
Thrombolite (microbialite) Community of a Coastal Brackish Lake (Lake Clifton) Listing Advice 

1

Advice to the Minister for the Environment, Heritage and the Arts from the 
Threatened Species Scientific Committee (the Committee) on an Amendment to 

the List of Threatened Ecological Communities under the Environment Protection 
and Biodiversity Conservation Act 1999 (EPBC Act)

1. Name of the ecological community
Thrombolite (microbialite) Community of a Coastal Brackish Lake (Lake Clifton)
This advice follows the assessment of information provided by a public nomination to 
include the “Thrombolite (microbial) Community of a Coastal Brackish Lake (Lake 
Clifton)” in the critically endangered category of the list of threatened ecological 
communities under the Environment Protection and Biodiversity Conservation Act 
1999 (EPBC Act). This name is consistent with the name used for this ecological 
community in Western Australia, although a reference to stromatolites which appears in 
the Western Australian title has been omitted for the sake of clarity. 

2. Public Consultation
The nomination was made available for public exhibition and comment for a minimum 
30 business days. In addition, detailed consultation with experts on the ecological 
community was undertaken. The Committee also had regard to all public and expert 
comment that was relevant to the consideration of the ecological community. 

3. Summary of conservation assessment by the Committee
The Committee provides the following assessment of the appropriateness of the 
ecological community’s inclusion in the EPBC Act list of threatened ecological 
communities. 

 The Committee judges that the ecological community has been demonstrated to 
have met sufficient elements of Criterion 2 to make it eligible for listing as 
critically endangered.

 The Committee judges that the ecological community has been demonstrated to 
have met sufficient elements of Criterion 3 to make it eligible for listing as 
critically endangered.

 The Committee judges that the ecological community has been demonstrated to 
have met sufficient elements of Criterion 4 to make it eligible for listing as 
critically endangered.  

 The Committee judges that the ecological community has been demonstrated to 
have met sufficient elements of Criterion 5 to make it eligible for listing as 
endangered.  

The highest category for which the ecological community is eligible to be listed is 
critically endangered. 
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4. Description1

What are Thrombolites?
Thrombolites are a type of microbialite. Microbialites are discrete organosedimentary 
structures formed by the activities of specific benthic microbial communities (BMCs). 
Here, cyanobacteria and eukaryotic microalgae photosynthesise and precipitate calcium 
carbonate (limestone) leading to the formation of rock-like structures (Moore et al., 
1983; Moore, 1990). Essentially, whilst microbialites have the appearance of rocks, 
they are living ecosystems similar to coral reefs. Unlike corals, however, where the 
hard carbonate structures are skeletal, the hard carbonate structures of microbialites are 
the result of mineralisation in the biochemical environment. Microbialite construction is 
a passive process, unlike coral skeletal formation, which is an active and controlled 
precipitation of calcium carbonate by the coral tissues. Microbialites are also one of the 
oldest life forms on Earth, and can therefore provide evidence as to the nature of 
historical environments (Moore, 1993; WA CALM, 2004a). 

Worldwide, microbialites are now restricted to only a few places, including the 
Bahamas, Bermuda and Western Australia. The oldest microbialite fossils are in 
Western Australia, estimated to have formed over 3.5 billion years ago. Western 
Australia is also home to both the greatest number and greatest variation of living 
microbialite communities in the world (Moore, 1990; WA CALM, 2004a). 
Microbialites occur in several different forms, examples of which include stromatolites, 
thrombolites, oncolites and assemblages such as algal mats (Moore, 1993; Luu et al., 
2004). The primary difference between thrombolites and the better known stromatolites 
is in their internal structure, which reflects differences in the way they are formed 
(Moore, 1990). Stromatolites are finely laminated (i.e. layered), whereas thrombolites 
are non-laminated, and possess a clotted internal structure with fenestrae (WRC, 1998; 
Riding, 1999; Luu et al., 2004; Hale and Butcher, 2007). 

Thrombolites are formed by the interactions of a complex association of photosynthetic 
prokaryotes (including cyanobacteria and purple sulphur bacteria) and eukaryotic 
microalgae (particularly diatoms), along with chemoautotrophic and 
chemoheterotrophic microbes (ie. true bacteria) (Moore, 1990).  Photosynthetic 
cyanobacteria are generally dominant (Luu et al., 2004). The microbes precipitate 
calcium carbonate from the fresh groundwater seeping up from underground aquifers 
(Moore, 1990). 

Lake Clifton, Western Australia
Lake Clifton is south-west of Mandurah, on the south-west coast of Western Australia, 
approximately 100 kilometres from Perth. It is about 1.5 kilometres inland from the 
Indian Ocean, and less than three kilometres to the west of the Harvey Estuary 
(Moore, 1990). Lake Clifton is within the Yalgorup National Park on the Swan Coastal 
Plain, and part of the Peel-Yalgorup lakes system, which is listed as a wetland of 
international significance (RAMSAR site) (DEWHA, 2003). Yalgorup National Park is 
included on the Register of the National Estate, and is also listed in the Directory of 
Important Wetlands in Australia (RNE, 1978; EA, 2001). 

                                               
1 Definitions for technical and scientific terms used in this document are provided in the Glossary at 
Section 13.  
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Lake Clifton is the northernmost lake in the Peel-Yalgorup lakes system, which consists 
of several hypersaline and brackish lakes (Commander, 1988; Moore, 1990). It is 
approximately 21.5 kilometres long and up to 1.5 kilometres across at its widest point. 
Most of the lake is quite shallow, being no more than 1.5 metres deep, although parts of 
the northern basin are up to 3.5 metres in depth (Moore, 1990). Lake Clifton is a 
groundwater sink fed by direct rainfall and groundwater input, with no natural outflows. 
At its maximum extent, the lake covers approximately 17.8 square kilometres, although 
this can be considerably less during summer due to evaporation (Commander, 1988). 

Lake Clifton is surrounded by two low terraces of Holocene age sediments, each of 
which has its own characteristic native vegetation influenced by soil salinity and the 
depth to the water table (Moore, 1993).  The upper terrace is dominated by stands of 
Eucalyptus gomphocephala (Tuart woodland), with a dense understorey of species such 
as Acacia saligna (Golden Wreath Wattle), Agonis flexuosa (West Australian 
Peppermint), Diplolaena dampieri (Southern Diplolaena), Templetonia retusa (Cocky’s 
Tongue) and Banksia attenuata (Slender Banksia). The groundcover layer has been 
modified due to grazing by domestic stock (Moore, 1993; Burne et al., 2008). The 
lower terrace is dominated by dense tussocks, rushes and sedges with the occasional 
Eucalyptus rudis (West Australian Flooded Gum) and Melaleuca spp. (Moore, 1993). 
The Lake itself is fringed with reeds and Melaleuca paperbarks which can become 
seasonally inundated during periods of higher rainfall (Commander, 1988).  

Thrombolites at Lake Clifton
The Lake Clifton thrombolite community occurs on a relict foredune plain of Holocene 
age sands. The main known occurrence is a stretch approximately 15 kilometres long 
and up to 15 metres wide along the north-eastern shoreline of Lake Clifton. There are 
other smaller clusters of thrombolites within the Lake, also at the northern end. The 
thrombolites cover a total area of approximately four square kilometres (Moore, 1990). 

Radiocarbon dating indicates that the Lake Clifton thrombolites began to form no more 
than 1950 years ago. Whilst this is considered relatively young for a microbialite, they 
are little different from their primitive ancestors (WA CALM, 2004a). The Lake Clifton 
thrombolites differ substantially from all other known occurrences of living 
microbialites in terms of both structure and the specific assemblage of microorganisms 
(Luu et al., 2004). 

Historically, the dominant microbe at Lake Clifton is the cyanobacterium Scytonema 
sp., which grows in fresh to brackish waters with low nutrient levels. Other 
cyanobacteria found in the Lake Clifton thrombolites include the genera Oscillatoria, 
Dichothrix, Chlorococcus, Gloeocapsa, Johannesbaptistia, Gomphosphaeria and 
Spirulina, as well as numerous species of diatoms (Moore, 1990; Luu et al., 2004). 
Analysis of the thrombolites suggests that they are formed by the precipitation of 
calcium carbonate as aragonite. In addition to a carbonate-rich water supply, sunlight is 
also essential to thrombolite growth and survival (Luu et al, 2004). 

The external form of a thrombolite results from the impacts of a range of its 
environmental factors. Variations in sedimentation rates, fluctuation in water depth and 
the impact of prevailing currents and winds all appear to be major controlling factors 
(Luu et al., 2004). Although they are all remarkably similar internally, the thrombolites 
at Lake Clifton exhibit a wide array of external morphologies. Conical, domical, 
discoidal, and tabular forms are all present in a range of different sizes, as well as some 
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more irregular and columnar structures up to 1.3 metres high. Many of the tabular and 
domical forms along the eastern shoreline have ultimately grown together into an 
extensive reef formation (Moore, 1990). This structure is the largest known example of 
a living, non-marine microbialite reef in the southern hemisphere. Fluffy mats and 
bacterial films also carpet areas of the lake bottom, with some fossilised mats appearing 
near the foreshore (Konishi et al., 2001). 

5. Relevant Biology and Ecology
Thrombolites have an extremely slow rate of growth of typically no more than 0.1 
millimetres a year (McNamara, 1988; Luu et al., 2004). They are continuously growing 
organosedimentary structures which depend on a continuous discharge of groundwater 
into their habitat. This groundwater needs to be low in salinity and nutrients, but highly 
alkaline and rich in calcium and bicarbonates (McNamara, 1988; Moore, 1990; Hale 
and Butcher, 2007). At Lake Clifton, groundwater seepage historically maintained 
reduced salinity levels within the sediments and at the sediment-water interface. It also 
reduces the effects of desiccation at times when water levels are lower and the microbes 
are more exposed. It is the interaction of the more saline lake water with the calcium 
and bicarbonate carried by the groundwater that facilitiates thrombolite production by 
the microbes (Moore, 1990).  

Lake Clifton is unusual compared to most other lakes on the Swan Coastal Plain in that 
it is historically hyposaline, with its water predominantly fresh to brackish 
(Commander, 1988). The other lakes in the Peel-Yalgorup system are considered 
seasonally or permanently hypersaline (Moore, 1990). However, Lake Clifton is 
typically poikilosaline in comparison, meaning that it exhibits strong seasonal trends in 
terms of salinity.  Lake Clifton becomes more salty during the summer months when 
there is less water available, but historically has always remained less saline than sea 
water (Moore et al, 1983; Luu et al., 2004). However, it has become increasingly saline 
in recent years (Knott et al., 2003; Alexander and John, 2008a).
The fenestrae within the thrombolites at Lake Clifton provide important niche habitats 
for a diverse range of isopods, amphipods, gastropods and other molluscs (Moore et al., 
1983; Konishi et al., 2001). Coleopteran and trichopteran larvae have also been found, 
along with shrimp and juvenile Pseudogobius olorum (gobiid fish). These crustaceans 
are grazers, and in view of this, it is reasonable to assume that the thrombolites provide 
a food source as well as refuge from larger predators (Moore et al., 1983; Moore, 1990; 
Moore and Burne, 1994). Other fauna commonly found in and around the thrombolites 
include nematodes, ostracods, copepods and large populations of polychaetes. The sea 
anemone Haliplanella luciae is able to tolerate hyposaline water, and has been found 
colonising both the thrombolites and areas of coarse sediment at the northern end of 
Lake Clifton (Moore, 1990). Bryozoans also colonise the thrombolites, and have even 
been found incorporated into the thrombolite framework in some places (Moore, 1990; 
Moore and Burne, 1994).  

There are a number of macroalgae associated with the thrombolites in Lake Clifton, 
including Ruppia megacarpa and Cladophora vagabunda. Lamprothamnium 
papulosum is a submerged filamentous green charophyte which grows attached to the 
floor of the Lake (Moore et al., 1983, Moore, 1990; Moore and Burne, 1994).  
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6. National Context
The Interim Biogeographic Regionalisation for Australia (IBRA) divides the Australian 
continent into 85 bioregions.  The IBRA bioregions and sub-regions are the reporting 
unit for assessing the status of native ecosystems, their protection in the national reserve 
system and for use in the monitoring and evaluation framework of the Australian 
Government's current Natural Resource Management initiatives. The Lake Clifton 
thrombolite community is situated in the Swan Coastal Plain IBRA bioregion of 
Western Australia.

The coastal regions of Western Australia are home to a number of separate microbialite 
communities. The best known of these are the stromatolites of Hamelin Pool at Shark 
Bay (McNamara, 1988). There are also living microbialite communities that are not as 
well known, including the Lake Richmond thrombolite community which was listed as 
endangered under the EPBC Act on 16 July 2000 (ESSS, 2000). 
Some consideration was given as to any similarities between the structures of Lake 
Richmond and Lake Clifton. Whilst both are thrombolitic in formation, the conclusion 
was reached that they are two separate ecological communities based on differences in 
water chemistry and microbe assemblage. Unlike Lake Clifton, the water at Lake 
Richmond is more alkaline, and the dominant microbe is Dichothrix sp. (ESSS, 2000). 

There is also evidence that microbialite communities once existed in other lakes of the 
Peel-Yalgorup System, particularly Lake Pollard and Lake Hayward (Burke and Knott, 
1989; Moore, 1993; Hale and Butcher, 2007). However, these are now all extinct, with 
only fossilised relicts remaining. Other Western Australian microbialite communities 
(both living and extinct) are all distinct in their own right, and very different from the 
Lake Clifton thrombolite community in terms of history, structure and morphology. 
There is no overlap between them (Luu et al; 2004; WA CALM, 2004a). 
The Lake Clifton thrombolite community was assessed by the Western Australian 
Threatened Ecological Communities Scientific Committee, and endorsed by the 
Western Australian Minister for the Environment as a critically endangered ecological 
community in 2000. There is an Interim Recovery Plan for the ecological community, 
called Interim Recovery Plan No. 153 Thrombolite (Stromatolite-like microbialite) 
Community of a Coastal Brackish Lake (Lake Clifton) 2004-2009, which sets out 
priority actions for its ongoing management and recovery (Luu et al., 2004). There is 
another EPBC and WA-listed ecological community found in the surrounding area, 
called Sedgelands in Holocene dune swales of the southern Swan Coastal Plain 
(English et al., 2002).  However, there is no overlap between this community and the 
Lake Clifton thrombolites.

As previously mentioned, the Peel-Yalgorup lakes system is listed as a Wetland of 
International Significance under the Ramsar Convention. This Ramsar site includes 
Lake Clifton, and the Lake Clifton thrombolite community is the sole justification for 
the site meeting one of the essential listing criteria. 

Many waterbirds and species (including those protected under international migratory 
bird agreements) are known to utilise the Lake Clifton area in significant numbers on a 
regular basis (DEWHA, 2003). The Swan Coastal Plain also provides important habitat 
for other species listed as threatened under the EPBC Act, such as Calyptorhynchus 
latirostris (Carnaby’s Black Cockatoo) (DEWHA, 2009). These birds are known to 
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utilise Tuart woodland, of which there are large stands on the upper terrace surrounding 
Lake Clifton (Moore, 1993; Burne et al., 2008). A list of migratory and threatened birds 
with habitats that overlap with Lake Clifton can be found at Table 1 (see page 13). 

7. International Significance
As previously stated, the history of microbialite formation extends back to the first 
evidence of life on Earth, 3.5 billion years ago. According to fossil records, 
stromatolites dominated the Pre-Cambrian period, between 3.5 billion and 600 million 
years BP. It is likely that the decline in these formations began with the evolution of
grazing and burrowing animals in the early Phanerozoic era, at least 570 million years 
ago (Luu et al., 2004). This coincides with the increase in thrombolites, which are more 
resistant to the impacts of grazing and burrowing by small life forms.  An increase in 
the availability of free oxygen around 395 million years ago led to the evolution of 
faster growing marine organisms such as corals and macroalgae, which ultimately led 
the decline of the thrombolites due to spatial competition (Moore, 1990; Luu et al., 
2004; WA CALM, 2004a).
Therefore, microbialites such as thrombolites are of great scientific importance because 
they contain the oldest evidence of life on Earth, as well as geologic timelines of past 
environments (Moore et al., 1983; Luu et al., 2004; WA CALM, 2004a). This also 
makes them highly significant from a conservation perspective. Life forms such as 
these are of critical importance in providing a picture of past climatic conditions, which 
in turn greatly assists understanding of ongoing climate change and its effects. 
Living thrombolites, such as those at Lake Clifton, are particularly important because 
they provide a valuable modern comparison for a range of fossilised microbialites 
(Moore, 1993). It is also worth noting that Lake Clifton was the first place in the world 
where modern thrombolites were scientifically compared with modern stromatolites 
(Hamelin Pool, Shark Bay), and is where key discoveries were made as to the 
differences in formation between the two types of microbialites (Burne and Moore, 
1987). The international importance of the Lake Clifton thrombolites is also recognised 
under the Ramsar Convention.  

8. Condition Thresholds
Condition thresholds have not been adopted for the Lake Clifton thrombolite 
community. This is because there is no evidence currently available that shows what 
constitutes ‘good’ condition and ‘poor’ condition for the ecological community. This is 
in part due to an incomplete knowledge of thrombolite ecology. It is also due to the 
single location of the ecological community and the lack of overlap between the Lake 
Clifton thrombolites and other microbialite communities (Burke and Knott, 1989; 
Moore, 1990; Luu et al., 2004; WA CALM 2004a; Hale and Butcher, 2007). 

9. Description of Threats
The Lake Clifton thrombolite community is subject to numerous threats, most of which 
originate outside the ecological community itself. Scientific research suggests that there 
has been significant environmental degradation at Lake Clifton since at least the early 
1990s (Moore, 1990; WA CALM, 2004a). This is despite the Peel-Yalgorup System 
being recognised as a wetland of international importance, and Lake Clifton being 
situated within the Yalgorup National Park (Moore, 1990). 
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As previously stated, the thrombolite community occupies much of the eastern edge of 
Lake Clifton, which in turn forms the eastern boundary of the Yalgorup National Park. 
This means that the thrombolites are adjoined by private rural and rural-residential land 
holdings, which contributes significantly to the level of threat they face (Moore, 1990). 
The vegetation buffer zone between these properties and the foreshore of Lake Clifton 
is considered inadequate (Davies and Lane, 1996). 

The greatest current threat to the ongoing growth and survival of the Lake Clifton 
thrombolite community appears to be increased salinity due to increased groundwater 
extraction and altered groundwater flows, followed by increased nutrient levels coming 
from adjacent agricultural and rural-residential properties. If Lake Clifton becomes 
permanently hypersaline, it is likely that the patterns of thrombolite growth, faunal 
diversity and waterbird useage will also be affected.  It is possible that the international 
scientific significance of the Lake will also be lost as a direct result (Knott et al., 2003). 
Current studies suggest that the change to a permanent state of hypersalinity may have 
already occurred (Alexander and John, 2008a). 
Pollution, changes to surrounding vegetation, sedimentation and the introduction of 
fauna not native to the area also negatively impact on the ecological community (WA 
CALM, 2004a). People visiting Lake Clifton also directly impact by crushing or 
trampling the thrombolite structures, which are very fragile. Finally, possible impacts of 
climate change must also be considered. 

Increased Salinity and Groundwater Extraction
As previously indicated, the Lake Clifton thrombolite ecological community is on the 
periphery of the Yalgorup National Park, where it is adjoined by private rural and rural-
residential land holdings along much of its length. Agricultural land use practices and 
increased urban and rural-residential development have led to an increase in 
groundwater extraction, causing upwelling of the saline water that underlies the fresh 
groundwater.  It is possible that this is the cause of the increasing salinisation of Lake 
Clifton which was first recorded in the early 1990s (Luu et al., 2004; WA CALM, 
2004b). Salinity levels have continued to increase sharply since this time, and are 
considered a significant threat to the ongoing health of the thrombolite community. 

It is thought that the extinction of other microbialite communities within the Peel-
Yalgorup lake system may have been the result of long term changes to salinity levels 
prior to European settlement (Burke and Knott, 1989). Therefore, the fate of other 
microbialite communities in the surrounding area provides an indication as to what may 
happen to the Lake Clifton thrombolite community if increased salinity is not 
addressed. 

Whilst the original studies of Lake Clifton in the 1980s indicated that salinity seldom 
exceeded that of sea water, current studies suggest that drastic changes have occurred 
since. Salinity levels in Lake Clifton have doubled within the last 20 years to the point 
that the Lake is now considered to be hypersaline all year round. Recent investigations 
indicate that Scytonema, a key cyanobacterium for thrombolite formation, has gone 
from being a dominant species to no longer being found in Lake Clifton thrombolites 
(Alexander, pers.comm.). There has also been a significant increase in phytoplankton 
biomass and the highly salt tolerant Lamprothamnium charophyte (Alexander and John, 
2008a; 2008b; John and Alexander, 2008). 
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Increased Nutrient Loading
Many of the wetlands of the Swan Coastal Plain receive high levels of nutrients from 
their surrounding catchments and are becoming increasingly eutrophic (Davies and 
Lane, 1996). Lake Clifton is no exception. There are several contributing factors, 
including the limited capacity of sandy soils to hold nutrients, the shallow water-table, 
high seasonal rainfall and the inadequate treatment of effluent. Fertilisers leaching into 
groundwater as a result of agricultural and urban land use practices within the 
catchment have impacted significantly on water quality in Lake Clifton (Davies and 
Lane, 1996). 
Intensified subdivision of the Lake Clifton foreshores and other developments in the 
surrounding area are also impacting on the health of the lake environment through 
increased pressure on groundwater resources and changing land use. Epiphytic algae 
and plankton blooms now occurring on the Lake have the capacity to smother and 
spatially compete with the thrombolites (Moore, 1990; Davies and Lane, 1996). 

As with the salinity previously discussed, nutrient levels are also double that of 
previously recorded levels. Increased blooms of the macroalgae Cladophora vagabunda 
have been observed covering the surface of the thrombolites, which would impact on 
the ability of the microbes to photosynthise. This macroalagae is also a clear indicator 
of eutrophic conditions (Alexander and John, 2008a; 2008b). 

Changes to surrounding vegetation
The vegetation surrounding Lake Clifton acts as a natural filter, removing nutrients 
from runoff and groundwater before they reach the lake. Removal of this vegetation 
through clearing or grazing of stock not only removes this filtering effect, but can result 
in eroded sediment washing into Lake Clifton. Sedimentation has the potential to 
smother the thrombolites, which rely on sunlight in order to survive and grow (WA 
CALM, 2004a). Studies into the impact of vegetated buffer zones on nutrient inflow 
into Lake Clifton have also indicated that existing vegetation buffer zones are not 
enough to prevent eutrophication at current rates, making further development in the 
catchment a significant threat to the ongoing health of the Lake (Davies and Lane, 
1996). 

Introduced Fauna
There is a well-established population of Black Bream (Acanthopagrus butcheri) in 
Lake Clifton (Norriss et al., 2002). Whilst native to Australia, this estuarine fish species 
does not naturally occur in this environment. Rather, it has been (illegally) introduced 
into the Lake several times at irregular intervals over past decades (Goater, 2003a). 
These fish have become a significant problem as they have no natural predators in the 
Lake Clifton environment, which has allowed them to thrive. It is likely that the bream 
are a contributing factor in the recent decline in faunal diversity within the Lake 
(Goater, 2003b). 
The black bream are a threat to the Lake Clifton thrombolite community because they 
cause physical damage to the thrombolite structures whilst of feeding on the various 
molluscs and crustaceans living within them.  
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Other introduced species such as domestic stock and some feral animals are also 
impacting upon the shoreline of Lake Clifton through grazing. This may also contribute 
to nutrient inflow and sedimentation as outlined above. 

Physical Damage
As indicated previously, thrombolites have an extremely slow rate of growth of 
typically no more than 0.1 millimetres a year (McNamara, 1988; Luu et al., 2004). 
They are also very fragile physically, and are easily damaged by foot-traffic, or even 
the feeding activity of introduced fish species, as previously outlined. Whilst impacts 
by visitors to the area did lead to the construction of a boardwalk and viewing platform 
at Lake Clifton, some trampling and crushing still occurs (Luu et al., 2004; WA 
CALM, 2004a).  
A slow growth rate makes thrombolites and other microbialites particularly susceptible 
to changes in their surrounding environment. Any regeneration following physical 
damage or disturbance is unlikely to occur within the immediate future, or even longer 
term, as evidenced by the stromatolites of Hamelin Pool at Shark Bay, where the wheel-
tracks of horse-drawn wagons from the early 1900s are still clearly visible in the 
surface of the stromatolite platforms (McNamara, 1988). 

Climate Change
It is possible that climate change may present a significant threat to the Lake Clifton 
thrombolite community in the future. A long-term reduction in rainfall and rising sea 
levels would be likely to have a detrimental impact on the ongoing health of the 
thrombolites due to the changes to water levels and overall water quality in terms of 
both eutrophication and salinisation (Alexander and John, 2008b). However, there is no 
indication of any direct link between climate change and the health of the thrombolite 
community at the present time as these threats can also be attributed to other causes, 
such as increased development. 

10. How judged by the Committee in relation to the EPBC Act criteria
The Committee judges that this ecological community is eligible for listing as critically 
endangered under the EPBC Act. The assessment against the criteria is as follows.  

Criterion 1 – Decline in geographic distribution
The ecological community is considered to be naturally rare and restricted, given that 
its pre-European extent is thought to be limited to an area only slightly greater than four 
square kilometres (Moore, 1990). Remains of extinct microbialite communities at other 
lakes in the Peel-Yalgorup lakes system suggest that the Lake Clifton thrombolites may 
be the last living link to what was once a much more widespread community. However, 
it is unclear if these extinct microbialites were the same as those which remain in Lake 
Clifton today. Therefore, whilst the Lake Clifton thrombolite community is now very 
small, it is difficult to state if its geographic distribution has actually undergone a 
decline, making it not eligible for listing in any category under this criterion. 

Criterion 2 – Small geographic distribution coupled with demonstrable threat
There is only one known occurrence of this ecological community (Luu et al., 2004). 
Lake Clifton is approximately 21.5 kilometres long and no more than 1.5 kilometres at 
its widest point. Most of the lake is no more than 1.5 metres deep, although parts of the 
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northern basin are up to 3.5 metres in depth (Moore, 1990). At its maximum extent, the 
water-body covers approximately 17.8 square kilometres, although this can be 
considerably less during summer due to evaporation (Commander, 1988). For the 
ecological community, this represents a total extent of occurrence of approximately 
17.8 square kilometres.  
The thrombolites occur in a narrow zone up to 15 metres wide and approximately 15 
kilometres long on the eastern side of Lake Clifton, at the northern end, covering a total 
area of approximately four square kilometres (Moore, 1990). This means that the total 
area of occupancy for this ecological community is approximately four square 
kilometres. These figures are indicative of a very restricted geographic distribution.  

Demonstrable threats to the Lake Clifton thrombolites have been previously outlined, 
and these are unlikely to diminish in the foreseeable future. These threats include 
increased salinity and eutrophication, groundwater extraction, changes to surrounding 
vegetation and physical damage to the thrombolite structures themselves. Impacts 
resulting from the effects of climate change are also a potential threat.  
The Committee considers that the ecological community has a very restricted 
geographic distribution and is experiencing demonstrable ongoing threats. Therefore, 
the ecological community is considered to have met the relevant elements of Criterion 2 
to make it eligible for listing as critically endangered. 

Criterion 3 – Loss or decline of functionally important species
Recent studies have raised concerns that faunal diversity in Lake Clifton has been 
substantially reduced over the past three decades (Konishi et al., 2001; Goater, 2003b). 
Increased salinity and nutrient levels may well be responsible for this. It has also been 
suggested that the illegal introduction of Black Bream could be a factor. Recent 
investigations indicate that key cyanobacteria species that dominate thrombolite 
formation at Lake Clifton have been lost from the system (John and Alexander, 2008). 
With changes in salinity and nutrient levels now impacting on the survival of essential 
microbes, the ongoing growth and survival of the Lake Clifton thrombolite community 
is considered to be under immediate threat. 
These cyanobacteria are functionally important as thrombolite growth is likely to cease 
without them. Whilst the exact level of decline is uncertain, given that functionally 
essential cyanobacteria such as Scytonema sp. may have completely disappeared in 
recent years, the decline is very severe and impacts on the likely restoration of the 
ecological community in the immediate future. Therefore it is considered that the likely 
loss of Scytonema sp. and the decline and potential loss of other functionally important 
species is such that the ecological community is eligible for listing as critically 
endangered. 

Criterion 4 – Reduction in community integrity
The Lake Clifton thrombolite community is dependant on the continuous discharge of 
groundwater that is low in salinity and nutrients. Studies show that increased
salinisation and higher nutrient levels have been evident in Lake Clifton for some time, 
and that there are a range of factors and threats contributing to this, as discussed 
previously (Moore, 1990; Davies and Lane, 1996; Knott et al., 2003; Luu et al., 2004). 
Increased salinity and nutrient levels are detrimentally impacting on community 
integrity by changing the conditions required for thrombolite growth. Detrimental 
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changes such as the increased size and incidence of algal blooms have been observed 
since the 1990s (Moore 1990; Davies and Lane, 1996). Salinity and nutrient levels have 
also doubled since the 1980s (Alexander and John, 2008). The change in the integrity of 
the ecological processes on which this community depends is very severe. Therefore, 
the ecological community is eligible for listing as critically endangered under this 
criterion.  

Criterion 5 – Rate of continuing detrimental change
The nature of this ecological community means that change is difficult to measure in 
quantitative terms such as extent.  Even if the living components of the thrombolites 
were to die, the structures themselves would still remain. However, there is clear 
qualitative evidence that the Lake Clifton thrombolite community is subject to a range 
of ongoing actual and potential threats in terms of salinisation and increased nutrient 
levels. Research indicates increasing rates of eutrophication in Lake Clifton were 
evident in the 1990s, and that the main reason for this was likely to be changing land 
use practices in the immediate area (Moore, 1990; Davies and Lane, 1996). It is 
reasonable to expect that the rate of increase in nutrient levels will continue in the 
immediate future in response to further development of the surrounding area. Such 
threats have resulted in the loss or very severe decline of key cyanobacteria species that 
are essential for thrombolite growth.
There is currently no quantifiable measure of ongoing detrimental change in the 
ecological community. However, given the length of time over which the threats have 
been active and the fact that development pressures in the surrounding area are 
intensifying, this ecological community can be considered to be experiencing a 
significant disruption of essential processes. Therefore the relevant elements of 
Criterion 5 have been met to make it eligible for listing as endangered. 

Criterion 6 – Quantitative analysis showing probability of extinction
Despite there being clear evidence that the Lake Clifton thrombolites do not have the 
capacity to cope with rapid changes in their environment, there are no quantitative data 
available to assess this ecological community under this criterion. Therefore, it is not 
eligible for listing under this criterion. 

11. Conclusions
Conservation status
This advice follows the assessment of information to include the Thrombolite 
(microbialite) Community of a Coastal Brackish Lake (Lake Clifton) in the list of 
threatened ecological communities referred to in Section 181 of the EPBC Act. The 
Thrombolite (microbialite) Community of a Coastal Brackish Lake (Lake Clifton) 
ecological community meets:
 Criterion 2 as critically endangered because its geographic distribution is 

very restricted and the nature of its distribution makes it likely that the action 
of a threatening process could cause it to be lost in the immediate future;

 Criterion 3 as critically endangered because the loss or decline of 
functionally important species is very severe;

 Criterion 4 as critically endangered because the reduction in integrity of 
critical ecological processes is very severe; and
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 Criterion 5 as endangered because the rate of continuing detrimental change 
is severe and is projected to continue in the immediate future. 

The highest category for which the ecological community is eligible to be listed is 
critically endangered. 

Recovery Plan
The Committee considers that there should not be a recovery plan for this ecological 
community. In doing so, the Committee acknowledges that there is an Interim Recovery 
Plan already in place for this ecological community in Western Australia. The 
document is Interim Recovery Plan No. 153, and is titled Thrombolite (stromatolite-like 
microbialite) Community of a Coastal Brackish Lake (Lake Clifton), and was prepared 
by the Western Australian Department of Conservation and Land Management (Luu et 
al., 2004). Officially, this plan operates from June 2004 to May 2009, although it will 
remain in force until withdrawn or replaced. A national recovery plan is not likely to 
result in additional benefits or protection.  The Committee also considers that approved 
conservation advice should provide sufficient direction to implement action in priority 
areas and mitigate against key threats. 

12. Recommendation
(i) The Committee recommends that the list referred to in section 181 of the EPBC 

Act be amended by including the following ecological community in the list 
under the critically endangered category:

Thrombolite (microbialite) Community of a Coastal Brackish Lake (Lake Clifton)
(ii) The Committee recommends that the Minister decide not to have a recovery 

plan for this ecological community.
(iii) The Committee recommends that the Minister provide the following reason 

for his decision: The ecological community is restricted to a small area in 
Western Australia's Yalgorup National Park. The actions required to conserve 
and promote the recovery of the ecological community are adequately 
identified in the conservation advice for the community and supported by 
existing state-based policies to the extent that there is no conservation benefit 
in having a national recovery plan.

(iii) In making these recommendations, the Committee expresses concern that the rate 
of development in the surrounding area, and the consequential degradation of the 
Lake Clifton environment is such that it is likely this ecological community will 
continue to decline at a significant rate.  

Associate Professor Robert J.S. Beeton AM FEIANZ
Chair
Threatened Species Scientific Committee
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Table 1: Bird species listed under the Environment Protection and Biodiversity 
Conservation Act 1999 (as at May 2009) that are associated with habitats overlapping 
the Thrombolite (microbialite) Community of a Coastal Brackish Lake (Lake Clifton) 
and its surrounding area.  

Species Common Name Category
Anous tenuirostris melanops Australian Lesser Noddy Vulnerable
Apus pacificus Fork-tailed Swift Migratory
Ardea alba Great Egret, White Egret Migratory
Ardea ibis Cattle Egret Migratory
Calidris acuminata Sharp-tailed Sandpiper Migratory
Calidris ferruginea Curlew Sandpiper Migratory
Calidris ruficollis Red-necked Stint Migratory
Calyptorhynchus baudinii Baudin’s Black Cockatoo, 

Long-billed Black Cockatoo
Vulnerable

Calyptorhynchus latirostris Carnaby’s Black Cockatoo, 
Short-billed Black Cockatoo

Endangered

Merops ornatus Rainbow Bee-eater Migratory
Pluvialis squatarola Grey Plover Migratory
Tringa glareola Wood Sandpiper Migratory
Tringa nebularia Common Greenshank, Greenshank Migratory
Tringa stagnatilis Marsh Sandpiper, Little Greenshank Migratory
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13. Glossary  
Aragonite - a particular form of calcium carbonate that is chemically identical to 
calcite, but differs in terms of its crystallisation. It also possesses a higher specific 
gravity and less marked cleavage. 

Benthic – coming from the sea bottom.
Brackish – water that contains dissolved salt in the range of 0.5-30 parts per thousand. 
This is less salty than sea water, which averages around 35 parts per thousand. Usually 
a combination of fresh water and sea water, such as that found in estuaries. 

Bryozoan – of or pertaining to the Bryozoa, a phylum of marine and freshwater animals 
of sessile habits that form branching, encrusting or gelatinous colonies of many small 
polyps. 
Chemoautotrophic microbes – microbes that are capable of producing complex organic 
nutrients from simple inorganic substances such as carbon dioxide.
Chemoheterotrophic microbes – microbes that rely upon complex organic compounds 
to produce their own organic constituents. 
Cyanobacteria – photosynthetic bacteria (commonly referred to as ‘blue-green algae’). 

Eukaryotes – organisms whose cells have a nuclear membrane, membranes around 
their internal structures and divide by mitotic division. Examples include fungi, 
protozoa and higher order plants and animals.
Eutrophic/Eutrophication – lakes or rivers having high levels of nutrients such as 
oxidised nitrogen and inorganic phosphorus which encourages the growth of algae etc. 
Fenestrae – small openings or perforations. 

Hypersaline – where the salinity level is equal to or higher than that of sea water. 
Hyposaline – where the salinity level is below that of sea water. 

Macroalgae – larger algae with a complex structure, such as seaweed. 
Microalgae – microscopic simple algae such as diatoms.   

Poikilosaline – variable salinity where changes are substantial and often rapid.
Prokaryotes – unicellular organisms whose small, simple cells lack a nuclear 
membrane etc. Their DNA is in the form of a single circular molecule and is not 
complex. 
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