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1 Introduction
1.1

Context

Dowd Morass is one of a number of variably saline wetlands that fringe Lake Wellington in
West Gippsland. The whole of the Morass is a designated State Game Reserve managed by
Parks Victoria; the eastern half is a part of the Gippsland Lakes Ramsar Site. In May 2016,
Dowd Morass experienced an intrusion of saline water from Lake Wellington. Similar events
have been experienced in the past, including one in 1998 (Boon et al. 2008). During the 2016
event, the wetland near completely filled with water with a salinity approximately one third that
of sea water.
As a signatory to the Ramsar Convention, Australia has an obligation to maintain the
ecological character of its Ramsar sites. Evaluating the effects of large scale drivers such as
population growth and climate change on Ramsar sites and understanding what the
obligations of maintaining character mean in the future under the influence of these large
scale drivers, is a question that is currently being tackled by the Convention and signatories
(Gitay et al. 2011, Hale and Boon 2017).
The recent saline water intrusion into Dowd Morass highlighted deficiencies in our current
understanding of the impacts of such events and suitable management approaches. With an
anticipated increase in these events brought about through sea level rise, and expected
decreases in freshwater inflows, management agencies need to examine system dynamics to
develop feasible strategies to manage similar events into the future.

1.2 Objectives
This project is focussed not only on assessing the impact of the recent saline water intrusion
into Dowd Morass, but also on the long term risks to ecological character from future events.
Specifically, the objectives are to:
1. Assess the risk to ecological character and other values from the recent saline water
intrusion
a. To evaluate the risks to values from the event
b. To determine feasible, short term management options
c. To identify monitoring requirements to measure changes in condition to
values over time and the effectiveness of management interventions
2. Assess the future risks to ecological character and other values from similar events
a. To describe the likely future water and salinity regimes in Dowd Morass (1 –
10 years and 35 year time frames)
b. To evaluate the risks to values from these future water and salinity regimes
c. To identify feasible long term management objectives
d. To determine management interventions to meet those objectives
e. To identify future monitoring requirements.

2 Dowd Morass
2.1 Location
Dowd Morass is located on the southern bank of the Latrobe River and is a major component
of the lower Latrobe wetlands mosaic. Around half of Dowd Morass is within the Ramsar site,
with the western portion of the site, although still part of the Dowd Morass State Game
Reserve, lying outside the Gippsland Lakes Ramsar Site boundary (Figure 1).
The water regime of Dowd Morass is complex and water (of various salinities) can enter the
wetland via several sources (Arrowsmith and Dermek 2014):
•
•
•
•

Inflows from the Latrobe River through Long Waterhole, an anabranch of the Latrobe
River located about 5 km upstream of the western end of morass.
Overbank flows from the Latrobe River along a section of low-lying bank near the
mouth of the river.
Overflows from Lake Wellington through the Dardenelles, a fringing but
hydrologically permeable border vegetated with reeds and paperbarks.
Through two culverts that have been cut between the Latrobe River and the wetland
and are variously fitted with flow-control devices.
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Figure 1: Dowd Morass and Gippsland Lakes Ramsar Site boundary.

2.2 Values
The values of the Gippsland Lakes Ramsar site are described in terms of critical components,
processes and services. Dowd Morass contributes to several of these (BMT WBM 2010):
•

•
•
•

Brackish wetlands – a habitat mosaic of
o Swamp paperbark Melaleuca ericifolia) woodland
o Tall marsh dominated by the emergent macrophyte common reed
(Phragmites australis)
o Open water, with or without submerged vegetation
Abundance and diversity of waterbirds
Waterbird breeding
Threatened frog species

In addition, the wetland has important recreational and social values, being used for duck
hunting (in season) and for other recreational pursuits (canoeing, camping, bird watching)
year-round. The local community also places non-use value on the wetlands that fringe Lake
Wellington for their “tranquillity”, “sense of place” and uniqueness” (West Gippsland CMA
unpublished).
Dowd Morass also supports freshwater fish and macroinvertebrates but information on these
biota from the site is extremely limited. The wetland supports terrestrial vegetation and fauna,
but as the focus of this investigation is on the risks from salinity and water regimes, these are
not explicitly considered.
2.2.1 Wetland vegetation
A comprehensive history of the vegetation of Dowd Morass is provided in Appendix A. A
summary of that information is provided here. A recent investigation mapped at a fine scale a
large number of vegetation communities across Dowd Morass (Figure 2) these have been
simplified to three broad categories consistent with the ecological character description for the
Ramsar site:
1. Brackish-water, open forest or woodland communities dominated by swamp
paperbark (Melaleuca ericifolia; Figure 3)
2. Tall marsh, most often dominated by common reed (Phragmites australis; Figure
4)
3. Open-water areas, sometimes vegetated with submerged vascular plants (Figure
5).
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Figure 2: Vegetation of Dowd Morass in 2015 (Frood et al. 2015).
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Figure 3: Melaleuca-dominated plant communities of Dowd Morass. Photograph taken November
2014. Photograph by P.I. Boon.

Figure 4: Phragmites-dominated Tall Marsh of Dowd Morass. Photograph taken November 2014.
Photograph by P.I. Boon.
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Figure 5: Open-water areas of Dowd Morass. Photograph taken November 2014. Photograph by
P.I. Boon.

The areas of each of these vegetation communities have varied considerably over time, with
an increase in swamp paperbark and open water at the expense of common reed (Figure 6).
In the past, open water areas contained a variety of submerged aquatic plants such as
ribbonweed (Vallisneria australis), water milfoil (Myriophyllum spp.), pondweed (Potamogeton
spp.) and water ferns (Azolla spp.). The most recent surveys indicate that these submerged
wetland vegetation communities are no longer present in any significant way (Frood et al.
2015).
Paperbark

Common reed

Open water
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400
300
200
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Figure 6: Changes in the three major vegetation / habitat types in Dowd Morass (updated from
Boon et al. 2008, with data inferred from Frood et al. 2016).
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2.2.2 Waterbirds
Records from the Atlas of Living Australia indicate that at least 75 species of waterbird have
been recorded from within Dowd Morass. Species representing each functional group have
been recorded with the highest species richness in the large wading birds (e.g. ibis, herons
and egrets) and fish-eating (e.g. cormorants, grebes and pelicans) functional groups (Table
1). The most commonly recorded species are:
•
•
•
•
•

Little pied cormorant (Microcarbo melanoleucos)
Black swan (Cygnus atratus)
Australian white ibis (Threskiornis molucca)
Pacific black duck (Anas superciliosa)
Australian pelican (Pelecanus conspicillatus)

Table 1: Numbers of species in each function group recorded within Dowd Morass (data from the
Atlas of Living Australia).
Function group

Description

Number of
species

Dabbling ducks

Shallow water feeders, feeding by tipping rather than
diving

6

Diving ducks

Deeper water feeders, requiring open water habitats

5

Grazing ducks

Herbivores, feeding in shallow waters and in the
littoral zone

2

Crakes and rails

Feeding in shallow water within cover of dense
emergent vegetation

4

Fishers

Fish eating species, deep or shallow water divers, but
feeding over open water

17

Large wading birds

Shallow water and mudflat foragers

16

Australian shorebirds

Shorebirds that breed within Australia, shallow water
or bare mudflat feeders

10

Migratory shorebirds

Shorebirds that breed in the northern hemisphere
and migrate to Australia for the non-breeding season;
shallow water or bare mudflat feeders

9

Other wetland birds

Non-water birds that are reliant on wetlands for
breeding or feeding (e.g. Australian reed warbler,
swamp harrier)

6

Available data indicate that waterbird abundance is within the 1000s (Figure 7). There are,
however, few comprehensive counts of waterbirds at the site and surveys often target only
select species (e.g. the Victorian summer waterfowl count targets game species). Therefore,
the numbers presented in Figure 7 are likely an under representation of the total waterbird
abundance supported by the site.
There are eight game species of waterfowl in Victoria: Australian shelduck (Tadorna
tadornoides), Australasian shoveler (Anas rhynchotis), grey teal (Anas gracilis), chestnut teal
(Anas castanea), hardhead (Aythya australis), Pacific black duck, pink-eared duck
(Malacorhynchus membranaceus) and wood duck (Chenonetta jubata).
Dowd Morass supports a breeding colony of colonial nesting waterbirds, mainly Australian
white ibis and straw-necked ibis (Threskiornis spinicollis) with smaller numbers of royal
spoonbills (Platalea regia). Historically it has also supported cormorant and egret breeding
but not in recent decades. These colonial nesting species use the swamp paperbarks in the
west end of Dowd Morass as nesting habitat. Thousands of birds have been recorded
breeding at the wetland in the 1970s, 80s and 90s and there are records of thousands of
nests as recently as 2017 (Atlas of Living Australia). These waterbirds have continental scale
distributions and are likely to use Dowd Morass as a nesting site, particularly when
surrounding landscapes are dry.
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Figure 7: Maximum waterbird counts at Dowd Morass (consolidated from DELWP, Atlas of Living
Australia and data provided by Field and Game Australia).

In terms of threatened waterbird species, there are seven records of the endangered
Australasian bittern (Botaurus poiciloptilus) from Dowd Morass. With the most recent
observation in 2017 (Atlas of Living Australia). While there are isolated records of the curlew
sandpiper (Calidris ferruginea) and a single observation of an Australian painted snipe
(Rostratula australis), none have been recorded at the wetland in recent times.
2.2.3 Frogs
There are recent records of the nationally vulnerable green and golden bell frog (Litoria
aurea) from the west end of Dowd Morass with several individuals observed in 2015 (Atlas of
Living Australia) and a single record from 2009 (Victorian Biodiversity Atlas). Although there
are only a handful of records, this species, particularly females, are known to exhibit high site
fidelity (Hamer et al. 2002) and so it is likely that they are regularly supported at Dowd
Morass.
2.2.4 Recreational and social values
Large areas of Dowd Morass are not easily accessible. Recreational use is in the several
hundreds of visitors a year, with most using the site for recreational game (duck) hunting.
Others may access the site to fish on the Latrobe River and there are two four-wheel drive
trails and some beside-water passive recreation such as picnicking and bird watching. A
survey of two community groups (Field and Game Victoria Sale and District branch; and the
Field Naturalists Club of Victoria) on the values of Dowd Morass indicated that members of
both groups valued the wetland for recreation, aesthetics and environmental reasons.
Wetlands of the Gippsland Lakes are important to local communities for a variety of reasons,
but there is a strong sense of appreciation for natural values. The Field and Game members
also highly valued the site for hunting (Boon 2014).

2.3 Benchmarks and targets
There are several existing benchmarks and targets for Dowd Morass that can be used to
inform short and long-term risks to values. The three potentially most useful are:
Limits of Acceptable Change (LAC) – established in the ecological character description for
the Gippsland Lakes Ramsar site and represent the variation that is considered acceptable in
an indicator without representing a potential change in character or a changed state. A recent
addendum to the ECD (DELWP unpublished) updated several of the LAC to reflect increased
knowledge and understanding gained in the past few years.
There are two LAC specific to Dowd Morass:
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•
•

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.
The annual median salinity at Dowd Morass will be < 4 ppt (parts per thousand1) in
five successive years.

There are also LAC for waterbirds and threatened frog species which are applied across the
entire Gippsland Lakes, which Dowd Morass contributes to:
•

•

•

Mean maximum counts (calculated over a minimum of five years) will not drop below
the following population thresholds (bold text indicates species regularly occurs at
Dowd Morass):
o Black swan = 0.3%
o Chestnut teal (ducks) – 2.5%
o Eurasian coot (coots & rails) – 0.15%
o Fairy tern (terns) – 1.5%
o Little tern (terns) – 0.5%
o Little black cormorant (fishers) – 0.01%
o Straw-necked ibis (large wading) – 0.05%
Successful breeding of the following indicator species within the Ramsar site at least
once every five years (bold text indicates species regularly occurs at Dowd Morass):
Australian fairy tern, Australian white ibis, Australian pelican, black swan,
chestnut teal, little black cormorant, little tern and royal spoonbill.
Green and golden bell frog and growling grass frog are recorded breeding at least
one location within the Ramsar site every five years.

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.
There are several RCTs relevant to Dowd Morass:
•
•
•
•
•
•

Maintain extent, diversity and condition of native vegetation communities: swamp
paperbark woodland and common reed dominated tall marsh.
Total diversity of waterbirds across the site remains above 86 species.
The Ramsar site supports greater than 20,000 waterbirds in three out of five years.
Protect regularly used colonial waterbird breeding sites (pelicans, darters, ibis,
cormorants, royal spoonbills).
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.
Successful breeding of green and golden bell frog and growling grass frog at a
minimum of five sites in any five-year period, as evidenced by tadpoles and juveniles.

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 derive a condition score for each vegetation community (DELWP 2016a).

1

Equivalent to approximately 6700 µS/cm.
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3 Risk assessment overview
3.1 Drivers, threats and stressors
The short and long-term risk assessments are focussed on the likely effects of saline water
intrusion on the values of the site. Potential impacts on values have been considered in terms
of:
•
•
•

Drivers – large scale changes in the environment
Threats – the events or activities arising from these drivers
Stressors – the physical or chemical changes in the receiving wetland (Dowd
Morass).

Two major drivers have been identified that contribute to saline water entering into Dowd
Morass:
1. Sea level – increases in water levels in the Southern Ocean both under current
conditions during events such as king tides and storm surges, and in the longer term
due to eustatic sea-level rise, raises water levels across the Gippsland Lakes and
once a threshold of 0.32 m (AHD) is reached in Lake Wellington, water flows from
Lake Wellington, through the Dardenelles into Dowd Morass (Arrowsmith and
Dermek 2014).
2. Reduced freshwater inflows – decreased water flows in the rivers of the Latrobe
catchment not only decreases the volume freshwater entering Dowd Morass, but also
that discharging into Lake Wellington. This reduction in freshwater volume leads to
increases in salinity as the salt load is carried by smaller values of water and dilution
is less.
These two drivers contribute to two threats, an increase in water level and salinity in Lake
Wellington and a movement of saline water from Lake Wellington into Dowd Morass. Three
main stressors have been identified that arise from these two threats:
1. Increased salinity in the water column and sediment of Dowd Morass
2. Potentially increased duration of inundation as water levels remain higher
3. Increased wave action and erosion, particularly along the shorelines near the
Dardenelles as waves in Lake Wellington impact on the fringing vegetation.
A conceptual model that illustrates the important linkages associated with saline water
intrusions into Dowd Morass is provided in Figure 8. Consistent with the concept of a stressor
model (Davis and Brock 2008) the model represents the relationships between drivers,
threats, stressors and values. The model does not include feedbacks loops and is focussed
on the major interactions associated with the saline water intrusion into Dowd Morass and the
values of the site.

3.2 Potential impacts to values
The impacts of increased duration of inundation, increased salinity and erosion on the values
of Dowd Morass are dependent on the tolerances of those values to the changing physical
and chemical conditions. A concise summary of the likely tolerances of the three key values
of Dowd Morass is provided below.
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Figure 8: Conceptual model of the effects of saline water intrusions on the values of Dowd
Morass.

3.2.1 Vegetation
Appendix A contains a detailed review of the available information pertaining to the tolerances
of the major vegetation communities to conditions in Dowd Morass. A short summary is
provided below. The extent and condition of the wetland vegetation communities present in
Dowd Morass are influenced primarily by three environmental factors:
1. water regime
2. salinity regime
3. wave action (i.e. erosion).
Common reed has a very broad tolerance of hydrological regimes and is able to grow
vigorously in permanent waters as well as under intermittent inundation. It grows best in water
20 to 40 cm deep, but also grows well in temporarily dry conditions or in permanent water as
deep as 100 cm (Roberts and Marston 2011). In wetlands with permanent inundation,
common reed often forms dense monospecific stands. The diversity of emergent vegetation
communities in Dowd Morass is, however, highest in areas with variable water regimes
(Raulings et al. 2010).
Common reed also has a very broad salinity tolerance and data from a recent Lakes-wide
survey indicate that strains from some parts of the Gippsland Lakes can grow at salinities of
at least 16 ppt, albeit with reduced vigour compared with growth at lower salinities of 0−4 ppt
(Boon et al. 2015b).
Studies undertaken over the past 15 years show that water regime also controls the dynamics
of paperbark in Dowd Morass via effects on plant recruitment and on the growth and survival
of adult specimens. While adults can survive permanent inundation and reproduce asexually,
a drying phase is required in order for germination and establishment of new plants from seed
(Robinson et al. 2006, Salter et al. 2007).
Less is known about the salinity tolerances of swamp paperbark in Dowd Morass, with the
available studies focussing mostly on the effect of salinity on germination and on the growth
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of juvenile plants. The evidence suggests, that while germination and the establishment of
young plants is more successful at low salinities (< 1 ppt) and is markedly inhibited at
salinities even as low as 2−4 ppt, adults can persist at much higher salinities (15 – >25 ppt)
(Ladiges et al. 1981, Robinson et al. 2006, Salter et al. 2007, Raulings et al. 2010, 2011).
While erosion, particularly as a result of wave action, has been shown to be a significant
influence on littoral vegetation in the exposed areas of Lake Wellington (Boon et al. 2015a), in
the sheltered waters of the interior of Dowd Morass it is likely to be considerably less
important as an environmental factor controlling the growth or persistence of common reed or
swamp paperbark.
Other wetland vegetation communities such as the complex emergent vegetation in the west
of Dowd Morass and the formerly extensive submerged vegetation communities are highly
diverse with variable salinity and water regime tolerances. For example, the floodplain
riparian woodland (EVC 56) in west Dowd Morass has an overstory of river red gum
(Eucalyptus camaldulensis) and Gippsland red gum (E. tereticornis ssp. mediana). River red
gum is considered an inundation dependent species that requires periodic flooding to
maintain condition and particularly for germination and recruitment (Roberts and Marston
2011). The species, however, cannot tolerate permanent inundation, and continuous flooding
for more than around four years leads to the death of trees (Roberts and Marston 2011).
Although considered “moderately” salinity tolerant, river red gum grows better in freshwater,
with experiments suggesting that salinities of one-third seawater sufficient to severely effect
growth and condition (Allen et al. 1994; Nasim et al. 2008; among others). Gippsland red
gum, however, is a more terrestrial species that is intolerant of inundation (Roberts et al.
2017) and has a lower salinity tolerance than river red gum (Nasim et al. 2008).
The submerged vegetation communities that were previously observed in the open water
areas of Dowd Morass were comprised of predominantly freshwater species (e.g. eelgrass).
There are a large number of submerged macrophyte species, however, with salinity
tolerances ranging from purely fresh (e.g. watermilfoils) to saline (e.g. sea tassel; Ruppia
tuberosa). While all these species require surface water for their vegetative states, they have
various dormant phase strategies to tolerant periodic drying (Roberts and Marston 2011).
3.2.2 Waterbirds
Waterbirds use the habitats at Dowd Morass for feeding, roosting and breeding and may use
adjacent habitats for some or all of these. Detailed investigations in the Coorong in South
Australia suggest that the effect of salinity on waterbird diversity and abundance is not direct,
with many Australian waterbird species known to use inland saline, coastal and freshwater
wetlands, but rather related to effects on food webs (Paton et al. 2009). These effects were
found, however, at very extreme salinity ranges (up to 124 ppt) with most species not
exhibiting any discernible effect of salinities up to those of seawater. In contrast, a Bayesian
statistical analysis of waterbird use of inland wetlands in the Wimmera region indicated that
increasing salinity could have a positive, negative or no effect on species presence. Species
that preferentially use saline wetland habitats included chestnut teal and several shorebird
species, while those that are less likely to use saline habitats included blue-billed duck and
freckled duck (Smith et al. 2009).
The most common species that occur at Dowd Morass are found in coastal and high salinity
areas and so salinity in the ranges expected at Dowd Morass are unlikely to be a critical
factor (Table 2).
With respect to water regime, there are the dual considerations of productivity (sufficient
resources to support moderate abundance of species) and water depth to match foraging
strategies. The range of function groups summaries in Table 1 indicate that a mosaic of water
depths and habitats is required to support the full range of species (Table 2). Small wading
shorebirds, for example require very shallow water or exposed mudflats, while some fisheating species require water depths of > 1 metre. In addition, intermittent wetlands are often
considered to be more productive in terms of food resources. Salinity, however, is often not a
factor in productivity with shallow, permanent brackish to saline wetlands shown to be highly
productive elsewhere in Australia (Kingsford and Porter 1994).
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The mosaic of open water, shrubs and emergent plants also provides habitat heterogeneity to
support a greater diversity of wetland birds. Therefore, any effects that would lead to a
decline in those habitats may have flow on effects.
The colonial nesting species that regularly breed at Dowd Morass include Australian white
ibis and little black cormorants and these use the paperbarks as nesting sites. The
requirements are for water under nesting trees for three to four months duration. Standing
dead trees, emergent reeds and other species of tall vegetation can all be used as nesting
sites by colonial breeding waterbirds.
Table 2: Common waterbird species within Dowd Morass and expected water regime and
salinity requirements (Higgins and Marchant 1990, Higgins and Davies 1996, Jaensch 2002,
Smith et al. 2009).
Species

Salinity

Water regime

Australian
pelican

Commonly uses marine and
inland saline wetlands

Feeds in deep water (> 1metre)

Australian white
ibis

Commonly uses inland saline
wetlands

Feeds in shallow waters (< 0.5 m deep)

Black swan

Commonly uses marine and
inland saline wetlands. Tolerates
high salinities (up to 60 ppt)

Feeds in deep or shallow waters

Chestnut teal

Commonly uses marine and
inland saline wetlands

Feeds in deep or shallow waters

Grey teal

Commonly uses marine and
inland saline wetlands

Feeds in deep or shallow waters

Little pied
cormorant

Commonly uses marine and
inland saline wetlands

Feeds in deep water (> 1metre)

Pacific black
duck

Commonly uses marine and
inland saline wetlands

Feeds in deep or shallow waters

Royal spoonbill

Commonly uses inland saline
wetlands

Feeds in shallow waters (< 0.5 m deep)

If nesting over water, duration of inundation
important

Inundation duration important for successful
breeding and recruitment (i,e. water must
remain until chicks have fledged)

3.2.3 Frogs
The green and golden bell frog is often found in coastal wetlands and has a relatively high
salinity tolerance, compared to other frog species. Recent studies indicate that the species
may require brackish water, with 85% tadpole survival at 16% seawater compared to 35%
survival in 0.4% seawater salinity (Kearney et al. 2012). The western end of Dowd Morass
provides suitable habitat for the species, with structural vegetation diversity, brackish
salinities and standing or slow-moving water. The species requires standing water for
successful reproduction which occurs in spring – summer (Department of Environment and
Conservation 2005).
3.2.4 Recreation and social values
Recreational use of Dowd Morass is reliant on several factors: a “healthy” looking wetland,
water for boating or beside-water recreation such as camping, and conditions to support
game species of waterfowl. The three most common species of game bird at Dowd Morass
are grey teal, chestnut teal and Pacific black duck. These all are known to use coastal and
saline wetlands and so increased salinity is unlikely to be a factor controlling their abundance.
They are dabbling ducks and grazing waterfowl and so shallow to moderately deep open
water is preferred.
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In terms of preferences for a “healthy” looking wetland, responses at the stakeholder2
workshops indicated that several factors were important:
•
•
•
•
•

Fresh and clear water
Healthy swamp paperbark
Areas of emergent common reed
Colonial nesting of waterbirds
Game species of duck and the ability to hunt

There was also a strong emphasis on the “bequest” value of Dowd Morass and preserving
the ecology for future generations. Therefore, significant changes to the current ecology of
the site would also represent a risk to recreational values.

3.3 Risk assessment method
The assessment of both the short and long-term risks has been informed by likelihood and
consequence descriptors Table 3 and Table 4, with risk = likelihood x consequence (Table 5).
The consequence descriptors have been developed to assess potential change in character
with respect to the LAC for critical components, processes and services.
Table 3: Likelihood
Almost certain

Likely

Possible

Unlikely

Rare

Is expected to
occur in most
circumstances
Probability > 70%

Will probably
occur in most
circumstances
Probability 50 70%

Could occur
Probability 30 50%

Could occur but
not expected 10 30%

Occurs only in
exceptional
circumstances
Probability < 10%

Table 4: Consequence
Negligible

Minor

Moderate

No
measurable
change to
critical
components,
processes and
services.

Localised
measurable
changes to critical
components,
processes and
services, but no
exceedence of
LAC.

Short-term changes
to one or more
critical components,
processes and
services and
potential
exceedence of LAC.
Recovery (to within
LAC) in 1 to 2
years.

Major
Widespread
measureable
changes to one or
more critical
components,
processes and
services and
exceedence of one
or more LAC.
Recovery (to within
LAC) in 3 to 10.

Extreme
Long-term and
possibly irreversible
damage to one or
more critical
components,
processes and
services. LAC
exceeded and new
baseline will need
to be established.

Table 5: Risk matrix (adapted from AS/NZS 2006).

Likelihood

Consequence
Insignificant

Minor

Moderate

Major

Extreme

Almost certain

Negligible

Medium

High

Very high

Very high

Likely

Negligible

Medium

Medium

High

Very high

Possible

Negligible

Low

Medium

High

High

Unlikely

Negligible

Low

Low

Medium

Medium

Rare

Negligible

Negligible

Negligible

Low

Medium

2
It should be noted that limited representation of stakeholder groups were present at this workshop and
not all stakeholder views were captured.
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5 Short-term risks
5.1 The 2016 saline water intrusion
An extended period of low flow in the Thomson and Latrobe Rivers in early 2016 (Figure 9),
exacerbated the seasonal increase in salinity in Lake Wellington (Figure 10). With smaller
freshwater inflows, there is a greater marine influence in Lake Wellington, with saline water
entering through McLennan’s Straits into the large shallow lake. From here the saline water
can enter Dowd Morass via a number of locations, as outlined earlier in Section 2.1.

Figure 9: Water level in the Latrobe River immediately upstream of Dowd Morass (data from
DELWP unpublished).

Figure 10: Water level (metres) and salinity (ppt) in Lake Wellington (data from DELWP
unpublished).

In early May 2016, an increase in mean sea level in the Southern Ocean caused saline water
to move through the Gippsland Lakes (Figure 11) and, eventually, into Lake Wellington.
Salinity at that time was around 15 ppt in Lake Wellington. The increase in water levels in
Lake Wellington of approximately 0.35 m was due primarily to the movement of saline water
through the Gippsland Lakes via the connection to the sea at Lakes Entrance and hence into
Lake Wellington via the McLennan Strait. The higher and more saline lake waters resulted in
saline water entering Dowd Morass, most likely through the Dardenelles, once water levels
exceeded 0.35 m AHD. Waterwatch data from Dowd Morass at around that time indicated a
salinity peaking at approximately 27000 µS/cm (equivalent to16 ppt) (Figure 12).
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Figure 11: Water level at Lakes Entrance and Lake Wellington (data from DELWP unpublished).
Arrow indicates the near-simultaneous rise in water level at Lakes Entrance and in Lake
Wellington, suggesting that the increased water in Lake Wellington was at least partially due to
short-term changes in sea level, seen first at Lakes Entrance.

Soon after the saline intrusion, increased freshwater flows down the Latrobe and Thomson
Rivers in July 2016 lowered the salinity in Lake Wellington to < 5 ppt. They also increased
water levels in Lake Wellington. These riverine inputs would have facilitated the movement of
fresher water into Dowd Morass, with a corresponding drop in salinity within the wetland. By
August 2016, salinity in Dowds Morass was around 4600 µS/cm (2 – 3 ppt). These data
suggest that water-column salinity in Dowd Morass remained high (> 10 ppt) for only a short
period of time, less than three months, following the May 2016 saline intrusion. This situation
can be contrasted with the extended periods in 2004 to 2010, when water-column salinity in
parts of Dowd Morass was much more variable and sometimes very high (up to 35,000
µS/cm, or over 20 ppt3) (Figure 12).
There is little information on water levels within Dowd Morass during the May 2016 event, but
it can be expected that the system remained permanently inundated over much of the
wetland for the duration of the high salinity and continuing to present. Available data indicate
highly variable water levels from 2004 to 2010, during the Millennium drought and a trial of
lowering water levels in Dowd Morass (see Appendix A for a more detailed description).
Recent data (June to December 2017) indicates permanent standing water and less variable
water levels (Figure 13).

3

There are several measures for salinity and in freshwater, electrical conductivity (µS/cm3) is the most
common measure. In more saline waters, a physical quantity (the weight of salt per weight of water (in
parts per thousand) is commonly used. Conversion between the two measures is not straight forward.
Here we have used the equation of P.K. Weyl, Limnology and Oceanography; 9,75 (1964).
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Figure 12: Conductivity (µS/cm) as an indicator of salinity in Dowd Morass January 1996 to
December 2017 (data from DELWP unpublished, Waterwatch and WGCMA). Red line indicates
the LAC for Dowd Morass (4ppt or approximately 7600 µS/cm).
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Figure 13: Water level in Dowd Morass (data from DELWP unpublished and WGCMA).

5.2 Ecological responses
Salinity has been continuously monitored in Dowd Morass for the past six months and the
median for the year to date (June to Dec 2017) is 7190 µS/cm (approximately 4ppt). There
appears to have been a freshening of the system, possibly in response to high rainfall in
December 2017 and it is possible that the median for the twelve months will be within the
LAC.
A recent survey of the drone-accessible parts of Dowd Morass by an unmanned aerial
reconnaissance vehicle with sophisticated imaging equipment provided good coverage for a
qualitative assessment of vegetation extent and condition following the May 2016 intrusion of
saline water (Figure 14). Two types of imagery were collected: (1) 360o panoramic views of
selected sites, mostly in the western parts of the wetland; and (2) linear transects flow in the
eastern portion of the Morass. This imagery shows that, in terms of vegetation extent, a
habitat mosaic of open water and large areas of tall marsh and of paperbark still persists, and
this indicates strongly that the site is well within the defined Limits of Acceptable Change for
vegetation (Figure 16 and Figure 18).

18

PAEC - Ramsar Wetlands Inquiry
Submission no. 372 - appendix a

Figure 14 Locations of panoramic drone images (red tear-drops) and the area of linear transects
flown by the drone (green pie-shaped sector) in the eastern-most sections of Dowd Morass.

Gauging impacts of the saline intrusion on the condition of vegetation is more difficult to
assess. The 2015 Index of Wetland Condition score for a single area of swamp paperbark
woodland at Dowd Morass was 73/100 and for an area of tall marsh dominated by common
reed was 88/100 (Frood et al. 2015). These scores, however, apply only to small areas of
Dowd Morass and there is no quantitative data on condition of the vegetation communities on
a whole-of-wetland scale. The study by Frood et al. (2015) indicated that there were patches
of swamp paperbark that were at that time in poor condition and characterised by low cover
(15%) and a large number of dead stems. The poorest condition paperbark was located at the
margins where conditions were drier (and possibly increased soil salinity due to concentration
of salts from evaporation).
Nevertheless we conclude from the drone imagery that, qualitatively, the common-reed
communities seem to be maintained in dense, healthy swards with little sign of regressing
fringes and while there are patches of paperbark with dead stems, there remain very large
areas with good canopy cover (Figures 15 - 19). Note that Figures 15−19 show only a small
subset of the total amount of imagery collected, and all images can be viewed at
https://www.dropbox.com/sh/kwwxmwjabvemjuh/AABVbDZYOXScSzE5p4Yv4VDaa?dl=0
There is little waterbird data from Dowd Morass after the saline intrusion. The annual summer
waterfowl count in February 2017 was lower than the previous year, but within the variability
of the past five years (see Figure 7 above). There were moderate numbers of grey and
chestnut teal, and lower numbers of Pacific black duck and Australian shelduck, all of which
are game species.
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Figure 15: Swamp paperbark at Dowd Morass December 2017 showing some stands with dead stems.

20

PAEC - Ramsar Wetlands Inquiry
Submission no. 372 - appendix a

Figure 16: Dense stands of common reed tall marsh at Dowd Morass in December 2017.
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Figure 17: Swamp paperbark at Dowd Morass December 2017

22

PAEC - Ramsar Wetlands Inquiry
Submission no. 372 - appendix a

Figure 18: Habitat mosaic of paperbark, open water and tall marsh at Dowd Morass December 2017
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Figure 19: Habitat mosaic of paperbark, open water and tall marsh at Dowd Morass December 2017, with paperbark appearing to be in relatively good condition.
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5.3 Risk assessment results
The short-term risks from the May 2016 saline water intrusion are provided in Table 6. Risks
to all values were considered to be low, based primarily on the facts that:
•
•
•

The increase in salinity was short lived.
The salinities experienced at Dowd Morass in 2016 were within the tolerances of the
key values and considerably lower than those experienced a decade ago (see Figure
12).
The Limits of Acceptable Change at the site have not been exceeded, indicating that
the ecological character of this part of the Gippsland Lakes Ramsar Site has not
changed.

Table 6: Results of the short-term risk assessment.
Critical CPS

Likelihood

Consequence

Risk

Evidence / comments

Tall marsh
(common
reed
dominated)

Unlikely

Minor

Low

Water regime and salinity are within known
tolerances of common reed in the Gippsland
Lakes and qualitative evidence from the drone
imagery suggests little effect to date (18
months after inundation).

Swamp
paperbark

Possible

Minor

Low

Water regime and salinity are thought to be
within tolerances of swamp paperbark and
qualitative evidence from the drone imagery
suggests little effect to date (18 months after
inundation).

Other
wetland
vegetation
(including
submerged
vegetation)

Possible

Minor

Low

There are complex vegetation communities at
the western end of Dowd Morass (outside the
Ramsar site boundary). Modelling of saline
water movement from Lake Wellington into
Dowd Morass by Water Technology suggests
that after one month saline water has not
reached this area; and so it was not likely
impacted significantly by the May 2016 saline
water intrusion.

Waterbird:
abundance
and diversity

Unlikely

Minor

Low

The waterbirds that are most abundant in Dowd
Morass use both saline and freshwater
wetlands and so risk from the May 2016 saline
water intrusion is low.

Waterbird
breeding

Unlikely

Minor

Low

Habitats upon which breeding waterbirds at
Dowd Morass rely were not measurably
impacted by the saline water intrusion and so
risk to waterbird breeding is low.

Frogs

Unlikely

Minor

Low

Saline water intrusion occurred during the nonbreeding season, when risks to tadpoles and
juveniles was low. In addition, salinity in west
Dowd is unlikely to have risen above the
salinity tolerance of the green and golden bell
frog.

Recreation
and social
values

Unlikely

Minor

Low

With no impacts to habitats or visual amenity,
risks to recreation and social values are from
perceptions, not any physical changes.

5.4 Mitigation measures
Given that the ongoing risk from the May 2016 saline intrusion was low for all values and
there is little or no evidence of a decline in the ecology of the system, no immediate mitigation
actions are proposed. Actions that address potential future risks of saline intrusion will be
considered in the next phase of the project “long-term risks” which considered the immediate
future (next 1 – 10 years) and the medium term (next 35 years).
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6 Long-term risks
6.1 Drivers, threats and stressors
6.1.1 Drivers
Climate change, and especially its effects on mean sea level, is the driver that is most likely to
affect the salinity risk at Dowd Morass in the medium (1 − 10 year) and longer (next 35 year)
terms. This effect is likely, however, to be exacerbated by changes in water resource use (i.e.
regulation and extraction) in the Latrobe and Thomson catchments, and these are particularly
hard to predict.
The most recent scaled-down climate change models for Victoria’s south east region
projected the following conditions, relative to a 1986 – 2005 baseline (Timbal et al. 2016):
•
•
•
•
•
•
•

Very high confidence of an increase in maximum daily temperature increases of 0.8
to 1.6 C by 2030 and 2.5 to 5.6 by 2090.
Very high confidence of a significant increase in the number and duration of extreme
temperature periods.
High confidence that cool-season rainfall will decrease, but the magnitude of this
change is uncertain. Annual mean rainfall is projected to change by -15% to +4% by
2030 and by -29% to -7% by 2090.
High confidence that there will be an increase in the frequency of heavy rainfall
events.
Very high confidence in a 10 − 20% increase in mean evaporation.
A significant reduction in annual run-off, which under the worst-case scenario could
be as much as 50% less by 2090 than current.
Very high confidence in a continued increase in mean sea level and the frequency of
extreme coastal sea levels (i.e. storm surges). Mean sea level is likely to increase by
2050 by 0.1 – 0.27 m over present levels.

Sea level is currently 225 mm higher than it was in 1880 and is predicted to rise between
100 mm and 270 mm further by 2050 (Timbal et al. 2016). The most recent analyses of mean
sea level from satellite data extends back to 1992 and indicates that mean sea level has
increased at a rate of 3.4 mm per year on average since that time (Figure 20). This means
that mean sea level has increased by around 12 cm since the Gippsland Lakes were listed as
a Ramsar site.
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Figure 20: Mean global sea level since 1992
(https://www.cmar.csiro.au/sealevel/sl_hist_last_decades.html).

The projected effects of climate change on the run-off in the Latrobe and Thomson
catchments is variable with a predicted increase in low flows and a decrease in moderate and
high flows (Table 7). Notwithstanding there is a projected increase in the frequency and
intensity of floods in the region due to an increase extreme rainfall events.
Table 7: Change in annual runoff (%) relative to current annual average run-off (1975-2014) for
low flows (10th percentile) medium flows (50th percentile) and high flows (90th percentile) (DELWP
2016b)
River

Current
annual
runoff

2040

2065

Low

Medium

High

Low

Medium

High

Thomson

186 mm

10.3

-9.1

-27.6

2.0

-13.9

-41.9

Latrobe

186 mm

8.7

-10.7

-31.3

0.1

-16.3

-41.5

6.1.2 Threats
The effects of the key driver of climate change of relevance here, is the increase in the
salinity and water level in Lake Wellington, resulting in movement of saline water into Dowd
Morass. An evaluation of current and future predicted conditions has been based on several
sources of information:
•
•
•
•
•

Understanding of Lake Wellington hydrodynamics (Brizga et al. 2013).
Continuous water level data available from 1975 to current Victorian Water
Measurement Information System).
Paired continuous water level and salinity data from 2004 to current (Victorian Water
Measurement Information System).
Monthly salinity data available for Lake Wellington from 1984 to current (EPA
Victoria).
Modelled salinity data from Lake Wellington 1977 to 1985 (Brizga et al. 2013).
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Water levels and salinity in Lake Wellington
Water levels and salinity in Lake Wellington are the key to saline water intrusions into Dowd
Morass. The hydrodynamics of Lake Wellington are a complex interaction between inflowing
freshwater from the Thomson and Latrobe Rivers (through the Latrobe Estuary) and marine
origin water through McLennan Strait (Brizga et al. 2013). The lake level is affected by marine
conditions and inflows. In relation to marine conditions tides have a minor influence, but the
dominant forces are atmospheric pressure variations (e.g. storm surge in Bass Strait
associated with low pressure systems) and wind (which includes wave effects in Lake
Wellington). The effect of storm surge / atmospheric pressure on water levels in Lake
Wellington is illustrated in Figure 21, with the water level in the lake closely mimicking that in
Bass Strait. Under moderate to high river flow conditions, freshwater enters the Lake and
exerts hydrodynamic pressure on the connection through McLennan Strait, limiting intrusion
of marine origin waters and raising water levels with freshwater. Under low flow conditions,
increased water flows through McLennan Strait into Lake Wellington (Tilleard et al 2009).
Many factors influence the salinity in Lake Wellington such as rainfall, evaporation, tides,
wind, salinity in the rivers. It is the balance between fresh river inflows and marine origin
water, however, that is the dominant influencing factor on the salinity in Lake Wellington
(Ladson et al. 2011). Although Lake Wellington was probably once fresh, the opening of the
permanent connection to the sea at Lakes Entrance over 100 years ago, has altered salinity
across the Gippsland Lakes and Lake Wellington has been brackish for many decades. There
has, however, been an increase in the incidence of higher salinities in Lake Wellington in
recent years (Figure 22).

Figure 21: Lake Wellington water levels, August 2010 to February 2011 (Brizga et al. 2013).
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Figure 22: Salinity in Lake Wellington (ppt) as raw data and an exponentially weighted moving
average (EWMA). Data supplied by EPA Victoria.

28

PAEC - Ramsar Wetlands Inquiry
Submission no. 372 - appendix a

Historical and current conditions at Dowd Morass
The available data indicate that since 1975, water levels in Lake Wellington exceed 0.35 m
AHD (the point at which water can flow through the Dardenelles into Dowd Morass) about
7 % of the time (Figure 23). Most often when this occurs, however, the salinity in Lake
Wellington is low. This is because higher water levels in Lake Wellington most often occurred
due to freshwater inflows from rivers during high flow and flood events. Lake Wellington
having saline water (> 10 ppt) and being at a level that allows for movement of water into
Dowd Morass through the Dardenelles (0.35 m AHD), is historically very rare. There is a
single event in 1978, and records from 1998, when salinity exceeded 10 ppt in Lake
Wellington and flowed into Dowd Morass for a period of approximately 12 days; and more
frequent occurrences since 2000 (Figure 24).
It is essential to note, however, that there is evidence in the historical record for a clear
increase in the incidence of saline water intrusion into Dowd Morass from Lake Wellington,
over the past decade. While there is only two confirmed records of this occurring prior to 2000
(1978 and 1998); it has happened nearly every year since 2007.
The reasons for this increase in high salinity, high water levels in Lake Wellington since 2000
are complex. There have been decreases in annual rainfall (between 20 and 40 mm per
decade; Bureau of Meteorology) and effects of water extraction in the catchment. In addition,
the rate of sea level rise has not been constant over the past 30 years. For the period 1950–
2000, the best estimate of mean sea-level rise is about 1.8 to 1.9 mm / year. By 2003, this
rate of rise had accelerated to 3.1 mm / year (Church et al. 2008). Figure 20 illustrates that
this trend of accelerating sea level rise continued, with the rate of rise between 2010 and
2008 exceeding 4.3 mm / year.

Figure 23: Water level in Lake Wellington (Bull Bay) 1975 to 2017 (data from the Water
Measurement Information System). Red line indicates threshold of water movement from Lake
Wellington into Dowd Morass (0.35 m AHD).
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Figure 24: Days when water level in Lake Wellington exceeded 0.35 m AHD and salinity was
> 10 ppt and > 15 ppt (data from the Water Measurement Information System and EPA Victoria).
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Future conditions
What might happen to water levels and salinity in Lake Wellington has been considered for
two scenarios, based on the range of projected sea level rise: (1) 0.1 m (conservative
estimate, based on substantial reductions in global CO2 emissions); and (2) 0.27 m (arguably
a more realistic scenario, based on only a small reduction in global CO2 emissions). While
consideration was given to including altered freshwater inflows, the uncertainty associated
with predictions (of both higher and lower river flows) precluded using this information.
Future conditions were assessed by adding 0.1 m and 0.27 m to the existing water level data
from Lake Wellington. This showed that Lake Wellington would be connected to Dowd
Morass more often under both sea-level rise scenarios (Figure 25), but with the not
unexpected result that intrusions would be more severe with the higher mean sea levels.
Water levels in Lake Wellington exceed the 0.35 m threshold approximately 17% of the time
under a 0.1 m sea level rise (up from 7% based on the historic record). This escalates to over
80% under the 0.27 m sea level rise scenario, indicating that Lake Wellington would be
connected to Dowd Morass most of the time.
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Figure 25: Water level in Lake Wellington (Bull Bay) 1975 to 2017 under 0.1m and 0.27m sea level
rise. Red line indicates threshold of water movement from Lake Wellington into Dowd Morass
(0.35 m AHD).

It is more difficult to predict the frequency of connection between the two water bodies when
Lake Wellington is saline. It is inevitable that there will be a greater influence of marine water
and that Lake Wellington will be saline more often under the two climate-change scenarios.
We do not, however, have information on how that marine influence will interact with
freshwater inflows to determine likely salinity regimes. As a preliminary estimate additional
salinity was added to Lake Wellington based on the proportion of water that sea level rise
would add to the system. This was done by assuming that the average depth of Lake
Wellington is 2.8 m (Ladson et al. 2011) and that a 0.1 m rise would therefore add 2.8% more
water. If the additional water was of marine origin, it would add approximately 1 ppt of salt to
the Lake Wellington system. Similarly, a 0.27 m rise in sea level represents an c. 10%
increase in water volume in Lake Wellington and thus a corresponding c. 3.5 ppt increase in
salinity. The results of this analysis indicate an increase in saline water intrusions under 0.1 m
sea level rise, and a dramatic increase under a 0.27 m rise (Figure 26). For example, with a
0.27 m rise in sea level and a drought period, similar to the Millennium Drought, saline water
would be moving into Dowd Morass for between 140 and 310 days a year.
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Lake Wellington: Days when average water level is > 0.35m and salinity > 10 ppt
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Figure 26: Days when water level in Lake Wellington exceeds 0.35 m AHD and salinity is > 10 ppt
and > 15 ppt (calculated from data in the Water Measurement Information System).

6.1.3 Stressors
The effects on salinity and water level in Dowd Morass under future sea level rise conditions
were explored using the lower Latrobe River two-dimensional (2D) hydraulic model developed
by Water Technology (Arrowsmith and Dermek 2014). More details on the application are
provided in Appendix B. The model was used to understand the inundation regime of Dowd
Morass during May 2016 and how the regime would change should a May 2016 event occur
under the 0.1 m and 0.27 m sea level rise scenarios. Figure 27 shows the current sea level
base case, Figure 28 show the modelled inundation under a 0.1 m sea level rise and Figure
29 shows inundation under a 0.27 m sea level rise.
The May 2016 inundation and salinity in Dowd Morass shown in Figure 27 should only be
considered indicative because inundation and salinity levels in Dowd Morass at the start of
the simulation on 1 May 2016 were not known and the culverts connecting the river to Dowd
Morass were assumed to open which allowed some freshwater into the Dowd Morass (in the
real event they were closed). This is discussed in more detail in Appendix B. Despite this
limitation the modelling assessment is still helpful in understanding the magnitude of change
under the sea level rise scenarios. The changes can be summarised as:
•

•

0.1 m sea level rise
o All the eastern portion of Dowd Morass is inundated and salinity in this area
matches that of Lake Wellington.
o There is increased inundation in the western portions of the Morass, but
salinities are lower and the far west still has areas that are not inundated and
maintain freshwater conditions.
0.27 m sea level rise
o Almost all of Dowd Morass is inundated, including the areas of currently
terrestrial vegetation in the far west.
o Saline water penetrates further, and the far west of the wetland has a salinity
roughly half that of Lake Wellington.
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Figure 27: Modelled inundation and salinity in Dowd Morass under current sea level, with a 10 ppt and 20 ppt salinity in Lake Wellington.
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Figure 28: Modelled inundation and salinity in Dowd Morass during the May 2016 inundation event with 0.1 m sea level rise. Blue indicates inundation of areas that
were not inundated under current sea level conditions.
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Figure 29: Modelled inundation and salinity in Dowd Morass during the May 2016 inundation event with 0.27 m sea level rise. Blue indicates inundation of areas
that were not inundated under current sea level conditions.
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Although we do not have sufficient information to quantify the salinity and inundation
stressors at Dowd Morass over a longer time period, we can qualitatively predict the likely
conditions using the available information on the threats and the modelled one month period
illustrated above.
Under the 0.1 m sea level rise scenarios with Lake Wellington salinities of 10 and 20 ppt, it is
likely that there will be more frequent intrusions of saline water into Dowd Morass. These
intrusions, however, will likely persist for a relatively short time of days to weeks. Water is
modelled to flow from Lake Wellington to Dowd Morass about 17% of the time, but the
incidence of this being saline water is not known. Salinity during the periods of connectivity
will have a gradient across Dowd Morass from east to west, with salinity in the east matching
that of Lake Wellington and in the far west water may still remain predominantly fresh to
brackish (unless evaporation progressively concentrates the salts and increases watercolumn and sediment salinities. There is modelled to be moderate increases in the extent and
frequency of inundation, again more prevalent in the east. An increase in water level in Lake
Wellington, coupled with the prevailing wind and wave conditions will erosive forces along the
shoreline at the Dardanelles between Dowd Morass and Lake Wellington.
Under the 0.27 m sea level rise scenario, there will be marked changes in salinity and
inundation regimes. The modelling suggests there will be significant increases in the
incidence of saline water intrusions, with annual events persisting for weeks to months.
Salinity will still operate along a gradient from east to west, with the east matching the salinity
in Lake Wellington, possibly year round. We can expect Lake Wellington to be more saline
more often with a great influence of marine water and this will translate to the Morass. Salinity
in the far west of the morass will be brackish. Water levels will be substantially higher with the
east of Dowd Morass extending through much of the central areas permanently inundated.
Inundation extent, duration and depth will also increase in the far west of the Morass, with
much of the rarely inundated and terrestrial areas experiencing frequent and prolonged
inundation. Erosive forces from wind and higher water levels will be marked and potentially
severe through the Dardanelles.

6.2 Effects on values
The long-term potential effects of increased salinity and duration of inundation on the
ecological values of Dowd Morass are a product of the tolerances to these stressors (see
Section 3.2; summarised in Table 8).
In addition, consideration has been given to likely new flora and fauna that may be supported
by the altered water and salinity regimes. There is a range of saltmarsh communities that
could be supported under conditions of increased salinity and many already occur across the
Gippsland Lakes (Boon et al. 2015a, b; Sinclair and Boon 2012). Saltmarsh and other
halophytic plant communities are highly variable in terms of species composition in response
to both salinity and soil moisture (Saintilan 2009; Boon et al. 2015a). As with most plants,
seeds (germination), seedlings and adult plants have different levels of tolerance. Adult sea
rush (Juncus kraussii), for example, has been found to survive (with reduced growth rates) at
40 ppt, but seedlings exhibited high mortality at 20 ppt (Zedler et al. 1990). This species,
however, grows well at salinities up to 10 ppt, but in the landward edge of many saltmarshes
indicating optimal growth at less frequent inundation (Naidoo and Kift 2006) and for periodic
inflows of fresh water. The Tall Reed communities that occur in Dowd Morass are dominated
by Phragmites australis, but a number of other tall, rhizomatous taxa also occur, including
Typha spp. (cumbungi), Bolboschoenus medianus (marsh club-sedge), Bolboschoenus
fluviatilis (tall club-sedge) and Juncus ingens (giant rush). It is possible that one or other of
these components would be preferentially selected for with altered inundation and salinity
regimes.
Other saltmarsh species are more tolerant of saltier and wetter conditions including beaded
glasswort (Sarcocornia quinqueflora) which can survive up to 50 ppt as adult plants and is
characteristic of “wet” saltmarsh in the lower areas where inundation is more frequent; but not
permanent (Partridge and Wilson 1987, Saintilan 2009). This species is common in the
saltmarsh fringing the coastal lagoons of the Gippsland Lakes (Sinclair and Boon 2012; Boon
et al. 2015a, b).
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Table 8: Summary of salinity and inundation tolerances of key ecological values.
Value

Salinity
tolerance

Inundation
tolerance

Comments

Common
reed

At least 16 ppt
(for young
plants)

Permanent up to
100 cm deep

The combined effects of higher salinity,
inundation and erosive forces will affect
common reed, particularly along the edges of
the Dardanelles. Plants may persist but will be
shorter and have less biomass.

Swamp
paperbark

At least 12 ppt
on a chronic
basis (for adults;
much lower −
likely < 4 ppt −
for successful
germination and
seedling
establishment)

Near permanent
up to ~100 cm
deep (for adults
but episodic
drawdown and
sediment drying
required for
successful
sexual
recruitment and
establishment of
juvenile plants)

A drying regime is required for sexual
reproduction; long-term permanent inundation
will see progressive death of older trees with
no sexual recruitment of younger plants into
the population. This will have ramifications for
the genetic diversity of the remaining
population, and for its resilience to future
changes in the environment.

Other
wetland
vegetation

Various, but
likely fresher
(< 5 ppt) for taxa
with clear
freshwater
affinities

Variable water
regime
promotes
diversity

More saline and permanent inundation will
result in a loss of floristic and structural
diversity in these communities. This will be
case especially for the diverse vegetation
communities in the north-west corner of Dowd
Morass. These may progressively change to
more salt-tolerant communities with time.
Existing trees and tall shrubs are likely to be
compromised.

Waterbirds:
waterfowl

Fresh to saline

Deep to shallow

Some species require freshwater in adjacent
areas for drinking.

Waterbirds:
Large
bodied
waders

Fresh to saline

Shallow water
feeders (< 0.5m
deep)

Inundation duration is important for colonial
nesting species (inundation under nesting
trees for 2 3- 4 months).

Waterbirds:
fish eaters

Fresh to saline

Deeper water
feeders (> 1m)

Inundation duration is important for colonial
nesting species (inundation under nesting
trees for 2 3- 4 months).

Waterbirds:
shorebirds

Fresh to saline

Shallow water
feeders

Shallow water or mudflat feeders (< 0.15 cm).

Green and
golden bell
frog

Brackish

The vegetation in the understorey is likely to
change, with reductions in floristic diversity of
herbs, grasses and forbs with prolonged
inundation. Swamp Scrub communities may
morph into Estuarine Scrub communities, the
latter having a halophytic understorey.

Requires surface water spring to summer for
breeding. Prefers wetlands with high habitat
complexity.

Changes in vegetation that have occurred elsewhere in the Gippsland Lakes may act as a
template for potential changes at Dowd Morass under saltier and more stable water regimes
(Bird 1966). The opening of the permanent connection to the sea at Lakes Entrance in 1889
resulted in more stable and saltier water regimes along a gradient from Lake King to Lake
Wellington. There has been a loss of fringing reed beds and establishment, and
establishment of more salt tolerant communities such as saltmarsh (Boon et al. 2015b, 2016).
The situation with saltmarsh communities is more difficult to determine, and an analysis of
early European and current-day distributions returned equivocal results (Sinclair and Boon
2012). Nevertheless, it is clear that common reed has decreased in extent and likely vigour
across the Gippsland Lakes since European colonisation and the opening of the Lakes to the
ocean and Lakes Entrance (Bird 1962, 1966). The vegetation at Blonde Bay may be a model
for the development of vegetation communities in many parts of the Gippsland Lakes,
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including around the western parts of Lake Wellington: dead stands of swamp paperbark over
a dense saltmarsh community dominated by beaded glasswort, with assumed loss of the
previous sea-ward band of common reed (Figure 30).

Figure 30: Vegetation at Blonde Bay, Gippsland Lakes. Photo P. Boon.

Impacts to waterbirds will be highly dependent on the impacts to vegetation and to habitats.
The majority of the species that currently use the site are commonly found in marine systems
and so the increase in salinity is unlikely to have significant direct effects. Deeper water will
provide habitat for feeding fish eating species, but limit habitat for shallow water foragers such
as large bodied waders and shorebirds.
Complete loss of paperbark would significantly affect the availability of nesting habitat for
colonial nesting species. Similarly, a loss of common reed would reduce habitat for species
such as Australasian bittern which utilise emergent vegetation beds. If dense stands of
vegetation were replaced with mudflats or saltmarsh, this may increase the foraging habitat of
small waders, providing water depths remained shallow.

6.3 Risk assessment results
The risk assessment is based on a “business as usual” approach with no additional mitigation
measures. The risks have been considered for each of the two sea level scenarios.
6.3.1 Risk assessment: 0.1 m sea level rise
The ecological responses to the 0.1 m sea level rise scenario are less certain than for the
0.27 m rise scenario. This is because the magnitude of physical and chemical changes are
smaller. Even so, statistical analysis of historical data (see above) indicates that There is a
predicted doubling of the time that Dowd Morass will be hydrologically connected to Lake
Wellington (from 7% currently to 17% by 2050). Saline water intrusions are likely to be
frequent (at least annually) but will probably persist only for days or weeks. The site should
still have intermittent water regimes, but the lack of flushing means that salt will accumulate
over time, both in the sediments and in the water column. In summary expected changes to
values include:
•

Decreased condition and extent of common reed, especially in eastern Dowd
Morass.
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•
•
•
•

Spread of salt-tolerant species such as Juncus kraussii (subject to periodic
freshwater inflows) and saltmarsh communities in areas where salt accumulates,
and water levels are not consistently high.
Increased open water (mostly devoid of submerged vegetation, but with the
possibility that sea-tassel (Ruppia spp.) may colonise areas of open water).
Decreased swamp paperbark condition and recruitment.
Little medium to long term impacts on waterbirds, with perhaps more habitat for
shorebirds.

The risk assessment results (Table 9) reflect the lower certainty associated with ecological
effects under a 0.1 m sea level rise scenario. The risk is still high for vegetation communities,
with a long-term transition perhaps to more saline communities such as saltmarsh which
could dominate if freshwater / brackish species decline and habitat becomes available.
Table 9: Results of long-term risk assessment, 0.1 m sea level rise.
Critical CPS

Likelihood Consequence Risk

Evidence / comments

Tall marsh
(common reed
dominated)

Possible

Major

High

Common reed will probably survive,
particularly in the western sections of Dowd
Morass, but may be shorter and the swards
less dense. The extensive reed beds along
the Dardanelles are likely to be adversely
affected by erosive forces as well as the
saltier conditions.

Swamp
paperbark

Possible

Major

High

Paperbark communities, particularly in the
east of Dowd Morass will decline due to
prolonged inundation and the loss of sexual
recruitment.
Swamp scrub communities may morph into
estuarine scrub communities, the latter having
a salt tolerant understorey.
The vegetation in the understorey is likely to
change, with reductions in diversity of herbs,
grasses and forbs with prolonged inundation.

Other wetland
vegetation
(including
submerged
vegetation)

Possible

Major

High

Variable effects to the more diverse vegetation
at the western sections of Dowd Morass, with
a possible reduction in diversity and loss of
freshwater species.
Existing trees and tall shrubs in the western
sections are likely to be compromised.

Waterbird:
Unlikely
abundance and
diversity

Minor

Low

There is likely to still be open water habitat for
ducks, possibly improved habitat for
shorebirds with areas of saltmarsh and
mudflats

Waterbird
breeding

Possible

Major

High

This is based on the risk to paperbark nesting
habitat, noting that waterbirds can and do nest
in tall saltmarsh and the areas of paperbark
may persist for 30 – 50 years.

Frogs

Possible

Minor

Medium

Salinity in west Dowd likely to remain within
the tolerance of this species.

Recreation and
social values

Possible

Major

High

The site will support hunting values and
beside water recreation. The aesthetic values,
however, may change with a more saline
system.
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6.3.2 Risk assessment: 0.27 m sea level rise
Because the magnitude of physical and chemical changes is larger, there is more certainty
around the ecological effects of a 0.27m sea level rise on Dowd Morass. The primary change
is that there will be a marked increase in the percentage of time that Dowd Morass is
hydrologically connected to Lake Wellington (80% by 2050). The water in Lake Wellington is
also going to be saltier than at present, because of greater inflows of sea water from Lakes
Entrance caused by the higher eustatic sea levels. A consequence of these two processes is
that saline water intrusions will become regular and will persist for periods of months to
perhaps years. The salinity in Dowd Morass, particularly in the east will match that of Lake
Wellington, which can be expected to be more saline due to the increased influence of the
connection to the ocean at Lakes Entrance. Water within the Morass will be deeper, and it is
unlikely the system will experience prolonged dry periods (except possibly during severe
drought). In summary expected changes include:
•
•
•
•
•
•
•
•
•

Certain that the LAC for salinity (> 4ppt) will be permanently exceeded.
Marked decreases in condition and extent of common reed, across all of Dowd
Morass
Possible Introduction of more salt tolerant species, including saltmarsh taxa,but likely
to be offset by the high water levels coupled with long periods of inundation and high
erosive forces along the edges of the Morass.
Marked increased open water, with this habitat type dominating the site, resulting in a
permanent exceedence of the LAC for a mosaic of habitats comprising open water,
paperbark and common reed
Marked decreases in condition and recruitment of swamp paperbark, resulting in
eventual loss of adult population, with no recruitment.
Decreased diversity of waterbirds, with species preferring open water and fish eating
species dominating.
Loss of breeding habitat for colonial nesting species in the long term as paperbark
side and are not replaced by recruitment.
Loss of breeding habitat for green and golden bell frog as salinity increases beyond
their tolerance.
Impacts to recreational and social values through a profound change to the visual
amenity of the wetland.

Table 10: Results of long-term risk assessment, 0.27 m sea level rise.
Critical CPS

Likelihood Consequence Risk

Evidence / comments

Tall marsh
(common reed
dominated)

Almost
certain

Extreme

Very
high

Common reed is almost certain to decline
markedly in extent and condition (e.g. height
and density) and will be particularly affected in
the east where it will also be subject to wave
and wind erosion. Large areas that are
currently red beds will be converted to open
water habitats, possibly vegetated with seatassel.

Swamp
paperbark

Almost
certain

Extreme

Very
high

Paperbark communities will not have an
opportunity for sexual reproduction and in the
absence of recruitment will decline as adult
trees mature and die. Prolonged inundation
with saline water will adversely affect the
health of adult plants. Vegetation in the
understorey is likely to be lost, with reductions
in diversity of herbs, grasses and forbs with
prolonged inundation. Large areas will be
converted to open water habitats, possibly
vegetated with sea-tassel.

Other wetland
vegetation
(including

Likely

Major

High

The west of Dowd Morass will be inundated
more frequently and become more saline,
reducing the floristic and structural diversity of
vegetation communities. Existing trees and tall
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Critical CPS

Likelihood Consequence Risk

submerged
vegetation)

Evidence / comments
shrubs in the western sections are likely to be
lost and replaced with more inundationtolerant taxa, including saltmarsh and
potentially submerged species such as sea
tassel)

Waterbird:
Unlikely
abundance and
diversity

Moderate

Medium

There is likely to still be open water habitat for
ducks and possibly improved feeding for fish
eating species such as cormorants and
pelicans. Loss of wading habitat likely for large
bodied waders and shorebirds.

Waterbird
breeding

Likely

Major

High

This is based on the risk to paperbark nesting
habitat.

Frogs

Likely

Major

High

Salinity in west Dowd likely to increase
beyond the tolerance of the green and golden
bell frog.

Recreation

Almost
certain

Extreme

Very
high

The site will support hunting values but will not
retain the aesthetic values or habitat mosaic,
desired by stakeholders.

6.4 Long term objectives
Long term objectives for Dowd Morass were identified with stakeholders, which included
State and regional agencies as well as Field and Game Australia. It was agreed that it was
desirable to maintain the current values of:
•
•
•
•
•

Brackish and clear water (noting that the system is currently brackish and frequently
turbid)
Healthy swamp paperbark
Areas of emergent common reed
Colonial nesting of waterbirds
Game species of duck and the ability to hunt

In addition, every reasonable attempt should be made to maintain the ecological character of
the Gippsland Lakes Ramsar Site. Which with respect to Dowd Morass includes maintaining
character within the Limits of Acceptable Change:
•
•

Annual median salinity < 4 ppt
Habitat mosaic of open water, common reed and swamp paperbark, where no one
habitat comprises > 70% of the area.

In light of the risk assessment, the feasibility of maintain ecological character and current
values needed to be explored further. This lead to agreement on a hierarchy of objectives:
•
•
•

Maintain ecological character and current values – if this can be achieved.
Manage for transition to a new state typified by more prolonged inundation and higher
salinities, supporting a functioning wetland ecosystem in good condition – if current
values cannot reasonably be maintained.
Consider whether current values could be maintained in a portion of the site, probably
the western sections, if the whole wetland could not be maintained within the Limits of
Acceptable Change.

6.5 Mitigation measures
Mitigation options to meet the stated long-term objectives were identified at a stakeholder
workshop in February 2018. Several options were discarded as they were assessed as not
feasible in prior investigations (e.g. Jacobs 2015a):
•

Hard engineering solutions involving barrier to “hold back the sea” either at the
Dardenelles or in McLennan Strait have been previously investigated and shown to
be impractical, likely ineffective, and cost prohibitive.
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•

Using pumps to remove saline water out of Dowd Morass and prevent the
accumulation of salts was considered impractical largely due to the volume of water
in the wetland, the size of pumps that would be required, the energy costs and
carbon emissions such an activity would generate and the risks of acidification from
exposing acid sulfate soils. Pumping may be useful to augment other options, but not
as a stand-alone option.

Management options that operate over different time scales were assessed using the 2D
hydraulic model and a 1D hydraulic model:
1. Short to medium term management options aimed at facilitating an increased
movement of fresh water through Dowd Morass to improve flushing of saline water.
These would use the existing structure (the Big Drain) and / or new channel
connections to the Latrobe River to address short to medium term risks associated
with increased saline water intrusions into Dowd Morass over the past decade. The
new channel connections included a regulated structure approximately 2 km
upstream of the Big Drain in the western portion of Dowd Morass (Jacobs 2015b) and
an open (unregulated) channel linking the Morass to the lowest parts of the Latrobe
River in the eastern portion of the wetland.
2. Long term management options aimed at addressing the issue of sea level rise. This
option examined reinstating Heywood’s levee across Dowd Morass in an attempt to
preserve as far as possible existing habitats in the west of the wetland, while allowing
the east to transition to a more saline and permanently inundated state.
6.5.1 Short to medium term option
The review of recent water level and salinity data from Lake Wellington has indicated that
saline water intrusions through the Dardenelles have become more frequent since the 1980s
(see Figure 24 and Figure 26 above). The ability to “flush” the system with freshwater from
the Latrobe River was identified by WGCMA and stakeholders as a potential mitigation
option. Previous projects have provided information on a new inlet regulator proposed for
Dowd Morass to be located 2 km upstream of the current Big Drain (Jacobs 2015). This
would allow WGCMA to control inflows from the Latrobe River into West Dowd. For the
purposes of the hydrological modelling, the design and location of this regulator was as
specified in the detailed design provided by WGCMA.
Note that this conclusion is based on existing data on water levels and salinity in Lake
Wellington held by the Water Measurement Information System and EPA Victoria, not on the
outputs of a hydrological or hydrodynamic model. In other words, the conclusion is rooted in
empirical observation and not in modelled results.
The ability to “flush” the system with freshwater from the Latrobe River was identified by
WGCMA and stakeholders at the second and third workshops as a potential mitigation option.
Two interventions were considered explicitly (see Figure 28 for location of structures related
to these interventions).
First, previous projects have provided information on a new inlet regulator proposed for Dowd
Morass to be located approximately 2 km upstream of the current Big Drain (Jacobs 2015b).
In principle, this structure would allow WGCMA to control inflows of fresh water from the
Latrobe River first into the western parts of Dowd Morass and from there into parts further to
the east, nearest Lake Wellington. For the purposes of the hydrological modelling, the design
and location of this regulator was as shown in the detailed design provided by WGCMA.
Second, consideration was given to an open (i.e. unregulated) channel connection between
Dowd Morass and the Latrobe River at the eastern end of the wetland. This option was
considered because it was argued during the second stakeholder workshop that a similar
structure in the lower sections of the Heart Morass had had a beneficial effect on vegetation
condition. For the purposes of the hydrological modelling, this channel was made 20 m wide
at a level of -0.5 m AHD.
The base case and four mitigation scenarios were modelled:
•
•

E01 - the base case, which is in the absence of the regulator or the channel.
D04 - a scenario with the new regulator at west Dowd Morass and the open channel
at east Dowd Morass.
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•
•

D02: - a scenario with the West Dowd Morass regulator only.
D03: - a scenario with the West Dowd Morass regulator as well as a 10 m wide
channel cut through the downstream levee system to allow water to flow more freely
from West Dowd Morass to the east.

West Gippsland CMA indicated that they would like to model a scenario across a historical
one month period where flow in the Latrobe River was sufficiently high to allow for maximum
inflow of water through the west regulator, but where water levels in the river did not exceed
0.5 m AHD, when water flows overbank from the river through Long Waterhole into Dowd
Morass. Exceeding 0.5 m AHD is a relatively common occurrence with an ARI of 0.43 years
(Arrowsmith and Dermek 2014).
West Gippsland CMA also requested that ideally the Lake Wellington water level would not
be abnormally elevated during the Latrobe River fresh to maximise the hydraulic gradient in
the river and hence the potential flushing through the Dowd Morass. As a consequence, the
incidence of flow events where the regulator was in use (to the maximum capacity possible)
and there was no water flowing over bank into west Dowd Morass was small. May 2014,
which had a peak flow rate of approximately 2200 ML/d, was adopted for this analysis.
The flushing analysis was also done for a moderate flow event where the water exceeds the
Latrobe River channel capacity and flows unregulated into Dowd Morass via Long Waterhole.
This was done to provide some context to the flow through the regulated structures.
September 2015, which had a peak flow rate of approximately 11000 ML/d, was used for this
analysis.
For the D03 analysis, May 2016 (a saline intrusion event) was also assessed and the analysis
was expanded to include a salinity analysis. D03 was also analysed over a continuous 40
year time series using a lower resolution 1D hydraulic model to provide further information on
the impact of the regulator across a large range of Latrobe River freshes and Lake Wellington
Water level combinations. The 40 year time series analysis did not assess salinity or sea
level rise. Details of the 1D model are provided in Appendix B. Table 11 provides a summary
of the modelling analyses. The reporting locations for the 1977 to 2017 analysis are shown in
Figure 32.
Table 11: Summary of Modelling Scenarios.
Model
May 14
2D Model

Scenario
E01
D04
D02
D03
ü
ü
ü
ü
SLR=0m
ü
û
û
ü
SLR=0.1m
ü
û
û
ü
SLR=0.2m
ü
û
û
ü
Salinity1
ü
ü
ü
ü
Sept 15
SLR=0m
2D Model
ü
û
û
ü
SLR=0.1m
ü
û
û
ü
SLR=0.2m
ü
û
û
ü
Salinity1
ü
û
û
ü
May 16
SLR=0m
2D Model
ü
û
û
ü
SLR=0.1m
ü
û
û
ü
SLR=0.2m
ü
û
û
ü
Salinity1
ü
û
û
ü
1977 - 2017
SLR=0m
1D Model
û
û
û
û
SLR=0.1m
û
û
û
û
SLR=0.2m
û
û
û
û
Salinity
1
The Lake Wellington salinity was set at a constant 10 ppt for the month long simulation and the river
salinity was assumed to be 0 ppt.

Both the 2D and 1D modelling showed that there is movement back and forth between the
various compartments in the Dowd Morass under existing conditions and that this was
significantly exacerbated in D03 because water flows back into the river through the proposed
culvert. This makes statistical analyses of the model outputs challenging and some of the
results difficult to interpret. For the flow exceedance and average 4-hour flow rate analyses
only flows in the west to east direction were included as it was considered that changes to
flows in this direction (rather than the reverse direction) was an indicator of an increase in
freshwater into the system from the proposed culvert. For the cumulative flow and salinity
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analyses all flow was included. These complications and necessary assumptions in the
analyses should be kept in mind when drawing conclusions.
The model outputs for May 2014 and September 2015 analyses are shown in Figure 33 to
Figure 36. The figures show the change in peak water level and total volume of water moving
into and between sections of the wetland over the entire one month period.
The main findings are:
•
•

•

•
•

The net movement of water into Dowd Morass through the regulating structures is
two orders of magnitude less than that flowing unregulated through Long Waterhole
in a moderate flood.
There is very little difference in water movement between the base case (E01), the
regulator (D02) and the regulator and the channel (D04) during a moderate flow. The
main consequence is that some water is directed out of the eastern channel that
would otherwise have moved through the Dardenelles.
During a smaller flow event, the net volumes of water moving into Dowd Morass
through the regulator are small and results in the inundation only of a small area in
west Dowd Morass. Note that if the model were run for a longer period and water
levels in the modelled river conditions prevailed for longer, more water may be
directed into the wetland through the proposed structure.
During this moderate flood event, there is some movement of water through the East
Channel into Dowd Morass, but this does not extend much further than into North
East Dowd Morass.
The salinity of water moving into Dowd Morass through the East Channel is unknown.
Under current conditions it is fresh about 60% of the time (Arrowsmith and Russell
2017), which means currently it is saline just under half the time. The incidence of
saline water in this lower channel under climate change conditions will be significantly
higher.

The 2D model mapping outputs for D03 for May 2014, September 2015 and May 2016
analyses, including sea level rise, are shown in Figure 37 to Figure 45. The results from the
salinity analyses are presented in Table 12 to Table 14 for the three one-month events. A
summary of the probability weighted mean flow rate and the % change in cumulative volume
from the 1977-2017 1D model analysis are presented in Table 15; flow exceedance curves
used in the calculation of the probability weighted mean flow rate are provided in Appendix B.
The main findings are:
•
•

•
•

•

•

The inclusion of the channel between West Dowd Morass and North East Dowd
Morass improves the benefits of the upstream regulating structure by allowing
additional water to flow out of West Dowd.
These benefits, however, are partially offset by a reduction in flow from the river into
NWDM Morass through the existing culvert. This occurs because there is a small
increase in the water level in NWDM caused by the additional water from the
proposed regulating structure.
The 2D model mapping results show that D03 only results in small increases,
(typically less than 10 mm), in the peak water level (and hence depth) across the
one-month simulations.
Reductions in salinity in NWDM and SWDM of the order of 10% are observed in the
one-month simulations. In NEDM the reduction in salinity is around 5 %. Reductions
of this magnitude may not be evident in the data presented in the tables because of
rounding. The regulating structure would assist in significantly mitigating increased
salinity in WDM under a 0.27 m sea level rise scenario but would not provide a
significant benefit across the remainder of Dowd Morass.
The various statistical analyses of the long-term modelling (1977-2017) indicates
increases in flow of around 10% to 20% in SWDM and NWDM, and around 10% in
NEDM and SEDM. These changes are general consistent with the % change
indicated in the salinity analysis from the one-month detailed modelling.
In summary the D03 mitigation option will provide significant mitigating benefits in
WDM. In the remainder of Dowd Morass there it would provide increases in fresh
water flow in the range 5% to 20%.
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Table 12: Summary of salinity for May 2014
Location
WDM
NWDM
SWDM
NEDM
SEDM

SLR = 0 m
Existing
D03
0
0
0
0
0
0
0
0
0
0

Salinity (ppt)
SLR = 0.1 m
Existing
D03
0
0
0
0
0
0
3
3
1
1

SLR = 0.27 m
Existing
D03
1
0
2
2
4
3
7
7
9
9

Table 13: Summary of salinity for September 2015
Location
WDM
NWDM
SWDM
NEDM
SEDM

SLR = 0 m
Existing
D03
0
0
0
0
0
0
0
0
0
0

Salinity (ppt)
SLR = 0.1 m
Existing
D03
0
0
0
0
0
0
0
0
0
0

SLR = 0.27 m
Existing
D03
0
0
0
0
0
0
0
0
0
0

Salinity (ppt)
SLR = 0.1 m
Existing
D03
2
0
2
2
4
3
7
7
9
9

SLR = 0.27 m
Existing
D03
5
0
6
6
8
7
9
8
10
10

Table 14: Summary of salinity for May 2016
Location
WDM
NWDM
SWDM
NEDM
SEDM

SLR = 0 m
Existing
D03
0
0
0
0
0
0
5
4
10
10

Table 15: Summary of mean flow and cumulative flow for 1977 - 2017
Location

Probability Weighted Mean Flow (ML/d)
Existing
D03
%Change

WD North
WD South
SWDM
NWDM
NEDM
SEDM

3
368
178
244
293
176

124
466
205
298
321
191

>100%
27%
15%
22%
9%
9%

% Change in Cumulative Flow
Median over
At End of 40
40 years
Years
N/A
N/A
16%
23%
9%
12%
10%
13%
7%
9%
9%
12%
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Conclusions regarding the proposed new inlet structure:
The option of constructing a new inlet structure (with regulator) approximately two
kilometres upstream of the current Big Drain is unlikely to result in achieving the ecological
objectives for the entirety of Dowd Morass in the medium term under sea level rise
conditions. The frequency of flows in the Latrobe River where the regulator (with or
without the option of an open channel from east Dowd Morass to the lower Latrobe River)
is effective are small. Moderate flows down the Latrobe that result in unregulated
movement of water into Dowd Morass through Long Waterhole occur on average twice a
year and they result in much larger volumes of water than can be directed through the
proposed structure.
The proposed open channel at the eastern end of Dowd Morass, linking it permanently
with the lower part of the Latrobe River, has a limited influence on the wetland in terms of
spatial extent. An important drawback of this option is that it will often be moving saline
water into Dowd Morass (currently around 40% of the time, but with increasing regularity
under future sea level rise conditions).
The salt wedge from Lake Wellington at times extends up the Latrobe River further west
than Dowd Morass. This means that the proposed regulator in the west would need to be
kept closed during these periods to prevent salt water moving into the wetland. Under
conditions of sea level rise, especially under the 0.27 m increase scenario, this is likely to
occur more frequently than at present.
The new inlet structure, together with the internal channel will result in improved salinity
for West Dowd Morass. This area supports colonial nesting waterbirds, is important for the
nationally vulnerable green and golden bell frog and supports a diversity of wetland
vegetation. Many of the ecological values at the site could be retained in this area (noting
that West Dowd Morass is outside the boundary of the Gippsland Lakes Ramsar Site and
so would have little effect on ecological character).
This option (a new structure upstream of the existing Big Drain with an internal
channel facilitating water movement) will contribute to achieving the ecological
objectives in a small part of the site. The risks to the green and golden bell frog and
colonial nesting waterbirds will be reduced. It will not, however, significantly affect
the risks to values across the majority of Dowd Morass nor maintain the ecological
character within Limits of Acceptable Change over the medium to long term.
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Figure 31: Short to medium term structure options.
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Figure 32: Reporting locations for 1977 to 2017 modelling.
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Figure 33: Results of modelling a non-overbank flow through Dowd Morass (E0 = base case; D04 = regulator in west Dowd, internal channel through the levee and
channel in the east).
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Figure 34: Results of modelling a non-overbank flow through Dowd Morass (E0 = base case; D02 = regulator in west Dowd only).
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Figure 35: Results of modelling a moderate flood (overbank) through Dowd Morass (E0 = base case; D04 = regulator in west Dowd, internal channel through the
levee and channel in the east).
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Figure 36: Results of modelling a moderate flood (overbank) through Dowd Morass (E0 = base case; D02 = regulator in west Dowd only).
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Figure 37: Results of modelling a non-overbank flow through Dowd Morass (SLR=0m) (E0 = base case; D03 = regulator in west Dowd plus internal channel through
the levee).
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Figure 38: Results of modelling a non-overbank flow through Dowd Morass (SLR=0.1m) (E0 = base case; D03 = regulator in west Dowd plus internal channel
through the levee).
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Figure 39: Results of modelling a non-overbank flow through Dowd Morass (SLR=0.27m) (E0 = base case; D03 = regulator in west Dowd plus internal channel
through the levee).
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Figure 40: Results of modelling a moderate flood (overbank) through Dowd Morass (SLR = 0m) (E0 = base case; D03 = regulator in west Dowd plus internal
channel through the levee).
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Figure 41: Results of modelling a moderate flood (overbank) through Dowd Morass (SLR = 0.1m) (E0 = base case; D03 = regulator in west Dowd plus internal
channel through the levee).
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Figure 42: Results of modelling a moderate flood (overbank) through Dowd Morass (SLR = 0.27 m) (E0 = base case; D03 = regulator in west Dowd plus internal
channel through the levee).
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Figure 43: Results of modelling a saline intrusion event through Dowd Morass (SLR = 0 m) (E0 = base case; D03 = regulator in west Dowd plus internal channel
through the levee).

58

PAEC - Ramsar Wetlands Inquiry
Submission no. 372 - appendix a

Figure 44: Results of modelling a saline intrusion event through Dowd Morass (SLR = 0.1 m) (E0 = base case; D03 = regulator in west Dowd plus internal channel
through the levee).
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Figure 45: Results of modelling a saline intrusion event through Dowd Morass (SLR = 0.27 m) (E0 = base case; D03 = regulator in west Dowd plus internal channel
through the levee).
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6.5.2 Longer term option
A longer-term option that was considered in this assessment to help mitigate risks arising
from future sea level rise was reinstating a north−south levee across the centre of Dowd
Morass. There are several historical levees that cross Dowd Morass in north−south and
east−west directions which were constructed in the 1970’s to allow the bed of the wetland to
be drained and farmed (see Appendix A). They are variously in states of disrepair and in
some cases have been deliberately breached to facilitate water movement within the Morass.
The simplest option was selected for modelling, which is a straight levee that bisects
north−south the wetland and follows one of the old “Heywood’s levee” lines (Figure 46). Two
scenarios were modelled using the 2D hydrologic model developed by Water Technology
(see Appendix B):
•
•

A levee height of 0.51 m AHD, which is set at the 75th percentile of Lake Wellington
water height under a 0.27 m sea level rise (Figure 47); and
A levee height of 0.8 m AHD, which would hold back an event similar to the May
2016 event, with an added 0.27 m sea level rise (Figure 48).

Both scenarios were assessed using the month of May 2016. The scenarios were tested with
Lake Wellington salinity at 10 ppt and 20 ppt and with river inflow assumed to be at 0 ppt.
Our modelling indicated that the effects of the construction of a north−south levee across
Dowd Morass on the values of the site were similar for the east of the wetland under the two
levee heights. In other words, the outcomes were the same (or similar) to the absence of the
levee and the east of Dowd Morass would be permanently inundated with water of roughly
the same salinity as Lake Wellington. This could be in the order of 10 – 20 ppt on average,
due to the increased marine water influence from rising sea water levels (see earlier
discussion in Section 6.1). Under these conditions, the eastern part of Dowd Morass would
most likely transition into an open water environment with marked reduced extent of emergent
reeds and eventually the loss of swamp paperbark as adult trees die and recruitment is
inhibited due to near constant inundation.
The fate of the west portion of Dowd Morass, nominally "protected" by the re-instated levee,
is dependent on the height of the levee. At 0.51 m AHD, inundation with saline water was
modelled to occur frequently, approximately 25% of the time with a 0.27 m sea level rise.
Saline water would move into the leveed-off portions and due to the lack of flushing
capabilities, would slowly accumulate over time. Fresher periods will occur when higher
volumes of freshwater move in from the Latrobe River, but salts that enter do not leave.
During an event similar to May 2016, but with a 0.27m sea level rise and a Lake Wellington
average salinity of 10 ppt, water in the western portion of Dowd Morass would be brackish (4
– 6 ppt) and deep. For the 25% of time the levee is overtopped, this is only marginally
beneficially over the do nothing scenario (Figure 29) which would have salinity levels of 5 –
10 ppt under a 0.27 m sea level rise scenario. If the Lake Wellington salinity was on average
20 ppt under this future scenario, then the salinity in the western portion of Dowd Morass
would be in the range 8 - 13 ppt during a similar in event in May 2016. For the 25% of time
the levee is overtopped, this is only marginally beneficially over the do nothing scenario
(Figure 29) which would have salinity levels of 10 - 15 ppt under a 0.27 m sea level rise
scenario.
A higher levee (0.8 m) better protects the western part of Dowd Morass from saline water
intrusions, but the lack of flushing and the potential for increased duration and extent of
inundation persists.
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Conclusions regarding the re-instatement of a north−south levee:
This large “whole of wetland” engineering solution is unlikely to be effective in protecting
Dowd Morass from the adverse impacts of higher sea levels. It would certainly be very
expensive. Re-instatement of the levee effectively results in the formation of a fresh-tobrackish lake on the western side of the structure and a more saline lake on the eastern
side, closest to Lake Wellington.
The levee would limit salinity to < 4 ppt on the western side, but the water regime (near
constant inundation) is not optimal for vegetation diversity or health.
Longer-term risks to vegetation & waterbird breeding are ‘High’ for 0.1 m SL increase and
‘Very High’ for 0.27 m SL increase
This option is not likely to meet the objectives of Dowd Morass nor maintain the
ecological character within Limits of Acceptable Change.
Long term risks remain the same as for the sea level rise scenarios in the absence
of the intervention.
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Figure 46: Position of the modelled Heywood’s Levee.
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Figure 47: Results of modelling a saline intrusion event with 0.27 m sea level rise and a levee of 0.51 m AHD.
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Figure 48: Results of modelling a saline intrusion event with 0.27 m sea level rise and a levee of 0.8 m AHD.
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6.5.3 An alternative?
The assessments reported in Sections 6.5.1 and 6.5.2 showed that the various options to
resolve short-to-medium and longer-term issues in Dowd Morass all largely failed to deliver
the desired ecological outcomes across Dowd Morass. The three options − construction of a
new inlet structure (with regulator) approx. 2 km upstream of the current Big Drain,
construction of an open channel in the eastern-most part of Dowd Morass, re-instatement of
an internal north−south levee, of various heights − all involved interventions that would modify
hydrological and salinity regimes at a whole-of-wetland scale. An alternative is to consider
interventions that act at a much smaller spatial scale, but which also result in the creation of
hydrological and salinity regimes suitable for on-going plant survival, at least in the short-tomedium term.
The alternative to consider is predicated on the finding that wetland vegetation in Dowd
Morass responds to differences in water regime that are quite subtle and occur at spatial
scales far finer than those that are commonly ascribed to the whole-of-wetland (Raulings et
al. 2010, 2011). These fine-scale variations occur because of slight changes in sediment
microtopography. They alter the duration of sediment exposure, by decreasing the average
water depth or by increasing spatial variation in water depth. They provide conditions that
facilitate wetting and drying and salinity regimes that maximise plant species richness in the
understorey, provide safe sites for the germination of swamp paperbark seeds, and result in
maximising the survival of those seedlings. Raulings et al. (2011) concluded that "In Dowd
Morass, small-scale variations in microtopography (especially hummocks and other slightly
raised areas) partially compensated for the adverse effects of chronic whole-of-wetland
inundation, by providing habitat complexity and thereby promoting plant species richness."
An option to consider, therefore, is to undertake interventions within Dowd Morass aimed at
recreating sediment microtopography rather than attempting to modify hydrological and
salinity regimes at a whole-of-wetland scale with one-off engineering interventions such as
the construction of new regulators or the re-instatement of internal levees. Many studies
elsewhere in the world have demonstrated the ecological benefits of creating small-scale
hydrological variation within a wetland by enhancing sediment microtopography using
hummock and hollow topography, sedimentation, litter accumulation or tree fall (e.g. VivianSmith 1997; Middleton 1999; Roy et al. 1999; Londo and Mroz 2001; Larkin et al. 2006; Boon
2011).
There is some evidence already that moving sediment into small mounds or hummocks in
Dowd Morass does allow swamp paperbarks and common reed to establish and grow rapidly
in locations where the gross environment is not conducive to such plants. Experimental
mounding undertaken in 2006 near Heywood's levee showed that swamp paperbark
seedlings would readily establish from tubestock and that common reed would self-establish,
probably from wind-blown seed coming from elsewhere in the Morass (Figure 49). Moreover,
it is clear that the swamp paperbarks in best condition occur in slightly elevated areas around
the fringes of the wetland or along the levees (Raulings et al. 2010; Salter et al. 2010). These
preliminary results could be used as a basis for testing future interventions. Trials could be
undertaken at a small scale to optimise the shape and location of mounds and any
revegetation strategies, and thus postpone the changes in ecological character predicted to
occur as a result of sea level rise of either 0.1 or 0.27 m.
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Figure 49: Swamp paperbark (planted from tubestock) and common reed (naturally established)
growing on artificially mounded sediment heaps created in 2006. Photograph taken July 2010.
Photograph by P.I. Boon.

6.5.4 Interim management interventions
All of the management interventions described above will take time to implement and possibly
require lengthy approvals processes, given that Dowd Morass is part of a Ramsar site (a
Matter of National Environmental Significance under the EPBC Act). The question remains, is
there any action that can be taken in the interim to provide the best possible outcomes before
larger scale actions can be developed and put in place.
One such action, raised by WGCMA and stakeholders was effective use of environmental
water allocations. Specifically, can water levels in Dowd Morass be manipulated to minimise
the impacts of saline water intrusions, by ensuring that the wetland is full (or nearly so) at
times when saline water intrusions can be expected?
Although the incidence of saline water intrusions can occur at any time of the year
(particularly under sea level rise scenarios), historically they occur most often in May, June
and July (Figure 50). This is consistent with the seasonal trends in water level in Bass Strait,
which are generally highest in May, June and July (Wijeratne et al. 2012). Another influence
on sea levels comes from large scale systems, with rises in sea level in Australia during El
Niño events and lower sea level during La Niña events (Bureau of Meteorology).
Therefore, ensuring that water levels in Dowd Morass remain high during winter months,
particularly if El Niño conditions are predicted, may decrease the extent and severity of saline
water impacts on the values of the system. Noting that under future elevated sea level
conditions, this management intervention is likely to become decreasingly effective as saline
water intrusions may occur during any time of the year.
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Figure 50: Number of days when water levels in Lake Wellington exceeded 0.35 m AHD and
salinity was > 10 ppt (data from EPA Victoria and Water Measurement Information System).

6.6 Comparison of management options
A summary of the potential benefits and limitations of management options (considered here
and identified in previous projects) is provided in Table 16. It is clear from this overview that
there is no easy solution to maintain the ecological character of Dowd Morass, particularly if
the objectives are to maintain the current values and to manage ecological character to within
Limits of Acceptable Change into the long term, in the face of ongoing sea level rise and a
likely increase in the frequency and duration of saline intrusions into the wetland from Lake
Wellington.
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Table 16: Pros and cons of management options for Dowd Morass.
Option
Do nothing (i.e.
“business as
usual)

Pros
Least expensive option
Most species of waterbird that currently use the site
will continue to be supported
Hunting and recreational use will continue.
It is possible that there will be migration of the
threatened ecological community “coastal saltmarsh”
which is threatened by sea level rise and this could
be one opportunity for landward migration.

Cons
In the long term, the character of the site will change
with a movement to more salt tolerant plant species
and a loss of swamp paperbark and tall marsh.
This will result in a loss of the waterbird rookery in West
Dowd.
The visual amenity of the site will change.
Ecological character will change and Limits of
Acceptable Change will be permanently exceeded.

Filling Dowd
Morass with
water in winter
months

Potentially achievable with current infrastructure,
natural flows and environmental water allocations,
particularly in wet years.
Although not modelled, if Dowd Morass were full of
freshwater, saline water from Lake Wellington would
be diluted and salinity impacts minimised.

Not likely to be effective under sea level rise conditions.
Vegetation conditions will continue to decline if
paperbark communities are not allowed to periodically
dry out.
Unlikely to improve current condition or return
submerged vegetation.

Reinstate
Heywood’s levee

It is possible that fresh / brackish aquatic habitat
values will be maintained to the west of the levee.

Expensive and technically difficult option (especially for
the higher levee height).
The part of Dowd Morass east of the re-instated levee
and closest to Lake Wellington will almost certainly
become a saline lake in the long term, with all current
values diminished.
Unless there are mechanisms to move water out of
western Dowd Morass, this part too will become
permanently inundated (but with fresh water) and
current wetland vegetation adapted to wet / dry cycles
will be lost.
Ecological character will change and Limits of
Acceptable Change will be permanently exceeded as
the east of Dowd Morass is in the Ramsar site, but the
west is not.
Flooding of upstream properties may occur.

Uncertainties
Specific detail on the ecological
tolerances and responses of biota.
The rate of sea level rise remains
unknown and this will largely
determine the water and salinity
regime of the site. Under a 0.1 m
sea level rise there may be
establishment of salt tolerant
species. Under 0.27 m sea level
rise a permanent saline lake is likely
to persist.
Longer term effectiveness. Volumes
of water required (particularly in dry
years) may not be feasible.

Funding sources.
Technical feasibility.
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Option
New regulator in
western Dowd
Morass (with
internal levee
channel)

Pros
May be able to control wetting and drying regimes in
western Dowd Morass. With resulting benefits to
vegetation in the section of the Morass as well as to
frogs (including green and golden bell frog) and
waterbirds (including colonial nesting species).
Some delivery of freshwater inflows through
environmental water delivery.

Cons
These structures do little or nothing to change the
increasing frequency and duration of saline water
intrusion from Lake Wellington.
Benefits realised are largely to West Dowd Morass
only, and outside the Ramsar site boundary. The
benefits to the remainder of Dowd Morass are in the
order of 5 – 20% increases in freshwater flows.
The structures are of little benefit during moderate or
greater floods.

Uncertainties
The extent of saline water intrusion
up the Latrobe River under sea
level rise conditions.

Pumps to move
freshwater in
and saline water
out of the
Morass

Flexible response possible; can pump on some
events but chose not to on others
Direction and volume of water moved can be closely
controlled, as can timing of drawdown or inundation
Demonstrated effectiveness from prior trials in Dowd
Morass (e.g. Raulings et al. 2011) and elsewhere in
the State during Millenium Drought

Expensive to install and maintain
May require staff to be on call for rapid response
Long-term ongoing commitment to pump (including
financial commitment)
Need to pump will increase over time due to increase in
number and severity of saline intrusion events
Carbon emissions if diesel pumps employed
Vandalism and other forms of damage
ASS exposure under drying regimes

Long-term funding availability
Social acceptance of the pumping
option over the long term
Human resources to install and
maintain pumping over many years,
with likely requirement for
increasing resource allocation over
time

Create
mictotopography
within wetland

Demonstrated success in Dowd Morass and
elsewhere in the world with hydrologically modified
wetlands
Trials possible to fine-tune application and scale of
intervention (e.g. mounding techniques, revegetation
strategies)
Flexible approach: can be done at a range of spatial
and temporal scales (i.e. not an all-or-nothing, wholeof-wetland intervention)

Requires substantial movement of sediment within
wetland to create mounds
May require large amount of fill from outside wetland
Heavy machinery need to have access to those
sections of wetland to be modified
OHS risk to recreational users with creation of deepwater holes

Source of sediments to construct
mounds
Access for earth-moving equipment
across and within wetland
Ability to apply the approach over
all of Dowd Morass
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7 Conclusions and recommendations
7.1

Summary of outcomes

Wetlands are often ecologically resilient systems, as evidenced by the current condition of
Dowd Morass despite an increased frequency of saline water intrusion in recent years.
Nevertheless, there is clear evidence that the incidence of saline water moving from Lake
Wellington to Dowd Morass has increased in the past decade. The trajectory of change for
such saline intrusions will only increase in frequency and duration, as sea levels continue to
rise with ongoing climate change.
Options for the long-term management of Dowd Morass to maintain current values in the
long-term are limited and the seemingly obvious interventions − constructions of levees along
the Dardenelles or across McLennan Strait; re-instating the internal levees within Dowd
Morass; construction of an open channel in the eastern-most part of Dowd Morass − are all
either impractical or ineffective.
One alternative considered was the recreation of sediment microtopography within the
wetland, in order to provide microniches with the appropriate hydrological and salinity regimes
within a system that, at the whole-of-wetland scale, will continue to have chemical and
physical conditions that are increasingly inimical to the maintenance of existing healthy
wetland vegetation. This alternative, however, is yet to be tested and its feasibility over large
areas of wetland remains unknown.
Construction of a new structure upstream of the existing Big Drain with an internal channel
facilitating water movement will contribute to achieving the ecological objectives in a small
part of the site. The risks to the green and golden bell frog and colonial nesting waterbirds will
be reduced. It will not, however, significantly affect the risks to values across the majority of
Dowd Morass nor maintain the ecological character within Limits of Acceptable Change over
the medium to long term.
In the interim, a policy of maintaining water levels during winter months (May to July)
particularly under El Nino conditions, may help to minimise the risk from saline water
intrusions through providing dilution effects.

7.2 Monitoring recommendations
Those charged with managing Dowd Morass are fortunate in having robust and long-term
data sets on vegetation and water levels and quality in the wetland (Boon et al. 2008;
Raulings et al. 2010, 2011; Sinclair and Boon 2012; Boon et al. 2015a, b, Frood et al. 2015)
The results from the drone survey undertaken as part of this study
(http://www.auav.com.au/vr/dodo-env_dowd-morass/) add to that knowledge base and
indicate that the emergent wetland vegetation is largely in good condition. This result
suggests that immediate ground surveys are not warranted at this time. In addition, there is
now a continuous logger for water quality (salinity and pH) and water level, within Dowd
Morass.
Monitoring recommendations are based on keeping a watching brief and on improving our
understanding of Dowd Morass to better understand longer term impacts. We suggest:
•
•
•

•

Regular quantitative review of water quality data to allow for early detection of future
saline water intrusions and to escalate monitoring during such an event.
In the event of a future saline water intrusion, water quality (salinity, pH and water
level) at multiple locations would better inform the extent of physical-chemical
changes in the site.
In terms of vegetation, the intensive mapping work of Frood et al. (2015) provides a
solid baseline against which change could be assessed. It is recommended that the
mapping and condition assessments be repeated at five yearly intervals (and post
any future significant saline events). It is essential that the same (or directly
comparable) mapping units be used in future investigations.
In addition to the indicators measured by Frood et al. (2015) we suggest that aerial
projected cover of paperbark trees could provide a good indication of tree condition.
This method has been shown repeatedly to provide a good index of the condition of
swamp paperbark vegetation (Raulings et al. 3010, 2011; Salter et al. 2010).
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•

Finer scale changes to common reed extent and condition could be assessed by
measuring boundary recessions at a number of randomly selected stands. This would
involve using permanent markers (e.g. star pickets) of stand extent and assessing
expansion or recession over time.
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Appendix B: Modelling methods
2D Detailed Hydraulic Model for One-Month Analysis
A hydraulic model was used to understand the inundation regime of Dowd Morass during May
2016 and how the regime would change should a May 2016 event occur under the 0.1 m and
0.27 m sea level rise scenarios. The hydraulic model used was lower Latrobe River twodimensional (2D) model developed by Water Technology for the report Heart Morass and
Dowd Morass Physical Characterisation (Arrowsmith, C. and Dermek, R., 2014). The model
extends from Lake Wellington up to the Latrobe River confluence with the Thomson River,
beyond which the model extends up both River systems. The model covers both Dowd
Morass and Heart Morass, including the drainage structures linking the river to the morasses.
Further details of the model development can be found in Arrowsmith and Dermek (2014).
For this assessment the hydraulic model was setup using recorded Lake Wellington water
levels (Bull Bay – 226041) and recorded flows in the Latrobe and Lower Thomson Rivers.
The available flow data was McArdles Gap (225260) on the Thomson River and Swing Bridge
(226027) on the LaTrobe River. The Swing Bridge gauge is downstream of the confluence
and hence includes the Thomson River flow recorded at McArdles Gap. Therefore, the Swing
Bridge flows could not be used directly in the model. To generate a LaTrobe River only flow
time series it was assumed that at each recording time the difference between the flow at
Swing Bridge and McArdles Gap was the flow in the LaTrobe River upstream of the
confluence. This derived flow time series was used as the model inflow into the LaTrobe
River and the recorded flows at McArdles Gap was used as the model inflow in the Thomson
River.
The initial water level in the Dowd Morass at the start of May 2016 was not known, so it was
assumed to be equal to the Lake Wellington recorded level. Also, for this analysis it was
assumed that both culverts from the river into Dowd Morass were open, although it is known
they were closed during May 2016. These assumptions with regards initial water level and
culverts was an acceptable approach because the purpose of the modelling was to
understand the relative change under the climate change scenarios, not to exactly replicate
the 2016 event.
For the sea level rise scenarios, the May 2016 water level time series recorded at Bull Bay
was increased by 0.1 m and 0.27 m for each of the runs. The inflows were not altered.
The periods 1 – 31 May 2014 and 20 August 2015 to 12 September 2015 were used in for the
assessment of the structural mitigation measures. The May 2014 boundary conditions were
supplied by Water Technology with the model. The August to September boundary
conditions were derived in the same manner described above for May 2016.
To understand the salinity levels in Dowd Morass a spreadsheet box model was developed.
Dowd Morass was spilt into five compartments for the modelling; Northeast (NEDM),
Northwest (NWDM), Southeast (SEDM), Southwest (SWDM) and West (WDM). Flow
timeseries across May were extracted from the 2D hydraulic model and used in the box
model so that the movement of water between compartments could be tracked across the
month at four hour time intervals. The salinity of the water within each compartment and of
the water moving between compartments was also tracked. It was assumed that the water in
each compartment would be fully mixed. The salinity level in Lake Wellington was assumed to
be constant across the month. Two Lake Wellington salinity scenarios were analysed for each
sea level rise scenario; 10 ppt and 20 ppt. No data was available on salinity levels within
Dowd Morass, so at the start of the month the salinity was assumed to be 0 ppt. It was
assumed that river inflows would have 0 ppt. Therefore, when interpreting the results it is
important to remember the salinity is not an actual value that would have occurred in May
2016, and further, the purpose of the modelling is to provide relative changes in salinity under
sea level rise scenarios to assist in the understanding of ecological impacts. A more detailed
advection-dispersion modelling exercise using the 2D hydraulic model would have properly
assessed the mixing in the compartments. However it was not undertaken for this study
because the additional level of detail was not warranted given the significant other
uncertainties in the assessment and ultimately the end use of the modelling outputs for the
ecological impact assessment.
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1D Hydraulic Model for 1977 – 2017 Analysis
A hydraulic model was used to assess the long-term flow regimes within Dowd Morass and
the changes to these regimes by mitigation option D03. The hydraulic model used was a
one-dimensional (1D) model developed by Water Technology for the report Heart Morass and
Dowd Morass Physical Characterisation (Arrowsmith, C. and Dermek, R., 2014). The model
has a similar coverage to the 2D model, extending from Lake Wellington up to the Latrobe
River confluence with the Thomson River, beyond which the model extends up both River
systems. The model covers both Dowd Morass and Heart Morass, including the drainage
structures linking the river to the morasses. Further details of the model development can be
found in Arrowsmith and Dermek (2014).
The model schematisation within Dowd Morass was reviewed to determine its suitability for
assessing changes in flow regime caused by the D03 mitigation option, recognising that being
a 1D model the representation of the complex Dowd Morass topography and flow patterns is
necessarily significantly simplified. The model was generally found to be suitable, but some
minor changes to the existing case model schematisation were required.
For the D03 mitigation scenario the model was modified to represented the proposed culvert
and a channel cutting through the levee currently separating West Dowd from the remainder
of Dowd Morass.
The supplied model boundary conditions (inflows, Lake Wellington water level and
evaporation) ran from December 1976 through to 2007. There were extended to December
2017 which provided a 40 year time-series. The existing conditions model and the D03
model were both run for this 40 year period. The model was run with current sea level only,
ie, no sea level rise scenarios were assessed.
Flow exceedance frequency curves at reporting locations (refer Error! Reference source not
found.) were generated using the 4-hourly output data. These frequency curves are
presented below.
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