucocephalus

Pink-eared duck

Malacorhynchus membranaceus

Bar-tailed godwit

Limosa lapponica

Purple swamphen

Porphyrio porphyrio

Black swan

Cygnus atratus

Red knot

Calidris canutus

Black-faced cormorant

Phalacrocorax fuscescens

Red-capped plover

Charadrius ruficapillus

Black-fronted dotterel

Elseyornis melanops

Red-kneed dotterel

Erythrogonys cinctus

Black-tailed godwit

Limosa limosa

Red-necked avocet

Recurvirostra novaehollandiae

Blue-billed duck

Oxyura australis

Red-necked stint

Calidris ruficollis

Buff-banded rail

Gallirallus philippensis

Royal spoonbill

Platalea regia

Cape barren goose

Cereopsis novaehollandiae

Ruddy turnstone

Arenaria interpres

Caspian tern

Hydroprogne caspia

Sharp-tailed sandpiper

Calidris acuminate

Cattle egret

Ardea ibis

Silver gull

Chroicocephalus novaehollandiae

Chestnut teal

Anas castanea

Spotless crake

Porzana tabuensis

Common greenshank

Tringa nebularia

Sooty oystercatcher

Haematopus fuliginosus

Common sandpiper

Actitis hypoleucos

Straw-necked ibis

Threskiornis spinicollis

Common tern

Sterna hirundo

Swamp harrier

Circus approximans

Crested tern

Thalasseus bergii

Whiskered tern

Chlidonias hybrid

Curlew sandpiper

Calidris ferruginea

White-bellied sea-eagle

Haliaeetus leucogaster

Double-banded plover

Charadrius bicinctus

White-faced heron

Egretta novaehollandiae

Dusky moorhen

Gallinula tenebrosa

White-fronted chat

Epthianura albifrons

Eastern curlew

Numenius madagascariensis

White-necked heron

Ardea pacifica

Eastern great egret

Ardea modesta

Wood sandpiper

Tringa glareola

Eurasian coot

Fulica atra

Yellow-billed spoonbill

Platalea flavipes

Fairy tern

Sternula nereis

Freckled duck

Stictonetta naevosa

Glossy ibis

Plegadis falcinellus

Golden-headed cisticola

Cisticola exilis

Great cormorant

Phalacrocorax carbo

Great crested grebe

Podiceps cristatus

Grey plover

Pluvialis squatarola

Grey teal

Anas gracilis

Hardhead

Aythya australis

Hoary-headed grebe

Poliocephalus poliocephalus

Hooded plover

Thinornis rubricollis

Intermediate egret

Ardea intermedia
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Figure 17 | Wetland habitat classes in the study area classified from Sentinel-2 imagery from 31 July 2020.

Figure 18 | Wetland habitat classes around lake Wellington showing the extensive Avon River wetlands including Clydbank
Morass (top middle) and Lower Latrobe wetlands including Dowd Morass and Heart Morass (lower left) classified from
Sentinel-2 imagery from 31 July 2020.
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Appendix 4: Vegetation mapping

Figure 19 | Wetland habitat classes showing extensive saltmarsh habitat between Lake Wellington and Lake Victoria classified
from Sentinel-2 imagery from 31 July 2020.

Figure 20 | Wetland habitat classes in MacLeod Morass and around Lake King classified from Sentinel-2 imagery from
31 July 2020.

100

www.loveourlakes.net.au

Figure 21 | Wetland habitat classes near Lakes Entrance and Lake Tyers classified from Sentinel-2 imagery from 31 July 2020.

Figure 22 | Wetland habitat classes in the vicinity of Lake Coleman and Lake Reeve classified from Sentinel-2 imagery from
31 July 2020.
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