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Glossary
Alluvial Deposits Refers to loose clay, silt or sand that is common in floodplains, 

beach settings or similar, as it is deposited by water flows. 

Arid Zone An area of low rainfall and lacks freshwater.

Calcarenite Rock A type of limestone rocks composed of sand-size grains of 
carbonate material including shells and coral. 

Coastal Zone The area of the land and seabed that is influenced by marine 
processes. 

Colluvial Deposits Refers to loose material such as unconsolidated clay, silt or 
sand that that has been deposited by gravity

Cyanobacterial Mat Microbial cyanobacterial communities occurring as microbial 

mats.

Hypersaline Environments where the salt concentration is greater than 

seawater (~35ppt). 

Intertidal Area of the shoreline that is between high and low tides, as 

such is both exposed and flooded by water at different times 

Meso-Tidal Refers to a coastline that experiences tides in the 2-4m range. 

Microbial Extremophiles Microbial organisms that live in extreme environments (e.g., 
high salinities, or high temperatures). 

Semi-Diurnal Refers to a tidal cycle that has a period of approximately 12.5 
hours, generally with 2 high and 2 low tides daily. 

Supratidal Also known as the ‘splash zone’, it is the area of the tidal flat 

that is above the mean high water mark, as such it is 

inundated or wet occasionally (such as during storms). 

Image: Cyanobacterial mats and mangrove tributaries of the 
Exmouth Gulf and Pilbara region (source: Bluemedia Exmouth)



Acronyms 
C Carbon, a chemical element and found in sediment, the ocean, and living 

organisms. 

N Nitrogen, a limiting element that is essential for plant growth and function.  

P Phosphorus, a chemical element that is an essential nutrient necessary for growth 
and development of plants and animals.

S Sulfur, an essential element for life found in amino acids and  proteins

CO2

Carbon Dioxide, a chemical compound made up of molecules that each have 
one carbon atom covalently double bonded to two oxygen atoms. It is an 
important trace gas in Earth's atmosphere. It is an integral part of the carbon 
cycle.

DOC
Dissolved Organic Carbon, refers to a basic nutrient, supporting growth of 
microorganisms that has an important role in the global carbon cycle through the 
microbial loop

POC Particulate Organic Matter, related to DOC, and generally refers to 
non-carbonate matter less than 2mm. 

NOx
-N Refers to the Nitrogen oxides nitrogen trace gas emission ratio 

NH4
+ Ammonium, a form of fixed N that can occur as a result of bacteria breaking 

down organic matter. 

N2 Gaseous form of Nitrogen that results from nitrogen fixation processes.

Image: Cyanobacterial mats and mangrove tributaries of the 
Exmouth Gulf and Pilbara region (source: Bluemedia Exmouth)



Summary
The Exmouth Gulf and more broadly the coastal north-west Pilbara region of Australia is 
a remote landscape that is globally unique. In this region salt flats occur on the 
landward edge of intertidal zone, often bordered seaward by fringing mangroves and 
landward by dunes. The salt flats, in parts, are covered by cyanobacterial mats, 
comprised of microbial cyanobacterial communities.

The salt flats are an extensive landform in the region and cover an area greater than 
mangroves, however these habitats have had relatively limited research. As such, 
knowledge of the ecological role, values and functions of the salt flats, and 
cyanobacterial mats are limited, though their role in salt production is of current interest. 

The two main pressures on the region and the habitats that exist and support fauna 
within the region are; [i] climate change; and [ii] direct anthropogenic pressures (e.g., 
land development and reclamation), however the cumulative pressures, that is, where 
these threats overlap and interact may be one of greatest uncertainty and risk. 

We provide a review of the main literature to ascertain the role of cyanobacterial mats 
in the southern and eastern Exmouth Gulf, in doing so we discuss some key ecosystem 
functions including their role in salt production and exchange, carbon sequestration, 
nutrient cycling, vertical accretion, and in fisheries. We undertake a literature review to 
ascertain the current state of knowledge of these systems relative to similar intertidal 
and coastal habitats. Finally we provide comment on the current vulnerabilities of the 
salt flats. 

We can summarise the key findings as:

● The coastal salt flat and cyanobacterial mats both globally and in north-west 
Australia have limited research undertaken, and as such large knowledge gaps 
exist. Research should be undertaken to fill such gaps immediately. 

● The cyanobacterial mats are likely an important source of carbon and nutrients 
to the coastal region, with exchange occurring at high tides or through 
groundwater flows. 

● The cyanobacterial mats are directly consumed by invertebrates and other 
marine organisms when flooded which support fish communities. 

● The cyanobacterial mats likely play a significant role in supporting marine food 
webs in adjacent ecosystems (e.g. reefs).

● Dessicated cyanobacterial mats when wet are able to regain productivity levels 
quickly and therefore dessicated mats should be considered as areas that are 
potentially active.

● The extent of the habitats within the coastal zone are not fully known (other than 
mangroves) and as such identifying any future changes in extent will be 
challenging without further assessments. 

The salt flats and adjacent coastal zone is an important habitat that requires a full 
ecological assessment to ascertain the spatial extent, as well as the temporal and 
spatial dynamics. 
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Image: Cyanobacterial mats in the Exmouth Gulf and Pilbara region (source: Bluemedia Exmouth)



1.0 Salt Flats 
1.1. Global Context
Coastal salt flats, also commonly termed sabkha or salinas, occur as salt-crusted 
depressions in low-lying coastal saltmarshes2. Three main characteristics are common in 
defining a coastal salt flat globally3,4 (Figure 1):

1. Occurs in an evaporative basin that is generally closed to the ocean or has 
restricted tidal flows

2. Evaporation exceeds inflow and is the main reason for water deficit
3. Seawater is the main source of salt and is contributed via groundwater seepage 

and tidal flows (e.g., on spring tides)

In the Exmouth Gulf salt flats occur on the landward edge of intertidal zone, often 
bordered seaward by fringing mangroves and landward by dunes. Salt flats cover 
1,026km2 in the Exmouth Gulf, an area more than six times greater than mangroves 
here5 (Figure 2). Globally, these environments are inadequately studied (see Case Study 
1 & Figure 5). In the Exmouth Gulf the coastal salt flats are an extensive landform5 
(Figure 2), and in parts they are covered by cyanobacterial mats6 (Figure 3 and Figure 
4). Cyanobacterial mats comprise microbial cyanobacterial communities, which can 
occur as thick microbial mats as well as other morphologies, and are most extensive in 
regions of the salt flat at lower elevations3. 

In the Exmouth Gulf cyanobacterial mats are dominated by sheathing cyanobacteria6. 
Recent research by Lovelock et al.6 found that cyanobacteria from the Microcoleus 
genera and Oscillatoria genera were commonly found in Exmouth Gulf communities. 
The mats here, like in similar tropical arid climates, develop in intertidal areas where tidal 
inundation is infrequent and is exceeded by the evaporative demand of the 
environment6–8. This results in hypersaline, low water content and high temperature land 
surfaces6,9, which while not suitable for mangrove and saltmarsh growth, can support 
microbial extremophiles9. The cyanobacteria communities tend to be sensitive to salinity 
gradients3. That is, in lower salinity environments a greater diversity of microbial 
extremophiles occur, diversity decreases with increasing salinity3,9. Changes to the 
hydrology (e.g., sea level influencing tidal inundation) that affects salinity may result in 
changes to the diversity, mat morphology and productivity. 
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Figure 3:  Aerial view of a typical section of coast along the Exmouth Gulf, showing mangroves in 
the foreground with tidal creeks, and extensive cyanobacterial mats and salt flats landward. 
(Photo: Bluemedia Exmouth)
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Figure 2: Proportion of key  habitat areas  in the Exmouth Gulf catchment (6400km2) as reported by 

Brunskill et al. (2001). Other category would include for example sand, dune and terrestrial 

vegetation.
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1.2 Cyanobacterial biology and ecology

Cyanobacteria, sometimes called blue-green algae, are photosynthetic bacteria that 
grow in aquatic environments and moist soils. Their fossils are the oldest on Earth at 3.5 
billion years old and were responsible for oxygenating the Earth's atmosphere. 
Cyanobacteria are unicellular, but some cyanobacteria form structures, including the 
stromatolites of Shark Bay and the extensive cyanobacterial mats of the Exmouth Gulf 
(Figure 4). In other extreme environments, including desert regions they form crusts that 
stabilise soils. 

They have evolved adaptations to extreme environments. For example, many species 
can desiccate, losing all cellular water, and are revived with the addition of water; they 
are tolerant of high levels of UV radiation and extreme temperatures. Large (long chain) 
carbohydrates and other molecules stabilise their cellular structures. 

Cyanobacteria are also important in fixing atmospheric nitrogen to forms that they and 
other organisms can use to make amino acids and proteins (e.g. ammonia and 
nitrates). In the terrestrial environment nitrogen fixation is performed by symbiotic 
bacteria within the roots of plants like beans and peas; but in the marine environment 
cyanobacteria fix the nitrogen that fuels ocean life.  

1.0 Salt Flats

Figure 4:  Top: Cyanobacterial mat landward of mangroves that are occurring adjacent to a tidal 
creek in the Exmouth Gulf. The yellow box (not to scale) is an indicative site representative of 
cyanobacterial mats as seen in the field in the bottom right photo. Bottom left: Laminated 
cyanobacterial mat in the lab producing bubbles of oxygen during photosynthesis, approximate 
scale 1.5cm  (red box is not to scale or actual site, indicative only). (Photo source: top: Bluemedia 
Exmouth; bottom left and right: Catherine Lovelock). 
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Case Study: Scientific Literature

To ascertain the quantity of research undertaken in salt flat and cyanobacterial mat 
habitats, in comparison to similar intertidal habitats we undertook a Web of Science 
literature search on 10/8/2022. We used the search terms “salt flat” and “saltflat” to 
represent the two common naming variations of salt flat habitats, “cyanobacterial 
mat”, “saltmarsh” and “salt marsh” to  represent the two common naming variations of 
saltmarsh habitats, “samphire” a common and important saltmarsh plant in this region, 
“mangrove”,  and “sabkha” independently, and then repeated each once with 
“Exmouth Gulf” added as an additional search term and then separately with “Pilbara” 
(e.g., “salt flat” AND “Exmouth”). Search terms were included if present in the 
document using the “all fields” option. The date was set to include all results from 1900 
to present. For mangroves and “salt marsh” the global result exceeded the Web of 
Science citation tool maximum number of outputs, so the number of citations was 
restricted to the last 5 years for these habitats, however total publications represents 
1900 to present.  We did not restrict the number of times a publication came up, so a 
publication could occur in more than one search result (e.g., “saltflat” or “salt flat” if 
both terms were used). Where multiple terms were used for one habitat type these 
results were summed to represent that habitat type (e.g., “saltmarsh” + “salt marsh” 
results were added for habitat type “saltmarsh”).

We found a very low number of studies focussed on salt flat and cyanobacterial mat 
habitats globally, especially when compared to mangrove and saltmarsh habitats 
(Figure 5). There were a total of 10 results for the Exmouth Gulf and Pilbara regions since 
1900 for all habitats except saltmarsh and mangrove, which together totalled 37 
records across the Pilbara and Exmouth Gulf, comprising <1% of all mangrove and 
saltmarsh results globally. An increasing trend in both publications and citations to the 
original papers were apparent for “salt flat” and “sabkha”, while “cyanobacterial mats” 
showed an increasing trend in the number of citations (Supplementary Information - 
SI1). The studies undertaken demonstrate that there has been a recent focus with few 
studies prior to the mid 1980s, and the highest number of studies per year occurring in 
the 21st Century (Supplementary Information - SI1)). These results indicate that there are 
large knowledge gaps of these environments globally because of limited research 
effort, and particularly so for the Exmouth Gulf and Pilbara region, but that interest in 
these ecosystems is indicative of increasing awareness of their importance.  

1.0 Salt Flats
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1.3 Threats
Globally, the coastal zone due to its location between the marine and terrestrial 
environments is vulnerable to climate induced changes (e.g., temperature, sea level), 
as well as reclamation and development for industry (e.g., ports, mining). For arid zone 
coasts and estuaries, this vulnerability is heightened as species are often at their 
physiological and metabolic limits, with sensitivities to even minor changes in conditions 
potentially catastrophic.  For example, a drop in sea level of 20 cm at Mangrove Bay on 
the Ningaloo Coast in Western Australia coincided with porewater salinity increasing by 
25% compared to the 16 year mean level, and ultimately led to areas of mangrove 
dieback10. 

The global climate is changing; global ocean and land surface temperatures have 
increased and are on a trajectory to continue to increase globally by a minimum of 
1.5℃ by 205011. Sea level rise is occurring, and changes in rainfall and other climate 
patterns are apparent12. Salt flats exist within limited environmental and abiotic 
thresholds that when exceeded may alter their ability to function and provide 
ecosystem services. For instance, increased sea level in temperate Australia has shown 
to lead to mangrove landward encroachment into saltmarsh communities13, thereby 
reducing diversity of habitats, and habitat for particular species, such as migratory birds, 
or endemic species. Globally, some wetland communities have been protected under 
The Convention on Wetlands of International Importance (Ramsar Convention) due to 
their importance to biodiversity, particularly for waterbirds and fish14. Within the Pilbara 
region there are 12 species of birds that are largely restricted to mangrove areas15. 
Within the Exmouth Gulf; a hypersaline environment, samphire and cyanobacterial mats 
occur landward of mangrove communities in distinct elevation and salinity envelopes6. 
Changes in landscape habitat heterogeneity due to anthropogenic hydrological 
changes may result in reduced land area available for samphire and cyanobacterial 
mats. In temperate Australia, anthropogenic modifications on the floodplains pose a 
significant risk to saltmarshes due to restrictions imposed on the available land for 
saltmarsh migrations with sea level rise.  

Whilst the north-west coastal region of Australia has a low human population relative to 
other coastal zones (e.g., eastern Australia) it is of high significance to the industrial 
sector, containing large ports and acting as a hub for the export of mineral and 
resource commodities from inland mines, or offshore oil and gas (Figure 6 and Figure 7). 
The salt flats of the north-west coast are considered an opportunity to the solar salt 
production industry sector16. The arid coastline, hypersaline environment, and tidal 
creeks provide a unique setting conducive to solar salt production16.  

Potentially significant, but not yet fully understood, are the threats, both at particular 
sites and the cumulative threats across the region, that these solar salt and other 
industrial and infrastructure developments pose to the salt flats and in particular the 
cyanobacterial mats of the Pilbara region1. 
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Image: Blue Media Exmouth - Desert after rain - showing Onslow Salt Production

Figure 6: Onslow salt production and jetty at the northern extent of the Exmouth Gulf. (Photo: 
Bluemedia Exmouth)

1.0 Salt Flats
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Figure 7: Aerial view of Chevron Wheatstone Project based near Onslow at the northern extent of 
the Exmouth Gulf. (Photo: Bluemedia Exmouth)



2.0 Study Region
2.1. Geomorphology

The Exmouth Gulf is a shallow inverse estuarine embayment5 located within or adjacent 
to the land and sea country of Baiyungu, Yinikurtira, Thalanyji, and Nhuwala people17,18. 
Bordered on the west by Cape Range National Park, which contains an internationally 
significant limestone karst system within the Ningaloo World Heritage Area, and on the 
east it forms the southern extent of the Pilbara coastal bioregion. The Gulf forms a 
globally unique geomorphic setting within the Paleozoic-Cenozoic Carnarvon Basin of 
Western Australia19. 

The focus of this review - the eastern and southern extents of the Exmouth Gulf are 
dominated on the seaward side by tidal flats lined with mangroves that transition 
landward into coastal intertidal and supratidal salt flats covered with extensive 
cyanobacterial mats (Figure 1, Figure 3, Figure 4 and Figure 8). The east coast of 
Exmouth Gulf is included in the National Directory of Important Wetlands (Exmouth Gulf 
East Wetland - WA007)18 (Figure 8), and is important for migratory bird species. 
Contrastingly, the area is also of high interest for industry development16. 

Coastal salt flats, are considered to have formed as a result of coastline retreat (at 
geological timescales)20. Recent studies of the Pilbara coast further north have 
confirmed century scale coastline retreat, with the coastline at the Dampier 
Archipelago (Murujuga) during the Last Glacial Maximum located approximately 
160km seaward21–23. As a result the sedimentary environment of the Gulf is formed of 
calcarenitic rocks covered by alluvial and colluvial deposits24. 

Page 11

https://paperpile.com/c/3KrY6k/w82q


Page 12

Figure 8: Exmouth Gulf region showing wetland areas and associated habitat. Note: The habitat 

types are not definitive due to limited mapping available for this region, samphire, cyanobacterial 

mats and other coastal vegetation also occurs. National Directory of Wetlands includes the Cape 

Range Subterranean Waterways, and the Exmouth Gulf East. 

2.0 Study Region



2.2 Tides
The Exmouth Gulf is a meso-tidal dominated basin with a predominant semi-diurnal tidal 
cycle, the water circulation in the Gulf is governed by tide and wind movements5. There 
is minimal freshwater input with annual rainfall low, however during cyclonic events 
large floods from rainfall may enter the basin from multiple river channels and creeks, 
filling the salt flats before flowing to the Gulf waters. The Ashburton River is a main river 
at the northern extent, south of Onslow (Figure 8). Tidal creeks are a prominent 
geomorphic feature and form within the mangrove habitat (Figure 9). Tidal currents flow 
in a southwest direction, and circulate clockwise at speeds up to 1 ms-1 25. Whilst largely 
protected from the open-ocean by fringing islands and reefs the Gulf experiences 
some swell propagation near the North West Cape. It is here that the Leeuwin and 
Ningaloo currents can enter the Gulf. Due to the turbidity, there is sparse but high 
biodiversity of benthic habitat, consisting largely of macroalgae, seagrass and sponges 
(Figure 10). 

The Gulf is a highly turbid environment with high resuspension of sediments in the shallow 
(depths generally less than 20m 26) embayment, particularly during spring tides. The salt 
flats and cyanobacterial mats are located in the high intertidal zone and are only 
flooded for short periods of the year during high spring tides, compared to the regular 
inundation of mangrove communities. Inundation across the salt flats varies with 
elevation, tidal amplitude, sea level (varies inter-annually) and weather conditions 
(wind, waves). Coupled with high evaporation rates and flat topography - 80% of the 
region (coastline to landward side of salt flat) is less than 5 metres in elevation (See 
Supplementary Information - SI2), the salt flats are hypersaline, with salinity greater here 
than incoming tidal waters27,28. Within the Exmouth Gulf, the maximum tidal range is    
3m 29, and the intertidal cyanobacterial mats are submerged on approximately 30% of 
tides annually30. 
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Blue Media Exmouth: Exmouth Gulf sponges and  Exmouth Gul  urala ck

Figure 10: Benthic habitat in Exmouth Gulf, a diversity of sponges, sea fans, algae, and other 

benthic habitat  is apparent.  (Photo: Bluemedia Exmouth)

Figure 9: The Exmouth Gulf showing a typical coastal tidal creek through the  mangrove 
communities that are a common landscape feature of the Gulf.  An offshore island can be seen in 
the distance.  (Photo: Bluemedia Exmouth)

2.0 Study Region
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2.3 Climate
Typical of coastal salt flats globally, the Exmouth Gulf is an arid region, with high 
temperatures and low mean annual rainfall. Maximum temperatures occur in the 
southern hemisphere summer months (December - February) and minimum 
temperatures in the winter months (June - August). Records from nearby Learmonth 
Airport weather station (22.21॰S, 114.03॰E) indicate that over the last 47 years the mean 
maximum annual temperature has been 32℃, and the mean minimum temperature 
17.7℃. During this period the temperature exceeded 30℃ on average 60% of the year, 
and 40℃ on average 34% of the year 31. 

Since 1975 average monthly rainfall has been highest in June (43.1mm), which also has 
the highest mean number of rainy days per month (5.1 days), reflecting the influence of 
southern low pressure systems that deliver winter rainfall.  During this period mean 
annual rainfall has been 251.5 mm, and is highest between January and June31. High 
pulses of rainfall are associated with cyclones in this region, often occurring in short and 
rapid periods that result in flooding events. For example, Cyclone Vance produced a 
3.5m storm surge, which resulted in a storm tide of 4.9m, wind speeds upto 267kmh-1, 
and 100 - 150 mm of rainfall in 4 days that resulted in widespread flooding, and 
accumulated to $35 million in damages32,33. 

2.4. Bioregion
The Exmouth Gulf is located within the terrestrial Deserts and Xeric Shrublands ecoregion 
of Australia, and within the Carnarvon bioregion and Cape Range sub-bioregion under 
the Interim Biogeographical Regionalisation for Australia (IBRA) version 7 classification. 
IBRA subregions provide a landscape based approach to classifying the land surface, 
accounting for climate, geomorphology, landform, lithology characteristics, as well as 
common flora and fauna. The Gulf region is co-located in the North-West Marine 
Region as part of the Australian marine bioregional plan under the Environment 
Protection and Biodiversity Conservation Act 1999.  Avicennia marina is the dominant 
mangrove species in the Gulf, though Rhizophora stylosa also commonly occurs in 
areas of lower salinity; with five other species present in the Pilbara region (Aegialitis 
annulata, Aegiceras corniculatum, Ceriops tagal, Bruguiera exaristata and Osbornia 
octodonta). 

The habitats supports a wide range of fauna, 29 species of coastal birds and waders 
listed in the Environment Protection and Biodiversity Conservation Act 1999, were 
recorded as occurring in the Exmouth Gulf intertidal area, as well invertebrates such as 
the Flamed fiddler crab (Uca flammula), reptiles such as the Banded Mangrove Snake 
(Hydrelaps darwiniensis), mammals, and marsupials such as kangaroos34. 
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3.0 Ecological and Biogeochemical 

Functions
Salt flats are vital components of both terrestrial and marine ecosystems due to their 
location in the inter- and supra- tidal zones. While research is limited it is evident that 
these environments support both flora and fauna, as well as providing important 
biogeochemical functions (Figure 11). Key ecological functions include their role in salt 
storage and exchange, carbon sequestration, nutrient cycling, vertical accretion, and 
in supporting fisheries and biodiversity. These will be discussed in more detail in this 
section.

Page 16

Figure 11: Conceptual model of the potential ecological, biogeochemical and 

hydrologicla process occurring in the Exmouth Gulf, based on the available literature.   

Design: OOID Scientific



3.1. Salt 
Globally, continental and coastal salt flats are major resources for mineral commodities  
and contribute as major sources of lithium, potash, borates, and calcrete-hosted 
uranium deposits4. Salt production is able to occur on salt flats because of exchange of 
salt via surface tidal or groundwater flows35. Prolonged exposure of the salt flats due to 
low levels of tidal inundation coupled with groundwater seepage and evaporation 
creates a hypersaline environment that is conducive to the development of salt 
minerals35. 

The demand for these mineral commodities is increasing, for instance lithium use is 
expected to increase four-fold by 20254 due to its use in lithium-ion batteries, common 
in ‘green technology’ (e.g., electric and hybrid cars)4. While other salt derived 
chemicals are used in food (sodium chloride), or agriculture (e.g., potash). Australia has 
not commonly mined coastal salt flats for potash, however, there are current 
exploration and applications to develop (and modify) salt flats for the production of 
such mineral resources (https://www.epa.wa.gov.au/proposal-search and 
https://catalogue.data.wa.gov.au/dataset/mining-tenements-dmirs-003 ). 

Solar salt production for salt as a mineral commodity is the process of evaporating 
seawater by sun and wind to produce salt in the form of salt crystals (halite). There are 3 
main process16:

1. Evaporation ponds are formed - here seawater is pumped into a pond and left 
to evaporate 

2. Crystallizer ponds - Halite is harvested from the pond floor
3. Remaining Water - The bittens are pumped away, usually back to the sea via 

water courses (e.g., tidal creeks)

As Brocx and Semeniuk16 highlight, the geomorphology and environmental conditions 
of the Exmouth Gulf and the broader Pilbara coast provide key features suitable for 
solar salt production, these include:

1. Natural barriers - dune and limestone or bedrock barriers that control tidal flows 
to the salt flats

2. Tidal creeks - provide access to and inundation by marine water as a pathway 
for the removal of bitterns or effluent. 

The Pilbara coast has 3 salt production mines; At Onslow - Onslow Salt - which has been 
in production since 199936 (Figure 6 and Figure 12), at Dampier - Dampier Salt - which 
was established in the late 1960s, and at Port Hedland, established in 196637. Onslow Salt 
covers 50 km of coast and an area of 115 km2, while Dampier Salt Dampier covers 15km 
of coast, and covers an area of 70 km2 16, and its operation at Port Hedland covers 
64km of coast and an area of 160km2 16.
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Figure 12: Aerial view of the Onslow salt ponds, showing the evaporation  ponds (Photo: Bluemedia 
Exmouth)

3.0 Ecological and Biogeochemical Functions



3.2. Nutrient cycling
Cyanobacterial mats in the intertidal zone can be highly productive primary producers, 
fixing carbon through photosynthesis and nitrogen through nitrogen fixation, at relatively 
high rates38. In some instances they have also been observed to act as an important 
source of phosphorus to the marine environment, which is released when it is dissolved 
in tidal waters during tidal inundation6,39. Much of the research on cyanobacterial mat 
functions has focussed in temperate regions, or within continental hypersaline lakes, 
and has not addressed the role of cyanobacterial mats in supporting coastal 
production, and there are few studies in arid regions40. However, there has been some 
research in areas of northern Australia6,27,35,39,40.

Nitrogen is an essential nutrient and core component of amino acids and therefore 
proteins. Nitrogen availability is important in the carbon cycle - vital to flora and fauna 
because of its role in physiological functions (e.g. in enzymes and key proteins) and 
growth - however it is often limited in the marine environment. Cyanobacterial mats 
have been shown to store nitrogen and phosphorus long-term, while also being 
important sources of nutrients exported to adjacent and connected marine 
environments, which are typically nutrient limited27. While the cyanobacterial mats are 
active sites of nutrient exchange, their role as sources of nutrients and carbon for 
marine food webs is likely to vary spatially and temporally40 due to the abiotic 
conditions which influence their performance (e.g., salinity, temperature, light and tide), 
physiological thresholds of the cyanobacteria and connectivity40. The composition of 
cyanobacterial mats in the Exmouth Gulf was shown to vary spatially over inundation 
gradients with high and low intertidal zones comprising species with different 
morphologies, though similar across both zones was the dominance of sheathing 
cyanobacteria40. Microcoleus sp. was present in both zones of the intertidal, though in 
the low intertidal zones coccoid cells were also present (Figure 13). The cyanobacteria 
composition in the Exmouth Gulf study had similar species to those found further north in 
Dampier Archipelago (200 km north), where Microcoleus chthonoplastes and 
Geitlerniema sp. were also found41. Plectonema sp., Leptolyngbya sp. and Lyngbya 
aestuarii were also found in the high intertidal-zone samples at Giralia40. 

The composition of species in the mat is important in nutrient cycling as for example, 
near Giralia in the Exmouth Gulf nitrogen fixation of atmospheric nitrogen, which is 
performed by cyanobacteria in the marine environment was highest (2.3 nmol N cm-2 
h-1) in the lower intertidal zone during the day, compared to nitrogen fixation in high 
intertidal cyanobacterial communities40 (Figure 13). This may be due to differences in 
salinity and to tidal flushing regimes in the lower intertidal zone, where tidal inundation is 
more frequent, and may create more favourable conditions for nitrogen fixation. Similar 
spatial variation in nitrogen fixation has been found in other subtropical arid 
wetlands40,42. 
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In addition to fixing atmospheric nitrogen, cyanobacterial mat communities also absorb 
nutrients from sediments and the water column to support their growth. Significantly, the 
ability of the cyanobacterial mat to remove nutrients from tidal or floodwaters (rates of 
NOx

-N -0.1 ± 0.1 mg m-2 h-1  and NH4
+ -0.40 ± 0.1 mg m-2 h-1 ) were similar regardless of 

previous desiccation of mats, indicating that these extremophiles are able to become 
functional rapidly after re-submersion in floodwaters40,42. Evidence of cyanobacterial 
mat release of nutrients to the floodwaters indicate that this may occur at rates -1.1 ± 
0.05 mg m-2 h-1  for NOx

-N and -0.29 ± 0.2 mg m-2 h-1 for NH4
+  40,42. 

Cyanobacterial mats and hypersaline salt flats are important sources and sinks of 
nitrogen, however there are spatial and temporal differences in the underlying 
processes40,42 (Table 1). On average the nitrogen fixation rates measured at Giralia in 
the Exmouth Gulf  (0.46 - 2.7 nmol N2 cm-2h-1)40,42 were comparable to measurements 
from Paling et al41 in Dampier (0.27 - 2 nmol N2 cm-2h-1) further north on the Pilbara 
coast, while higher than microbial communities in some mangroves of temperate 
regions43 (Table 1). Given the estimated area of the extent of cyanobacterial mats in 
Exmouth Gulf, it is likely they play a vital role to the primary and secondary productivity 
of the region through nutrient exchanges6,40. Early work of oceanographers of the 
Australian Institute of Marine Science44,45 in the region found that consumers (e.g., 
copepods) in the water column of the Exmouth Gulf exceeded the supply provided by 
phytoplankton, leading them to hypothesise that there must be an additional source of 
organic matter (nutrients and carbon) to support consumers, and that this additional 
source may come from the intertidal environments of the Exmouth Gulf44,45.
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Table 1: Examples of Nitrogen fixation in different habitats. Adapted from Table 6 in Lee and Joye (2006). 
R = Rhizophora spp. A = Avicennia spp. L = Laguncularia spp. C = Ceriops spp. B = Bruguiera spp. HC = heterocystous 
cyanobacteria; NHC = non-heterocystous cyanobacteria. See Supplementary Information - SI3  for table references list

https://paperpile.com/c/3KrY6k/cv1k+fD8u
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Figure 13:  Illustration of the microbial communities found by Adame et al. (2012)40 at Giralia, at the 
southern extent of the Exmouth Gulf. The cyanobacterial mat in the intertidal had a higher rate of 
nitrogen fixation than the high tide areas.  2.3 nmol N cm-2 h-1 is 0.96 mmol N m-2 d-1,  0.47 nmol N 
cm-2 h-1 is 0.20  mmol N m-2 d-1. Design: OOID Scientific
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3.3. Carbon
The inclusion of an ecosystem in the blue carbon framework needs to meet several 
criteria47. The inclusion of salt flats and cyanobacterial mats has been limited by an 
absence of data globally to confirm the scale of greenhouse gases removed by the 
cyanobacterial mats, and the long term storage of fixed CO2 

47. Recent research 
reported that these environments are capable of long-term storage of fixed CO2 at 
rates averaging 21 ± 6 g C m− 2 yr− 1, while this is a lower rate compared to mangroves, it 
is comparable to other blue carbon habitats in some arid regions27. 

Sparsely vegetated saltmarshes that include hypersaline salt flats (i.e., often called 
samphire) were included in the blue carbon accounting model (BlueCAM) used within 
the Tidal Restoration of Blue Carbon Ecosystems Methodology Determination 2022 of 
the Emissions Reduction Fund (ERF), which is Australia's voluntary carbon market scheme 
developed by the Australian Federal Government48. While BlueCAM is focussed on tidal 
restoration of coastal wetlands and avoided emissions from alternative land uses it 
provides regional and habitat specific guidance on soil organic carbon accumulation 
rates and carbon stocks and fluxes for Australian blue carbon habitat using best 
available data48. Cyanobacterial mats fall within the sparsely vegetated saltmarsh (salt 
flat) category48. Unlike other blue carbon habitats (e.g., mangroves, seagrass) they do 
not receive biomass carbon estimates, they however are attributed values for 
accumulation of sediment carbon stocks (0.23 ± 0.06 Mg C ha−1 yr−1)48. In arid regions, 
and where fluvial control is low the area of the cyanobacterial mat can exceed that of 
other habitats (e.g., mangroves), and as such may contribute significantly as a carbon 
sink in the region27. 

Within the Exmouth Gulf, a study was able to determine that cyanobacterial mats  are 
a key contributor to the carbon budget here, likely contributing 5-15% of the total 
carbon fixed by primary producers6 (Table 2). While the overall gross primary 
productivity of the cyanobacterial mats was measured to be less than mangroves 
(Table 2), the cyanobacterial mats are likely contributing fixed carbon to the tidal 
waters6. At high tide when the cyanobacterial mats were submerged a 30% increase in 
soluble carbohydrates was measured compared to incoming tidal waters6. Therefore, 
soluble carbohydrates and particulates derived from the cyanobacterial mats could  
provide  carbon  for  microbial pathways that enter nearshore food webs via tidal flows, 
leading to the support of fisheries and other marine productivity6.
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Table 2: Estimates of annual production of benthic autotrophs in the Exmouth Gulf based on Table 3 
in Lovelock et al. (2010). Data is sorted based on (last column) Total fixed C Mg year-1 which is 
calculated from (first column) Net Production (g C m-2 year-1) x (middle column) Area (km2). Net 
production values are from Lovelock et al. (2010), area values (shown as proportional circles) are 
based on Brunskill et al., (2001), area for seagrass and macroalgae are estimates reported in 
Lovelock et al. (2010). No measurement of salt flats net production was found in the literature for 
Exmouth Gulf. 

 Design: OOID Scientific



3.4. Vertical accretion and lateral movements of mangroves 
and cyanobacterial mat communities: adaptation and 
resilience to sea level rise
Sea level is predicted to increase with climate change, and within the Exmouth Gulf 
region sea level rise was measured at a rate of 2.8 mm yr-1 49. Whilst local scale variation 
occurs in rates of sea level rise, it is recognised that estuarine environments will be 
strongly influenced, and erosion a likely occurrence in intertidal areas49,50. Within the wet 
tropics and temperate regions, mangrove habitats accumulate sediment vertically51. 
This process of sediment accretion enables the mangroves to mitigate against sea level 
increases if the rate of sediment accretion is equal or greater than the rate of sea level 
rise52. However, in arid settings where sediment supply is low and sea level is expected 
to increase, mangrove seaward retreat is predicted, along with lateral movement 
landward50,53. 

Within the Exmouth Gulf at Giralia Bay, a long-term study (7 years) of vertical accretion 
across a longitudinal transect encompassing the 4 primary habitats i] seaward fringing 
mangrove; [ii] scrub mangroves; [iii] cyanobacterial mat; and [iv] salt flat showed that 
overall there was a decline in elevation at a rate of 0.18 mm yr-1 (± 0.12 mm yr-1)49. 
Despite accretion of sediment on the surface in the two mangrove habitats shallow 
subsidence of sediment was observed at a mean rate of 2.9 (± 0.5) mm yr-1, resulting in 
low rates of vertical accretion49. Shallow subsidence is the process where sediment 
surface elevation declines due to compaction of soil pore spaces, commonly 
attributed to factors including tree root death and subsequent decomposition, 
dewatering due to water loss (or evapotranspiration), or bioturbation49. Whilst Lovelock 
et al.49 note bioturbation was evident in the fringing mangroves, the authors also note 
decreasing soil bulk density with depth and higher salinity in the porewater (mean 52 
ppt) of the seaward mangroves compared to tidal water (mean 42 ppt) were also 
apparent and both are consistent with dewatering due to evapotranspiration49. While 
further research is required, the suggestion that evapotranspiration is important for 
sediment elevation in arid zone mangroves is important, as variables that influence 
evapotranspiration (e.g., temperature, tidal flows, humidity) are affected by climate 
change49, as well as other hydrological changes due to anthropogenic development 
(e.g., construction of tidal barriers). 
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At the same site, Lovelock et al.49 noted mangrove seaward retreat and landward 
encroachment of the mangroves. Such lateral movement by mangrove habitats has 
been attributed to sea level rise and resulting higher tidal inundation52. However, the 
Pilbara coast is also exposed to frequent cyclones, and mangrove mortality has 
previously been recorded in the Gulf as a result of cyclones54. The failed 
re-establishment of mangroves on the seaward edge of the mangroves after mortality 
caused by cyclones suggest tidal interactions with shoreline processes but requires 
further research49. The increasing establishment and persistence of mangrove seedlings 
within the cyanobacterial mat zone was attributed to higher sea level and higher levels 
of tidal inundation, such as those that occur in La Niña years which corresponds with 
higher sea level in the north-west region, providing suitable conditions for seedling 
dispersal, recruitment and subsequent establishment49. 

Climatic and hydrologic processes governing habitat thresholds require further research 
in arid environments. However, current research suggests that mangroves may be able 
to recruit into high intertidal zones under increasing sea levels49. While, more research is 
required into how cyanobacterial mats in these regions will transition, current research 
has shown that the cyanobacterial mats in the south-eastern Gulf are located within 
only a 40cm elevation range (230 - 270 cm relative to the Lowest Astronomical Tide)49. 
With such a small elevation range, cyanobacterial mats are likely vulnerable to 
changes in tidal level, such as through sea level changes, or anthropogenic restrictions 
such as levee walls or tidal barriers. 
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Figure 14:  A mangrove seedling in the pneumatophores on the tidal flats. Image is of Avicennia 
marina, from Mangrove Bay on the Ningaloo Coast. (Photo: Sharyn Hickey)

https://paperpile.com/c/3KrY6k/EJQw


3.5. Fisheries and biodiversity

3.5.1 Cyanobacterial mats and other microbial communities as key 
biota

Cyanobacterial mats are able to survive and avoid desiccation due to the high 
concentrations of carbohydrates they produce that act to stabilise cellular 
components during descication6,38,55. These carbohydrates and also particulate carbon 
from cyanobacterial mats contribute to the productivity of ecosystems through the 
microbial loop56 (Figure 15) which links use of particulate and dissolved organic carbon 
by protozoa and other cells to eventual consumption by fauna within food webs, as 
well as through direct consumption (i.e., grazing). Cyanobacterial mat habitats 
contribute to food webs via trophic connectivity which describes when nutrients, 
detritus, prey and consumers that comprise food webs cross habitat boundaries when 
habitats are connected through water flows30. 
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Figure 15: The microbial loop as described in Azam et al. (1983)  (solid arrows), Fenchel (2008), and 

adapted by Koh et al. (2012). DOM refers to dissolved organic matter; POC refers to particulate 

organic matter; DOC refers to dissolved organic carbon. DOC and POC come from cyanobacterial 

mats which are consumed by protozoa and other cells which enter into food webs. 
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3.5.2. Organisms that use the salt flats when available

A key feature of the cyanobacterial mats and salt flats is intermittent flooding. In the 
Exmouth Gulf, the cyanobacterial mats are inundated on 30% of all tides, though only 
fully submerged for 3% of this time30. However, during this time they can act as a trophic 
pathway between the marine and terrestrial environments30. When inundated the 
cyanobacterial mats provide an opportunity for cross habitat connectivity, allowing 
fauna to move between marine, intertidal and (occasionally) supratidal environments30. 
Whilst research has been limited both globally and within the Exmouth Gulf, Penrose30 
found that within the Exmouth Gulf, marine fauna utilise the cyanobacterial mats during 
these high tide events. In fact, 33 species of fish and 6 species of crustacean were 
recorded in the cyanobacterial mats of the Exmouth Gulf during innundation30. The 
cyanobacterial mats comprise 1 of the 4 main habitats of the region that are 
connected via surface water flows. This co-occurrence or spatial heterogeneity of the 
habitats and faunas’ ability to move between habitats during inundation appears to be 
important, with the highest number of species present in cyanobacterial mats that are 
adjacent to mangrove communities30. This finding that multiple connected habitats 
have more diverse assemblages of fauna than single habitats in landscapes has been 
commonly observed, but mostly from studies that have considered mangroves, 
seagrass and coral habitats57, or mangrove and saltmarsh58 and have not assessed the 
role of cyanobacterial mats in connected seascapes. 

Cyanobacterial mats provisioning as a habitat was an important finding, however this is 
just one utilisation of the cyanobacterial mats and tidal salt flats by marine fauna that 
was found. Using stable isotopes of C and N, Penrose30 was further able to determine 
that the cyanobacterial mats were contributing directly or indirectly as a food source to 
various species of marine fauna. In fact, cyanobacteria was found to be the dominant 
carbon source for juvenile whiting (Sillago burrus), silver biddy (Gerres oyena), 
north-west  hardyhead (Craterocephalus capreoli), and a species within the family 
Gobiidae. While for the western school prawn, Metapenaeus dalli (Penaeidae) 
cyanobacteria was the dominant food source in prawns caught in cyanobacterial mat 
habitats that had adjacent mangroves, further showing the importance of landscape 
heterogeneity30. 
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 Figure 16: A juvenile giant shovelnose rays (Glaucostegus typus: Rhinobatidae) amongst 

the saltmarsh and saltbush communities on the intertidal flats landward of mangroves. 

(Photo: Catherine Lovelock)

The role of cyanobacterial mats as a trophic relay was a novel finding of Penrose30 and 
provides new evidence of the functional role cyanobacterial mats have in 
marine-intertidal foodwebs in arid coastal estuaries. The role of cyanobacteria in the arid 
zone estuarine foodwebs may be even greater than initially proposed by Penrose30, which 
could be discovered with further research, particularly examining their role in supporting 
secondary production. For example, the stomach content and stable isotope analysis of 
muscle and liver tissue of juvenile giant shovelnose rays (Glaucostegus typus: 
Rhinobatidae) (Figure 16), which was listed as critically endangered on the IUCN Red List 
of Threatened Species in 201859, found that they forage on benthic macroinvertebrate 
communities that include cyanobacteria as part of their diet30. This finding suggests the 
cyanobacterial mats are contributing to the offshore pelagic food web as these species 
migrate between environments30. 
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4.0 Key Areas of Uncertainties About The 

Distribution, Ecological and 

Biogeochemical Functions in Western 

Australia

4.1. Extent  
The Western Australian coastline is a significant size, measuring over 20,000 km in 
distance. The north-west coastline, including the eastern side of Exmouth Gulf, is 
relatively remote and can be difficult to access, especially within the coastal zone due 
to lack of roads, and extreme environmental conditions (e.g., high temperatures). As a 
result there is a significant gap in knowledge, and monitoring of these areas as a whole, 
with resources focussed on specific areas, sites, or habitats. For instance, whilst local 
variations in accuracy and species information occur, mangrove forest extent is largely 
known54,60. However, the condition of mangroves across the Gulf is not monitored in 
near-real-time, nor updated annually. For samphire, extent and monitoring is generally 
restricted to areas of known significance, and due to difficulty mapping from traditional 
remote sensing techniques does not have a current complete extent for this ecosystem 
over the north-west coastline of Australia. For the cyanobacterial mats very little 
information on their current or past extent is known for this region, the most 
comprehensive extent layer is a global prediction of wetland cover61, though this does 
not specifically focus on or identify cyanobacterial mats, or samphire. 
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Case Study: Land Use Mapping

The Pilbara region, spans over 53,000,000 km2, and is of current interest for mining leases, 
with various current or pending mining tenements. A spatial analysis of the leases in 
relation to other land use layers was undertaken to ascertain the type of lease and area 
as a proxy to understand potential land use changes to the Exmouth Gulf and more 
broadly the Pilbara coast. 

The Government of Western Australia’s Department of Mines, Industry Regulation and 
Safety62 provide a geospatial layer with the current and pending leases. This dataset 
was accessed via dataWA62 on 23rd August 2022, the data was last updated 18th 
August 2022. The data was restricted to the Pilbara region using a ‘spatial intersect’ with 
the Geoscience Australia Pilbara region from the Primary and Secondary Coastal 
Sediment Compartment spatial layer accessed via dataWA on 11 May 202163. This area 
was further restricted to an indicative area of potential salt flats and wetlands using the 
coastal buffer from previous mapping of mangroves in Western Australia60 
(Supplementary Information - SI4). The Directory of Important Wetlands in Western 
Australia geospatial layer accessed from dataWA62 was also clipped to this region. 
Exploration leases may overlap reserve leases, and if so area was counted for each 
lease. The total area also included area seaward of the coastline due to mangrove 
locations here, and so area estimates include water area. 

The mining tenement dataset once clipped to the study region was investigated for 
type of lease, lease status and area of polygon was generated in ArcPro v.2.8. On 
exploration of the dataset it was apparent leases were able to co-occur (i.e., spatially 
overlap), as such, all areas were counted. Lease types were merged to represent 8 
categories; Exploration Licence, General Purpose Lease, Mining Lease, Miscellaneous 
Licence, Prospecting Licence, Retention Licence, Temporary Reserve, Mineral Lease 
(S.A.). Mining Lease combined Mining Lease and Mining Lease S.A. categories. This 
dataset was then intersected to the Directory of Important Wetlands in Western 
Australia geospatial layer clipped to the study extent to assess if areas overlapped. We 
used the whole area of a lease if it intersected the wetlands area (i.e., not clipped to 
only the overlapping area). Within this area, we found that exploration licences are the 
dominating type of tenement (Figure 17 & Figure 18) and proportion of land areas 
covered by lease is likely higher than reported due to water area included in total area.

We found that there are 719 records of tenements in the study extent, and 31 
tenements that intersect the Directory of Important Wetlands in Western Australia areas 
within the study extent (Supplementary Information - SI4). We found that tenements in 
the above categories comprised 30% of the study area (Figure 17 & Figure 18).  

4.0 Key Areas of Uncertainties 
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Figure 17 : Proportion of different land classes (Directory of Important Wetlands in Western Australia, 

Department of Mines, Industry Regulation and Safety Mining Tenement lease data) within the 

coastal area of the Pilbara coast (total area (49,175 km2). Current and pending leases in  

Department of Mines, Industry Regulation and Safety database comprise 30% of the area in this 

region. See Supplementary Information (SI4) for map extent of coastal Pilbara buffer. Refer to 

Supplementary Information - SI4 for map of leases.  
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Figure 18 : Top; The total area (km2) of each of the Department of Mines, Industry Regulation and 

Safety Mining Tenement lease data categories located within the (Pilbara coast area of interest 

(See Supplementary Information (SI4) for map extent of coastal Pilbara buffer). Bottom: The total 

area (km2) of each of the Department of Mines, Industry Regulation and Safety Mining Tenement 

lease data categories located within the areas of the Directory of Important Wetlands in Western 

Australia that occur within the Pilbara coastal area of interest (See Supplementary Information (SI4) 

for map extent of coastal Pilbara buffer). Exploration licence is the largest category with current 

and live mining leases across the Pilbara coastal area, and within areas overlapping the Directory 

of Important Wetlands in Western Australia.  

4.0 Key Areas of Uncertainties 
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Case Study: Cyanobacteria are extremophiles that are 
important for discovery of novel genes

In this review we have addressed some of the key ecosystem values and functions of 
cyanobacterial mats in the Exmouth Gulf. There is a current trend to value such 
ecosystem services such as through ocean accounts, or similar economic 
measurements. This is a complex concept, especially in novel ecosystems where there 
are large knowledge gaps, and services or potential services may be overlooked or 
underestimated. 

This review has focussed on some key services of cyanobacterial mats within the 
Exmouth Gulf, including their role in the food web. More broadly, cyanobacteria, 
comprising extremophile microbes, exist in extreme areas (e.g., hypersaline salt flats, 
deep ocean vents, sea ice). Research on the role they provide and potential future 
roles has been limited, and as such categorising their future and current services may 
be limited. However there has been a growing interest in the discovery of novel genes. 
For instance, enzymes of extremophiles are of interest to industry and bio-tech sectors 
due to their ability to survive harsh conditions, create minimal waste, and stability in 
extreme conditions,  such as extreme temperatures63. For example, heat-stable proteins 
are required during the decomposition of polymers; extremophile microbes are viewed 
as more superior than mesophilic microbes as conditions are beyond the natural 
tolerance range of mesophilic microbes64. As such extremophile microbes are viewed 
as a natural resource opportunity for applications in extreme conditions64. 

The concept of having an ecosystem service for future use is included in some 
economical valuations as “existence values”, “bequest values” or “option values”65 
(Figure 19). While terms vary depending on the categorization of the value as a “use” or 
“non-use”,  these terms attempt to capture the provisioning of a continued, or potential 
future service even if that service is yet to be recognised65. Extremophile microbes may 
provide opportunities through novel gene discoveries  that may be lost or not 
recognised if the ecosystem is lost or impeded due to anthropogenic or climate 
change. The cyanobacterial mat comprising extremophile microbes provide key 
services. In addition to known ecological functions and services, future unrecognised 
services should be considered as part of ecosystem services valuations,  distribution and 
abundance.

4.0 Key Areas of Uncertainties 
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The Exmouth Gulf region is a globally unique ecosystem, reflected in the recent 
determination by the Western Australian Environmental Protection Agency where they 
recommended18: 

I. A very high level of protection for the eastern and southern portion of Exmouth 
Gulf and adjacent hinterland areas;

II. Any future activities and development must be compatible with the protection 
of the key values;

III. An integrated management approach is required to ensure the conservation 
and enhancement of the key values of Exmouth Gulf.

Subsequent to this the Government of Western Australia agreed to the development of 
a marine park management plan for the region, including Class A reserves67. However, 
while this has demonstrated the significance of the area, it does not exclude all 
development of the region, demonstrated by mining tenements leases pending that 
overlap reserved tenements or areas identified in the Directory of Important Wetlands in 
Western Australia. 

There are two main types of threats that exist to habitats here, [i] climate change; and 
[ii] direct anthropogenic pressures (e.g., land development and reclamation), though 
the cumulative pressure, that is where these threats overlap and interact may be one of 
the greatest uncertainty and risk1. The Exmouth Gulf and the habitats of it, including the 
cyanobacterial mats and salt flats exist in specific environmental and climate 
envelopes, as has been detailed in this review. Changes to these regimes may leave 
these habitats vulnerable. For instance, current research has shown that the 
cyanobacterial mats in the south-eastern Gulf are located within only a 40cm elevation 
range (230 - 270 cm relative to the Lowest Astronomical Tide)49. Changes to surface 
elevation, and inundation (e.g., sea level changes or construction of tidal  barriers) is 
likely to affect the current and future landscape habitat arrangements. For instance, 
higher levels of tidal inundation lead to landward establishment of mangrove seedlings 
within the cyanobacterial mat extent and changes in the cyanobacterial mat 
distribution6,49.

Cumulative pressures in the marine and coastal environment is not a new concept, 
Duarte68 discusses the changing impact of them, and with the additionality of climate 
change on these systems. The concept that if one pressure changes, it will impact the 
system and affect other areas, for instance increased fishing pressures is accepted to 
likely affect species distributions, fish populations, with impacts in economy, food 
insecurity and biosecurity68. The ecological values and functions of the salt flats and 
cyanobacterial mats of the Exmouth Gulf and more broadly coastal north-west 
Australia are not adequately studied and require baseline information to fully 
understand their role in supporting the overall function and productivity of the coastal 
zone in the region. Without adequate baseline assessments, interpretation of landscape 
change may be subject to "shifting baselines", which can result in undetected losses in 
ecosystem extent and function over space and time, with negative consequences for 
productivity and diversity of the marine ecosystems of the region69. 
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4.2. Risk of loss of ecological functions from conversion



  Image:Desert after the rain by Blue Media Exmouth

Image: Cyanobacterial mats, mangroves and tidal creeks in the Exmouth Gulf and Pilbara region (source: 
Bluemedia Exmouth)
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