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Abstract 

Coastal saltmarshes of sub-tropical and temperate Australia are in decline and have been 

listed as a ‘threatened ecological community’ under the Australian Federal Environment 

Protection and Biodiversity Conservation Act 1999. Tasmanian coastal saltmarsh wetlands 

are recognised as ‘vulnerable’ under this listing. There is a growing body of international 

and Australian literature on saltmarsh ecosystem functions and services, exposure of 

saltmarsh to increasing pressures from development and global change, and models and 

tools to support conservation. Basic information on ecology, distributions, key threatening 

processes and conservation needs have been inadequate in Tasmania. The overarching aim 

of this thesis is to identify and fill those critical gaps in Tasmanian coastal saltmarsh ecology 

and advance its conservation through additional information, models and tools. The 

following were the research objectives: 

• What is in Tasmanian saltmarshes? (ecological components) 

• What are their spatial and biogeographic arrangements? (spatial distributions) 

• How are Tasmanian saltmarshes changing? (key threatening processes) 

• What conservation actions are needed? (conservation needs) 

In achieving these objectives, a collaborative, multi-stakeholder driven, ecosystem based 

and outcome oriented approach has been employed. Key stakeholders were engaged in 

expanding capacity. Connections were made with ecosystem based management. Models 

and tools were developed for immediate application in saltmarsh conservation.  

Gaps were identified through literature review in curating a more context-specific and up-to-

date list for Tasmanian saltmarsh birds and plants. The list includes a preliminary coding to 

indicate the dependence of the species to saltmarsh habitat and provides the basis for site-

specific data collection. Methods suitable for ‘citizen science’ monitoring of birds and plants 

in Tasmanian saltmarshes have been outlined and lists of birds and plants in saltmarsh were 

developed using citizen science inputs. The ever-decreasing capacity of managers to collect 

scientific data and to undertake long term monitoring of habitats can be mitigated in some 

situations by community efforts under the auspices of citizen science. 

High-resolution aerial imagery and extensive field validation were combined to inventory 

58.6 km2 of saltmarshes as part of 61 mesoscale complexes. The complexes were classified 

into three broad saltmarsh groups. Mean annual rainfall was most significant in predicting 
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saltmarsh extent, plant community composition, presence of salt pans and the three 

saltmarsh groups. Mean annual daily minimum temperature and saltmarsh area best 

predicted obligate plant distributions. Projected changes in rainfall and temperature by 2100 

are unlikely to severely affect these distributions, while stochastic disturbances may 

continue to play a greater role at local scales. 

A case-study approach was used in evaluating the role of key threatening processes of direct 

human impacts and sea level rise effects. The north-west of Tasmania was selected as being 

one of the single largest expanses of saltmarshes in the state (~25% of total extent) and 

known previously to be most impacted by these threatening processes. Human impacts had 

caused an absolute loss of 219 ha since 1952, and a further 752 ha (65%) was associated 

with one or several of land-based human impacts. The study underscores the importance of 

considering functional health (i.e. habitat fragmentation) in addition to simple extent 

measures in conservation planning. The effects of sea level rise were most prevalent in areas 

of saltmarsh exposed to higher energy wind waves than those that were more sheltered. A 

simple cartographic wind-wave fetch model provides a useful planning tool in identifying 

those parts of saltmarsh shores where erosion is most likely or least likely to occur. 

Sea level rise is expected to alter future extent of saltmarsh as they will need to retreat into 

nearby low lying areas. Such refugia for saltmarsh retreat will also need to be formally 

included under the land-use planning and approvals processes. A planning overlay map was 

developed for eventual inclusion within the new 2017 State-wide planning system. To gauge 

the potential for saltmarsh repair, fish in north-west Tasmania were selected as a proxy. 

Eleven species were caught, including fish that are important to commercial and recreational 

fisheries. The mean density of > 72 fish per 100 m2 was the highest yet reported from 

Australia and suggest that restoring basic saltmarsh structure through tidal re-connection 

will deliver substantial benefits for fish productivity through habitat expansion. Fish are also 

a compelling subject with broad resonance and can be used as a surrogate for the broader 

values of ecosystem services that saltmarshes provide.  

Overall, through an ecosystem based approach and collaboration with stakeholders, several 

outcomes have been generated that creates pathways for saltmarsh conservation and a 

scientific base for further exploration to fill in current and emerging research needs.    
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Chapter 1 Introduction 

1.1 Coastal saltmarsh ecology and conservation 

1.1.1 General overview 

Saltmarshes occur on the upper intertidal and supratidal zone in embayments, lagoons, rivers 

and creek mouths of the sub-tropical and temperate regions of the world (Adam, 1990; 

Allen, 2000; Chapman, 1977; Doody, 2007; Greenberg et al., 2006). They are part of the 

‘coastal seascape’ with other tidally influenced habitats such as mangroves, seagrass beds, 

tidal flats and channels, and provide a range of valuable ecosystem services, such as 

provision of habitat, fisheries production, water purification, flood mitigation and carbon 

sequestration (e.g. Barbier et al., 2011; Kelleway et al., 2017). Of these many services, 

carbon sequestration and fisheries production have been particularly prominent in recent 

studies. There is a growing global interest in quantifying and conserving the ‘blue carbon’ 

stocks present in saltmarsh soils, ranked closely second to mangroves in their capacity to 

sequester carbon (Mcleod et al., 2011). In Australia, there are an increasing number of 

studies detailing the carbon sequestration potential of saltmarsh (e.g. Macreadie et al., 2017). 

There is also an increasing number of studies detailing fish visiting and feeding in 

saltmarshes (e.g. Connolly, 2009; Platell and Freewater, 2009; Mazumder et al., 2011 

McPhee et al., 2015). Australian saltmarshes have also been documented to export food 

resources to coastal waters through tides, thereby improving overall seascape productivity 

(Melville and Connolly, 2003; Svensson et al., 2007). 

Despite their high ecological value, saltmarshes around the world have been subject to a 

range of threats, due both to direct human impacts and to global change effects from climate 

change and sea level rise (Adam, 2002; Gedan et al., 2009; Laegdsgaard et al., 2009; Rogers 

et al., 2016; Zedler and Kercher, 2005). Particularly since coastal saltmarshes occupy a 

narrow tidal range at the interface of the land and sea, relative sea level rise has already 

caused these ecosystems to respond by retreating into low lying areas inland (e.g. Prahalad 

et al., 2012). Saltmarsh adaptive capacity is a function both horizontal migration and vertical 

growth (e.g. Allen, 2000; Kirwan and Megonigal, 2013). This natural horizontal and vertical 

adaptive readjustment of saltmarshes is expected to be negatively influenced by an 

accelerating rise in sea levels (Church and White, 2006) and strengthening wind speeds 
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(McIntosh et al., 2005), which in many cases are not allowing enough time and space for 

saltmarshes to exercise their adaptive capacity (Mount et al., 2010; Kim et al., 2011). More 

consequentially, humans have grazed, cleared, infilled and drained low lying coastal areas 

(Chust et al., 2009; Gedan et al., 2009).   

The perception of, and response to, threats to saltmarsh vary between and within nations 

(Adam, 2002; Doody, 2007; Rogers et al., 2016). In Australia, saltmarshes were listed as an 

endangered ecological community in New South Wales State legislation in 2004. The recent 

listing of Subtropical and Temperate Coastal Saltmarsh in August 2013 as a threatened 

ecological community (category: vulnerable) under the Australian Federal Environment 

Protection and Biodiversity Conservation Act 1999 (EPBC Act) further reinforces the claim 

that the saltmarsh community is of conservation concern. The listing follows several studies 

in Australia documenting both human impacts and global change effects on saltmarshes (see 

reviews by Laegdsgaard et al., 2009; Rogers et al., 2016; Saintilan et al., 2018; Sinclair and 

Boon, 2012). The EPBC Act listing acknowledges the need to address threats to saltmarshes, 

and identifies several conservation needs such as mapping, modelling, monitoring and 

public awareness (TSSC, 2013). 

While the need for wetlands mapping and inventory has been apparent for decades (e.g. 

Pressey and Adam, 1995; Finlayson et al., 1999), assessments of saltmarsh extent have been 

limited in both spatial coverage and accuracy (Kelleway et al., 2009; Rogers et al., 2016). 

There has been a lack of high-resolution inventories of saltmarsh covering large regions of 

Australia, with the recent exception for Victoria (Boon et al., 2015). Inventories are 

necessary to understand both the extent of occurrence and area of occupancy of saltmarshes 

(TSSC, 2013), and to enable biogeographic assessments to inform conservation (e.g. Boon 

et al., 2015; Isacch et al., 2006). Spatial mapping also plays a foundational role in facilitating 

legislative protection and ongoing monitoring, especially in the context of sea level rise 

(Rogers et al., 2016). Given the effects of sea level rise, conservation and monitoring of 

saltmarshes need to occur both at their present locations and in upland areas to which they 

can retreat to in response to changes in the tidal flooding regime (Boon et al., 2011; Bell et 

al., 2014; Ledoux et al., 2005; Rogers et al., 2014). In the broader context of coastal 

adaptation to sea level rise, there has been considerable emphasis on the role of planning 

authorities in considering retreat areas at early stages of planning (e.g. Abel et al., 2011; Bell 

et al., 2014; Ledoux et al., 2005; Harty, 2004; Shoo et al., 2014; TSSC, 2013). 
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Planning of saltmarsh retreat requires identification of suitable retreat areas. Such areas may 

in the first instance be where land claim through tidal barriers has occurred. Planning for 

retreat could then follow the successful European model of ‘managed retreat’ where 

previously claimed saltmarshes are now being restored through the reinstating of natural 

tidal processes (Townend and Pethick, 2002; Mossman et al., 2012). Retreating saltmarshes 

need also be able to adapt to other aspects of global change (Kelleway et al., 2017; McKee 

et al., 2012; Saintilan et al., 2018). Climate change and sea level rise induced increases in 

tidal range, storminess (wind waves) and macroclimate (mainly temperature and rainfall) all 

affect saltmarsh resilience (e.g. Allen, 2000; Osland et al., 2016). Although there are a 

number of models to predict saltmarsh retreat with sea level rise, their emphasis has been 

largely on sedimentation with little consideration of exposure to wind waves (e.g. Stralberg 

et al. 2011; Torio and Chmura, 2013). Given that many Tasmanian coastal environments are 

sediment-limited (Mount et al., 2010), and the known increase in storminess (Prahalad, 

2009), modelling the effect of storminess (wind waves) on shoreline form and stability can 

help identify areas which are more likely to support saltmarshes. Management can then 

focus on these identified sections to extend saltmarsh habitat range by promoting their 

landward movement (Williams and Orr, 2002). There has also been less attention given to 

temperature and rainfall than sea level rise in developing scenarios for changes to saltmarsh 

(Osland et al., 2016). Both thermal stress and precipitation play an important role in 

saltmarsh community structure (Adam, 1990; Pennings and Bertness, 1999; Osland et al., 

2013, 2014). Saltmarsh conservation strategies at regional or continental levels will require 

predictions of future distributions based on macroclimatic correlates and climate change 

models (McKee et al., 2012; Osland et al., 2016). 

Mapping, modelling and monitoring will need to be combined to assess trends in extent and 

condition (e.g. Kelleway et al., 2009; Neckles et al., 2002). The ever-decreasing capacity of 

managers to collect scientific data and to undertake long term monitoring of habitats can be 

mitigated in some situations by community efforts under the auspices of citizen science. 

There is an increasing global focus on citizen science as a means to achieve four broad 

goals: (i) improve our ecological understanding (e.g. of plant and animal distributions); (ii) 

develop scientific literacy and inquiry among participants; (iii) provide place-based natural 

experiences; and (iv) advance direct conservation actions and policy impact (Bonney et al., 

2009; Dickinson et al., 2012; Wiggins et al., 2018). In the Australian context, an increasing 

number of citizen science projects have emerged. Examples are MangroveWatch 
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(http://mangrovewatch.org.au/) in Northern Australia (Mackenzie et al., 2011), and more 

recently, DuneWatch on the Gold Coast, Queensland (Muurmans et al., 2017). Such 

programs aim to achieve the need for ecological monitoring, community engagement 

through science communication and place-attachment, and create pathways for on-ground 

conservation actions (Dickinson et al., 2012), including liaison with planning authorities 

through grass-roots support.  

Public awareness and participation has been highlighted as a key ingredient for the success 

of citizen science projects (e.g. Dickinson et al., 2012), and more broadly in the context of 

saltmarsh and coastal conservation (e.g. Boon et al., 2011; Shoo et al., 2014; TSSC, 2013). 

While the importance of saltmarshes is increasingly being recognised for a range of factors 

(e.g. Kelleway et al., 2017), fisheries production service has a broad resonance among the 

public and helps provide a compelling reason for saltmarsh conservation (e.g. Connolly, 

2009). Improving our understanding of fish use of saltmarshes could therefore raise much 

needed public awareness and material support for saltmarsh conservation and rehabilitation 

(e.g. Creighton et al., 2015; Wegscheidl et al., 2017). Fish can also provide as a medium to 

understand saltmarsh ecology from an ecosystem based management perspective (UNEP, 

2011), whereby the healthy functioning and ecosystems service provision of saltmarsh relies 

on tidal connectivity (e.g. for access to fish, export of food resources, and improved carbon 

sequestration: Lawrence et al., 2012). An ecosystem approach builds on a science-base (on 

ecosystem components, distributions, processes and services) and, through practical 

collaboration with stakeholders, helps improve the long-term resilience and maintenance of 

ecosystem functions and services (UNEP, 2011). The “maintenance of ecological function 

and increased resilience” is also the principal objective of the EPBC Act listing of the 

Subtropical and Temperate Coastal Saltmarsh (TSSC, 2013, p. 23).  

In response to the threats facing Tasmanian coastal saltmarshes, their EPBC Act listing and 

the associated conservation advice (TSSC, 2013), this thesis aims to identify and fill those 

critical gaps in Tasmanian coastal saltmarsh ecology and advance its conservation through 

additional information, models and tools. This aim was addressed through the following 

research objectives: what is in Tasmanian saltmarshes? (ecological components/functional 

relationships); what are their spatial and biogeographic arrangements? (geographic 

distribution); how are Tasmanian saltmarshes changing? (key threatening processes); what 

conservation actions are needed? (conservation needs).  
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1.1.2 Study area 

The study area is the island State of Tasmania including its offshore islands, located in 

south-east Australia (spanning latitudes 39°40ʹ to 43°40ʹ S, Figure 1.1). Tasmania is the 

smallest State in Australia with a land area of 68,401 km2 accounting for less than 1% of 

Australia’s total land mass (ABS, 2010). Tasmania, however, has a long 4,882 km coastline 

relative to land area compared to the nearby Temperate Zone States of Victoria (2,512 km), 

New South Wales (2,137 km) and South Australia (5,067 km). The lengthy coastline of 

Tasmania is also geomorphologically diverse with numerous estuaries, embayments, inlets, 

and open and closed lagoons and creeks. The tidal range varies from micro-tidal south-

eastern, southern and western coasts, and a meso-tidal northern coast (Edgar et al., 1999). 

Climatically, Tasmania is in the temperate maritime zone with mean annual daily minimum 

temperatures on the coast varying from about 6-12 oC. The mean annual rainfall ranges 

markedly between 490 mm on the east coast to over 2140 mm on the west coast, partly 

reflecting Tasmania’s highly variable topography (Corney et al., 2010; Figure 1.1).  

Tasmania has a low population by both Australian and global standards, with just over 

0.5 million permanent inhabitants relative to a national population of close to 24 million 

(ABS, 2018). Settlement is highly concentrated around the south-east capital city of Hobart 

and the central northern coast, between Launceston and Burnie. The State has large areas 

(just above 50% of the total land mass) in reserved land, primarily as National Parks (22%) 

and Conservation Areas (10%) (Parks & Wildlife Service, 2015). Tasmania also has large 

areas of forested land outside the reserve system, either as State forests or private forests set 

aside for commercial harvesting. Land use outside the reserve system and commercial 

forests is characterised by residential, commercial, agricultural and other infrastructure 

developments (Figure 1.1). Current land use patterns largely follow from British 

colonisation of Tasmania in the early 1800s, displacing the Aboriginal inhabitants and their 

indigenous land use practices that had taken place for over 40,000 years. 

Study area details are also presented in Chapters 4, 5, 6 and 8. The latter three chapters focus 

on the Circular Head coastal area located in the far north-west of Tasmania (Figure 1.1), 

with detailed information on the case study area presented in Chapter 5.  
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Figure 1.1 – The island State of Tasmania and its offshore islands, located in south-east Australia. The 

terrain map represents Tasmania’s highly variable topography. Also depicted are the footprints of 

urban, rural land use and major roads as of 2015 (excluding State and private owned commercial forests 

and hydro-electric water reservoirs).  

The location of the Circular Head case study area is shown (also see Figures in Chapters 5, 6 and 8 for 

specific details and higher resolution maps).  

Base map data from the LIST © State of Tasmania. 
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1.1.3 Saltmarsh definition 

Saltmarshes occur in both coastal and inland areas of Tasmania (Kirkpatrick and Glasby, 

1981; Kirkpatrick and Harris, 1999; Chapter 3). Coastal saltmarshes are generally 

characterised by their tidal connectivity to the sea and occur extensively along sheltered 

shores in large estuaries, creek mouths, lagoons and embayments, particularly in the south-

east, east, north and north-west parts of the State, as well as Flinders Island (Kirkpatrick and 

Glasby, 1981; Chapter 4). Along the coastal zone, saltmarshes are also commonly found in 

‘stranded’ situations on cliffs, rocky shores and dune barred lagoons. Inland saltmarshes are 

found further away (> 2 km) from the coastal zone, in the dry Midlands of Tasmania, where 

high evaporation rates result in salinity levels suitable for saltmarsh plants.  

For the purpose of this thesis, the functional definition of ‘Tasmanian coastal saltmarsh’ 

conforms to the EPBC Act listing of the Coastal Saltmarsh ecological community. The 

EPBC Act listing only applies to saltmarshes that occur on the “coastal margin … on sandy 

or muddy substrate” and “with at least some tidal connection, including rarely-inundated 

supratidal areas, intermittently opened or closed lagoons, and groundwater tidal influences” 

(TSSC, 2013, p. 7-8, Figure 1.2 - Bottom). The listing excludes any saltmarsh on “seepage 

zones on sea cliffs and elevated rock platforms above the tidal limit and on elevated 

headlands subject only to aerosolic salt” (p. 16, Figure 1.2 - Top). Also excluded from the 

listing is any “saltmarsh occurring on inland saline soils with no tidal connection” (p. 16, 

Figure 1.2 - Middle).  

The listing includes “dense to patchy areas of characteristic [native] coastal saltmarsh plant 

species” including “bare area of substrate (e.g. salt pans … tidal creeks, etc.)” (TSSC, 2013, 

p. 14). The listing excludes both the “areas of saltmarsh that contain > 50% weeds” (p. 16) 

and areas where the proportional cover by other vegetation types (e.g. Melaleuca swamp 

forest, Phragmites freshwater grassland) is greater than 50%. The listing, however, does not 

specify appropriate spatial scales for applying the above conditions. 

Plant communities in Tasmania are formally defined and mapped by the Tasmanian 

Vegetation Monitoring and Mapping Program (TVMMP), to be part of the Digital 

Vegetation Map of Tasmania (TASVEG, digital map layer available through 

www.thelist.tas.gov.au). The two TASVEG native saltmarsh plant communities, dominated 

by either graminoids or succulents (Figure 1.2 - Bottom, Chapters 3 & 4, also see Table 1.3), 

http://www.thelist.tas.gov.au/
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were adopted as they conform to the EPBC Act listing advice. Apart from native saltmarsh, 

Tasmania has marshes in the central north and north western coastal rivers dominated by the 

highly invasive Spartina anglica introduced from the Northern Hemisphere (Kriwoken and 

Hedge, 2000). This community is defined separately by TASVEG as Spartina marshland 

(Chapters 3 & 4), and is excluded from this thesis as per the EPBC Act listing advice.    

 

 

 

Figure 1.2 – Examples of the three types of saltmarsh occurrence in Tasmania, all from Cape Portland 

area, north-east corner of mainland Tasmania: (Top) A large expanse of ‘stranded’ succulent saltmarsh 

(dominated by Sarcocornia quinqueflora) on “elevated rock platforms above the tidal limit and on 

elevated headlands subject only to aerosolic salt” (TSSC, 2013, p. 16); (Middle) A dune barred lagoon 

with succulent saltmarsh (dominated by Sarcocornia quinqueflora) “occurring on inland saline soils with 

no tidal connection” (p. 16), but subject to salt spray being on the coastal zone (< 2 km); (Bottom) A 

tidally influenced saltmarsh with mix of succulents and graminoids (dominated by Tecticornia arbuscula 

and Austrostipa stipoides), located in a tidally open setting at Tebrakunna Bay. 

The listing advice recognises that saltmarshes occur both as part of a cluster or mosaic and 

as isolated entities (with an isolation distance set as > 30 m). To be part of the listed 

ecological community, a minimum cluster or patch (if occurring individually, i.e. at a 

distance of more than 30 m from the nearest patch) size is set at ≥ 0.1 ha (TSSC, 2013). This 
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condition is largely derived from Williams et al. (2011) study of the Parramatta River-

Sydney Harbour estuary saltmarshes, New South Wales, which found conservation sensitive 

plant species in patches > 0.1 ha. However, the advice does recognise that “it is important to 

consider patch size … at which the ecological community remains functionally viable” 

(TSSC, 2013, p. 18). Given this provision, for the purpose of this thesis, the ‘> 0.1 ha’ 

condition is disregarded for the following reasons:  

• Tasmania has the lowest known total extent of saltmarsh relative to the length of 

coastline compared to all other Australian States included in the listing. This could 

translate to smaller patch sizes compared to other Australian States. 

• There is existing evidence to suggest even smaller patches in Tasmania host 

conservation sensitive plant and animal species. Known examples include the 

presence of State listed saltmarsh obligate plant, Limonium australe var. australe 

(yellow sea-lavender) and EPBC Act listed migratory shorebirds such as Tringa 

nebularia (common greenshank), in small (< 0.1 ha), isolated (> 30 m from the 

nearest patch) fringing marshes in the northern Tamar River estuary, the north-west 

Circular Head coast, and Orielton Lagoon in south-east Tasmania. 

• Tasmania is also the only Australian State where mangroves are absent, where they 

could have offered some cross-over in ecological function and services, e.g. as fish 

nursery. This could likely translate to an elevated importance of saltmarsh, including 

the smaller patches, to sustain these functions. 

Finally, the exclusions from the EPBC Act listing (TSSC, 2013, p. 16) also note: 

“[P]atches of saltmarsh (possibly senescent) within the coastal margin that are disconnected 

(either naturally or artificially) from a tidal regime but were once connected. However, 

should the patch be reconnected to the tidal regime (e.g. via removal of an artificial barrier, 

or constructing a pipeline under a roadway), then the patch can become part of the 

ecological community (if it meets other key diagnostics and condition thresholds).” 

Consistent with this clause, naturally or artificially stranded marshes have been excluded 

where they do not fulfil the previously noted condition: “with at least some tidal connection, 

including rarely-inundated supratidal areas, intermittently opened or closed lagoons, and 

groundwater tidal influences” (TSSC, 2013, p. 7-8).  
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1.1.4 Context for EPBC Act listing 

The EPBC Act sets out matters of national environmental significance (MNES), which 

includes ‘nationally threatened species and ecological communities’ (section 184), and 

affords them a range of conservation measures. Subtropical and Temperate Coastal 

Saltmarsh ecological community was listed as a ‘threatened ecological community’ in the 

‘vulnerable’ category, effective from 10 August 2013. The listing was accompanied by the 

provision of ‘Conservation Advice’ to provide a description of the ecological community (as 

discussed above), summarise threats (Table 1.1), identify eligibility against the listing 

criteria (Table 1.2), and provide guidance for immediate recovery through priority 

conservation actions (discussed below) (TSSC, 2013).  

Table 1.1 – Threat types (as per TSSC, 2013) and their broad relevance to Tasmanian coastal 

saltmarshes (spatial applicability across the State and estimated threat status ranking of high, medium, 

low or future/discontinued (i.e. not apparent now), based on references listed in Table 1.3).  

Threat type Tasmanian applicability; threat status 

Clearing and fragmentation 

Widely applicable; highly ranked threat (Chapter 5) 'Land-claim' or infilling 

Altered hydrology/tidal restriction 

Invasive species (non-native weed 

species and other problem species) 

Mainly applicable to Spartina anglica in the central 

north and north-west coast; medium ranked threat 

Climate change (rises in 

temperature and sea level and 

increased storm events) 

Widely applicable; highly ranked threat (Chapter 6) 

Mangrove encroachment Not applicable as yet; could be a future threat 

Recreation (vehicle damage) 

Widely applicable; medium ranked threats  

Pollution/litter (dumping of waste) 

Eutrophication (excess nitrogen) 

Acid Sulphate Soils (acidification) 

Grazing  

Insect control (of nuisance insects) Widely applicable; could be a future threat 

Evaporative salt production and 

other mining (e.g. shell-grit)   
Localised (in the south-east); discontinued  

Inappropriate fire regimes Widely applicable, low ranked threat 
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Table 1.2 – EPBC Act listing criteria and the national assessment of Subtropical and Temperate Coastal 

Saltmarshes (as per TSSC, 2013), and their broad relevance to Tasmanian coastal saltmarshes 

(information context and implications across the State based on references listed in Table 1.3). 

EPBC Act listing criteria 

EPBC Act national 

assessment, status 

(reason) 

Tasmanian context; 

conservation implications 

Criterion 1 – Decline in 

geographic distribution 

(extent of occurrence/ 

range and area of 

occupancy) 

Not eligible (insufficient 

information across the 

full national extent of the 

community) 

Insufficient information on the 

extent/range, area of occupancy 

and decline across Tasmania 

(except for parts of the south-

east); implications not fully 

understood. 

Criterion 2 – Small 

geographic distribution 

coupled with 

demonstrable threat 

Eligible, vulnerable 

(small patch sizes of < 

10 ha in size, subject to 

multiple threats listed in 

Table 1.1) 

Small patch sizes of < 10 ha in 

size (likely smaller relative to 

other Australian States) and 

subject to multiple threats; 

known broad scale implications.  

Criterion 3 – Loss or 

decline of functionally 

important species 

Not eligible (cannot be 

demonstrated or 

unknown due to 

insufficient data) 

Losses of large (> 1.5 x 1.5 m), 

structurally dominant 

Tecticornia arbuscula shrubs 

recorded; implications not fully 

understood.  

Criterion 4 – Reduction in 

community integrity 

(causing ‘functional’ 

extinction) 

Eligible, vulnerable 

(combination of threats 

in Table 1.1, especially 

with ongoing climate 

change)   

Known threats from land claim, 

tidal restriction, fragmentation, 

invasion by exotic plant species 

and effects of climate change 

and sea level rise combined with 

inadequate mitigation actions; 

known broad scale implications. 

Criterion 5 – Rate of 

continuing detrimental 

change 

Eligible, vulnerable (due 

to serious intensification 

of the key driver of sea 

level rise) 

Continuing detrimental changes 

observed in extent, function and 

native species (e.g. T. arbuscula) 

due to a range of threats, 

especially from climate change 

and sea level rise; known broad 

scale implications. 

Criterion 6 – Quantitative 

analysis showing 

probability of extinction 

Not eligible (no available 

data to assess under this 

criterion) 

Insufficient information; 

implications not fully 

understood.  
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The Conservation Advice provides guidance for immediate recovery of the Subtropical and 

Temperate Coastal Saltmarsh ecological community through priority conservation actions 

(TSSC, 2013).  The guiding principles are set out as “maintenance of ecological function 

and increased resilience” through “permanent or intermittent connection with the sea; 

functioning trophic pathways; structural habitat; no loss of key native species; and the 

absence of problem invasive species (exotic pests/aggressive weeds)” (TSSC, 2013, p. 23). 

The priority conservation actions listed are broad ranging and address all of the threats 

identified (Tables 1.1 & 1.2). They include (TSSC, 2013):  

• Provision of a fit-for-purpose inventory of coastal saltmarsh through improved 

mapping and monitoring mechanisms to evaluate changes in extent and condition; 

• Avoidance of vegetation clearing and infilling in coastal saltmarsh and its buffer 

zones (of at least 30 m or more) and provision of an appropriately sized buffer zone 

of influence be applied from the outer edge of the patch or area (i.e. size to be 

determined on a case-by-case basis depending on threat type, location and barriers).  

• Avoidance of hydrological alterations to the natural tidal regimes of coastal 

saltmarshes, and where applicable, restitution of natural tidal flows.   

• Identification and facilitation of sea level rise induced saltmarsh retreat into potential 

upland areas (e.g. through ‘inundation easements’).  

• Liaison with planning authorities to include development controls on current 

saltmarsh extent, their buffers and potential retreat areas.  

• Community engagement and education (including signage) to promote the values of 

coastal saltmarsh and highlight the importance of minimising disturbance associated 

with recreation, pollution, littering/dumping and grazing.  

• Support and promotion of best practices (e.g. public access management, invasive 

species control, acid sulphate soil management, litter prevention, agricultural nutrient 

run-off management) and lessons learnt for wider adoption. 

 

The EPBC Act listing also allows for the provision of Recovery Plans and Threat Abatement 

Plans for more targeted efforts to implement priority conservation actions. However, there 

are no such Plans currently adopted for the coastal saltmarsh ecological community 

(Department of the Environment, 2018). 

 



Chapter 1 – Introduction 

 
13 

1.2 State of knowledge of Tasmanian coastal saltmarshes  

A semi-systematic literature review was undertaken in ‘mapping the literature’ (sensu 

Pickering and Byrne, 2014) on Tasmanian coastal saltmarshes. The review involved 

searching scholarly databases, including Google Scholar, Science Direct and Scopus, using 

the keywords ‘Tasmania’ and ‘saltmarsh’ (also ‘salt marsh’). Only those articles that 

presented original data on the ecological components, distributions, processes and functions 

of Tasmanian coastal saltmarshes were included in the review (Table 1.3). Articles that 

made a passing mention of Tasmanian coastal saltmarshes were excluded. Also, articles 

were excluded when they included Tasmania as an entry (often in a table form), for the sake 

of completion, without contributing new data. In such cases, the references cited for the 

reproduced data (e.g. Kirkpatrick and Glabsy, 1981) were themselves assessed for inclusion 

if not already in the list of articles reviewed.  

The scholarly databases did not include some of the sources which included University of 

Tasmania theses and reports from the ‘grey literature’ which were identified based on 

personal and local knowledge. Thesis or reports that had been converted to journal 

publications were excluded where the journal article was identified and included in the 

review. Also included on the basis of personal and local knowledge were current works in 

progress. These include theses by Aalders (in prep.), Morrison (in review) and Sharples (in 

prep.), and journal articles by McQuillan et al. (in prep.) and Gallagher et al. (in prep.).  

The literature selected for the review was grouped in categories (Table 1.3). Categories were 

originally assigned from a separate review of well-known sources from Australian (Adam, 

2009; Laegdsgaard, 2006; Saintilan, 2009; Saenger et al., 1977) and international literature 

(Adam, 1990; Roman and Burdick, 2012: also see Prahalad, 2015). The categories were 

refined through the literature review process and provide the structure for the sections 

(1.2.1-1.2.10) below (also see Figure 1.3).    
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Figure 1.3 – A conceptual framework depicting the abiotic and biotic factors that constitutes temperate 

saltmarshes in coastal Tasmania (also see Table 1.3). 
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Global factors

Aalders, 2014 Thesis 2014 University of Tasmania Plants, spiders, beetles Local: Moulting Lagoon 1 1 1

Aalders, 2019* Thesis 2019 University of Tasmania Plants, soil, soil carbon, spiders, beetlesState-wide 1 1 1 1 1 1

Adams, 2017 Thesis 2017 University of Tasmania Insects, spiders, molluscs Regional: South-east 1 1 1 1 1 1

Beasy and Ellison, 2013 Journal article 2013 International Journal of Biology Soil carbon Local: Rubicon Estuary 1

Bowden and Kirkpatrick, 1973 Journal article 1973 Papers and Proceedings of the Royal Society of Tasmania Plants Local: Rheban Spit 1

Bryant, 2002 Report 2002 Tasmanian Department of Primary Industries,Water and EnvironmentShorebirds State-wide 1

Carver et al., 2011 Journal article 2011 Australian Journal of Entomology Mosquitoes Regional: South-east 1

Curtis and Somerville, 1947 Journal article 1947 Papers and Proceedings of the Royal Society of Tasmania Plants Local: Boomer Bay 1

Callard, Gehrels, Morrison and Grenfell, 2011 Journal article 2011 Marine Micropaleontology Foraminifera Local: Little Swanport 1 1

DPIW, 2008 Report 2008 Tasmanian Department of Primary Industries and Water Mapping, human impacts State-wide 1 1 1

Ellison and Beasy, 2018 Journal article 2018 Biology Soil carbon Local: Little Swanport 1 1

Hedge and Kriwoken, 2000 Journal article 2000 Austral Ecology Spartina anglica Local: Little Swanport 1 1 1 1 1

Heyzer, 2015 Thesis 2015 University of Tasmania Chironomids Regional: South-east 1 1

Hogan, Proemse and Barmuta, 2017 Journal article 2017 Applied Geochemistry Lichens State-wide 1 1

Gallagher et al., 2019* Journal article 2019 TBC Soil carbon Regional: South-east 1 1

Gehrels et al., 2012 Journal article 2012 Earth and Planetary Science Letters Local: Little Swanport 1 1 1

Glasby, 1975 Thesis 1975 University of Tasmania Plants, soil Regional: South-east 1 1

Gouldthorpe, 2000 Thesis 2000 University of Tasmania Human impacts Regional: South-east 1 1 1 1 1 1

Lyth and Holbrook, 2015 Journal article 2015 Climate Risk Management Mosquito and Ross River virus State-wide 1 1

Kelcey, 2014 Thesis 2014 University of Tasmania Plants, biomass Local: Ralphs Bay 1 1

Kirkpatrick and Glasby, 1983 Occasional paper1981 University of Tasmania Plants State-wide 1 1 1

Kriowken and Hedge, 2000 Journal article 2000 Ocean and Coastal Management Spartina anglica State-wide 1

MacDonald, 1995 Thesis 1995 University of Tasmania Plants, soils Local 1 1

Major, 2012 Journal article 2012 Australian Journal of Zoology White-fronted chat Regional 1

Marsh, 1982 Thesis 1982 University of Tasmania Crustaceans Local 1 1 1 1 1 1 1

McQuillan, 2004 Journal article 2004 Journal of Insect Conservation Geometrid moth State-wide 1

McQuillan, Adams, Aalders, Prahalad, 2018* Journal article 2018 TBC Lepidoptera Regional: South-east 1

Moss, Gehrels and Callard, 2016 Journal article 2016 Frontiers in Ecology and Evolution Human impacts Local: Little Swanport 1 1 1

Morrison, 2006 Thesis 2006 University of Tasmania Plants, foraminifera Regional: South-east 1 1

Morrison, 2018* Thesis 2011 University of Tasmania Plants, geomorphology Regional: South-east 1 1

Morrison and Ellison, 2017 Book chapter 2017 Applications of Paleoenvironmental Techniques in Estuarine StudiesForaminifera Unknown 1

Mount et al., 2010 Report 2010 University of Tasmania Plants, soils, global change Regional: North-west 1 1 1 1 1

Prahalad, 2009 Thesis 2009 University of Tasmania Plants Regional: South-east 1 1 1

Prahalad, Lacey and Mount, 2009 Report 2009 University of Tasmania Gloal change factors Regional: South-east 1

Prahalad, 2012a Report 2012 University of Tasmania Plants Local: Ralphs Bay 1 1

Prahalad, 2012b Report 2012 University of Tasmania Plants Local: Coal River 1 1

Prahalad, Kirkpatrick and Mount, 2012 Journal article 2011 Australian Journal of Botany Climate change and sea level riseRegional: South-east 1 1

Prahalad and Pearson, 2013 Report 2013 University of Tasmania Plants, human impacts Regional: South-east 1 1 1 1

Pringle, 1993 Journal article 1993 Papers and Proceedings of the Royal Society of Tasmania Spartina anglica Local: Tamar Estuary 1 1 1

Richardson, Swain and Wong, 1997a Journal article 1997 Memoirs of the Museum of Victoria Talitrid amphipods State-wide 1 1

Richardson, Swain and Wong, 1997b Journal article 1997 Papers and Proceedings of the Royal Society of Tasmania Crustaceans and molluscs State-wide 1 1

Richardson, Swain and Wong, 1998 Journal article 1998 Marine and Freshwater Research Crustaceans and molluscs State-wide 1 1 1 1

Richardson and Mulcahy, 1996 Journal article 1996 Estuarine, Coastal and Shelf Science Talitrid amphipods Local: Lutregala 1 1

Robertson et al., 2004 Journal article 2004 Communicable Diseases Intelligence Quarterly Report Mosquito and Ross River virus Local: Carlton River 1

Rowbottom et al., 2015 Journal article 2015 PLOS One Mosquito and Ross River virus Local: Primrose Sands 1 1

Rowbottom et al, 2017 Journal article 2017 Journal of Vector Ecology Mosquito and Ross River virus Local: Primrose Sands 1 1

Saintilan, 2009 Book chapter 2009 Australian Saltmarsh Ecology Plants Australia-wide 1 1

Sheehan and Ellison, 2014 Journal article 2014 Estuarine, Coastal and Shelf Science Spartina anglica Local: Tamar Estuary 1

Sheehan and Ellison, 2015 Journal article 2015 Estuarine, Coastal and Shelf Science Spartina anglica Local: Tamar Estuary 1

Shepherd, 2011 Thesis 2011 University of Tasmania Spartina anglica Local: Port Sorell 1 1

Veenstra-Quah, Milne and Kolesik, 2007 Journal article 2007 Australian Journal of Entomology Gall midge State-wide 1 1

Woehler, 2007 Report 2013 BirdLife Tasmania Shorebirds, seabirds Regional: South-east 1

Woehler and Ruoppolo, 2015 Journal article 2015 Tasmanian Bird Report Shorebirds Local: Moulting Lagoon 1

Wong, Richardson and Swain, 1993 Occasional paper1993 University of Tasmania Crustaceans and molluscs State-wide 1 1 1 1 1

*in progress 16 5 26 15 2 9 5 10 10 2 4 1 0 0 5 0 10 9

Table 1.3 Literature review 
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1.2.1 Saltmarsh plants and edaphic (soil) factors 

Tasmanian saltmarshes support several vascular plants (‘higher plants’) which include both 

species that are largely confined to saltmarshes (obligates) and facultative species that are 

less confined. Obligate vascular plant species are generally used to identify and map 

saltmarsh habitats (e.g. as under TASVEG: Kitchener and Harris, 2013), and have been the 

most well studied aspect of Tasmanian saltmarshes (Table 1.3).  

Curtis and Somerville (1947) provided the earliest known account of saltmarsh plants of 

Boomer Bay, south-east Tasmania. Bowden and Kirkpatrick (1973) provided a brief account 

of saltmarsh plants and their edaphic characteristics at Rheban Spit, eastern Tasmania. The 

study also provided the first published record of zonation description of Tasmanian 

saltmarsh, identifying three tidal zones on the basis of elevation differences and hence 

drainage (Adam 1990). The poorly drained (i.e. frequently flooded) low marsh is dominated 

by a succulent mat of low herbs, the intermediate areas dominated by shrubs, rushes and 

sedges, and the high marsh dominated by grasses (Figure 1.4). Later study by Glasby (1975) 

indicated that the presence or absence of these zones and the dominant vegetation depends 

on the size of the marsh and the effect of other localised environmental factors.  

 

Figure 1.4 – Zonation typical of a Tasmanian coastal saltmarsh, in Lauderdale, Ralphs Bay, south-east 

Tasmania, with the low (open) marsh dominated by a succulent mat of Sarcocornia quinqueflora and 

Samolus repens herbs, and the intermediate areas (mid-marsh) dominated by Tecticornia arbuscula 

shrubs mixed with Gahnia filum sedges. 
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Glasby (1975) provided the first detailed assessment and mapping of south-east Tasmanian 

saltmarsh plant communities in relation to edaphic (soil) factors. Drainage (i.e. elevation) 

and salinity were considered as the major determinants of the patterns of occurrence and 

zonation of different saltmarsh plant communities (also see Clarke and Hannon, 1970). 

Kirkpatrick and Glasby (1981) built on the work by Glasby (1975) to provide a State-wide 

list of saltmarsh plants, their distributions, threats and conservation status. They proposed a 

classification scheme for saltmarshes with 15 structural-dominance communities based on 

structure and floristics. Kirkpatrick and Harris (1999) later revised this scheme to propose 16 

structural-dominance communities and also described Tasmanian saltmarshes within the 

broader context of coastal, heathland and wetland vegetation in the State.  

The structural-dominance communities proposed by these two studies formed the basis of 

subsequent characterisation and adoption of the two broad TASVEG communities of 

graminoid and succulent saltmarsh (Kitchener and Harris, 2013; Chapters 3 & 4). Succulent 

Saline Herbland (ASS) is defined by vegetation dominated by herbaceous species growing 

on the margins of highly saline, protected, flat estuarine shorelines inundated with sea water 

during high tides, dominated by halophytic plants, predominantly Sarcocornia quinqueflora 

(beaded glasswort) and/or Tecticornia arbuscula (shrubby glasswort) (Figure 1.5 - Left). 

Saline Sedgeland/Rushland (ARS) is defined by vegetation dominated by sedges, rushes and 

occasionally tussock grasses growing in highly saline environments, often inundated by tidal 

water, dominated by halophytic plants commonly Gahnia filum (chaffy sawsedge) and 

Juncus kraussii (sea rush) (Figure 1.5 - Right).  

  

Figure 1.5 – Left: Succulent saltmarsh (TASVEG code: ASS) in North East River, Flinders Island, 

dominated by Tecticornia arbuscula and Sarcocornia quinqueflora. Right: Grassy saltmarsh (TASVEG 

code: ARS) in Scamander River on the east coast of Tasmania, dominated by Juncus kraussii and 

Gahnia filum with a S. quinqueflora understorey (shown submerged under high tide). 
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The Vegetation Benchmarks defined by TVMMP for these two saltmarsh community types 

include a list of ‘dominant species’ and ‘other typical species’ (DPIPWE, 2016). These 

species lists, however, are not fully inclusive or reflective of the dominant life forms found 

across Tasmanian saltmarshes. Bridgewater et al. (1981) and Saintilan (2009b) are two other 

authoritative sources of saltmarsh plant species lists that include data for Tasmania. 

Richardson et al. (1998) also documented saltmarsh plants across Tasmania as part of their 

study on crustaceans and molluscs. They used a subset of dominant saltmarsh plants to 

classify and identify three broad vegetation types on the basis of tidal flooding zones (cf. 

Bowden and Kirkpatrick, 1973; Adam, 1990): the low marsh, inundated by every tide; the 

mid marsh, inundated by most tides; and the high marsh, very rarely inundated. The ground-

covering succulent and herbaceous vegetation type was characterised by Sarcocornia 

quinqueflora, Samolus repens (creeping brockweed), Hemichroa pentandra (trailing 

saltstar), Selliera radicans (shiny swampmat), Wilsonia backhousei (narrowleaf wilsonia), 

Sarcocornia blackiana (thickhead glasswort), and Pucciniella stricta (australian 

saltmarshgrass). The salt-bush vegetation type was characterised by Tecticornia arbuscula 

(prev. Arthrocnemum arbuscula and Sclerostegia arbuscula). The grass-sedgeland 

vegetation type was characterized by Austrostipa stipoides (prev. Stipa stipoides) (coast 

speargrass), Poa labillardieri (silver tussockgrass), Juncus kraussii and/or Gahnia filum, 

Apodasmia brownii (prev. Leptocarpus brownii) (coarse twinerush).  

Apart from these published sources, several local or regional reports on saltmarshes (grey 

literature studies) include records of saltmarsh plants (Prahalad and Mount, 2011; 

Fazackerley, 2002; Prahalad and Pearson, 2013; Prahalad, 2012a, b). There are often 

discrepancies in these lists and the question arises as to what is more or less a saltmarsh 

plant in Tasmania (also see Boon et al., 2011; Chapter 3). 

Honours theses work by Marsh (1982), MacDonald (1995), Gouldthorpe (2000), Morrison 

(2006), Aalders (2014) and Adams (2017) increased the knowledge of saltmarsh plants and 

their environmental associations at local scales. Marsh (1982) related plants communities in 

three saltmarshes in south-east Tasmania to soil type (through particle analysis) and 

hydrology (i.e. flooding regime). MacDonald (1995) extended the work of Glasby (1975) up 

the Derwent Estuary with a study of the plant communities of the tidal freshwater marshes 

(also see Prahalad and Mount, 2011), their succession patterns and further underscored the 

importance of drainage and salinity as principal determinants on saltmarsh plant 
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communities. Gouldthorpe (2000) documented saltmarsh plants in Pitt Water and Pipe Clay 

Lagoon, south-east Tasmania, in order to study the effects of drainage and grazing. Morrison 

(2006) gauged the effects of elevation and sea level on species distribution within two 

eastern Tasmanian saltmarshes. Aalders (2014) studied saltmarsh plant communities, their 

zonation, micro-topography and edaphic relationships along a typical coastal saltmarsh to 

native woodland gradient in eastern Tasmania. Zonation was driven largely by the 

elevational gradient which governed the frequency and duration of tidal inundation 

(confirming similar findings by Morrison, 2006). Adams (2017) also documented plant 

species along transects on a saltmarsh to hinterland gradient, and linked them with soil pH 

and salinity. Aalders (in prep.) is extending the information on a range of edaphic factors 

(soil moisture, composition, texture, organic content, salinity and pH) and their relationships 

between saltmarsh plant communities State-wide. 

Although much is known from Tasmanian literature on saltmarsh plants, their community 

types, zonation, and soil factors (Table 1.3), plant physiology and biology (e.g. plant 

productivity, inter-specific interaction, herbivory, reproduction and dispersal) is largely 

understood from overseas literature (e.g. Adam, 1990; Boon et al., 2011; Laegdsgaard, 

2006). Tasmanian literature also does not address some of the physiographical features in 

saltmarsh, such as the structure and evolution of tidal creeks and marsh edges/cliffs (e.g. 

Allen, 2000; Chapter 6), and formation of marsh pools/ponds and salt pans (Adam, 1990). 

Prahalad et al. (2012) provided the only known account of the expansion of creeks and salt 

pans associated with the effects of climate change and sea level rise. In particular, salt pan 

formation and persistence has been discussed previously from a Northern Hemisphere 

perspective (Adam, 1990; Pennings and Bertness, 1999), with little information available 

from Australia (Adam, 1997; Chapter 5). 

Apart from the structurally dominant vascular plants, saltmarshes also support algae, lichen, 

bryophytes and fungi (Adam, 2009). Microalgae, in particular, can be an important 

component of the saltmarsh ecosystem and can equal or exceed the higher plants in terms of 

primary productivity (Sullivan and Currin, 2000). Algal presence in the saltmarsh can be 

edaphic (living in the saltmarsh soil profile), epilithic (concentrated on the saltmarsh 

substrate) and epiphytic (algae living on the higher plants). Compared to vascular plants, 

very little in known of Australian saltmarsh algae with the subject largely ignored the books 

and review articles examined (for an exception, see Green et al. (2010) study on soil 
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microalgae in a New South Wales coastal saltmarsh). In Tasmania, Heyzer (2015) provided 

the first known records of algal species collected from coastal saltmarshes of south-east and 

southern Tasmania, specimens of which have since been lodged in the Tasmanian 

Herbarium. The species were Ulva clathrata, Cladophora subsimplex, Rhizoclonium 

riparium and Derbesia tenuissima. Cyanobacteria Rivularia sp. was recorded on the algae. 

The only available published account of lichens in relation to Tasmanian saltmarsh is that of 

Hogan et al. (2017), who collected Cladia retipora (a coral lichen) from many habitat types 

across Tasmania including coastal saltmarshes. No published records were found of 

bryophytes and fungi in Tasmanian saltmarshes. These groups have generally been 

considered to be of little relevance to saltmarshes (e.g. Saenger et al., 1977). 

1.2.2 Non-native and problematic plant species 

A number of the studies on vascular plants discussed above also provide information on 

non-native species (Table 1.3). The relatively common introduced species included in these 

studies are: Cotula coronopifolia (water buttons), Vellereophyton dealbatum (white 

cudweed), Spergularia rubra (greater sandspurrey), Atriplex prostrata (creeping oracle), 

Centaurium tenuiflorum (slender centaury), Plantago coronopus (buckshorn plantain), 

Rumex crispus (curled dock), Juncus acutus (sharp rush), Festuca arundinacea (tall fescue), 

Parapholis incurva (coast barbgrass), Poa annua (winter grass), Polypogon monspeliensis 

(annual beardgrass), Spartina anglica (‘rice grass’ or common cordgrass) and Thinopyrum 

junceiforme (sea wheatgrass). Of these species, rice grass has been considered to be the 

single most important non-native and problematic plant species in Australian saltmarshes 

(e.g. Adam 2009), and has been well studied in Tasmania with a long history of 

management responses (Table 1.3, Kriwoken and Hedge, 2000).  

Tasmanian studies focus on the functional ecology (with invertebrates as indicators) and 

geomorphology of S. anglica marshes. Hedge and Kriwoken (2000) examined species 

richness and total abundance of invertebrates between native saltmarsh and S. anglica marsh 

and found them similar. Both Hedge and Kriowken (2000) and Shepherd (2011), however, 

showed that S. anglica marsh had significantly higher total faunal abundances and diversity 

compared to nearby bare mudflats. Shepherd’s thesis work, from Port Sorell in northern 

Tasmania, also examined the effects of the Fusilade herbicide used on S. anglica control. He 

found that the invertebrate community structure of the sprayed (and cleared) areas resembled 
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those of adjacent mudflats in the space of 12 months (for similar findings from Victoria, see 

Shimeta et al., 2016). Sheehan and Ellison (2014) mapped 374 ha of S. anglica marsh in the 

Tamar River estuary, northern Tasmania and documented the extensive morphological 

changes to the estuary since the introduction of S. anglica. Later work by Sheehan and 

Ellison (2015) documented the morphological changes associated with experimental 

removal of S. anglica. They recorded significant surface erosion in the areas where S. 

anglica was removed compared to nearby controls.   

1.2.3 Carbon storage (soil, above ground biomass) 

Soil carbon storage measurements had been produced from every State and Territory in 

Australia, with most of the work coming from Victoria and New South Wales (Macreadie et 

al., 2017). Only two related studies are known from Tasmania, both limited to the Rubicon 

estuary, northern Tasmania (Table 1.3). Beasy and Ellison (2013) compared three techniques 

for evaluating saltmarsh soil organic carbon (%), while Ellison and Beasy (2018) reported 

figures of 49.5 Mg C ha-1 for native saltmarsh and 55.5 Mg C ha-1 for S. anglica marshes at 

30 cm depths. Among native saltmarsh, J. kraussii dominated graminoid marsh had a higher 

sediment carbon (%) compared to S. quinqueflora dominated succulent saltmarsh. Aalders 

(in prep.) is extending saltmarsh soil organic carbon measurements State-wide and across 

different native plant communities. This dataset will provide a State-wide estimate of soil 

organic carbon sequestered by saltmarshes and allow for comparison with similar State-wide 

assessments from Victoria and New South Wales (Macreadie et al., 2017). In addition to soil 

organic carbon, Gallagher et al. (in prep.) are assessing the ‘black carbon’ stored in 

saltmarsh soils collected from several sites in Blackman Bay, south-east Tasmania. Black 

carbon is formed by the incomplete combustion of both terrestrial biomass and fossil fuels, 

and transported to coastal environments via both terrestrial and aeolian deposition (Chew 

and Gallagher, 2018). Together, these studies begin to fill in critical gaps in understanding 

saltmarsh soil carbon content.   

Carbon stored by saltmarshes can be also in the form of above ground biomass. Owers et al. 

(in press) have recently produced estimates from both graminoid and succulent saltmarsh 

biomass collected from New South Wales, with higher rates of organic carbon in J. kraussii 

saltmarsh (15.97 ± 2.35 Mg ha-1) than the saltmarsh dominated by Sporobolus virginicus, 

S. repens, S. quinqueflora (7.51 ± 0.91 Mg ha-1). These figures can be applied for the 



Chapter 1 – Introduction 

 
22 

Tasmanian context given that the same species (except for are S. virginicus) are dominant in 

the State. An important gap is the lack of estimate for T. arbusucla shrubs, which are 

dominant and common in Tasmanian coastal saltmarshes. Kelcey (2014) partly filled this 

gap with his thesis work on developing remote sensing techniques using an Unmanned 

Aircraft System. He used the saltmarsh at Ralphs Bay, south-east Tasmania, as a case study 

to calculate the above ground biomass of T. arbuscula shrubs within his study transect to be 

between 3,440 and 4,482 kg (these figures were not translated to Mg ha-1 ± SE). 

1.2.4 Crustaceans, molluscs, annelids and protozoans 

Crustaceans, molluscs, annelids and protozoans are the most studied fauna of Tasmanian 

saltmarshes (Table 1.3), and have also received considerable attention in mainland 

Australian (e.g. Saintilan, 2009) and international literature (Roman and Burdick, 2012). 

Richardson et al. (1997a, based on Wong et al., 1993) provided a detailed inventory of the 

crustaceans and molluscs of 65 coastal saltmarshes across Tasmania, including the offshore 

islands. The study collected over 50 species comprised of: 

• Twenty species of amphipods including marsh-hoppers, beachfleas and 

landhoppers, three of these entirely restricted to saltmarsh. The marsh-hopper 

Eorchestia palustris and the beachflea Orchestia australis were most common. 

• Eight species of isopods, all of which occur in other habitat types as well as 

saltmarsh. Ligia australiensis, Deto marina and Porcellio scaber were most 

common. 

• Nine species of decapods (crabs), with one crab species, Helograpsus haswellianus, 

entirely restricted to saltmarsh. The shore crabs H. haswellianus and Paragrapsus 

gaimardii were most common. 

• Twenty one species of gastropod molluscs (snails and slugs), four of these 

restricted to saltmarsh. Phallomedusa solida (prev. Salinator solida), Ophicardelus 

ornata, Hydrococcus brazieri and Tatea rufilabris were most common. 

• One species of bivalve, namely the mussel Xenostrobus secures.  

In a related study, Richardson et al. (1998) compared the composition of 55 species of 

crustaceans and molluscs to saltmarsh plant community types across the three basic tidal 

zones: the low marsh, inundated by every tide; the mid marsh, inundated by most tides; and 

the high marsh, very rarely inundated (as defined by Adam, 1990). They found that faunal 
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composition could not be predicted by vegetation and was more strongly related to tidal 

inundation or the flooding regime (i.e. extent of emergence or submergence, also see Marsh, 

1982). The study was further able to relate selected saltmarsh invertebrates to a range of soil 

conditions including water content, organic content and salinity. The gastropods for example 

were either infrequent or absent in areas which were not regularly inundated.  

Other journal articles that pertain to crustaceans and molluscs in Tasmania include 

Richardson and Mulcahy (1996), Richardson et al. (1997b) and Hedge and Kriwoken 

(2000). The two former studies described the distributions of eight talitrid amphipods in 

Lutregala Marsh, Bruny Island, in relation to vegetation and soil attributes. E. palustris was 

most abundant across the marsh profile. Both studies recommend the conservation of 

buffering terrestrial vegetation for promoting amphipod diversity (also see Wong et al., 

1993). Hedge and Kriwoken (2000) studied crustaceans, molluscs and annelids collected 

from saltmarshes in the Little Swanport estuary, eastern Tasmania. E. palustris was the most 

abundant crustacean, H. brazieri and T. rufilabris were the most abundant snails, and the 

three annelids collected were Nephtys australiensis, Perinereis vallata and Boccardia sp., all 

polychaete worms. Importantly, the study identified that invertebrate species richness and 

total abundance were significantly higher in saltmarsh compared to nearby mudflats.  

Honours theses by Marsh (1982), Gouldthorpe (2000) and Adams (2017) focussed on south-

east Tasmanian saltmarshes. Marsh (1982) inventoried the crustaceans and molluscs of three 

saltmarshes in south-east Tasmania and in one site, at Ralphs Bay, investigated the role of 

the saltmarsh specialist crab, H. haswellianus, in saltmarsh ecology. The two crabs collected 

were H. haswellianus and P. gaimardii, while P. solida and Salinator fragilis were the two 

most common snails. Notably, Marsh found that H. haswellianus burrows increased the 

marsh surface area by 360% and thereby, enhancing soil respiration, metabolism and cycling 

of nutrients. High density of crab burrows were also related to increase above ground plant 

biomass. Gouldthorpe (2000) collected isopods, amphipods and two species of gastropods 

from pit fall trapping in nine saltmarsh sites around Hobart. He found talitrid amphipods to 

be considerably more prevalent at the control sites compared to the drained and grazed 

saltmarshes. Adams (2017) hand collected 17 species of molluscs from four saltmarshes 

spread across south-east Tasmania. Salinator fragilis and P. solida were the most common 

and abundant native species. Seven species were introduced, of which the small pointed 
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snail Prietocella barbara was most common. The effect of these introduced species on 

saltmarsh ecology is unknown (see Ross et al., 2009).   

Among single-celled eukaryotes (Protozoa), a number of studies have documented saltmarsh 

foraminifera (both dead and live specimens), mainly as a proxy indicator of sea level (e.g. 

Callard et al., 2011; Gehrels et al., 2012). These studies target Little Swanport estuary, 

eastern Tasmania, and also provide descriptions of saltmarsh plants (including pollen: Moss 

et al., 2016) and soils composition. Among the live specimens collected, Trochammina 

inflata was the most abundant, while Jadammina macrescens and T. irregularis were found 

in smaller numbers (Callard et al., 2011).  

1.2.5 Insects and spiders (and insect control of mosquitoes) 

Among insects, most notably, considerable attention has been given to saltmarsh 

mosquitoes, mainly Aedes camptorhynchus in Tasmania, as they can transmit the fatigue-

inducing Ross River virus to humans (Lyth and Holbrook, 2015). Studies by Robertson et al. 

(2004) and Rowbottom et al. (2015, 2017) all focussed on the saltmarshes of Carlton River 

estuary, south-east Tasmania, while Carver et al. (2011) examined several sites across south-

east Tasmania. These studies examined the relationship between the abundance of 

A. camptorhynchus with a range of soil and other environmental factors, including the 

presence of other invertebrates (mainly ostracods). Lyth and Holbrook (2015) provided a 

state-wide assessment of the potential human vulnerability to the virus with climate change. 

Excluding mosquitoes, ‘terrestrial’ invertebrates of saltmarsh have been generally less well 

reported in the published literature compared to crustaceans (e.g. Mazumder, 2009) and 

molluscs (e.g. Ross et al., 2009) of marine origin (e.g. the subject omitted from Saintilan, 

2009 and Roman and Burdick, 2012; for notable exceptions, see Laegdsgaard et al., 2004 

and Laegdsgaard, 2006). In the Tasmanian context, McQuillan (2004) provided a brief 

report of the usage of saltmarsh by Tasmanian geometrid moth species, Amelora acontistica, 

Dasybela achroa, Scopula rubraria and Epyaxa hypogramma, and the butterfly 

Theclinesthes serpentata subsp. lavara. Notably, two of the moth species, A. acontistica 

(Chevron Looper), D. achroa (Saltmarsh Looper) and the Saltbush Blue butterfly are listed 

as vulnerable and rare under the Tasmanian Threatened Species Protection Act 1995 (TSP 

Act). More data on moths and butterflies (Lepidoptera) have since been inventoried by 



Chapter 1 – Introduction 

 
25 

McQuillan et al. (in prep), from field based surveys of many saltmarshes across south-east 

Tasmania and museum records.  

A number of Honours theses have, however, inventoried and discussed saltmarsh insects and 

spiders from several saltmarshes in south-east (Marsh, 1982; Gouldthorpe, 2000; Heyzer, 

2015; Adams, 2017) and eastern Tasmania (Aalders, 2014). Marsh (1982) inventoried over 

55 families of insects and spiders of three saltmarshes in south-east Tasmania through both 

pitfall and substrate sampling. They included 23 species of Diptera (true flies), 18 species of 

Hemiptera (true bugs), 18 species of Araneae (spiders), 17 species of Coleoptera (beetles) 

and 7 species of Acarina (mites and ticks). Species presence was highest in summer and 

lowest in winter. Gouldthorpe (2000) collected over 70 families of invertebrates from pit fall 

trapping, of which the insects Coleoptera (9 families of beetles), Diptera (7 families of flies) 

and Hymenoptera (~15 families of antes, bees, wasps) were most diverse and common. 

Spiders were represented by seven families, of which Lycosidae (wolf spiders) and 

Nicodamidae (red and black spiders) were most prevalent. The study found that the gross 

diversity and abundance of invertebrates did not differ between control sites compared to 

those that were drained and grazed, although the composition of the fauna varied, with some 

taxa (e.g. the wolf spiders) being less abundant at sites affected by draining and grazing. 

Gouldthorpe’s study was limited to one season of sampling (autumn).  

A later study by Aalders (2014) documented a high seasonal variation of spiders and beetles 

through pitfall trapping, between different saltmarsh plant communities at Long Point, 

Moulting Lagoon, eastern Tasmania. Four spider species were consistently recorded in the 

saltmarsh, of which, Venatrix sp. (wolf spider) was most common across different plant 

community types. Bembidion sp. (a ground beetle) was the most dominant of the beetles 

collected. This is consistent with both Marsh (1982) and Gouldthorpe (200), who also found 

wolf spiders and Carabidae beetles to be most diverse and abundant in their collections. 

Aalder’s study further identified distinctive relationships between the invertebrates and 

vegetation and soil factors, with several species restricted to the saltmarsh and absent from 

the adjacent woodland. Aalders (in prep.) is extending this work State-wide and across 

different native plant community types.  

Adams (2017) documented insects and spiders along a saltmarsh to hinterland gradient in 

several sites spread across south-east Tasmania. She recorded 29 species of ants, of which, 
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Ochetellus sp. was most abundant across the gradient and occurred in higher numbers within 

saltmarsh. Of the 29 beetles recorded, Desiantha sp., a weevil, was the most abundant. 

Among the 27 species of spiders recorded, wolf spiders (genus Artoria) and jumping spiders 

(Salticidae) were most abundant. Six species of grasshoppers and crickets were also present, 

of which, Bobilla sp. was the most abundant. Cercophonius squama, Tasmania’s only 

scorpion species, was also found in the saltmarsh (also recorded by Gouldthorpe, 2000). 

Adams, similar to Aalders (2014), recognised that several species of beetles and spiders 

were restricted to the saltmarsh and absent from the adjacent hinterland. Heyzer’s (2015) 

study was limited to Chironomidae (flying midges) of saltmarshes in south-east and 

southern Tasmania. She identified the specimens to three subfamilies, Chironomininae, 

Orthocladiinae and Telamatogetoninae, of which Telamatogetoninae was most widely 

distributed. These theses, collectively, provide detailed inventories and ecological insights 

on the ‘terrestrial’ invertebrates of Tasmania saltmarshes.   

1.2.6 Native and introduced mammals (and reptiles, amphibians)  

Several mammal species are known to use saltmarshes (e.g. Greenberg et al., 2006; Spencer 

et al., 2009). In Tasmania, the use of saltmarshes by mammals has not been well studied 

(Table 1.3). The only available record of a mammal using a saltmarsh is from Gouldthorpe 

(2000), who recorded Pseudomys higginsi (long-tailed mouse, endemic to Tasmania) in 

Railway Point saltmarsh, near Hobart. Of the smaller native mammals, Hydromys 

chrysogaster (native water rat) and Rattus lutreolus (swamp rats) are also likely to use 

saltmarshes (Parks and Wildlife Service, 2009), although their dependence on saltmarsh is 

unknown. Among the smaller mammals, bats have been most well studied and have been 

documented from several saltmarsh habitats in mainland Australia (e.g. Gonsalves et al., 

2012; Spencer et al., 2009). There are, however, no known studies of the use of Tasmanian 

saltmarshes by the eight native species of bats found in the State. Bats have been known to 

use saltmarsh habitat to feed opportunistically on insects and can be surveyed with bat 

detectors (e.g. Laegdsgaard et al., 2004). Monitoring the relative distribution and abundance 

of bats in saltmarsh habitats has also been used in the management of adjacent habitats and 

human impacts (e.g., Gonsalves et al., 2012). 

Personal observations indicate usage by the larger native marsupials such as Macropus 

giganteus (Forester kangaroo), Macropus rufogriseus (Bennetts wallaby), Thylogale 
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billardierii (Tasmanian pademelon) and Vombatus ursinus (common wombat). Wombats 

and other macropods can graze heavily on saltmarshes, especially areas dominated by plants 

subject to (and indicative of) less saline conditions. Such areas have been termed to be 

‘marsupial lawns’ where continuous grazing maintains the grasses, herbs and soft sedges 

short, less than 4 cm, and excludes woody plants (Roberts et al., 2011). Native carnivorous 

mammals, such as the eastern quoll (Dasyurus viverrinus), may also use saltmarshes (e.g. 

Driessen et al., 2011). The extent to which these mammals depend on saltmarsh is unknown 

and has been considered a low priority for research given their broad habitat ranges.  

Of the introduced animals, Oryctolagus cuniculus (European rabbit), Felis catus (feral cat), 

Dama dama (fallow deer) and Sus scrofa (feral pigs) are of particular importance due to 

their effects on saltmarsh ecology by grazing, digging, burrowing and predation. Rabbits are 

regularly found in Tasmanian saltmarshes grazing and burrowing (e.g. Wong et al., 1993; 

Prahalad, 2009; Adams, 2017), and have been recognised as an impediment to regeneration 

of native plants following human disturbance through their grazing (Parks and Wildlife 

Service, 2013). Feral cats are also recorded in saltmarshes (personal observations of 

footmarks, also see Driessen et al., 2011) and are likely an important threat to native 

saltmarsh fauna.  Feral pigs are currently only known from Flinders Island and their impacts 

from digging and soil disturbance have been evident from personal observations. Threats 

from fallow deer are not well known, although may require attention given the population 

has been increasing in recent decades and is expect to exceed 1 million animals by the 

middle of the 21st century (Potts et al., 2015). 

Reptiles (e.g. Pseudemoia grass skinks, snakes) and amphibians (frogs) can also use 

saltmarshes (e.g. Boon et al., 2011). Although, the extent to which they depend on saltmarsh 

is unknown and considered a low priority for research given their broad habitat ranges.      

1.2.7 Birds 

BirdLife Tasmania, part of BirdLife Australia, has been recording observational data on 

birds for over 40 years now and their data are available as the Atlas of Australian Birds (also 

available as Birdata: https://birdata.birdlife.org.au). Regular summer and winter wader 

counts and winter gull counts have also been conducted by BirdLife Tasmania and the data 

is presented in occasional articles in the journal Tasmanian Bird Report (e.g. Woehler et al., 

2014). Despite these efforts, the extent to which the data represents saltmarsh versus the 

https://birdata.birdlife.org.au/
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nearby habitats is unknown (e.g. Keast 1995). Besides the Atlas and the regular wader and 

gull counts, data on the use of saltmarsh as a roosting, feeding or nesting habitat are 

available from a number of other articles in the Tasmanian Bird Report (e.g. Woehler and 

Ruoppolo, 2015) and grey literature reports on Tasmanian birds (e.g. Bryant, 2002; 

Woehler, 2007). Collectively, they provide important insights on the birds likely to be using 

Tasmania saltmarshes. Although, there remains a broad and important question as to what 

birds more or less use and depend on saltmarshes in Tasmania (Chapter 2).  

In the only available recent summary of the use of Australian saltmarshes by birds, Spencer 

et al. (2009) listed and grouped birds that were of direct relevance to saltmarsh habitats (see 

Chapter 2). The summary is based on limited number of studies from mainland Australia 

and none from Tasmania. The relationship between Tasmanian birds and saltmarsh as a 

habitat has been poorly represented in the published literature (Table 1.3). Major (2002) was 

the only published account found of a bird species, namely Epthianura albifrons (white-

fronted chat), using coastal saltmarshes across Tasmania. The study identified an increase in 

body size, bill and wing lengths along a latitudinal gradient, from New South Wales and 

Western Australia down to Tasmania where the largest birds were recorded.  

The limited understanding of bird use of Tasmanian saltmarsh habitat has implications on 

how saltmarshes are related to and hence managed for birds. An instance of this can be 

observed in a popular field guide to Tasmanian birds by Watts (2002), which mentions 

saltmarsh only twice as a bird habitat, for Elseyornis melanops (black-fronted dotterel) and 

Neophema chrysogaster (orange-bellied parrot), and often confuses ‘swamps’ with 

‘marshes’, the former being vegetated by trees and woody shrubs (and hence unsuitable for 

many species listed in the guide to be using swamps) and the later marked by the lack of 

trees and vegetated by herbs, succulent shrubs and graminoids. Hence, a necessary initial 

step for better understanding the relevance of bird records to saltmarsh management would 

be to conduct a review of both the habitat requirements and usage of Tasmanian birds and 

document the known links between the life cycle of birds and saltmarsh habitat and 

ecosystem services (Chapter 2).  

1.2.8 Fish 

In Tasmania, the use of saltmarshes by fish species is not well documented with no prior 

studies (Table 1.3). Personal observations of low marshes (inundated by the high tide on a 
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daily basis) and tidal creeks (during high tides and also at low tides in water filled 

depressions) suggest use by smaller fish (Figure 1.6).  

  

Figure 1.6 – Left: Typical high tide fish habitat observed in a saltmarsh in north-west Tasmania. Right: 

School of fish found in a saltmarsh depression in north-west Tasmania. 

In comparison, there have been a number of studies from New South Wales and Queensland 

in particular, that report on the use of saltmarshes by up to 35 species and in densities of up 

to 56 fish in an area of 100 m2 (see review by Connolly, 2009). This confirms with the 

general expectation that saltmarshes and the associated tidal creeks and pools provide secure 

habitat for smaller fish to evade predation risk in the open sea (Deegan et al., 2000, though 

this has been highlighted as a future research need for Australian saltmarshes by Connolly, 

2009). Saltmarshes are also known to drive fish productivity through exporting high 

concentrations of crab and gastropod larvae from the saltmarsh providing food for fish 

species (Mazumder et al., 2009). Gut content analysis of the extremely abundant Port 

Jackson glassfish (Ambassis jacksoniensis) indicated that crab larvae in the saltmarsh 

provided a predominant food source (Mazumder et al., 2006). When the glassfish retreat 

back to the deeper waters at low tide they in turn form an important food source of larger 

fish, thereby driving coastal fish productivity. Another study by Crinal and Hindell (2004) 

documented 10 species of juvenile and sub-adult fish in temperate Australian saltmarshes 

feeding primarily on amphipods and hemipteran insects. These studies suggest that 

temperate Australian saltmarshes as a general principle can support a considerable diversity 

and abundance of fish species driving coastal food webs.  

There is thus an important need for generating baseline data on fish use of Tasmanian 

coastal saltmarshes and alongside, trialling fish sampling techniques that are suitable for 
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specific local conditions (e.g., flooding regime, landscape structure, fish size; Connolly, 

1999, 2009; Mazumder et al., 2005; Chapter 8).  

1.2.9 Human impacts  

Human interactions with saltmarshes have had significant detrimental impacts through a 

range of direct and indirect threats (summarised by Gedan et al., 2009 in the global context; 

and Laegdsgaard et al., 2009 in the Australian context). In the case of Tasmania, land-based 

human impacts on the saltmarshes have had a significant impact on both their extent and 

quality, and have been documented by a number of studies (Table 1.3).  

Kirkpatrick and Glasby (1981) provided an initial State-wide assessment of human impacts 

identifying landfill, catchment modification (dams acting as sediment traps), fire, grazing, 

off-road vehicle access and exotic species invasion as important threats. Wong et al. (1993) 

in their State-wide assessment of threats identified three main deleterious threats from the 

perspective of crustaceans and molluscs to be grazing, exotic species invasion and clearing 

of adjacent buffer vegetation (a threat not listed by Kirkpatrick and Glasby, 1981).   

The most detailed assessment of threats to Tasmanian saltmarsh was later undertaken as part 

of the Tasmanian Government Conservation of Freshwater Ecosystem Values (CFEV) 

Project (DPIW, 2008). The project developed a condition assessment framework for 

Tasmanian saltmarshes (along with other wetlands, river and waterbodies). Through expert 

advice, the main threats to saltmarshes across the State were identified as landfill, 

roads/tracks, other drainage disturbance, grazing, presence of S. anglica and lack of adjacent 

buffer vegetation (of 100 m). Based on these threats, a State-wide survey of a limited 

number of saltmarshes identified that 37.6% of the surveyed marshes were in poor condition 

(DPIW, 2008). Notably, 46.6% of the marshes surveyed had grazing related impacts (e.g. 

cattle tracks). In a southern Tasmanian region-wide assessment of saltmarsh extent and 

condition, Prahalad and Pearson (2012) adapted the CFEV threat classes to determine the 

major threats facing saltmarsh. They identified agricultural land clearing and associated 

disturbances (e.g. weeds, grazing, nutrient enrichment) to be the most prevalent threat. This 

was followed by tidal restriction and land filling associated with built environments such as 

roads and housing areas. Presence of weeds and littering were recurrent across the region, 

while off-road vehicle use was noted to be an important threat for specific coastal saltmarsh 

areas. Notably, Prahalad and Pearson (2012) identified several coastal saltmarsh areas with 
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observable effects of eutrophication through the presence of filamentous algal mats on the 

saltmarsh. These marshes were associated either with drains from housing/industrial areas or 

with artificially fertilised agricultural lands. The effect of eutrophication in these affected 

saltmarshes has left noticeable ‘rotten spots’ (bare areas with excessive algal growth: Adam, 

1990). Prahalad (2009) also identified filamentous algae in south-east Tasmanian 

saltmarshes to cause problematic blooms that smothered plants and were associated with 

vegetation die-back and ponding. Prahalad’s study further identified other impacts due to 

land clearing, tidal restriction, infilling and grazing.  

A number of other reports (e.g. Mount et al., 2010) and theses (Gouldthorpe, 2000; Adams, 

2017) also identify similar human impacts on saltmarshes. Mount et al. (2010) recognised a 

range of human impacts on north-west Tasmanian saltmarshes, due largely to agricultural 

land clearing and levee building (Figure 1.7), and recommended a more detailed analysis of 

these impacts (Chapter 5). Gouldthorpe’s (2000) study recorded desiccation, desalinisation 

and acidification of soils associated with drainage (i.e. tidal isolation), along with an 

increased percent cover of bare ground. There was also a loss in soil organic carbon with 

grazed sites in particular having up to 50% less organic matter compared to control sites. 

The study also documented a greatly reduced cover of the structurally dominant saltmarsh 

shrub T. arbuscula at both the drained and grazed sites (also see Kirkpatrick and Glasby, 

1981). Adams (2017) recorded general rubbish dumping (of debris such as plastic waste) as 

a recurrent human impact across her study sites in south-east Tasmania.  

  

  Figure 1.7 – Examples of human impacts on saltmarshes: (Left) example of both saltmarsh loss and 

degradation recorded in far north-west Tasmania, in Big Bay area; (Right) an example of the large 

networks of levees in far north-west Tasmania, in Big Bay area.   
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These studies collectively provide a broad overview and in some cases, detailed insights of 

the detrimental effects of human impacts on Tasmanian coastal saltmarshes. The impacts are 

summarised below and reclassed for the Tasmanian context (as discussed above) from the 

classes presented in Table 1.1 above (following TSSC, 2013, also see Table 1.2): 

• Inappropriate development (land use conversion): any major development 

within/on the saltmarsh that replaces the original habitat (e.g., houses, buildings, 

playing fields, tip sites, farms constructed over saltmarshes). 

• Other inappropriate habitat disturbance: could include one of the following five 

threat classes that do not necessarily replace the original saltmarsh habitat but 

contribute to fragmentation and reduction in community integrity: (i) rubbish debris 

(e.g., plastics, glass, metal, including unmanaged waste drift from aquaculture); (ii) 

direct dumping of rubbish (e.g., old tyres, building waste, garden waste); (iii) 

roads/walking tracks; (iv) unmanaged tracks from use of off-road vehicles; and (v) 

drainage channels, levees, ditches. 

• Livestock and feral animal disturbance: livestock (including cattle, sheep and 

horses) and feral animals (rabbits, deer, pigs) grazing and trampling on the saltmarsh 

(apparent vegetation removal, soil disturbance, livestock tracks, droppings etc.).  

• Removal of fringing buffer vegetation: any land clearing of upland fringing 

vegetation along the saltmarsh boundary up to a buffer distance of about 100 m 

(buffer distance often depends on the size of the saltmarsh and the upland land use 

activities: see Chapter 7). Also of consequence if the native vegetation composition 

relative to introduced species. 

• Nuisance algal blooms (eutrophication): through nutrient additions from human 

activities such as farming or industrial effluents causing nuisance algal blooms and 

‘rotten spots’ of filamentous algae. 

• Non-native and problematic plant species: introduction and spread of invasive 

plant species (principally Sp. anglica) that displace native species. 

In compariosn with Table 1.1 above, the removal of fringing vegetation has been added here 

as an important threat (consistent with the EPBC Act’s recommendation for the provision of 

an appropriately sized buffer zone: TSSC, 2013).  
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1.2.10 Geomorphology and global change factors 

Allen (2000) describes four main ‘forcing factors’ that shape the geomorphology (i.e. 

physical expression) of saltmarshes (Table 1.4). These geomorphic forcing factors together 

with human impacts discussed above (and in Table 1.1) determine the physical expression of 

saltmarshes in terms of both their vertical and lateral extent. These factors are broadly 

applicable to Tasmania and provide a basis for examining conservation implications.     

Table 1.4 – Four main ‘forcing factors’ (excluding direct human impacts), their sources (see Allen, 

2000), and their broad relevance to Tasmanian coastal saltmarshes (information context and 

conservation implications across the State based on references listed in Table 1.3).  

Forcing Factors Sources Tasmanian context; implications 

Mineral Sediment 

Supply 

Terrestrial source (e.g. 

rivers, creeks, land runoff, 

point source discharge) 

Marine source (e.g. eroded 

sediment) 

Organismic source (e.g. 

dead molluscs, forams) 

Some information available on the 

extent/range of mineral sediment 

supply, several areas understood to have 

a negative mineral sediment budget 

(e.g. lack of point bars and ebb deltas); 

implications partly understood.  

Organic Sediment 

Supply (plant 

productivity) 

Plant matter (e.g. roots, 

rhizomes, tubers) 

Surface litter (e.g. dead 

plant matter) 

Insufficient information on plant 

productivity, although, the contribution 

of organic sediments are known; 

implications not fully understood.  

Subsidence 

Tectonic subsidence (of 

the underling landscape) 

Autocompaction (of the 

saltmarsh platform) 

Tasmania is tectonically stable (since 

Holocene), but, insufficient information 

on autocompaction; implications not 

fully understood.  

Global 

Environmental 

Change 

(accommodation 

space)  

Local relative (eustatic) 

mean sea level rise effect 

on tidal range 

Astronomical and 

meteorological effects on 

the tidal range and 

storminess (wind waves)  

Information available from tide gauges 

for relative mean sea level rise, and, 

some information available on the 

effects of sea level rise combined with 

astronomical and meteorological factors 

on the tidal range and storminess; 

implications partly understood.  
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Prahalad (2009) examined changes in the shoreline retreat and advancement of several 

micro-tidal saltmarshes in south-east Tasmania and indicated that sea level rise combined 

with storminess (wind waves) were dominant factors. The study trialled the use of a GIS-

based plugin to model wind-wave fetch exposure of saltmarsh shorelines and identified 

greater susceptibility of shorelines subject to higher fetch distances. There were a number of 

outliers in this model and these were traced back to areas where local influences such as 

sediment deposition through longshore drift were prominent (Figure 1.8). There is potential 

to apply this modelling approach in other parts of the State, especially to the northern areas 

with high (macro) tidal ranges, to examine the applicability for State-wide use in predicting 

saltmarsh vulnerability to sea level rise and exposure to wind waves (Chapter 6).    

 

Figure 1.8 – Relationship between relative wind-wave fetch exposure and shoreline accretion/retreat for 

the Iron Creek spit, south-east Tasmania (adapted from Prahalad, 2009). A – Outliers where there has 

been accretion despite a very high wave exposure; B – Lengthening of the spit due to longshore drift; C – 

Erosion on both sides of the spit has effectively reduced the width of the spit; D – High wave exposure 

has deposited a layer of sand/shell sheet over the marsh (also see inset image). 
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Prahalad (2009) also trialled inundation modelling to predict retreat scenarios for south-east 

Tasmanian saltmarshes. The modelling was done in ArcMap using a high-resolution LiDAR 

Digital Elevation Model (DEM) and with a high-end sea level rise estimate of 110 cm by the 

year 2100. The modelling was used to indicate the extent of gradually rising upland areas 

available for retreat with sea level rise, and predict the likely scenario for either saltmarsh 

retreat or drowning (‘coastal squeeze’). Subsequent work by Prahalad et al. (2009) for the 

Derwent Estuary, south-east Tasmania used similar flood modelling to predict coastal 

saltmarsh ‘refugia’ areas. Storm tide data from observed mean sea level from the Hobart 

Ports tide gauge was used to predict flooding in a 1 in 100 year storm tide. This quantum 

was added to 82 cm and 110 cm sea level rise scenarios. They found the landward extent of 

the saltmarshes within the Derwent Estuary to be well aligned with the greatest landward 

intrusion of the modelled storm tide (i.e. the 1 in 100 year storm tide with current sea level). 

Hence, the report considered the future landward extent of the saltmarsh to be predicted by 

the landward intrusion boundary of the future modelled storm tide plus the projected sea 

level rise. Prahalad et al. qualified their modelling by noting that the future saltmarsh extent 

layer is only an indication of the areas important for retreat rather than a prediction of the 

exact future extent. A similar approach was followed by Mount et al. (2010) for north-west 

Tasmania and Prahalad and Pearson (2013) for south-east Tasmania. 

 

While flood modelling provides an important layer of evidence, all the above reports 

highlight the need to consider other site-specific factors (e.g. wave exposure, sedimentation) 

before the flood modelling can be used to approximate wetland retreat areas. It has been 

noted, however, that several of Tasmanian coastal environments have a negative sediment 

budget with little capacity for sediment accumulation (Mount et al., 2010). Surface 

Elevation Tables (SETs) have been developed as a relatively accurate method of measuring 

surface elevation and the influence of below ground processes (outlined in Saintilan et al., 

2009). A number of studies exist now in Australia that document the use of SETs to measure 

saltmarsh vertical accretion and elevation change (Rogers et al., 2006; Oliver et al., 2012; 

Rogers et al., 2012). There is potential to use these studies as a guide and employ SETs in 

Tasmania, especially in large estuarine settings and coastal environments where there is 

active evidence of sediment inputs from terrestrial sources (e.g., through presence of 

indicative features such as sandy point bars and recent deltaic deposits; the ebb delta of 

Georges River in St Helens being an example of the latter, Figure 1.9).  
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Figure 1.9 – An example of a sandy ebb delta in Tasmania, associated with Colchis Creek in Georges 

Bay, eastern Tasmania, and indicative of high terrestrial sediment inputs available for saltmarsh vertical 

growth (and lateral expansion in this case).  

The ability of saltmarshes to respond to accelerated sea level rise also depends on a number 

of anthropogenic factors. For example, above ground plant productivity can be affected by 

human disturbance such as livestock grazing, direct removal of vegetation (land clearing), or 

excessive nutrient addition (Kirwan et al., 2008; Deegan et al., 2012). This interplays with 

below ground processes including subsidence, soil compaction, plant productivity (as root 

growth), groundwater and tidal flows (Saintilan et al., 2009). In the case of Tasmania, there 

is no evidence for present-day vertical tectonic subsidence on a scale sufficient to noticeably 

influence coastal processes (Mount et al., 2010). However, local subsidence may still occur 

due to organic factors involving plant and animal activity.  

Apart from the geomorphic forcing factors discussed above (and in Table 1.3), there are 

other global change factors involving climate, rainfall and wind conditions that have been 

linked to marked changes in south-east Tasmanian saltmarshes (Prahalad et al., 2012). These 

factors were attributed to shifts in plant community types, increase in the extent of bare areas 

denuded of vegetation, including large areas of T. arbuscula being lost, due to increased 
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aridity in the upper marsh, waterlogging in the low marsh and erosion of marsh edges where 

T. arbuscula grew in natural micro-levees. Mount et al. (2010), similarly, recorded several 

instances of die-back of large T. arbuscula shrubs in north-west Tasmania (Figure 1.10), an 

area subject to a net rise in mean sea level between 1966 and 2006 by 5.4 cm (data from 

Burnie tide gauge station). The study also found T. arbuscula shrubs establishing in higher 

ground, indicating retreat with sea level rise. The availability of this retreat pathway in other 

areas was excluded by large networks of levees, and underscores the importance of both 

tidal restoration measures and planning controls to secure these retreat areas (Chapters 7, 8). 

  

Figure 1.10 – Examples of loss of large Tecticornia arbuscula along the marsh edge in north-west 

Tasmania (see Mount et al., 2010): (Left) example of a storm deposited shell ridge associated with 

T. arbuscula die-back in a high wave exposed area; (Right) example of remnant marsh substrate 

associated with T. arbuscula die-back  a few metres seaward from the retreating marsh edge.  

   

Figure 1.10 – Examples of loss of large Tecticornia arbuscula along the marsh edge in north-west 

Tasmania (see Mount et al., 2010): (Left) example of a storm deposited shell ridge associated with 

T. arbuscula die-back in a high wave exposed area. 



Chapter 1 – Introduction 

 
38 

1.3 Thesis aim, objectives and approach 

The overarching aim of this thesis is to identify and fill those critical gaps in Tasmanian 

coastal saltmarsh ecology (Table 1.5) and advance its conservation through additional 

information, models and tools (outlined below).  

Table 1.5 – Main research categories (discussed in the above sections, cf. Table 1.3), their focus areas, 

existing knowledge and research priority (as discussed above). Red shading refers to thesis content. 

 
Categories Focus areas Knowledge Chapters 

E 

C 

O 

L 

O 

G 

I 

C 

A 

L 

 

C 

O 

M 

P 

O 

N. 

 

Saltmarsh plants 

and soil factors 

Vascular plants and communities Medium 3, 4, AP1 

Non-vascular plants, fungi Low - 

Soil factors Medium - 

Carbon storage 
Soil carbon Medium - 

Above ground biomass Low - 

Crustaceans, 

molluscs, 

annelids and 

protozoans 

Crustaceans Medium - 

Molluscs Medium - 

Annelids Medium - 

Protozoans Medium - 

Insects and 

spiders  

Insects and spiders Medium - 

Mosquitoes (and insect control) Medium - 

Mammals Native mammals Low - 

Birds Bird use and ecology Low 2, AP1 

Fish Fish use and ecology Low 8 

T 

H 

R 

E 

A 

T 

E 

N 

I. 

 

P 

R. 

 

Human impacts 

 

Land use conversion Low 5, AP1 

Habitat disturbance Low 5, AP1 

Livestock disturbance Medium 5#, AP1 

Non-native, problematic mammals Low AP1 

Buffer vegetation removal Low 5, AP1 

Eutrophication Low 5#, AP1 

Weeds (mainly, Spartina anglica) Medium 5#, AP1 

Geomorphology 

and global change 

factors 

Sea level rise + sedimentation Low - 

Sea level rise + storminess Low 6 

Macro-climatic factors Low 4 

C 

O 

N. 

Conservation 

planning and 

management 

Regulatory & planning instruments Medium 7 

Community engagement Low … 

Saltmarsh repair Low 8, AP2 

Monitoring Low 3, 4, AP1 
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The following were the research objectives: 

What is in Tasmanian saltmarshes? (ecological components/functional relationships)  

What are their spatial and biogeographic arrangements? (geographic distribution)  

How are Tasmanian saltmarshes changing? (key threatening processes)  

What conservation actions are needed? (conservation needs) 

The four objectives formed the basis for the Sections (1-5), Chapters (2-8) and Appendices.   

Ecological components and functional relationships 

Chapter 2 Objective – To improve our understanding of the reliance of birds on 

saltmarshes (birds list/inventory). To continue to monitor saltmarsh use by birds to build 

area specific baselines to be able to detect signs of change.  

Chapter 3 Objective – To improve our understanding of the reliance of plants on 

saltmarshes (plants list/inventory). To continue to monitor saltmarsh plants to build area 

specific baselines to be able to detect signs of change.  

Saltmarsh spatial distributions and biogeography 

Chapter 4 Objective – To produce an inventory of saltmarshes and plant community 

composition using high-resolution aerial imagery and extensive field validation. To quantify 

the patch size of Tasmanian saltmarshes. To identify the major mesoscale influences on the 

distributions of types of saltmarsh, obligate saltmarsh plants and salt pans. To determine 

possible responses to macroclimatic global change factors.  

Key threatening processes 

Chapter 5 Objective – To improve our understanding of the extent and nature of human 

impacts (as key threatening processes) on saltmarshes. To demonstrate a methodology of 

documenting human impacts on both saltmarsh loss and functional degradation, and thereby, 

determine the extent to which the EPBC Act listing criteria can be assessed. To review the 

implications of human impacts on saltmarsh loss.   

Chapter 6 Objective – To improve our understanding of the effects of sea level rise and 

storminess/wave exposure (as key threatening processes) on saltmarshes. To demonstrate a 
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methodology of modelling Tasmanian coastal saltmarsh vulnerability to these global change 

factors and determine the extent to which the EPBC Act listing criteria can be assessed.   

Conservation needs 

Chapter 7 Objective – To document the process followed in the development of State-wide 

wetlands and waterways overlays for Tasmania, as part of the new single State-wide 

Tasmanian Planning Scheme effective from 2017. To gauge the potential effectiveness of 

the overlay for saltmarsh conservation in the context of the provisions and processes in the 

State-wide planning scheme. 

Chapter 8 Objective – To provide an initial assessment of the diversity, density and 

patterns of fish in Tasmanian coastal saltmarshes. To examine if there are differences in fish 

use between saltmarshes of varying condition in order to plan biodiversity repair and coastal 

management, and determine what additional research and on-ground activities might be 

required. To demonstrate a case for saltmarsh repair using fish as a proxy. 

Supplementary material for citizen science 

Supplement Paper 1 Objective – To describe the process involved, data collected and the 

lessons learned during the implantation of a pilot citizen science monitoring program. To 

examine the lessons learnt and provide a case study for wider and improved application. 
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1.4 Thesis structure 

The structure of this thesis is by publication, and therefore Chapters 2-8 are seven consecutive 

publications, that address the objectives. At the time of thesis submission Chapter 2 was 

published in Tasmanian Bird Report (Prahalad et al., 2015a); Chapter 3 is accepted for 

publication in The Tasmanian Naturalist (Prahalad et al., 2018); Chapter 4 was submitted to 

Aquatic Conservation: Marine and Freshwater Systems (Prahalad and Kirkpatrick, in review); 

Chapter 5 was published in Pacific Conservation Biology (Prahalad, 2014); Chapter 6 was 

published in Journal of Coastal Conservation (Prahalad et al., 2015b); Chapter 7 was published 

in Land Use Policy (Prahalad et al., 2019a); Chapter 8 was published in Marine and Freshwater 

Research (Prahalad et al., 2019b).  

Each chapter addresses the relevant literature and includes detailed methodology, results, 

discussion, conclusion, acknowledgements and references sections. Chapter 9 provides a final 

discussion that draws together the separate chapters, reports against the objectives of the thesis 

and outlines some future research directions. Figure 1.11 provides an overivew of how 

Chapters 2-8 contribute to the thesis and its overarching aim. Figure 1.12 provides an 

overview of how Chapter 1, 2, 3 and 5 contribute to a State-wide saltmarsh monitoring program. 

Supplementary paper 1, was published in Australian Journal of Maritime and Ocean Affairs 

(Dykman and Prahalad, 2018), provides a case study in demonstrating the application of the 

saltmarsh monitoring tools and methods developed as part of this thesis.      
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Chapter 4 (Rainfall, Temperature); Chapter 6 (Wave Exposure) 

Chapter 7 (Future Coastal Refugia) 

 

Chapter 5 (Human Impacts); Chapter 7 (Conservation); Chapter 8 (Restoration) 

 

Chapter 2 (Birds); Chapter 8 (Fish) 

 

 

 

Chapter 3 (Plants); Chapter 4 (Mapping) 

Chapter 7 (Mapping Updates, Buffer Vegetation) 

 

Figure 1.11 – An indication of how Chapters 2-8 contribute to the thesis, and the overarching aim to 

identify and fill those critical gaps in Tasmanian coastal saltmarsh ecology and advance its conservation 

through additional information, models and tools.  
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Figure 1.12 – An indication of how Chapter 1, 2, 3 and 5 contribute to a State-wide saltmarsh 

monitoring program, as trialled in the case study (as part of supplementary paper 1) to demonstrate the 

application of the saltmarsh monitoring tools and methods developed as part of this thesis. The final 

discussion chapter provides details on the saltmarsh monitoring tools developed as part of this thesis. 
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Chapter 2 

Inventory and monitoring of the birds of Tasmanian 

saltmarsh wetlands  

This chapter contributes to the following research theme and objective: 

Ecological components and functional relationships 

Chapter 2 Objective – To improve our understanding of the reliance of birds on 

saltmarshes (birds list/inventory). To continue to monitor saltmarsh use by birds to build 

area specific baselines to be able to detect signs of change. 
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Chapter 3 

Inventory and monitoring of the plants of Tasmanian 

saltmarsh wetlands  

This chapter contributes to the following research theme and objective: 

Ecological components and functional relationships 

Chapter 3 Objective – To improve our understanding of the reliance of plants on 

saltmarshes (plants list/inventory). To continue to monitor saltmarsh plants to build area 

specific baselines to be able to detect signs of change.  

Published as: 
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3.1 Summary 

Tasmanian coastal saltmarsh wetlands are found in sheltered low-energy environments 

associated with large estuaries, creek mouths, lagoons and embayments. They are mapped as 

two major plant communities: Succulent Saline Herbland (TASVEG Code: ASS) and Saline 

Sedgeland/Rushland (TASVEG Code: ARS). In Aug 2013, coastal saltmarsh was the second 

vegetation community in the State to be listed as a ‘threatened ecological community’ 

(category: vulnerable) under the Australian Federal Environment Protection and 

Biodiversity Conservation Act 1999 (EPBC Act). Given this status, it is important to monitor 

saltmarsh extent and condition. Since plants play the central role in structuring the saltmarsh 

ecosystem, they require monitoring as a priority. In the present paper we provide the 

justifications for, and details of, the species and attributes we use in State-wide monitoring 

of saltmarsh plants. We also outline monitoring methods and a citizen science approach. A 

Tasmanian Saltmarsh Wetland Plants Checklist, Saltmarsh App and a User Guide to 

Entering Plant Data into the Saltmarsh App have been designed to assist in this endeavour. 

3.2 Plants of saltmarsh wetlands 

Saltmarsh wetlands occur in both coastal and inland areas of Tasmania. Coastal saltmarshes 

are characterised by their tidal connectivity to the sea. The connectivity can be regular (with 

the daily semidiurnal tidal flows) or intermittent (with episodal springtides and storm 

surges), and can also include groundwater connectivity. Coastal saltmarshes occur 

extensively along sheltered, low energy, shallow intertidal environments in large estuaries, 

creek mouths, lagoons and embayments, particularly in the south-east, east, north and north-

west parts of the State, as well as Flinders Island (see Figure 1). Saltmarsh flora is also 

common on the outer islands of the Furneaux Group and has been mapped at a detailed level 

by Harris et al. (2001). Inland saltmarshes lack any tidal connectivity but have high 

evaporation rates resulting in salinity levels suitable for saltmarsh plants. They occur both 

on the coastal zone (e.g. Sellars Lagoon, Flinders Island) and in the dry Tasmanian Midlands 

region (e.g. Township Lagoon, Tunbridge). Inland saltmarshes are therefore functionally 

different due to lack of tidal exchange and yet floristically similar to their coastal 

counterparts. The EPBC Act listing only applies to the tidally connected coastal saltmarshes 

(Threatened Species Scientific Committee, 2013).   
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Tasmanian saltmarshes, both coastal and inland, are mapped by their plant communities as 

outlined by the Tasmanian Vegetation Monitoring and Mapping Program (TVMMP), to be 

part of the Digital Vegetation Map of Tasmania (TASVEG, digital map available through 

www.thelist.tas.gov.au). The two major TASVEG saltmarsh plant communities are (after 

Kitchener and Harris, 2013: Saltmarsh and wetland section):  

Succulent Saline Herbland (ASS)  

Vegetation dominated by herbaceous species growing on the margins of highly saline, 

protected, flat estuarine shorelines inundated with sea water during high tides, dominated by 

halophytic plants, predominantly Sarcocornia quinqueflora and/or Sclerostegia arbuscula 

[now Tecticornia arbuscula].  

Saline Sedgeland/Rushland (ARS)  

Vegetation dominated by sedges, rushes and occasionally tussock grasses growing in highly 

saline environments, often inundated by tidal water, dominated by halophytic plants 

commonly Gahnia filum and Juncus kraussii.  

These two TASVEG community types simplify the 15 structural/dominance communities of 

Kirkpatrick and Glasby (1981). One of these 15 community types is Spartina anglica 

grassland, made up of the exotic and highly invasive S. anglica (rice grass), and is mapped 

separately by TASVEG as Spartina marshland (FSM). 

Tasmanian saltmarshes are characterised by vascular plants which have developed a range 

of physiological adaptations to waterlogging, salinity and exposure to sun, waves and wind 

(Adam 1990; Kirkpatrick and Glasby 1981; Kirkpatrick and Harris 1999). These plants 

include obligate species that are largely confined to Tasmanian saltmarshes and facultative 

species that are less confined. The Vegetation Benchmarks defined by TVMMP include a 

list of ‘dominant species’ and ‘other typical species’ for both ASS and ARS communities 

(Department of Primary Industries, Parks, Water and Environment 2016). These species lists 

are not fully inclusive or reflective of the dominant life forms found across Tasmanian 

saltmarshes. There is a need for a more systematic and complete process of developing an 

updated list of vascular plants of Tasmanian saltmarsh wetlands.  

 

http://www.thelist.tas.gov.au/
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Saltmarshes in Tasmania have been under a range of local anthropogenic threats (Prahalad 

2014b) as well as being subject to impacts from climate change and relative sea level rise 

(Prahalad et al. 2012, Prahalad et al. 2015a). A study of land clearing in north-west 

Tasmania found that 16% of saltmarsh extent has been lost since the 1950s, while 65% of 

the remaining marshes have been subject to impacts, such as draining and grazing (Prahalad 

2014b). Another study in south-east Tasmania examining decadal scale vegetation change in 

saltmarshes reported over 40% change in community composition largely due to climate 

change and relative sea level rise (Prahalad et al. 2012). A national response to these impacts 

has been the inclusion of Subtropical and Temperate Coastal Saltmarsh as a ‘threatened 

ecological community’ (category: vulnerable) under the EPBC Act. The conservation advice 

associated with the listing identifies a need to monitor changes in species composition and 

distribution (Threatened Species Scientific Committee, 2013).    

Plants play the central role in structuring the saltmarsh ecosystem and the vegetation 

structure and composition strongly reflect environmental variation (Adam 1990). Plants are 

therefore well regarded as excellent indicators for saltmarsh management and are widely 

used in monitoring programmes (e.g. Neckles et al. 2002, Konisky et al. 2006). There are a 

few existing programmes in Tasmania that provide baseline data that can be used to monitor 

changes in saltmarsh vegetation. However, these programmes are not directed at saltmarshes 

in particular and have been used sporadically in the past with variable data accuracy and 

coverage (e.g. Figure 1). Efforts at improving data collection can be enhanced through 

collaboration between scientists, managers and interested members of the public, facilitated 

through dedicated ‘citizen science’ tools and initiatives (Cohn 2008, Prahalad et al. 2015b).   

The present paper aims to address the following questions: (1) What is a saltmarsh plant, or, 

what plants are likely to occur in Tasmanian saltmarshes (i.e. a saltmarsh plants 

list/inventory)? (2) What is the relative likelihood of finding a plant species in Tasmanian 

saltmarshes, or, what plants are more or less important for a monitoring programme (i.e. a 

monitoring shortlist)? (3) What information can be recorded while documenting plants of 

Tasmanian saltmarshes (i.e. monitoring attributes)? In answering these questions, we 

provide the justifications for, and details of, the species and attributes we use in State-wide 

monitoring of saltmarsh plants. A selected list of these species and attributes are used in the 

Tasmanian Saltmarsh Wetland Plants Checklist and Saltmarsh App as part of a citizen 

science project focussed on saltmarsh monitoring (NRM North 2017, NRM South 2016). 
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3.3 Methods 

Generating a list of vascular plants  

The first step towards developing a Tasmanian saltmarsh wetland plants inventory involved 

examining five sources (plant records, lists) to produce an updated and thorough list of 

relevant vascular plants (Appendix 1). Kirkpatrick and Glasby (1981) documented the 

distribution of saltmarsh and saltmarsh plant species in Tasmania, including Flinders Island. 

Bridgewater et al. (1981) provided an identification guide for The Saltmarsh Plants of 

Southern Australia. Saintilan (2009a) provided species lists for all States in Australia as part 

of the book, Australian Saltmarsh Ecology (Saintilan 2009b). The TASVEG Version 1.0 

Benchmark for Vegetation Condition Assessment (Department of Primary Industries, Parks, 

Water and Environment 2016) includes a plant list derived from expert inputs (Karyl 

Michaels pers. comm.). The online resource Key to Tasmanian Vascular Plants (Jordan et 

al. 2011) lists plants according to their families and genera rather than their habitat 

associations, i.e. saltmarsh in the present case. However, species habitats are noted for 

several of the plants. These sources were used to develop an initial list of Tasmanian 

saltmarsh plants. 

The list thus produced was further curated by the authors with inputs from Greg Jordan 

(pers. comm. 2014) and Richard Schahinger (pers. comm. 2014), to produce the final list 

presented in Appendix 1. Photographic records from various field visits by the senior author 

(VP) were also reviewed in this process. Where there were isolated incidences of species 

(< 3 occurrences), they were omitted from the list. 

Habitat occupancy coding 

The plants listed were assigned a habitat occupancy code to rank the relative likelihood of 

finding a plant species in Tasmanian saltmarshes. The codes were based on a rating scheme 

adapted from the U.S. National Wetland Plant List (Table 1, based on Lichvar et al. 2012, 

Reed 1988). The modified rating scheme uses five classes based on the probability of 

occurrence in Tasmanian saltmarsh wetlands. We applied this scheme to the list of 

Tasmanian saltmarsh plants using expert knowledge based on extensive field observations, 

written and photographic records (VP, drawing from Prahalad 2009, Mount et al. 2010, 

Prahalad and Mount 2011, Prahalad 2012, Prahalad and Pearson 2013, Prahalad 2014c; JK, 

drawing from Kirkpatrick and Glasby 1981, Kirkpatrick and Harwood 1983). Expert 
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knowledge was used here in lieu of the distribution data available from Tasmanian Natural 

Values Atlas (NVA) and intersecting it with saltmarsh mapping on ArcGIS platform (as 

shown in Figure 1). The spatial distribution data were found to be unreliable for this task, 

with several records occurring over water bodies and vegetation community types known to 

be unsuitable habitat. Another limitation with using the NVA records here was the lack of 

data coverage for many parts of the State (Figure 1).  

Table 1. The modified rating scheme used here in relation to the parent scheme used by the 

U.S. National Wetland Plant List based on Lichvar et al. (2012) and Reed (1988). * The 

code also includes a suffix letter to identify the provenance of the species: .n for natives; .e 

for endemics; and .i for introduced species. 

Rating Code Description Modified rating Code* 

Obligate 

Wetland  
OBL 

Occur almost always (estimated 

probability >99%) under natural 

conditions in saltmarsh wetlands 

Obligate 

Saltmarsh 
Obl. 

Facultative 

Wetland  
FACW 

Usually occur in saltmarsh wetlands 

(estimated probability 67%-99%), but 

occasionally found in other habitats 

Common in 

Saltmarsh 
Com. 

Facultative  FAC 

Equally likely to occur in saltmarsh 

wetlands and other habitats (estimated 

probability 34%-66%) 

Occasional in 

Saltmarsh 
Occ. 

Facultative 

Upland  
FACU 

Only occasionally found in saltmarsh 

wetlands (estimated probability 1%-

33%), usually occur in other habitats 

Uncommon in 

Saltmarsh 
Unc. 

Upland  UPL 

Occur almost always (estimated 

probability >99%) under natural 

conditions in other upland habitats 

Upland to 

Saltmarsh 
Ter. 
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Figure 1. Tecticornia arbuscula distribution records obtained from the Tasmanian Natural 

Values Atlas (NVA) showing either, the inaccuracy of some of the data points (e.g. the one 

in eastern Tasmania, over 50 kms away from the nearest coastline), and the lack of coverage 

for areas pointed to with arrows (e.g. east coast of Flinders Island). 
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Selecting attributes for monitoring 

Current field identification and recording of plant species occurrence is facilitated through 

three main interfaces: Atlas of Living Australia (ALA, www.ala.org.au), Natural Values 

Atlas (NVA, www.naturalvaluesatlas.tas.gov.au) and Vegetation Condition Assessment 

(VCA, Michaels 2006). Data entry for ALA and NVA are done online, while VCA is 

completed in paper form and then used to create a VCA Report. ALA is a national database 

supported by the Australian Government, while NVA and VCA are specific to Tasmania. 

The attributes collected for each of these three monitoring systems are listed in Table 2.  

From these attributes, a list of default, essential and optional attributes have been identified 

for monitoring of the plants of Tasmanian saltmarsh wetlands. The essential attributes are 

designed specifically to allow for the survey to develop a saltmarsh site specific plant 

species list that can be compared to lists from other saltmarshes around the State. 

  

http://www.ala.org.au/
http://www.naturalvaluesatlas.tas.gov.au/
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Table 2. Attributes collected as part of Atlas of Living Australia, Natural Values Atlas and 

Vegetation Condition Assessment protocols for recording of plant species occurrence.  

Atlas of Living 

Australia 

Natural Values 

Atlas 

Vegetation 

Condition 

Assessment 

Monitoring of the Plants of 

Tasmanian Saltmarsh Wetlands 

Default attributes (no need to record them as part of the survey) 

Project Name/ 

Code 

Project Name/ 

Code 
- Default: 'Saltmarsh Monitoring' 

Basis of Record 
Observation 

Type 
- Default: 'Field based observation' 

Essential attributes (need to be recorded to complete the survey) 

Recorded By 
Observer 

Names 
Assessor Name of the observer(s) 

- - TASVEG Code 
Either ARS or ASS (based on % 

abundance data for key species) 

Scientific Name Species Name Species Name Record scientific name (essential) 

Common Name - Common Name Record common name (if known) 

Accuracy Rating Data Accuracy - 
Indicate observation as 'doubtful' if 

unsure of species identification 

Date 
Observation 

Date 
Date 

Date and time of day of the 

survey/observation 

Locality 
Location 

Description 
Location 

Location details of the site 

(including any landmarks) 

- - Site Name Name of the site 

Eastings and 

Northings 

Eastings and 

Northings 

Eastings and 

Northings 

Eastings and Northings of the 

survey location 

Optional attributes (can be recorded, though not essential to complete the survey) 

Error Margin 

(metres) in E, N 

Position 

Accuracy 
- 

Could be noted in additional 

comments section 

Individual Count 
Individuals 

Count 
- 

Count of individual plants (only for 

listed species or important weeds) 

- Coverage Area - 
Coverage area in m2 (only for listed 

species or important weeds) 

- 
Reproduction 

Status 
- Flowering status (if known) 

Associated 

Media 
- - 

Mention in additional comments 

section if photos were taken 

- Land Use 
Current Land 

Use 

Could be noted in additional 

comments section*  

Additional 

Notes/Comments 

Observation 

Notes 
Comments 

Could be noted in additional 

comments section 

*A separate survey process and checklist is available for recording human impacts on 

saltmarshes. In the present case of vegetation monitoring, a section has been included for 

recording weed species that need priority management.   
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3.4 Results and Discussion 

List of vascular plants 

The list consists of 132 species (not counting subspecies in some cases) from 34 families 

(presented in Appendix 1). Of the 132 species, 76 (58%) are dicots and 56 (42%) monocots. 

The saltmarsh dicots are made up of 26 families compared to 8 families of saltmarsh 

monocots. The largest family of dicots is the Chenopodiaceae with 15 species, including the 

dominant and widespread Sarcocornia spp. and Tecticornia arbuscula. The largest monocot 

family is the Poaceae with 25 species. There are 14 species (11%) that are listed as rare 

under the Tasmanian Threatened Species Protection Act 1995 (accessed 2014). Of these, 10 

species were dicots and 4 monocots. Only two taxa were endemic to Tasmania, namely 

Limonium australe var. baudinii and Puccinellia harcusiana. The list also includes 32 

introduced (non-native) species (24%), of which 19 are dicots and 13 monocots.  

Habitat occupancy coding 

There were 21 obligate species (16%) and 18 common species (14%), with the majority of 

the rest being either occasional (23%) or uncommon (45%) in saltmarsh (Figure 2). Two 

species were assigned to the terrestrial class and are almost always found upland to 

saltmarsh.   

 

Figure 2. Distribution of the 132 plant species across the five classes (see Table 1 for class 

descriptions). Dicots and monocots were relatively equally represented for uncommon, 

occasional and common species. Monocots were poorly represented in obligate species. 
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The obligate species (Code: Obl.) include taxa that are invariably restricted to saltmarshes, 

such as Wilsonia spp. and Limonium australe, and taxa that also occur rarely in the coastal 

spray zone, such as Sarcocornia spp., Suaeda australis, Selliera radicans, Lawrencia 

spicata (e.g. Plate 1), Juncus kraussii and Puccinellia stricta. Common species (Code: 

Com.) include Disphyma crassifolium and Austrostipa stipoides, for example, found 

frequently in the coastal spray zone. The rare Frankenia pauciflora is identified as common 

due its occurrence on two saltmarsh islands in north-west Tasmania (Threatened Species 

Unit n.d.). The species is otherwise more common on the coastal spray zone (Harris et al. 

2001). Mimulus repens, Leptinella longipes, Lilaeopsis polyantha, Isolepis cernua, 

Triglochin striata and Apodasmia brownii are examples of taxa common to saltmarsh but 

also occur frequently in coastal heaths, dunes and other wetland environments. 

The occasional species (Code: Occ.) include Tetragonia implexicoma, Rhagodia 

candolleana, Ficinia nodosa and Poa poiformis, which are frequent in saltmarshes but are 

highly facultative and occur commonly in other coastal environments. Melaleuca ericifolia 

and Phragmites australis are also classed here as occasional species as they regularly occur 

in the ecotonal boundary between saltmarsh and nearby freshwater wetlands dominated by 

either of the these two species. 

 

Plate 1. Lawrencia spicata seen well established (>1.5 m high) on a coastal spray zone 

microhabitat in the north-east corner of Flinders Island (north of Holloway Point). 
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Uncommon species (Code: Unc.) made up the largest proportion (45%) of the five classes. 

Prominent examples are Senecio pinnatifolius, Melaleuca gibbosa, Epilobium 

billardiereanum, Rumex brownii, Eleocharis acuta, Juncus pallidus, Leptocarpus tenax and 

Typha spp. Uncommon species also notably include 18 of the 32 introduced taxa (56%), 

such as Carpobrotus edulis, Euphorbia paralias, Hordeum marinum and Thinopyrum 

junceiforme. Photographic material collected during various field visits showed isolated 

incidences of some native dicots such as Acaena novae-zelandiae, Plantago spp., Sebaea 

ovata, Senecio spp. and Urtica incisa. Similarly, introduced dicots such Centaurium 

erythraea, Lotus corniculatus and Trifolium spp. were also present in the photographic 

records. Several uncommon monocot species are also likely to have been overlooked largely 

due to the difficulty in identification. 

Only two terrestrial species (Code: Ter.) have been included in this list, namely 

Allocasuarina verticillata and Myoporum insulare. These species almost always occur in 

other nearby upland habitats and on rare occasions, are either on the upland margins of 

saltmarsh as part of successional change or on small mounds in the marsh. There are also a 

number of predominantly terrestrial weeds that do sometimes occur within saltmarsh, such 

as, Chrysanthemoides monilifera, Cortaderia spp., Erica lusitanica, Lycium ferocissimum, 

Pinus radiata, Rosa rubiginosa, Rubus fruticosus and Ulex europaeus (VP pers. obs.). These 

species are omitted from the list, but included in an optional section of the saltmarsh plants 

monitoring survey for priority weed management. 

Monitoring attributes 

The attributes selected for monitoring include both essential and optional details (see Table 

2). The essential attributes include the location of the saltmarsh (site name, landmarks etc.), 

Eastings and Northings of the survey location, name of the recorder(s) and/or group 

involved (e.g. Conservation Volunteers Australia), date and time of day of field 

observations, scientific and common name of the plants recorded and the accuracy of plant 

species identification (i.e. a confirmed record or doubtful?). For plants that are listed as 

‘rare’ under State legislation, further (optional) details can be noted, including: number of 

plants/individuals and/or area occupied (in m2). Additional (optional) notes, including 

flowering status, can be entered for all records, as necessary. Apart from generating species 

lists, the survey can also include data on species composition by recording % abundance of 

the structurally dominant plant species and use these data to assign a vegetation community 
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type (either ARS or ASS) to the survey area. The key marker species for ARS community 

type include Juncus kraussii, Gahnia filum and Austrostipa stipoides. The marker species 

for the ASS community type include Sarcocornia spp. and Tecticornia arbuscula. Either 

ARS or ASS community type is assigned to a saltmarsh area based on the vegetation type 

that occupies greater than 50% of the area. 

Another optional attribute included in the survey relates to invasive species of plants. A 

separate optional section is allocated to record the presence and % abundance of Spartina 

anglica, considered to be the most deleterious weed in the context of Tasmanian saltmarshes 

(Mount et al. 2010). Other prominent weed species can also be recorded (species listed in 

previous section) and would help direct management. For example, the local community 

group Wildcare Deslacs has identified Erica lusitanica as their high priority weed for 

managing the natural values of the Pipe Clay Lagoon saltmarshes, in south-east Tasmania 

(Prahalad 2016).  

3.5 Future work and plants monitoring 

The list of vascular plants of Tasmanian saltmarsh wetlands presented in Appendix 1 and 

their preliminary expert-evidence based ranking are a starting point for refinement with the 

collection of further data of plant distribution in the State. Existing databases such as NVA 

and ALA have served a limited purpose in systematically collecting plant distribution data 

specific to saltmarshes. The scheme proposed here for the State-wide monitoring of 

saltmarsh plants aims to fill in an important gap in enriching data via site-specific species 

lists and extending the spatial coverage across Tasmania. The monitoring process aims to 

involve a broader cross-section of the community, such as Field Naturalists club members, 

Threatened Plants Tasmania members and volunteers, University of Tasmania staff and 

students, and other trained volunteers, through citizen science (Cohn 2008), to provide 

increased capacity for field data collection for improved management outcomes.  

Generic site-specific species lists can be used as an important starting point for monitoring 

the plants of particular saltmarsh sites by recording the plant species present. This could be 

done through a dedicated survey conducted in specific saltmarsh sites during the flowering 

season (for easy species level identification), or be linked with citizen science activities such 

as the BioBlitzes (e.g. Extinction Matters Bioblitz 2016). Species data collected will help 

improve our understanding of the State-wide distribution of saltmarsh plants, their ecology 
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and biogeography (relating distribution data to local and regional environmental factors), 

and management needs (Saintilan 2009c). When these data are collected over decadal scales, 

it can also indicate any species-range shifts that occur as a consequence of climate change. 

Collected data could also be curated and transferred into ALA and NVA portals, allowing 

for multiple uses for the same data.  

Data collection could follow one of three following methods (cf. Prahalad et al. 2015b). A 

Tasmanian Saltmarsh Wetland Plants Checklist, Saltmarsh App and a User Guide to 

Entering Plant Data into the Saltmarsh App have been designed to assist in data collection 

and are available through NRM North (2017), NRM South (2016) and the authors. The data 

collected through the Saltmarsh App can be visualised, analysed and downloaded as a 

datasheet through QGIS (http://www.qgis.org), a desktop geographic information system. 

Access is currently open to the senior author (VP) and is also the point of contact for any 

data requests from contributors, managers and researchers. It is envisaged that the data 

collected will be periodically curated and published in publically available reports and 

articles (e.g. Tamar Saltmarsh Monitoring Program 2016-18: Dykman and Prahalad 2018).     

Area search 

For saltmarsh sites under 2 ha, the entire site can be surveyed. Use the Checklist (and/or the 

App) to record observations of all vascular plant species present at the site. This data can be 

used as a measure of species richness for each saltmarsh site that is comparable across sites 

and also provides a basis for saltmarsh rehabilitation (Konisky et al. 2006, Saintilan 2009c). 

A TASVEG community type (either ASS or ARS) can then be assigned based on the % 

abundance of the key marker species (as noted in previous section).  

For larger saltmarshes and those with low accessibility (e.g. with deep creeks and muddy 

sections), a 2 ha area can be selected for the survey (e.g. a rectangle of 100 x 200 m or a 

circle of 80 m radius). For large marshes (of > 5 ha), multiple 2 ha areas can be surveyed, 

allowing for a separation between two survey locations by a minimum of 300 m. Selection 

of total number and distribution of the 2 ha survey locations can done such that they are 

proportional to the extent of the marsh area (e.g. two 2 ha locations for sites between 5-10 

ha) and the diversity in the vegetation types (e.g. a 2 ha survey location each in of the two 

TASVEG community types, if both are present in the site). The basis of recommending 2 ha 

survey areas is to link plant species richness/abundance data with bird species richness/ 

http://www.qgis.org/
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abundance and behaviour data collected at the same location following the preferred ‘2-ha 

Search’ method used by BirdLife Australia (BirdLife Australia n.d., Prahalad et al. 2015b). 

Fixed-route Monitoring 

The fixed-route monitoring method is suitable for larger marshes where transect(s) in the 

form of fixed-route(s) marked by pickets/stakes or other landmarks (such as formed tracks, 

boardwalks) can be established (e.g.  Plate 2). All plants encountered along the fixed-route 

are to be recorded. Any prominent weed species listed in the Checklist can also be noted. A 

TASVEG community type may or may not be assigned depending on the size of the marsh 

and the difficulty in determining % abundance scores for the key marker species. 

 

Plate 2. Henderson Lagoon saltmarsh (near Scamander on the east coast of Tasmania) has a 

clearly marked walking track with boardwalks suitable for recording all plant species 

encountered along the fixed-route. 

 

The fixed-route survey could also be linked to a 1x1 m quadrat survey undertaken at regular 

20-30 m intervals. In addition to presence/absence data, a quadrat survey can provide data 
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on the percentage cover of each species (as a measure of relative abundance: Morgan and 

Short 2002), and indications of saltmarsh health using vegetation height and presence of any 

bare areas as proxies (Prahalad 2012). The quadrat survey can also be coupled with photo-

point monitoring (Michel et al. 2010), by taking photographs of the quadrats and developing 

a temporal photo series for each quadrat/saltmarsh. A quadrat survey coupled with photo-

point monitoring provides high resolution baseline data on saltmarsh plants and can be used 

especially to accompany saltmarsh restoration activities (Neckles et al. 2002). Although the 

transect-based quadrat survey is a commonly used survey method in saltmarsh vegetation 

monitoring, the method is labour, expertise and material intensive and may not be the 

preferred option for citizen science projects.  

Incidental search 

An incidental search method is suitable for one-off sightings of plants that do not follow one 

of the two methods discussed above. This method may be particularly suitable for rare 

species and other species of concern, whose distribution and abundance data (number of 

individual plants and/or area covered in m2) is essential for species conservation and 

recovery efforts (e.g. Konisky et al. 2006).  

3.6 Conclusion 

Tasmanian saltmarsh wetlands are under increasing threat from both direct human impacts 

and global change factors. This threat is coupled with a decreasing capacity of managers to 

collect baseline data and monitor for changes. In the present paper we identify monitoring 

methods and a citizen science approach that could help mitigate these threats and lack of 

capacity by involving a broader cross-section of the community to develop a State-wide 

database to help inform saltmarsh conservation and rehabilitation. We also envisage that the 

engagement of these stakeholders/participants in monitoring will confer the benefits of 

science communication and place attachment usually attributed to such citizen science 

projects. An enhanced interest in and knowledge of saltmarsh plants and their habitat can 

therefore potentially help advance science and support nature conservation efforts.   

3.7 Acknowledgements 

Thanks to Greg Jordan and Richard Schahinger for providing comments that helped in 

developing this paper. Thanks also to the two reviewers Mick Brown and Stephen Harris. 



Chapter 3 – Plants 

 
106 

The research was supported by funding assistance from Natural Resource Management 

North and Australian Government Research Training Program Scholarship. Natural 

Resource Management South helped fund the development of the Saltmarsh App by Esk 

Mapping & GIS. 

3.8 References  

Adam, P. (1990). Saltmarsh Ecology. Cambridge University Press, Cambridge.  

Bridgewater, P.B., Rosser, C. & de Corona, A. (1981). The Saltmarsh Plants of Southern 

Australia. Botany Department, Monash University, Melbourne. 

Cohn, J.P. (2008). Citizen science: Can volunteers do real research? BioScience 58: 192-

197. 

de Salas, M.F. & Baker, M.L. (2014). A Census of the Vascular Plants of Tasmania and 

Index to The Student’s Flora of Tasmania and Flora of Tasmania Online. Tasmanian 

Herbarium, Hobart.   

Department of Primary Industries, Parks, Water and Environment (DPIPWE) (2016) 

Vegetation Condition Benchmarks version 1: Saltmarsh and Wetlands, available 

online at: 

http://dpipwe.tas.gov.au/Documents/All_Saltmarsh_Wetland_Benchmarks_R3.pdf, 

accessed September 26 2017.   

Dykman, M. & Prahalad, V. (2018). Tamar Saltmarsh Monitoring Program: Citizen Science 

monitoring of the tidal treasures of the Tamar. Australian Journal of Maritime & 

Ocean Affairs 10: 222-240.  

Extinction Matters Bioblitz (2016). Extinction Matters Bioblitz, 

http://extinctionmatters.com.au/ accessed September 26 2017.   

Harris, S., Buchanan, A. & Connolly, A. (2001) One Hundred Islands: The Flora of the 

Outer Furneaux. Government Printer, Hobart. 

Jordan, G. et al. (2011). Key to Tasmanian vascular plants, http://www.utas.edu.au/dicotkey 

accessed September 26 2017.    

http://dpipwe.tas.gov.au/Documents/All_Saltmarsh_Wetland_Benchmarks_R3.pdf
http://extinctionmatters.com.au/
http://www.utas.edu.au/dicotkey


Chapter 3 – Plants 

 
107 

Kirkpatrick, J.B. & Glasby, J. (1981). Salt Marshes in Tasmania: Distribution, Community 

Composition and Conservation. Hobart, Department of Geography, University of 

Tasmania. 

Kirkpatrick, J.B. & Harris, S. (1999). Coastal, Heath and Wetland Vegetation. Chapter 14 . 

IN: Vegetation of Tasmania (Eds. Reid, J.B., Hill, R.S., Brown, M.J. and Hovenden, 

M.J.) Flora of Australia Supplementary Series Number 8. Australian Biological 

resources Study. Monotone. Hobart. 

Kirkpatrick, J.B. & Harwood, C.E. (1983). Plant communities of Tasmanian wetlands. 

Australian Journal of Botany 31: 437-451. 

Kitchener, A. & Harris, S. (2013). From Forest to Fjaeldmark: Descriptions of Tasmania’s 

Vegetation. Edition 2. Department of Primary Industries, Parks, Water and 

Environment, Tasmania.  

Konisky, R.A., Burdick, D.M., Dionne, M., & Neckles, H.A. (2006). A regional assessment 

of salt marsh restoration and monitoring in the Gulf of Maine. Restoration Ecology 

14: 516-525. 

Lichvar, R.W., Melvin N.C., Butterwick, M.L. & Kirchner, W.N. (2012). National Wetland 

Plant List Indicator Rating Definitions. ERDC/CRREL TR-12-1. U.S. Army 

Engineer Research and Development Center, Cold Regions Research and 

Engineering Laboratory, Hanover, New Hampshire. 

Michaels, K. (2006). A Manual for Assessing Vegetation Condition in Tasmania,Version 

1.0. Resource Management and Conservation, Department of Primary Industries, 

Water and Environment, Hobart. 

Michel, P., Mathieu, R., & Mark, A.F. (2010). Spatial analysis of oblique photo-point 

images for quantifying spatio-temporal changes in plant communities. Applied 

Vegetation Science 13:173-182. 

Morgan, P.A. & Short, F.T. (2002). Using functional trajectories to track constructed salt 

marsh development in the Great Bay Estuary, Maine/New Hampshire, USA. 

Restoration Ecology 10: 461-473. 



Chapter 3 – Plants 

 
108 

Mount, R.E., Prahalad, V., Sharples, C., Tilden, J., Morrison, B.V.R., Lacey, M.J., Ellison, 

J.C., Helman, M.P. & Newton, J.B. (2010). Circular Head region coastal foreshore 

habitats: sea level rise vulnerability assessment. Cradle Coast NRM and Cradle 

Coast Authority, Tasmania. 

Neckles, H.A., Dionne, M., Burdick, D.M., Roman, C.T., Buchsbaum, R. & Hutchins, E. 

(2002). A monitoring protocol to assess tidal restoration of salt marshes on local and 

regional scales. Restoration Ecology 10: 556–563. 

NRM South (2016). Saltmarsh Monitoring. https://www.nrmsouth.org.au/saltmarsh-

monitoring/, accessed September 26 2017.   

NRM North (2017). Saltmarsh Conservation. http://www.nrmnorth.org.au/saltmarsh-

conservation, accessed September 26 2017.    

Prahalad, V. (2009). Long term temporal changes in south east Tasmanian saltmarshes; 

Thesis, Master of Applied Science in Environmental Studies, School of Geography 

and Environmental Studies, University of Tasmania, Hobart.  

Prahalad, V.N. & Mount, R.E. (2011). Preliminary Vegetation Mapping of the Dromedary 

Marshes, Derwent Estuary, a technical report for the Derwent Estuary Program. 

School of Geography and Environmental Studies, University of Tasmania, Hobart, 

Tasmania. 

Prahalad, V.N. (2012). Vegetation Community Mapping and Baseline Condition Assessment 

of Lauderdale Race Course Flats Saltmarsh, Derwent Estuary. NRM South, 

Tasmania. 

Prahalad, V., Kirkpatrick, J. & Mount, R. (2012). Tasmanian coastal salt marsh community 

transitions associated with climate change and relative sea level rise 1975-2009. 

Australian Journal of Botany 59: 741-748. 

Prahalad, V. & Pearson, J. (2013). Southern Tasmanian Saltmarsh Futures: A Preliminary 

Strategic Assessment. NRM South, Hobart, Tasmania. 

Prahalad, V. (2014a). A Guide to the Plants of Tasmanian Saltmarsh Wetlands. University 

of Tasmania and Natural Resource Management North.  

https://www.nrmsouth.org.au/saltmarsh-monitoring/
https://www.nrmsouth.org.au/saltmarsh-monitoring/
http://www.nrmnorth.org.au/saltmarsh-conservation
http://www.nrmnorth.org.au/saltmarsh-conservation


Chapter 3 – Plants 

 
109 

Prahalad, V. (2014b). Human impacts and saltmarsh loss in the Circular Head coast, north-

west Tasmania, 1952-2006: implications for management. Pacific Conservation 

Biology 20: 272-285. 

Prahalad, V. (2014c). Mapping and inventory of NRM North coastal saltmarshes, Natural 

Resource Management Northern Tasmania, Australia. 

Prahalad, V., Sharples, C., Kirkpatrick, J. & Mount, R. (2015a). Is wind-wave fetch 

exposure related to soft shoreline change in swell-sheltered situations with low 

terrestrial sediment input? Journal of Coastal Conservation 19:23-33. 

Prahalad, V., Woehler, E., Latinovic, A. & McQuillan, P. (2015b). Inventory and monitoring 

of the birds of Tasmanian saltmarsh wetlands. Tasmanian Bird Report 37: 39-52. 

Prahalad, V. (2016). Clifton Saltmarshes, Pipe Clay Lagoon: Baseline Condition Assessment 

and Management Recommendations.  Wildcare Deslacs Group, Tasmania. 

Reed, P.B., Jr. (1988). National List of Plant Species that Occur in Wetlands. U.S. Fish and 

Wildlife Service, Washington, DC. 

Saintilan, N. (2009a). Distribution of Australian saltmarsh plants. Pp. 23-52.  IN: Australian 

Saltmarsh Ecology (Ed  N. Saintilan). CSIRO Publishing. Collingwood, Australia. 

Saintilan, N. (2009b). Australian Saltmarsh Ecology. CSIRO Publishing, Collingwood. 

Australia. 

Saintilan, N. (2009c). Biogeography of Australian saltmarsh plants. Austral Ecology 34: 

929-937. 

Threatened Species Scientific Committee (2013). Subtropical and Temperate Coastal 

Saltmarsh Conservation Advice. Report to the Department of Sustainability, 

Environment, Water. Population and Communities, Canberra. 

Threatened Species Unit (n.d.). Frankenia pauciflora var. gunnii. 

http://www.threatenedspecieslink.tas.gov.au/Pages/Frankenia-pauciflora-var-

gunnii.aspx, accessed September 26 2017.  

http://www.threatenedspecieslink.tas.gov.au/Pages/Frankenia-pauciflora-var-gunnii.aspx
http://www.threatenedspecieslink.tas.gov.au/Pages/Frankenia-pauciflora-var-gunnii.aspx


Chapter 3 – Plants 

 
110 

Wapstra, H., Wapstra, A., Wapstra, M. & Gilfedder, L. (2005). The Little Book of Common 

Names for Tasmanian Plants. Department of Primary Industries, Water & 

Environment, Hobart.    



Chapter 3 – Plants 

 
111 

3.9 Appendix 1: Vascular plants of Tasmanian saltmarsh wetlands  

Kirkpatrick and 
Glasby, 1981 

Bridgewater, 
Rosser and de 
Corona, 1981 Saintilan, 2009a 

TASVEG 
Version 1.0 

Dicot Key by 
Jordan et al., 
2011 

Scientific names as per 
de Salas and Baker, 2014 
(* - introduced; 
** - absent in Tas; 
r - rare; e - endemic) 

Common names as per 
Wapstra et al., 2010 

Book 
Page 
No.  

Plant 
Code 

Dicotyledoneae    

Aizoaceae           Pigface Family   

Carpobrotus 
edulis  -  -  -  - Carpobrotus edulis* yellow pigface 

- Unc.i 

Carpobrotus 
rossii 

Carpobrotus 
rossii 

Carpobrotus 
rossii 

Carpobrotus 
rossii   - Carpobrotus rossii native pigface 

p. 16 Occ.n 

Disphyma blackii 
Disphyma 
clavellatum 

Disphyma 
crassifolium 

Disphyma 
crassifolium  

Disphyma 
crassifolium 

Disphyma crassifolium 
subsp. clavellatum roundleaf pigface 

p. 17 Com.n 

Tetragonia 
implexicoma  -  -  -  - Tetragonia implexicoma bower spinach 

p. 18 Occ.n 

-  -  -  -  - 
Tetragonia 
tetragonioides new zealand spinach 

- Unc.n 

Amaranthaceae      Amaranth Family   

Hemichroa 
pentandra 

Hemichroa 
pentandra 

Hemichroa 
pentandra  

Hemichroa 
pentandra  

Hemichroa 
pentandra Hemichroa pentandra trailing saltstar 

p. 19 Obl.n 

Apiaceae           Celery Family   

 -  -  -  - 
Apium 
annuum  Apium annuum annual sea-celery 

- Unc.n 

Apium 
prostratum 

Apium 
prostratum 

Apium 
prostratum 

Apium 
prostratum   -  

Apium prostratum 
subsp. prostratum var. 
prostratum creeping sea-celery 

p. 20 Com.n 

 -  -  - 
Centella 
cordifolia   - Centella cordifolia swampwort 

- Unc.n 
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Eryngium 
vesiculosum  -  -  - 

Eryngium 
vesiculosum Eryngium vesiculosum prickfoot 

p. 21 Occ.n 

 - 
Hydrocotyle 
capillaris   -  -  - Hydrocotyle capillaris thread pennywort 

- Unc.n 

 -  -  -  -  - Hydrocotyle muscosa mossy pennywort - Unc.n 

Lilaeopsis 
brownii  - 

Lilaeopsis 
brownii  - 

Lilaeopsis 
polyantha  Lilaeopsis polyantha jointed swampstalks 

p. 21 Com.n 

Asteraceae           Daisy Family   

Angianthus 
preissianus (syn. 
A. eriocephalus) 

Angianthus 
preissianus 

Angianthus 
preissianus  - 

Angianthus 
preissianus  Angianthus preissianus salt cupflower 

p. 22 Com.n 

Brachycome 
graminea  -  -  - 

Brachyscome 
graminea Brachyscome graminea grass daisy 

p. 22 Occ.n 

Centipeda 
minima  -  -  -  - Centipeda elatinoides spreading sneezeweed 

- Unc.n 

Cotula 
coronopifolia 

Cotula 
coronopifolia 

Cotula 
coronopifolia  - 

Cotula 
coronopifolia  Cotula coronopifolia* water buttons 

p. 23 Com.i 

 -  -  -  -  - 
Cotula vulgaris var. 
australasicar slender buttons 

- Unc.n 

 -  -  -  - 
Gnaphalium 
indutum  

Gnaphalium indutum 
subsp. indutum tiny cottonleaf 

- Unc.n 

 -  -  -  -  - Leontodon saxatilis* hairy hawkbit - Unc.i 

Cotula longipes  -  -  -  -  Leptinella longipes coast buttons p. 24 Com.n 

Cotula reptans   Cotula reptans  -  -  Leptinella reptans creeping buttons - Unc.n 

 -  - Cotula spicatum   -  - ** ** - - 

 -  -  -  -  - Nablonium calyceroides spiny everlasting - Unc.n 

 -  -  -  -  - Senecio elegans* purple groundsel - Unc.i 

 - Senecio lautus  Senecio lautus  -  -  
Senecio pinnatifolius 
var. pinnatifolius common coast groundsel  

p. 25 Unc.n 

 -  - 
Aster 
australasica  -  - ** ** 

- - 



Chapter 3 – Plants 

 
113 

 -  - Aster subulatus  -  - 
Symphyotrichum 
subulatum* asterweed 

- Unc.i 

Gnaphalium 
candidissimum  -  -  -  - 

Vellereophyton 
dealbatum* white cudweed 

p. 25 Occ.i 

Campanulaceae           Bellflower Family   

Lobelia alata  - Lobelia alata  - Lobelia anceps  Lobelia anceps angled lobelia p. 26 Com.n 

Pratia platycalyx  -  -  - Lobelia irrigua  Lobelia irrigua salt pratia p. 26 Occ.n 

Caryophyllaceae           Starwort Family   

 -  -  -  -  - Spergularia bocconei* lesser sandspurrey - Occ.i 

 -  -  -  -  - Spergularia marina* lesser seaspurrey - Occ.i 

 -  -  -  -  - Spergularia rubra* greater sandspurrey - Occ.i 

Spergularia 
media 

Spergularia 
media 

Spergularia 
media  - 

Spergularia 
tasmanica  Spergularia tasmanica greater seaspurrey 

p. 27 Obl.n 

Casuarinaceae      Sheoak Family   

 -  -  -  -  - 
Allocasuarina 
verticillata drooping sheoak 

- Ter.n 

Chenopodiaceae           Goosefoot Family   

 -  -  -  - 
Atriplex 
australasica  Atriplex australasica*? southern saltbush 

- Unc.i? 

Atriplex cinerea Atriplex cinerea Atriplex cinerea 
Atriplex 
cinerea  

Atriplex 
cinerea  Atriplex cinerea grey saltbush 

p. 28 Occ.n 

Atriplex 
paludosa 

Atriplex 
paludosa 

Atriplex 
padulosa   - 

Atriplex 
paludosa  

Atriplex paludosa subsp. 
paludosa marsh saltbush 

p. 29 Obl.n 

Atriplex hastata Atriplex hastata  -  - 
Atriplex 
prostrata  Atriplex prostrata* creeping orache 

p. 30 Com.i 

 -  - 
Atriplex 
semibaccata   -  - Atriplex semibaccata* berry saltbush 

- Unc.i 

 -  -  -  -  - Atriplex suberectar sprawling saltbush - Unc.n 



Chapter 3 – Plants 

 
114 

Chenopodium 
glaucum ssp. 
ambiguum  - 

Chenopodium 
glaucum  - 

Chenopodium 
glaucum  

Chenopodium 
glaucum*? pale goosefoot 

p. 31 Occ.i? 

 - 
Maireana 
oppositifolia   -  -  - ** ** 

- - 

Rhagodia 
baccata 

Rhagodia 
baccata 

Rhagodia 
baccata 

Rhagodia 
candolleana  

Rhagodia 
candolleana  

Rhagodia candolleana 
subsp. candolleana coastal saltbush 

p. 31 Occ.n 

 - Salsola kali  -  -  -  Salsola australis prickly saltwort - Unc.n 

Salicornia 
blackiana 

Salicornia 
blackiana 

Sarcocornia 
blackiana 

Sarcocornia 
blackiana  

Sarcocornia 
blackiana  Sarcocornia blackiana thickhead glasswort 

p. 32 Obl.n 

Salicornia 
quinqueflora 

Salicornia 
quinqueflora 

Sarcocornia 
quinqueflora 

Sarcocornia 
quinqueflora  

Sarcocornia 
quinqueflora  

Sarcocornia 
quinqueflora subsp. 
quinqueflora beaded glasswort  

p. 33 Obl.n 

Suaeda australis Suaeda australis Suaeda australis 
Suaeda 
australis 

Suaeda 
australis  Suaeda australis southern seablite 

p. 34 Obl.n 

- - - - - 
Suaeda maritima subsp. 
maritima* annual seablite 

- Unc.i 

Arthrocnemum 
arbuscula 

Arthrocnemum 
arbusculum 

Tecticornia 
arbuscula 

Sclerostegia 
arbuscula  

Tecticornia 
arbuscula  Tecticornia arbuscula shrubby glasswort 

p. 35 Obl.n 

 - 
Arthrocnemum 
bidens   -  -  - ** ** 

- - 

 - 
Arthrocnemum 
halocnemoides  

Tecticornia 
halocnemoides  -  - ** ** 

- - 

 -  -  -  -  - Threlkeldia diffusa coast bonefruit - Unc.n 

Convulvulaceae           Bindweed Family   

Wilsonia 
backhousei 

Wilsonia 
backhousei 

Wilsonia 
backhousei 

Wilsonia 
backhousei 

Wilsonia 
backhousei  Wilsonia backhousei narrowleaf wilsonia 

p. 36 Obl.n 

Wilsonia humilis Wilsonia humilis Wilsonia humilis 
Wilsonia 
humilis 

Wilsonia 
humilis  Wilsonia humilisr silky wilsonia 

p. 37 Obl.n 

Wilsonia 
rotundifolia 

Wilsonia 
rotundifolia 

Wilsonia 
rotundifolia 

Wilsonia 
rotundifolia  

Wilsonia 
rotundifolia  Wilsonia rotundifoliar roundleaf wilsonia 

p. 38 Obl.n 
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Cuscutaceae           Dodder Family   

Cuscuta 
tasmanica  -  -  - 

Cuscuta 
tasmanica Cuscuta tasmanicar golden dodder 

p. 39 Obl.n 

Euphorbiaceae      Spurge Family   

 -  -  -  -  - Euphorbia paralias* sea spurge p. 40 Unc.i 

Fabaceae           Pea Family   

 -  - Lotus australis   -  - Lotus australisr australian trefoil - Unc.n 

Frankeniaceae           Seaheath Family   

 - 
Frankenia 
pauciflora  

Frankenia 
pauciflora  - 

Frankenia 
pauciflora  

Frankenia pauciflora 
var. gunniir southern seaheath 

p. 41 Com.n 

Gentianaceae           Gentian Family   

 - 
Centaurium 
pulchellum   -  -  - 

Centaurium 
tenuiflorum* slender centaury 

- Unc.i 

 - 
Centaurium 
spicatum   -  -  - Schenkia australisr spike centaury 

- Unc.n 

Sebaea 
albidiflora 

Sebaea 
albidiflora  -  - 

Sebaea 
albidiflora  Sebaea albidiflora white sebaea 

p. 41 Occ.n 

Goodeniaceae           Native-primrose Family    

 -  -  - - - Scaevola hookeri creeping fanflower p. 42 Unc.n 

Selliera radicans Selliera radicans Selliera radicans 
Selliera 
radicans  

Selliera 
radicans  Selliera radicans shiny swampmat 

p. 43 Obl.n 

Malvaceae           Mallow Family   

Lawrencia 
spicata 

Lawrencia 
spicata 

Lawrencia 
spicata  - 

Lawrencia 
spicata  Lawrencia spicata candle saltmallow 

p. 44 Obl.n 

 -  -  -  - 
Lawrencia 
squamata Lawrencia squamata*? thorny saltmallow 

- Obl.i? 

Myoporaceae           Boobialla Family   

 -  - 
Myoporum 
insulare   -  - Myoporum insulare common boobialla 

- Ter.n 

Myrtaceae      Myrtle Family   
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 -  -  -  -  - Melaleuca ericifolia coast paperbark p. 45 Unc.n 

 -  -  -  -  - Melaleuca gibbosa slender honeymyrtle - Unc.n 

Onagraceae      Willowherb Family   

 -  -  -  -  - 

Epilobium 
billardiereanum subsp. 
billardiereanum robust willowherb 

p. 46 Unc.n 

Plantaginaceae           Plantain Family   

Plantago 
coronopus 

Plantago 
coronopus 

Plantago 
coronopus  -  - 

Plantago coronopus 
subsp. coronopus* 

slender buckshorn 
plantain  

p. 47 Occ.i 

Plumbaginaceae           Leadwort Family   

Limonium 
australe 

Limonium 
australe 

Limonium 
australe 

Limonium 
australe  

Limonium 
australe  

Limonium australe var. 
australer yellow sea-lavender 

p. 48 Obl.n 

 -  -  -  - 
Limonium 
baudinii  

Limonium australe var. 
baudiniir,e tasmanian sea-lavender 

- Obl.e 

Polygonacea           Dock Family   

Rumex brownii  -  -  -  - Rumex brownii slender dock - Unc.n 

 -  -  -  -  - Rumex crispus* curled dock - Unc.i 

Portulacaceae           Purslane Family   

 -  - 
Portulaca 
oleracea   -  - Portulaca oleracea common purslane 

- Unc.n 

Primulaceae           Primrose Family   

 - Samolus junceus   -  -  - ** ** - - 

Samolus repens Samolus repens Samolus repens 
Samolus 
repens  

Samolus 
repens  

Samolus repens var. 
repens creeping brookweed 

p. 49 Obl.n 

Rubiaceae           Madder Family   

Nertera depressa  -  -  -  - Nertera granadensis orange cushionbeads - Unc.n 

Scrophulariaceae           Snapdragon Family   

Mimulus repens  - Mimulus repens 
Mimulus 
repens  

Mimulus 
repens  Mimulus repens creeping monkeyflower 

p. 50 Com.n 
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Monocotyledoneae    

Centrolepidaceae           Bristlewort Family   

 - 
Centrolepis 
polygyna  

Centrolepis 
polygyna 

Centrolepis 
spp.   - Centrolepis polygyna wiry bristlewort 

p. 54 Occ.n 

Cyperaceae           Sedge Family   

 -  - Baumea acuta   -  - Baumea acuta pale twigsedge - Unc.n 

 -  -  - 
Baumea 
arthrophylla  - Baumea arthrophylla fine twigsedge 

- Unc.n 

Baumea juncea 
Baumea 
juncea Baumea juncea 

Baumea 
juncea   - Baumea juncea bare twigsedge 

p. 54 Occ.n 

 - 
Scirpus 
maritimus   -  -  

Bolboschoenus 
caldwelliir sea clubsedge 

- Unc.n 

 -  -  - Carex appressa  - Carex appressa tall sedge - Unc.n 

Eleocharis acuta  -  -  -  - Eleocharis acuta common spikesedge p. 55 Unc.n 

Scirpus nodosus 
Scirpus 
nodosus 

Isolepis nodosa 
(syn. S. 
nodosus) Isolepis nodosa   - Ficinia nodosa knobby clubsedge 

p. 55 Occ.n 

 - 
Scirpus 
marginatus   -  -  ** ** 

- - 

Gahnia filum Gahnia filum Gahnia filum Gahnia filum   - Gahnia filum chaffy sawsedge p. 56 Com.n 

Gahnia trifida  -  - Gahnia trifida  - Gahnia trifida coast sawsedge - Occ.n 

Scirpus cernuus  - Isolepis cernua Isolepis cernua   - Isolepis cernua nodding clubsedge p. 57 Com.n 

Scirpus inundatus  -  -  -  - Isolepis inundata swamp clubsedge - Unc.n 

 -  -  - 
Isolepis 
platycarpa   - Isolepis platycarpa flatfruit clubsedge 

- Unc.n 

Scirpus pungens  -  -  -  - Schoenoplectus pungens sharp clubsedge p. 57 Occ.n 

Schoenus nitens 
Schoenus 
nitens Schoenus nitens 

Schoenus 
nitens   - Schoenus nitens shiny bogsedge 

p. 58 Com.n 

Juncaceae           Rush Family   
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 -  -  -  -  - Juncus acutus* sharp rush p. 58 Occ.i 

 -  - Juncus bufonius   -  - Juncus bufonius toad rush - Unc.n 

Juncus kraussii 
Juncus 
kraussii Juncus kraussii  Juncus kraussii   - 

Juncus kraussii subsp. 
australiensis sea rush 

p. 59 Obl.n 

Juncus pallidus  -  -  -  - Juncus pallidus pale rush - Unc.n 

Juncus planifolius  -  -  -  - Juncus planifolius broadleaf rush - Unc.n 

Juncus revolutus 
Juncus 
revolutus  -  -  - Juncus revolutus creeping rush 

- Unc.n 

Juncaginaceae           Waterribbon Family   

Triglochin 
minutissima  - 

Triglochin 
minutissima  - 

 Triglochin 
minutissima Triglochin minutissimar tiny arrowgrass 

- Unc.n 

 - 
Triglochin 
mucronata  -  - 

Triglochin 
mucronata Triglochin mucronatar prickly arrowgrass 

- Unc.n 

Triglochin 
centrocarpa 

Triglochin 
centrocarpa  -  -  - Triglochin nana dwarf arrowgrass 

- Unc.n 

Triglochin striata  - 
Triglochin 
striata 

Triglochin 
striatum   - Triglochin striata streaked arrowgrass 

p. 60 Com.n 

Poaceae           Grass Family   

Agrostis stolonifera  -  -  -  - Agrostis stolonifera* creeping bent - Unc.i 

Stipa stipoides 
Stipa 
stipoides 

Austrostipa 
stipoides 

Austrostipa 
stipoides   - Austrostipa stipoides coast speargrass 

p. 61 Com.n 

 -  - 
Cynodon 
dactylon   -  - 

Cynodon dactylon var. 
dactylon* couchgrass 

- Occ.i 

 -  -  -  - 
Deschampsia 
cespitosa Deschampsia cespitosa tufted hairgrass 

p. 62 Occ.n 

Distichlis 
distichophylla 

Distichlis 
distichophylla 

Distichlis 
distichophylla 

Distichlis 
distichophylla   - Distichlis distichophylla australian saltgrass 

p. 63 Com.n 

Festuca 
arundinacea  -  -  -  - Festuca arundinacea* tall fescue 

p. 64 Occ.i 

 - 
Monerma 
cylindrica  

Hainardia 
cylindrical   -  - Hainardia cylindrica* thintail barbgrass 

- Unc.i 
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 - 
Hordeum 
geniculatum   -  -  - ** ** 

- - 

 - -   -  -  - Hordeum marinum* sea barleygrass - Unc.i 

Agrostis aemula  -  -  -  - Lachnagrostis aemula tumbling blowngrass - Unc.n 

Agrostis billardieri 
Agrostis 
billardieri 

Lachnagrostis 
billardieri  -  - 

Lachnagrostis 
billardierei subsp. 
billardierei coast blowngrass  

p. 65 Occ.n 

Agrostis avenacea  -  -  -  - Lachnagrostis filiformis common blowngrass - Unc.n 

Parapholis incurva 
Parapholis 
incurva    - 

Parapholis 
spp.  Parapholis incurva* coast barbgrass 

p. 65 Occ.i 

 -  - 
Phragmites 
australis  

Phragmites 
australis   - Phragmites australis southern reed 

p. 66 Occ.n 

Poa annua  -  -  -  - Poa annua* winter grass - Unc.i 

Poa labillardieri  -  -  -  - 
Poa labillardieri var. 
labillardieri silver tussockgrass  

p. 67 Occ.n 

Poa poiformis  -  - Poa poiformis   - 
Poa poiformis var. 
poiformis coastal tussockgrass  

- Occ.n 

Polypogon 
monspeliensis 

Polypogon 
monspeliensis 

Polypogon 
monspeliensis  -  - 

Polypogon 
monspeliensis* annual beardgrass 

p. 67 Occ.i 

 -  -  -  - 
Puccinellia 
spp. Puccinellia harcusianae island saltmarshgrass 

- Obl.e 

Puccinellia stricta 
Puccinellia 
stricta 

Puccinelliia 
stricta 

Puccinellia 
stricta  

Puccinellia 
spp. Puccinellia stricta australian saltmarshgrass  

p. 68 Obl.n 

Spartina 
townsendii 

Spartina 
townsendii Spartina anglica  - 

Spartina 
anglica  Spartina anglica* common cordgrass 

p. 69 Obl.i 

 - 
Sporobolus 
virginicus  

Sporobolus 
virginicus  -  - Sporobolus virginicusr salt couch 

p. 70 Com.n 

 -  -  -  -  - 
Thinopyrum 
junceiforme* sea wheatgrass 

- Unc.i 

 -  -  -  -  - Vulpia fasciculata* dune fescue - Unc.i 
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Vulpia megalura  -  -  -  - Vulpia myuros*  

foxtail or ratstail fescue 
(depending on respective 
forma) 

- Unc.i 

 -  - 
Zoysia 
macrantha  

Zoysia 
macrantha   - 

Zoysia macrantha subsp. 
walshii prickly couch 

p. 71 Occ.n 

Zoysia matrella   - Zoysia matrella  -  - ** ** - - 

Restionaceae           Cordrush Family   

Leptocarpus 
brownii 

Leptocarpus 
brownii 

Leptocarpus 
brownii 

Apodasmia 
brownii    - Apodasmia brownii coarse twinerush 

p. 72 Com.n 

 -  -  - 
Leptocarpus 
tenax   - Leptocarpus tenax slender twinerush 

- Unc.n 

Ruppiaceae           Seatassel Family   

 - 
Ruppia 
maritima   -  -  - Ruppia polycarpa manyfruit seatassel 

- Unc.n 

Typhaceae      Cumbungi Family   

 -  -  -  -  - Typha domingensis slender cumbungi p. 73 Unc.n 

 -  -  -  -  - Typha latifolia* great reedmace - Unc.i 

 -  -  -  -  - Typha orientalis broadleaf cumbungi - Unc.n 
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Chapter 4  

Tasmanian saltmarsh conservation through inventory, 

biogeographic analysis and predictions of change 

 

This chapter contributes to the following research theme and objective: 

Saltmarsh spatial distributions and biogeography 

Chapter 4 Objective – To produce an inventory of saltmarshes and plant community 

composition using high-resolution aerial imagery and extensive field validation. To quantify 

the patch size of Tasmanian saltmarshes. To identify the major mesoscale influences on the 

distributions of types of saltmarsh, obligate saltmarsh plants and salt pans. To determine 

possible responses to macroclimatic global change factors. 

 

Submitted 24 June 2018, as: 

Prahalad, V. and Kirkpatrick, J., in review. Saltmarsh conservation through inventory, 

biogeographic analysis and predictions of change: case of Tasmania, south-eastern 

Australia. Aquatic Conservation: Marine and Freshwater Ecosystems. [manuscript number 

is AQC-18-0264] [Authorship statement in page viii] 
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4.1 Abstract 

1. Effective conservation of saltmarshes require detailed and accurate mapping of their 

range, area of occupancy and plant community composition as part of region-wide 

inventories. There is also a need to identify the major mesoscale influences on the 

distributions of types of saltmarsh, obligate saltmarsh plants and salt pans, and evaluate 

possible responses to macroclimatic changes. 

2. Saltmarshes of Tasmania and its offshore islands (coastline of 4,882 km, spanning 

latitudes 39°40ʹ to 43°40ʹ S), of south-eastern Australia, were mapped at a high spatial 

resolution of 1:500-1:3000. The distributions of types of saltmarsh, obligate plant taxa and 

salt pans were related to climatic, geomorphic and land-use variation. The future distribution 

of climatically-controlled species and communities was determined for two climate change 

scenarios. 

3. There was 58.6 km2 of coastal saltmarsh in Tasmania in 61 mesoscale complexes. The 

complexes were classified into three broad saltmarsh groups, and, together, they offer a 

more ecologically relevant planning unit for saltmarsh conservation than macroscale 

bioregions. The small median patch size of 0.2 ha demonstrates the effectiveness of the 

manual interpretation and mapping with extensive field checking. Mapping of these smaller 

saltmarshes provides them recognition within the land use planning and approvals process.  

4. Climatic, but not geomorphic and land-use, factors have the greatest effect on the 

distributions of saltmarsh plant communities, species and salt pans in Tasmania. Mean 

annual rainfall was most significant in predicting saltmarsh extent, range, plant community 

composition, salt pans and the three saltmarsh groups. Mean annual daily minimum 

temperature and saltmarsh area best predicted obligate plant distributions.  

5. Projected wetter and drier climatic change by 2100 is not expected to substantially alter 

macroscale plant community patterns, but may reduce the range of the rare herb Wilsonia 

humilis R.Br. However, stochastic disturbances may continue to play an important role at 

local scales. 

Keywords: wetland, intertidal, coastal, biogeography, distribution, habitat mapping, 

vegetation, climate change, urban development, agriculture. 
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4.2 Introduction 

Saltmarshes are a feature of sheltered coastal seascapes of many parts of the world (Adam, 

1990; Chapman, 1977; Greenberg, Maldonado, Droege, & McDonald, 2006). They occur on 

the upper intertidal and supratidal zone in embayments, lagoons, rivers and creek mouths 

and vary greatly in their form, extent and function depending on the local environmental 

context and land use history (Allen, 2000; Doody, 2007). Along with other tidally 

influenced habitats such as mangroves and seagrass beds, saltmarshes provide ecosystem 

services, such as habitat provision, fisheries production, water purification, flood mitigation 

and carbon sequestration (Barbier et al., 2011; Kelleway, Williams, & Laegdsgaard, 2017). 

For climate change mitigation, there is an increasing global interest in quantifying and 

conserving the blue carbon stocks present in saltmarsh soils, ranked closely second to 

mangroves in their capacity to sequester carbon (Mcleod et al., 2011). Notwithstanding their 

high ecological value, saltmarshes have been subject to a range of threats, both due to direct 

human impacts such as clearing and draining (Adam, 2002; Gedan, Silliman, & Bertness, 

2009; Prahalad, 2014a), and to the effects of climate change and sea level rise (McKee, 

Rogers, & Saintilan, 2012; Saintilan & Rogers, 2013). 

The perception of, and response to, threats to saltmarsh vary between and within nations 

(Adam, 2002; Doody, 2007; Rogers et al., 2016). In Australia, saltmarshes along the 

subtropical and temperate coastal area, below 23° 37' S latitude along the east coast and 26° 

S on the west coast, have been listed as vulnerable under the Australian federal Environment 

Protection and Biodiversity Conservation (EPBC) Act 1999 (TSSC, 2013). The listing 

acknowledges the threatened status of the ecological community and the need for targeted 

conservation measures, most importantly the compilation of a current and accurate 

inventory. While this need for inventory has been apparent for decades (e.g. Pressey & 

Adam, 1995; Finlayson et al., 1999), assessments of saltmarsh extent have been limited in 

both spatial coverage and accuracy (Kelleway et al., 2009; Rogers et al., 2016). There is a 

lack of high-resolution inventories of saltmarsh covering large regions of Australia, with the 

exception for Victoria (Boon et al., 2015). Inventories are necessary to facilitate legislative 

protection (Rogers et al., 2016), and enable biogeographic assessments to inform 

conservation (e.g. Boon et al., 2015; Isacch et al., 2006). 
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Studies on saltmarsh biogeography have explored patterns and processes in saltmarsh 

vegetation across a spectrum of scales from the regional to the continental (Adam, 1990). At 

a regional scale, Adam (1978) described three types of saltmarshes on the British coast 

based primarily on land-use. Kunza and Pennings (2008) described the variation in 

saltmarsh vegetation between Georgia and Texas related to tidal regime. At a continental 

scale, Saintilan (2009) related latitude and mean minimum temperature to patterns in the 

distribution of Australian saltmarsh plants. Fariña, He, Silliman, & Bertness (2018) defined 

bioregional differences in Chilean saltmarshes along a 2,000 km latitudinal climatic gradient 

of increasing annual precipitation (~45-1554 mm) and decreasing mean annual temperature 

(~17-9.5 °C). In North America, a latitudinal climatic gradient was used to explain 

differences in saltmarsh vegetation and salt pan formation (Bertness & Pennings, 2000).  

Biogeographic patterns at these scales has been attributed to variations in climate (e.g. 

temperature, rainfall, solar exposure/evaporation), geomorphology/ hydrology (e.g. tidal 

range/regime, landscape setting/physiography) and land-use (e.g. urban and agricultural 

development, grazing, eutrophication) (Adam 1978; Fariña et al., 2018; Isacch et al., 2006; 

Osland, Enwright, Day, & Doyle, 2013; Osland, Enwright, & Stagg, 2014; Saintilan, 2009). 

There is need to understand the combination of these macroscale environmental factors that 

predict patterns and processes in saltmarsh vegetation in individual regions across the world 

(Adam, 1990; Bertness & Pennings, 2000; Kunza & Pennings, 2008; Malamud-Roam, 

Malamud-Roam, Watson, Collins, & Ingram, 2006; Osland et al., 2016; Pennings & 

Bertness, 1999). Such an understanding of the factors determining the distribution of biotic 

entities is of broader interest in ecological studies (e.g. Guisan & Zimmermann, 2000), and 

of particular relevance in the use of predictive models (e.g. Hirzel & Le Lay, 2008), 

especially in the context of climate change.     

With ongoing climate change and sea level rise, there has been an increasing focus on global 

change effects on saltmarsh resilience (Kelleway et al., 2017; McKee et al., 2012; Saintilan, 

Rogers, Kelleway, Ens, & Sloane, 2018). Sea level rise, in particular, is the major effect of 

climate change, leading to the development of scenarios for saltmarsh resilience and retreat 

(Mogensen & Rogers, 2018; Prahalad, Sharples, Kirkpatrick, & Mount, 2015; Stralberg et 

al., 2011). There has been less attention given to temperature and rainfall in modelling future 

scenarios for changes to saltmarsh (Osland et al., 2016). Both thermal stress and 

precipitation are well known to play an important role in saltmarsh community structure 
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(Adam, 1990; Pennings & Bertness, 1999; Osland et al., 2013, 2014). Saltmarsh 

conservation strategies at regional or continental levels will require predictions of future 

distributions based on macroclimatic correlates and climate change models (McKee et al., 

2012; Osland et al., 2016). 

The following questions underpinned this study: (1) What is the current extent of Tasmanian 

coastal saltmarsh and its main plant communities; (2) What climatic, geomorphic and land-

use factors explain the distributions of communities, species and salt pans; and (3) How will 

projected changes in temperature and rainfall affect these distributions? The present study 

will provide a model for the inventory of the range, area of occupancy and conservation 

planning for habitats that are smaller in extent, geomorphically heterogeneous, widely 

distributed and of high ecological value (Lundquist et al., 2017; TSSC, 2013). In doing so, 

the study will also add to a meagre corpus of work on the biogeography of saltmarshes at a 

regional and global scale. 

4.3 Methods 

4.3.1 Study area 

The study area includes the island state of Tasmania and its offshore islands, located in 

south-east Australia. Tasmania has a large 4,882 km coastline relative to a 68,401 km2 land 

area. The coastline is geomorphologically diverse with numerous estuaries, lagoons, inlets 

and embayments, with a micro-tidal range in south-eastern, southern and western coasts, and 

a meso-tidal range along the northern coast (Edgar, Barrett, & Graddon, 1999). Tasmania 

has a temperate maritime climate with mean annual daily minimum temperatures on the 

coast varying from about 6-12 oC. The mean annual rainfall ranges between 490 mm on the 

east coast to over 2140 mm on the west coast, reflecting Tasmania’s highly variable 

topography (Corney et al., 2010). Saltmarshes have been subject to varying human impacts 

such as clearing, filling and grazing, mostly associated with urban development, road 

infrastructure and agricultural development (Kirkpatrick & Glasby, 1981; Prahalad, 2014a). 

Tasmanian saltmarshes are in the Australian Subgroup of the Australasian Group of marshes 

(sensu Chapman, 1977). Tasmania is the only large independent region in this subgroup 

where mangroves are entirely absent (Saenger et al., 1977).   
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4.3.2 Saltmarsh definition 

The saltmarsh mapping unit was defined based on both functional and floristic attributes. 

The functional definition conforms to the description of Subtropical and Temperate Coastal 

Saltmarsh listed as vulnerable under the EPBC Act 1999 (TSSC, 2013). The listed ecological 

community includes active saltmarshes with at least some tidal connection (sensu Allen, 

2000), including intermittently closed and open lagoons (ICOLs). Excluded from the 

definition, and hence this study, are areas receiving only aerosol spray, such as on elevated 

headlands or which are permanently cut off from the sea. Stranded marshes may be 

floristically similar to tidal saltmarshes but are functionally different because of a lack of 

tidal connection. 

The Tasmanian Vegetation Monitoring and Mapping Program (TASVEG) definition of 

saltmarsh floristic communities (Kitchener & Harris, 2013) was adopted. TASVEG 

discriminates saltmarshes: (1) dominated by graminoids, including grasses, sedges and 

rushes, commonly, Gahnia filum (Labill.) F.Muell., Juncus kraussii Hochst. subsp. 

australiensis (Buchenau) Snogerup and Austrostipa stipoides (Hook.f.) S.W.L.Jacobs & 

J.Everett; or (2) dominated by succulents, including herbs and succulent shrubs, commonly, 

Sarcocornia quinqueflora (Bunge ex Ung.-Sternb.) A.J.Scott quinqueflora and Tecticornia 

arbuscula (R.Br.) K.A.Sheph. & Paul G.Wilson. Graminoid and succulent saltmarsh are 

classed together with other similar wetland types under non-forest vegetation community 

types (Table 1), discriminated from swamps and wet heath dominated by trees and woody 

shrubs (usually > 2 m high). Apart from native saltmarsh, Tasmania has marshes in the 

central north and north western coastal rivers dominated by the highly invasive Spartina 

anglica C.E.Hubb. introduced from the Northern Hemisphere (Kriwoken & Hedge, 2000). 

This community is defined separately as Spartina marshland (Table 1), and is excluded from 

this study. 

4.3.3 State-wide mapping process 

Previous Tasmanian saltmarsh mapping did not cover the whole State at an appropriate 

scale, most of it lacking both spatial and attribute accuracy (Chrisman, 1987). The first step 

in the mapping process involved a thorough visual survey of the most recent and highest 

resolution vertical aerial imagery, the Tasmanian State Orthophoto compilation by Land 

Information Services Tasmania (© State of Tasmania). The resolution of the photographs 
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varied (pixel size of 0.5 m to 1.8 m), with built areas at the highest resolution. This allowed 

us to map saltmarshes at a consistently high spatial resolution of 1:500-1:3000, capturing 

marshes as small as 20 m2 in extent. The variable nature of the photos combined with the 

small minimum mapping unit size led to present study to choose manual interpretation and 

on-screen digitisation over automated image processing procedures (e.g. Zharikov, Skilleter, 

Loneragan, Taranto, & Cameron, 2005).  

The first stage of field-validation involved about 22 hours of aerial surveys undertaken in a 

Cessna 172 fixed-wing aircraft flying at heights of 400 m above sea level. The author, who 

undertook the mapping, was present in all of the flights taking high-resolution oblique 

photos of saltmarshes. The second stage of field-validation involved extensive ground-

truthing of saltmarshes with a total of 158 person-days spent in the field. Ground-truthing 

involved taking field notes and images of the extent of saltmarshes and vegetation attributes. 

About 80% of the patches were visited, or viewed from a distance, including areas on 

private land. Field effort was spread across all coastal areas of the State, including the 

remote west and south-west coasts, and the offshore islands (King, Flinders, Maria and 

Bruny Islands). Remote areas accessed in the west coast and the south-west involved five 

separate boat trips (covering Kangaroo Island, Arthur River, Pieman River, Macquarie 

Harbour and Port Davey). In the case of the over 100 Outer Furneaux Group of smaller 

islands, the detailed vegetation cover mapping by Harris, Buchanan, & Connolly (2001) was 

used to validate tidal saltmarsh presence and extent. 

The final stage in mapping involved manual on-screen digitising of saltmarsh polygons at a 

scale ranging from 1:500 to 1:3000, depending on patch size, image resolution and 

discernible colour differences in the Orthophoto compilation. Aerial survey imagery and on-

ground field validation notes and imagery assisted in constructing reliable associations 

between the subtle colour differences in the Orthophoto compilation and saltmarshes on the 

ground (Howland, 1980), particularly where they co-occur with other similar wetland and 

grassland habitats (in Table 1). All mapping and geoprocessing was performed in ESRI 

ArcMAPTM 10.3. 

4.3.4 Inventory attributes 

The mapped saltmarshes were considered at four different geographic scales (see Poiani, 

Richter, Anderson, & Richter, 2000): local; intermediate; coarse and regional (Fig 1). At a 
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local scale, each saltmarsh patch/polygon was assigned to either of graminoid saltmarsh or 

succulent saltmarsh covering more than 50% of the patch (Kitchener & Harris, 2013). At an 

intermediate level of spatial organisation (scale range of 1:5000-1:25,000), saltmarshes were 

classified into clusters of up to several patches in one of the following geomorphic contexts: 

Lagoon (Open); Lagoon (ICOL); Estuarine Fringing; Estuarine Fringing (Barred); Estuarine 

Back-Barrier; Open Embayment; Open Coast and Open Coast Back-Barrier (adapted from 

Allen, 2000). Saltmarsh clusters were further aggregated at coarser scales, as complexes, at 

1:25,000-1:100,000. Each complex was made up of several clusters, and was variously 

defined by catchment, rainfall, geomorphology and similar land-use, equivalent to the 

sectors defined by Boon et al. (2015). Sixty-one complexes were identified and formed the 

spatial units for biogeographic analysis. At the highest level of aggregation (scale of 

> 1:100,000), saltmarshes fall within the six coastal bioregions specified for Tasmania under 

the Interim Biogeographic Regionalisation for Australia (IBRA version 7, © 

Commonwealth of Australia 2012).  

Temperature and rainfall data were obtained from the Bureau of Meteorology Climate Data 

Online portal (http://www.bom.gov.au/climate/data/). The nearest active weather station to 

the largest area of saltmarsh within each of the saltmarsh complex was identified and data 

obtained for average annual rainfall, mean annual daily maximum and minimum 

temperatures, and mean daily global solar exposure (as a proxy for evaporation). Tide data 

were obtained from Edgar et al. (1999). The latest version of land-use data for 2015 was 

obtained as a spatial polygon layer produced for Tasmania by the Australian Collaborative 

Land Use and Management Program (ACLUMP). Land-use data was reclassed into three 

broad groups: agricultural and rural living areas; urban development, including road 

infrastructure; and natural areas, including production forests (cf. DeLuca, Studds, 

Rockwood, & Marra, 2004). For a landward buffer distance of 2 km from each saltmarsh, 

per cent cover of each of the three land use classes were extracted for each of the coastal 

complexes.  

4.3.5 Distribution of saltmarsh flora and salt pans 

Prahalad, Harrison-Day, Latinovic, & Kirkpatrick (in press) curated a saltmarsh flora 

database for Tasmania made up of 128 species (not including some subspecies). Thirty-four 

species were considered obligate or semi-obligate saltmarsh species (Table 2). Distribution 

http://www.bom.gov.au/climate/data/
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records for these species were downloaded as point data from the Natural Values Atlas, the 

official flora and fauna database maintained by the Tasmanian State Government. A few 

false absences were rectified from previous field records made by the authors and records in 

Kirkpatrick & Glasby (1981). A number of species were eliminated from further analysis, on 

the basis of their rarity (insufficient data points), widespread distribution in tidal saltmarshes 

(too few absences), or their high level of prevalence in other habitats, such as inland 

wetlands and rocky shores (Kirkpatrick & Harwood, 1983; Prahalad, 2014b). After this 

elimination process, five species were left: T. arbuscula; Hemichroa pentandra R.Br.; 

Wilsonia humilis R.Br.; Limonium australe (R.Br.) Kuntze; and Atriplex paludosa R.Br. 

subsp. paludosa. Salt pans were recorded as present or absent for each of the coastal 

complexes from aerial imagery and field notes. Salt pans were defined as unvegetated bare 

patches in high marsh and back marsh areas that are well drained (Pennings & Bertness, 

1999) and generally with a visible salt crust. They are different from the more common 

marsh pools/ponds that are flooded regularly.   

 

Figure 1 Mapping scale (1:500-1:3000) related to the four spatial scales of organisation 

applied to Tasmanian tidal saltmarsh inventory, biogeographic assessment and conservation 

planning (cf. Poiani et al., 2000). 
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Table 1. Tasmanian Vegetation Monitoring and Mapping Program (TASVEG) plant community types representing saltmarsh and associated 

non-forest wetland (< 2 m high) and grassland. The succulent and graminoid saltmarsh community types, ASS and ARS, are highlighted in bold 

text. 

TASVEG Community Code, Name Water Influence Dominant Plant Form Salinity 

AHF, Freshwater Aquatic Herbland Permanent or semi-permanent Dominated by herbs, sedges (Eleocharis spp.) Fresh 

AHL, Lacustrine Herbland Intermittent and episodic Dominated by herbs, occasional grasses Fresh to 

brackish 

ASF, Freshwater Aquatic Sedgeland 

and Rushland 

Permanent or semi-permanent Dominated by sedges, rushes and grasses 

(Phragmites australis (Cav.) Trin. ex Steud.)  

Fresh to 

brackish 

AHS, Saline Aquatic Herbland Permanent or semi-permanent Dominated by herbs, grass (Ruppia spp.) Saline 

ASS, Succulent Saline Herbland Intermittent and regular  Dominated by succulent herbs and shrubs, 

occasional grasses 

Saline 

ARS, Saline Sedgeland/ Rushland Intermittent and episodic  Dominated by sedges and rushes, occasional 

grasses 

Saline to 

brackish 

FSM, Spartina marshland Regular  Dominated by the introduced grass, Spartina 

anglica C.E.Hubb. 

Saline 

GHC, Coastal Grass and Herbfield Irregular or rare Dominated by grasses (Austrostipa spp., Poa spp.) Brackish 
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Table 2. Obligate and semi-obligate Tasmanian saltmarsh flora and their distributions across the 6 IBRA7 coastal bioregions (from Prahalad et 

al., accepted). The notes identify the basis for exclusion from our analysis (RS = Rocky Shores; IW = Inland Wetlands; W = Widespread; R = 

Rare; DU = Data Unavailable), based on Kirkpatrick and Glasby (1981), Kirkpatrick and Harwood (1983) and Prahalad (2014b). Species are 

listed as per the alphabetical order of their respective family names, dicots first, followed by monocots. The five species selected are highlighted 

in bold text.       

 

Species 

Tasmanian 

Southern Ranges 

Tasmanian 

South East Furneaux 

Tasmanian 

Northern Slopes King 

Tasmanian 

West 

Notes 

Dicots        

Disphyma crassifolium (L.) L.Bolus subsp. 

clavellatum (Haw.) Chinnock 
- x x - x x RS 

Hemichroa pentandra R.Br. - x x - x - - 

Apium prostratum Labill. ex Vent. subsp. prostratum x x x x x x RS/W 

Lilaeopsis polyantha (Gand.) H.Eichler x x x x x x IW/W 

Angianthus preissianus (Steetz) Benth. - x x - x - DU 

Leptinella longipes Hook.f. x x x x x x IW/W 

Lobelia anceps L.f. x x x x x x W 

Spergularia tasmanica (Kindb.) L.G.Adams - x x x x x W 

Atriplex paludosa R.Br. subsp. paludosa - x x - x - - 

Sarcocornia blackiana (Ulbr.) A.J.Scott - x x x x x RS/W 

Sarcocornia quinqueflora (Bunge ex Ung.-Sternb.) 

A.J.Scott subsp. quinqueflora 
x x x x x x RS/W 

Suaeda australis (R.Br.) Moq. x x x x x x W 

Tecticornia arbuscula (R.Br.) K.A.Sheph. & Paul 

G.Wilson 
- x x x x - - 

Wilsonia backhousei Hook.f. - x x - x - IW 

Wilsonia humilis R.Br. - x x - - - - 

Wilsonia rotundifolia Hook. - x x - - - IW/R 

Cuscuta tasmanica Engelm. - x x - - - IW/R 

Frankenia pauciflora DC. var. gunnii Summerh. - - x - x - RS/R 
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Selliera radicans Cav. x x x x x x IW/W 

Lawrencia spicata Hook. - x x - - - IW 

Limonium australe (R.Br.) Kuntze - x x x x - - 

Samolus repens (J.R.Forst. & G.Forst.) Pers. var. 

repens 
x x x x x x W 

Mimulus repens R.Br. x x x x x - IW/W 

Monocots        

Gahnia filum (Labill.) F.Muell. x x x x x x W 

Isolepis cernua (Vahl) Roem. & Schult. x x x x x x IW/W 

Schoenus nitens (R.Br.) Poir. x x x x x x W 

Juncus kraussii Hochst. subsp. australiensis 

(Buchenau) Snogerup 
x x x x x x IW/W 

Triglochin striata Ruiz & Pav. x x x x x x IW/W 

Austrostipa stipoides (Hook.f.) S.W.L.Jacobs & 

J.Everett 
x x x x x x RS/W 

Distichlis distichophylla (Labill.) Fassett x x x x x x RS/W 

Puccinellia harcusiana A.R.Williams - - - - x - R 

Puccinellia stricta (Hook.f.) C.H.Blom - x x - x x DU 

Sporobolus virginicus (L.) Kunth - x x - x x DU 

Apodasmia brownii (Hook.f.) B.G.Briggs & 

L.A.S.Johnson 
x x x x x x IW/W 

Flora diversity (n) 17 32 33 21 30 21 - 
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4.3.6 Statistical analyses 

The highest resolution spatial unit of analysis where reliable data across all response 

variables were available was the complex, which was used in all analyses. The patch and 

cluster were at a fine scale where localised climatic data and species records (true absences) 

were not available. The response variables were the percentage of the area of saltmarsh 

dominated by graminoids (ARS), the percentage of the area of saltmarsh dominated by 

succulents (ASS), the five saltmarsh plant species and salt pans. The physical and spatial 

predictor variables were grouped under three themes, climatic, geomorphic and land-use, 

and tested separately (Hirzel & Le Lay, 2008). The climatic variables were mean annual 

rainfall, mean daily global solar exposure, mean annual daily maximum temperature, mean 

annual daily minimum temperature. The geomorphic variables were tidal range and 

saltmarsh area. Geomorphic type was not used in statistical analyses as most classes had too 

few incidences. Land-use variables were the percentage of a 2 km buffer around saltmarshes 

in a complex that consisted of each of agricultural land, urban land, and native vegetation.  

Multiple regression analysis was used to develop a model to predict ASS and ARS. The 

most explanatory equation of all options that had slopes for the variables that were 

significant at or below a P of 0.05 was accepted. Logistic binary regression was used to 

develop a predictive equation for each of the qualitative variables, using the same decision-

making process. Saltmarsh complexes were classified based on percent cover of graminoids 

or succulents and the presence or absence of salt pans and the five key saltmarsh flora 

species. Ward linkage was used for agglomeration. Euclidian distance, with equally 

weighted variables was used to calculate dissimilarly scores between the complexes (Quinn 

& Keough, 2002). ANOVA was used to determine if predictors varied between the 

classificatory groups. All analyses were undertaken in Minitab® 18 Statistical Software. 

4.3.7 Climate change analysis 

Temperature and rainfall projections for the year 2100 has been developed by the Climate 

Futures for Tasmania project for a high (A2) and low (B1) IPCC greenhouse gas emissions 

scenarios (Corney et al., 2010). They provide an indication of the range of carbon dioxide 

emissions levels based on future technological and social changes, and have been used 

previously to model saltmarsh change (Osland et al., 2013). Modelled projections for both 

high and low emissions scenarios were available at a high 10 x 10 km pixel resolution 
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(Corney et al., 2010). Data on mean temperature and rainfall change for each scenario were 

obtained from the pixel closest to the largest area of saltmarsh within each of the saltmarsh 

complexes.   

Several of the response variables exhibited clear climatic limits. The effects of modelled 

changes in these climatic limits on the number of complexes with saltmarsh types and 

species were determined. In this process the modelled mean annual daily temperature was 

converted into modelled mean annual daily minimum temperature by applying a regression 

equation developed with contemporary data (R2 = 74%). The numbers of complexes on 

either side of the thresholds were counted for a mean annual daily minimum temperature of 

8 oC, and mean annual precipitation levels of 750 mm and 1000 mm at present under each of 

the two projections.  

4.4 Results 

4.4.1 Saltmarsh mapping and inventory 

The total area of tidal saltmarsh was 58.6 km2 (Fig 2). Patch size varied from 20 m2 to 359 

ha (at Long Point, Moulting Lagoon, eastern Tasmania) and was highly skewed to small 

areas. Mean patch size was 2.2 ha (SD = 10.6 ha), but the median patch size was 0.2 ha, with 

only 14% of the patches above the mean patch size. Succulent saltmarsh occupied a 33.4 

km2 area (57%) and graminoid saltmarsh, 25.2 km2 (43%). Succulent saltmarsh patches 

(Mean = 3.6 ha) were generally larger than graminoid saltmarsh (Mean = 1.5 ha).  

Saltmarshes varied in their geomorphic context (Fig 3). About 74% of the mapped area 

(54% of patches) occurred in Estuarine Fringing, Lagoon (Open) or Open Embayment 

geomorphic types. The largest patches were associated with Lagoon (Open) geomorphic 

type (Mean = 5.6 ha; SD = 27.7 ha). 

4.4.2 Biogeographic patterns in vegetation 

Mean annual rainfall affected the distributions of succulent and graminoid saltmarsh (Table 

3). The proportion of saltmarsh dominated by graminoids increased with increasing rainfall. 

Graminoids were almost exclusively dominant when mean annual rainfall exceeded 

1000 mm (Fig 4). None of the other predictor variables explained the vegetation 

characteristics of saltmarsh. The effect of temperature was negligible, with both graminoid 
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and succulent saltmarsh occurring across the mean annual daily temperature range. The 

effect of tidal range, saltmarsh area and land-use factors were also weak with respect to both 

vegetation types.   

Mean annual rainfall was strongly related to the distribution of the rare herb W. humilis, 

which occurred in areas with less than 750 mm of annual rainfall. Tecticornia arbuscula and 

H. pentandra did not occur in the areas with the lowest mean annual daily minimum 

temperatures (c <8 oC) (Fig 5). Tecticornia arbuscula increases in its incidence as mean 

annual daily minimum temperatures increases (Fig 5) and in the complexes which have the 

larger areas of saltmarsh (Table 3). Hemichroa pentandra is also predicted by mean annual 

daily minimum temperatures. The percentage of agricultural land in its buffer was also in its 

model (Table 3). Higher proportions of agricultural land were associated with the 

distributions of W. humilis. All five plant species tended to occur in the complexes with 

larger areas. Close to half of the saltmarsh complexes (n = 29) had salt pans and were 

concentrated in areas with low mean annual rainfall. Salt pans had more than half (60%) of 

their occurrence in complexes dominated by succulent saltmarsh (Fig 4).   

Cluster analysis identified three distinct groups of complexes (Fig 6; Tables 4 & 5). The first 

group was predominantly graminoid saltmarsh and was characterised by a mean annual 

rainfall above 1000 mm. The second group was made of an equal mix of graminoid and 

succulent saltmarsh. The third group contained 71% of the area of saltmarsh and was 

dominated by succulent saltmarsh. These two groups had a mean rainfall of 710 and 732 

mm respectively. 

4.4.3 Effects of climate change 

In 2018, there were 32 complexes with less than 750 mm of mean annual rainfall (Fig 7). 

Under the least change climate change scenario there will be 25 complexes towards the end 

of the century. Under the greatest change scenario there will be 15. Under both scenarios, 

the potential range of W. humilis will be reduced. In 2018, there were 54 complexes with 

less than 1000 mm of mean annual rainfall. Under the least change climate change scenario 

there will be 55 complexes towards the end of the century. Under the greatest change 

climatic scenario there will be 52. The potential ranges for T. arbuscula and salt pans will 

therefore not change much as a result of rainfall changes. In 2018, 48 complexes had mean 

annual daily temperatures above 12.5° C. In the least change scenario there would be 59. In 
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the most change scenario there would be all of them (61). Thus, the potential ranges for T. 

arbuscula and H. pentandra would be increased. 

 

Figure 2 Size class distributions of graminoid (left) and succulent (right) tidal saltmarshes in 

Tasmania and its offshore islands. The circles are directly proportional to area. The polygons 

represent the boundaries of the Tasmanian IBRA7 bioregions (KIN: King; TNS: Tasmanian 

Northern Slopes; FLI: Flinders; TSE: Tasmanian South East; TSR: Tasmanian Southern 

Ranges; TWE: Tasmanian West; TCH: Tasmanian Central Highlands; TNM: Tasmanian 

Northern Midlands; BEL: Ben Lomond).   
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Figure 3 Size class distributions of tidal saltmarshes across the eight geomorphic groups in 

Tasmania and its offshore islands. The circles are directly proportional to area of saltmarsh 

under each geomorphic group classified using natural breaks (Jenks). The polygons 

represent the boundaries of the Tasmanian IBRA7 bioregions (see Fig 2 for bioregion 

names). 
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Figure 4 Relationship between annual rainfall and the percentage area of graminoid-

dominated marshes in complexes, showing the location of complexes with salt pans (filled 

circles).  

 

Figure 5 The distribution of Tecticornia arbuscula (filled circles) in relation to mean daily 

minimum temperature and rainfall. 
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Figure 6 The 61 mesoscale saltmarsh complexes, their representative groups and 

distributions across Tasmania and its offshore islands. 
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Figure 7 Saltmarsh complexes relative to current rainfall (a - left), lease change scenario (b - middle) and greatest change scenario (c - right). 

Areas of greatest change are in northern and north-east rivers and embayments, and in the Flinders and Cape Barren Islands.   
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Table 3. Multiple regression (ARS) and binary logistic regression equations and percentage explanation for the response variables. *** = P < 

0.001, ** = P < 0.01, * = P < 0.05 

   ARS Salt pan Tecticornia Hemichroa Atriplex Wilsonia   Limonium 

Constant -4.6 5.76 -16.06 -18.23 -4.39 3.54 0.653 

Mean annual rainfall 

(mm) 

0.071*** -0.0077*** - - - -0.013** - 

Annual mean daily 

minimum temp (oC) 

- -   1.586*** 1.637*** - - - 

Annual mean daily 

maximum temp (oC) 

- - - - - - - 

Mean daily global 

solar exposure 

(MJ/m*m) 

- - - - - - - 

Tidal range (m) - - - - 1.506* - - 

Saltmarsh area (ha) - - 0.026*** 0.0247*** 0.00423* 0.00572* 0.00358* 

Agricultural land in 

2 km buffer (%) 

- - - 0.0483** - 0.0641* - 

Urban land in 2 km 

buffer (%) 

- - - - - - - 

Native vegetation in 

2 km buffer (%)  

- - - - - - - 

R2 (%)  26.69 18.75  36.64 36.22 29.57 48.82 23.04 
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Table 4. Means for predictor variables by group. *** = P < 0.001, * = P < 0.05, ns = P > 

0.05 

 Group 1 

(n = 18) 

Group 2 

(n = 18) 

Group 3 

(n = 25) 

 

Variable Mean StDev Mean StDev Mean StDev P. 

        

Mean annual rainfall (mm) 1010 404 710 84 733 136 *** 

Annual mean daily maximum temp (C) 16.9 1.0 17.5 0.6 17.4 0.8 ns 

Annual mean daily minimum temp (C) 8.3 1.4 9.0 1.0 9.2 1.1 * 

Mean daily global solar exposure 

(MJ/m*m)   

13.8 1.0 14.2 0.7 14.5 0.7 * 

Tidal range (m) 0.7 0.6 0.6 0.4 1.1 0.8 * 

Saltmarsh area (ha) 40.5 54.2 53.5 45.6 166.6 248.6 * 

Agriculture and rural living (%) 26.8 24.1 31.6 21.4 41.8 20.2 ns 

Urban development and roads (%) 5.6 7 6.7 13.8 5.6 6.2 ns 

Native vegetation (%) 67.6 29.3 61.7 25.2 52.6 23.8 ns 

 

Table 5. Mean percentage of area of complex composed of succulent and graminoid 

saltmarsh and percentage frequencies of five species and salt pans by group. 

 Group 1 

(N = 18) 

Group 2 

(N = 18) 

Group 3 

(N = 25) 

Succulent saltmarsh 18 42 63 

Graminoid saltmarsh 82 58 37 

Salt pans 0 100 44 

Tecticornia arbuscula 0 33 92 

Hemichroa pentandra 11 33 80 

Atriplex paludosa  0 0 28 

Wilsonia humilis  0 0 32 

Limonium australe  0 0 44 
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4.5 Discussion 

This study combined high-resolution aerial imagery and extensive field validation to provide 

the first complete and detailed state-wide inventory of Tasmanian tidal saltmarsh wetlands 

and its plant community composition. This is only the second such study for a state of 

Australia after that of Boon et al. (2015), who used a similar manual mapping procedure and 

a spatial scale of 1:10,000 for Victorian saltmarshes. Mapping from other Australian States 

and Territories is dated and lacks complete coverage due to a combination of the lengthy 

coastlines, lack of high-resolution imagery and financial constraints (Kelleway et al., 2009). 

The importance of updated mapping is highlighted given that previous, less thorough, 

mapping reported by Kelleway et al. (2009) and Rogers et al. (2016) underestimated 

saltmarsh areas in Tasmania by a factor of 35%. The conservation implications of 

inadequate mapping is further underscored by the Subtropical and Temperate Coastal 

Saltmarsh listing under the EPBC Act 1999 which failed to account for over a quarter of 

currently mapped Tasmanian coastal saltmarsh (TSSC, 2013). 

Results of this study demonstrate the effectiveness of the manual interpretation and mapping 

with extensive field checking advocated by Williams, Allen, & Kelleway (2011), as the 

study was able to identify, map and inventory the smaller saltmarsh patches that are not 

easily perceptible using a pure remote sensing approach, such as that of Isacch et al. (2006). 

There are important benefits in mapping smaller saltmarshes, as they are common albeit 

often poorly recognised ‘small natural features’ that could provide ecological services 

disproportionate to their size (Lundquist et al., 2017). For example, even small fragmented 

marshes can provide viable fish habitat (Prahalad, Harrison-Day, McQuillan, & Creighton, 

in press), perhaps as the high marsh to edge ratio allows easier access for itinerant fish 

(Minello, Zimmerman, & Medina, 1994). Smaller marshes are also likely to be vulnerable to 

clearing and infilling due to lack of recognition and conservation, partly stemming from 

inventory gaps (Lundquist et al., 2017). Mapping form this study allowed smaller areas of 

saltmarsh to be recognised within the land use planning and approvals process in Tasmania 

(Prahalad, Whitehead, Latinovic, & Kirkpatrick, in review). A large number of planning 

decisions are made at the backyard scale and hence, the inclusion of smaller saltmarsh 

patches within the planning overlay increases the likelihood of their conservation.    



Chapter 4 – Inventory & Biogeography 

 
144 

The present study provides the first regional biogeographic analysis of the major macroscale 

environmental influences on Australian saltmarshes following previous continental scale 

assessments (Saenger, Specht, Specht, & Chapman, 1977; Bridgewater & Cresswell, 2003; 

Saintilan, 2009). The smallest spatial unit of analysis for continental scale studies have been 

the IBRA bioregions (Bridgewater & Cresswell, 2003; Saintilan, 2009). In the case of 

Tasmania, IBRA bioregions sometimes span areas with annual average rainfall difference of 

over 200 mm and are not well-related to variation in saltmarshes (Figs 2, 3 & 7). An 

appropriate context and purpose specific unit of analysis is important in understanding 

patterns for a bioregional approach to management (Mackey, Berry, & Brown, 2008; Poiani 

et al., 2000). We propose that the 61 saltmarsh complexes, along with the three groups (see 

Fig. 6), offer a more ecologically relevant planning unit for saltmarsh conservation for 

Tasmania than the IBRA bioregions. 

Climatic factors best explained the distribution of Tasmanian saltmarsh plant community 

types, obligate species and salt pans, a finding consistent with much of the theoretical 

literature (Adam, 1990; Chapman, 1977; Malamud-Roam et al., 2006; Penning & Bertness, 

1999; Osland et al., 2016) and case studies demonstrating the predominance of climatic 

factors in saltmarsh biogeography at both regional and continental scales (e.g. Fariña et al., 

2017; Isacch et al., 2006; Osland et al., 2013, 2014; Saintilan, 2009). As well as restricting 

the distribution of succulent saltmarsh, high rainfall appears effective in the exclusion of 

saltmarsh from the major rivers and numerous smaller creeks along the west coast. 

Freshwater grasses, sedges, rushes and herbs (see Table 1), mainly Phragmites australis 

(Cav.) Trin. ex Steud. and Schoenoplectus pungens (Vahl) Palla, were the foundation 

species in these sheltered waterways where native saltmarsh was expected. Lack of dispersal 

and access to these locations is unlikely to be a factor (Hirzel & Le Lay, 2008), as 

individuals of J. kraussii and S. quinqueflora are widely spread along the west coast 

(Prahalad, 2014b). High annual rainfall (> 1500 mm) is also likely one of the reasons why 

Victoria, in the same temperate climate zone as Tasmania but with a modest mean annual 

rainfall range of 600-1000 mm (Boon et al., 2015), has over four times the area of saltmarsh 

with a coastline only half the length of Tasmania. 

Minimum temperatures have been widely noted to be an important factor in explaining 

saltmarsh vegetation patterns (e.g. Osland et al., 2013; Saintilan, 2009), as in Tasmania 

where two of the obligate saltmarsh species had minimum temperature in their models 
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(Table 3). The effect of temperature and evaporation in Tasmania is likely to be ameliorated 

in areas of high rainfall (Fig 7), which flushes any excessive salt in the marsh sediments that 

might otherwise accumulate due to evapotranspiration (Adam, 1990; Osland et al., 2014). 

High tidal amplitude and an open geomorphic setting are also known factors that could 

interplay with temperature and evaporation by flushing of marsh soils (Bertness & Pennings, 

2000; Kunza & Pennings, 2008). These two factors can also play a role in counteracting the 

effect of high rainfall through regular flushing by sea water. This could perhaps explain the 

case of the complexes in north-west Tasmania, where a high meso-tidal range combined 

with an open geomorphic setting has likely supported large areas of succulent saltmarsh 

despite high mean annual rainfall of over 900 mm.  

All of the modelled plant species were predicted by the area of saltmarsh in the complexes, 

so the probability of their survival in the long term may fit the island biogeography model 

(McArthur & Wilson, 1967), with their occurrence in complexes of smaller area being 

subject to random loss of populations through disturbance. Saltmarsh area, however did not 

affect either vegetation community type or the presence of salt pans. Even smaller marshes 

had well developed salt pans. Although the link between salt pan formation, persistence and 

climate has been discussed previously from a Northern Hemisphere perspective (Adam, 

1990; Pennings & Bertness, 1999), few studies have been able to quantify this relationship 

elsewhere (Adam, 1997). The findings from the present study in relation to the climatic 

limits of salt pans is consistent with the observation that salt pans are largely absent in many 

temperate Australian salt marshes (Adam, 1997), because mean annual rainfall exceeds 

1000 mm along much of the east coast of Australia. Tasmanian salt pans are also an 

exception to the expectation that pan formation is limited in higher latitudes due to a 

combination of winter rain, ice and milder summer (Adam, 2002; Bertness & Pennings, 

2000), as these conditions do not apply to many parts of the state.      

Assessment of changes in the vegetation characteristics of the saltmarsh complexes as a 

consequence of a wetter and drier climatic change indicates that broad scale shifts in 

distribution patterns are unlikely to occur. However, this assessment is limited in its 

consideration of mean annual daily temperature and rainfall to the exclusion of other locally 

known, important disturbance factors such as a changing wave climate (Prahalad et al., 

2015) and increased coastal development (Prahalad, 2014a). Also not considered are the 

known effects of localised extreme events which may cause state shifts (e.g. Duke et al., 
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2017). Large-scale and multiple instances of die back of the long lived T. arbuscula shrubs 

occurred in south-east Tasmania between the 1970s and the 2000s, and were linked to 

increased aridity in the upper marsh, waterlogging in the low marsh, and erosion of marsh 

edges (Prahalad, Kirkpatrick, & Mount, 2012). This dieback event is imperceptible given the 

predicted direction of climate change in coarse annual metrics, but is consistent with the 

increasing records of severe stochastic droughts in summer and strengthening winds 

(Kirkpatrick, Nunez, Bridle, Parry, and Gibson, 2017). Modelling from the present study, 

however, does reiterate the need to focus on more localised and stochastic changes in 

vegetation and their implications for biodiversity conservation (e.g. the case of the rare herb 

W. humilis) and ecosystem function. 

4.6 Conclusions 

Through high-resolution mapping of the tidal saltmarshes across Tasmania and its offshore 

islands, this study provides a model for wetland inventory and conservation planning of 

habitats that are relatively smaller in extent, geomorphically heterogeneous, widely 

distributed and of high ecological value. Biogeographic variation in saltmarsh plant 

communities, obligate flora species and salt pans are largely influenced by rainfall and 

minimum temperatures, as is common elsewhere in the world, with weak land-use effects. 

Projected changes in rainfall and temperature by 2100 are unlikely to severely affect 

macroscale distributions of saltmarsh plant communities, species and salt pans, although the 

effects of localised extreme stochastic weather events and anthropogenic disturbance need 

investigation.       
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coast, north-west Tasmania 
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Key threatening processes 

Chapter 5 Objective – To improve our understanding of the extent and nature of human 

impacts (as key threatening processes) on saltmarshes. To demonstrate a methodology of 

documenting human impacts on both saltmarsh loss and functional degradation, and thereby, 

determine the extent to which the EPBC Act listing criteria can be assessed. To review the 

implications of human impacts on saltmarsh loss.   
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5.1 Abstract 

Coastal saltmarshes of temperate Australia are in decline and have recently been listed as a 

‘threatened ecological community’ under Federal legislation. Further research is required to 

better understand both the extent and nature of their decline in order to plan their recovery. 

A case study is presented of the most extensive area of saltmarshes in Tasmania, on the 

north-west Circular Head coast. A mixture of aerial photographs and ground-truthing data 

were used to determine human impacts and saltmarsh loss between 1952 and 2006. There 

was an absolute loss of 219 ha since 1952, largely due to the effects of a 24.5 km network of 

levees. Of the 1 153 ha of saltmarshes that remained in 2006, a further 752 ha (65%) was 

associated with one or several of land-based human impacts. This left 401 ha (35%) of 

saltmarshes that had no recorded human impacts and a contiguous vegetative buffer zone of 

50-100 m. These areas represent some of the least disturbed saltmarshes in Tasmania and 

warrant adequate conservation measures. Future planning for conservation and the use of 

land and marine resources should strive to promote both the extent and functional health of 

saltmarshes.    

Keywords: saltmarsh, Tasmania, human impacts, land claim, GIS, aerial photos 

5.2 Introduction 

Coastal saltmarshes of temperate Australia have decreased in extent and quality due to a 

range of human induced impacts (Adam 2002; Laegdsgaard et al. 2009). Climate change 

and sea level rise now act synergistically with other human induced impacts threatening the 

survival of saltmarshes (Ross and Adam 2013; Saintilan and Rogers 2013). Particularly 

since coastal saltmarshes occupy a narrow tidal range at the interface of the land and sea, 

relative sea level rise has already caused these ecosystems to respond by retreating into low 

lying areas inland (Prahalad et al. 2011). This natural retreat and readjustment of 

saltmarshes is expected to be negatively influenced by an accelerating rise in sea levels 

(Church and White 2006) and strengthening wind speeds (McIntosh et al. 2005), which in 

many cases is not allowing enough time and space for saltmarshes to exercise their adaptive 

capacity (Mount et al. 2010; Kim et al. 2011). More consequentially, humans have been in 

competition with saltmarshes for the low lying coastal areas for agricultural and settlement 

development through the process of ‘land claim’ (Allen 2000; Bromberg Gedan et al. 2009).  
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The prevalence of these threats has received mixed recognition within Australia 

(Laegdsgaard et al. 2009; Boon 2012), with notably saltmarshes being listed as endangered 

ecological community in New South Wales state legislation in 2004. The recent listing of 

Subtropical and Temperate Coastal Saltmarsh in August 2013 as a ‘threatened ecological 

community’ (category: vulnerable) under the Australian Federal Environment Protection 

and Biodiversity Conservation Act 1999 (EPBC Act) further reinforces the claim of the 

saltmarsh community being of conservation concern. This follows several studies in 

Australia documenting human impacts on saltmarshes and has been reviewed in 

Laegdsgaard et al. (2009) and Sinclair and Boon (2012). The dominant focus of such studies 

has been on the nature and extent of ecological implications of particular impacts (e.g., 

Kelleway 2005; Winning and Saintilan 2009) or on detailing absolute losses in area (e.g., 

McLoughlin 2000; Sinclair and Boon 2012). One study has attempted to examine both the 

impacts of global change and more direct human disturbances (Prahalad et al. 2011). There 

is however still a scarcity of such studies in Australia (Adam 2009), both in terms of 

coverage and detail, which can affect the perception of threat and endangerment of 

saltmarshes by managers and the broader human community.  

Figures of absolute losses are particularly important in the context of setting appropriate 

conservation policies, with legislative benchmarks often set on the basis of the total area 

lost. It is for this reason that saltmarshes are the only major wetland type in Tasmania that 

has not been recognised for protection under State legislation. The focus on absolute losses 

in saltmarsh area however only partly addresses the overall functional value of these systems 

in the coastal landscape. As Teal and Howes (2000) point out, “salt marshes contributed to 

estuarine food chains beyond their borders and had a greater ecological (and economic) 

value beyond just being there as open space.” Hence, it becomes important to consider 

saltmarshes as functional entities in the broader aquatic system (Valiela et al. 2000), and 

endeavour to measure human impacts in this context (Prahalad and Pearson 2013). Such an 

approach requires due recognition of the extent of functional degradation (e.g., due partly to 

fragmentation, Leagdsgaard 2006) in addition to figures of absolute loss. Indeed, the listing 

of coastal saltmarshes under the EPBC Act was not based on the loss of extent but primarily 

on fragmentation and loss of community integrity coupled with threats arising from human 

activities, invasive species and sea level rise (Threatened Species Scientific Committee 

2013). Therefore further research is required to better understand both the extent and nature 
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of saltmarsh loss and functional degradation (due to fragmentation, reduction in integrity 

and continuing detrimental change) in order to plan their recovery.  

This is particularly valid in the case of the most extensive area of saltmarshes in Tasmania, 

on the north-west Circular Head coast. A recent study by Mount et al. (2010) undertook a 

vulnerability assessment of the area to sea-level rise and mapped both the current and 

modelled future extent of saltmarshes. The study identified a range of human impacts 

affecting the resilience of these saltmarshes to be able to respond to sea level rise and 

recommended a more detailed analysis of these impacts. The study presented here is in 

response to this recommendation and aims to better understand the extent and nature of 

saltmarsh loss and functional degradation in the area due to human impacts and their 

management implications. Given that considerable evidence in now available on the 

ecological consequences of particular human impacts (e.g., Doody 2008; Bromberg Gedan 

et al. 2009; Saintilan 2009), this study can serve as a good starting point for holistically 

understanding the health of these saltmarshes and setting appropriate conservation priorities 

both for the study area and more widely. This study also presents a good opportunity to 

document the chronological sequence of human impacts to examine for any particular 

patterns of loss. Compared to other parts of Tasmania and Australia where saltmarsh loss 

began with the early days of European settlement (McLoughlin 2000), this area remains 

relatively isolated and hence all major human impacts could possibly be traced to the earliest 

date of availability of aerial photography in the 1950s.  

This study further aims to contribute to the planning and management aspects involved in 

the process of allowing saltmarshes ‘room to move’ with sea level rise (Prahalad and 

Pearson 2013). Identification of suitable retreat areas may in the first instance be where land 

claim through tidal barriers have occurred and follow the successful European model of 

managed retreat where previously claimed saltmarshes are now being restored through the 

reinstating of natural tidal processes (Townend and Pethick 2002; Mossman et al. 2012). 

Further, the Circular Head coastal area is characterised by an ongoing conflict of interest in 

resource use which culminated in a failed attempt to list the area as a Ramsar Site of 

International Importance in 2000 (Prahalad and Kriwoken 2010). Part of the conflict 

involved varying perceptions relating to how well the area is being managed and the role of 

external agencies in determining local governance of land and resources (Dunn 2000; Elix 

and Lambert 2007). Being at the landward interface of the larger coastal area, saltmarshes 
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are the first point of land-based human contact and can provide insight into management 

trends and future implications.     

5.3 Study area 

The Circular Head coastal area, spanning Boullanger Bay, Robbins Passage,  

Big Bay and Duck Bay, is one of the most extensive and diverse coastal environments in 

Tasmania (Dunn 2000; Mount et al. 2010). These sheltered low lying coastal areas contain 

some of the largest mapped extent of intertidal flats, reef assemblages, seagrass beds, 

saltmarshes and Melaleuca ericifolia swamp forests (Fig. 1), occurring as a continuum of 

habitat zones along the tidal profile (Fig. 2). The area has a mesotidal range of up to 3.1 m, 

the largest tidal range on the Tasmanian mainland coast (Donaldson et al. 2012). 

Saltmarshes occur extensively on the upper intertidal profile between the area just below the 

mean high tide mark to the extent of storm tide inundation. This translates to an elevation 

range of about 0.5 m (Mount et al. 2010). In places M. ericifolia forms dominant stands on 

the landward side of this range competing with saltmarsh and extending onto nearby low 

lying areas. The predominant land use in the region is agriculture with extensive areas used 

for dairy and beef production, while the intertidal areas are used for marine aquaculture (Fig. 

3). The area is also important for commercial and recreational wild fisheries.  

The total extent of saltmarshes mapped in the study area is 1 153 ha, making up 20% of the 

saltmarshes of the State (Mount et al. 2010). Saltmarshes have no status under State 

legislation other than providing a ‘critical ecological function’ (RPDC 2009). Occurring 

adjacent to saltmarshes, the 882 ha of M. ericifolia swamp forest constitute about 11% of the 

State’s total mapped extent. This community is listed as a ‘threatened native vegetation 

community’ under Schedule 3A of the Tasmanian Nature Conservation Act 2002. 

The study area includes the Boullanger Bay-Robbins Passage (BBRP) wetlands known to 

support the largest diversity and density of resident and migratory shorebirds in Tasmania 

(Dunn 2000). Over 25,000 shorebirds have been recorded in the summer months, suggesting 

that the area supports more shorebirds than the rest of Tasmania combined (Woehler 2007). 

The area provides an important habitat for at least 15 bird species listed under international 

migratory bird agreements, including the critically endangered Orange-bellied Parrot 

(Neophema chrysogaster) of which fewer than 50 remain in the wild. These values are 

recognised internationally through the area being listed by BirdLife Australia as an 
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Important Bird Area (IBA), with the listing identifying the area being the most important 

shorebird site in Tasmania (BirdLife International 2013). State-wide studies of invertebrates 

(Wong et al. 1993), macro-invertebrates and fish species (Edgar et al. 1999), identify parts 

of the study area as supporting high diversity and conservation significance. Besides the 

high fauna values, the area supports large populations of the rare saltmarsh flora Limonium 

australe listed under the State’s Threatened Species Protection Act 1995 (Schahinger 2009). 

The BBRP area has been listed in the Directory of Important Wetlands of Australia (Ref. 

No. TAS089). Tasmania has 89 wetlands in the list and this area is the only one to fulfil all 

six criteria for listing (Environment Australia 2001). It has by far the largest extent (28 000 

ha) and highest number of habitat types (seven) among the Tasmanian sites. The area is also 

on the Register of National Estate (Place Id. 19961) for its natural values, including the 

shorebirds, saltmarshes and tidal flats. This area fulfils 6 of the 8 criteria for being 

considered as a Wetland of International Importance under the Ramsar Convention on 

Wetlands (Dunn 2000; Woehler 2007).  

 

Fig. 1. Circular Head coastal area in north-west Tasmania and the extensive coastal habitats 

as mapped by Mount et al. (2010). Melaleuca ericifolia swamp forest extent and other base 

data from theLIST, © State of Tasmania. 
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Fig. 2. Cross sectional view of the continuum of coastal habitats of the Circular Head region, 

arranged along the tidal frame. Illustration used with permission from Mount et al. (2010). 

5.4 Methods 

Aerial photo interpretation (API) was used to analyse human impacts on saltmarshes in 

tandem with ground-truthing data obtained from a ground and aerial survey of the study 

area. Aerial photos covering Boullanger Bay, Robbins Passage, Big Bay and Duck Bay were 

obtained from Tasmanian Government TASMAP aerial photography database to form a 

time series, with 25 photographs representing six different time periods over a 55 year 

period separated at roughly decadal intervals (1951/53, 1968, 1979, 1992, 2001 and 2006). 

The earliest available imagery was from 1951 and 1953, referred to as 1952 data, and the 

latest available imagery from 2006 and 2001 (for parts of Duck Bay), referred to as 2006 

data. These photographs were orthorectified in Landscape Mapper using a LiDAR digital 

elevation model of the study area captured during May 2008 and control points selected 

from Land Information Systems Tasmania (LIST) vector layers. The average root mean 

square (RMS) error from the image to image rectification process was 6.8 m. Ground-

truthing data involved field notes and photographs taken along the saltmarsh shoreline 

during extensive surveys carried out during Jan-Feb 2010. Also available were oblique 

photographs taken during an aerial survey of the area in Feb 2009. All photographs were 

geolocated and viewed through Google Maps to provide as an additional important source of 

validation to interpret both the nature and extent of human impacts.  

The current saltmarsh extent mapping by Mount et al. (2010), undertaken at a scale of 1:1 

000 based on 2006 data was used to digitise changes to saltmarsh extent on the landward 

side from historical imagery. All digitising was done within ArcGIS™ environment at a 

scale of 1:1 000 or higher at places. The availability of historical aerial imagery was not 
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uniform across the study area with many sections lacking one or few time periods in the 

series. Hence, changes for each current saltmarsh patch (or polygon) were mapped between 

the earliest available imagery and the latest available imagery. The LiDAR digital elevation 

model was used to clarify if the area deemed to be historical saltmarsh extent was in low 

lying areas, while current storm tide inundation modelling data (generated for 2010, by 

Lacey et al. 2012, and sourced from Tasmanian Planning Commission) was used to further 

validate if the historical extent was prone to storm tide flooding. This was necessary in areas 

where there were no clear signs of past saltmarsh extent from the latest imagery (cf. Sinclair 

and Boon 2012). Further, examining data from field and aerial surveys provided evidence of 

past extent through signs of relic tidal creeks and saline pasture with pioneer saltmarsh 

species. Historical loss of saltmarsh was particularly concentrated behind levees which have 

been built extensively along the shoreline to prevent tidal flooding. The extent of these 

levees were mapped from the aerial imagery and verified by both ground-truthing data and 

the LiDAR digital elevation model. 

Further to the mapping of saltmarsh loss on the landward side, saltmarsh loss due to levees 

on the seaward side was also mapped. While this study does not attempt to examine the finer 

(spatial and temporal) scale changes to saltmarsh extent on the seaward side due to erosion 

and accretion of the marsh edge (see Mount et al. 2010), the changes on the seaward side 

following the erection of levees were more pronounced and needed to be documented 

separately as direct impacts of the levees (Hood 2004), as opposed to be due solely to 

processes of shoreline change. The final saltmarsh loss layer included digitised polygons 

representing patches of saltmarsh determined to be lost. Each patch was then assigned to one 

of four types of loss: on landward side due to levees; on seaward side due to levees; due to 

land clearing not associated with levees; and due to expansion of M. ericifolia into 

saltmarsh. The historical imagery was then used to approximate the time of the loss.  

The historical imagery was then used to examine evidence of saltmarsh degradation arising 

from ditching works and removal of buffer vegetation. Ditches (or drains) were identified to 

be different from levees in that the latter is used for preventing tidal flooding whilst the 

former used to facilitate soil drainage (MacDonald et al. 2010). Extent of buffer vegetation 

removal was recorded for each saltmarsh patch based on the relative extent of landward 

margins with a minimum vegetative buffer zone of 50-100 m. Evidence of other finer scale 

localised human impacts were drawn from field notes and oblique photographs, and were of 
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variable consistency across the study area. In the case of invasive species, severe infestation 

of rice grass (Spartina anglica) has been considered here in sections of the shoreline whose 

geomorphologic behaviour has been considerably affected by the prevalence of the grass 

(Chris Sharples, unpub. data). Grazing damage was evidenced by signs of stock access and 

vegetation removal noted from ground-truthing data. Each current saltmarsh patch was then 

attributed with five types of saltmarsh degradation: associated with levees; associated with 

ditches or/and levees; extent of buffer zone removal; affected by grazing (where data was 

available); and affected by rice grass.    

To examine the management implications, three additional vector layers were used: the 

LIST Tasmanian Vegetation Monitoring and Mapping Program (TASVEG 2.0, version 

2009) mapping which included areas mapped as agricultural land; LIST property type layer 

which included areas of private and public land; and the modelled future saltmarsh extent 

layer prepared by Mount et al. (2010) using a bathtub inundation method based on storm 

tide projections for a predicted 1.1 m sea level rise scenario by the year 2100. The TASVEG 

layer was used to spatially interrogate the extent of cleared agricultural land in the vicinity 

of saltmarshes within the ArcGIS™ environment. The LIST property type layer was used to 

examine the land tenure status of existing saltmarshes and the nearby low lying areas. The 

modelled future saltmarsh extent layer was used to consider future retreat pathways for 

saltmarshes in relation to the extent of low lying inland areas occurring immediately 

adjacent to the saltmarsh patch (Prahalad and Pearson 2013). 

5.5 Results 

The Circular Head coastal area has lost a total of 219 ha of saltmarshes by 2006 due directly 

to human impacts, amounting to a net loss of 16% from a 1952 baseline (Fig. 3, Table 1). Of 

the 1 153 ha of saltmarshes that remained in 2006, a further 752 ha (65%) was associated 

with one or several of land-based human impacts. This represents an estimated 971 ha 

(71%), that has either been completely lost (219 ha) or subject to degradation (752 ha), 

between 1952 and 2006. Of the area mapped as saltmarsh in 2006, an estimated 401 ha 

(35%) had no recorded human impacts and a contiguous vegetative buffer zone of 50-100 m. 

These saltmarshes are concentrated within Robbins Island and Boullanger Bay areas. When 

the offshore islands are excluded, only large section in the mainland includes 78 ha of 

saltmarshes associated with Welcome Inlet in Boullanger Bay, with no recorded human 
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impacts and a contiguous buffer zone of 200 m or more containing healthy stands of M. 

ericifolia swamp forests. 

 

Fig. 3. Extent of levees and saltmarsh areas lost between 1952 and 2006 in the context of the 

Circular Head region. Base data from theLIST, © State of Tasmania. 

Of all the land-based human impacts recorded, the biggest contributor to saltmarsh loss and 

degradation is land claim through levee building which has impacted on 30% of saltmarshes 

since 1952. Of this 190 ha of saltmarsh has been completely lost and a further 218 ha 

severely fragmented and functionally impaired (Fig. 4). These saltmarshes were restricted to 

mainland Tasmania and notably concentrated within Big Bay and Duck Bay areas. Extent of 

saltmarsh completely lost on the landward side due to land claim by levees combined with 

land clearing represents an area of 152 ha or 70% of the total saltmarsh lost, while 

comparison of the area of saltmarsh seawards from the levee before and after construction 

reveals a loss in area of 38 ha converted from saltmarsh to open tidal flats, representing 18% 

of the total saltmarsh lost. A further 18 ha (8%) of saltmarsh loss resulted from land clearing 

not directly associated with levees and about 11 ha (5%) of loss occurred due to the 

expansion of M. ericifolia into saltmarsh.  

The total length of the levees was approximately 24.5 km. Over 90% of this extent directly 

impinged on saltmarsh habitat and the rest were 100-200 m upland from the saltmarsh, but 

within the flooding zone of the 2100 storm tide projections. The first levees were built in the 
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Robbins Passage area between 1968 and 1979, extending for 1.5 km (6% of total length). 

The most intensive period of building followed, between 1979 and 1992, when 55-70% of 

the levees were constructed. A further 15-30% of the levees were then added between 1992 

and 2001. Building continued after 2001, with two new sections extending for about 1 km 

(4%). The levees consist of an embankment created from fill taken from channels on either 

side. Several sections were eroding on the seaward side, and in places were bolstered to the 

seaward with tree trunks coated with concrete. In most cases the levees have been 

constructed along the private property boundary while the saltmarshes on the seaward side 

are on public land (below the high water mark). In several instances, levees were placed 

within public land. Notably, a levee in the Big Bay area has claimed about 6 ha of 

saltmarshes on public land which has been recognised as part of Big Bay Conservation Area 

under State legislation since August 2011.  

Table 1. Types and magnitude of saltmarsh loss and degradation between 1952 and 2006. 

Percentages presented distinguish between the area of saltmarsh lost and degraded from a 

historic baseline (1952-2006) and current baseline (2006).  

Type of saltmarsh loss (1952-2006) 
Area 

(ha) 

% of historic 

loss (1952-

2006) 

Loss on landward side due to levees 152 70% 

Loss on seaward side due to levees 38 17% 

Land clearing not associated with levees 18 8% 

Expansion of Melaleuca ericifolia 11 5% 

Total area of saltmarsh lost from a historic baseline (1952-2006) 219 16% 

Type of saltmarsh degradation (2006) 
Area 

(ha) 

% of current 

extent (2006) 

Saltmarshes associated with levees 218 19% 

Saltmarshes associated with ditches or/and levees 629 55% 

Saltmarshes without a contiguous vegetative buffer zone 505 44% 

Saltmarshes affected by grazing in the absence of other major 

impacts 
104 9% 

Saltmarshes affected by rice grass (Spartina anglica) 93 8% 

Estimated area of current saltmarsh extent associated with 

recorded human impacts (levees/ditches/buffer zone 

removal/grazing/rice grass) 

752 65% 

Estimated area of saltmarsh either lost or degraded from a 

historic baseline (1952-2006) 
971 71% 
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Fig. 4. Two pairs of aerial photographs (from 1952 and 2006) show the extent of buffer zone 

removal and levee building, with the associated saltmarsh (SM) loss and fragmentation in 

Big Bay area. The bottom pair (zoomed in) highlights the effect of levees clearly, both as 

landward and seaward side losses and fragmentation. The ditch (D) bypasses the saltmarsh 

creek and connects directly to the levee. The extensive loss of the tidal creek (TC) structure 

and integrity on the seaward side is apparent through decreased sinuosity and bank erosion 

(also see Fig. 5). A coastal strip of about 150 m seawards to the levee have been recognised 

as Big Bay Conservation Area since August 2011. 

The two most important human impacts after levees were the construction of ditches and the 

removal of buffer zones. Ditches were associated with close to 55% of the saltmarshes, in 

places linked with levees forming a hybridised drainage system (MacDonald et al. 2010). 

When saltmarshes on the offshore islands are excluded, this figure increased to about 72%. 

Some of these ditches extend from private land into public land. Eleven percent of 

saltmarshes in the study area did not have any buffer vegetation, while 33% had incomplete 
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buffer vegetation with sections directly abutting agricultural and other land uses, and 48% 

had a relatively contiguous vegetative buffer of 50-100m. The remaining 9% occurred on 

small offshore saltmarsh islands. Levees, ditches and buffer zone removal were closely 

related and affected over half (a total of 643 ha) of the current saltmarsh extent. Some 

saltmarshes such as in Kangaroo Island and Perkins Island were not associated with levees, 

ditches and had intact buffer zones. However, they have been subject to degradation 

primarily by widespread grazing. 

Within the study area, the single most important invasive species in saltmarshes and the 

adjacent intertidal flats is the introduced rice grass. The extent of rice grass has been 

recorded to be associated with over 5 km of the shoreline, largely confined to the east of 

Montagu with the infestations particularly severe within areas of Duck Bay (cf. Campbell-

Ellis 2009). When these areas of high concentrations of rice grass are examined, about 8% 

of the total saltmarsh extent is deemed to have been affected due to the marked change in the 

low marsh vegetation. 

5.6 Discussion 

Human impacts are well known to be major threats to saltmarshes (Kennish 2001; Doody 

2008; Bromberg Gedan et al. 2009; Laegdsgaard et al. 2009). The types of direct human 

impacts and their contribution to saltmarsh loss and degradation vary widely and can be 

more significant than those associated with climate change and sea level rise (e.g., Chust et 

al. 2009). In the case of north-west Tasmania, land-based human impacts on the saltmarshes 

have had a significant impact on both their extent and quality. The first sign of land-based 

impacts were recorded as early as in 1952 and restricted to two small sections. The impacts 

have considerably increased since with the most intensive period of saltmarsh loss and 

degradation recorded between 1979 and 1992, particularly with the building of over 14 km 

of levees in that period alone. In comparing this with the rates of coastal erosion reported by 

Mount et al. (2010) for the study area for similar time periods reveals a relationship whereby 

the most intensive period of levee building (1979-1992) followed the most intensive period 

of coastal erosion (1968-1979).  

Records from Burnie (80 km east of Smithton) indicate that the study area has experienced a 

net rise in mean sea level since 1966 by 5.4 cm at a rate of 1.4 mm y-1 (Mount et al. 2010). 

This increase in sea level acts as the main underlying driver and relative exposure to wind 
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waves as the principal mechanism for saltmarsh shoreline erosion. In many areas where 

levees occur, saltmarshes were found to be undergoing coastal squeeze between the rising 

sea and the backing tidal barrier (Cooper et al. 2001), with only fringing marshes remaining 

in front of the levees. Large areas of saltmarsh in the study area were noted to be eroding on 

the seaward side and this erosional loss may have been exacerbated by the presence of tidal 

barriers (Reise 2005). Furthermore, the fringing saltmarshes on the seaward side of the levee 

were heavily fragmented and had reduced habitat structure and complexity (Fig. 5). These 

patches were largely characterised by vegetation dominated by either Sarcocornia 

quinqueflora or Juncus kraussii in strong contrast to areas unaffected by levees where a 

more diverse mix of vegetation communities was observed. Notably the rare saltmarsh plant 

Limonium australe was found along the fringing marshes seaward from the extensive levees 

in the Big Bay area subject to coastal squeeze. 

 

Fig. 5. Aerial oblique photo of a section of levee in Big Bay area (relate to Fig. 4). Area 

seawards to the levee has suffered extensive loss of saltmarsh and tidal creeks, with 

fragmented fringing marshes dominated by Sarcocornia quinqueflora or Juncus kraussii 

(patches close to the levee). A small patch of saltmarsh exists behind the levee while 

remaining areas have been cleared. Also visible are the network of ditches to facilitate 

drainage of water into the levees. 
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Levees were also noted to have a considerable effect on the saltmarsh tidal creeks through 

loss of structure and integrity. Tidal creeks are an important aspect of the saltmarsh habitat 

and function by transporting sediments, nutrients and biota into and out of the saltmarsh and 

the larger marine system (Allen 2000). Thus the network of tidal creeks forms an important 

mechanism for ecological connectivity, ecosystem health and productivity (Mallin and 

Lewitus 2004). Levees disconnect the tidal creek network on the landward side, and are 

known to cause the creeks to the seaward side to lose their structure (decreased sinuosity) 

and integrity (bank erosion) due to increased tidal prism and wave action (Hood 2004; Reise 

2005). Evidence for this was observed uniformly across the study area and may not be 

explained by sea level rise induced erosion alone (see Fig. 4, Fig. 5). Comparison with 

relatively similar saltmarsh sites in terms of area, creek structure and wave exposure, 

revealed that saltmarshes with levees had a visible loss in creek structure and integrity on the 

seaward side compared to marshes without levees. 

Levees and the associated land clearing (including drainage ditches) also have indirect 

consequences for the health and productivity of saltmarshes and the larger coastal ecosystem 

through changes in drainage and soil chemistry (Anisfeld and Benoit 1997). Levee channels 

collect nutrients and sediment running off from their immediate catchments (dominated by 

cattle grazing) and release them at points fitted with controllable release mechanisms to 

flush the water collected in the channels into the sea (e.g., Fig. 4). While the periodicity of 

the flushing is unknown, water was observed to be stagnant in several of the levee channels 

during field and aerial surveys. Filamentous algae were abundant within these channels and 

nearby tidal flats indicating possible nutrient enrichment (Fig. 6). The Circular Head 

catchments are known to deliver high levels of total nitrogen and phosphorous with the 

highest levels of phosphorus recorded in soil sediments of Duck Bay (Mount et al. 2010). 

Excessive nutrient loading has been linked to geomorphic instability in saltmarshes leading 

to increased erosional loss (Deegan et al. 2012). Nutrient loading is also well known to be a 

major cause of seagrass loss in the intertidal and subtidal habitats (Burkholder et al. 2007). 

This is a management concern for both nature conservation and marine food production, 

especially with several aquaculture leases in the Big Bay and Duck Bay areas which also 

have the highest concentration of levees (see Fig. 3). One of the key ecosystem services 

provided by saltmarshes is nutrient sequestration and denitrification (Valiela and Cole 

2002), which could be improved if saltmarshes were restored.  
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Fig. 6. Marked presence of filamentous algae noted in levee channels and nearby tidal flat 

areas of Big Bay that have experienced saltmarsh loss since the installation of the levees. 

In the Circular Head region over 20 000 ha of land has been cleared for agricultural use 

within 1-2 km of the saltmarshes (see also Stockton 1982). This includes the removal of 

large areas of coastal fringing M. ericifolia vegetation, a process which aerial photos 

revealed to provide entry points exposing the marsh to further land-based human impacts. A 

200 m buffer zone of hydric soils, such as that associated with M. ericifolia swamp forests, 

has been shown to considerably reduce nutrient loading into the saltmarsh (Wigand et al. 

2004). A study by Holz (2009) in Montagu further identified that native forest cover 

improved water quality in the immediate area. Except for parts of Boullanger Bay and the 

nearby offshore islands, saltmarshes in the study area do not have sufficient buffer zones. 

Lack of adequate buffer zones can affect habitat quality, as in the case of Tasmanian marine 

invertebrates, the abundance and diversity of which have been linked to adjacent terrestrial 

vegetation (Wong et al. 1993). Removal of buffer zones has also been shown to affect the 

contribution of saltmarshes to marine food webs in the case of temperate Australian 
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estuaries (Svensson et al. 2007). Reestablishment of M. ericifolia can improve water quality, 

saltmarsh function and can be further justified by its own conservation status. 

Other main direct human impacts on saltmarshes in the study area ascertained from ground-

truthing data include livestock grazing, use of off-road vehicles, dumping of rubbish and 

invasive species. Importantly, grazing and trampling by cattle were noted to have caused 

considerable damage in large areas of marshes opened to grazing, both on the mainland and 

the offshore Perkins Island and Kangaroo Island (Fig. 7). Extensive grazing can remove 

plant biomass, disturb the soil and clog up tidal channels thereby considerably reducing the 

habitat quality and function while undermining the natural saltmarsh resilience to sea level 

rise, principally by affecting accretion rates (Kirwan et al. 2008). In south-east Tasmania, 

grazing has been strongly linked with substantial effects on saltmarsh vegetation, soil 

condition and invertebrate composition (Gouldthorpe 2000). These variables can also be 

similarly affected by the use of off-road vehicles (Kellaway 2006), which have been noted to 

have caused defoliation and soil-compression in several saltmarshes. Another more localised 

impact, dumping of rubbish was noted in various sections of saltmarshes with flotsam from 

the oyster farms in the area being a notable component.  

Rice grass has been noted to be the most important exotic invasive saltmarsh species (Adam 

2009). In the study area, the grass has colonised over bare intertidal flats and is competing 

with the lower tidal range native saltmarsh vegetation communities dominated by Juncus 

kraussii and Sarcocornia quinqueflora and the intertidal seagrasses (Zostera muelleri). 

Uncontrolled spread of rice grass can considerably alter the geomorphology and hence the 

hydrology and ecology of intertidal ecosystems (Doody 2008). This can have implications 

for migratory shorebirds, aquaculture and loss of aesthetic values (Adam 2009).  

As another loss of saltmarsh associated with vegetation change, a small proportion of the 

mapped total loss was attributed to the expansion of M. ericifolia into saltmarsh. M. 

ericifolia is a colony-forming clonal tree species with extensive root networks (Robinson 

2007), and are capable of growing under moderate levels of salinity (Salter et al. 2007). 

While aerial photo analysis indicate that M. ericifolia have expanded into saltmarsh areas, 

ground surveys on the other hand showed several instances of M. ericifolia dieback often 

with saltmarsh vegetation establishing as the dominant understorey. However, these changes 

were not noticeable from the aerial imagery and hence cannot be quantified here. Though, as 

Salter et al. (2007) have recorded, an increase in salinity with increased periods of 
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waterlogging with marine water has detrimental impacts on M. ericifolia causing a reduction 

in seedling recruitment and dieback of mature trees. The study area thus presents a good 

opportunity to study the dynamics of M. ericifolia with saltmarshes and sea level rise. 

 

Fig. 7. Extensive grazing impact by cattle in Kangaroo Island saltmarshes. The island has 

since been listed as Conservation Area in 2011. 

An emerging land-based human impact of relevance here is the lack of landward buffer 

zones as retreat areas for saltmarshes, and seagrass habitats (Saunders et al. 2013), to 

respond to sea level rise by moving upwards and landwards. In many areas, this natural 

response has been curbed by the building of levees as tidal barriers. The future of 

saltmarshes in the area will depend upon relieving this stress and providing the marshes 

room to move with sea level rise (Adam 2002). This also has the additional benefit of carbon 

sequestration among other gains in ecosystem services (Rogers et al. 2013). While the 

modelled future saltmarsh extent indicates that there are adequate low lying areas for 

saltmarshes to move into with sea level rise, this natural retreat is contingent on how these 

low lying areas are managed given that they are privately owned. Close to 90% of the low 

lying areas identified as being suitable for saltmarshes to retreat to is owned privately, of 
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which about 60% is currently cleared and used as agricultural land. The sympathetic 

management of these identified retreat areas and a further allocation of a vegetative buffer 

zone (of 100-200m width) will promote the health and productivity of saltmarshes. 

Despite the substantial extent and range of human impacts in the study area, several sections 

of saltmarsh remain in good condition with no human impacts recorded. These areas 

represent some of the least disturbed saltmarshes in Tasmania and warrant adequate 

conservation measures. While a portion of this area fall within reserves (about 136 ha), 

additional reservation of other parts will help secure a rare natural baseline for other 

saltmarshes in the study area and more widely. This is particularly relevant in planning for 

any agricultural expansion and further land clearing in the Circular Head area. 

5.7 Conclusion 

Saltmarshes form an integral component of the larger Circular Head coastal landscape (as 

depicted in Fig. 2) and are important for promoting the rich values of this larger area. 

Particularly saltmarshes themselves act as buffers for land use impacts and also are key 

entry points for land based human activities interfering with the marine areas. Additionally 

they are also the medium through which sea level rise is interacting with the low lying parts 

of the Circular Head area as they form the upper end of the tidal profile. Being at this 

interface between land and sea has rendered saltmarshes globally to be most vulnerable to 

human impacts (Kennish 2001; Bromberg Gedan et al. 2009). In this context, the nature and 

scale of human impacts documented here is not surprising given similar accounts from 

elsewhere (e.g., Chust et al. 2009; Prahalad et al. 2011; Sinclair and Boon 2012). However, 

the relative inadequacy of monitoring and extent of management consideration is of some 

concern. Boon (2012) suggests that this concern is shared across temperate eastern 

Australia, particularly in light of insufficient funding allocated to coastal saltmarshes and the 

widespread ignorance of their value. The criticism is perhaps well placed when the relative 

advancement of the knowledge and management action taken on Northern Hemisphere 

saltmarshes are compared (e.g., Townend and Pethick 2002; Mossman et al. 2012; Ross and 

Adam 2013).  

The area of saltmarsh that has experienced degradation was much greater than the 

substantial area lost in the 55 years (see Table 2). This highlights the need to consider 

degradation (functional loss) in conservation planning for saltmarshes in addition to 
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factoring in figures of absolute loss. Future planning for conservation and the use of land 

and marine resources in the Circular Head area should strive to promote the functional 

health of saltmarshes. This includes the restitution of natural tidal regimes, provision of 

buffer zones, planning for landward retreat areas, exclusion of grazing, restriction of vehicle 

access, local waste disposal management, and catchment management for nutrients and 

sediment. This program is partly reflected in the community-based draft management plan 

for the area (Tasmanian Land Conservancy et al. 2006), proclamation of new reserves in 

2011, and land-use planning provisions made within the Circular Head Planning Scheme 

whereby “to maintain the natural functions of ... the coastal environment ... any development 

within 30 metres of any tidal flat, saltmarsh, or lagoon; or involving the dumping of rubbish 

or landfill on or into any tidal flat, saltmarsh or lagoon or the filling or reclamation of any 

such area” is subject to planning guidelines and approvals (Clause 6.5.1). Although, these 

new reserves are limited in extent and largely inherit degraded saltmarsh, and the planning 

scheme does not apply to the 24.5 km of levees already constructed.  

A broader management approach which addresses both past loss and future change from an 

ecosystem services perspective is needed (Edyvane 1999; UNEP 2011; Prahalad and 

Pearson 2013). In the present case, the principles of such an ecosystem-based management 

approach need to be built into revisions of the draft management plan (Tasmanian Land 

Conservancy et al. 2006) and stakeholder consensus building activities (Elix and Lambert 

2007). In this context, formal recognition of the area as a Ramsar Site could be a statement 

of joint commitment that attracts public investment to provide ecosystem services through 

saltmarsh restoration. The ongoing engagement of key stakeholders, especially the 

agricultural land managers, remains crucial to this outcome. 
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Chapter 6  

Global change effects and saltmarsh loss in the Circular 

Head coast, north-west Tasmania 

 

This chapter contributes to the following research theme and objective: 

Key threatening processes 

Chapter 6 Objective – To improve our understanding of the effects of sea level rise and 

storminess/wave exposure (as key threatening processes) on saltmarshes. To demonstrate a 

methodology of modelling Tasmanian coastal saltmarsh vulnerability to these global change 

factors and determine the extent to which the EPBC Act listing criteria can be assessed. 
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6.1 Abstract  

Rising sea levels and changing wind climates are widely expected to be associated with 

receding coastlines, creating a planning need for coastal change prediction, especially for 

soft shores like those associated with saltmarsh. We ask whether it is possible use a simple 

cartographic wind-wave fetch method to estimate the spatial pattern of progradation and 

recession of soft shores in swell-sheltered situations in which there is little or no input of 

new sediment from terrestrial sources. For points on an extensive embayment shoreline of 

this type we mapped change over 54 years from aerial photographs, recorded current 

shoreline morphology and calculated a wave fetch index (WFI). Morphological indication of 

strong progradation was associated with low WFI, but there was no statistically significant 

effect of variation in WFI on the degree of shoreline retreat. Saltmarsh shorelines averaged 

14 cm per annum retreat between 1952 and 2006, a rate that did not vary significantly 

between air photo periods. We conclude that our geographic information system approach 

utilising WFI is likely to be useful as a planning tool in identifying those parts of sediment-

poor saltmarsh shores where erosion is most likely or least likely to occur, but not 

particularly useful for predicting finer-scale variation in rates of shoreline recession within 

the particular substrate types in our study area. In the context of relative sea-level rise and 

increasing wind speeds, such modelling can help identify coastlines which are likely to 

support saltmarshes into the future. 

Keywords: fetch wave exposure; coastal erosion; saltmarsh; soft sediment; GIS; Tasmania 

6.2 Introduction   

With the onset of accelerating global sea-level rise over the last century (Church and White 

2006), coastal erosion has emerged as an increasingly significant issue in coastal 

conservation owing to the well-understood geomorphic principle that a rise in sea-level 

relative to an erodible shoreline will generally result in erosional recession of shorelines 

(e.g., Zhang et al. 2004; Stive et al. 2009). Given the consequences that shoreline recession 

may have for both ecosystems and human assets, there is an increasing need to improve our 

understanding of which parts of any given coastline are likely to be more susceptible to 

erosion than others (DCC 2009). Although variability in shoreline substrate type is clearly a 

primary factor determining inherent shoreline susceptibility to erosion (Benumof et al. 2000; 
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Bezerra et al. 2011; Feagin et al. 2009; Cowart et al. 2010), it is also important to consider 

alongshore variability in the bio-physical processes which drive or inhibit erosion. 

Waves are recognised to be the dominant mechanism of shoreline erosion in most coastal 

environments (Pethick 1993; Harris et al. 2002; FitzGerald et al. 2008; Fagherazzi and 

Wiberg 2009; Tonelli et al. 2010). They influence sea cliffs (Benumof et al. 2000; Bezerra et 

al. 2011), rocky reefs (Burrows et al. 2008; Hill et al. 2010), coral reefs (Chollett and 

Mumby 2012) and saltmarshes (Schwimmer 2001; van der Wal and Pye 2004; Marani et al. 

2011). The challenge here is to identify reliable relationships between variability in wave 

energy and shoreline type over large coastal areas, and consequent changes in ecology and 

geomorphology, including erosion, to inform holistic management of these areas. While 

relationships in the case of open coast shorelines are better-established, fewer studies have 

focussed on swell-sheltered tidal re-entrants, such as estuaries and embayments (e.g., 

Cowart et al. 2010, 2011). These coastal environments are sheltered from the open coast 

swell waves and support important ecosystems such as saltmarshes, which are at the critical 

interface of threats from both global sea-level rise and local human impacts (van der Wal 

and Pye 2004; Prahalad et al. 2011; Saintilan and Rogers 2013).  

Although saltmarshes are excluded from swell waves they are subject to wind waves that 

develop along available fetches within swell-sheltered tidal re-entrants. Wind waves are a 

primary mechanism of saltmarsh shoreline change with sea level rise being an underlying 

driver. Despite the important role of wave energy in shaping saltmarsh shorelines (Allen 

2000), the nature of this relationship has been studied to a much lesser extent compared to 

other bio-physical drivers of saltmarsh resilience (Marani et al. 2011; Stralberg et al. 2011; 

Mariotti and Fagherazzi 2013; Torio and Chmura 2013). The role of wave energy is 

particularly important in larger coastal areas where the availability of sediment is low in 

relation to relative sea level rise (Willaims and Orr 2002; Mariotti and Fagherazzi 2013). We 

recognise this general lack of attention to the relative role of wave energy in studies of 

saltmarsh resilience to be particularly acute in Australia (e.g., Saintilan 2009; Saintilan and 

Rogers 2013), where despite the considerable number of large estuaries and embayments 

(Heap et al. 2001) and their importance in the context of ecosystem services and human 

assets (DCC 2009), we could not locate a single study to this effect. Even where predictive 

models such as Sea Level Affecting Marshes Model (SLAMM) have been used, they 

consider wave energy within a limited context omitting factors such as wind speed and 
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direction, and rely on empirical data generated from Northern Hemisphere studies (Akumu 

et al. 2010). Our study aims to fill this gap and generate empirical data relating wave energy 

within a swell-sheltered tidal re-entrant environment in Australia to saltmarsh shoreline 

evolution. More generally, we seek to contribute to raising the profile of wave energy as an 

important mechanism of saltmarsh shoreline change, particularly where sedimentation is 

clearly not sufficient to compensate for the effects of sea level rise.    

For a large study area in north-western Tasmania, Australia, we use wind-wave fetch 

derived from a simple Geographical Information Systems (GIS) based cartographic wind-

wave fetch exposure modelling to predict the spatial pattern of progradation and recession of 

soft shores in swell-sheltered situations in which there is little or no input of new sediment 

from terrestrial sources. Cartographic fetch modelling has emerged as an efficient method of 

quantifying wave exposure for coastal environments within GIS (e.g. Ekebom et al. 2003; 

Tolvanen and Suominen 2005). Wave exposure is strongly correlated with wave energy 

received and is primarily determined by fetch length (openness), near shore bathymetry, 

local wind conditions and offshore swell wave climate (Hill et al. 2010). For swell-sheltered 

coastal re-entrants such as estuaries and tidal lagoons, offshore swell waves are limited by 

barriers and can be excluded from wave exposure studies. Although more computationally 

intensive numerical models are available for modelling wave exposure (e.g., the SWAN 

model, Booij et al. 1999), simpler GIS based cartographic fetch-wave modelling using a 

point based approach has proven a robust alternative in fetch-limited environments where 

swell waves are not significant (e.g., Cowart et al. 2010, 2011). 

6.3 Study Area 

The study area is a large coastal tide-dominated re-entrant comprising over 100 km of 

dominantly soft low-profile, sandy and saltmarsh-colonised shores fronted by extensive 

intertidal to sub-tidal sand flats that are almost entirely sheltered from the swell-dominated 

wave climate of Bass Strait behind Robbins Island and the large prograded Holocene sandy 

barriers of Perkins Island and Anthonys Beach (Fig. 1). The shorelines are mostly backed by 

marshy low ground or slightly higher plains of windblown Pleistocene sand, sometimes 

mantling bedrock above sea-level but more generally extending in depth to below present 

sea-level. Native saltmarsh occurs extensively in the upper intertidal profile between the 

area just below the mean high tide mark and inland to the extent of storm tide with an 

elevation range of about 0.55 m (Mount et al. 2010). Within the re-entrant environment, the 
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wave climate is characterised entirely by wind-waves generated locally across available 

fetches.  The study area has the largest tidal range on the Tasmanian coast (a mesotidal 

range of up to 3.1 m: Donaldson et al. 2012), resulting in strong, partly channelized, tidal 

currents across the intertidal flats. 

 

Fig. 1. Location map of the north-west Tasmania study area. The extensive intertidal areas 

shown are mostly sandflats that are exposed at low tide. 

Apart from superficial Holocene reworking of sand by waves and tidal currents, the 

extensive intertidal to subtidal sand flats in the study area are not Holocene coastal or marine 

sediments but are mainly relict Pleistocene terrestrial aeolian, fluvial and lacustrine deposits 

that were partly inundated and stripped by marine erosion at the upper limit of the post-

glacial marine transgression that ceased in the south-eastern Australia region circa 6,500 

years BP (Lambeck and Chappell 2001).  Whilst a thin (c 0.5 m) veneer of reworked sands 

mantles parts of the tidal flats, in many areas eroding Pleistocene freshwater peats are 

exposed on the tidal flat surface, both adjacent to the shoreline (Fig. 2b) and also in widely 

scattered patches across the intertidal flats.  This implies that the flats are currently erosional 

rather than depositional environments (Mount et al. 2010). Rivers that flow into the 

sheltered waters, namely the Duck, Montagu, Harcus and Welcome, exhibit no evidence of 
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active sand transport such as sandy point bars or recent deltaic deposits, and instead appear 

to be transporting only small amounts of clay and silt-grade sediment as is commonly the 

case for rivers in western Tasmania (e.g., Nanson et al. 1995). We therefore infer that there 

is a negative sand budget with little capacity for sandy sediment accumulation to be an 

influence on shoreline location. 

Tide gauge data from Burnie, 70 km to the east of the study area shows a net rise in sea level 

between 1966 and 2010 of 5.4 cm at a steady 1.4 mm y-1 (Mount et al. 2010). This rate is 

consistent with the Australian average for the period 1920-2000, estimated to be 1.2 mm y-1 

(Church et al. 2006). Wind speed data was available only from 1991 onwards for the study 

area. Winds recorded for 1991-2009 at Cape Grim Bureau of Meteorology weather station to 

the west of the study area indicate a greater incidence of high wind speeds in the decade 

2000-2010 compared to the decade 1990-2000 (Mount et al. 2010). This observation is 

consistent with the longer term wind data for south-eastern Tasmania showing that the 

decade before 2009 had the highest annual mean wind speeds compared to the previous four 

decades (Prahalad et al. 2011).   

The nearby land use is predominantly agricultural with extensive areas used for dairy and 

beef production, while intertidal parts of the study area (eastern sections) are used for marine 

aquaculture. The history of land use changes in the study area and their impacts on 

saltmarshes have been documented by Prahalad (2014), and the main factors of concern in 

relation to this study are the long tidal barriers (levees) constructed behind the saltmarsh 

shoreline and the presence of introduced rice grass (Spartina anglica). The rice grass 

competes with native saltmarsh vegetation communities in the lower tidal zone, dominated 

by Sarcocornia quinqueflora (see Fig. 2d) and in places by Juncus kraussii, as well as 

extending to lower elevation than native saltmarsh.  
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Fig. 2. Examples of fetch-dominated saltmarsh and non-saltmarsh shores in the study area.  

(a – top left) A typical spatially-continuous, actively eroding soft saltmarsh shore within the 

study area where the low marsh dominated by Sarcocornia quinqueflora has been eroded 

back to the high marsh dominated by grasses and sedges (compare intact saltmarsh in d). 

This example comprises of sand, silt, clay and organic debris captured by saltmarsh plants, 

which has accumulated over a substrate of Pleistocene and superficially reworked Holocene 

sands.  

(b – top right) A typical continuous, actively eroding soft non-saltmarsh shore within the 

study area. This example comprises well-podsolised Pleistocene terrestrial aeolian sands 

over a semi-indurated freshwater Pleistocene peat deposit which we infer to be a terrestrial 

swamp or lake deposit laid down in an inter-dune swale.  

(c – bottom left) An example of temporally-intermittent saltmarsh erosion, with an old 

inactive erosion scarp in soft clayey-sand saltmarsh soil (over semi-indurated peaty sand) is 

fronted by currently accreting secondary saltmarsh.  

(d – bottom right) An example of spatially-continuous active saltmarsh accretion, with no 

evidence of scarp development along the marsh platform. This example is typical of an 

intact sequence of native saltmarsh with the low marsh dominated by Sarcocornia 

quinqueflora and the high marsh (to the back) dominated by grasses and sedges, with the 

backing Melaleuca ericifolia tree cover visible. 
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6.4 Methods 

6.4.1 Mapping of shorelines 

In 2010, detailed field mapping was undertaken at a nominal scale of 1:10,000 or larger 

throughout the entire study area (Fig. 1). Mapping was based on field observations made by 

walking the entire shoreline length of the study area, with geographical positioning system 

(GPS) coordinates taken for all observations and transferred onto a vector line layer within 

the ArcGIS™ environment. Shorelines were classified into substrate type groups of similar 

fabric which might be expected to have similar responses to drivers of erosion (Table 1, Fig. 

1). The soft sediment shorelines that are the subject of our paper were divided into those 

with saltmarsh (Fig. 2acd) and those sandy shores without saltmarsh (Fig. 2b). Shoreline 

stability status (Table 2) was also mapped. Our aim was to record current status without 

necessarily inferring whether erosion or accretion is progressive and non-reversing, or 

alternating (e.g., a cut-and-fill cycle). However, where clear evidence of episodic erosion 

and accretion was visible (e.g., old erosion scarps behind current accretion), then these were 

classified as having ‘temporally intermittent erosion’ (Fig. 2c). The heights of erosion scarps 

were recorded as another proxy measure for shoreline stability, on the assumption that 

higher scarps roughly reflect a greater degree of shoreline recession into the prior backshore 

terrain.  

Table 1 Grouped shoreline substrate type classes with their respective length and relative 

dominance within the study area (in terms of percent of the 107.2 km of shoreline mapped). 

Note that some of these groups lump together finer sub-divisions mapped in the field.  

Shoreline type group Grouping for this 

study 

Length (m) Percent of the 

total shoreline 

Erodible saltmarsh soil 

substrates over sand 

Soft saltmarsh shores 

(swell-sheltered) 

77,753 

 

73 

 

Soft erodible substrates over 

hard bedrock 

Soft saltmarsh shores 

(swell-sheltered) 

7,661 7 

Other sands (including older 

Holocene podzolic beach 

ridge or Pleistocene aeolian 

sand sheet deposits) 

Soft non-saltmarsh 

shores (swell-

sheltered) 

10,834 

 

10 

“Cut and fill” shorelines – 

foredunes and beach ridges 

Cut and fill shores 

(swell-exposed and 

sheltered)  

6,718 

 

6 

Dominantly hard stable 

bedrock shores 

Hard shores (swell-

exposed and sheltered) 

4,254 

 

4 
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Table 2 Grouped shoreline erosion type classes with their respective length and relative 

dominance observed during fieldwork within the study area (in terms of percent of the 107.2 

km of shoreline mapped). Symbols shown are as used in subsequent figures. Note that some 

of these groups lump together finer sub-divisions mapped in the field. Except for hard bedrock 

shores, each substrate class in Table 1 may contain sections belonging to any of the stability 

classes listed here.  

Stability Group Symbol Length (m) Percent of the 

total shoreline 

Actively eroding shores, continuous AE 22,108 21 

Dominantly actively eroding shores 

(with some sub-ordinate intermittent 

stability or accretion) 

DE 7,884 7 

Intermittently eroding shores (some 

spatially or temporally intermittent 

accretion, but accretion not dominant) 

IE 23,557 22 

Stable shores (i.e., mainly hard 

bedrock, or soft shores with no 

indication of accretion or erosion) 

- 4,440 4 

Dominantly accreting shores with 

some intermittent or prior erosion 
DA 18,629 17 

Accreting shores, no evidence of prior 

erosion 
AA 30,601 29 

 

6.4.2 Historical aerial photograph analysis of shoreline change 

Changes in the seaward boundary of saltmarsh were measured in parts of the study area for 

which there was a suitable time series of historical aerial imagery. Aerial photographs were 

available for parts of the study area for the years 1952, 1968, 1979, 2001 and 2006. The 

photos were all taken in summer months at unknown tidal levels, which however did not 

affect the visibility of the saltmarsh-tidal flat interface owing to the distinctive colour and 

texture of saltmarsh vegetation. The aerial photographs (as 8 bit grey scale and 24 bit 

colour) were sourced from the Tasmanian Government TASMAP aerial photography 

database, scanned to a resolution of 1200 dpi and ortho-rectified using Landscape Mapper™ 

software. A LiDAR-derived digital elevation (DEM) model for the study area captured 

during May 2008 (with a vertical and horizontal accuracy of +/- 25 cm) and 1:25,000 

cartographic vector layers sourced from Land Information Systems Tasmania (LIST) were 

used in the geo-rectification process (image to image geo-rectification with ground control 



Chapter 6 – Global Change Effects (Case Study) 

 
190 

points selected from the vector map layers). The average root mean square (RMS) error 

from the process was 6.8 m, with 2006 images having the lowest average RMS error of 3.1 

m (with a range between 1.9 m and 5.8 m). Hence, the 2006 images were used as the base 

layer to geo-rectify other older images further within the ArcGIS™ environment to reduce 

the relative positional error between the images to less than 5 m. Control points for this 

process included reliably identifiable creek lines and individual mature trees closer to the 

shorelines of interest to the study (cf. Cox et al. 2003; Prahalad et al. 2011).  

For each time period, the shoreline position was digitised along the boundary of the 

vegetation and the tidal flat bare sand. Shorelines backed by artificial tidal barriers (mainly 

levees recorded during field work) were not included as the barriers are likely to have 

altered the natural shoreline response to climate change and sea level rise (Hood 2004; 

Prahalad 2014). The 2006 shoreline position was used as the ‘reference shoreline’ against 

which historic shoreline change were measured and analysed at 225 point locations spaced 

at 100 m intervals along the saltmarsh shoreline. Shoreline change was measured at each of 

these points as distance (in m) of shoreline movement between two time periods and then 

annual rates calculated by dividing the distance by the number of years. The earlier series of 

photographs varied in their coverage of these points, hence only a subset of the 225 point 

locations was used for pairwise comparison between time periods. 

6.4.3 Wind-wave fetch exposure modelling 

Wind-wave fetch exposure modelling was conducted using the GIS-based cartographic 

wave exposure model called Generic Relative Wave Exposure Model (‘GREMO’, Pepper 

2009; Pepper and Puotinen 2009). The model is based on the Wave Exposure Model 

(WEMo) developed by Malhotra and Fonseca (2007) for estuarine (swell-sheltered) 

environments and can incorporate bathymetric and wind speed/directional data. The model 

is implemented in the ESRI ArcMapTM software environment and readily customised to 

project needs (e.g., Hill et al. 2010).  The data input for the model included: a point file of 

1031 of the sampling points along the shoreline (spaced at 100 m intervals); a polygon file, 

which is the digitised coastline (nominal High Water Mark) of Tasmania; a 10 x 10 m digital 

bathymetric grid compiled to represent the bathymetry of the study area using the LiDAR 

DEM in the intertidal area and bathymetric contours below low water mark obtained from 

the Royal Australian Navy Hydrographers Chart; and wind speed/directional information 

(including storm winds), obtained for 16 compass directions for two Bureau of Meteorology 
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weather stations at Cape Grim and Smithton (station numbers 091245 and 091292 at the 

western and eastern ends of the study area respectively). 

For each sampling point GREMO calculated the fetch length between the point (from the 

input point file) to the nearest potential wave blocking obstacle (input polygon file/coastline) 

at every 7.5 degrees around the point (i.e., 48 fetch lines radiating from every point) to a 

distance of 30 km (to ensure differentiation between fetches open to Bass Strait and those 

more enclosed). The calculated fetch length was then weighted by overlaying the 

bathymetric grid data generated for the project to account for the attenuation effect of 

shallow bathymetry on waves. A distance of 2 km was set as the maximum distance for 

bathymetry interrogation. The resultant fetch-bathymetric values were further weighted by 

the wind speed and direction information and summed to calculate the relative aggregate 

fetch-wave exposure for each sampling point along the shoreline. The Cape Grim wind data 

were used for Boullanger Bay area while Smithton wind data were used for Robbins 

Passage, Big Bay and Duck Bay areas (see Fig. 1). No attempt was made to derive absolute 

wave energy estimates, rather, the model produces a relative aggregate wave exposure as a 

dimensionless value that enables comparisons within the study area and is referred to as the 

Wave Fetch Index (WFI).  

We identified and excluded from analysis shores where processes or environmental factors 

other than local fetch-dominated wave exposure were likely to be dominant influences on 

shoreline behaviour (Fig. 1). We justify the exclusion of these data points as our aim is 

explicitly to examine the effect of wave exposure on shoreline behaviour, and not to 

compare that effect with other identifiable influences. Excluded shores comprise  shoreline 

sections associated with foredunes and beach ridges subject to swell waves and displaying 

‘cut-and-fill’ behaviour (61 points); areas in front of artificial tidal barriers as they tend to 

amplify erosional loss (Prahalad 2014) (173 points); areas close to tidal channels and subject 

to tidal currents (34 points); mouths of estuaries subject to river discharge currents (73 

points); areas invaded by Spartina which considerably alters native shoreline 

geomorphology and behaviour (Sheehan and Ellison 2014) (40 points); hard bedrock shores 

(43 points); and cartographic anomalies where the digitised shoreline vector layer in some 

places did not represent the actual current position or shape of shoreline as mapped on the 

ground (36 points). Of the remaining points, 502 were on saltmarsh shores and 69 were on 

non-saltmarsh shores. 
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6.4.4 Statistical analysis 

WFI generated for each point on the shoreline for every 100 m was compared with the 

shoreline mapping data including substrate types, erosion status and scarp height. The 

Kruskal-Wallis H test was used to determine whether WFI differed between the substrate 

types including saltmarsh (502 data points), non-saltmarsh (69 data points) and cut and fill 

shores (61 data points). Analysis of variance with Tukey multiple comparison tests (P <0.05) 

was used to determine whether WFI varied between erosion classes (Table 2) and scarp 

height classes for each of saltmarsh and non-saltmarsh within swell-sheltered areas. 

Residuals were normally distributed in all cases. Scarp height observations were recorded 

against three classes for fetch-dominated saltmarsh shorelines: < 0.2 m; 0.2-0.5 m; and no 

scarp. For the fetch-dominated non-saltmarsh shorelines, five of the six mapped scarp height 

classes were used: 0.2-0.5 m; 0.5-1 m; 1-2 m; 2-6 m; and no scarp. These height classes 

were chosen on the basis of an apparent clustering of scarp heights that became evident 

during field work.  

Because there was considerable variation in aerial photograph coverage between years, the 

mean annual amount of shoreline change was calculated for 1952-2006, 1968-2006, 1979-

2006, 1992-2006, 2001-2006, 1952-1968, 1968-1979, 1979-1992 and 1992-2001 time 

periods. The relationship of shoreline changes observed from aerial photo analysis with WFI 

were tested for all these periods using Pearson’s product moment correlation coefficient, 

which was also used to test the relationships between the values for each of the time periods. 

Two sample t-tests were used to determine if mean annual shoreline change differed 

between each pair of 1952-1968, 1968-1979, 1979-1992, 1992-2001 and 2001-2006. 

6.5 Results 

Most of the coast in the study area consisted of soft, easily erodible sediments (Table 1). 

Half of the easily erodible coast in swell-sheltered areas exhibited evidence of recession 

(Table 2), while 46% showed evidence of accretion (Table 2). Of the saltmarsh shores, 33% 

were actively accreting, while only 10% of the non-saltmarsh shores were doing so. Forty-

nine percent of the saltmarsh shore had evidence of erosion, much less than the 78% for 

non-saltmarsh shorelines. The erosion status of the saltmarsh shorelines was related to WFI 

(F4,497 = 15.49; P < 0.001). The accreting shores with no evidence of prior erosion had lower 

wave exposure than the other three erosion status classes. There was however no significant 

difference in wave exposure between the other three erosion status classes. Erosion status 
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for the non-saltmarsh shorelines was also related to WFI (F4,64 = 3.37; P = 0.015). Again, the 

accreting shores with no evidence of prior erosion had the lowest wave exposure, differing 

from the actively eroding and intermittently eroding shores, while the wave exposures of 

latter two erosion status classes were statistically indistinguishable.   

The mean WFI for actively accreting saltmarsh shorelines was 65,515 (s.d. = 44,784), while 

the equivalent figure for the actively accreting non-saltmarsh shorelines was 87,949 (s.d. = 

50,596). The midpoint between the WFI means for the mild erosion and mild accretion 

classes could be considered a threshold and was 96,383 for saltmarsh and 159,978 for non-

saltmarsh. Thus, the WFI threshold for erosion was much lower for saltmarsh shores than 

non-saltmarsh shores. Saltmarsh (median = 78,806), non-saltmarsh (median = 172,943) and 

cut and fill shores (median = 448,380) formed a sequence strongly related to WFI (H2, 592 = 

106.11, P < 0.001), with the threshold WFI for a transition from saltmarsh to other types 

being approximately 110,000 (Fig. 3). In other words, a saltmarsh area subject to a WFI of 

above 110,000 is likely to erode continuously and be converted to non-saltmarsh shoreline. 

 

Fig. 3. The relationship between Wave-Fetch Index (WFI) and three different shoreline 

substrate types. The discontinuous lines represent WFI thresholds at which shoreline types 

changed. The boxes contain 50% of the observations, the median is shown by a horizontal 

line, the whiskers show the range of values.  Cut-and-fill shores are shown here for 

comparison but were not otherwise used in the analysis relating WFI to shoreline change. 
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Thirty-nine percent of the saltmarsh points had no scarp, 21% had a scarp shorter than 0.2 m 

in height and 40% had a scarp between 0.2 and 0.5 m. In contrast, only 12% of the non-

saltmarsh points had no scarp, 26% had a scarp shorter than 0.5 m and 62% had a scarp 

taller than 0.5 m. For the saltmarsh shores, the non-scarped points had a lower mean WFI 

than the two scarped classes (F4, 501 = 19.36, P <0.001). For the non-saltmarsh shores, points 

in classes containing scarps taller than 0.5 m were more exposed than classes with shorter or 

no scarps (F4, 64 = 16.1, P < 0.001).  

In all of the 1952-1968, 1968-1979, 1979-1992, 1992-2001 and 2001-2006 time periods 

there was mean recession of saltmarsh coasts and some points on the coast where 

progradation was occurring (Fig. 4). The mean annual change did not differ significantly (P 

< 0.05) between any of these time periods. The mean saltmarsh shoreline change between 

1952 and 2006 was -14 cm per annum. 

 

Fig. 4 Normal curves fitted to the distribution of shoreline change data (m, with negative 

values indicating retreat) for saltmarsh for the five aerial photo time periods, showing 

means, standard deviations (StDev) and the number of values (N). 

The strongest relationships between shoreline change measured from the aerial photographs 

and WFI was for the earliest time period (1952-1968, r = -0.590, d.f. = 36, P < 0.001) and 
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for the full time period (1952-2006, r = -0.505, d.f. = 77, P < 0.001, total change (m) = 3.26 

- 0.000182*WFI). There were also significant relationships for 1979-2006 (r = -0.237, d.f. = 

102, P = 0.016) and 1992-2006 (r = -0.142, d.f. = 203, P = 0.043). While changes in one 

time period were often reflected in another, there were several instances in which changes 

reversed between time periods. Change in 1952-68 was reflected in the periods 1992-2001 (r 

= 0.407, d.f. = 36, P = 0.011) and 2001-2006 (r = 0.365, d.f. = 36, P = 0.024). Change in 

1968-1979 was inversely related to change in 1979-1992 (r = -0.443, d.f. = 49, P = 0.001) 

but was weakly reflected in change in 1992-2001 (r = 0.408, d.f. = 27, P = 0.028). Changes 

in both 1979-1992 (r = -0.256, d.f. = 60, P = 0.045) and 1992-2001 (r = - 0.293, d.f. = 121, P 

= 0.001) were inversely related to change in 2001-2006.   

6.6 Discussion 

The simple relative wind-wave fetch exposure index (WFI) that we modelled proved to be 

useful in predicting sections of the shoreline which are most likely to be either accreting or 

eroding where other local processes or environmental factors apart from local wind-wave 

fetch exposure have little influence on shoreline behaviour. Some previous studies have 

largely attributed shoreline behaviour to shoreline composition, stating that the nature of the 

shoreline substrate determines the degree of erosion (open coast environments: Benumof et 

al. 2000; Bezerra et al. 2011; swell-sheltered environments: Feagin et al. 2009; Cowart et al. 

2010). Our study similarly acknowledges the primary role of shoreline composition in 

determining susceptibility to erosion (e.g., hard stable bedrock shores vs soft saltmarsh 

shores), but particularly highlights the significance of wind-wave fetch exposure in 

explaining alongshore variability in shoreline change (erosion or accretion) within a given 

substrate type (in this case, within saltmarsh and sandy non-saltmarsh shore types). 

The strong relationship we observed between shoreline change (erosion status) and wind-

wave fetch exposure was similarly observed by other studies for swell-sheltered coastal 

areas such as in Venice Lagoon, Italy (Day et al. 1998; Marani et al. 2011), Westerschelde 

Estuary, Netherlands (Cox et al. 2003), Greater Thames area, U.K. (van der Wal and Pye 

2004), and along the U.S. Atlantic Coast (Schwimmer 2001; Cowart et al. 2011; Mariotti 

and Fagherazzi 2013). Our modelling of WFI was most reliable in identifying parts of the 

shoreline where erosion is least likely to occur, but did not explain finer scales of shoreline 

change as there was no strong correlation between increasing WFI and the sequence of the 

shoreline erosion classes (from intermittently eroding to actively eroding). More 
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consequentially, we identified thresholds in the WFI (our proxy for wave energy) for 

shoreline change both within a particular substrate type (beyond which erosion was likely) 

and also between substrate types (at which shoreline types changed) in our study area (Fig. 

3).  

The value of the modelling approach presented here lies more in its ability to be used as a 

readily applied planning tool that reliably identifies distinctive sections of the shoreline 

based on their relative proclivity to shoreline change (using the WFI thresholds). This can 

contribute to saltmarsh conservation planning through determining shoreline areas with local 

WFI thresholds below which saltmarshes continue to accrete (cf. Willaims and Orr 2002). 

For example, the WFI values could be used with shoreline inundation modelling to select 

priority areas for future saltmarsh conservation in response to sea level rise (Murdukhayeva 

et al. 2013; Torio and Chmura 2013). Even in areas where sediment inputs are considerable, 

the WFI values provide an important dimension to integrate with existing models to better 

understand saltmarsh sustainability in the face of sea level rise (Stralberg et al. 2011). 

The results from the shoreline stability classes were similar to those from the scarp classes, 

indicating that either could be used as an indicator of shoreline stability wherever it can be 

assumed that landscape gradients are similar before erosion occurs. A likely explanation for 

the strong relationship between erosion scarp height and WFI is that higher scarps are 

indicative of shores that are generally exposed to higher wave energy and thus have receded 

farther into the generally rising backshore terrain from a formerly stable or accreting 

shoreline position (Möller and Spencer 2002). The strong relationship between shoreline 

change measured from the aerial photographs for 1952-2006 and WFI is also most likely 

explained in the same way. That is, where shores have been dominantly experiencing 

erosional recession over multi-decadal time scales, in the absence of other local controlling 

factors the shores with higher WFI are likely to have been eroded more frequently and more 

rapidly, and so are likely to have receded greater distances into the gently rising backshore, 

producing progressively higher erosion scarps (Marani et al. 2011). The concurrence 

between the direction of shoreline change measured from aerial photographs and the on-

ground observations of erosion status suggests that either could be used to infer shoreline 

erosion susceptibility. 

Evidence from air photo time series and observations of isolated remnant eroding saltmarsh 

soil ‘pedestals’ still standing on the tidal flats to seawards of many eroding shoreline scarps 
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indicate ongoing net shoreline recession. Some of the analyses indicate that parts of the 

receding saltmarsh shores have prograded at times and vice-versa (Fig. 4), possibly resulting 

from medium term variations in wind energy (e.g., storms), sediment dynamics (e.g., influx 

of allochthonous sediments) and sea level variations (e.g., tidal cycles, El Nino, eustatic 

global sea level change). Our aerial photo intervals are too coarse to be able to meaningfully 

examine trends in these variations and their effects on shoreline change. Of interest here 

however is the causative link between the long term net recession and relative sea level rise 

combined with an increasing incidence of strong winds which we were able to obtain the 

data for. The strength of this link is unaffected  from other known potential causes as we 

excluded from sampling areas as associated with tidal barriers and Spartina invasion, noting 

that land subsidence, dredging and increased recreational boat use (boat wakes) are not 

relevant in our study area (cf. Cox et al. 2003; van der Wal and Pye 2004). In the case of 

saltmarshes, sediment availability (both allochthonous and autochthonous) has the potential 

to offset the effects of sea level rise by assisting saltmarshes to accrete vertically as they 

erode laterally (FitzGerald et al. 2008), and has been the central focus of modelling marsh 

sustainability with sea level rise (e.g., Stralberg et al. 2011). However for sediment-poor 

systems, as in the present case where allochthonous sediment input is negligible, irreversible 

shoreline erosion can happen through increased wind and thus wave energy even in the 

absence of sea level rise (Mariotti and Fagherazzi 2013).   

With the strong relationship between shoreline erosion status and WFI, and in the context of 

increase in relative sea-level and higher speed winds, it is likely that many parts of the 

shoreline in our study area have become too frequently exposed to wave attack at higher 

levels, or have become too energetic (i.e., have crossed a wave energy threshold) for native 

saltmarsh vegetation to newly establish or re-establish as secondary marsh before an erosion 

scarp (compare Fig. 2a and 2c). Furthermore, our field observations suggest that saltmarsh 

shores in swell-sheltered tidal re-entrants may erode even under very mild wind-wave 

conditions (see Fig. 5). The onset of erosion may require an initial energetic storm event or 

some other mechanical disturbance to open a breach in the protective saltmarsh vegetation 

cover and expose previously-covered saltmarsh soils or sediments to wave action (van de 

Koppel et al. 2005). Where the initial erosion event occurs above normal high tide water 

levels on a high storm tide, saltmarsh re-growth may have sufficient time between such 

extreme events to re-establish in front of the erosion scarp and allow sediment accumulation 

and recovery to occur. However, if the storm erosion event is focussed at or below normal 
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high tide levels, and exposes fine soft clayey, silty or peaty sediments, then very mild wave 

action amounting to little more than rippling may be all that is necessary to continue to 

remove some exposed sediment on each subsequent high tide, causing the scarp to actively 

recede even without storm erosion and preventing regrowth of protective saltmarsh 

vegetation (Marani et al. 2011). Since even low wave energies are potentially erosive under 

these circumstances, it is reasonable to expect that this process is particularly effective at 

sites with higher wind-wave fetch exposure.  

 

Fig. 5 This actively eroding saltmarsh shore at Duck Bay exhibited visible turbidity that is 

likely due in-part to fine sediment released into the water at high tide under the impact of the 

small wind waves visible here, which were generated across a short fetch under moderately 

breezy but not stormy conditions. It is indicative that this degree of regularly repeating 

erosion under non-stormy conditions is enough to prevent reestablishment of saltmarsh 

vegetation. Hence unless there is a drop in the local mean sea-level this shoreline can be 

expected to continue retreating landwards irrespective of storm event frequencies. 

6.7 Conclusion 

Wind-wave fetch exposure modelling combined with either shoreline substrate mapping 

(geomorphic mapping) or historical aerial photo analysis can be a useful predictor of local 
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and regional variation in shoreline erosion susceptibility where other agents or processes of 

geomorphic change are absent or insignificant. This means that in order to use this technique 

effectively it is necessary to also have some assessment of other processes that may be 

agents of shoreline instability in a region, and where these other processes may be locally 

dominant. Given that the main underlying drivers of shoreline erosion in the study area are 

thought to be relative sea-level rise and increasing wind speeds, such modelling can help 

identify areas which are more likely to support particular substrate types into the future, such 

as saltmarshes which are of particular interest given their ecological significance and 

vulnerability (Saintilan and Rogers 2013). Management can then focus on these identified 

sections to extend saltmarsh habitat range by promoting their landward movement, 

particularly where this is currently prevented by artificial tidal barriers (Prahalad 2014). 

Indeed, given that similar conditions exist in other swell-sheltered environments in Australia 

and elsewhere, such modelling combined with geomorphic mapping can be used widely as a 

tool for vulnerability assessment and planning holistic coastal area management. 
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Chapter 7 Creation and conservation effectiveness of  

Tasmania-wide wetlands and waterways and future 

coastal refugia planning overlays  

 

This chapter contributes to the following research theme and objective: 

Conservation needs 

Chapter 7 Objective – To document the process followed in the development of State-wide 

wetlands and waterways overlays for Tasmania, as part of the new single State-wide 

Tasmanian Planning Scheme effective from 2017. To gauge the potential effectiveness of 

the overlay for saltmarsh conservation in the context of the provisions and processes in the 

State-wide planning scheme. 
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7.1 Abstract 

Coastal wetlands and waterways are important for biodiversity conservation and ecosystem 

services. Many have been under threat from land clearing, infill development, and, 

increasingly to sea level rise. Such wetlands not only need to be conserved at their present 

locations, they must be also able to retreat landwards if ecological functionality and 

resilience are to be maintained. While land use planning processes and applications can 

provide a structured approach for both in situ conservation and preservation of retreat 

pathways, rarely have these outcomes been achieved. This paper documents the 

development of GIS-based State-wide wetlands and waterways and coastal refugia planning 

overlays in Tasmania, south-eastern Australia, for inclusion within the new State-wide 

planning system. The overlays were designed to conserve current wetland extent, their 

buffers and future retreat areas. Through this case study, we describe and discuss the 

important technical, procedural and socio-political requirements for effective wetlands 

protection overlay development, application, monitoring and revision. The overlays provide 

a useful planning tool for evaluating how best to accommodate wetland conservation. We 

recognise, though, that planning processes will always entail trading-off development 

benefits, social costs, and environmental impacts within a context of increasing socio-

political awareness of the functions, benefits and ecosystem services of wetlands and 

waterways. 

 

Keywords: climate change; coastal adaptation; ecosystem services; GIS; planned retreat; 

saltmarshes; seal level rise 

7.2 Introduction 

Coastal wetlands and waterways provide a range of well recognised ecosystem services and 

are important for biodiversity conservation (Barbier et al., 2011; Millennium Ecosystem 

Assessment, 2005). These environments are subject to heavy use and anthropogenic change 

at various temporal and spatial scales (e.g. Hadley, 2009; Junk et al., 2013). Chief among the 

human-induced pressures on wetlands and waterways are cumulative and incremental 

habitat alteration caused by clearing and infilling (e.g. Boon et al., 2015; Finlayson and Rea, 

1999; Lee et al., 2006; Prahalad, 2014; TSSC, 2013). Sea level rise caused by human-

induced global warming further threatens coastal wetlands and their provision of ecosystem 

services (Kelleway et al., 2017; Saintilan et al., 2018). There is an important need to both 
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conserve wetlands and waterways at their present locations and to secure the availability of 

upland areas to which these ecosystems can retreat as they respond to sea level rise (Bell et 

al., 2014; Burley et al., 2012; Ledoux et al., 2005; Rogers et al., 2014a).     

Public reservation of particular geographic locations has been an important tool for 

protecting wetlands and waterways of conservation significance. However, there are a 

number of well-known limitations with this approach. Typically, public reserves are not 

comprehensive, adequate or representative of variation in wetlands, lack an adaptive 

approach to the migrating boundaries of wetlands and waterways, and have insufficient 

resources allocated to monitoring and on-ground management (Fitzsimons and Robertson, 

2005; Mendel and Kirkpatrick, 2002; Prahalad and Kriwoken, 2010; Rogers et al., 2016). 

There is a need for additional policy options and tools that can enable governments to better 

conserve wetlands in the long term (Shoo et al., 2014).  

Covenants and management agreements have become an important mechanism for both 

governments and private agents to use as a ‘low cost option’ to fill in gaps in the public 

reserve system (Adams and Moon, 2013; Fitzsimons and Carr, 2014). However, private and 

public conservation reserves combined do not cover all wetlands and waterways of 

conservation significance, or all of the land that will be necessary for wetland retreat (e.g. 

Prahalad, 2014). Private reserves also have limitations, being subject to opportunity costs 

pressures, funding availability, uncertainties in permanence and security, and lacking 

adequate longer-term monitoring data on their conservation effectiveness (e.g. Boon and 

Prahalad, 2017; Fitzsimons, 2006; Hardy et al., 2016). These inadequacies of reserves 

highlight the need for alternative policy and regulatory mechanisms that are articulated 

though state policies, land use and environmental planning apparatus – specifically 

environmental and planning laws and regulations (Abel et al., 2011; Lindsay, 2016). 

Land use planning development assessment and permitting processes are an important 

mechanism that governments use to deliver public good outcomes in land and property 

development (Garrard and Bekessy, 2014; Randolph, 2004). The planning tool-box available 

to planners and land managers includes planning codes and overlays that both define and 

map wetlands and waterways across land use zones. The overlay maps function as a ‘spatial 

filter’, flagging any potential conflicts between infrastructure development and protection of 

wetlands and waterways (Harty, 2001, 2004). Overlays can also signal their conservation 
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importance to development proponents. Once a flag is thus raised, planning authorities can 

then determine if a development application is consistent with local planning codes and 

regulatory processes.  

Increasingly, opportunities are being identified to employ such land use planning measures 

in wetland conservation whilst also recognising that realising these opportunities can be 

challenging for both technical and socio-political reasons (Brody and Highfield, 2005; 

Harty, 2001; Hurlimann et al., 2014; Ledoux et al., 2005; McDonald et al., 2013). In the 

context of coastal adaptation to sea level rise, there have been numerous calls for the use of 

a general overlay to recognise wetland retreat areas at early stages of planning (e.g. Abel et 

al., 2011; Bell et al., 2014; Ledoux et al., 2005; Harty, 2004, 2009; Shoo et al., 2014). Yet, 

and despite increasing institutional awareness of sea level rise effects on coastal wetlands 

(e.g. TSSC, 2013), we are not aware of any published accounts of an overlay developed to 

specifically address this need. Furthermore, while overlays have generally been used in 

planning schemes to achieve a range of environmental outcomes (e.g. Garrard and Bekessy, 

2014), there are few published accounts of their development and potential effectiveness, the 

development of the Wildfire Management Overlay for Victoria, Australia (Hughes and 

Mercer 2009) being one example.  

The present paper documents the process followed in the development of state-wide 

wetlands and waterways and coastal refugia overlays for Tasmania, south-east Australia, as 

part of the new single State-wide Tasmanian Planning Scheme effective from 2017. We also 

gauge the potential effectiveness of the overlays in the context of the provisions and 

processes in the State-wide planning scheme. To illustrate our arguments, we use the 

example of coastal saltmarsh wetlands that are: a) widespread in Tasmania (Prahalad and 

Kirkpatrick, in review); b) subject to clearing and reclamation (Prahalad, 2009, 2014); and, 

c) affected by the effects of climate change and sea level rise (Prahalad et al., 2012, 2015). 

These coastal saltmarshes are listed under the Australian national Environment Protection 

and Biodiversity Conservation Act 1999 (EPBC Act) as a threatened ecological community 

(TSSC, 2013). As part of the listing, the Australian Government has explicitly identified the 

need to liaise with planning authorities to include development controls on current wetland 

extent, their buffers and future retreat areas (TSSC, 2013). The present paper addresses this 

conservation need and provides a case study for the design context, components, constraints, 

opportunities and likely conservation effectiveness of overlays. 
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7.3 An overview of land-use planning in Tasmania 

Land-use planning in Tasmania is governed by the State’s Land Use Planning and 

Approvals Act 1993 (the Act), part of the Tasmanian Resource Management and Planning 

System (Castles and Stratford 2014; Stratford 2008). Major planning reform in Tasmania 

has been underway since 2014, when the then newly elected Liberal Government 

(conservative) followed through on an election commitment to create a “fairer, faster, 

cheaper, simpler planning system” as part of a plan “to make Tasmania attractive for 

investment, to create jobs” (Tasmanian Liberals, n.d., p. 1). Amendments made to the Act 

since 2015 have seen the introduction of the promised single State-wide Tasmanian 

Planning Scheme (STPS) which will replace the 30 local schemes specific to individual 

municipal areas under the pre-existing Interim Planning Schemes (see Castles and Stratford 

2014). The stated aim of the STPS is to streamline approvals, with one set of documents 

providing more consistency and shorter assessment timeframes which will “cut red and 

Green tape by 20 per cent” (Tasmanian Liberals, n.d., p. 2). 

The two-part Scheme has set out State Planning Provisions to provide the generic planning 

rules per the objectives of STPS, while allowing local councils to prepare their Local 

Provision Schedules to tailor and apply State Planning Provisions within their municipalities 

(Department of Justice, 2017). State Planning Provisions also set out administrative 

processes and list exemptions for the 23 land use zones and 16 codes (along with their 

respective overlay maps). Local Provision Schedules include maps of the zones, overlays 

and other considerations specific to selected areas of local significance. State Planning 

Provisions provide guidance for local councils in interpreting and revising overlay base 

maps supplied State-wide. The Tasmanian Planning Commission, an independent body 

previously established under the Tasmanian Planning Commission Act 1997, is tasked with 

the role of guiding local councils in this process (Tasmanian Planning Commission, 2017).   

The Natural Assets Code is one of the 16 codes under the STPS and has a specific role to 

provide consistent advice regarding the conservation of important natural values across the 

State. The Code covers Waterway and Coastal Protection Areas, Future Coastal Refugia 

Areas and Priority Vegetation Areas (Fig. 1). Priority Vegetation Areas have a broad 

function in biodiversity conservation under STPS by affording protection for threatened 

native vegetation communities and flora species, including significant habitat for threatened 
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fauna species and other locally important native vegetation (Tasmanian Planning 

Commission, 2017). The threatened communities and species are identified with reference to 

State legislation including the Nature Conservation Act 2002, Threatened Species Protection 

Act 1995 and the Forest Practices Act 1995. The Priority Vegetation Areas overlay map is 

derived from Tasmania-wide vegetation (TASVEG) mapping and from the Natural Values 

Atlas, both public databases managed by the Tasmanian State Government Department of 

Primary Industries, Parks, Water and Environment (DPIPWE).  

 

Fig. 1. Natural Assets Code, its three overlays and the natural values covered under each of 

the overlays, as set out by the State Planning Provisions under the new State-wide 

Tasmanian Planning Scheme. See text for further details. 
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The Waterway and Coastal Protection Areas protect wetlands, waterways and the land that 

buffers existing wetlands and waterways, including the coastal zone. The Future Coastal 

Refugia Areas protect the land that facilitates natural processes through the retreat of coastal 

habitats in response to sea level rise. The two related overlays address some of the aims of 

the Tasmanian State Coastal Policy 1996, State Policy on Water Quality Management 1997, 

while also incorporating aspects of the Tasmanian Wetlands Strategy 2001. Climate change 

and sea level rise are not, however, addressed well within the State Coastal Policy 1996 (the 

Policy). An amendment drafted in 2013 was rejected by the Tasmanian Planning 

Commission after public consultation, in large part due to inadequacies in dealing with 

climate risks (Gurran et al., 2013). However, the Policy does state that the natural values, 

ecosystems and processes in the coastal zone need to be sustainably managed as we respond 

to climate change and sea-level rise effects. In support of this aim, later regional land use 

strategy development and regional policies enabling coastal refugia were endorsed by prior 

Tasmanian Governments and, as such, viewed to be consistent with the existing Policy.  

7.4 Creation of the overlay maps 

7.4.1 Waterway and Coastal Protection Area overlay  

The Waterway and Coastal Protection Area overlay covers wetlands, waterways and their 

landward buffer areas. The buffers acknowledge the need for fringing areas landward of 

aquatic ecosystems to be protected and managed in order to “minimise the impacts on water 

quality, natural assets including native riparian vegetation, river condition and the natural 

ecological function of watercourses, wetlands and lakes” (Tasmanian Planning Commission, 

2017, p. 34). Landward buffers also extend along the coastline to “minimise impacts on 

coastal and foreshore assets, native littoral vegetation, natural coastal processes of 

surrounding land use activities and the natural ecological function of the coast” (Tasmanian 

Planning Commission, 2017, p. 34-35). 

Wetland and waterway features were derived from existing mapping (Table 1.). The 

Tasmanian Government Conservation of Freshwater Ecosystem Values (CFEV) Project 

generated a comprehensive State-wide database of spatial features across seven ecosystem 

themes – wetlands, saltmarshes, rivers, waterbodies, estuaries, karst systems and 

groundwater-dependent ecosystems (DPIW, 2008; also see Prahalad and Kriwoken, 2010). 

Each feature has been assigned a conservation priority for water management and planning 
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processes (DPIW, 2008). All CFEV features attributed as wetlands, saltmarshes and rivers 

were selected for inclusion in the overlay. Under the State Planning Provisions, rivers are 

referred to as watercourses and they differed from wetlands (and saltmarshes) in that they 

have “a defined channel with a natural or modified bed and banks that carries surface water 

flows” as opposed to being “a depression in the land, or an area of poor drainage, that holds 

water derived from ground water and surface water runoff and supports plants adapted to 

partial or full inundation and includes an artificial wetland” (Department of Justice, 2017, p. 

3.0 Interpretation: 14). CFEV represents all river systems as lines, while some of the wider 

river systems are more accurately represented as polygons. These features were sourced 

from the Tasmanian Information and Land Services, part of DPIPWE.  

The TASVEG map covers more than 150 plant communities (Kitchener and Harris 2013). 

Several of these communities are associated with wetland types and were included within 

the CFEV database (TASVEG Version 0.1 May 2004). Of these, updated mapping for the 

eight non-forest type wetland and saltmarsh communities in Version 3.0 (released 

November 2013) of the TASVEG map were extracted and included in the overlay (Table 

1.). A more recent project undertaken since 2012 by the three Natural Resource 

Management (NRM) regions in Tasmania focussed on updating and improving the mapping 

of saltmarshes (Prahalad and Kirkpatrick, in review). The project was confined to tidally-

influenced coastal saltmarshes on the basis of their recognition under the EPBC Act as a 

threatened ecological community (TSSC, 2013). All saltmarshes mapped under this project 

were included in the overlay.   

The overlay also included all wetlands listed under the Convention on Wetlands (Ramsar, 

Iran, 1971), as sourced from Information and Land Services. Ramsar wetlands, whilst they 

overlap with existing wetlands and saltmarshes mapped under CFEV, TASVEG and by the 

NRM regions, also contain other areas included either as rivers, waterbodies or estuaries 

(Table 1.). Five of the 10 Tasmanian Rasmar wetlands are either entirely or partly within 

private land (Prahalad and Kriwoken, 2010). All Ramsar wetlands are afforded the highest 

level of legislative protection, being considered as matters of national environmental 

significance under the EPBC Act.  
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Table 1. Spatial data sources used in the creation of the single State-wide wetlands and 

waterways overlay for Tasmania (‘Waterway and Coastal Protection Overlay’ under the new 

Tasmanian Planning Scheme). Data currency is indicated by the most recent year(s) of 

updates of the respective data layers. * indicates the spatial features included in the creation 

of the overlay. # Buffers for the larger rivers were derived from the Tasmanian Information 

and Land Services polygons. 

Natural 

Assets Code 

Class 

CFEV 

Ecosystem 

Themes 

[2010] 

TASVEG 3.0 Vegetation 

Communities [2013] 

Prahalad and 

Kirkpatrick 

[2013-18] 

Coastal 

Saltmarshes 

Ramsar 

Wetlands 

[1982] 

Wetlands Wetlands* AHF Freshwater aquatic 

herbland* 

AHL Lacustrine herbland* 

AHS Saline aquatic 

herbland* 

ASF Freshwater aquatic* 

sedgeland and rushland* 

AWU Wetland 

(undifferentiated)* 

- 

Applicable* 

Saltmarshes* ARS Saline 

sedgeland/rushland* 

ASS Succulent saline 

herbland* 

AUS Saltmarsh 

(undifferentiated)* 

Saltmarshes 

(Coastal/Tidal)* 

Applicable* 

Waterways Rivers*,# - - Applicable* 

Waterbodies - - Applicable* 

Estuaries - - Applicable* 

Not included Karst Systems - - Applicable* 

Groundwater 

Dependant 

Ecosystems 

- - 

Applicable* 

 

In addition to the mapped footprint of wetlands, saltmarshes, rivers and Ramsar wetlands, 

associated landward buffers were also included. While the width of the buffer zone depends 

on the specific context (e.g. nature and size of the catchment in relation to the wetland and 

waterway: Houlahan and Findlay, 2004), a minimum of 30-60 m of terrestrial zone has been 

recommended for buffering aquatic habitats and their water resources (Semlitsch and Bodie, 

2003). Although variable-width buffers would allow adjustments based on site-specific 

considerations (DERM, 2011), they are deemed to require greater expenditure and offer less 

predictability for land use planning (Castelle et al., 1994). Hence a fixed-width buffer is 

often preferred as a statutory starting point in planning and was used for the overlay. 
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Wetlands and saltmarshes were allocated a 50 m buffer, while Ramsar wetlands had a 100 m 

buffer. The buffer distances for waterways varied between classes (40 m for Class 1; 30 m 

for Class 2; 20 m for Class 3; and 10 m for Class 4 rivers), following the Tasmanian Forest 

Practices Code 2015. A landward buffer of 40 m extended from inland lakes and tidal 

waters, including estuaries and the coastline across Tasmania, considered in the overlay as 

Class 1 watercourses. Spatial layers for these features were provided by Information and 

Land Services. 

7.4.2 Future Coastal Refugia Area overlay  

The Future Coastal Refugia Area overlay covered the retreat paths of coastal wetlands in 

order to “protect vulnerable coastal areas to enable natural processes to continue to occur, 

including the landward transgression of sand dunes, wetlands, saltmarshes and other 

sensitive coastal habitats due to sea-level rise” (Tasmanian Planning Commission, 2017, p. 

35). There are dynamic, inter-related and often site-specific driving factors (e.g. topography, 

vegetation types, primary productivity, temperature, rainfall, catchment runoff, grazing 

pressure and other drivers of competitive exclusion) that determine the habitat suitability of 

retreat areas. In addition to the uncertainties inherent in global climate models (Hunter et al., 

2013), these variables combine to make detailed predictive modelling highly probabilistic 

and contingent on prevailing conditions and assumptions (Boon et al., 2010; Mogensen and 

Rogers, 2018). The Tasmanian context adds further difficulties given both the high 

environmental variability (e.g. annual rainfall differential of 490-2140 mm on the coast) and 

a paucity of information required for more detailed and context-specific modelling.  

While relevant modelling techniques and data continue to expand (e.g. Prahalad et al., 2015; 

Prahalad and Kirkpatrick, in review), in the interim, a simple yet robust proxy can be 

applied through flood modelling. This technique indicates the availability and extent of 

retreat areas that are accessible for wetlands to establish (e.g. Boon et al., 2010). The 

ecological basis that underpins this proxy is from the observed realised niche of wetlands in 

the Tasmanian coastal landscape which largely coincides with the extent of the modelled 

present day (2010) storm tide (Fig. 2; Mount et al., 2011; Prahalad et al., 2009). Hence, 

flood modelling with projected sea level rise can act in most cases as a reliable proxy to 

predict potential wetland retreat pathways at early stages of planning. On-ground evidence 
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of wetland retreat in some of these areas already exists and vegetation changes can provide 

visual cues for ground-truthing the model at individual sites (e.g. Prahalad et al., 2012).   

 

Fig. 2. Three examples at different spatial scales and geomorphic contexts depicting the 

relationship between current saltmarsh extent (in hatched polygons), the modelled current 

(2010) storm tide extent (inner, light blue polygons) and the modelled future (2100) storm 

tide extent (outer, dark blue polygons) – (a) Long Point saltmarsh in Moulting Lagoon on 

the east coast is the single largest saltmarsh in Tasmania (359 ha) and has retreat areas on 

nearby agricultural land, (b) Marion Bay saltmarsh in south-east Tasmania also has retreat 

areas on nearby agricultural land where there has been some historic clearing and grazing 

that has restricted wetland extent, (c) saltmarsh with a landward fringing zone of Melaleuca 

ericifolia paperbark swamp, as part of the Tamar drowned river valley estuary in northern 

Tasmania, has steeply rising upland areas unlikely to provide room for retreat, (d) an 

example of an unmapped freshwater wetland area in Marion Bay that has not been included 

in the overlay. 

The overlay adopted the flood modelling for the coastal zone undertaken by the Tasmanian 

Department of Premier and Cabinet (DPAC), as part of the Tasmanian Coastal Inundation 

Mapping Project (Lacey et al., 2015). Mapped areas include parts of coastal Tasmania where 

LiDAR Digital Elevation Model (DEM) of 1 m resolution has been used to identify an 

inundation extent based on the predicted sea level rise allowance of 0.8 m and 1% Annual 

Exceedance Probability (AEP) storm surge height mapping for 2100 (relative to 2010). The 
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parameters were determined by DPAC and based on the broadly applied IPCC A1FI 

emission scenario (Hunter et al., 2013). This mapping covers most urban and semi-urban 

areas along the coast. For the remaining areas which lacked LiDAR coverage, the 25 m 

DEM available from Information and Land Services was used as “the best available 

alternative to the LiDAR DEM … at least [to] provide an indication of areas potentially 

subject to inundation due to sea level rise” (Lacey et al., 2015, p. 8). 

Once the extent of the overlay was determined though the adoption of DPAC flood 

modelling, the Tasmanian Planning Commission (2017) provided policy advice based on 

compatibility with current land use zoning. The policy advice classed the 24 Interim 

Regional Planning Schemes zones into four policy zones under STPS (Table 2). The advice 

identified that 12 planning zones are not compatible with the overlay and that local council 

may consider their removal in areas covered by the overlay as part of their Local Planning 

Provisions. An additional 6 zones were recommended for case by case consideration and 2 

other zones were subject to special consideration. This allows 4 zones within which the 

Natural Assets Code regulations are fully compatible.  

7.4.3 Geoprocessing steps 

The entire process of the overlay creation was performed on an online Geographical 

Information System (GIS) platform using ArcGIS™ 10.3 for Desktop. Once the objectives 

and rules were determined for the overlays (as discussed above), they were sorted into 

distinct tasks, their component geoprocessing steps and ordered into a workflow as follows. 

The first task involved combining existing wetland and waterways mapping layers into a 

single shapefile layer. Given the different source layers and their attributes, the final master 

layer preserved all of the original attributes in order to trace the genesis of the spatial 

features. This has been done to allow overlay users to interpret map accuracy and attribute 

quality (Chrisman, 1987). The second task involved applying defined buffers to the wetlands 

and waterways master layer. For coastal wetlands, the buffers were clipped by the coastline 

and only included the area to the landward side. The outputs from these two tasks produced 

the Waterway and Coastal Protection Area overlay. 

For the Future Coastal Refugia overlay, the first task involved adapting existing coastal 

flood modelling by Lacey et al. (2015) and reclassifying the areas to depict those with and 

without LiDAR DEM coverage. The second task involved attributing policy zones to the 
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overlay to create four classes (see Table 2), with separate symbology for areas with and 

without LiDAR coverage. Both overlay maps are available through LISTmap 

(https://maps.thelist.tas.gov.au/listmap/app/list/map), an open source online map application 

maintained by Land Information System Tasmania (LIST). LISTmap allows users to view 

the overlay maps alongside zoning, cadastre and a range of other publicly available layers 

(Fig. 3). 

Table 2 Land use planning zones (10-33, n = 24) under the pre-existing Interim Planning 

Scheme (Tasmania wide, except for Flinders Municipality covering Furneaux Group of 

islands which fall under the Flinders Planning Scheme 2000) and their respective policy 

considerations (i.e. Policy Zones) as integrated in to the Future Coastal Refugia Area 

overlay (Tasmanian Planning Commission, 2017). The 19 Interim Planning Scheme zones 

highlighted by underlining have been transferred over to the new State-wide Tasmanian 

Planning Scheme, three others renamed (as Rural, Agriculture and Landscape Conservation 

Zones) and the remaining two fused into a single Future Urban Zone. 

Policy Zone 
Planning Zone (Interim Planning 

Scheme) 

Planning Zone (Flinders 

Planning Scheme 2000) 

1.0 Special 

Consideration 

13. Rural Living Zone 

14. Environmental Living Zone 

Rural Residential Zone 

2.0 Case by 

Case 

Consideration 

17. Community Purpose Zone 

18. Recreation Zone 

28. Utilities Zone 

30. Major Tourism Zone 

32. Particular Purpose Zone 1 – Urban 

Growth Zone 

33. Particular Purpose Zone 2 – Future 

Road Corridor 

Public Purpose Zone 

3.0 Retain 

(Compatible) 

19. Open Space Zone 

26. Rural Resource Zone 

27. Significant Agricultural Zone 

29. Environmental Management Zone 

Rural Zone 

Environmental Management 

Recreation Zone 

4.0 Remove 

(Incompatible) 

10. General Residential Zone 

11. Inner Residential Zone 

12. Low Density Residential Zone 

15. Urban Mixed Use Zone 

16. Village Zone 

20. Local Business Zone 

21. General Business Zone 

22. Central Business Zone 

23. Commercial Zone 

24. Light Industrial Zone 

25. General Industrial Zone 

31. Port and Marine Zone 

Residential Zone 

Low Density Residential Zone 

Commercial Zone 

Village Zone 

https://maps.thelist.tas.gov.au/listmap/app/list/map
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Fig. 3. Screenshots of LISTmap (https://maps.thelist.tas.gov.au/listmap/app/list/map), an 

open source online map application maintained by Land Information System Tasmania 

(LIST), where the planning overlay and zone maps can be viewed along a range of other 

publicly available layers. The example shown here is from Southport, in south-east 

Tasmania, where there are areas both with and without LiDAR DEM coverage. 

https://maps.thelist.tas.gov.au/listmap/app/list/map
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7.5 Potential effectiveness of the overlay  

7.5.1 Asset and context specific mapping and buffering 

Overlay maps are generally an aggregation of different source layers with variable spatial 

and attribute accuracies. Therefore, as Chrisman (1987, p. 436) notes, “[t]he use of the 

overlay must be sensitive to the scale [and accuracy] intended in the original products.” The 

original mapping products adopted for the Waterway and Coastal Protection Areas overlay 

include CFEV and TASVEG mapping at a nominal scale of 1:25,000, with mapping of some 

wetlands done at a larger scale, as for saltmarshes included in the overlay mapped at a scale 

of 1:500 to 1:3000 (Prahalad and Kirkpatrick, in review). Mapping of saltmarshes in urban 

and other built environments was done specifically at a scale suitable for use in planning 

applications where assessments of development proposals are often made at a ‘backyard’ 

resolution. The intent was to capture even smaller patches of saltmarsh as they can provide 

ecosystem services (e.g. bird habitat, fish nursery, climate and flood regulation) often 

disproportionate to their size (Lundquist et al., 2017). 

The other wetland types derived from CFEV and TASVEG mapping have a lower spatial 

accuracy or coverage, with many wetland areas likely to not have been mapped (Dunn, 

2002; Prahalad and Kriwoken, 2010). The saltmarsh mapping project, for instance, 

identified several saltmarsh areas previously unmapped or incorrectly attributed as 

agricultural, urban and exotic vegetation. It is likely that other wetland types, especially 

smaller patches (e.g. see Fig. 2), lack detailed inventories. An ongoing mapping process at 

the appropriate scale for the natural asset type is desirable, as is a monitoring program to 

determine changes in boundaries given the ‘perambulatory’ nature of wetlands and 

waterways (Rogers et al., 2016). This need is more imminent for coastal wetlands which are 

exposed to the effects of climate change and sea level rise (Ledoux et al., 2005; Saintilan et 

al., 2018). 

The dynamic nature of wetlands and waterways also has implications for the suitability of 

buffer zones that can be effective in minimising impacts (DERM, 2011). The Natural Assets 

Code currently states that the width of the buffer be “measured from the top of bank or high 

water mark of tidal waters, watercourses or freshwater lakes” (Department of Justice, 2017, 

p. C7.0 Natural Assets Code: 4). In the case of an inconsistency arising between the overlay 

map and on-ground measurement, due likely to natural variation in wetlands and waterways, 
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the Natural Assets Code allows for the greater distance to prevail. This has potential to both 

remedy pre-existing inaccuracies in the overlay map and also address mapping obsolescence 

in dynamic landscapes (Saintilan et al., 2018). The efficacy of this provision can be 

improved through regular revisions of mapping, whereby the buffer zones can be updated to 

reflect temporal changes in wetlands and waterways.  

Furthermore, the fixed-width buffer presupposes a contiguous zone of native vegetation 

without consideration of the actual composition of the buffer zone or of the nearby land use 

type and intensity. In many cases, native vegetation has been replaced with agricultural, 

urban and exotic vegetation or impervious structures. For example, over 65% of the 

saltmarshes of north-west Tasmania (~ 25% of State-wide extent) do not have a contiguous 

native vegetation buffer of 50 m, and are mostly fringed by cattle grazing pastures 

(Prahalad, 2014). In such cases, the Natural Assets Code allows current land uses to 

continue, and stipulates that any building and works should “… not have an unnecessary or 

unacceptable impact on natural assets” (Department of Justice, 2017, p. C7.0 Natural Assets 

Code: 6). A context-specific, variable-width buffer might be more suitable to minimise 

nearby land use effects, such as nutrient run off (DERM, 2011; Houlahan and Findlay, 

2004). Improved State-wide vegetation and land use mapping, along with studies on 

catchment hydrology (e.g. Holz, 2009), will assist in moving towards a variable-width 

buffer on a fit-for-purpose basis. An aspirational outcome when highly accurate spatial 

information is available would be for the overlay map to override the worded code. 

7.5.2 Certainties and uncertainties in retreat scenarios 

The Future Coastal Refugia Area overlay occupies an area of about 200 km2 (~ 0.3% of 

Tasmania’s landmass). The overlay includes highly developed coastal areas with existing 

land uses that preclude wetland retreat though infill development, ditching (e.g. ‘hump and 

hollow’ drainage: Holz, 2009), tidal barriers and active grazing (e.g. Prahalad, 2014). This 

creates potentially high opportunity costs in altering land use practises to allow room for 

coastal wetlands to retreat (Hadley, 2009; Ledoux et al., 2005). There is thus an important 

need for improved ‘site-specific’ mapping to prioritise resource allocation for reserving 

priority areas for wetland retreat (Bell et al., 2014; Shoo et al., 2014). An immediate step in 

this regard would be to expand LiDAR DEM coverage to all parts of the State to better 

predict wetland retreat areas at sub-metre resolution (Chmura, 2013). 
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Where LiDAR coverage exists, further improvements in flood modelling have already been 

undertaken with the recent availability of finer-scale sea level rise estimates for individual 

local council areas in Tasmania (McInnes et al., 2016). These estimates are set across four 

greenhouse gas emissions scenarios and show variability between council areas, with higher 

rates along the east coast (Lacey, 2016). The Local Planning Provisions can be adjusted to 

account for this regional variability between council areas. The ‘bath-tub’ flood modelling 

used, however, does not consider other locally important factors, such as river flooding, 

wave setup and run-up that could amplify floods (Hunter et al., 2013; Lacey, 2016). Better 

understanding and integration of these site-specific factors in flood modelling will provide 

greater confidence in managing for coastal hazards (Bell et al., 2014). Even though 

stochastic extreme events may increase in the future, they are unlikely to change the 

persistent patterns of wetland occurrence (mainly, the formation of hydric soils), so can be 

discounted for the purposes of wetland retreat. 

Surface elevation change (i.e. vertical accretion) and above and below-ground organic 

processes have been considered most important in modelling wetland retreat with sea level 

rise (Rogers et al., 2014a; Saintilan et al., 2009, 2018). In the Tasmanian context, the lack of 

mangroves means a lower ability for coastal wetlands to accrete sediment and buffer against 

losses from erosion events (e.g. Rogers et al., 2014b). Furthermore, several Tasmanian 

coastal environments have a negative sediment budget, with little capacity for sediment 

accumulation (Mount et al., 2010). The dominant factor affecting saltmarsh resilience in 

such environments is the relative exposure to wind-generated waves (Prahalad, 2009; 

Prahalad et al., 2015). With an increase in higher energy wind waves and storm frequency, 

saltmarshes can retreat even under modest sea level rise due to wave erosion (e.g. Marani et 

al., 2011).  

Increased mean and maximum wind speeds have been observed already in Tasmania coastal 

wind records (Kirkpatrick et al., 2017; Prahalad et al., 2012). The effect of increased wind 

speeds are observable in Tasmanian marshes as visible erosion scarps with no evidence of 

intermittent accretion (e.g. secondary marsh development after a phase of erosion: Adam, 

1990), and are in a trajectory of long term drowning (Prahalad et al., 2015). The 

preponderance of the ‘coastal squeeze’ scenario has also been documented in temperature 

latitudes of the Northern Hemisphere, where sea level rise is causing saltmarshes to drown 

due to a ‘negative accretion balance’ (e.g. Crosby et al., 2016). The only sustainable 
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alternative for many marshes is to retreat inland onto low lying areas, a process that has 

already occurred in Tasmania (Mount et al., 2010; Prahalad et al., 2012).  

7.5.3 Exemptions and opportunities in achieving code purpose  

The potential effectiveness of the wetlands and waterways planning overlay in achieving the 

purpose of the Natural Assets Code (noted in above sections) will depend on how they are 

revised as part of the Local Provision Schedules before an ‘enforceable’ map is generated. 

The Tasmanian Planning Commission, in their guidelines to local councils, have identified 

that the overlay maps can be modified to address any anomalies or inaccuracies in the 

mapping. There is provision in the case of Future Coastal Refugia Area overlay for both 

adding “a larger area if demonstrated as necessary to protect identified future coastal refugia 

areas, such as mobile and other sensitive coastal habitats and existing saltmarshes and tidal 

wetlands” and removing areas that “will constrain the future use and development of 

existing habitable buildings, major infrastructure, key community facilities and services and 

the like” (Tasmanian Planning Commission, 2017, p. 38). This flexibility allows local 

councils with sufficient resources to tailor the overlay to suit their particular environmental 

needs. The design specification of the overlay to be bare minimum fit-for-purpose also 

makes it suitable for local municipalities with limited resources (Warnken and Mosadeghi, 

2018).  

The overlay has several exemptions based on the application of policy zones (see Table 2). 

Close to 6% of the modelled retreat area is free from Natural Assets Code regulations and 

another 12% has either special or case by case consideration. These exemptions remove or 

restrict the potential of wetland refugia in these zones (Fig. 4), and have several public 

policy implications worth considering (e.g. Hurlimann et al., 2014). A number of coastal 

areas in Tasmania that have been zoned as residential, urban or business are subject to 

flooding risk, due in part to previous policy failure in “locating developments in harm’s 

way” and exacerbating flooding risk (Randolph, 2004, p. 4). By exempting these zones from 

the overlay, a range of potential adaptation options are being overlooked. Flood-prone areas 

can be subject to buyouts, rolling easements or land swap programs coupled with wetland 

rehabilitation to meet multiple objectives (e.g. Calil et al., 2015).  
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Fig. 4. Example of a wetland retreat area in the Tamar River estuary, northern Tasmania, 

which falls under the Incompatible - Rural Residential Zone (see Table 2), and hence 

exempt from the application of Natural Assets Code, except where there are present 

wetlands and their 50 m buffers. Under development scenario 1, the overlays and the code 

are not applied and development is approved to impinge on current wetland, its buffer and 

future refugia areas. Under development scenario 2, the overlays and the code are applied 

and current wetland, its buffer and future refugia areas are conserved (while also mitigating 

flooding risk both in the vicinity and reduce flood water displacement on other low lying 

human assets within the estuary). 
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Coastal flooding events are increasingly being considered by insurers as “predictable acts of 

humankind, and not acts of god” and properties are being exposed to loss of compensation 

benefits (Ledoux et al., 2005, p. 139). Indeed, climate change and sea level rise are 

increasingly reducing the opportunity costs for rehabilitation of developed land back to 

wetlands, an option that has been pursued as part of public policy in many parts of the world 

(e.g. Calil et al., 2015; Turner and Daily, 2008). An aspirational outcome would be for the 

Local Provision Schedules to integrate wetland and waterway areas lost due to clearing and 

infill development. Historic wetlands mapping is available for some parts of Tasmania (e.g. 

Prahalad, 2009, 2014). Extending the mapping State-wide can provide, in the first instance, 

as a valuable tool in addressing the ‘shifting baseline’ effect (Miller, 2005), in which pre-

existing land uses (e.g. agriculture in coastal areas) are perceived as ‘normal’ baselines 

without reference to antecedent landforms such as coastal wetlands (Bromberg and Bertness, 

2005). Historical wetlands mapping will also help overcome path-dependence in imagining 

options that could rehabilitate functioning wetland habitats (Abel et al., 2011).  

Other exemptions that more broadly apply to the Natural Assets Code include all 

development assessed as large industry related Level 2 activities and a range of on-ground 

works by or on behalf of the Crown, State authority, or local council (Department of Justice, 

2017). In addition, the performance criteria for buildings and works within the overlay areas 

allow a range of concessions, for example, by allowing “necessary” dredging and 

reclamation “to continue an existing use or development on adjacent land” or “for a use 

which relies upon a coastal location to fulfil its purpose” such as access to marine farming, 

infrastructure and recreation (Department of Justice, 2017, p. C7.0 Natural Assets Code: 9). 

These concessions do provide a degree of flexibility in blending the stated purpose and 

objective of the Natural Assets Code with new scientific developments such as in mapping 

and modelling (Bell et al., 2014). It remains to be seen how these exemptions and 

concessions will be interpreted and enforced to balance private benefits with social costs. 

The sustained use and effectiveness of the overlay will be contingent on increasing socio-

political awareness among decision-makers and the general public of the costs and benefits 

of the ecosystem services of wetlands and waterways (Picketts, 2018).        
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7.6 Conclusions  

While technical and procedural improvements are possible, opportunities and constraints to 

coastal wetland and waterway conservation, and the mitigation of the effects on them of sea 

level rise will stem from socio-political processes. Revisiting the underlying objectives of 

the STPS, to attract investment and cut ‘Green tape’ indicates a strong commitment to 

economic development (Tasmanian Liberals, n.d.). Judging from a Tasmanian historical 

context, a myopic commitment to economic growth and ensuing short-term political gains 

have compromised wetland conservation in many instances (Prahalad and Kriwoken, 2010; 

Stratford, 2008). Judging from similar ‘planning reforms’ that have been witnessed in other 

parts of Australia, such as in Queensland, Warnken and Mosadeghi (2018, p. 80) consider 

that the main focus of the State Planning Policies is to provide “flexible approaches to 

planning” to serve an economic growth agenda. Abel et al. (2011) also emphasise the 

preponderance of growth-led polices in coastal land use planning in Queensland as a 

generalizable feature of coastal planning issues facing other high-income countries. This 

‘neoliberal approach’ to land use planning that allows private investments to shape the coast 

with little public intervention is likely to continue to have poor outcomes for wetland 

conservation and ecosystem services (Boon and Prahalad, 2017). The conservation and 

public good deficit created by a lax planning regime is unlikely to be compensated by 

reservation, covenants and management agreements alone. 

The good news we bring is that it is possible to develop overlays for planning schemes that 

could enable present and future conservation of wetlands and waterways. We believe, to the 

best of our knowledge, the current overlay is the first of its kind in the world to explicitly 

accommodate coastal wetland migration in a planning scheme. The integration of wetlands 

and waterways within the STPS provides a legitimate basis for their conservation under the 

Natural Assets Code guidelines (e.g. EDO Tasmania, 2016). The availability of an overlay 

now has the potential as a publicly accountable planning tool that provides a basis for grass 

root action to help balance private benefits with social costs. Its sustained and effective use 

is contingent on increasing socio-political awareness of the costs and benefits of the 

ecosystem services of wetlands and waterways. 
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Chapter 8 Fish use of Tasmanian saltmarsh wetlands: 

benefits for fish from tidal restoration and coastal 

rehabilitation 

 

This chapter contributes to the following research themes and objective: 

Ecological components and functional relationships & Conservation needs 

Chapter 8 Objective – To provide an initial assessment of the diversity, density and 

patterns of fish in Tasmanian coastal saltmarshes. To examine if there are differences in fish 

use between saltmarshes of varying condition in order to plan biodiversity repair and coastal 

management, and determine what additional research and on-ground activities might be 

required. To demonstrate a case for saltmarsh repair using fish as a proxy. 
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8.1 Abstract 

Fish use of coastal saltmarsh wetlands has been documented for many parts of Australia 

with the notable exception of Tasmania. An initial investigation to examine the diversity, 

density and patterns of fish use in the Circular Head coast saltmarshes of north-west 

Tasmania was undertaken. To aid decision making in repair strategies, the effect of 

saltmarsh condition on fish assemblages was studied using paired sites of predominantly 

unaltered and altered saltmarshes where levees were present. A total of 851 fish from 11 

species were caught in 37 of the 48 pop nets. Three species, Aldrichetta forsteri, Arripis 

truttaceus and Rhombosolea tapirina, are important to commercial and recreational fisheries 

and contributed about 20% of the total catch numbers. The mean density of > 72 fish per 

100 m2 is the highest yet reported from Australian studies and indicates that Tasmanian 

saltmarshes provide higher value habitat for fish compared to elsewhere in Australia, likely 

due to more frequent and prolonged flooding together with the lack of adjacent mangroves. 

There was no significant difference in fish assemblages between unaltered and altered 

marshes. The results suggest that restoring basic saltmarsh structure through tidal re-

connection will deliver substantial benefits for fish productivity through habitat expansion.  

 

Keywords: biodiversity, coastal management, ecological restoration, ecosystem services, 

seascapes, salt marsh, temperate fish communities, wetland conservation  

8.2 Introduction 

Saltmarsh wetlands are well recognised as fish nurseries globally, with a growing literature 

documenting the importance of these habitats for itinerant fish use (e.g. Connolly 2009; 

Raposa and Talley 2012). The general expectation is that saltmarshes, and their associated 

tidal channels, provide both secure and productive habitat and food resources. For example, 

Kneib (1997), Deegan et al. (2000) and Valiela et al. (2000) detail how fish utilise these 

seascapes at varying spatial and temporal scales. In Australia, there is now an increasing 

number of studies to support this expectation, with accounts of fish visiting and feeding in 

saltmarshes (Crinall and Hindell 2004; Hollingsworth and Connolly 2006; Mazumder et al. 

2006a; Platell and Freewater 2009; Mazumder et al. 2011; McPhee et al. 2015). As 

elsewhere, Australian saltmarshes have also been documented to export food resources 

(plant and animal matter) to coastal waters through tides, thereby improving overall 

seascape productivity (Melville and Connolly 2003; Svensson et al. 2007). 
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Although more research is being undertaken in Australia, most research on saltmarsh fish 

has been focused elsewhere, particularly in North America. A review by Connolly (1999) 

indicates that, of literature published before 2000, 90% of studies were from North America, 

7% were from Europe and 3% were from the southern hemisphere including Australia 

(although additional work has since been published). Contrasts exist in habitat type between 

Australian and North American saltmarshes, including differences in typical elevation, water 

depth and plant assemblages (Connolly 2009), making comparisons problematic between 

international studies. Australian studies have primarily been undertaken in tropical, 

subtropical and temperate waters in Queensland, New South Wales, Victoria and South 

Australia (Davis 1988; Connolly et al. 1997; Thomas and Connolly 2001; Crinall and 

Hindell 2004; Mazumder et al. 2006b).  

Australian literature reporting on the fish use of temperate saltmarshes record up to 35 

species with densities of up to 56 fish per 100 m2 (Connolly 2009; Wegscheidl et al. 2017). 

In terms of patterns of fish use, spatial and temporal differences between regions are 

apparent, including varying effects of seasonality, tide cycle, water depth, diel time, 

temperature and salinity on fish assemblages (Morton et al. 1987; Davis 1988; Connolly et 

al. 1997; Thomas and Connolly 2001; Crinall and Hindell 2004; Mazumder et al. 2005a). 

Although a major focus of North American research has explored differences in fish use 

between varying saltmarsh conditions (e.g. Raposa and Talley 2012), there are few 

comparable studies from Australia (Connolly 2005; Mazumder et al. 2006b). There remains 

a lack of directed studies relating saltmarsh condition to fish assemblages in Australia 

(Connolly 1999; Kelleway et al. 2017).   

To our knowledge, and certainly in the scientific literature, there have been no prior studies 

of fish use of Tasmanian coastal saltmarshes, with no previous record of fish species 

diversity, density, patterns of use and preference between varying habitat conditions. As 

both saltmarshes and mangroves have been found to host many fish species (Mazumder et 

al. 2005a; Saintilan et al. 2007), and given the absence of mangroves in Tasmania, 

measuring the diversity, density and patterns of fish use of saltmarshes (where no adjoining 

mangrove habitat is present) is important. As well as the absence of mangroves, Tasmania’s 

saltmarshes differ in their seascape context to those found in mainland Australia. In 

comparison, Tasmanian saltmarshes are situated slightly lower on the tidal frame (thus being 

subject to a different flooding regime) and contain different vegetation assemblages 
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compared with many of their mainland counterparts (Saintilan 2009; Mount et al. 2010; 

Boon et al. 2015). 

An understanding of fish use is particularly important where saltmarshes have declined most 

rapidly due to tidal restriction as part of agricultural development, as in the Circular Head 

coast saltmarshes of north-west Tasmania (Prahalad 2014). These low lying agricultural 

areas that are affected by salinisation and flooding could easily be repaired in terms of tidal 

ventilation. The benefits of re-connecting tidal flows in the form of increased fish 

production through expanded habitat would potentially offset any loss in agricultural 

outputs, as well as provide additional ecosystem services (Creighton et al. 2015; Kelleway 

et al. 2017; Wegscheidl et al. 2017). Saltmarsh rehabilitation would also assist in building 

resilience to climate change and relative sea level rise (Prahalad et al. 2015).  

The following questions underpinned our Circular Head study: (1) what is the diversity and 

density of fish in the saltmarshes? (2) are there any observable patterns of fish use relative to 

location, tide cycle, water depth, diel time, temperature and salinity? (3) are there 

differences in fish use between saltmarshes of varying condition? (4) what are the 

implications for biodiversity repair and coastal management, and what additional research 

and on-ground activities might be required? In addressing these questions, this study also 

explored whether Tasmanian saltmarshes supported different assemblages and densities of 

fish taxa compared with lower latitude Australian sites.     

8.3 Materials and methods 

8.3.1 Study area 

The Circular Head coastal area is located in the far north-west of Tasmania, between 

Woolnorth Point and the small town of Stanley (Fig. 1). The area is well sheltered from the 

high-energy wave climate of Bass Strait and contains an expansive seascape matrix of tidal 

flats, seagrass beds, saltmarshes and Melaleuca ericifolia swamp forests on the landward 

margin (Mount et al. 2010; Prahalad et al. 2015). The saltmarshes in the Circular Head 

coastal area occupy 1326 ha, as part of 23 distinct clusters associated with creek/river 

mouths, embayments, sheltered passages or tidal islands, and account for nearly a quarter of 

all saltmarsh mapped across Tasmania (Prahalad 2016). The area has a semi-diurnal tidal 

cycle with a mesotidal range of up to 3.1 m, the largest on the Tasmanian coast (Donaldson 

et al. 2012). Within the tidal frame, saltmarshes occur over a 0.5 m range in elevation and 
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are flooded partially during neap tides and almost fully during high spring tides (Mount et 

al. 2010). The low marsh is characterised by succulent mats of Sarcocornia quinqueflora 

often co-occurring with Samolus repens, and about 10-20 cm high (when flooded). The high 

marsh and back marsh areas are dominated by the succulent shrub Tecticornia arbuscula 

often mixed with halophilic grasses and sedges, about 50-150 cm high.  

M. ericifolia swamp forests dominate the landward margins of the tidal frame occupying the 

low lying coastal floodplain areas and competing with saltmarsh at the upper limits of the 

tidal extent. A large part of the swamp forests and the adjoining saltmarsh has, however, 

been cleared and drained for agricultural purposes, with over 25 km of levees built to restrict 

tidal flooding (Prahalad 2014). Earliest evidence of levee building was observed from old 

aerial imagery dating from the late 1960s, while the most extensive period of clearing and 

draining was during the 1980s. The estimated absolute loss of saltmarsh between 1952 and 

2006 is 219 ha (16%), with 752 ha (65%) of the remaining saltmarshes subject to impacts 

including clearing, drainage ditching, cattle grazing and buffer zone removal (Prahalad 

2014). Levee building has continued, for example, with a 2 ha area of saltmarsh lost 

between 2013 and 2016 (unpublished data). The Circular Head coastal area has been 

specifically selected for this study for having the largest extent of saltmarsh with 

rehabilitation potential in the State. The area is also of considerable importance to 

commercial and recreational fishers (Mount et al. 2010). There are also oyster farms in the 

area which depend on good water quality as part of a healthy seascape. 
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Fig. 1. The three saltmarsh study locations and their paired unaltered and altered sites used 

in the Circular Head coastal area of north-west Tasmania. Terrestrial and marine boundary 

data are from theLIST (www.thelist.tas.gov.au), © State of Tasmania. 

8.3.2 Sampling methods 

Methods used to sample fish in saltmarshes include fyke nets, seine nets, pop nets, lift nets, 

block nets, flume nets, flume weir, drop samplers, traps, dip nets and hand trawls, and also 

poisoning (Connolly 1999, 2009). Of these, pop nets are now used in Australia more than 

other techniques (e.g. Connolly 2005; Mazumder et al. 2005b; Saintilan et al. 2007), as they 

are easily portable for sampling replications and provide a density measure (fish per m-2) 

that is directly comparable to other studies (Wegscheidl et al. 2017). Although studies have 

used different pop net types and sampling regimes, the general tendency has been to use a 

larger sample area (~25 m-2) to avoid small scale patchiness, with a fine mesh size (~2 mm) 

to catch juvenile fish and a remotely controlled release. In this study, we employed four 

custom made buoyant floorless pop nets, each covering an area of 25 m-2 (with 5 m long x 1 

m high walls) and with a mesh size of 2 mm. The bottom of the net walls contained a lead-

core rope that was tucked under the saltmarsh substrate and pegged down by 10-12 weed 

mat pins on each side. This helped avoid excessive soil disturbance (cf. Connolly 2005). The 

top of the net walls contained a sleeve suitable for a 20 mm PVC pipe that was inserted in-

http://www.thelist.tas.gov.au/
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situ and sealed for floatation. The net was neatly folded under the PVC pipe so that the 

installation sat flat on the marsh surface as much as possible. Weights were placed on the 

PVC pipe to keep it from floating with the incoming tide until the nets were ready to be 

popped. The installation was completed during low tide and took about 60 mins per net with 

two people working in tandem.   

The four nets were used concurrently at the nearby paired sites of unaltered and altered 

saltmarshes, located in Robbins Passage, Big Bay and Perkins Passage (see Fig. 1). The 

three locations were 2.5-10 km apart from each other and selected on the basis of being 

representative of the saltmarshes of the Circular Head coast. Unaltered saltmarshes had no 

hydrological alterations due to levees and other human impacts (such as drainage ditches, 

clearing, grazing), were surrounded by a contiguous native buffer vegetation zone, and were 

relatively unfragmented being part of a larger saltmarsh cluster. Altered marshes had 

significant hydrological alterations due to levees and other human impacts (such as drainage 

ditches, clearing, grazing), had a little to no native buffer vegetation being juxtaposed to 

agricultural land used largely for cattle grazing, and belonged to highly fragmented 

saltmarsh clusters of variable size (Table 1.).  

Table 1 Condition of saltmarshes used in the study. Sites pairs were selected primarily based 

on the presence and absence of levees. 

Site  Condition class and variables    

Location Class Levees1 Buffer zone2 

Saltmarsh 

fragmentation3 

Saltmarsh 

area4 

Robbins Passage Unaltered Absent Present Absent 12.1 ha 

 Altered Broken levees Present but limited Medium 35.5 ha 

Perkins Passage Unaltered Absent Present Medium 13.5 ha 

 Altered Broken levees Absent High 18.9 ha 

Big Bay Unaltered Absent Present but limited Medium 15 ha 

  Altered Intact levees Absent High 1.7 ha 
1Broken levees are regularly breached by the incoming tide.   
2Buffer zone, e.g. Melaleuca ericifolia swamp forest.   
3Degree of fragmentation of marsh and associated tidal creeks by levees since the 1960's.   
4Area of saltmarsh is contiguous and spread along the coast with a high marsh area to edge ratio. 

 

8.3.3 Sampling procedure 

At slack high tide, the fully installed nets were released remotely (10-15 m) by two field 

personnel pulling the strings connected to the weights at the same time. The nets popped 
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instantaneously (~1 second) and were then surveyed for entrapped fish, mostly at the 

downstream side(s) into which they were channelled as the tide receded. Fish were collected 

at regular intervals using hand-held dip nets to mitigate loss due to predation by birds and 

crabs inside the net. Some of the larger and more active crabs were evicted from the nets to 

prevent predation on fish when the water levels were low. Depending on the tide height, it 

took between 1-2 hrs for the flood tide to recede fully from the marsh surface. A thorough 

final inspection was made before concluding each sampling effort by checking all four walls 

and tiny depressions inside the net for camouflaged species. Collected fish were identified in 

the field, recorded and released. A few representative samples of each species were taken to 

confirm field identification by fish experts (following Gomon et al. 2008). These fish were 

terminally anesthetised in the field using a lethal dose of AQUI-S® (https://www.aqui-

s.com/), a commercially available derivative of clove oil. Specimens were preserved 

immediately into a solution of 95% ethanol. Size range measurements of the fish from both 

the preserved samples and photographic evidence collected during field work helped in 

inferring the likely age of the fish.      

Fish were sampled from four nets concurrently released in both unaltered and altered sites, 

at two replicate nets per site. The replicates were located randomly on the marsh flats and 

spaced no further than 25 m apart (cf. Thomas and Connolly 2001). Sampling was 

conducted during both high tides (night and day) of the semi-diurnal tidal cycle. The same 

procedure was repeated on successive days at the three study locations, yielding 24 samples 

during the neap tide cycle in April 2017. Sampling effort was doubled to 48 net releases in 

the following spring tide cycle in May 2017 following the same procedure. The neap tidal 

cycle samples were located near the seaward edge of the marsh expecting lower water levels 

and the spring tidal cycle samples were located slightly higher on the marsh platform 

expecting higher water levels (with distance to seaward edge proportional to the paired 

unaltered and altered marshes). Water temperature, salinity and time of net release (diel 

time) were recorded at each sampling location on all 12 sampling occasions. Water depth 

was recorded at each net as the mean of maximum and minimum depth, as the marsh surface 

was sloped.  

8.3.4 Data analysis 

Summary statistics were used to gain an overall impression of the fish community. To gauge 

the completeness of the sampling, a species accumulation curve (collector's curve) was 

https://www.aqui-s.com/
https://www.aqui-s.com/
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produced using specaccum in the vegan library (Oksanen et al. 2011). Samples taken when 

the maximum water depth was < 5 cm (mean water depth < 3 cm) were excluded from 

further analysis because they yielded no fish due to lack of access. To explore the 

relationship between the environmental variables and fish species abundance within the 

overall assemblage, we related four response variables (fish species richness per sample, fish 

catch per sample and the abundance of the two most common species) using generalised 

linear models (GLMs) to a suite of predictor environmental variables (location, condition 

status, tide cycle (spring vs neap), diel phase (night vs day), water salinity and mean water 

depth). Because the response variables were based on count data, Poisson or quasi-Poisson 

models with a log link function were applied as appropriate. We used a Wilcoxon Rank Sum 

test to explore for differences in total catch between diel phase, tide cycle and saltmarsh 

condition. 

The multiple response permutation procedure (MRPP) in vegan was used to test for any 

significant difference between the unaltered and altered sites based on their fish 

assemblages. The Bray–Curtis dissimilarity measure and 999 permutations were employed. 

The MRPP statistic delta is the overall weighted mean of within-group means of the 

pairwise dissimilarities among the sampling units. A is a chance-corrected estimate of the 

proportion of the distances explained by group identity, a value analogous to a coefficient of 

determination in a linear model (Oksanen et al. 2011). The degree to which the fish 

assemblages varied between unaltered and altered sites was assessed using non-metric 

multidimensional scaling (nMDS) ordination based on the Bray-Curtis dissimilarity measure 

(Clarke and Warwick 2001). Fish counts were not transformed because the range of values 

was not extreme. The stress level of 0.1909 in 2 dimensions was acceptable (Quinn and 

Keough 2002). Analyses were carried out in the R statistical environment (R Foundation for 

Statistical Computing, Vienna, Austria). 

8.4 Results 

A total of 851 fish of 11 species from 8 families were caught (Table 2.). All the individuals 

caught were either juveniles or sub-adults. The species accumulation curve (Fig. 2) 

estimates a total of 12 species and suggests the number of samples collected was satisfactory 
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to reveal most of the fish taxa present at the sites. 

 

Fig. 2. Species accumulation curve (with SD) for fish species sampled on the Circular Head 

coast saltmarshes of north-west Tasmania, during April-May 2017. 

The profile of the saltmarsh fish fauna reflected strong differences in the relative abundance 

of particular species (Fig. 3). The family Atherinidae contributed three species and 74% of 

the total catch numbers, of which Atherinosoma microstoma and 

Leptatherina presbyteroides were most abundant (57% and 16% respectively). Two 

members of the family Gobiidae, Pseudogobius sp. and Nesogobius maccullochi, 

contributed 3% and 2% of the total respectively. Three species, Aldrichetta forsteri 

(Mugilidae), Arripis truttaceus (Arripidae) and Rhombosolea tapirina (Pleuronectidae) are 

of direct commercial and recreational value (Lyle et al. 2014). These fishery valued species 

contributed about 20% of the total catch. A. forsteri was both common and dominant, 

present in 24 of the 37 nets (65%) that caught fish and made up 19% of the total catch. 

Palaemonid shrimps (Palaemon sp.) were observed in most of the nets, sometimes in large 

numbers (~200) but not censused as the study was restricted to finfish. Crabs were also 

observed in all of the nets and have been inventoried for the Circular Head saltmarshes by 

Richardson et al. (1997).     
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Fig. 3. Boxplot of the fish taxa sampled from the Circular Head coast saltmarshes, north-

west Tasmania. The boxes contain 50% of the observations, the median is shown by a 

vertical line, the circles show the range of values. The common name codes used are as 

follows: YEM: Yellow-eye Mullet, SMH: Smallmouth Hardyhead, SLF: Silver Fish, SF: 

Soldierfish, PHH: Pikehead Hardyhead, GG: Girdled Goby, GBF: Greenback Flounder, 

EBG: Eastern Bluespot Goby, CON: Congolli, CGA: Common Galaxias, AS: Australian 

Salmon. 
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The pop nets were very effective at catching fish with 37 of the 48 net releases returning 

between 3 and 69 fish per net. One of the nets failed in the Robbins Passage unaltered 

saltmarsh during the neap tide night-time sample. The mean density of fish caught with the 

exception of one net that failed to set properly was 72.4 fish per 100 m-2 (Table 2.). Because 

the maximum water depth was less than 5 cm (average water depth < 3 cm) on 5 occasions 

where the high tide mark did not fully extend to the area covered by the nets our sampling of 

population density is probably an under-estimate. When corrected for these 5 samples, the 

mean density is 83 fish per 100 m-2. In addition, it is likely that Gobiidae were probably 

undersampled on occasions where they were hiding in crab holes well after the marsh flat 

had drained after the spring high tide. Mugilidae may also have been undersampled given 

their ability to jump, however, our regular sampling regime would have mitigated against 

this risk. We conclude the mean density of fish caught to be > 72 fish per 100 m-2. 

The mean catch and species richness ±SE per net/sample was 18.11±2.58 individual fish and 

2.60±0.22 taxa respectively. Both the catch (r = 0.6113, p < 0.01) and species richness (r = 

0.5131, p < 0.01) were positively correlated with mean water depth. However, there was no 

correlation between water salinity and either catch (r = 0.0842, p > 0.05) or species richness 

(r = -0.0249, p > 0.05). The range in salinity level was modest across the samples (33.1 to 

36.6 ppt). Temperature ranged from 9 to 18.9 °C (mean of 14.4 °C), however this was not a 

significant variable. Only two of the environmental variables were significant in the 

generalised linear models (Table 3). Fewer fish and slightly lower species richness were 

apparent in the daylight sampling compared to night-time of the diel phase. Similarly, mean 

water depth had a strong positive effect on all four response variables. Notably, A. 

microstoma was caught in greater numbers in night-time samples (p < 0.001), while A. 

forsteri catch was slightly higher at night-time (p < 0.05), both species responding positively 

to water depth (p < 0.001). The effect of location was only noticeable in the case of A. 

forsteri with marginally greater numbers recorded at Perkins Passage (p < 0.10).  

The Wilcoxon test confirmed that total catch per sample was related to the diel phase (W = 

296, p = 0.001). However, although more fish were caught during the spring tide cycle (n = 

526) than neap tide (n = 325), tide cycle (W = 169, p = 0.215) was not a significant factor on 

total catch per sample. Similarly, more fish were caught in altered sites (n = 493) compared 

to unaltered sites (n = 358), yet saltmarsh condition (W = 260, p = 0.319) did not 

significantly affect total catch per sample. Water depth was able to better explain catch 
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numbers for both spring and neap tide cycles and for altered and unaltered sites examined 

separately (Fig. 4a-b).  

MRPP showed there was no significant difference between the unaltered and altered sites 

based on their fish assemblages (chance corrected within-group agreement A =   - 0.0120, 

based on observed delta = 0.6353 and expected delta = 0.6278, the significance of delta = 

0.917). Ordination results further confirmed that there were no discernible differences in the 

fish assemblages between unaltered and altered sites (Fig. 5). 

 

 

Fig. 4. Relationships between fish catch per sample and mean water depth for (a) neap (n 

= 19; r2 = 0.763; P < 0.001) and spring tide samples (n = 23; r2 = 0.137; P = 0.083), and (b) 

altered (n = 22; r2 = 0.265; P < 0.05) and unaltered status (n = 20; r2 = 0.298; P < 0.05). The 

solid lines show the fit to the data, with shading indicating the 95% confidence interval 

bands. Circles indicate individual measurements. 
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Fig. 5. Non-metric multidimensional scaling (nMDS) ordination of the pop net samples 

based upon their fish communities from 37 of the 48 net releases which caught fish. Stress 

in two dimensions = 0.1909. Closed circles, samples from unaltered sites; open circles, 

samples from altered sites. Status labels are plotted at their respective centroids. 
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Table 3. Coefficients for general linear models relating fish species richness, catch and the 

abundance of the two most common fish species to environmental variables. Values have 

not been exponentiated. The model for species richness uses Poisson regression, the other 

response variables follow a quasi-Poisson distribution. WDmean = mean water depth. 

Significance levels are indicated as: *** p < 0.001, ** p < 0.01, * p < 0.05, . p < 0.10. 

  
Estimate SE t value Pr(>|t|) signif. 

Species Richness 
     

(Intercept) -1.7124 8.7227 -0.196 0.8444 
 

Location: Perkins Passage 0.0653 0.3400 0.192 0.8476 
 

Location: Robbins Passage 0.0750 0.3618 0.207 0.8357 
 

Status: Unaltered -0.0613 0.1858 -0.330 0.7415 
 

Tide: Spring -0.0782 0.4972 -0.157 0.8751 
 

Phase: Light -0.6144 0.2487 -2.471 0.0135 * 

Salinity 0.0660 0.2369 0.279 0.7806 
 

WDmean 0.0204 0.0077 2.639 0.0083 ** 

Catch Numbers 
     

(Intercept) -7.5104 7.9607 -0.943 0.3510 
 

Location: Perkins Passage 0.0757 0.3289 0.230 0.8190 
 

Location: Robbins Passage 0.1768 0.3317 0.533 0.5970 
 

Status: Unaltered -0.1332 0.1735 -0.768 0.4470 
 

Tide: Spring 0.0933 0.4700 0.198 0.8440 
 

Phase: Light -1.4914 0.2993 -4.983 0.0000 *** 

Salinity 0.2643 0.2158 1.225 0.2280 
 

WDmean 0.0458 0.0080 5.719 0.0000 *** 

Smallmouth Hardyhead 
     

(Intercept) -5.5752 9.0677 -0.615 0.5420 
 

Location: Perkins Passage -0.5936 0.4059 -1.462 0.1520 
 

Location: Robbins Passage -0.0056 0.3742 -0.015 0.9880 
 

Status: Unaltered -0.1959 0.2030 -0.965 0.3410 
 

Tide: Spring -0.2365 0.5553 -0.426 0.6730 
 

Phase: Light -1.5162 0.3424 -4.429 0.0001 *** 

Salinity 0.1989 0.2461 0.808 0.4240 
 

WDmean 0.0521 0.0097 5.395 0.0000 *** 

Yellow-eye Mullet 
     

(Intercept) -10.0165 18.8957 -0.530 0.5991 
 

Location: Perkins Passage 1.4328 0.7216 1.985 0.0542 . 

Location: Robbins Passage 0.1393 0.9812 0.142 0.8878 
 

Status: Unaltered 0.3963 0.3192 1.242 0.2218 
 

Tide: Spring 1.1728 0.9923 1.182 0.2444 
 

Phase: Light -3.5222 1.3271 -2.654 0.0114 * 

Salinity 0.2367 0.5092 0.465 0.6446 
 

WDmean 0.0576 0.0146 3.946 0.0003 *** 
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Table 2. Fish caught using custom-made buoyant floor-less pop nets on salt marsh flats on the Circular Head coast of north-west Tasmania during April–

May 2017. Species identification and naming follows Gomon et al. (2008). Asterisks indicate species of recreational and commercial interest (Lyle et al. 

2014). 

Family Genus and species Common name Contribution to catch Total 

Robbins Passage Perkins Passage Big Bay Total % 

Unaltered Altered Unaltered Altered Unaltered Altered 

Total % Total % Total % Total % Total % Total % 
Atherinidae Atherinosoma microstoma 

(Günther, 1861) 
Smallmouth 

hardyhead 
37 55.2 129 64.2 21 34.4 47 34.8 146 63.5 102 65.0 482 56.6 

 
Kestratherina esox 

(Klunzinger, 1872) 
Pikehead 

hardyhead 
0 0 3 1.5 3 4.9 0 0 0 0 6 3.8 12 1.4 

 
Leptatherina 

presbyteroides 

(Richardson, 1843) 

Silver fish 7 10.4 50 24.9 6 9.8 15 11.1 39 17.0 18 11.5 135 15.9 

Gobiidae Nesogobius maccullochi 

(Hoese and Larson, 

2006) 

Girdled goby 2 3.0 2 1.0 2 3.3 7 5.2 5 2.2 0 0 18 2.1 

 
Pseudogobius sp. Eastern 

bluespot goby 
10 14.9 7 3.5 1 1.6 4 3.0 0 0 6 3.8 28 3.3 

Mugilidae Aldrichetta forsteri 

(Valenciennes, 1836) 
Yellow-eye 

mullet* 
10 14.9 10 5.0 27 44.3 50 37.0 40 17.4 23 14.6 160 18.8 

Pleuronectidae Rhombosolea tapirina 

(Günther, 1862) 
Greenback 

flounder* 
0 0 0 0 0 0 1 0.7 0 0 0 0 1 0.1 

Pseudaphritidae Pseudaphritis urvillii 

(Valenciennes, 1832) 
Congolli 0 0 0 0 0 0 5 3.7 0 0 1 0.6 6 0.7 

Tetrarogidae Gymnapistes marmoratus 

(Cuvier, 1829) 
Soldierfish 0 0 0 0 0 0 0 0 0 0 1 0.6 1 0.1 

Arripidae Arripis truttaceus (Cuvier, 

1829) 
Australian 

salmon* 
1 1.5 0 0 0 0 0 0 0 0 0 0 1 0.1 

Galaxiidae Galaxias maculatus 

(Jenyns, 1842) 
Common 

galaxias 
0 0 0 0 1 1.6 6 4.4 0 0 0 0 7 0.8 

Total catch per sample type 
 

67 
 

201 
 

61 
 

135 
 

230 
 

157 
 

851 
 

Fish density per 100 m2 
 

38.3 
 

100.5 
 

30.5 
 

67.5 
 

115 
 

78.5 
 

72.4 
 

Fish density per 100 m2 (excluding nets with water depth <5 

cm) 
44.7 

 
100.5 

 
40.7 

 
67.5 

 
115 

 
104.7 

 
83.0 
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Table 4. Compilation of fish data and key study design attributes from existing literature that report using pop nets on saltmarsh flats in Australia 

(cf. Connolly 2009; Wegscheidl et al. 2017). Given all previous pop nets studies have been conducted only during spring tides, we report our 

spring tide samples separately to assist comparison. 

Region State Reference 

No of 

releases 

Total fish 

caught 

(n) 

Diversity 

(number 

of species) 

Mean 

density (fish 

per 100m2) 

Pop net 

size (m2) 

Temporal context 

(sampling month) 

Spatial context 

(with mangroves, 

etc.) 

Mean water 

depth (proxy 

for volume) 

Subtropical QLD 

Thomas and 

Connolly 2001 134 577 23 17.2 5 x 5 August, January Flats 4-72cm 

    Connolly 2005 88 1073 19 48.8 5 x 5 May, December 

Flats, adjacent 

runnels and 

mangrove-lined 

creeks 6-48cm 

Temperate NSW 
Mazumder et al. 

2005a 48 818 14 56 5.5 x 5.5 

Year round 

(monthly) 

Flats, adjacent 

mangroves Not reported 

  

Mazumder et al. 

2005b 48 766 15 52.8 5.5 x 5.5 

Year round 

(monthly) 

Flats, adjacent 

mangroves Not reported 

  Saintilan et al. 2007 36 ~568 14 52.2 5.5 x 5.5 

Year round 

(monthly) 

Flats, adjacent 

mangroves and 

seagrass Not reported 

 SA 
Connolly et al. 

1997 48 19 2 4.4 3 x 3 April-July 

Flats with creeks, 

adjacent mangroves 

and seagrass 10-30cm 

  

Bloomfield and 

Gillanders 2005 30 1 1 0.4 3 x 3 

July, August, 

December-

February 

Flats, adjacent 

mangroves and 

seagrass >70cm 

  Tas. Present study 48 851 11 72.4 5 x 5 April, May Flats 0-64cm 

 Tas. 
Present study (neap 

tide only) 24 325 9 56.5 5 x 5 April Flats 0-38cm 

  Tas. 
Present study 

(spring tide only) 24 526 9 87.7 5 x 5 May Flats 2-64cm 
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8.5 Discussion 

8.5.1 Fish species composition and density 

As the initial study of fish assemblages of Tasmanian saltmarshes, this study provides an 

excellent baseline for further investigations. The species encountered in this study largely 

overlap with those reported from other temperate Australian saltmarshes (Connolly 2009). 

The fish assemblage is dominated by species from the families Atherinidae, Gobiidae and 

Mugilidae. Of the other common fish families reported in temperate Victorian (Crinall and 

Hindell 2004) and New South Wales (Mazumder et al. 2005a, Mazumder et al. 2006b) 

saltmarshes, Ambassidae, Gerridae and Sparidae were absent because their geographic range 

does not extend to Tasmania. Local species of the families Sillaginidae and Tetraodontidae 

were also not encountered in this study, although, the tetraodontid Tetractenos glaber 

(Smooth Toadfish), was observed adjacent to the nets both in Robbins Passage and Big Bay. 

Notably, this study provided a rare record in Australian saltmarshes of a member of the 

commercially and recreationally valuable family Arripidae. The two other species of 

commercial and recreational value, A. forsteri and R. tapirina, are also found in other 

temperate Australian saltmarshes. The relative abundance of A. forsteri in our total catch 

(19%) is, however, comparatively much higher for a member of the Mugilidae (cf. 2-6% of 

total catch by Crinall and Hindell 2004 using fyke nets in Victoria, and by Mazumder et al. 

2005a, 2005b using pop nets and Mazumder et al. 2006b using fyke nets in New South 

Wales). The variable sizes (~ 4-20 cm total length) of individuals caught suggest this 

abundance is not related to life history phases based on inferred age (Chubb et al. 1981).  

In terms of species richness, the 11 species recorded in our single season of sampling 

compares well with other temperate Australian studies. Reports range from 10 species 

collected from fyke nets in Victoria (Crinall and Hindell 2004) to 14-15 species collected 

from pop nets in New South Wales (Mazumder et al. 2005a, 2005b; Saintilan et al. 2007). 

Comparable pop net studies from Queensland have reported 23-19 species (Thomas and 

Connolly 2001; Connolly 2005), indicating a latitudinal trend in diversity of saltmarsh fish 

along the east coast of Australia (Table 4.). Another latitudinal trend is the marked change in 

A. microstoma as the most numerically dominant species in higher temperate latitudes in 

Tasmania (present study), Victoria (Crinall and Hindell 2004) and South Australia 

(Bloomfield and Gillanders 2005), to the ambassid Ambassis jacksoniensis (Port Jackson 
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Glassfish), in lower temperate latitudes in New South Wales (Mazumder et al. 2005a, 

2005b; Platell and Freewater 2009). The similarity in the relative abundance of these two 

species at different latitudes indicates an equivalence of ecosystem structure whereby 

functionally related species perform comparable roles. The minor component of Gobiidae 

and Mugilidae is also reflected in other studies.  

Our reported density of > 72 fish per 100 m2 is higher than from other Australian 

saltmarshes, including subtropical locations (Table 4.). This could be a seasonal outcome 

where sampling in autumn returned high fish catches, although there is little evidence for 

significant seasonal variations in fish on temperate saltmarshes in Australia. Mazumder et 

al. (2005a) showed seasonal variation in fish abundance in mangroves near Sydney, peaking 

in summer, but not in the case of the adjoining saltmarshes. Bloomfield and Gillanders 

(2005) also reported no significant differences in fish richness and abundance in saltmarshes 

from South Australia between months. A more plausible explanation for the high fish 

density reported in this study could be the unique position of Tasmanian coastal saltmarshes 

as part of seascapes where mangroves are absent. Consequently, Tasmanian saltmarshes 

occur slightly lower on the tidal frame. In our study area with a mesotidal range, saltmarshes 

are partially flooded even during neap tides unlike most mainland Australian counterparts 

which only flood in spring tides (Bloomfield and Gillanders 2005; Connolly 2009). 

Saltmarshes of Tasmania would seem to provide a higher habitat value for fish per hectare, 

due to longer availability of flooded habitat together with the lack of any complementary 

habitat such as mangroves.  

8.5.2 Patterns of fish use and implications for tidal restoration 

It is well documented that coastal saltmarsh rehabilitation through restoring tidal flows 

ensures benefits for fish through expanded habitat (Roman et al. 2002; Raposa and Talley 

2012). Our study reinforces this expectation, firstly through the strong effect that water 

depth has on fish density and richness found in this and some other studies (Thomas and 

Connolly 2001; Connolly 2005). When tide-restricted areas are open to flooding, they can 

accommodate the spread of a given volume of water (entering the embayment or sheltered 

passage) over a greater surface area. Tidal restoration, therefore, opens up more shallow, 

sheltered environments, rich in food sources, preferred by juvenile and sub-adult fish species 

(e.g. A. forsteri and Mugil cephalus, Sea Mullet: Chubb et al. 1981). Secondly, there was 

only a minor effect of the sampling location on both fish richness and density. Given that the 
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study area has in excess of 25 km of levees traversing multiple freehold properties, coastal 

rehabilitation works could be initiated wherever site specific opportunities arise with likely 

benefits for local fish productivity through expanded habitat. While the saltmarsh area 

already lost to clearing was 221 ha, a further 629 ha (55% of current extent) is affected by 

impaired tidal flows (Prahalad 2014). These areas can benefit from simple on ground works 

(e.g. levee breaching) aimed at tidal restoration.  

In a broader seascape context, there is an ongoing debate on the relative importance of 

different habitat types, including saltmarshes, to the marine food web (Kelleway et al. 

2017). Only a few Australian studies have simultaneously compared saltmarsh with other 

nearby habitats (mangroves, seagrass and unvegetated/open water) with regard to fish use. 

Bloomfield and Gillanders (2005) noted that saltmarsh had the least number of fish (a 

solitary A. microstoma for a saltmarsh area of 270 m-2), compared with mangroves, seagrass 

and unvegetated habitats of a South Australian estuary. Similarly, Saintilan et al. (2007) 

reported fewer fish in a New South Wales saltmarsh compared with adjacent mangrove and 

seagrass. However, the latter study showed that fish moved between these habitats and that 

saltmarsh plays both a complementary role in terms of additional food resource and also a 

refuge role for smaller fish during spring tides (when the seagrass habitat is ‘exposed’ to 

larger predatory fish). Mazumder et al. (2005a) also reported more fish in mangroves 

bordering saltmarsh in the same New South Wales location, although the authors 

acknowledged that fish density was higher in the saltmarsh when corrected for water 

volume. A common emphasis of these and some overseas studies (e.g. Valiela et al. 2000), 

has been on the role of a permeable seascape matrix of adjacent habitats for fish to access at 

varying timescales. The value of saltmarsh for fish and the marine food web is very likely 

higher in the Tasmanian context because of the absence of mangroves.   

8.5.3 Difference in fish use between unaltered and altered saltmarshes 

This study is also the first in Australia to document differences in fish use between paired 

unaltered and altered saltmarshes (see Connolly 1999, 2009). Our findings indicate that 

altered marshes can support high densities of fish and of comparable species richness to 

unaltered marshes. One of the known reasons for high fish numbers in our altered marshes 

could be due to the greater marsh to edge ratio, a product of habitat fragmentation, allowing 

greater access to fish (Minello et al. 1994). A more substantive reason, however, could be 

just that altered marshes can provide similar habitat functions for fish use if they are subject 
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to a natural tidal regime comparable to its unaltered counterparts. There is considerable 

evidence, such as from temperate North America, of restoring saltmarshes having similar 

fish habitat value to reference sites (Raposa and Talley 2012). Further, re-connection of tide-

restricted marshes has been shown to return fish richness and density to levels comparable to 

unaltered ones within one year (Roman et al. 2002). Indeed, our spring tide samples from 

altered sites in Robbins Passage and Perkins Passage were both located immediately behind 

the breached levees, and still returned high fish density and species richness. It must be 

noted though that these altered sites had a similar tidal regime, vegetation and crustacean 

activity to their paired unaltered sites (an indication of some functional equivalence). A 

comparative study of three saltmarshes of the Sydney region indicated that one of the 

marshes reclaimed from dredge spoil had significantly lower diversity and abundance of 

fish, possibly due to lack of functional equivalence (Mazumder et al. 2006b). The 

contrasting results from these two studies indicate an unexplored threshold effect in 

saltmarsh condition, likely context specific (e.g. with and without fringing mangroves), 

which can help explain relative fish habitat value and guide tidal restoration efforts.    

8.5.4 Implications for coastal management 

The priority for management must be the conservation of existing saltmarshes and their tidal 

connectivity (e.g. Boon et al. 2015). The Boullanger Bay and Robbins Passage areas which 

are least affected by levees and associated clearing and drainage ditching activities (see Fig. 

1 and Prahalad 2014) are particularly significant. Targeted tidal restoration can be 

undertaken in Big Bay, Perkins Passage, and other nearby areas of Duck Bay and West Inlet. 

In addition, rehabilitation of the buffering M. ericifolia swamp forests could benefit the 

broader functioning of the local seascape, through enhanced detrital pathways (e.g. 

Svensson et al. 2007), or reduced nutrient stress on the seascape from the nearby beef and 

dairy farms (Holz 2009). Rehabilitation of saltmarsh and adjacent swamp forests would also 

assist in mitigating the effects of climate change and relative sea level rise already affecting 

the Circular Head coastal area (Prahalad et al. 2015). Science communication is also 

essential. Public understanding of both the high fish density and species richness in the 

saltmarsh and of the links to commercial and recreational fisheries, including oyster 

farming, would increase broad community motivation for seascape conservation and repair 

(Creighton et al. 2015). North-west Tasmania is renowned for its popular fishing culture, 
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and this may well be an important and locally unexploited avenue for stakeholder 

engagement in tidal restoration and coastal management (Wegscheidl et al. 2017).   

8.6 Conclusion 

This study reveals a hitherto unrecognised aspect of Tasmanian saltmarshes and provides a 

foundation for further research coupled with rehabilitation efforts. Clearly Tasmanian 

saltmarshes are important for our coastal biodiversity, providing nursery grounds and key 

food chain elements to Tasmania’s coastal fisheries. Sampling across the year and similar 

surveys of other sites would expand our knowledge substantially.  Our expectation is that 

such studies would reinforce and possibly increase the fisheries and marine biodiversity 

values of these coastal wetland systems. From a repair perspective, this study also provides 

evidence that re-connecting tidal flows and re-establishing wetland function and vegetation 

would deliver benefits to coastal fisheries. Re-connecting tidal flows to marshes isolated by 

levees would markedly expand the habitat suitable for fish use. This is despite the 

historically ‘altered’ condition due to tidal isolation, clearing, drainage ditching and rough 

grazing. Should Tasmania seek to optimise ecosystems services, marine biodiversity, 

fisheries productivity and flow on economic outcomes then a major program of saltmarsh 

repair should be initiated. Fish remain a compelling subject with broad resonance and can be 

used as a surrogate for the broader values of ecosystem services that these seascapes 

provide. Additional studies to document fish use of saltmarshes and the benefits of 

protection and repair could raise much needed public awareness and material support for 

saltmarsh repair. 
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Chapter 9 Final discussion 

The overarching aims of this thesis were to identify and fill those critical gaps in the 

knowledge of Tasmanian coastal saltmarsh ecology and to advance the conservation of 

saltmarshes through the collection of additional information and the development of models 

and tools. The following were the research objectives: 

1) What is in Tasmanian saltmarshes? (ecological components/functional relationships)  

2) What are their spatial and biogeographic arrangements? (geographic distribution)  

3) How are Tasmanian saltmarshes changing? (key threatening processes)  

4) What conservation actions are needed? (conservation needs) 

In achieving these objectives, a collaborative, multi-stakeholder driven, ecosystem based 

and outcome oriented approach has been employed. Key stakeholders were engaged in 

expanding capacity. Connections were made with ecosystem-based management (sensu 

UNEP, 2011). Models and tools were developed for immediate application in saltmarsh 

conservation. Each chapter of this thesis contributes to one or more of these objectives and 

outcomes. Chapters 2-8 have either been published in the peer reviewed literature or are 

currently under review, and have their own introduction, methods, results, discussion, 

conclusion and reference lists. In this final discussion chapter, the results of the preceding 

chapters are integrated in relation to the objectives and their implications explored.  

The Conservation Advice associated with the EPBC Act listing of the Subtropical and 

Temperate Coastal Saltmarsh identified several priority conservation actions, including the 

need for “effective community engagement and education to promote the value of the 

ecological community (e.g. it is not ‘wasteland’ as some perceive)” (TSSC, 2013, p. 23). 

The need for effective community engagement through conservation education and outreach 

has also been promoted more broadly, as Jacobson et al. (2015, p. 1: also see Prahalad, 

2017) note: “[e]ffective education and outreach are essential for promoting conservation 

policy, creating knowledgeable citizens, changing people’s behaviours, garnering funds, and 

recruiting volunteers.” The present chapter identifies how the thesis contributes to saltmarsh 

conservation actions, and in particular to effective community engagement and education to 

promote the value of saltmarshes, both in the immediate Tasmanian context and more 

broadly in Australia and elsewhere. 
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9.1 What is in Tasmanian saltmarshes? 

Chapter 1 (Section 1.2) provided a semi-systematic literature review of state of knowledge 

of the ecological components, distributions, processes and functions of Tasmanian coastal 

saltmarshes. The review helped develop a basic conceptual model of Tasmanian coastal 

saltmarshes depicting the various ecological components and their interconnections, or 

functional relationships (cf. Laegdsgaard, 2006). The conceptual model provides a 

theoretical and synthetic basis for addressing the broad question of ‘what is in Tasmanian 

saltmarshes’ (Chapter 1: Figure 1.3). The review highlighted that much is already known on 

saltmarsh invertebrates with further on-going studies adding to this knowledge base 

(Chapter 1: Section 1.2). In comparison, little is known of the mammals, birds and fish that 

use and depend on Tasmanian saltmarshes. This thesis focussed on birds (Chapter 2) and 

fish (Chapter 8) given their well-known functional and trophic relationships with 

saltmarshes (Spencer et al., 2009; Connolly, 2009). The popularity of birds and fish makes 

them important from a community engagement perspective.  

Chapter 2 [Prahalad et al., 2015a] provides the first comprehensive and systematic inventory 

of birds that use Tasmanian saltmarshes. The inventory includes a preliminary coding to 

indicate the dependence of the species to saltmarsh habitat and provides the basis for site-

specific data collection. The literature review undertaken as part of this work also indicated 

a lack of adequate reference to saltmarsh as a relevant bird habitat in Tasmania and more 

broadly in Australia. The citizen science methodology outlined in Chapter 2 helps remedy 

both the lack of detailed, site specific information on birds using saltmarshes and in science 

communication of the dependence of birds on their saltmarsh habitats (Bonney et al., 2009; 

Dickinson et al., 2012). The monitoring methodology has been designed specifically to fit 

with existing multi decadal-sale monitoring of birds in Tasmanian coastal environments 

without duplication of effort. The methodology is also similar to Northern Hemisphere 

protocols (e.g. Neckles et al., 2002), allowing for global comparisons. Citizen science data 

collection has been assisted through the creation of a checklist of Tasmanian coastal 

saltmarsh birds (Figure 9.1). A number of birds were illustrated (by a graphic designer) to 

represent the diversity of bird life and provide easy visual cues for identifying bird groups in 

the checklist (Figure 9.1). The illustrations were later compiled to produce Tasmanian 

Saltmarsh Wetlands Birds poster (Figure 9.2). Given the lack of references to saltmarsh as a 

habitat for birds in the popular guides examined (with the exception of Pizzey and Knight, 
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2012), this poster was designed to familiarise citizen scientists and the general public with 

the diversity of birds that use Tasmanian coastal saltmarshes. Given the popular interest in 

birding and avitourism (Steven et al., 2015), saltmarshes need birds as ‘flagship species’ to 

promote their conservation as much as birds need saltmarsh as a habitat.    

 

Figure 9.1 – Pages 2-3 of the TASMANIAN SALTMARSH WETLAND BIRDS CHECKLIST that is 

based on Chapter 2 [Prahalad et al., 2015a]. 

Among the 113 birds that use Tasmanian saltmarshes, shorebirds and waterbirds were the 

two most numerically dominant bird groups. A high proportion (56%) of the shorebirds was 

found to be dependent on coastal saltmarshes (cf. Spencer et al., 2009). All of these species 

are listed for protection under the EPBC Act Migratory Species Lists and a subset (seven 

species) is listed as either critically endangered or endangered under the EPBC Act 

(Department of the Environment, 2018). Tasmanian coastal saltmarshes are therefore 

particularly important for these high conservation value birds. Much is still unknown on the 

extent to which birds of prey and land birds use and depend on saltmarshes. This lack of 

knowledge further highlights the need for saltmarsh specific bird monitoring. 
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Figure 9.2 – A snapshot of the diversity of birds that use Tasmanian coastal saltmarshes (based on 

Chapter 2 [Prahalad et al., 2015a]. The poster has sold over 700 copies and has been a valuable tool for 

community engagement and science communication. It is currently for sale in Hobart, from Fullers 

Bookshop, TasMap Centre (in laminated version) and from BirdLife Tasmania stalls (retail price of $5).  



Chapter 9 – Final Discussion Chapter 

 
266 

Vascular plants play the central role in structuring the saltmarsh ecosystem (Adam, 1990), 

and have generally been well studied in Tasmania (Chapter 1: Section 1.2.1). However, 

similar to birds, there was a need to address, more thoroughly than in the past, the degree of 

obligateness of plant species to ecosystems. Chapter 3 [Prahalad et al., 2018] improved our 

understanding of the reliance of plants on saltmarshes though an updated and systematic 

inventory of 132 vascular plants species (not counting subspecies in some cases) 

representing 34 families. The inventory involved a ranking of the relative likelihood of 

finding a plant species in Tasmanian saltmarshes and provides the basis for site-specific data 

collection. The review of existing species distribution records undertaken as part of this 

work also indicated the limited and often unreliable nature of existing datasets (with 

instances of false presences and false absences). The datasets were used to indicate species 

distributions in A Guide to the Plants of Tasmanian Saltmarsh Wetlands (Figure 9.3), the 

first comprehensive user identification guide for Tasmanian saltmarsh plants. The guide 

included a caveat that the distribution data accuracy was variable, and an invitation for 

citizen scientists to improve and expand these records across the State.  

The methodology outlined in Chapter 3 is designed to fit with existing data collection 

methods used in both the Tasmanian (Natural Values Atlas) and Australian (Atlas of Living 

Australia) platforms for recording plant distributions, without duplication of effort. Further, 

the choice of sampling area (2 ha) allows linking of plant species richness/abundance data 

with bird species richness/abundance and behaviour data collected at the same location 

following the preferred ‘2-ha Search’ method used by BirdLife Australia (BirdLife Australia 

n.d.; cf. DeLuca et al., 2004).  

Citizen science data collection has been assisted through the production of a checklist of 

Tasmanian coastal saltmarsh plants based on the vascular plants inventory. A plant typical 

of each family was illustrated (by a graphic designer) to represent the diversity of plant life 

and provide visual cues for identifying plant families in the checklist. To provide an easily 

accessible resource for saltmarsh plant identification, A Guide to the Plants of Tasmanian 

Saltmarsh Wetlands was produced (Figure 9.3). The guide lists 132 plants inventoried in 

Chapter 3 and provides identification support for 67 plants with illustrative images, detailed 

descriptions and distribution maps (with data derived from Tasmanian Natural Values 

Atlas). To provide a stand-alone brief introduction to Tasmanian saltmarshes, the guide 
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defines saltmarsh ecosystems, and describes their importance, threats to their existence, 

places to discover, and ways to be engaged in their stewardship.  

 

Figure 9.3 – A snapshot of A Guide to the Plants of Tasmanian Saltmarsh Wetlands (based on Chapter 3 

[Prahalad et al., 2018]). The book has sold over 1700 copies (was listed as a non-fiction best-seller by 

Hobart-based Fullers Bookshop on 17th April 2015) and has been a valuable tool for community 

engagement and science communication (retail price of $17.95). Photo by the illustrator and designer, 

Rachel Tribout (https://racheltribout.com/living-wetland/). Funding support for the illustration and 

design was provided by NRM North (https://www.nrmnorth.org.au/). 

The inventory identified 14 species (11%) that are listed as ‘rare’ under the Tasmanian TSP 

Act, although none of them were listed under the national EPBC Act. Of the listed species, 

10 were dicots and 4 monocots, and only Limonium australe var. baudinii and Puccinellia 

harcusiana were endemic to Tasmania. Tasmanian costal saltmarshes are therefore 

particularly important for these conservation dependent plants. 

  

https://racheltribout.com/living-wetland/
https://www.nrmnorth.org.au/
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9.2 What are their spatial and biogeographic arrangements? 

Chapter 4 [Prahalad and Kirkpatrick, in review] addressed the objective to produce a high-

resolution inventory of saltmarshes and plant community composition and to quantify the 

patch size of Tasmanian saltmarshes. The inventory is the first known attempt in Australia to 

provide a systematic State-wide mapping of the listed ecological community as defined 

under the EPB Act (see Chapter 1: Section 1.1.3). The spatial mapping resolution of 1:500-

1:3000 is also the largest known scale employed in Australia for producing a State-wide 

inventory (cf. Victorian saltmarshes mapped at 1:1000 by Boon et al., 2015), and fulfils the 

recommendations of Kelleway et al. (2009) and Williams et al. (2011) to map saltmarshes at 

a scale larger than 1:5000. The mapping methodology was manual interpretation combined 

with extensive field checking as advocated by Williams et al. (2011), and previously 

demonstrated to be effective by Boon et al. (2015). This methodological approach differs 

from the more commonly used mapping through remote sensing approach involving satellite 

imagery and supervised classification techniques (e.g. Isacch et al., 2006). The manually 

produced Tasmanian State-wide inventory provides a dataset that could be compared and 

contrasted with mapping produced through a remote sensing approach (e.g. Belluco et al., 

2006). This would help identify the potential and limitations of these two approaches in 

future mapping efforts targeting small patches (~ 0.1 ha) and spanning a large heterogeneous 

region (cf. Murphy et al., 2007).    

The manually produced high resolution mapping of Tasmanian saltmarshes reveals that they 

are smaller in size than previously estimated. The EPBC Act listing indicated that about 

81% of Tasmanian saltmarsh patches were 0-10 ha, 18% were >10-100 ha and 1% over 100 

ha (TSSC, 2013). In contrast, 95% of the saltmarshes mapped in the present study were 

between 0-10 ha, 5% were >10-100 ha and 1% were over 100 ha. The high resolution 

allowed 980 patches below 0.1 ha in size (c. 37% of all patches) to be mapped (Figure 9.3). 

These patches were 44 ha in total (c. 1% of the State-wide extent of saltmarsh). About 50% 

of these < 0.1 ha patches (and c. 50% of their extent) were more than 30 m away from the 

nearest mapped saltmarsh. These smaller patches warrant conservation under the clause in 

the EPBC Act, in that these saltmarshes are ‘functionally viable’ as important bird and plant 

habitats (Figure 9.4). Furthermore, sampling conducted as part of Chapter 8 indicates that 

even smaller marshes can be viable fish habitats. Additional monitoring of these sites using 

the methods described earlier (Chapters 2 & 3) could help further ascertain the functional 



Chapter 9 – Final Discussion Chapter  

 
269 

viability of these patches across the State. Monitoring data could also help advance the 

understanding of the criteria and conditions under which Tasmanian coastal saltmarshes can 

be considered as ‘small natural features with large ecological roles’ (Lundquist et al., 2017). 

  

 

Figure 9.3 – State-wide distribution of saltmarsh patches below 0.1 ha in size with respect to patches 

above 0.1 ha in size (based on Chapter 4 [Prahalad and Kirkpatrick, in review], classified using Jenks 

natural breaks). See Figure 9.4 for a local scale example of Orielton Lagoon, south-east Tasmania. 
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Figure 9.4 – Distribution of saltmarsh patches below 0.1 ha in size in relation to patches above 0.1 ha in 

size (based on Chapter 4 [Prahalad and Kirkpatrick, in review]) in Orielton Lagoon, south-east 

Tasmania, part of the Pitt Water-Orielton Lagoon Ramsar Site. The three patches circumscribed are 

naturally occurring fringing marshes below 0.1 ha in extent and more than 30 m away from the nearest 

mapped saltmarsh, yet they are important roosting sites for listed shorebirds under the EPBC Act, and 

have been part of the annual summer and winter wader counts conducted by BirdLife Tasmania. 

Shorebirds use a network of sites at a regional and local scale, both large and small, in response to 

factors such as disturbance, weather and tide conditions, and therefore it is necessary to conserve these 

various roosts/micro-sites available within their known ranges (E. Woehler, pers. comm., 2018).  
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Chapter 4 also contributed to the first known attempt in Australia to conduct a regional scale 

biogeographic analysis of the major mesoscale influences on the distributions of types of 

saltmarsh, obligate saltmarsh plants and salt pans (cf. continental scale analysis by Saintilan, 

2009). Among the range of climatic, geomorphic and land-use factors, mean annual rainfall 

was most significant in predicting saltmarsh type (graminoid or succulent saltmarsh) and 

extent, both in terms of its area of occupancy and geographic distribution (e.g. exclusion of 

saltmarsh from the major rivers and numerous smaller creeks along the west coast, see 

Figure 9.3). Rainfall also best explained the distribution of salt pans across Tasmania and 

offers a quantitative basis for Adam’s (1997) observation that salt pans were largely absent 

in many temperate Australian salt marshes, as mean annual rainfall exceeds 1000 mm along 

much of the east coast of Australia.  

The mapped saltmarshes were considered at four different geographic scales (following 

Poiani et al., 2000): local; intermediate; coarse and regional. The biogeographic analysis was 

performed at a coarse resolution of ‘complexes’ (identified at scale range of 1:25,000-

1:100,000) where reliable data across all response variables was available (cf. the 

biogeographic assessment of Tasmanian estuaries by Edgar et al., 1999). Climatic data were 

only available at this coarse scale, given the current distribution of the Australian Bureau of 

Meteorology weather stations. Plant species distribution data was also limited to the scale of 

the complexes. The resolution of the biogeographic analysis could be improved with the 

availability of reliable climatic and species presence/absence data at either an intermediate 

(i.e. clusters defined based on local geomorphic features) or fine (i.e. individual patches) 

resolution. The citizen science program outlined above (and in Chapters 2 & 3) will assist in 

generating this finer scale data on both plants and birds. Future biogeographic analysis could 

thereby be also extended to birds, as well as soils, invertebrates and fish, to provide a rich 

and broad-based understanding of the ecosystem functions of saltmarshes across Tasmania.   

9.3 How are Tasmanian saltmarshes changing? 

Direct human impacts are well known to be the most detrimental to saltmarshes (Chapter 1: 

Section 1.2.9; TSSC, 2013). Chapter 5 [Prahalad, 2014] addressed the objective to improve 

our understanding of the extent and nature of human impacts (as key threatening processes) 

on Tasmanian coastal saltmarshes. The Circular Head region was selected for this case study 

as it is home to about a quarter of all coastal saltmarshes in Tasmania and has a rich 
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seascape matrix with expansive tidal flats, seagrass beds and buffering Melaleuca ericifolia 

swamp forests (Mount et al., 2010). The present study documented a broad range of human 

impacts largely associated with agricultural developments and reviewed their implications 

for saltmarsh ecological functions. While the nature and extent/magnitude of human impacts 

were comparable to mainland Australian and overseas examples (Bromberg and Bertness, 

2005; Sinclair and Boon, 2012), there are a few important findings from the present study 

worth reiterating here in the context of the EPBC Act listing.  

Firstly, the EPBC Act listing places considerable emphasis on the need for buffer zones 

stating, for example, that “an appropriate buffer zone [is] considered critical to the survival 

of the ecological community” (TSSC, 2013). In support of this emphasis, the present study 

documented the evolution of saltmarsh loss that originates with the clearing of buffer zones, 

progresses through to ditching/draining, and culminates in levee building and infilling. This 

process further highlights the need for conserving buffer zones as a preventive measure to 

preclude degradation and eventual loss of coastal saltmarsh (also noted by TSSC, 2013). 

Secondly, data on the absolute loss of saltmarsh have been used to benchmark conservation 

priorities and thus, often fail to account for areas affected due to functional degradation (e.g. 

for this reason, saltmarshes are the only major wetland type in Tasmania that have not been 

protected under State legislation). To remedy this policy gap, Chapter 4 presents a case 

study in documenting and reporting both figures of absolute loss and functional degradation 

(i.e. removal of buffer zones, grazing, clearing/mowing, ditching, levee building, and 

presence of weeds such as Spartina anglica that can change the functionality of native 

saltmarsh). The consequence of human impacts recorded in the case study underscores an 

important need to extend this analysis to other parts of the State (e.g. Boon et al., 2015).  

In order to facilitate this process, citizen science data collection has been assisted through 

provision of a checklist for recording human impacts on saltmarshes based on Chapter 4 and 

integrating aspects of the condition assessment framework for Tasmanian saltmarshes 

developed by DPIW (2008) (Figure 9.5). The checklist accounts for threats identified in the 

EPBC Act listing (TSSC, 2013; Chapter 1: Section 1.1.4), and includes ranking of the buffer 

zones and also evidence of eutrophication through the presence of nuisance filamentous 

algae, a threat recorded as part of Chapter 4 and in previous studies from south-east 

Tasmania (see Chapter 1: Section 1.2.9).   
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Figure 9.5 – Pages 6-7 of the TASMANIAN SALTMARSH HUMAN IMPACTS CHECKLIST that is 

based on Chapter 4 [Prahalad, 2014] and DPIW (2008). 

In addition to direct human impacts, coastal saltmarshes are also affected by global change 

including climate change, relative sea level rise and increased storminess (Chapter 1: 

Section 1.2.10). Chapter 4 addressed the objective to determine possible responses in 

Tasmanian saltmarsh plant communities to macroclimatic global change. The State-wide 

biogeographic analysis provided an indication of the important mesoscale influences on 

Tasmanian saltmarshes and identified climatic thresholds for modelling predictions of 

change. Assessment of changes in the vegetation characteristics of the saltmarsh complexes 

as a consequence of a wetter and drier climate by the year 2100 indicates that broad scale 

shifts in distribution patterns are unlikely to occur. However, given the increasing evidence 

of the effects of localised extreme events which are linked to ‘state shifts’ resulting in losses 

of mangrove and saltmarsh extent (e.g. Duke et al., 2017; Prahalad et al., 2012), the 

modelling from the present study does serve to reiterate the need to focus on these localised 

and stochastic changes in vegetation and their implications for biodiversity conservation 

(e.g. the case of the rare herb Wilsonia humilis) and ecosystem function. 
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Chapter 6 [Prahalad et al., 2015b] addressed the objective to improve our understanding of 

the effects of sea level rise and storminess/wave exposure (as key threatening processes) on 

saltmarshes. Given that previous GIS-based wave exposure modelling was done for micro-

tidal coastal environments in south-east Tasmania (Prahalad, 2009), the present study 

focussed on the Circular Head region with a macro-tidal range and more expansive areas of 

coastal saltmarsh. The study highlighted the significance of wind-wave fetch exposure in 

explaining saltmarsh shoreline change (erosion or accretion) across the study area. The 

greater proportion of the saltmarsh shoreline was in retreat with eroding marsh edges. In the 

context of relative sea level rise (of c. 1.4 mm y-1) and increasing incidence of high wind 

speeds (in the decade 2000-2010 relative to 1990-2000), it is likely that many saltmarshes in 

the study area have become too frequently exposed to wave attack at higher levels, or have 

become too energetic (i.e. have crossed a wave energy threshold) for native saltmarsh 

vegetation to newly establish or re-establish as secondary marsh seaward of an erosion 

scarp. These results indicate the vulnerability of saltmarshes to global change and highlight 

the importance of sustaining saltmarshes through assisting their retreat to nearby low-lying 

areas. The modelling presented in Chapter 5 could help identify those areas that have a 

relatively low wind-wave fetch exposure, and hence be more efficient in sustaining 

saltmarshes with further increase in sea level rise and storminess/wave exposure.   

Chapters 4, 5 and 6 combine to reiterate the importance factors that are responsible for 

changes in Tasmanian coastal saltmarshes, with human impacts being the most important in 

different forms, scale and magnitude. Sea level rise and increased storminess are noted as 

responsible for the ‘coastal squeeze’ (or drowning) of more exposed saltmarshes. The effects 

of macroclimate (rainfall and temperature) change seem to be less important, although, and 

as noted in Chapter 4, the need to study localised state shifts due likely to stochastic climate 

extremes remains a priority. In the context of the EPBC Act listing criteria, Chapters 4, 5 

and 6 provide evidence that supports listing under the criteria 2, 4 and 5 (see Chapter 1: 

Section 1.1.4). Chapter 4 evidence the relatively small patch sizes and area of occupancy of 

Tasmanian saltmarshes (both naturally occurring small patches and those that are products 

of human impacts/fragmentation). Chapters 5 and 6 demonstrate the nature and extent of 

threats, reduction in community integrity (e.g. through habitat fragmentation), and a high 

rate of continuing detrimental change/loss (e.g. a further 2 ha area of saltmarsh was cleared 

and infilled in the Circular Head region after Chapter 4 was written, and has been reported in 

Chapter 8 to indicate that saltmarsh loss is ongoing). 
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9.4 What conservation actions are needed? 

Given the coupled threats from land-based human impacts encroaching on saltmarshes and 

the effects of sea level rise and increased storminess, there is a need to conserve saltmarshes 

both at their present locations (including their buffer zones) and to secure places to which 

saltmarshes can retreat as they respond to sea level rise. Chapter 7 [Prahalad et al., 2019a] 

addressed this objective by documenting the process of developing State-wide wetlands and 

waterways and future coastal refugia overlays for Tasmania, as part of the new single State-

wide Tasmanian Planning Scheme effective from 2017. As discussed in Chapter 7, while 

both public and private reservation will continue to play an important role in saltmarsh 

conservation, reserves owned by the Crown and those owned privately do not cover all 

saltmarsh of conservation significance, much of which is on unprotected private land. 

Neither do these reserves cover all the land that will be necessary for saltmarsh retreat. 

Hence, as repeatedly highlighted by the EPBC Act listing (TSSC, 2013, p. 24), there is an 

important need to “[l]iaise with planning authorities to ensure that planning decisions take 

into account the protection of Coastal Saltmarsh, with due regard to the need for long-term 

conservation.” The central relevance of regulatory instruments has also been emphasised by 

a recent review of existing market-based policy instruments available for wetland 

conservation in south-east Australia (Boon and Prahalad, 2017). The review, in 

consideration of “the extensive losses of coastal wetlands that have taken place since 

European colonisation of Australia,” argued for “… a strictly enforced moratorium on any 

development that would result in the further loss of mangroves, coastal saltmarsh and other 

types of coastal wetland” (p. 127). 

The integration of saltmarshes mapped as part of Chapter 4, including their buffer zones and 

retreat areas within the Tasmanian Planning Scheme provides a legitimate basis for their 

conservation under the Natural Assets Code guidelines (Figure 9.6). The creation and 

integration of the wetland and waterways and future coastal refugia overlays indicate the 

extent of background support provided through research (Chapter 1: Section 1.2.10) and 

engagement of government staff, including elected representatives. As discussed in detail in 

Chapter 7, the achievement of the good conservation outcomes (as depicted in Figure 9.6, 

Development scenario 2), will depend on increasing socio-political awareness of the costs 

and benefits of the ecosystem services of healthy saltmarshes. 
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Figure 9.6 – The overlays developed for inclusion in the State-wide Tasmanian Planning Scheme 

effective from 2017 and their conservation intent represented by scenario 2, and contrasted with 

scenario 1 with compromised conservation outcomes; based on Chapter 7 [Prahalad et al., 2019a]. 

There is thus an important need to raise the understanding, perceptions and hence the profile 

of saltmarshes (e.g. not ‘wasteland’ as some perceive: TSSC, 2013). Previous management 

interventions in Tasmania had focussed heavily on conserving shorebirds and struggled to 

raise the profile of saltmarshes among the local community and decision makers (Prahalad 

and Kriwoken, 2010). Fish use of saltmarshes has not been a major focus of efforts to 

conserve and repair saltmarshes, due in part to the lack of scientific work.  

Compared to other parts of the world and mainland Australia, there was very little 

knowledge fish use of temperate saltmarshes. Chapter 8 [Prahalad et al., 2019b] addressed 

the objective to provide the first documentation of fish usage of Tasmanian saltmarshes. The 

focus on fish and the selection of north-west Circular Head region study area stemmed from 

a number of reasons. Besides being a large coastal seascape with about 25% of Tasmania’s 

coastal saltmarsh, the region is very important for commercial and recreational fisheries. 

Secondly, the Circular Head region saltmarshes have been subject to most extensive clearing 

and agricultural drainage works, with the largest potential (~629 ha or 55% of current 

extent) for habitat repair through tidal restoration works (Chapter 5). Tidal restoration in the 

area will also increase the resilience of saltmarshes to the increasing effects of sea level rise 

and storminess (Chapter 6).  

The Circular Head case study (Chapter 8 [Prahalad et al., 2019b]) found 11 fish species 

using Circular Head saltmarshes with a high mean density of > 72 fish per 100 m2 (sample 
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data from April-May 2017). The family Atherinidae (Silversides) contributed 3 species and 

74% of the total catch numbers. Commercial and recreational species that utilise these 

saltmarshes in northwest Tasmanian seascapes include: yellow-eye mullet (Aldrichetta 

forsteri), Australian salmon (Arripis truttaceuos) and greenback flounder (Rhombosolea 

tapirina). These three species contributed close to 20% of the total catch numbers. Of these, 

yellow-eye mullet was most abundant and common, present in 24 (65%) of the 37 nets that 

caught fish and made up 19% of the total catch. Extended sampling throughout the year and 

in other places may reveal further species using saltmarshes.  

Yellow-eye mullet, Australian salmon and greenback flounder are among the seven species 

most targeted by recreational fishers in Tasmania (Lyle et al., 2014). Notably, yellow-eye 

mullet and Australian salmon help underpin recreational fisheries in the north-west region of 

Tasmania, with by far the greatest proportion of mullets and salmon (74% and 23% of 

statewide recreational catch in 2012-13) being caught from this region (Lyle et al., 2014). 

The commercial catch of yellow-eye mullet peaked in 1999/2000 and has decreased since, 

with 2 tonne reported to be caught in 2015/16 (Emery et al., 2017). Although the Tasmanian 

stock of yellow-eye mullet is classified as ‘sustainable’, any repair and expansion of their 

nursery habitat is likely to support and enhance its carrying capacity, and hence its 

sustainability status. For example, given that an average of 13.6 individuals of yellow-eye 

mullet were found in a 100 m2 area of saltmarsh (Chapter 8), restoring tidal flows to a 

nominal 100 ha of saltmarsh could potentially translate to an increase in population of 

136,000 individuals (Figure 9.7; Creighton et al., in review). There was also evidence for 

rapid recruitment potential. Samples taken from rehabilitating saltmarshes behind previously 

breached levees supported similar fish assemblages to nearby unaltered marshes without 

levees. This indicates that removing tidal barriers to reconnect marshes currently behind 

levees is likely to return immediate benefits for fish use through expanded habitat and food 

resources (cf. Roman et al., 2002; Raposa and Talley, 2012). 

While silversides (Atherinidae) are not directly targeted by fishers in Tasmania, they provide 

an abundant food source for other piscivorous fish that are targeted by both commercial and 

recreational fishers (cf. Mazumder et al., 2011). Most importantly, they are part of the suite 

of species that contribute to the overall marine biodiversity and productivity of these 

temperate systems. These seascapes contribute more broadly to the marine food web via 
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export of plant and animal matter to coastal waters (Melville and Connolly 2003; Svensson 

et al., 2007).  

The next phase of scientific enquiry for Tasmanian coastal saltmarshes is to undertake 

management orientated investigations that clearly identify both protection and repair 

opportunities for individual regions (for an example, see Sinclair and Boon, 2012). Food 

webs that illustrate the overall likely services and benefits to humans will play a key role in 

fostering improved public and agency understanding (Figure 9.8). This will be crucial in 

both promoting grass root conservation on-ground action and oversight of the State-wide 

Tasmanian Planning Scheme. It may also secure investment in an enhanced future for 

Tasmania’s coastal marine biodiversity (Creighton et al., in review). The citizen science 

program and tools aim to assist in these ongoing endeavours. 

 

Figure 9.7 – Part of the Circular Head case study area with the potential for saltmarsh repair mapped in 

high resolution (based on Chapter 5 [Prahalad, 2014], classified using Jenks natural breaks), and the 

likely marginal increase in the focal species yellow-eye mullet (Aldrichetta forsteri) (mi-yem, based on 

Chapter 8 [Prahalad et al., 2019b]). The inset oblique image provides a closer view of the potential for 

saltmarsh repair through restitution of tidal flows, in engagement with land managers. 



Chapter 9 – Final Discussion Chapter  

 
279 

  

Figure 9.8 – A new public signage (prepared by a graphic designer) with inputs derived from Chapters 1, 2, 5 and 8. The signage was officially unveiled on 14 July 

2018 with involvement from the Circular Head Council, Cradle Coast NRM and Circular Head Landcare Group. I spoke about the work done as part of this thesis 

and outlined the values of saltmarsh and conservation needs. The citizen science approach and tools were also introduced and discussed. This is the first saltmarsh-

specific signage in the Circular Head region which accounts for a quarter of all Tasmanian saltmarshes and is of conservation significance for other values (e.g. 

fisheries, shorebirds) outlined in Chapters 4, 5 and 8. The signage and associated community engagement will be important in the awareness of saltmarsh presence 

and values, the successful implementation of the State-wide Tasmanian Planning Scheme and potential conservation and repair. 
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9.5 Citizen science in practice (Supplementary paper 1) 

The citizen science methods and tools developed as part of this thesis are publicly available 

through the webpages of NRM South (https://www.nrmsouth.org.au/saltmarsh-monitoring/) 

and NRM North (https://www.nrmnorth.org.au/saltmarsh-conservation). The Saltmarsh App 

(developed by Esk Mapping & GIS © 2016) was designed to provide an online interface for 

entering the data collected following the citizen science methods. Current methods and tools 

are limited to birds (Chapter 2), plants (Chapter 3) and human impacts (Chapter 5; also 

DPIW, 2008). There is potential to expand the scope of the App and the broader citizen 

science program to include data on invertebrates, mammals and other aspects. 

The data collected through the Saltmarsh App can be visualised, analysed and downloaded as 

a datasheet through QGIS (http://www.qgis.org), a freely available desktop GIS application. 

Access is currently open to the author and is also the point of contact for any data requests 

from contributors, managers and researchers. It is envisaged that the data collected will be 

periodically curated and published in publically available reports and articles (e.g. Tamar 

Saltmarsh Monitoring Program 2016-18: Dykman and Prahalad, 2018).  

The App has been used a number of individuals, community groups (e.g. Wildcare Deslacs, 

Conservation Volunteers Australia) and local councils (e.g. Tasman Council). The Tamar 

Saltmarsh Monitoring Program 2016-18 provides a case study to illustrate both the process 

and potential for the wider adoption of citizen science saltmarsh monitoring in Tasmania and 

more widely (Supplementary paper 1). The study recognised an ongoing need to refine 

program aims, survey methods and tools (based on user feedback and peer review of paper 

published using the methodology), and provision of coordination and leadership in volunteer 

recruitment, training, data curation and dissemination (see Bonney et al., 2009; Dickinson et 

al., 2012). The critical role for NRM bodies or similar agencies (e.g. local councils around the 

State, Derwent Estuary Program in south-east Tasmania), supported through Australian 

Government and other funding sources, and working in partnership with Universities, was 

also acknowledged and emphasised. 

https://www.nrmsouth.org.au/saltmarsh-monitoring/
https://www.nrmnorth.org.au/saltmarsh-conservation
http://www.qgis.org/
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Figure 9.9 – Page 6 of the USER GUIDE TO ENTERING BIRD DATA INTO THE SALTMARSH APP 

that provides details of the methods outlined in Chapter 2 [Prahalad et al., 2015a]. 
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9.6 Concluding remarks 

Coastal saltmarshes of sub-tropical and temperate Australia are in decline and have been 

listed as a ‘threatened ecological community’ under the EPBC Act. Tasmanian coastal 

saltmarsh wetlands are recognised as ‘vulnerable’ under this listing. This thesis has 

contributed to basic information on ecology, distributions, key threatening processes and 

conservation needs for Tasmanian coastal saltmarshes. Through identifying and filling in 

those critical gaps in Tasmanian coastal saltmarsh ecology, this thesis has helped advance 

saltmarsh conservation through additional information, models and tools.  

There is now a much better understanding of the ecological components and functional 

relationships with respect to birds, plants and fish. There is still a need to expand this 

knowledge and the provision of citizen science methods and tools (and a case study of their 

application in the Tamar River estuary) will assist in this endeavour. 

The thesis has also completed the first comprehensive State-wide mapping of the spatial 

distributions of Tasmanian coastal saltmarshes (as defined by the EPBC Act listing). In doing 

so, the thesis contributes to the knowledge of the area of occupancy, patch sizes, salt pans, 

their biogeographic arrangements and their major environmental determinants.        

The thesis, through using a case study approach, provided detailed insights into the key 

threatening processes affecting Tasmanian coastal saltmarshes, namely human impacts and 

global change factors involving sea level rise and increased storminess. The nature and extent 

of these impacts, as quantified here, provide further evidence to qualify the listing of 

Tasmanian coastal saltmarshes under the EPBC Act.    

Finally, the thesis outlined the conservation needs for Tasmanian coastal saltmarshes, 

principally through the inclusion of their current extent, buffer zones and retreat pathways in 

planning overlays as part of the new State-wide planning scheme. Effective enforcement of 

the overlay and any attempts for saltmarsh repair require a stronger case to be made of their 

values. Thus, fish use of Tasmanian saltmarshes were quantified and used as a proxy for 

prompting saltmarsh conservation and repair. 

In achieving these objectives, the thesis has contributed several models and tools for 

application in saltmarsh conservation, and as stated under the EPBC Act listing, for the 

‘maintenance of ecological function and increased resilience’ of Tasmanian saltmarshes. 
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Supplementary paper 1  

Tamar Saltmarsh Monitoring Program: Citizen Science monitoring of the 

tidal treasures of the Tamar River estuary, Tasmania, Australia 

 

This supplementary paper contributes to the following research objective:  

Supplementary material for citizen science 

Supplement Paper 1 Objective – To describe the process involved, data collected and the 

lessons learned during the implantation of a pilot citizen science monitoring program. To 

examine the lessons learnt and provide a case study for wider and improved application. 
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Dykman, M. and Prahalad, V., 2018. Tamar Saltmarsh Monitoring Program: Citizen 

Science monitoring of the tidal treasures of the Tamar River estuary, Tasmania. Australian 

Journal of Maritime and Ocean Affairs 10, 222-240.* [Autorship statement in page xiii] 

*Special Issue from the 2018 Coast to Coast Conference - 16 to 20 April in Hobart 

(Australian Coastal Society Biennial Conference).  
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Abstract 

The Tamar Saltmarsh Monitoring Program is a citizen science program started in 2016 as 

part of a State-wide effort to better map, monitor and manage Tasmanian saltmarsh 

ecosystems. Now in its third year (2018), the Program has facilitated the involvement of 

community volunteers in surveying and documenting the natural values of the Tamar River 

estuary saltmarshes, along with the human impacts they face. In addition to collecting 

valuable ecological data, the surveys have raised the profile of these ecosystems among the 

local community and identified key areas for improved management. Many survey 

volunteers had previously never stepped foot in a saltmarsh and, through their involvement 

in the program, have built knowledge, awareness and deeper connections with their local 

environment. The Tamar Saltmarsh Monitoring Program provides a salient case study to 

illustrate both the process and potential for the wider adoption of citizen science saltmarsh 

monitoring in Australia. 

Keywords: community engagement; wetlands; natural resource management; human 

impacts; biodiversity 

Introduction 

Saltmarsh refers to wetland habitats characterised by a plant community tolerant of high 

salinity levels and waterlogging (Adam 1990). Coastal saltmarshes generally occur in low 

energy environments, such as estuaries and embayments, and have a number of vital 

ecological roles. These roles include provision of habitat for plants, invertebrates and 

birdlife (including several migratory species); acting as fish nursery habitat; filtering runoff 

and improving water quality; acting as a coastal flood buffer; sequestering carbon captured 

from the atmosphere; and providing aesthetic and recreational opportunities (e.g. Kelleway 

et al. 2017). Despite the ecological importance of saltmarshes, the combination of a lack of 

information and awareness about saltmarsh distribution and values, a history of 

mismanagement and a range of direct and indirect impacts have resulted in the loss and 

degradation of Tasmanian saltmarshes. Among these impacts are land clearing, infill 

development, effluent runoff, invasive species, rubbish dumping and sea level rise (Prahalad 

2014a; Prahalad et al. 2015a).  
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As a national response to these threats, in 2013, Subtropical and Temperate Coastal 

Saltmarsh was listed as a threatened ecological community under the Australian 

Government’s Environment Protection and Biodiversity Conservation Act 1999 (Threatened 

Species Scientific Committee 2013). This listing was followed by the initiation of the Steps 

to Saltmarsh Conservation in Northern Tasmania 2014 project which aimed to promote 

better understanding and management of northern Tasmanian saltmarshes (Figure 1). The 

project was coordinated by NRM North, one of three formally established natural resource 

management bodies in Tasmania.  

The initial stage of this project involved mapping saltmarshes throughout the region using 

aerial imagery (Prahalad 2014b). The first stage also involved a review of existing 

knowledge of Tasmanian saltmarsh ecosystems to develop a broad understanding of their 

ecological character and a list of parameters suitable for citizen science monitoring 

(Prahalad 2014c). Stage two of the project focussed on developing outputs to assist in 

community engagement, including monitoring checklists and a saltmarsh plant identification 

guide (Prahalad 2014d).  

As the next step in saltmarsh conservation in northern Tasmania, NRM North partnered with 

University of Tasmania to facilitate community-based citizen science monitoring and 

surveying of saltmarsh habitats as part of a state-wide effort to better map, monitor and 

manage Tasmanian saltmarsh ecosystems. There is an increasing global focus on citizen 

science as a means of using community volunteers to achieve four broad goals: (i) improve 

our ecological understanding (e.g. of plant and animal distributions); (ii) develop scientific 

literacy and inquiry among participants; (iii) provide place-based natural experiences; and 

(iv) advance direct conservation actions and policy impact (Bonney et al. 2009; Dickinson et 

al. 2012; Wiggins et al. 2018). In the Australian context, an increasing number of citizen 

science projects are emerging to achieve these goals, such as MangroveWatch 

(http://mangrovewatch.org.au/) for mangroves in Northern Australia (Mackenzie et al. 

2011), and more recently, DuneWatch for sandy dunes on the Gold Coast, Queensland 

(Muurmans et al. 2017). Although some resources exist to support citizen science 

monitoring of saltmarshes in Australia (e.g. Manic Multimedia 2018), we are not currently 

aware of any published accounts of a dedicated citizen science program for saltmarsh.   

  

http://mangrovewatch.org.au/
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Figure 1. Tamar Saltmarsh Monitoring Program within the context of the broader Steps to 

Saltmarsh Conservation in Northern Tasmania project. Preliminary research outputs are 

available upon request. Community engagement outputs, except for the plant book, are 

publicly available via the NRM North website (NRM North 2018). Plant books are made 

freely available to community volunteers. 
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As a pilot project, the Tamar Saltmarsh Monitoring Program used citizen science techniques 

to document the natural values of the Tamar River estuary saltmarsh habitats, particularly 

plant and birdlife, along with human impacts evident at each saltmarsh site. Situated on the 

Bass Strait coastline of northern Tasmania, the Tamar River estuary is one of Tasmania’s 

largest estuaries (c. 100 km2 in area, 71 km long) and also the only mesotidal drowned river 

valley estuary in the State, with a range of high conservation values and significant threats 

(Ellison and Sheehan 2013). Tasmania’s second largest population centre, the City of 

Launceston (~ 67,000 people) is located in the upper reaches, at the confluence of the 

estuary with the North and South Esk Rivers. During the summers of 2016, 2017 and 2018, 

a coordinated citizen science monitoring of Tamar River estuary saltmarshes was 

undertaken. This paper describes the process involved, data collected and the lessons learned 

during this monitoring program, and provides a case study for wider and improved 

application. 

Tamar study sites 

The Tamar River estuary is characterised by a narrow, deep channel and strong tidal 

currents, with a diurnal tidal pattern (Ellison and Sheehan 2013). Along with rocky shores 

and sandy beaches, the shoreline of the estuary comprises substantial areas of wetlands and 

tidal flats, which are regarded as keystone habitats with high conservation importance 

(Aquenal Pty Ltd and DEPHA 2008). The upper reaches of the Tamar have expansive areas 

of tidal freshwater wetlands, many infilled and degraded. The middle reaches have large 

areas of exotic Spartina anglica (rice grass) marshland with smaller patches of native 

saltmarsh, while the lower reaches are occupied by 86 ha of native saltmarsh in several 

discrete clusters ranging from 2 ha to over 50 ha in extent (Prahalad, 2014b; Figure 2).  

Initial scouting of each of the Tamar River estuary saltmarshes was undertaken to identify 

suitable representative sites based on their accessibility (i.e. were accessible by foot within a 

reasonable distance from areas suitable for vehicle parking). Over a period of three years 

(2016-18), six different saltmarsh sites were surveyed with the assistance of citizen 

scientists (Table 1; Figure 2). Five sites were within the lower estuary and covered all 

mapped clusters except for the more remotely located Middle Arm. One site at Swan Point 

was selected from the middle estuary as an example of a rice grass dominated marsh with a 

smaller fringing area of native saltmarsh. This site supports a large population of Limonium 
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australe (yellow sea-lavender), a State-listed rare species, and is also an important bird 

roosting area. 

 

Figure 2. Location of the six saltmarsh survey sites within the Tamar River estuary. Base 

data from theLIST, © State of Tasmania. 
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Table 1. Tamar River estuary study sites and survey effort.  

Study site Area (ha) Survey date, time Tide status 

Long Tom Reef 5 

22 Feb 2016, 1100 to 1330 

26 Feb 2017, 1145 to 1400  

High tide of 3.05 m at 1146 

High tide of 3.06 m at 1136 

1 Mar 2018, 1000 to 1200 High tide of 3.36 m at 1058 

Swan Point 6 

26 Feb 2016, 0930 to 1100  

7 Mar 2016, 1000 to 1200  

21 Feb 2017, 0700 to 0930  

9 Mar 2017, 0830 to 1030  

Low tide of 0.91 m at 0931 

High tide of 3.22 m at 0949 

High tide of 3.17 m at 0735 

High tide of 3.35 m at 0848 

13 Feb 2018, 0900 to 1100 High tide of 3.02 m at 0956 

Kelso 2 

29 Feb 2016, 1030 to 1230 

14 Feb 2017, 0830 to 1130  

2 Mar 2017, 0900 to 1100 

Low tide of 0.74 m at 1122 

Low tide of 0.79 m at 0926 

Low tide of 0.67 m at 0937 

West Arm North 2 

15 Mar 2016, 1110 to 1310  

17 Feb 2017, 1100 to 1330  

4 Mar 2017, 1100 to 1400  

Low tide of 0.23 m at 1155 

Low tide of 0.71 m at 1136 

Low tide of 0.43 m at 1115 

19 Feb 2018, 0900 to 1100 Low tide of 0.99 m at 0921 

West Arm South 1.4 

11 Mar 2016, 0910 to 1110  

23 Feb 2017, 0830 to 1000 

10 Mar 2017, 0900 to 1100 

Low tide of 0.61 m at 0817 

High tide of 3.09 m at 0857 

High tide of 3.27 m at 0945 

6 Feb 2018, 1030 to 1230 Low tide of 0.54 m at 1133 

Middle Point 53 
24 Feb 2017, 0915 to 1200 

25 Feb 2017, 1000 to 1200  

High tide of 3.06 m at 0945 

High tide of 3.05 m at 1038 

 

Methods 

The citizen science program design largely followed the prescriptions of Bonney et al. 

(2009), while the survey methods followed the State-wide guidelines set out by Prahalad et 

al. (2015b) and Prahalad et al. (in press). Once the project aims, survey methods and tools 

(e.g. checklists, field guides) had been prepared (see Figure 1), citizen science volunteers 

were recruited through email networks, social media and word of mouth. A training session 

for volunteers was advertised and conducted at the beginning of each monitoring season. 

The program had a dedicated coordinator who was also able to provide project leadership, a 
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key ingredient in the success of citizen science projects (Dickinson et al. 2012). Part of the 

program coordinator’s role involved checking data for accuracy as it was recorded and 

analysed. The initial training session along with the oversight of the program coordinator 

helped in maintaining data quality. 

The surveys were conducted during the warmer months (October to April), between 0900 

and 1330 hours local (UTC+11 with Daylight Savings in effect), and in mostly clement 

weather conditions (Prahalad et al. 2015b). Each study site was surveyed at least once each 

year from 2016-18, except for Middle Point and Kelso, which have only been surveyed 

during one and two summers, respectively. Middle Point is the largest of the saltmarshes in 

the Tamar River estuary (53 ha) and is mostly situated on private land where access was 

negotiated for two surveys in February 2017. The land ownership changed subsequently and 

access requests have not yet been successful. Saltmarsh at Kelso is also only accessible via 

private property and difficulty in obtaining permission for access has limited survey 

frequency at this site. Where possible, surveys were conducted at high tide, when 

populations of birds on the marsh could be expected to be higher (Spencer et al. 2009). 

However two sites, Kelso and West Arm North, were only accessible at low tide.  

Survey duration was between 1-2.5 hours. Surveys were conducted by volunteer groups 

ranging from two to eight individuals, with a primary data recorder. Data was recorded 

using checklists developed for Tasmanian Saltmarsh Wetland Birds, Plants and Human 

Impacts (NRM North 2018). The data were entered into the Saltmarsh App 

(https://saltmarsh.eskmapping.com.au/). The data collected through the Saltmarsh App can 

be accessed through QGIS (http://www.qgis.org), an open-source desktop geographic 

information system. App data are expected to be periodically curated and published in 

publically available reports and articles. 

Generally, bird data were recorded on the walk out from the access point, while plant 

species were recorded during the return walk. Bird surveys are consistent with BirdLife 

Australia’s (n.d.) ‘Point-based 2-ha area search’ which records the number of bird species at 

each point location (diversity), numbers of each species (abundance), and notes on bird 

behaviour (e.g. feeding, roosting, breeding, preening, nesting; Neckles et al. 2002). Bird data 

can also be entered online via Birdata (www.birdata.com.au), the official BirdLife Australia 

citizen science portal, making the data available to others (Wiggins et al. 2018). Birds 

https://saltmarsh.eskmapping.com.au/
http://www.qgis.org/
http://www.birdata.com.au/
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observed on adjacent habitats (e.g. mudflats, upland vegetation or flying over) were also 

recorded, but it was noted that they were not observed directly on the saltmarsh.  

During the first survey year (2016), plant data included a site-specific plant species list at 

minimum, with additional data on average height and flowering status opportunistically 

recorded (Prahalad et al. in press). This species list then formed the basis for subsequent 

plant surveys, where any additions were noted. For some of the plant species which could 

not be identified on site, photographs were taken and specimens collected to send to the 

Tasmanian Herbarium for identification. Plant location data, especially of the range 

restricted plants, can be simultaneously entered via Tasmania’s official publicly sourced 

flora and fauna database, the Natural Values Atlas 

(https://www.naturalvaluesatlas.tas.gov.au/), again ensuring reusability of the data (Wiggins 

et al. 2018). Surveys undertaken in 2017 also included trials of transect-based vegetation 

monitoring along with photo points to assess long-term changes in vegetation composition 

and cover. For the purposes of this paper, the focus is on developing baseline site-specific 

bird and plant checklists, and recording human impacts. 

The various categories outlined in the Tasmanian Saltmarsh Human Impacts Checklist were 

used as a guide to observe for human impacts. Data were collected at all six sites and 

recorded as both semi-quantitative and qualitative observations (cf. Boon et al. 2015). In 

addition, photographs were taken and GPS coordinates recorded for any observed human 

impacts. During human impacts surveys at each site, the extent, width and condition of 

fringing vegetation was also recorded. The lateral extent and width was estimated within a 

100 m buffer from the edge of the saltmarsh towards upland, measured along the perimeter 

of the saltmarsh. Vegetation condition refers to the proportion of native vegetation relative 

to introduced species within this 100 m buffer. 

Results 

Plants 

Plant species lists were compiled for all six Tamar saltmarsh survey sites (Table 2). A total 

of 56 plant species was recorded across all six sites. The following six plant species were 

present at all sites: Sarcocornia quinqueflora subsp. quinqueflora (beaded glasswort), 

Melaleuca ericifolia (swamp paperbark), Samolus repens var. repens (creeping brookweed), 

Gahnia filum (chaffy sawsedge), Juncus kraussii subsp. australiensis (sea rush) and 

https://www.naturalvaluesatlas.tas.gov.au/
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Austrostipa stipoides (coast speargrass). Several species were observed at only one location 

(see Table 2). Five species are unidentified (but are believed to represent unique species) 

while an additional five species have only been identified to genus level. Seven species have 

been tentatively allocated species identities (i.e. have been recorded as ‘doubtful’ 

observations). The highest plant species richness (29 species) was recorded at Swan Point. 

The next highest plant species richness (28 species) was recorded at West Arm South, 

followed by Kelso (24 species) and Long Tom Reef (21 species). West Arm North and 

Middle Point recorded 13 and 18 species, respectively.  

Birds 

A total of 24 bird species was recorded at the six Tamar saltmarsh survey sites (Table 3). 

Only two species, White-faced Heron (Egretta novaehollandiae) and Masked Lapwing 

(Vanellus miles), were recorded at all sites, and several species were recorded at only one 

site. An additional two species, Nankeen Kestrel (Falco cenchroides) and Australian Magpie 

(Cracticus tibicen) were recorded as ‘doubtful’ observations. When all surveys at each site 

are grouped, the highest abundance of birds was recorded at Middle Point (801 individuals), 

then Swan Point (666) and Long Tom Reef (300). West Arm North, West Arm South and 

Kelso had total abundances of 178, 118 and 80 birds, respectively. Bird counts were often 

influenced by the presence of a large flock observed during a single survey (e.g. up to 329 

Black Swans observed during a survey at Middle Point). Bird species richness was highest 

at Swan Point (19 species recorded overall), followed by Long Tom Reef (13 species). Both 

Middle Point and West Arm South recorded 8 bird species, while both Kelso and West Arm 

North recorded 6 species, in all surveys. 

Human Impacts 

Human impacts recorded semi-quantitatively at each site are summarised in Tables 4 and 5. 

The qualitative nature of these impacts are described in brief for each site in the sections 

below. 
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Table 2. Plant species recorded at each of the six survey sites (LTR: Long Tom Reef; SP: 

Swan Point; K: Kelso; WAS: West Arm South; WAN: West Arm North; MP: Middle 

Point). Question marks (?) indicate species whose identity is unverified. 

Scientific Name Common Name LTR SP K WAS WAN MP 

Aizoaceae 

Carpobrotus edulis Yellow pigface  x     

Carpobrotus rossii Native pigface ? ? x    

Tetragonia tetragonoides New Zealand spinach  x     

Amaranthaceae 

Hemichroa pentandra  Trailing saltstar x   x x x 

Apiaceae 

Apium prostratum subsp. 

prostratum var. prostratum 

Creeping sea-celery  x  x  x 

Eryngium vesiculosum Prickfoot   x    

Asteraceae 

Senecio pinnatifolius var. 

pinnatifolius 

Common coast 

groundsel 
  x    

Senecio spp. Groundsel x   x   

Senecio squarrosus  Leafy fireweed    x  x 

Campanulaceae 

Lobelia anceps Angled lobelia    x   

Caryophyllaceae 

Spergularia spp. Seaspurrey  x x    

Spergularia tasmanica Greater seaspurrey  x x x  x 

Chenopodiaceae 

Atriplex paludosa subsp. 

paludosa 

Marsh saltbush  ?     

Atriplex prostrata Creeping orache x x x x  x 

Chenopodium glaucum Pale goosefoot  ?     

Rhagodia candolleana 

subsp. candolleana 

Coastal saltbush   x    

Sarcocornia blackiana Thickhead glasswort   ? ? x x 

Sarcocornia quinqueflora 

subsp. quinqueflora 

Beaded glasswort 
x x x x x x 

Suaeda australis  Southern seablite x x x   x 

Tecticornia arbuscula Shrubby glasswort x  x    

Convulvulaceae 

Wilsonia backhousei Narrowleaf wilsonia x  x  x  

Goodeniaceae 

Selliera radicans Shiny swampmat x x x x x  

Malvaceae 

Lawrencia spicata Candle saltmallow x      

Mimosaceae 

Acacia verticillata Prickly Moses    x   
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Scientific Name Common Name LTR SP K WAS WAN MP 

Myrtaceae 

Melaleuca ericifolia Coast paperbark x x x x x x 

Plantaginaceae  

Callitriche stagnalis Common water 

starwort 
 ?     

Plantago coronopus subsp. 

coronopus 

Slender buckshorn 

plantain 
x x x    

Plumbaginaceae 

Limonium australe Sea-lavender x x   x  

Primulaceae 

Samolus repens var. repens Creeping brookweed x x x x x x 

Sapindaceae 

Dodonaea viscosa Native hopbush  x     

Cyperaceae 

Bolboschoenus caldwelli Sea clubrush  x     

Carex sp. Unknown sedge  ?     

Ficinia nodosa Knobby clubsedge x  x x   

Gahnia filum Chaffy sawsedge ? x x x x x 

Gahnia trifida Coast sawsedge     ?  

Isolepis cernua Knodding club-rush    ?   

Isolepsis platycarpa Flat-fruit club-sedge      x 

Schoenus nitens Shiny bog-rush    x   

Juncaceae 

Juncus acutus Sharp rush   ?    

Juncus kraussii subsp. 

australiensis 

Sea rush 
x x x x x x 

Poaceae 

Austrostipa stipoides Coast speargrass x x x x x x 

Distichlis distichophylla Australian saltgrass x x x x  x 

Lachnagrostis filiformis Blown grass    x   

Lagurus ovatus  Hare's tail  x     

Poa labillardierei var. 

labillardierei 

Silver tussockgrass  x    x 

Poa spp. Tussockgrass x x  x   

Spartina anglica Rice grass x x   x x 

Themeda triandra Kangaroo grass   x    

Restionaceae 

Apodasmia brownii Coarse twinerush   x x   

Leptocarpus tenax Slender twine-rush      x 

Xanthorrhoeaceae 

Lomandra longifolia Spiny-head mat-rush    x   

 
Scientific Name Common Name LTR SP K WAS WAN MP 

Unknown species 
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Unknown herb   x     

Unknown herb (fine leaf, 

tubular flower) 

 
   x   

Unknown herb (red stem)     x   

Unknown herb 1     x   

Unknown succulent     x   

Table 3. Bird species recorded at each of the six survey sites (LTR: Long Tom Reef; SP: 

Swan Point; K: Kelso; WAS: West Arm South; WAN: West Arm North; MP: Middle 

Point). Counts for individual surveys have been grouped by site. A question mark (?) 

indicates species whose identity is uncertain.  

Scientific Name Common Name LTR SP K WAS WAN MP 

Waterfowl: geese, 

swans, ducks 

 

          

Cygnus atratus Black Swan 1 53  54 61 629 

Biziura lobata Musk Duck  4  1   

Anas castanea Chestnut Teal 57 8 36    

Anas gracilis Grey Teal  9     

 Unknown duck/teal/grebe    4   

Pelicans 

Pelecanus 

conspicillatus 

Australian Pelican 
17 2     

Herons, Egrets, Bitterns       

Egretta 

novaehollandiae 

White-faced Heron 
21 31 3 7 12 2 

Cormorants  

Phalacrocorax 

melanoleucos 

Little Pied Cormorant 
14 9  2   

Phalacrocorax 

sulcirostris 

Little Black Cormorant 
1 1     

Rails, crakes, hens, coot  

Porphyrio porphyrio Purple Swamphen  11     

Oystercatchers  

Haematopus 

longirostris 

Pied Oystercatcher 
11 450 16 ? 14 35 

Haematopus 

fuliginosus 

Sooty Oystercatcher 
17      

Lapwings, plovers, dotterels  

Vanellus miles Masked Lapwing 14 39 14 46 86 6 

Gulls, terns  

Larus pacificus Pacific Gull 58 23 6  2 7 

Larus dominicanus Kelp Gull  1     

Chroicocephalus 

novaehollandiae 

Silver Gull 
79 9 5  3 109 

Sterna bergii Crested Tern 9 2    1 

Scientific Name Common Name LTR SP K WAS WAN MP 

Kites, hawks, harriers, eagles  
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Haliaeetus 

leucogaster 

White-Breasted Sea Eagle 
   2   

Falcons, hobbies, kestrels  

Falco cenchroides Nankeen Kestrel ?      

Swallows, martins  

Hirundo neoxena Welcome Swallow    2  12 

Ravens  

Corvus tasmanicus Forest Raven  1  ?   

Robins 

Petroica multicolor Scarlet Robin  1     

Introduced passerines 

Sturnus vulgaris Common Starling 1      

Other  

Dacelo 

novaeguineae 

Laughing Kookaburra 
 2     

Streptopelia 

chinensis 

Spotted Dove 
 10     

Cracticus tibicen Australian Magpie    ?   

 

Table 4. Summary of the extent, width and condition of fringing vegetation at each of the 

saltmarsh sites (LTR: Long Tom Reef; SP: Swan Point; K: Kelso; WAS: West Arm South; 

WAN: West Arm North; MP: Middle Point). 

Site Lateral extent Width Native vegetation composition 

LTR 30-70% 5-30% 30-70% 

SP >70% 30-70% 30-70% 

K 5-30% 5-30% 30-70% 

WAS 100% >70% >70% 

WAN >70% >70% >70% 

MP 30-70% 30-70% >70% 

 

 

 

http://www.birdsinbackyards.net/Columbiformes/Columbidae/Streptopelia/Streptopelia-chinensis
http://www.birdsinbackyards.net/Columbiformes/Columbidae/Streptopelia/Streptopelia-chinensis
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Table 5. Summary of human impacts observed and recorded at each saltmarsh site (LTR: Long Tom Reef; SP: Swan Point; K: Kelso; WAS: 

West Arm South; WAN: West Arm North; MP: Middle Point). 
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LTR 0% 0% 0% 0% 5-30% 5-30% <5% <5% 0% <5% 0% 0% 

SP 0% 0% 0% <5% 5-30% 30-70% <5% <5% 5-30% 5-30% 0% <5% 

K 0% 0% 0% 0% 5-30% 30-70% <5% 0% 0% 5-30% 5-30% <5% 

WAS 0% 0% 0% 0% 0% <5% <5% 0% 0% 0% 0% 0% 

WAN 0% 0% 0% 0% <5% 5-30% <5% 0% 0% <5% 0% <5% 

MP 0% 30-70% 0% 0% 5-30% 30-70% <5% 0% 0% 0% 30-70% <5% 
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Long Tom Reef 

The saltmarsh at Long Tom Reef is easily accessible, being bounded by a popular public 

walking track along its entire upland perimeter. There is little or no upland vegetation along 

the saltmarsh perimeter, with the adjacent lawn being mown right to the edge of the 

saltmarsh in most areas. Some stands of swamp paperbark exist along the upper perimeter of 

the saltmarsh, along with a range of weed species, including Ulex europaeus (gorse), Rubus 

fruticosus agg. (blackberry) and Coprosma repens (mirror bush), among others. Several 

Euphorbia paralias (sea spurge) plants were also observed, along with emergent patches of 

rice grass, often near storm-water outflows that intersect the saltmarsh at several points. In 

2018, some bank erosion was observed, resulting in a section of steep bank adjacent to the 

foreshore track. Some dieback of Tecticornia arbuscula (shrubby glasswort) has also been 

observed in a low-lying area of saltmarsh and on the lower margins of the fringing 

saltmarsh. 

Kelso 

Much of the saltmarsh at Kelso is contained within private property boundaries that extend 

right down to the waterline. In many areas, there is little or no upland vegetation buffer and 

mown lawn extends right to the edge of the saltmarsh (Figure 3). Some areas of saltmarsh 

within private property boundaries have been mown or slashed. An off-road vehicle track 

divides areas of succulent and grassy saltmarsh near residential areas. What appear to be old 

drainage lines are visible in this area of saltmarsh. The following weed species were 

observed: Chrysanthemoides monilifera (boneseed), gorse, and Osteospermum spp. (African 

daisy). In addition, several small patches of rice grass were observed along the point and in 

mudflat adjacent to the saltmarsh, and two sea spurge plants were removed from the end of 

the point during the survey. Some erosion was also observed at the end of the point. 

West Arm North 

The West Arm North saltmarsh site adjoins two reserves: the York Town Historic Site and 

West Arm Conservation Area. Gorse and blackberry were both observed in the reserve area, 

but not in the saltmarsh itself. Emergent patches of rice grass, most measuring 

approximately 1-2 m2, were observed throughout areas of beaded glasswort and on adjacent 

mudflats. Some development (a private jetty, boat mooring and small dam) has been 

constructed by private landholders adjacent to the saltmarsh, along with off-road tracks 
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(possibly from a dirt bike). Private landholders have cleared small areas of upland 

vegetation along their property frontage, but in general, a moderate to good upland 

vegetation buffer exists. Several algal mats interspersed throughout areas of beaded 

glasswort may indicate possible local nutrient enrichment. 

 

Figure 3. Images of human impacts observed at Kelso; a, slashing of saltmarsh; b, mowing 

of saltmarsh; c, signs of previous attempts to drain/clear saltmarsh; d, four wheel drive 

impacts. 

West Arm South 

A wide native vegetation buffer is present along the majority of the saltmarsh fringe and few 

weeds are present at this site and in upland vegetation. Access to the saltmarsh is via an off-

road vehicle track. In 2016, impacts from public access of this off-road track and the small 

clearing at the end, including four wheel drive tracks, burning and rubbish dumping adjacent 

to the saltmarsh, were evident. Subsequent to the 2016 surveys, a locked gate was installed 

at the start of this track, preventing vehicle access. As such, these impacts have become less 

noticeable since access has been restricted. Although the track does not extend far around 

the saltmarsh fringe, it may somewhat restrict landward migration of the saltmarsh. No other 

a) b) 

c) d) 



Supplementary Paper: Citizen Science 

 
306 

major human impacts have been observed at this site, which appears to be largely 

undisturbed. 

Middle Point 

The saltmarsh at Middle Point can be divided into two halves. Only the northern half has 

been accessed for surveys. This half is bounded by private land (grazing areas) and has good 

upland vegetation (70-100 m wide along most of the perimeter). Few impacts were observed 

in this half. The southern half of the saltmarsh is bounded by a large dairy property and has 

not been accessible for surveys. Assessment from observing aerial imagery indicates little or 

no upland vegetation. A levee and sizable dam have been constructed along a section of this 

southern half and drainage lines are visible across a large expanse of saltmarsh with changes 

to the natural tidal channels. Aerial imagery indicates that the dairy farm has replaced areas 

of saltmarsh.  

Swan Point 

Damage caused to the saltmarsh habitat by the use of off-road vehicles was a prominent 

human impact observed at Swan Point. Established off-road vehicle tracks featuring deep 

ruts were observed along most of the landward fringe of the saltmarsh at the eastern end of 

Lightfoot Bay, which includes areas of rare yellow sea-lavender (Figure 4). In addition, the 

extent of the saltmarsh is limited on the river side by extensive rice grass meadows. This site 

is also impacted by flood events, with a significant amount of debris (including plastic 

debris and larger items like willow trees and power poles) accumulating within Lightfoot 

Bay as a result of a flood event in June 2016. The gradual regrowth of rice grass into these 

areas of debris accumulation has been observed since 2016. Other human impacts included 

rubbish dumping (particularly the dumping of garden waste) and clearing of upland 

vegetation by adjacent landholders, along with the presence of a foreshore track which may 

limit landward migration. Several weed species were abundant along the foreshore track and 

within and adjacent to areas of saltmarsh, including: Polygala myrtifolia (milkwort), gorse, 

blackberry and boneseed.  



Supplementary Paper: Citizen Science 

 
307 

 

Figure 4. Human impacts observed at Swan Point; a, flood debris accumulation soon after 

June 2016 floods; b, debris accumulation (and rice grass recolonization) two years later, in 

2018; c, four wheel drive impacts observed in 2016; d) recovery of area impacted by four 

wheel drives, in 2017. 

Discussion  

As the first coordinated citizen science study focussed on Tasmanian saltmarshes, the Tamar 

Saltmarsh Monitoring Program provides valuable lessons from both the ecological data 

collected (e.g. scientific outcomes, on-ground actions) and from the community engagement 

process (e.g. educational and social outcomes). For citizen science, an evaluation of these 

outcomes is important to design better projects in the future (Bonney et al. 2009). 

Ecological Data 

This study has produced the first detailed estuary-specific saltmarsh plants list in northern 

Tasmania with a total of 56 plant species documented in our surveys of the Tamar River 

estuary saltmarshes. Estuary-specific saltmarsh plants lists have been identified as a key 

requirement for understanding biogeographic patterns, identifying threatened species and for 

assisting in planning restoration projects (Saintilan 2009). The 56 species recorded compares 

a) b) 

c) d) 
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to 132 species (not counting subspecies in some cases) reported for all Tasmanian 

saltmarshes by Prahalad et al. (in press), including a high proportion of obligate species (14 

of 21). This overlap indicates the high conservation value of these wetlands for floristic 

biodiversity, despite Tamar River estuary saltmarshes accounting for less than 2% of the 

State’s saltmarsh area.  

Shorebird surveys and population monitoring in the Tamar River estuary has been 

undertaken by members of BirdLife Tasmania (previously the Bird Observers' Association 

of Tasmania and then Birds Tasmania) for over 35 years (E. Woehler pers. comm.). The 

current program continues in this long-term effort by expanding the coverage and further 

exploring the relationship between birds and their saltmarsh habitats. The 24 species of birds 

recorded in the six sites form a relatively small subset of the 113 species reported to be using 

saltmarshes across Tasmania (Prahalad et al. 2015b). Notably, waders were 

underrepresented (2 of 28 species) with no migratory waders from the Scolopacidae and 

Charadriidae families despite historic records of over 700 individuals of up to 9 species 

from the area around Long Tom Reef (Cooper et al. 2012).  This could point to the known 

ongoing decrease of waders in this area and underscores the importance of monitoring. 

Waterbirds, in comparison, were better represented (10 of 37 species) with members from 

five of six families recorded (except for the Podicipedidae family of grebes).   

The highest diversity and abundance of birds were generally recorded during surveys 

conducted at high tide. This suggests that tides influence bird diversity and abundance, 

confirming the general perception that birds move onto the saltmarsh for feeding and 

roosting during high tides (e.g. Spencer et al. 2009). In terms of bird abundance, the 

recording of flocks of up to 300 individuals of a species during a single survey indicates the 

importance of particular sites to key species. Large flocks of Pied Oystercatchers (80-150 

individuals) were recorded during four of the five surveys at Swan Point. Notably, Swan 

Point is the only site in this study that falls within the Tamar Wetlands Important Bird Area, 

a 51 km2 area covering the upper and middle parts of the Tamar, designated for supporting 

≥1% of the global population of Pied Oystercatchers on a regular or predictable basis 

(BirdLife International 2018). Additional surveys, both in the Tamar and in other parts of 

the State, are needed before further interpretations can be made of the bird data.  

The human impacts data indicate that all six sites surveyed had varying levels of visible 

impacts typical to saltmarsh (cf. Boon et al. 2015), due to both direct human activities (e.g. 
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four wheel driving, mowing) and indirect effects (e.g. weeds, plastic pollution). The human 

impacts data collected in this study has led to management interventions at several of the 

sites. In the case of four wheel driving, the site affected at Swan Point includes areas of rare 

yellow sea-lavender growth and is adjacent to an important bird roosting area within the 

estuary. In 2015, bollards were installed in consultation with the land manager, Crown Land 

Services, to prevent vehicle access along the foreshore upland of the saltmarsh. However, 

community pressure to realign the bollards (with the area being used for informal boat 

launching) and the subsequent removal of two bollards has since re-allowed vehicle access 

to the area. Discussions are ongoing with Crown Land Services to replace the bollards, but 

at the time of writing (April 2018), this has not yet been completed. In relation to flood 

debris at Swan Point, which accumulated as a result of a 2016 flood event, community 

marine debris clean-ups have been organised in 2016 and 2017 to remove this debris, 

particularly targeted to reducing plastic pollution.  

In another example, this time involving the management of upland vegetation, initial 

discussions have been had with George Town Council, who manage the area of land 

adjacent to the Long Tom Reef saltmarsh, about allowing a wider buffer when mowing 

between the foreshore track and the saltmarsh. A proposal had also been initiated to install 

two interpretation signs along the foreshore trail to communicate the values of the local 

saltmarsh, including the importance and decline of migratory birds (Cooper et al. 2012), and 

the reasoning behind the changed mowing regime along the foreshore. The signs have since 

been produced and, at the time of writing (June 2018), are ready for installation. Green 

Army volunteer teams have also undertaken extensive marine debris collection and weed 

management work along the area of foreshore occupied by the Long Tom Reef saltmarsh.  

Community Engagement 

There was considerable community interest in the Tamar Saltmarsh Monitoring Program. In 

total, 50 volunteers were engaged over the three years of surveys. Of these, 17 were 

involved in more than one survey. The greatest number of surveys attended by a single 

volunteer was 11 in the three years. Assuming that survey duration was approximately two 

hours on average, this represents a total of 208 volunteer hours across the lifetime of the 

program. These numbers indicate success in both participant recruitment and retention 

(Dickinson et al. 2012).  
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The volunteers themselves represented a range of different community sectors and can be 

organised in four main groups. The majority (48%) were general community members, 

many of whom were local residents. Two other groups comprised of members of local field 

naturalist groups, including plants societies (24%), and members and leaders of 

Conservation Volunteers Australia teams (22%). The monitoring program benefited greatly 

from the extensive knowledge of participating field naturalists and the success of similar 

programs in other areas might depend, in part, on the availability and interest of local field 

naturalist groups in participating.  

The smallest group (6%) were University students, who notably, were all international 

students. Post-survey feedback provided some insights into the motivations and experiences 

of the participants. The motivations for getting involved for one of the University student 

volunteers are illustrated in the quote below: 

“For me the attraction was to be able to learn about the flora and fauna native to this 

beautiful island state. NRM North's saltmarsh survey initiate [sic] provided the 

perfect opportunity for that. I would surely looks [sic] forward to more such events 

to learn and also benefit from the lively company of other volunteers and members 

of NRM North.”  

Feedback from participants from other groups also indicate that the monitoring program has, 

apart from collecting ecological information, served to address the other goals of: 

developing scientific literacy and inquiry among participants; providing place-based natural 

experiences; and advancing conservation actions. Two participants supported this view in 

the quotes below: 

“Saltmarshes are a complex and undervalued resource. Getting an insight into the 

saltmarsh world has sparked my interest into their conservation.” 

“Just the overall complexity of that ecosystem was fascinating. Certainly be [sic] 

looking at it with a more informed outlook.” 

Formal program evaluation is being conducted by NRM North and will provide further 

feedback on the community engagement aspects of the Tamar Saltmarsh Monitoring 

Program. 
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Conclusion 

Coastal saltmarshes are vulnerable ecosystems that require ecological monitoring, 

community engagement through science communication and place-attachment, and on-

ground conservation actions. Citizen science provides an excellent platform to achieve these 

multiple and related goals. The Tamar Saltmarsh Monitoring Program provides a salient 

case study in demonstrating the value of utilising citizen science as an effective tool for 

saltmarsh conservation in northern Tasmania. The sustainability of such programs, however, 

will depend on the capacity to refine program aims, survey methods and tools, and provide 

coordination and leadership in recruitment, training, data curation and dissemination 

(Bonney et al. 2009; Dickinson et al. 2012). The critical role for NRM bodies, supported 

through Australian Government funding and working in partnership with Universities, need 

also be acknowledged and emphasised.    
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